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FOREWORD

This document represents the final technical report on
JPL Contract 952028, A Study Program on the Development of
Mathematical Model(s) for Microbial Burden Prediction. This
report was prepared in accordance with the reguirements

established by the subject contract. The final report is
submitted in three (3) volumes:

Volume I Technical Report

Volume II User's Manual for the Microbial
Burden Prediction Model

Volume III Appendices
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I. SUMMARY

This report describes the capabilities, logical approach, data inputs,
and deck arrangeuwents for the lMicrobial Burden Prediction lodel Computer

Program,

The Microbial Burden Prediction Program, written in FORTRAN IV for the
IBn 7094, is a highly versatile program for simulating the gain and loss of
biota on the various surfaces of a spacecraft system during the steps of
assembly, test, transport, decontamination, etc., associuted with its prepara-
tion. Three accumulation mechanisms have been developed, any combination of
wnich can be used at any step by specifying appropriate input vaiues for the
comprehensive set of coefficients, modifiers, and histogram points. Effective
use of the program depends on an understanding of the program logic, the mathe-
matical models involved, and of the significance of the input quantities. It

is the purpose of this report to provide this understanding.

Section II, Introduction, defines the basic termino.ogy used in the program
such as the program organization levels Run, Stage, Task, Subtask, and Operation,

and the significance of Surfuaces, Parts, and Zones.

Section III, The Program Macrologic, describes the logical structure of ////
the program (i.e., the sequencing of inputs, computations, outputs, and logical
branchings). Flow diagrams are provided for the Control Proéram and the iicro-
bial Buildup Subrouvtine whicn comprise the main part of the program and de-

scribes the contributions of the remaining subroutines.

s,



Because the factors that determine the gain and loss of biota are generally
unpredictable and can be given valid descriptions only in terms of probability
distributions, it is essential to deal with distributions rather than with
numerical quantities. For example, such unpredictable quantities are the initial
burdens on parts, the microbial concentrations associated with workcrs, tools,
and environments, and the time required to perform each operation. Ea~h of these
quantities is best described as a random variable with a defined probability
distribution. The equations describing the mechanisms of environmental fallout,
operational fallout, contact contamination, and decontamination are relations
between random variables. The approach used here is 1o express the distributions
of such variables in histogram form and to use a linear interpolation technigue

. in determining the distributions of functions of these variables. This approach

and technique are described in Section IV, Arithmetic Treatment of Histograms.

The mathematical models representing the mechanisms of environmental and
operational faliout, contact, and decontaminatipn are described in Section V,
Microbial Burden Modification Models. These models are more fully described in
Volume I of this report. Section V restates the equations and relates the equa- ////

tion quantities to the corresponding program variables.

vection VI, Input Data, lists the necessary input data and describes their
arrangement, format, and significance. It is worthwhile to consider this sec-

tion in conjunction with a study of the program macrologic (Section III),

Section VII, Outputs, describes the information that is printed in the

Output and gives some representative Output Llstings.

! Finally, Section VIII, Job Control, Deck Arrangement, and Tape Setup
descrives the job order, arrangements of program and data decks, tape usage,

and the associated job processor control cards for regular and special jobs.




II. INTRODUCTION

The Microbial Burden Prediction Program simulates the gain and loss of
viable organisms by the various surfaces of a spacecraft assembly throughout
the various assembly, test, transport, storage, and decontamination operations
used in its preparation for launch. Determining factors in this simulation are
the time intervals, personnel, tools, surface characteristics, and environments
involved in the operations. The microovial burden on any surface at any step is
given in terms of a histogram describing the probability distribution d=fined
over the burden range. Time intervals and the concentrations of microbes at the
sources of contamination are similarly given in terms of probability distributions
in histogram form so that the resulting burdens reflect the inherent lack of cer-~

tainty due to the natural randumness of the processes involved.

The organization of the assembly and test sequence procedures is by RUN,
STAGE, TASK, SUBTASK, and OPERATION. A RUN represents a complete computation
requiring a complete set of input data. No information can be transferred from
one run to another except by input data cards. A STAGE (first level) is a
grouping of tasks at the completion of which is printed a STaAGz UUMMARY giving ////
the total mean burden and variance after each Task of the Stage. A TASK (second
level) is a grouping of subtasks that depend on a common set of inputs and which
can be treated by one computer pass, i.e., each task is preceded by a control
card and any necessary changes in the environments, operations, parts, or dise
tribution inputs. A task is followed by a TASK SUMMARY giving the microbial

burden for each surface and part.

At the SUBTASK level (third level), changes can be made in the part and

surface designations (representing steps in assembly or disassembly), or in the



environment;or retention characteristice of the parts. Each subtask can con-
sist of several OP:zRATIUNS in which the actual gain oir loss of microbial burden

on the affected parts and surfaces tukes pluace.

The wgain and loss of microbial burden is described in terms of four
mechanisms, each represented in the program by an appropriate model. These

arei

1. ENVIRONMeENTAL FALLOUT - the long term approach of the microbial
burden to some asymptotic value determined by the environment,

i.e., without considering personnel, tools, etc.

2. OPZRATIONAL FALLOUT = the gain or loss of microbial burden during
an operation due to the presence of sources of contamination but

without actual contact.

3. CONTACT - the transfer of microbial burden by touching or

brushing the surface with tool, hand, or other material.

4, DECONTAMINATION - the loss of microbial burden by killing
some fraction of the burden determined by the agent and the

accessibility of the surface.
These models are described more completely in Section V.

The microbial burdens are defined for the surfaces of parts. Each PART
can have four SURFACES - top (1), exterior (2), mated (3), and eccluded (4).
This classification is made on the basis of accessibility of the surface to
microbes from accretion, fallout and contact, and to decontamination agents.
TOP surfaces are exterior surfaces on which falling microbes lie without falling

off, although they may be blown off. EXT=R1OR surfaces are the designation for



outer surfaces other tnan top surfaces. DMAI'uS8D surfaces are in contact and have
e very low accessibility. OCCLUDED surfaces are shielded from fallout to a
degree specified oy the appropriuate input coefficients. In practice, the ac-
cessibility of each surfuce to sources of conteminstion or decontamination is
specified in terms of input coefficients and the only inherent <ifference is

that only top and exterior surfaces are subject to contamination by contact.

The classification by parts is to be made so that the microbial burden
can be assumed to be effectively uniform over each surface of tne part. In
other words, a part need not be & physical unit but may be a group of items
that are treated similariy i.n the operations and can be assuned t0 have the

same burden distributions (e.g., the screws in a particular sub-assembly).

In order to deteraine the effect ot heat sterilization techniques, s
separate classification ir terms of thermal zones can be made. Each ZGIE is
defined in terms of the fractions of surfuces that comprise it and the microbial
burden is determined from tne burdens of the constituent surfaces. The separate
ciassification by zones is desirable because, while parts are assumed to have
wulform burden distributions, thermal zones can be assumed t0 represent regions //A‘

that respond similarly to heating. ,/

A basic print-out of input data, operation times, and microbial burdens
after fallout and contact is part of the program., Burden distributions for
each part can be printed by use of an appropriate control card (see Section
VI). Furthermore, the gain or loss of microbial burden called the Burden
Difference between specified task (not necessarily part of the came stage)

can also be obtajined with the use of a suitable control card.



In addition, all geiierated distributions for time or burden are stored
on a special tape so that a more detailed printout of data can be obtained by
the use of a special program wnich re-reads *his tape and prints the desired

output.

Two additional specizl programs are tne DATA CHSCK program {which determines
that tne data cards are in the proper order, that all indices are in the re-
quired ranse, and that all prereguisite subtasks or tasks have indeed been
considered prior to the subtasks or tas«s for wnich they are prerequisites)
and the KuSiART subroutine (which determines the necessary inputs at the re-
start point from the special tape mentioned above and allows a continuation
of the Microbial HSurden rrediction rrogram from that point. These progrars are

described in more detall in Section VII.



III. THi& PROGRAM MACROLOGIC
The Microbial Burden Prediction pProgram is a 4-part prosrum:
1. MICROBIAL BURDEN DATA CHECK PRUGRAM (MBDC1-MBDC2)

Program MBDC which consists of the data check program and an error
counting subroutine, reads the input data from cards, performs certain
checks (such as determining that the data is in recognizable order, that
all indices are within the required ranges, that all prereguisite distri-
butions and quantities have been defined, etc.), and records the data on
a tape to be used as the input tape for subsequent programs. Any errors
are tapbulated by type of error and location. If any errors occur, the

data must be corrected and again checked and recorded by Program MBIC.
2. MICROBIAL BURDEN SIMULATION PROGRAM (MBPl-MBP12)

This program which consists of 12 program decks, uses the input tape
generated by MBDC and simulates the microbial buildup. A standard output
is printed while a very detailed output is recorded on tape for later use

by Program MBDR.
3, MICROBIAL BURDEN DATA RECOV=RY rROGRAM (MBDR)

Program MBDR is designed to read the output tape generated by Program
MBP. Additional instructions are added to the basic reading program to
calculate any desired quantities and to print them out in any desired

format.
4, MICROBIAL BURDEN SFSCIAL WRITE-OUT PROGRAM (MBSW)

Program MBSW was written to provide a special listing of those inputs

describing Run, St&%e, Task, Subtask, Subtask Operations, and Parts Affected.



kach of these levels is appropriately indented und the listing provides
a complete outline of the simulation. These inputs are obtained from the

input data tape generested by bProgram MBDC.

The Microbial Burden Simulation rrogram consists of a Control or Main

program (MBPl and 11)subroutines. These subroutines are (see Table &):

Hdistogram Combining Subroutine (MBP2)

Tnis subroutine determines the probability distributions for the

random functions 2z = X+y, 2=X-Yyy 2=X * y, z = x/y, and z = max(x,y)

(see p 24 for discussion) where x and y are random variables with

probability distributions described in histogram form (see Section IV).

Histogram Equating Subroutine (MBP3)
‘This subroutine sets the probability and range valnes of one histogram

equal to those »f another.

Histogram Multiplying Subroutine (MBP4)

It is convenient to input one histogram to describe several distri-

butions that have the same shape but possibly different ranges. To
use the histogram for a particular application, it is only necessary
to specify the desired mean value which is then used to modify the

given histogram through tne subroutine HMS.

Histogram Numbering Subroutine (MBPS)

Certain histograms such as tnose describing time distrioputions,
biota concentrations, and the mic:obial burdens present cn the
various surfaces of the parts of the space vehicle must be saved
for later reference while other histograms are used only while

making a computation and can thus be discarded. Histograms with

//,/



indices from 1 to ND are saved while histograms with indices of the
form Il = ND + 1, 12 = ND + 2 may be discarded and the array members
used for other temporary histograms. The quautity ND is set equal to
the highest index of the input histograms and is then increased by 1
for each newly generated histogram that is to be saved by calling sib-
routine HNS. Calling this subroutine also sets the index of the new

histogram equal to the new value of ND.
HWS  Histogram Writing Subroutine (MBP6)

The procedure for writing histogram values is required su often that
it is convenient tc have a special subroutine to write these values

in a given format.
MAS Microbial Accretion by tnvironmental Fallout Subroutine (MBP7)

This subroutine determines the current microbial burden on a given part
due to environmental fallout since time AAT(I), the last update time

for part I. The environmental fallout model is described in Section V.
MAVS Mean and Variance Subroutine (MBF8) ////

This subroutine determines and writes in the prescribed format the

mean value and variance of any given histogram,
MBRS licrobial Burden Restart Subroutine (MBPY)

If an error in the data causes the program to abort beforg completion,
the program can be used with a control card specifying restart after

the last correctly computed stage and task., This subroutine causes the
record tape to rewind and then reads the stored data until it comes to
the restart point at which time the regular computation, output writing,

and recording on tape are resumed.
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MBS Microbial Buildup Subroutine (MBP1O)

This is the subroutine that reads the input data for task, subtasks,
and operations and computes the microbial burden on each affected sur-
face as a result of decontamination, operational fallout, and contact

(see Sec. V.).
MVS Mean Value Subroutine (MBPl1l)

This subroutine determines and stores the mean value of each generated

histogram,

Z - Function (MBP12)

IS

This function subroutine determines specific values for the function
T =Xy, 2= XY, 22X+ Y, 2 =Xx/y, or 2 =max (x,y), for specific

values of the arguments x and y.

Of these subroutines, only HCS, MAS, and MBS have any significant logical
structure, the rest being relatively short and straightforward. HCS is described
in Section IV and MAS in Section V. MBS, the longest and most complicated of the

subroutines is described, along with the Control Program, in the remainder of

this section. ////

The macrologic of the Control Frogram and Subroutine MBS is shown in the
accompanying flow diagrams. Because subroutines MBRS and MBS are important
parts of the logical structure, the places where they are called in the program
are indicated. Other subroutines sre used in the indicated computations or

write instructions and are not referred to by name.
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As can be seen in Figure 1, the quantities KK and IK appearing on each
CONTROL CARD* (see Table 1 and the paragraph describing the CONTRUL CARD in
Section VI) determine the logic path and the succeeding input data to be read.
KK = 1 starts a RUN and calls for reading a RUN DESCRIPTIQN CARD as well as
STAGE andTASK DESCRIPTION CARDS. KK = 2 starts a ST4GE and calls for reading
STAGE and TASK DESCRIPTION CARDS. KK = 3 starts a TASK and calls for reading
a TASK DESCRIPTION CARD. KK = 4 calls for a Burden Difference calculation and
write-out. KK = 5 calls for a determination of the microbial burden by thermal
zones. »K = 6 is used to restart the program at some point where the previous

calculations are valid but prior to data changes.

For KK = 1,2 4 4, 5, the previous pass may have completed a Stage. If so,
a Stage Summary is first printed before proceeding to this pass. For KK = 3,
the previous pass cannot have completed a Stage and, for KK = 6, there was no
previous pass since KK = 6 is equivalent to starting a Run but not duplicating

any valid computations.

The significance of IK depends on the value of KK. For KK = 1, 2, 3, the
Control Program will call Subroutine MBS where IK determines the data to be read ////
(see Figure 2). For KK = 4, 6, IK is left blank and for KK = 5, IK determines

wnether the gzones are to be defined or to be the same as parts.

subroutine MBS (Figure 2) is called to determine the microbial buildup
during a Task. Before starting this calculation, additional data can be read
by giving IK on the CONTRUL CARD an appropriate value as shown in the branches
for IK in Figure 2. A blank card or one with O in the first field must follow

each set of inputs to move to the next set of inputs. After completing the

# Altnougn the Control Frogram and Subroutine MBS actually read a tape for
input data, the data must be prepared in card form and recqrded on tape by
Program MBDC so will be referred to here in terms of CARD inmput.
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pnvironments, Uperations, Parts, and Distributione inputs , the program reads
Subtask, Uperation, and tart zffect card (see Table 1, Section VI) using blank
cards (N=O, K=0, I0=0, and IP=0). Tnis is described more fully in Section VI.
when the last Subtask has been considered, indicated by a blank SUBTASK DeSCRIP-
TION CARD, the subroutine ascertains that all burdens include accretion until

the finish Time of the Task and prints these burdens as the Task Summary.

The Task and Subtask start times may depend on the finish times of the speci-
fied prerequisite Tasxks and oubtasxks. 1if there is one prerequisite, the start
time is equal to the finish time of the prerequisite, but if there are two pre-
requisites, the start time is based on the function z = max (x,y), i.e., the
probability for any time z is tne probability that both prerequisites have been
finished by that time. The prerequisites for a Subtask can only be sarlier
Subtasks witnin a Task while the prerequisites for a Task can be any earlier
Task, in the same Stage or not., The finish times for such Tasks, however, must
be saved by specifying an appropriate value for L3 on the TASK DESCRIrTIUN CARD

(which is seen in Section VI).

Operations within a Subtask, however, are assumed to follow each other in ///'
soquence so that the start time of one is equal to the finish time of its
predecessor, The start time of the first Operation of a Subtask is equal to
the start time of the Subtask and finish time of the last Operation determines
the finish time of the Subtask, Since Subtasks do not necessarily follow in

sequence, *he finisn time of a Task is equal to the latest Subtask finish time,

Other computations are straightforward or are described in Section V,
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IV. ARITHMSTIC TREATMENT OF HISTOGRAMS

Because the operation times, the number and distances of the personnel
from the parts whose contamination is to be considered, and the microbial
concentrations in the air and on the personnel and tools must be represented
by random quantities, the microbial burden buildup is also a random quantity.
A possible approach would be to use Monte Carlo trials and determine a mean
and variance from the results but this would involve a question of confidence
based on the number of trials as well as the confidence of the original data
inputs. In this program, random variables are represented by probability dis-
tributions defined in terms of nistograms. This is equivalent tc using a
geries of straight line segments to approximate the cumulative probability
curve. This provides a straightforward approach to determining tne functions:
Z = X+¥y 2 = x-¥y 2 = x(y), z = x/y and z = max (x,y) where x and y are inde-

pendent.random variables.

It must be pointed out that this approach is an approximation. In the
first place, if x and y are random variables whose probability distributions
are accurately represented by histograms, then the random function z for any ////
of the above operation may not have a distribution accurately represented by
a histogram and that only in the limit as every value of x or y has its own
defined probability will the probability distriovution for z bte a histogranm,
Furthermore, the number of puints on the cumulative distribution curve for 2z
must be equal to the product of the points for x and for y (minus the number
that coincide) or accuracy is lost by neglecting points that are significant.

If, in addition, the contributions to the ranges of z are determined by linear
interpolation rather than by a more accurate representation of the distributions,

considerable error may be introduced unless each histogram for x and y has many



16

intervals. In spite of these disadvantages, the histogram approach provides
a procedure for determining the random functions and the iraccuracies can be

reduced by increasing the number of points considered.

To illustrate the procedure used, consider the random variables x and y

and their sum z = x+y. Let x and y have the probability distribution

P(1%xc5) =.b
P (5% x<9) = .6

P(1%y<3) =4

P(B‘y<6) = .6
lhen the probability that z will lie in a certain range interval is equal ‘v
the combined probability that a point represented by a pair x, y lies in the
region for which 2z = x+y takes on values in that interval, This is shown in

Figure 3.

A Typical Arithmetic Operation
Using the Interval Concept
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Note that the z lines are drawn through the intersections of the x and y lines
since these intersections represent abrupt cnanges in the probability levels.
The probabilities that the point for x and y lie in each region is given in

parentheses. The resulting probabilities for the z intervals are

(25 2z24) = ,04
(b8 346) = .12
(65 2<7) = .095
(742+«8) =,115

(8% 2<10) = ,26

(10 2211) = ,13
(11 8 z<12) = .105
(12 8 22 15) = ,135

w v W v W * v O

These probabilities are exact if it is assumed that the imput probabilities

are exact. However, it is easily seen that the distribution over each interval
is not linear and that a histogram representation is not exact. Also, the number
of points must be reduced or, after a few such computations, it will b--ome pro-

hibitively high.

To keep the number of points within reason, the program calculates as /
many z values as the maximum of the number of x or y values. These z values /
Iare chosen at the intersections most likely to represent the most abrupt changes
in probability level. In particular, the range limits are always retaineds 1In

the above example, the z values kept would be 2, 8, 15 and the resulting histo-

gram would be as shown in Figure 4.
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Figure 4.
A Typical Result from Combining Two Histograms
The procedure for selecting z values is to choose the z range limits (2 and 15)
then to choose the x,y intersections diagonally in from these curves. If the
number of x points and y points is not the same, the intersections are chosen
aiong a central line as shown in Figure 5. |
" e — ¢ If there is no central line, then a half- /
--_Jr_. . way point is chosen as shown., However, this can

result in histograms with narrow intervals and low

] "+"‘ * probabilities so that it is worthwhile to input

. histograms with the same number of points,
> o—

Figu.e 5.
Chocsing Intersections for z Values

The probability contribution of each x,y region to each z range is assumed to
be proportional to the parts of the z range in the region. Thus the contribu-

tions in the example given above wouid be as shown in Figure 6.
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Contributions by Proportion for Addition

The z probabilities are then
P(2%2<8) = 4137 + 16 + .08 = 377

P (8% 2<15) = 4103 + ¢36 + (16 = ,623

which is reasonakly close to the distribution determined by summing over z
ranges where z values are computed for each intersection. However, linear
interpolation can lead to a greater error in the case of other operations.
For example, consider the function z = x » y where x and y are defined as
above. The range diagram with the proportional probability distributions

is shown in Figure 7.
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Contributions by Proportion for Multiplication

These contributions (e.g., «107 to the range 1 £ ;<15 and 133 to the range
15 € z< 54 for the upper left hand region) represent the linear proportions.
However, the contributions should be proportional to the areas in each range

as shown in Figure 8.

6 1 \?{
4 3.6 2 A
‘6‘ 12 x 02"" = .07&*0
5 !
«36
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Be & .24 = ,168
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Figure 8.

Contribut ons by airea for Multiplication |
) ———— il
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The linear approximation and accurate values for the z probability ares

Linear Accurate
P (2% 2<¢15) «376 JA72
P (15 € z <54) 624 .528

Three point histograms can be expected to introduce considerable error and

the importance of using histograms with more points is easily seen.

An additional source of error is division by zero and it is imperative
that histograms used as divisors not have ranges that include zero. These histo-
grams however, represent quantities that logically, should never be zero so that

careful selection of input quantities will avoid this problem.

The functions z = X+yy 2 = X o ¥, &nd z = x/y where x and y are independent
random variables are computed by procedures similar to that described above,
differing only in the equations used for determining the z values at the x,y
intersections, The functions z = x - y and z = max (x,y) (i.e., z is equal to

the maximum of any pair of values x and y), however, require a different approach.

The function z = x - y, as used in this program, always involves dependent
rather than independent variables, i.e., the distribution sought is not simply
the distribution of the difference between independent random variables but is
instead the distribution of a quantity z which, when added to y (which has some
known distribution) will give the value x with a given distribution. To take an
extreme example, suppose x and y have identical ranges and probability distribu-
tions. If « and y are assumed to be independent, 2 could take on values ranging
from X in " yhax to IMax = Ypin® However, adding such a guantity z to y will not
produce x. Instead, the random variable sought is equal to O with probability 1

oaice udding this distribution to y will produce x.

4




The procedure used is best demonstrated by using the following diagram

as an example:

4
3
y
2
9
1
g 2 Figure 9

Finding 2 = x - y

| | N

3

Note the resemblence to the diagram for x = z + y. But x and y are the

variables with the known distributions. Suppose:

P(3 2 x<¢5) = .2
P(5 £ x<7) = .6
P(7 $x<9) = .2
P(1 $y<2)=,2
P(2 S y<3) = .6
P(3 € y<b) = .2

The problem is to find ranges of z and calculate the probabilities. The ranges

are not difficult and are seen to have the values




2 =x -0 =2
22X, =¥, =3
= 4

2, = X

e
2#‘x#-y1+‘5
For the case where x and y have different numbers of values, an adjustment
is made similar to that in determining x = 2 + y. Also, it should be noted, 2z

need not have as many values as x or y. For example, consider the case

(suggested earlier) where x and y are equal.

4
3
Figure 10
z
2 The Increment Which Leaves
A Distribution Unchanged
4
1
3
2 x

Obviously, the intersectione are along the single line z = 0, It is also
possible that no acceptable distribution for z (intervals between monotonic

increasing values of z having positive probabilities which sum to unity for the

23
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entire z - range) will fit the requirements of being the increment which pro-
duces the x distribution from the y distribution (x = y + z). In such cases,

the values of 2z and the probabilities must be ad, usted to obtuin that acceptuble

distribution mout likely to0 be the increment sought. f

The proovablities are then determined by forming a set of simultaneous

equations. For the example cited, this would be:

6 o2
(02+ 2)P1+ 2P2 = 02

N o2 o2 .6
<§+.2)P1+(_2.+.6+ -2.)P2+ <02+ -2')P5 06

The solution is seen to be

P, = P(2 £ 2¢3) =1/3
P, = P(3€2z2<ch) =1/3
P5 = P(b £ 2<5) =1/3

If .z should have fewer values than x or y, the set of equations is redundant and

an adjustment is necessary to obtain the most reasonable distribution for z. 7//

The function z = max (x,y) is used to find the start time probability
distribution for a task or subtask that depends on tne finish times of two pre-
reqyuisite tasks or subtasks, i.e., the probability distribution for z is to be
the probability that both prerequisites have been completed. For any pair of

values x and y the cumulative probability for z = max (x, y)is the product

Pz(z) =P (2) o Py (z)




e5

where Pz(z) is the probability that both prerequisites will have been completed

by time z, Px(z) is the probability thLat prerrquisite x will have been completed

by time z and P&(z) is the probability that prerequisite y will have been com-
pleted by time z. The procedure is to *transform the x and y histograms into
cumulative distributions (they will consist of straight line segments). Then

tne combined probability is found at each point z. Those points with z less than
the highest value of z for which Pz(z) = 0 and those points with z greater than the
lowest value of z for which P(z) = 1 are dropped. If the remaining number of values
is greater than the maximum of the numbers of x points and y points, additional z
values are dropped, the dropped values being chosen as the least significant to

the resulting distribution. This is shown in Figure 1l. In this example, since
the x and y distributions have 5 points, only the five circled points of the z

distribution are retained.,

Three arrays are used in the program to store the distribution data, NX, DR,
and XR. For histogram I, NX(I) is the number of points for the histogram, DR(I,J)
is the probability that x lie in the range XR(I,J-1) to XR(I,J). Since there is
one less probability value than the number of points, DR(I,1) is used as a co=-
efficient to store the surface area or a mesn value, depending on whether the ///

histogram represents & biota distribution or a time or concentration.

In operationy,Subroutine HCS has the arguments IA, IB, IC, K. IA and IB
are the indices for the x and y distributions, IC is the index for the resulting

z distribution. K indicates the operation:

K = 1, 2z = x+y

2y 2 = X~y
3, 2z = x*y
b, s =2xfy
5y 2z = max (x,y)
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Figure 1l Determining z = max (x,y)
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For example, calliag Subroutine HCS (2,3,4,1) will add distributions 2 and 3

and store the sum as distribution 4,




V. MICROBIAL BURDEN MODIFICATION MODELS

The microbial burden on each surface is assumed to change by four mech-
anisms, environuental and operstional fallout, contact, and decontamination.
Of these, operational fallout, contact, and decontamination are computed at the
operational level, dnvironmental fallout is due to the environment that is pre-
sent when parsonnel, tools, and other such sources of f{allout or contact contam-
ination are absent. The theory underlying these models is explained in Volume I

of this Final Report and is rot repeated r2re. The equations are:

znvironmental Fallout:
B' = B e.t/v +AvR(l - E-t/v)
wnere R = fj &c

Operational Fallout:

B -8 sav R(1 - e't/v)

wnere R = f,j glc + 1 e )‘d)
Contact:
B =p-288 , b es,
24 2
DJecotaminations

B' = B(l - kj)

where B is the prior burden and B' the new burden. The histogram with index
IB = IaB(1,J), where I is tne part number and J the surface, describes the
distrioution of B prior to the cnange and the distribution of B' afterward.

e is the nutural logaritum base.

Utner equation quantities ana their relations t0 program quantities are

a3 foi.owst

4 = DR(1Byl) 1. tu~ surfuce area in square feet.

28
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t is the time interval involved, either the time since the last
update for environmentul fzilout or the operution interval
for operational fallout. The first of these is determined
as a single quantity (meun time) by the program from the
current time and time of last update for the part (AAT(N)
while tie second is a distribution tnat depends on the
operation time distribution IOT(N) of the operation N and

the modifier AKT specified on the SUBTASK OPERATION CARD.

v = IET(IE) * (AET(IE) ° axs(J)/DR(IET,1)) is the “average
lifetime" of the organisms in hours. I<T(I2) is the
lifetime distribution index for an organisms in environ-
ment IZ, AET(IX) is the mean lifetime, AES(J) is the mean
value of histogram IET. All three letter quantities with E
as the central letter are specified with environmental in-
puts, i.e., on EM or E¢ cards (see Section VI). Since
IET is the index of e histogram, the multiplication indi-
cated by ® is not of the index but of the histogram indi- //
cated (see Section IV). It should also be noted that for ,//
each specified histogram index, the histogram values for
that histogram must be given on Dq type cards. The environ-
ment IE for environmental fallout is kept in the IAB(I,J)

array (see card type Pq, Section VI) for each part I,

IE = IAB(I,5)
while the environment for operutional fallout is specified

at thne task or operational ievel,




1l = IKE if IKE>»O
= 1T if 1KE = O
where IKE is given cn card type KO, ITZ on a CC type card.
AsP(IB,J) if the fallout velocity in feet per hour is an input on an
Eg card.
IG o(AAG(N)/DR(IG,l)) is the surface retention distribution for
fallout. IG = laAB(MN,6) is the retention curve index for part N where

IAB(N,J) is given on the PQ card.

12¢(IE) °(aBc(1k)/DR(IEC,1)) is the airborne concentration distribution
for environment IE. AsC is the concentration mcdifier. Both quantities
are specified on the K card.

10q(10) ° (AKQ/DR(I0Q,1)) i3 the personnel "dirtiness" aistribution
where I04(I0) is the dirtiness curve index given on card Oy, AKQ is

the dirtiness modifier ziven on card KG.

AsD(IE), the distance coefficient for operational fallout, is a function

of the environment and is given on a Egq card.

APD is the effective distance of the contaminating personnel from the

affected parte APD is given on a P& card.

APA(J) is the area of contact for contact contamination.

APA(J) is the given on a P2 card.

16 ° (aAS{IP)/DR(IG,1)) is the surface retention distribution. IG,
the retention distribution, as IAB(IP,6) and AAS(IP), the retention

modifier for contact, are given on the r&§ card.

Ls °© (aPs/DR(LS,1)) is the tool retention distribution.
LS and APS are botn given on the PE card.

4



b, = 10C(10) ° (APC/DR(IC,1)) is the contamination density distribution
on the tool. IOC(IO) for operation IO is given on card Ogy APC is given

on card PE.

ks = 1k° (AR(J)/DR(LK,1)) is the kill distribution, i.e., the fraction
of organisms removed by the decontamination operation. LK and ar(J)

are given on the PE card for decontamination.

3
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VI. INPUT DATA

Table 1 lists all types of input data cards and shows their arrangement.
Alternate branches are indicated by the flow lines on the left with the index
values that cause the program to take that branch. The brackets on the right
indicate cards or groups of cards that are repeated until a blank card occurs.
Certain control cards do not call for data and are followed by another control
card. These are control cards with KK=4 (calling for a printout of a Burden
Difference), KK=5, IK=1 (calling for a zone printout without zor- definitions),
or KK=6 (for restarting the program at some specified stage and task for which

prerequisite data has previously been stored on the special record tape).

The data contained on each card, their format, and their significance
or use in the program are described next. A short listing follows the Data
Check Program in listing 1. It should be noted that all integer constants
must be mext to the right hand side of their field (right adjusted).
cC CONTROL CARD

KK, IK, I1, I2, I3, I4, IS, I6
FORMAT (815)
A CONTEOL CARD is used as the first card of the input data deck, //
after the input data for a Task to prescribe the next step, and
after the CONTROL CARDS mentioned above that are not associated with
a data set. The significance of the data is as follows:
KK=0 causes the program to terminate without reading any

additional data.

KE=1 indicates that a RUN is to be initiated and calls for RUN,

STAGE, and TASK DESCRIPTION CARDS and TASK data inputu.




TABLE 1.

Input Data Deck

CC___ CONTROL CARD

KK=l
KK=2 > KD  RUN DESCRIPTION CARD
KK=3 > SD  STAGE DESCRIPTION CARD

> TD __TASK DESCRIPTION CARD
__ng:_l_,m ENVIRONMENTAL SURFACE LIFETIME MODIFIERS

ED SNVIRONMENTAL DESCRIPTION CARD |
EQ ENVIRONMENTAL QUANTITIES CARD
_ > T

—&=2>0D OPERATION DESCRIPTION CARD
0Q OPERATION QUANTITIES CARL |

IK=3 . —
[~ FPD  PART DESCRIPTION CARD

PQ  PART QUANTITIES CARD____|

—  ”DD DISTRIBUTION DESCRIPTION CARD |
DQ DISTRIBUTION QUANTITIES CARD (1 or 2) j

IK=25 (D  SUBTASK DESCRIPTION CARD
KC  SUBTASK CHANGE CARD:I
K§  SUBTASK OPERATION CARD |
PE  PART EFFECT CARD |
KK=5, IN=0

ZD  ZONE -DESCRIPTION CARD

Z2C  ZONE COMPOSITION CARD




KK=2 ingicates that a TaSK is to be initiated and calls for

a TASK DESCRIPTIUN CarD and TASK data inputs,

For k=1, 2, 3, IK determines the point at which TASK inputs

start. These inputs and the values of IK for which they are

read are:

IK=1 ENVIRUNMENTS (&M and all subsequent data)
IK=2 OPeiarIUNS (0D and all subsequent data)
IK=3% PARTS (FD and all subseque t data)

IK=b DISIRLSUTIONS (DD and all subsequent data)
IK=5 SUBTASKS (SD and all subsequent data)

11, 12, I3, I4, I5, and 16 ars used as follows:
IF 11> 0, NE=I1 (number of environments

IF 12>0, NO=12 (number of operations)

IF 13>0, NP=I3 (number of parts)

IF 14>0, ND=I4 (numver of distributions)
IF 150, NS=15 (number of subtasks)

IF 160, 1TE=16 (specified task environment)

Resetting these values may help to determine wnether the
numbers N&, NO, NP, ND, or NS are increased during some
portion of a run, Generally these values will be left
blank except for I6 which must be specified if any fallout
is to be determined. However, it need only be specified on

the first input card and whenever it is to be changed.

KK=4 calls tor determining and printing the Burden Difference, i.e.,

tne difference between the total mi:robial burden at the finish




of stage 11, Task 12, which is saved as special digtribution
I3 and tne burden at tue finish of Stuge 14, Task 15, which
is saved as special distribution I6. The stage and task
numbers are used only in the print-out. The distribution
indices I3 and I6 identify the distributions whose difference
is to be found and must have the same values as L4 specified
on the appropriate TASK DuSCRIPTION CARDS. For example, suppose
in Stage 1 we have the TASK UESCRIPTION CARD

2 ALFHAMERIC DESCRIPTION OF TASK 2 0 O 0O 11
and in Stage 4 we have the TASK DESCRIPTION CARD

62 ALPHAMERIC DESCRIPTION OF TASK 62 0 0 0 12
A subsequent CONTROL CaRD calling for the Burden Difference
would be

4 1 2 11 4 62 12
This Burden Difference is the increment which, added to
distribution 11, yields distribution 12 where 11 and 12 are the
indices where tne total burden at tine end of these tasks are

stored.
A CONTROL CARD with KK=4 is followed by another CONTROL CARD

calls for the printing of areas and microbial burdens by zones.
IK=0 indicates that the zones are to be defined by

a deck of ZONg DEFINITION CARDS.
IK=1 indicates that the zones are the same as psrts and

that no ZONg DEFINITION CARDS are necessary. This

card is 0 be followed by another CONTROL CAKD.
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KK=6 calls for a restart following Stage Il, Task I2, It is
assumed that computations for this and all previous stages
have been successfully performed and the data recorded on
the permanent record tape. This card is to be followed by
the CONTROL CAR"D initiating the next Stage or Task and all
succeeding data cards in their normal order.

RUN DESCRIPTION CARD

KR, ROUN

FORMAT (I5, 1X, 7A6)

4 RUN DESCRIPTION CARD is the first card to follow the
CONTROL CARD initiating a Run. KR is the Run Number and RUN is a
42 alphameric character description of the run. There is no limit
to the allowed number of runs.

STAGE DESCRIPTION CARD

ks, 357G

FORMAT (IS5, 1X, 746)

A STAGZ DESCRIPTION CARD follows a RUN DESCRIPTION CARD or
a CONTROL CARD initiating a Stage. KS, which must be in the range
1 to 20 is the Stage Number and STG is a 42 alphameric character
description of the Stage.

TASK DESCRIPTION CARD

KT, TSK, L1, 12, L3, L4

FORMAT(I5, 1X, TA6, 2X, 4I5)

A TASK D:3CRIPTION CARD follows a STAGE DESCRIPTION CARD or
a CONTROL CARD initiating a task. KT, which must be in the range
1 to 100, is the Task Number and TSK a 42 alphameric character des-
cription of the task, Ll and L2 indicate the finish time distri-

butions of prerequisite tasks which are to determine the start time
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of tris task. If only one prerequisite (L1) is specified, the new start
time is set equal to the distributior for Ll. f no prerequisite is spec-
fied, the start time is set equal to zero, L3 is the index of the finish
time distribution if this task is tc be prerequisite for any later task,
14, if specified, performs two tasks. First, it causes all burden distri-
butions to be written by part and surface in the task summary. Second, it
couzes the total microtial hurden at the end of the task to be stored as
distribution L& and to be available for later computation of a Burden
Difference, IK on the preceding CONTROL CARD indicates the card type to

follow,
ENVIRONMENTAL SURFACE LIFETIME MODIFIERS CARD

AES(1), AES(2), A®S(3), AES(4)
FORMAT (4E10,3)

The ENVIRONMENTAL SURFACE LIFETIME MODIFIERS appear on the
first card of the Environments Inputs. AES(J) is the factor which
modifies the quantity v for Surface J (See Section V.)
ENVIRONMENTAL DESCRIPTION CARD
N, DSC
PORMAT (15, 1X, 4A6)

Bach of the (up to 10) environments requires itwo input cards.
The first of these is the ENVIRONMENT DESCRIPTION CARD which gives
the index N and the 24 alphameric character description DSC. The
last such description card is to be blank to indicate that all
environment inputs have been read. All but the last blank ENVIRON-
MENT DESCRIPTION CARD are to be followed by an ENVIRONMENT QUANTITIES
CARD.

ENVIRONMENT QUANTITIES CARD
IEC(N), IET(N), ARC(N), AZT(N), AED(N), AEF(N,1), AEF(N,2),
AER(N, 3), AEF(N,4)

FORMAT (2I5, 7£10,3)




0D

In order to reduce the number of required histograms, a given
histogram is used primarily to define the shape of the distribution
and can have a different meai value prescribed for each application.
For each application, then, a histograum and a mean value are prescribed,
e.gey IEC(N), AEC(N).
IEC(N), AZC(N) describe the microbial concentration associated with
environment N. IEC is a distribution index and AEC is the mean
of the distribution for this application,
IET(N), ABT(N) describe tne reference environmental fallout lifetime
distribution,
AED\N) is the distance coefficient (see the description of the Operational
Fallout Model).

AEF(N) is the velocity at wnich oranisms settle.

OPHRATION DESCRIPTION CARD
N, DsC
FORMAT (1Y, 1X, 4a6)

kach of the (up to 20) cataloged operations requires two input
cards. The first of these is the OPERATIUN DESCRIPTION CARD which
gives the index N and the 24 alphameric character description DSC.
The last of these cards is to be blank to indicate that all opera-
tions inputs have been read. All but the last blank card are to be

followed by an OPERATION QUANTITIES CARD.
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OPERATION QUANTITIES CARD
IO0T(N), FOQ(N), IOC(N)

FORMAT (315)

IOT(N) is the index for the distribution describing the time required
to perform operation N. Modification of this time is made when

the operation is used under a subtask.

I0Q(N) is the biota concentration distribution associated with the
source of contamination, personnel, etc) when this operation
is used (see the de:cription of the Operational Fallout Model,
Section V). This distribution can be modified for each parti-

cular situation in which the operation is performed.

IOC(N) is the biota concentration on hands, tools, clothing, etc.,

for the case of contamination by contact,

PART DESCRIPTION CARD
N, DSC

FOrMAT (15, IX, 6A6)

Each of the (up to 120) initial parts requires two input cards.
The first is the PART DESCRIPTION CARD giving the part number N and
the 36 alphameric character description DSC. The last 12 charactere
(in columns 31 through 42) are retained as a permanent serial de-
scription of the part. The last of these cards is to be blank to
indicate that there are no mere parts inputs. All but the blank

card are followed by a PART QUANTITIES CARD.

PART QUANTITIES CARD
IAB(I,1), IAB(F,2), IAB(I1,3), IAB(I,4), IAB(J,5) IAB(I,6),
AAG(N), AAS(N)

FORMAT (615,2£10,3)
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IaB(1) is the index of the distribution of microbial burden on
the top surface of the part. The area of this and the other
surfaces is given in the coefficient associated with the distri-
bution (see the ~xplanation for Dy below).

IAB(2) is the index of the distribution for area and burden of all
other exterior surfaces.

IAB(3) 4is the index of the distribution for area and burden cf the
mated surface.

IAB(k) is tne index of the distribution f-r area and bur.en of the
occluded surface.

IAB(5) is the environment of the part used in determining microbial
accretion.

IAB(6) 1is the part retention distribution index.

AAG is the surface retention factor for fallout contamination.

AAS is the mean surface retention factor for contact contamination.

DISTRIBUTIUN DESCRIPTION CARD
N, DSC, L, M
FORMAT (15, 1X, 4a6, 2I5)

Arrays are defined for storing up 551 nistograms, each with a

39

maximum of 11 absissa values and their associated probabilities., However,

the last 51  of these are reserved for special uses and only 500
places ¢re available for general use. Since the program automatically
indexes new histo,rams that it must store, only a fraction of these 500
should be specified at input tin. The DISTHIBUTIUN DuoCRIPTION CARD
gives the distribution number N and 24 alphameric character description
D3C. The iast of these cards is to be blank to indicate that tnere are

no more distributions inputs.
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The index L indicates whether the range values and associated
probabilities are to be read directly from the DISTRIBUTION QUANTITIES
CARDS or calculated from the range minimum, mode 2rd maximum values.,

M is the number of values (to be in the range 1 to 11).

DQ:s DISTRIBUTION QUANTITI&S CARDS
For L = 13 DR(N,J), J=l,M
XR(N,J), Jul,M
For L = 23 DR(N,1),X1,X2,X3
FORMAT (BE10.3)

For L = 1, there are two sets of data DR(N,J) and XR(N,J). DR(N,1)
is equal to the area for distributions describing the microbial burden on
particular surfaces. For other distributicns it is left blank and the
program automatically supplies the mean of the distribution. DR(2) to
DR(M) are the probabilities associated with the intervals XR(1) to XR(2)
to XR(3)y eeey XR(M-1) to XR(M). If M is larger than 8, tw~ cards are
recuired for each set of array values.

For L = 2, DR(1) nas the same significance as for L=l. The range
intervals of the distribution and the associate probabilities are deter- ///
mined by the program to describe, with a 5 value histogram, a triangular
distribution with the range X1 to X3 and mode (probability peak) at X2.

The program automatically generates and indexes (index = X0) a zero

value nistogram,
KD+ SUBTASK DESCRIFTION CARD

N, DSCs N1, N2

FORMAT (1%, 1X, 4a6, 2I5)
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The input data for each of the (up to 20 subtasks per task) is
headed with a SUBTASK DESCRIPTION CakD that gives the subtasks number
N, the 24 alphameric character description D5C, and the indices of two
prerequisite subtasks, N1 and N2. If N1 and N2 are blank, the subtask
start time is taken to be the same as the task start time. If there is
only one prerequisite subtask, it 18 to be indicated by Nl since, if N1
is blank, N2 is not checked. Both subtasks are, of course, to have been

previously considered by the program and to have had their finish times

computed.

SUBTASK CHANGE CARD
K, IR(1), IR(2), IR(3), IR(4), IR(5), AR(1), AR(2), AR(3)
FORMAT (615, 3E10.3)

The SUBTASK CHANGE CARD is used to define any changes in area,
environment, cr retention factor values for a pert.

Assembly or disassembly may cause the creation of new parts of
surfaces, removing area from one change in the type of surfices as
when a certain amount of exverior area is covered and becomes an
occluded or mated surface. The amount of area AR(1) is subtracted
from part IR(3), surface IR(4), and added to part IR(1), surface IR(2).

If IR(5) is a positive integer, it is the new environment index
assigned to part IR(1).

If AR(2) is a non-zero number, it is the new retention factor for

»

fallout for part IR(1).

If AR(3) is a non-gzero number, it is the new retention factor

for contagt for part IR(1).




KOs

K is the change index and is to be a positive integer except
where it is to indicate there are not more changes and is given the
value O or is left biank, The particular positive value assigned
to K is arbitrary and can he used to designate certain types of
cnangses or changes of a temporary ncture for which some special
index is useful in checxking whetiher the reverse changes have been

made.

SUBTASKR OPutalTlUR CakD

10, IKko AKY, Ahyg

Furia?t (239, 2£810.3)

sacn subtasK consigts of an artitrary number of operations.,

These ope.ations are partiaily described in the catalo_ ol operations

(see inputs OD and O described above) but heve additional parameters

whicn deseribe the resulting microbial burden chaages for each particu-

lar periormance of tne operution. In addition, further parameiers that
depend on the purt are speecified on the PaiT ZFFsCT CanD to be desciibed
next.

I0 is tne operation index and indicates the particular operation
involved. If IO is zero or blank, there are no more operztions
and the program is to proceed to a consideration of the next
subtask. If IO is negative, a decontamination is indicated for
which the input quan*ities nuve a different significance,

For decontamination (I0<£0)s
IKE is not si.nifigant and can be left blank.

AKT 1is the operation tinme.

k2
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For other operations (I0>0):

IKE is the operation environment unless it is left
blank in which case the operation environment is
the same as for the previous operation. If IKE
is Ulank for all operations in a subtask, the
operation environments are all the same as the

environment ITE given in card CC.

AKT is the operation time modifier and is multiplied
by tne distribution IOT(I0) (see card Og) to de-

i termine tne operation time.

: AKQ 1is the modifier for themicrobial concentration
associated with the source of contamination and
is multiplied by the distribution I0g(I0) (see

card 0g) for the concentration distribution,

PE: PA«T EFFECT CARD
1P, LS, APD, APC, APS, APA(1), aPA(2) or IP, LK, aR(1), aR(2), AR(3),
AR(4)
FORMAT (2I5, 5E10.3)
Each part whose microbial burdens are affected by an operatior
is speciiied aloag with appropriate effect qaantities by a PART EFFECT
CaRD.
IP is the index of the part affected. If IP is blank or zero,
it indicates that all affected parts have been considered ani

the program is to proceed to a consideration of the next operation.




LS

APD

APS

by

is the tool retention distribution for contact.

is the distance of part IP from the source of contamination
(see section IV for the effect of APD on fallout).

is the tool microbial concentration modifier which is
multiplied by IOC(I0) (see card OQ) to determine the
microbial concentration of the contamination tool (or
other object) for determining microbial buildup by
contact (see Section IV).

is the retention fzctor for the tool in determining
contamination by contact. Al and APS are specified with
the PAXT EFFSCT inputs to allow modifying the guantities

given with the operation IO in this particular application.

APA(l) is the contact area for the top surface, APA(2) the contact

AR(J)

area for other exterior surfaces (see Section IV.). It is
assumed that cccluded and maved surfaces are not contacted.
The second set o juantities is for use in describing
decontaninztion efiforts following a SUBTASK OFZaal'oON CaRD
for wnich I0 is negative.
is the kiil discribution injex and descrives the distribution
of the fraction oi organisms removed by a decontamination
operation.

is the modifier of the kill distribution for surface J.

ZDs  4ONs DESCRIPTIUN CARD

Iz, DSC

FCHRAT(I5, 1X, 446)
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Definition of each thermal zone in terms of the fractions of
surfaces that comprise it requires a ZON£ DuFINITIUN CalkD for the
zone and one ZONE COMPOSITION CARD for each part involved. The zone 1s

described in terms of a number, IZ, and a 24 alphameric character

description DSC. If IZ is blank or zero it indicates that all zones
H have been defined and that the program is to proceed to the

next CUNTROL CARD.

ZC: 2ZONE COMPOSITION CARD
1P, FP(1), FP(2), FP(3), FP(4)
FORMAT (I5, 5X, 4F10.7)
A separate ZON& CuMPOSITION CARD is used for each part
IP that is wholly or partially included in zone IZ. The quantities
. FP(J) indicate the decimal fractions of surface J (top, exterior,

mated, and interior) to be included in zone IZ.

ot

el
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Typical program outputs are given in Listing 5 at the end of this report.
It should be noted that a heading identifying the Run, Stage, and Task appears
at the start of each set of Task inputs (&nvironments, Operations, Parts, and
Distributions), each Subtask, and tne Task Sumuary concluding each Task. Each
Stage ends witn a Stage summary that has a heading tnat identifies the Run and
Stage.

Burden bi:ference and Zonal Burden printouts must be specially called
for by ap.ropriate control cards. 'The Burden Differeince heading identifies
the Run and tne two sets of Stage and Task between wnich the burden buildup
is to be determined and printed. The Zonal Burden hezding identifies the
Run and Stage and the Task given is the Task that precedes the Zonal Burden
deterulnation,

Listings 5-a through 5-d simply list data tnat has been read as inputs.
Table 5=e shows the results of Subtask and Operation ievel computations. It
should be noted that preprequisites are not reguired and are not printed when
not specified. Similarly, only the snvironment/Area/Retention Factor changes
g-ecified are printed. There is no limit to the number of Operations in a

Subtask or the number of Parts affected by an Operation,

Burden buildup by environmental fallout is not printed nor is the associa-
ted environment, but this buildup is always considered before considering the
buildup by ‘orerationrl fallout or contact. The Znvironment index given for each
operation is the operational environment. The start and finish time distribu-
tions are written on the record tape but oniy the mean time is printed in this

Output.




Under Parts affected by Operation, the Part, Surface, and the Distribution
index are given along with the Source of contamination (Fallout or Contact) and

the Burden on that surface following this particular instance of contamination.

Listing 5-f gives a typical Task Summary. The start and finish time
distributions are given as well as the mean times. The Areas and Burdens are
given for all parte that have been involved in any Operations or had IU(I)
input as some positive value. Composite distributions along with mean and
variance are given for the sums of Top Surfaces, Exterior Surfaces, Mated
Surfaces, and Occluded Surfaces, and finally for the sum-of all Surfaces., If
L4 on the control card preceding the task is assigned some integer in the range
1=<L4k <20, the Task Summary will include the burden distribution on each sur-
face of esach part for which there is a prescribed area and which has been

affected by any operation.

Listing S5~g gives a typical Stage Surmary which is simply a convenient
statement of the mean and variance of the distribution for Total Microbial

Burden at the end of each Task of the Stage.




VIII. JOB CONTROL AND DECK ARRANGEMENT

A detailed description of job control cards and system options is given
 J
in two JPL reports . This section describes a working arrangement of job

control cards and program decks.

The job control cards are located at the start of Listings 1, 2, 5, and
6 (at the end of the report). These cards and the information furnished are

described as follows:

$JOB, used at the beginning of each job

Columns Contents

1-4 $JOB

5-6 blank

7-9 Programer's 3 initials

10 Comma

11 - 17 7-digit program identification
18 comma

19 - 25 '. ¢ order number (format: XXXXX-X)
26 comma

27 - 31 S5-digit requestor number

e comma

33 Destination code

3% - 35 blank

36 System (I for IBJOB)

*The JPL Direct-Couple Operating System User's Reference Guide, JPL Report
EPD-476, March 6, 1967; The FORTRAN IV User's Guide to the IBM 7090/94 IBJOB

Smtem, JPL Xeport EPD 478, March, 1967.
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Columns Contents
37 Time usegge (C for code check, P for production)
o 38 -3 blank
£ 4o

Estimates of running time in minutes and output in

lines, separated by a comma but no blanks

$SETUP, used to indicate need for special record tape

Columns Contents

: 1-6 $SETUP

? 8- Unit (UTS)
16 - Tape number

$ASSIGN, used to assign the unit setup by the $SETUP card and any other

units normally left unassigned by the DC-IBSYS.

Columns Contents
l-7 $ASSIGN
16 - SYSUTS

$ATEND, used to indicate the actions to be taken when a job sagment is

terminated.
Columns Contents
l1-6 $ATEND
16 - Lower limit, upper limit, format code separated by

commas, no blanks.

$IBJOB, specifies the options that describe how £ job segment is to be

processed.




Columns Contents
1«6 $1BJOB
16 - Options (GO, LOGIC, MAP, SOURCE )

$IBFTC, used immediately before a source deck.

Columns Contents

1-6 $IBFTC

8 - 13 Deck name (6 or fewer alphameric characters)
16 Options (FULIST, REF, M94, XR7, DD, DECK)

$IBLDR, used immediately before a binary deck.

Columns Contents
l1-6 $IBLDR
8 -13 Deck name (6 or fewer i.lphameric characters)

$DATA, used between the package of program decks and the data deck.

Columns Contents
1-6 $DATA.
EOF, the last card of the job
Columne Contents
1 1, 7, 8 multipunched
2 - b4 EOF

There are 4 typrs of jobs associated with the Microbial Burden Prediction

Model. They are
l. Jhe Data Check Program (Table 2,3).

2. The Burden Prediction Program (Table 4,5).
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3. The Data Recovery Program (Table 6,7).
4, The Special Write Program (Table 8,9).

Tables 2, 4, 6, and 8 show the arrangement of control oards, source decks,
and, for the Data Check Program, data. When.ver the source programs are used
and compiled, binary decks are generated which should be used in subsequent
runs to speed the program. The arrangementis for control cards, binary decks,
and data are shown in Tables 3, 5, 7, and 9. Wwhenever a progran consists of
more than one deck, source and binary decks can be mixed providing all sub~
programs are included and that each source deck is preceded by the proper

$IBFIC card and each binary deck by the proper $IBLDR card.

The Data Check rrogram (Tables 2,3 and Listing 1) is designed to read the
input date from cards, write the data on tape 9 and in the output listing, and
perform certain checks c¢n the data such as determining that the data cards are
in order, that all indices are within the required ranges, that prerequisite

distributions and quantities have been defined, etc.

TABLE 2. THE MICROBIAL BURDEN DATA CHSCK PROGRAM, SOURCE DICKS

$JOB

$SETUP CK1 TAPE #(9)

$ASSIGN SYSCK1

$UNITS

$1BJOB GO, LOGIC, MAP,SOURCE

$IBFTC MBDC1 FULIST,REF,M94,XRT7,DD,DECK
(Deck MBDC1, Data Check Main Program)

$IBFTC MBDC2 FULIST, REF, M94, XR7, DD, DECK
(Deck MBNC2), Error Counting Subroutine)
$DATA

‘Ihte Deck)

+EOF

1 Indicates 1,7,8 nultipunched

L



TaBle 3. THE MICROBIAL BURDEN DATA CHwCK PROGRaM, BINARY DECKS

#JUB

$SETUP CKI TAPE #(9)

$ASSIGN SYSCK1

$UNITS

$1BJOB GO, LOGIC,MAP,SOURCS

$IBLOR MBDClL
(Binary Deck MBDC1)
$IBLDR MiDC2
(Binary Deck MBDC2)
$DATA

(Data Deck)

xEOF

x Indicates 1,7,8, multipunched

If there are no data errors, the Data Check Program writes a message to
‘ that effect and the data tape specified in the $SETUP card is ready to be used

witn either the Microbial Burden Prediction Frogram or the Special Write Frogram.

The Microbial Burden Prediction Program (Tables 4,5 and Listing 2) reads

inputs from the previously recorded tape (tape 9) and writes outputs on a

second tape (tape 11) as well :s in regular listing form.

Taole 4, THe MICKOBIAL BURDeN PREDICTION FROGR. SOURCE DECKS //
$J0B
$SSTUP K1 TAPE #9
$SETUP  UTS PArs #11
$4051IGN SYSCK1
$ASSIGN SYSUT5
SASSIGN SYSUT6
3A5SIGN SYSUTS
SUNITS
$18J0B GOy LOGIC, MAF, SUUACE
- $IBFTC  MBPl FULIST,REF,M9% ,XR7 , DD, DECK
' (Deck :BPl, Predicition irogram, Main Program)
. $IBFTC MBP2 FULIST,ReF,M9% 4 XiT ¢ DDy DECK
(Deck MBP2, Subroutine HCS)
3IBFTIC  MBP3 PULLSTy REF, 1194 4 XKT o DDy DSCK
(Deck tBr3, Subroutine HsS)




TABLE 4 (Continued)

$IBFTC MBr%

(Deck MBP4, Subroutine HMS)

$1IBFTC MBPS

(Deck MBP5, Subroutine HNS)

$IBFTC M3P6

$IBFTC MBP7

(Deck MBP7, Subroutine MAS)

$IBFTC MBPS

(Deck MBPS, Subroutine MAVS)

$IBFTC MBP9

(Deck MBP9, Subroutine ¥BRS)

$IBFIC MBP10

(Deck MBP10, Subroutine MBS)

$IBFIC MAPll

(Deck MBPll, Subroutine MVS)

$IBFTC MBP12

$DATA
IEOF

FULIST,REF,M94,XR7, DD, DxCK

FULIST,REF,M% )XR? ’DD’ DECK

FULIST,REF, 9% ,XRT7, DD, DiSCK
(Deck MBP6, Subroutine HWS)
FULIST,REF,M94,XR7,DD, DECK

FULIST,R:&F,M94,XR7 4 DD, DECK

FULIST,REF,M94,XR7, DD, DECK

FULIST,REF,M%%,XR7, DD, DECK

FULIST,REF,M9%,XR7, DD, DECK

FULIST,REF,M9%,XRT, DD, DECK
(Deck MBP12, Function ZF)

Note that a $DATA card foliows the last source deck but without
being followed by a Data Deck. The Data is read from Tape 9.
This is also true of the following programs.

TABLE 5. THe MICROBIAL BURDsN PREDICTIul IODsL, BINaRY DECKS

3JOB
$SETUP
$SETUP
$ASSIGN
$ASSIGN
$A435IGN
$ASSIGN
$UNITS
$IBJOB
$IBLPR

CK1l
[H)

MBP1

(Binary Deck FBP1)

$IBLIR

nBr2

(Binary Deck MBP2)

$I8LDR

MBP3

(Binary Deck MBP3)

$IBLDR

MBP4

(Binary Deck MBP4)

$IBLDR

MBP5

(Binary Deck MBP4)

$IBLDR

MBP6

(Binary Deck MNBP6

$IBLDR

MBPT

(Binary Deck MBP7)

S$IBLDR

MBP8

(Binary Deck MBEB)

TAFE #9
TAPE #11
SYSCK1
SYSUTS
SYsUTé
SYSUT8

GO, LOGIC,MAP,SOURCSE
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TABL# 5. (Continued)
$1cLDR MBP9
(Binary Deck MBPY)
$I8LDR  MBP1O
(Binary Deck MBF10)
$IBLDR MBFPll
(Binary Deck iBP11)
$IBLDR 1}MBFl12
(Binary Deck 1iBP12)
®DALA
+EOF
+
The Data Recover Program (Tables 6, 7, and Listing 3) is not a fixed
pro.ram put any modification of the basic program given in Listing 6. It
is aesigned to read the data recorded on Tape 11 by The Microbial Burden
Prediction rrogramn. Instructions are to be added to this basic program for
computing and writing any special outputs desired. These added instructions
must not change the order in whicn data are read from Tape 1l because the

basic program is designed to read tnis data in the same order as recorded by

the Prediction Program. Any vrequired subroutines should be added as indicated.

TABLE 6. T.. LICRUBIAL BURDEN DaTa RECOVERY PROGRAM, SOURCE DECK

$JOUB

#ScTUP  UTS Tard #(11)

$ALSICN SYSUTS

$ASSIGN SYSUT6

$ASSIGN SYSUT8

§UNILS

$I13J0B GO, LOGIC,MAP, SOURCE

$IBFTC MBDR FULIST,REF,M9%4.XR7,DD, DECK
(Deck MBDR, Data Recovery Program)

$IBFIC MBP2 FULIST,REF,M94,XRT, DD, DECK

(Deck MBP2, Subroutine HCS, needed only if Histograms
are to be added, subtracted, etc.)

$IBFTS MBP6 FULIST,RxF,M94,XR7, DD, DECK
(Deck MBP6, Subroutine HWS, needed only if Histograms
are to be written).

§DATA

+EOF

[ .}
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TABLE 7, THE MICROBIAL BURD:N DATA RSCUVERY rROGRAM, BINARY D:CK

$JOB

$SETUP  UTS
$ASSIGN
$ASSIGN
$ASSIGN
$UNITS

$1BJOB
$IBLDR MBIR

(Binary Deck MBIR)

TAPE #(11)
SYSUTS
SYSUT6
SYSUT8

GO,LOGIC,MAP, SOURCE

(Any required subroutine decks)

$DATA
IEOF

The Special Write Program (Tables 8,9 and Listing 4) is designed to r#ad

the input tape (Tape 9) and list those cards that describe the Run, Stage, Task,

Subtask, Operation, and Part Affected.

Each card type is indented according to

its level so that the result is a convenient outline of the run.

TABLE 8. THE MICROBIAL BURDEN SPSCIAL WRIT< PRUGRa., SOULCE DECK

$JOB

#58TUP K1
$ASSIGN
$UNITS

$13J0B

$IBFTC MBSW

TAPE #(9)
SYSCK1

GO,LOGIC,MAP,S0UURCE
FULIST,REF,M94,XRT7, DD, DaCK

(Deck NBSW, Special Write Program)

$DATA
IEOF
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TasLe 9¢  Tds mICROBIAL BURDBN S£aCinl WRITH PROGRali, BINARY DECK

$JOB

$SETUP  CK1 TAPE #(9)

$ASSIGN SYSCK1

$UNITS

$18J0B GO, LUGIC,MAF, SUURCE

3IBLDR IMBSW
(Binary Deck MBSW)

$DATA

+EOF

+

A special use of the licrobial Burden frediction Program, that of Restart,

deserves a special description. If an input data set is to be rerun with modi-
fications that are not near the begiuning of the set and if the output tape

(Tape 11) has been saved, running the program from the beginning can be avoided

by using the restart capability of the program.

To use tne Restert capability, a Restart CONTRUL CARD (i.e.y KK = 6, IK = O,
11,12 = the last stage and task for which the data has not been changed) is put
in frort cf the CONI'ROUL CaRD initiating the first task that is changed. This
data 1s then recorded on Tape 9 by using the Data Check Program. This Tape 9 and
the Tape 1l with the saved outpui data are then used, in the standard way, with
the Burden Prediction Program which reads Tape 11 until the specified last stage
and task are finished at waich time input data is read from Tape 9 and the com-
putation proceeds in the customary way. The output listing, in this case, will
commence at the Task where the data has been changed and, when the run is com-
plete, Tape 11 will hold outputs from the start of the original Run but, after

the specified restart point, wiil have outputs based on the new input data.



$J08 GMM,584800006904-0+78563+A IC 8919000 GMM BOX 84 84
$SSETUP CK1 © 44 5]

S ASSIGN SYSCK1

SUNITS

$ 18 JOB GO ¢LOGICsMAP +SOURCE

SIBFTC MBOC1 FULIST +REF oM 94 +XRT7 «DD» DECK

c

OO0

N8GNSO ARUN EWN -

Lo )

S0

5%

MICROBIOLOGICAL BURDEN PREDICTION PROGRAM DATA CHECK PROGRAM
THIS PROGRAM WRITES A DATA TAPE AS IT CHECKS THE DATA

ERROR TYPES-

1 INDEX OQUT OF RANGE S INDEX USED PREVIOUSLY

2 PREREQUISITE MISSING 6 DATA OUT OF RANGE

3 NECESSARY DATA MISSING 7 REMAINING AREA NEGATIVE

4 TOO MANY CARDS IN SET 8 AFFECTED PART AREA ZERO

9 CONTACT AREA GY SURFACE AREA

CARD TYPES~

CC CONTROL CARD PD PART DESCRIPTION

RD RUN DESCRIPTION P@ PART GQUANTITIES

SD STAGE DESCRIPTION DD DISTRIBUTION DESCRIPTION

TD TASK OESCRIPTION DO DISTRIBUTION QGUANTITIES

EM ENVIRONMENTAL MODIFIERS KD SUBTASK DESCRIPTION

ED ENVIRONMENT DESCRIPTION KC SUBTASK CHANGE

E0 ENVIRONMENT GQUANTITIES KO SUBTASK OPERATION

0D OPERATION DESCRIPTION PE PARY EFFECTS

00 OPERATION QUANTITIES Z0 ZONE DESCRIPTION

2C 20NE COMPOSITION

DIMENSION RUNIT7DoSTGLT) eTSK(7)eDSCIE) vAESINIVIECIIDYIET(IO )
eAEC(10)sAET(10) oAED(I0)¢AEF (100 4)+I0T7(20)+100(20)10C(20)¢
«JABU120¢6 Ve AAG( 120) eAAS(120)+AATC120) oDRISO0r 11D+ XRIS00¢11)»
HMKT(20) ¢IRES) ¢ARIY) ¢APAL2)o LHI20)

COMMON NLCTIL19)oKR oK SoKT o JSvJOsKAL 205 )eKL (9)

DATA (AAG(IDe1=1919)/2HCC ¢Z2HRDs 2HSD 9+2HT Do 2HEM o2 HE Dy ZHEQ «

«2 HOD» 2HOO 92 HP Do 2HPQ 92 HDD e 2H DO 02 HK Do 2HKC 22HK 00 ZHPE 22 HZD» 2H 2C /
FORMATI 3 HI MICROBIAL BURDEN PREDICTION MODEL/I12H DATA CHECK-/7)
FORMAT(81IS)

FORMATI//35H RESTART CALLED FOR FOLLOVING STAGE+I3s6He TASKeI3//)
FORMAT(IS o1 Xe 7A692X o8I5S e30X o415)

FORMATUIS o1 Xy 8A6Ge 215)

FORMATIIS o5Xo4F10.7)

FORMATIOE 10.3)

FORMAT( 2159 10.3)

FORMATEOISe 3E 10.3010X0I5¢€10.30159E10.3)

FORMAT(12H ERROR LISY-//30H N KR XS KXY JS Jo7z)
FORMATIEIS)

FORMAT(/]19H NO ERRORS THIS RUN)

FORMATI 78 Xe LTHKR XS KY NL7)

FORMAT(27H NUMBERS OF ERRORS BY TYPE-//915)

REWIND 9

NDzO

NL=0

KR=0

KS=0

K7=0

‘D0 S0 I=1.19

CTiI)zAAB (I
DO S5 J=1.9

KLtJ) 0 Listing 1. The Microbial Burden Data Check Program, Main Program



60

10

10G

102

104

106

108
109

112
120
125

130

132
135

is 0

00 60 1=1¢120
DO 60 J=1 +8
1AB{I+3)=0
DO 70 1:=1.500
DRtI«1)z0D.
WRITE (6 1)

CONTROL CARD

READ (502 )KKeIKoelleI2013018¢15+16
WRITE(E o2 )KKo IK 2110129013018 +15¢16
WRITEI9) KKelKellsI2e13¢I4¢15016
JsS:=0

JO=0

IFULKK)202 300108

CALL ECSt1s1)

60 10 300

IFIKK.6T.6)GO TO 102
IF(RK.LT.6)GO TO 108
WRITE(6:+3)011012

KSz=I1

XxT=-12

00 106 I=-1.20

LHID =}

60 T0 100

GO TO €109¢ 109 109+ 140¢150) oKK
IFCIKLE.~-12CALL ECSC(1r1)
IFLIKGT.SICALL ECS(1+1)

60 TO (1101200 130) oKK

RUN DESCRIPTION

READ (58 IXRe (RUN(J)e U= 1)
WRITE (6 +8 IKRo (RUN(J)e J=197)
WRITE (9) KRe (RUN(J)IeJ=1eT)
DO 112 I=1s 20

LH(I) =0

STAGE DESCRIPTION

READ (S8 IKSe (STG(JI)Ie U1 T)
YRITE (694 IKSy (STE(J D)o Jz]1r7)
VRITE (9) KSe(STGUJ)vJ=1leT)
IFIKSLLE.Q)GO TO 125
IFIXS.LE. 20060 YO 130

CALL ECSU201)

Ksz1

TASK DESCRIPTION

READ (S8 IKTo» (TSKIJIeJd=1vT) sl 2al2eL 3oL
WRITE(G o8 IK Vo (TSKIJ Do Uo7 ol 1ol2 oL I0LB ok ReKS oK ToNL
WRITE (9) KTe tTSKIJIrJ=1eT) el 1ol24L 3oL 4
IFIKS.LE.O)CALL ECS(4.+3)

00 132 I=1.20

KKT(I)=O

IVIKT .LE. 0160 TO 135

IFIKT.LE. 1002GO TO 170

CALL ECSI 30 1)

KT=1

60 T0 170

IFCIl.LE.O)CALL ECS(] 1)
IF(11.67.200CALL ECSI1.1)
IFUI2.LE. O CALL ECS {141} .
IFUI2.67. 1000 CALL ECSE) o) ¥
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Listing 1. The Microbial Burden Data Check Progam, Main pr



150
182

ise
160

162

170
172

174
176

178
180

182
190
192

196
196

210

a2
213

214
216

220

222

60 10 100

IFLIN.EQ.1)GO TO 100

READ (55112 (DSCLU v IT1rv W)
VRITE(G o512y (DSCUUNr UZLe W)
WRITE (9) 1Z2,(DSCHUYedz1r4)
IFIL1IZ)158+100.160

CALL ECSt18.1 1

READ (5+6)11IPs (AR(J) 1U=]8)
WRITE(B¢6 VIPy (ARIJ) 0J=) o)
YRITE (9) IPs (ARCLUD 1J=1 b))
IFULIP1162+152+160

CALL ECS(19.1)

60 TO 160

IFILID172019002 78

CALL ECSt4s D)

Liz-L1}

IFIL1.6GT. 20060 YO 182
IFLLHILL) EQ.O) CALL ECS(u+2)
IFLL211780190.280

CALL ECSiNe 1)
1FI(L2.6T.20960 TO0 182
IFLLHIL2) EQ.O) CALL ECS(4+2)
60 T0 1%

CALL ECStM D)
IFIL3 )19 01960192

IFIL3.6T. 20160 YO 194
LHIL3IIZ]

60 T0 196

CALL ECS( &)
IFILYLE.~1ICALL ECS(&0 1)
IFILY.6T. 20 0CALL ECSt4s])
IFLIN.6T. Q) ND=14

GO TO (210s220r 230¢ 2400 250) ¢IK

ENVIRONMENTS INPUTS-

READ (SeTICAESIJ) vuz] o4
WRITE(E 7 ML AESEU) 03] 0k)
WRITE (9 (AES(J)eJdz1 k)
D0 216 I=1.10

READ (5¢SINefDSClJ) 0oJ=1098)
VRITELGvSINe(DSCUI) 2] 08
WRITE (9) NelDSCUJ)2d=] o)
IFIN) 21342200212
IFIN.LE.10)GO TO 214

CALL ECStG 1)

NZ10

39

READ (S+8IIECINIvIETIN)vAECINISAETIN) ¢AEDIND s (LAEF (N oJ) e Uzl &)
WRITE(G+BITECINI o IETEON) oAEC(NISAETUIND oAED (N2 (AEF(NoJ)o gz lv )
VRITE (9) JECINDoIETIN) oAECINIAETINI oAED(NDIe (AEF(NeJ)sY=10 W)

READ (5+5IN
WRITE (6+5 )N
WRITE (9) N
IFINSGT.ONCALL ECS(Be )

OPERATIONS INPUTS~
DO 226 K=1+20

READ (S¢S INetDSCLI) vdz1 el

WRITECE oS IN2(DSCLU) 0 d=] ob)
WRITE (9) NotDSCUJ) ed=)en)
TFIN)223s 2300 222
IFIN.LE.20)GO TO 227

Listing 1.

The Microbial Burden Data Check Program, Main Progrea



223 CALL ECS(8, D)
NZ20
226 READ (5¢9)110TINI+IOGEN) 2IOCIN)
VRITE(E+9)TOTINIe JOQIN) ¢I0OC (N)
226 WRITE (9) 10TINI}sIOQ(N) +IOC(N)
READ (55N
WRITE (6 ¢5IN
WRITE (9) N
IFIN.GTOICALL ECStB8ed)

PARTS INPUTS-
230 DO 236 I=1e120
READ (5e4 )Nt DSClJ) ¢J=146)
WRITE (6 ¢4 INoIDSClAU) eJ=) o6}
WRITE €(9) NetODSC(J) eJd=1e6)
IFIN) 23302000232
232 IFUN.LE.120060 TO 234
233 CALL ECS(10.1)
NZ=120
234 READ (S5+9)0IABINsJ) 0J=1 96 )eAAGIN) 2AAS(N)
WRITEC(E ¢ I IABINe ) 0oJ=1+6 )0 AAGEN) ¢AASIN)
236 VWRITE (9) (IABINeJ) oJ=1e6)eAAGIN) ¢AASIN)
WRITE (6 ok IN soe
WRITE (9) N
IFINGT OMCALL ECS( 104

DISTRIBUT IONS INPUTS-

240 DO 248 I=-1.%00
READ (SeS5)INstOSClU) szl ol do KoM
WRITE(G oS INV(OSCUU) edZL ol )oKe M
WRITE €9) NtDSClI) eJ=1 e84 )0 KoM
IFUIND 28 30 2490 24 2

2802 1FINLLE.S00)60 TO 244

243 CALL ECS (12+1)
NZ500

204 JFUIKLLE.OICALL ECSI12+41)
IFIK.GT 2 )CALL ECS(1201)
IFIK.EQ.1)60 TO 24&5
READ (Se7 )IDRENs 1) oX 10 X2+X3
WRITE(G 7 )ORINs 1) oX o X20X3
WRITE(9) DRENe1)eX1leX2eX3
V'—'.ZS—U
DRINs 2)=U
DRINeS) 2V
XRINs 192X 1
XRUNe 32X 2
XRUNo 8} =, 50 (X2¢X3)
NX{N)=S
60 TO 28

205 IFULM.LE.0)60 TO 248
IFIM.LE.11)GO TO 247

206 CALL ECS(12+))
“n:=11

M7 READ (S¢7T)MDR(NsJIr J=1o M)
WRITE(G+7VMIDRINCJ)Ie J= 10 M)
WRITE (9) (ORINeJYIe J= Lo M)
READ (Se7 M ARINeJIeJ=1oM)
WRITE(B«T I XRINOJIe U= 1o M)
WRITE (9) (XR(NeJY v JU=]1eM)

2098 IFIND.LT.NINO=N

READ (55N
Listing 1. The Microbial Burden Data Check Program, Main Prograr



249
250

252
253

254

256
58

262
%

270

212

273

27

WRITE (B ¢5)IN

YRITE (9) N
IFINGGTOICALL ECSI1244)
ND=ND ¢l

DO 296 I-1+20

SUBTASK DESCRIPTION

READ (Se5INe(DSCEJ) sJ=294)eN)1IN2
WRITE(G+SINo(DSCUlU) o) e8 )Nl N2
WRITE (9) NetDSCUJ) sJ=] o8 Do Nl N2
JS=N

IFINY253,1000252

IFIN.LEL20)GO 10 254

CALL ECSt14.))

N=20

IFIKKTIN) EQ. 1) CALL ECSI(16:5)
TIFIN]1)262¢256+258
IFIN2)262 4264 0262

IFIN] .GT. 20060 TO 262
IFIKKTINL ). EQ.OXCALL ECSt1Ne2)
JFUN2)1262 +2 68 +260

IFIN2.6T.20)G0 TO 2862
IFIKKTINZ ). EQ.OICALL ECSI( 142
60 TO 268

CALL ECSi1la,})

KKT(NI=1

SUBTASK LEVEL CHANGE

READ (Soe9IKotIR(JIeU=1sS) elAR(JDI0JZ1e3)
UYRITE (9) KoelIR(JIeJ=1¢S) el ARIYIUZ1e D)
IF(XK.LE.0O) GO TO 280

IFLAR(1).GY.0.)G0 TO 272

YRITE(G oI (IR(JIOJSLeS) e lARIJIe Y=L )
IFLIR(1 ). LE.OICALL ECSt15+1)

60 TO0 270

I1=IR())

T2=1IR(2)

IF(I1.LE.O0)GO TO 276

IFt11.6T.1200G0 Y0 276

IFLI2.LE.0)GO TO 27¢

IFtL12.6T.4)GO T0 278

18=1A8(11.12)

I13-IR(3)

IS=IR (&)

IF(I3.LE.O0)GO TO 276

IFLI3.6T.1200G0 TO 276

IFLINLE.O0)GO TO 276

IFIIN.6T.¥)GO TO 276

IACIAB(IZ I W)

IFLIA.6T.0)GO YO 273
URITE(E+9IK s (IR(JUIeU=1eS) el AR(J I J= 10 3)
CALL ECS(15+3)

60 TO 270

IFLIB.6T.00GO TO 27»

ND=ND ¢1

I18=ND

I1AB{IleI2)=18

DRtIBe1I=0.

DRUTIA1I-DR(IAs1)-AR(1)
DR(IB1)I=OR(IBs1) ¢AR(])
VRITE(G vI MK vt IR(JIDIo U= 10S) el ARCI Ve U= 10 3) eTAOR(ZACL) ¢IB¢DR(IBIL)

Listing 1. The Microbial Burden Data Check Progrem. Main Proeram



216

280

282

284

286

287

288

293
23

295

296

300

IFINRITAL 1) LT, 0. 0CALL ECSU15e7)
IFIOR(IAe i) JLEGeIIABU]3s 1420

60 T0 270

WRITE(E 49K+ IRIJIe U= 105) e AR(J D 0u= 10 D)
CALL ECS(15.1)

60 TO 270

SUBTASK OPSRATION

VRITE(E eI W (IRIJIJI=1eS) 2l ARTUDIOIZ 10 D)
READ (Se8110 IKEs AKT»AKQ

YRITE(G+8 )10+ IKEsAKTe AKOQ

WRITE (9) I0«IKEsAKTy AKO

JO- 10

TFLION284 ¢296.288

CALL ECSt17..1)

PART EFFECTS FOR DECONTAMINATION
READ (S5e8)1PsLKe(AR(JIvJIZ1r W)
WRITE(E 8 )IPeLKw(AR(JSr 210 &)
WRITE (9) IPelKotAR(JIP U0 )
IFLIPI282+280+286
IFLIP.6T.1200G0 TO 282
MINXILK)

XZXRILK eM)

DO 287 J- 1 iy

IFLAR YIS X, GV .1 .)CALL ECS(17:6)
60 TO 284

IFLI0.6T.20)CALL ECSE161)
IFCIKE.LE .- 1) CALL ECSU1601)
IFEIKE.GV .20 CALL ECS(16s1)

PARYT EFFECTS

READ (58 11PeLSeAPD oAPC oAPS oAPA (110 APAL2)
VRITE (9) IPsLS+APD sAPCsAPS sAPA (100 APAL2)
IFLIP.6V.1201 G0 TO 294

1FIIP.LE.CGIGO TO 294

AAzZQ.
00 292 JZ 1l
ARtLJ) 0.

IB-IAB(IP .

IFLIB.LE.O)GO YO 292

ARCJ) DRI IB,))

AASAA *ARL )

CONTINUE

YRITE(G o8 )IPe LS eAPD sAPCoAPS sAPA (1 Vo RPAL 2) o (lARLU YU 10 W)
IFCAALE. D YCALL ECSt17¢8)

DO 293 Jz1e2

IFLAPALL) BT ARCUIICALL ECS(1T749)
VYRITE(E o8 )IPeLSoAPDIAPCoAPS sAPA (L )e APAL 2D
1FLIP 12952804295

CALL ECSt1741)

60 70 2%

CONTINUE

READ (S5+5)N

WRITE (6 5 IN

WRITE (9) N

TFINCGTLOICALL ECSC 1448

60 Y0 100

URITE (G o))

IFtML.£Q9.0)G0 T0 310

WRITE(G11)

listing 1. The Microbial Burden Deta Check Program, Main Program
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310

Mz20

TFUNL LT, 20 )MCNL

WRITELE o1 2V (Y v(KALT ed)eU=105) 011 eM)
WRITE (601 5)(KLIJ) 2J=]99)

CALL EXIY

SRITE (B 1 3)

CALL EXIY

60 T0 100

END

Listing 1, The Microbial Burden Data Check Program, Main Frogram
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SIBFTC MBOC2 FULIST +REF oM 94 9+ XR7 ¢DDs DECK

C
c
C

10

SUBROUTINE ECSILC.LE)

ERROR COUNT SUBROUTINE

LC IS THE DATA CARD TYPEs LE THE ERROR TYPE
COMMON NL ¢CTUL19)e KR oKSoe KT 0JSeJOeKAL20¢5)e KL (9)
FORMAT( /7 12H o2 2«0 ERRORy I3 ¢6Hey TYPEs I3 vl XoA20bHo o0 08¢/ /)
NLZNL +1 _

VRITE (6ol INLoLE «CTILC) S

IFINL .GT. 20160 TO 10

KAUNL e1)ZKR

KAUNL 92 )KS

KAUNL +3)=KT

KACNL o4 9=JS

KACNL ¢5)-J0

KLELE )=-KL (LE) ¢]

RETURN

END

Liztine l. The Microbial Burden Data Check Program, Error Count Subroutine
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SDATA : » g .
1 1 1
1 VOYAGER TEST CASE
1 A VERNIER MODULE ASSEMBLY ¢ TEST

11 SUBSYSTEM POSITIONING 1
l. l. 10. 10.

1 LAMINAR FLOVW TENTY

1 & 0.7 100. 2.3 §.2 1.4

2 CLASS 100K CLEAN ROOM

1 & 3. 100. 46 4.8 1.6

3 TEST FACILITIES

1 4 Te 100. 46 4.8 1.6

END OF ENVIRONMENTS
MOVE ASSEMBLY MANUALLY
POS:YIONJOVERHIAD CRANE
ATT:CH CRANE HOOKS
HO]:T UI?H CRANE

HOV: WITH CRANE

W ONDOWOBNNNNOWONENWNN G -

3
LOWER WITH CRANE
3
DETACH CRANE HOOKS
3
VISUAL INSPECTION
2
LIFT WITH MSPF
2 2
10 PLACE IN HANDLING CONTANR
3 2
11 MOVE IN HANDLING CONTANR
1 2 |
12 CONNECT CABLESsHOSES:ETC
3 3 3
13 DISCONNECT CABLESETC.
1 3 3
14 FUNCTIONAL TESTING
3 1
15 INSERT SCREW,BOLTETC.
2 2 1
16 TIGHTEN SCREWBOLT+ETC.
1 2 1
17 LOOSEN SCRE Ws BOLTJETFC.
N 2 1
18 REMOVE SCREWsBOLTYsETC .
2 2 1
19 REMOVE FRM HNDLNG CONTNR
1 3 2

END OF OPERATIONS

1 VERNIER STRUC TURE
7 8 0 0 0 S oh )
2 LANDER LEGS
9 10 S 8 )
ORBIT STRUCTUR
1: DEIZ I C g 5 " s Listing 1. The Microbial Burden Data
5 AEROSHELL STRUCTURE T programy Start of
13 1 S .6 .9 nput sata



$SJ0B 6MM,584800006904-0+785630A IC 55300000 GMM BOX 8& as

66

SSETUP Cx1 44 51

$SSETUP UTS 5740

S ASSIGN SYSCK1

SASSIGN SYSUTS

S ASSIGN SYSuUTe

S ASSIGN SYsurs

SUNITS

$18 408 GOLOGIC+MAP»SOURCE
SIBFTC MBP1 FULIST +REF oM 94 ¢ XRT7 oD Dv DECK

c
c
C

OO0 O

v £ N -

OoOwoe

100

MICROBIAL BURDEN PREDICTION PROGRAM

THIS PROGRAM READS FROM TAPE 9

COMMON/BASE /K Lo K2 oK 3o Kt s KSe KK ¢ I Ko

oMReRUNIT) oKSeSTGLT) oKTe TSK( 7] «DSC(E )

SNEs AEST4) ¢JEC(I10)oIETUIO) eAEC(10O) sAET(20) ¢AEDILIO) oAEF(10e8)
«NOe IOTE20): 10GE 20 )+ I0CL 20

eNPeDACE 1209 2) ¢1UL120) +1ABL120¢6)9AAGI120) sAAST1200eAATLI20)»
«NDoNX(SS51 e DRISSI 91 1) o XRtSS1e1]) deKO
NSIKKT(20)9 IR(S)Is ARG )2 APAC( 2) »

NTeJT(I00 s XMT( 300) oXVT (100 doL) oL 2¢L 3oLl 4o KTSeITE

FORMATIBIS)

FORMATIIS o1 Xe TAGe 2X o4 IS)

FORMATCINHI NICROBIAL BURDEN PREDICTION MODEL/4H RUNISe2He o7AG)
FORMATIEH STAGE ¢e13¢2He oT7TA6/715H STAGE SUMMARY-//

6 Xo 2THTASK MEAN BURDEN VARIANCE/)

FORMATIIIOs1Xe1P2E) L, 3}

FORMAT(29H CUMULATIVE STATISTICSe STAGE eI 3e6Hes TASK eI 30

e9H TO STAGE vI3v6Hs TASK I3/ /752X ¢4 HFROMe TX ¢2HTO¢ 10Xy SHPROB /)
FORMATI43IH MICROBIAL BURDEN BY ZONES (FOLLOWING STAGE +I3s6He TASK
eI 302H)—/76X ¢S HZONEs 24 Xo UHAREA ¢1 3X o4 HFROMe BX oZ2HT Q9 10 Xo» SHPROB /)
FORMATLIS oSXe &F 10.7)

FORMATUIS o1 Xs 4AGe IPEL1 1. 3)

FORMATIIS o2 Xv 2A6912Xe 1PE11.3)

Kiz1

K2=2

K33

K4z y

KSzS

NEz=O

NO-O

NP=O

ND=O

NSO

NT=0

00 80 I=1+120

Iut =0

AAG(1)=0.

AANS(ID=0.

AAT (I)=0.

00 80 J=1,5

1AB(1.J0-0

REWIND 9

REWIND 11

READ (9) KKoeIKeI10I2¢13+14¢1S¢16

KK=1 INDICATES A NEV RUNe STAGE ¢ AND TASK

KK=2 INDICATES A NEW STAGE AND TASK

KK=3 INDICATES A NEW TASK

KK=& CALLS FOR A BURDEN DIFFERENCE DETERMINATION

Listing 2. The Microbial Burden Prediction Program, Main Program (MBP1)



s NeNelNsg]

102

[N o)

104

JUR.)

a0

110

a0

120

o0

130

s N RaNaNasNalNale!

132

134

140

67

KK=S CALLS FOR ZONE BURDEN WRITEOUT

IK=0 CALLS FOR ZONE DEFINITION DATA INPUTS

IK=1 INDICATES ZONES CORRESPOND TO PARTS
KK=6 CALLS FOR RESTART AT CONTROL CARD AFTER STAGE Il TASK 12
IFIKKLEe IIWRITECLII IKKeIK oI 1012 ¢I3s18015016
IFIKK.NE.S)GO TO 102
CALL MBRS(IleI2¢I30v14¢15016)
G0 T0 100
IFtEKKEQ. 3)GO TO 130
IFINT.EQ.D0)GO TO 108

WRITE STAGE SUMMARY FOR PRECEEDING STAGE
WRITE(B eI IKRe (RUNIJ I J=10T)
YRITE(B o8 IKS» (STG(UIe Uz 1 T)

DO 104 I:=1sNT

WRITEC(E +SIJSTULI) oXNMT(I)eXVTL])

NTZD

IFIKK.LE.O)CALY EXIT

GO TO €110+¢120+130+ 2400150) KK

READ RUN NUMBER AND DESCRIPTION
READ (9) KRe (RUN(J)eU=1sT)

READ STAGE NUMBER AND DESCRIPTION
READ (9) KS+(ST6IJleJz1e7)

READ TASK NUMBER AND DESCRIPTION
READ (9) KVp (TSK(JIvJ=1eT)oel 1eL20eL 3oLl
L1 AND L2 ARE PREREQUISITE TIME DISTRIBUTIONS
L3 IS THE FINISH VIME DISTRIBUTION IF NEEDED
AS PREREQUISITE FOR ANOTHER TASK
L4 IS THE INDEX FOR SAVING THE TOTAL MICROBIAL BURDEN
IF NEEDED FOR USE IN DETERMINING A BURDEN OIFFERENCE
AND FOR PRINTING EACH SURFACE BURDEN IN THE TASK SUMMARY

DETERMINE TASK START TIME
KTS=0

IFIL1.LE.O)GO TO 134&
LIizL1+530

1FiL2.6T.0)G0 TO 132
KTSzL1

60 TO 134

L2:1L2+530

KT1S=551

CALL HCSILY +L2+KTSeS)
IF(I1.6T.O0INE=I}
IFtLI2.6T.0INOZI2
IFII3.6T,0}NPZI3
IFUINGT.OIND=I4
JFIUIS.6T.0INSZ1S
IFLI6.6T.0) ITEZIE

WRITE (I KR eKSo KT o (RUNLJD oSTG U I v TSKEID) 001 07 VoL oL 20L3eLUoKTSeITE
NTZ=NT ¢}

CALL MBS

60 T0 100

DETERMINE AND WRITE BURDEN DIFFERENCE
JFLI3+16.LE.D0160 TO 100
VRITE(6+3 )IKRe (RUNIJDIr UZ107)
WRITE(6+6 )T 1012018015
L1z1I3+530
Listing 2. The Microbial Burden Predicticn Program, Main Program (MBRP.)



L2:16+530

L3551

CALL HCS(LZ oL 1eL3+2)
CALL H¥SIL3)

CALL MAVS (L 3s XMoXV)
GO TO 100

DETERMINE AND WRITE ZONE BURDEN DISTRIBUTIONS
150 VWRITVE(5¢3)KRe (RUN(UDYe UZLeT)

WRITEL6«7 IKSe KT

IFCIK.EGC.1)GO TO 180

USE ZONE DEFINITION INPUTS
155 READ (9 IZ+(DSClJUIsJUZ1lrls)
IF(IZ.LE.O)GO TO 100
CALL HESUS510+K0)
160 READ (9) 1IP» (AR(J) vJ=1e4)
IP IS THE PARTY
ARUJ) THE FRACTION OF SURFACE J OF PART IP BELONGING TO ZONE I2
IFLIP.LE.O)GO TO 170
D0 165 J-1iv &
IFCAR(U).EQ.0.)G0 TO 165
IFCIABUIP ¢J?.EQG.0160 TO 165
FZARt Y)
IB-IAB(IPJ)
CALL HMS(IBF+509)
CALL HCS{510+509+510r1)
165 CONTINUE
60 10 160
170 VWRITE(6+9)IZe IDSCUUIrJ=104) -DR(S1001)
CALL H¥StISI D)
60 TO 155

USE PARTS AS ZONES
180 DO 190 I=1.NP
IFCIV(TII.EQ.0)GO TO 190
CALL HES{SIDeKO)
DO 185 Jz-1v 4
IB-IABIIv D)
IFUIB.6T.0)CALL HCS(510,18+510:1)
185 CONTINUE
VRITE(6+¢1 Q) IvDACEIe 1) sDAC(Iv2)+DR(510+1)
CALL H¥S(S1Q)
190 CONTINUE
G0 Y0 100
END

Listing 2. The Microbial Burden Ffrediction Program, Main Program (MBPl)



. B R .
TR P . . R . .

SIBFTIC MBP2 FULIST +REF oM 94 +XR7 +DDe DE CK

c
c

30
35

40

45

SO

55
60

65

70

75
80

SUBROUTINE HCS{IA«1B8eICK)

HISTOGRAM COMBINING SUBRGUTINE

DIMENSION CAC11)sCB(11)oCRE21)eZR{21)4ORCL1011) eNOQ(11}
COMMON/BASE/K1o K2 oK 39 Kit e KSo KK 0IK»
KReRUNET) oKSeSTGET) oKToeTSK(T) eDSCLE )
eNEvAESCU) sIEC(10) +JET(I0) oAEC (1 0) ¢AETC(10Y ¢AEDII10) vAEFL1004) o
eNOs IOTE 20 19 IOGC 20 )0 IOC( 20 )
oNPoDACL 1209 2) ¢JUCLIZ0) oIAB(120¢600AAGI120) 2AASTI20)9AATL1I20)
oNDyNX {551 )¢ DR (551 +11) eXR{SS1e110eKO0¢
NSIKKT(20 ) IR(S)eARLU D APAL 2) »

oNToJTII00 )e XMTL 100) oXVTI200 o L) ol 29L3 oL Qs KTSSITE
NAZNX (IA)

NB=NX(1B)

AZDRUIAL])

B=DR(IB,1)

X=XR(TIA 1)

YZXR{IBsl)

CRUL)=ZF( AsBsK)

DRUIC«1)=-CR(])

ZREL1I=ZF( Xe Yo K)

1FINA.6T. 13G0 TO 50

IFUXeNE.D.)GO TO 30

IFL(K~-3)* {K-4).EQ,0)60 TO 35
IFINB.6T.1)GO0 TO 40

XRUIC»1D)=2ZR (1)

NXtIC)IZ1

RETURN

NC=N8

DO 45 JU=2eNC

YZXR{IB+J)

CRUJ)=DRL IB o)

ZREJI=ZF( Xo Yo K)

GO 70 B0

IFINB.ET.1)G0 TO 90

NC=NA

DO S5 J=2NC

X=XRUIAeJ)

CRUJI DRI IA o)

ZREJIZZFIXs Yo K)

NXt{ICI=NC

IFEZRINC) «GT.ZR(11))G0 TO 70
XRUEIC¢1I-ZRINC)

JC=NC

DO 65 J=2+¢NC

DRUIC+JIZCR(JC)

JC=JC-1

XRUICJIZZR (UC)

60 TO0 80

XRUICel)=2R¢))

DO 75 J=2 eNC

DREICJI=CR (V)

XREIC«SIZ 2R (U)

IFIKLE 4 IRETURN

ELIMINATION OF DUPLICATE X VALUES FOR K=S
CRt1)=0.

CRt2)=0.

JC= 1

Listing 2, The Microbial Burden Prediction Program, Subroutine HCS (MBP2)



85

90

94

100

102
104

106

112
114

116
120

ZRELIZXRCIC1)

00 85 JU=2 oNC
CREJIZCRUJ) +DRLIC )
IFIXRIICo U} LE-XRICeJ-1116G0 YO 85
JC-JC+]

CREUCI=CR (I
ZREJCIZXR (ICo J)
CRUEJ* 1) =CRL YD

NC=JC

60 V0 300
IFIK.EG.5)60 TO 200
JAZO

JB8z=0

JC=0

K AZNA+Y

KB=NB ¢1
IFINA.GE.NBIGO TO 94
NC=NB

K C=K8B

G0 T0 100

NC=NA

K C= KA

JCzJC ¢}

XC=KC-}
IFLIUC.6T.KCIGO TO 140
IF(JAe) .GE.KA)IGO TO 124
JAZJA+]

KAZKA-]

XiZXR(IA» JA)

X2= ¥ lIAr KR)

IFt4B+) ,6E.K3)G0 TO 120
JB-JB+}l

KB=KB-1

Y1=XR{(IBe uB)
Y2-XR(IBs KB )
IFIK.EQ.21G60 TO 110
Z1=ZF (X1s Y] eK)
Z22=2ZF (X1 Y2 K)
IF(22.6T.21360 10 102
ZRUJUCIZ=22

60 TO 104

ZRECIZ2)
Z1=2F (X 2¢ Y1 4K )
Z2=Z2F (X 20 Y2 +K)
IFL22.6T7T.21)60 TO 106
ZRINKC)Z=2]

60 TO 100

ZRIKCI=22

G0 TO 100
ZREJCICZF (X Lo Y] oeK)
ZRUIKCIZZF (X 2+ Y2 ¢K)
IFCZR(JC) -ZRIKC IV 100 112011 2
ZRUJICIZ S+l ZR(JC) ¢ZRIKC))
KC=KCe+]
IFIKC.GT.NCIGO TO 116
JC=JC+)

ZRUJCIZZR (KC)

GO0 Y0 11s

NC=JC

G0 YO 140

YI- 580 XR(IBrJB I+ XRIIBIKB))

Listing 2. The Microbial Rurden Prediction Proeram. Subroutire HCS (MBP2)
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ZREJCIZZF (X 1o Y1 0K}
ZRUKCIZZF (X 20 Y oK)
G0 70 100

124 X125¢(XRUTAvJAI*XRIIAIKADY)
IFtJB+1.GE.KB)GO TO )28
JBzJB +]
KB=KB-1
Y1IzXR(1IBeuB)
Y2:-XR{1Bs KB )
IFIK.EQ.2060 TO 130
21ZZF (X 1s Y1 oK)
22=2F (X 1s Y2 oK}
IF(22.67.21)60 TO 126
ZRE JC)HI=22
ZRIKC)IZ2)
60 TO 100

126 ZREJCIZ2}
ZRIKC)IZ22
60 70 100

128 Y 1=.5¢(XR(IBsJBI+XR(IBIKB))
ZRUJCIZZF (X 10 ¥1 oK)
ZRIKCIZZR (U O)
60 70 100

130 ZRCJCIZZF (X 1e ¥Y2K)
ZRIKCIZZF (X 10 ¥ oK)
60 YO 100

160 NXUIC)I=NC
IFINC.EG,. 1)GO TO 35
IF(XK.E€.2360 TO 171
DO 150 Jz=1eNC

150 CRrRUJ)ZO.
DO 170 JA=2ZeNA
DO 170 JB:=Z «NB
P=DRUIA+JA) eDR{IBuUB)
X1ZXR{TAe JA~1)
A2=XR(TAv JA)
Y1=XR(IBeJuB-1)
Y2:-XR(1Bs JB)
Z1ZZF (X1e Y] oK)
Z22=2F IX1e¥2 9K}
IF122.,6T,21160 TO 154
2Az22
60 TO 1S5

154 ZA:-21

155 Z1ZZF (X2e Y1 ok }
Z22=2F (X2¢ Y2 4K )
1FL22.6T,21)060 70 158
28:=21
60 TO 160

158 2822

160 DO 170 JC=2«NC
IFLZRIJC) LE.ZA GO TO 170
IF(ZR(JC) .6E.28 )60 TO 166
CRUJCIZCRIJSCI ¢P«(ZR(UC) =243 /(2B -2ZA)
60 T0 170

166 CRIJCIZCR (JC) ¢P

170 CONTINUE
60 T0 300

171 DO 172 JAZ2 «NA

172 CACJAIZDR(TA«JA)
DO 180 JC=2NC

Listing 2. The Microbial Burden Prediction Program, Subroutine HCS (MBP2)



174

176
178

180

182

184

186

188

190

192

194

200

205
210

Z1=2R(JC-1)

22=2R LJC)

DO 17% JAz]1NA

OR(JAJUC) 0.

DO 178 JB =2 sNB
YIZXR(IBvuB-1)

Y2:XR(]Be JB)

XAZZF (Z1s Y1 el)
XB=ZF (22¢ Y201}

DO 178 JAz2NA

IFCXRUTAv JAD.LE.XA)GO TO 178
IF(XR(TAe JAD.GE.XB)GO TO 176

QRUJVA +JC) QR VA ¢ JC) ¢DRIIB +JB) s( XR(IAsJAI=XAD/ (XB-XA)

60 TO 178
ORUJAYJIC) ZQRIJA ¢JC) *DRIIB vuB)
CONTINUE

K A= NA

00 180 JA=2NA

QRUKA 9JC) =GRIKA +»JC) ~QRIKA~=] ¢JC)
KAZKA-1

CONTINUE

00 190 JAZ2eNC

KC=0

GRX =0 .

DO 182 JC=2eNC

IFLOR (JAs JCH.LE.QRX GO TO 182
KC=JC

NGl JA)I=KC

ORXZOR(JA ¢ JC)

CCNTINUE

DO 184 JC =2 eNC
ORUJAWJC) =GR JIA +JC) 70RX
CACLJADIZCA (JA) 70RX

N0 188 J-2¢eNA

IFLJU.EQ.UAIGO TO 188
OX=0R(JeK ()

00 186 JC=2eNC

QREJe JCIZQR (UWJC) -QX* QR (JAY JC)
CONTINUE

CALJ) =CALJ)-QXes CALUAN)
CONTINUE

CONTINUE

DO 192 JA=2eNC

KC=NO (JA)

CREKCI=CA(UA)

CR(1)=0.

DO 194 JA=2NC
IFCCR(JA) .LT. 0. ICRLJADIZO.
CRUJAIZCR (JA) +CR(UA-1)

60 70 300

JAz1

JB=1

JC=0

KAz QO

KB=0

Cat1)=0.

c8t1):-=0.

NM=NA

TFUNM.LT.NBINM=NB

IFEXRIIAe JA)-XR(IBs UB)) 210 2350255
IFIXKA.6T.01G0 TO 260

L ing 2. The Microbial Burden Prediction Frogram, Sutroutine HCS (MIi2)



215
220

2295

230

235

240

245

250

255

260

265

270

21S

280
230

294
296

73

IFCXRITAs JADLLTXRUIB#1)IGO TO 225
DB=CB(JUB-1) «(CB(UB)-CBLUB-1))s(XR(TAWJAI-XRI(IBsJB-1))/
o{ XR(IBsJBI-XR(1IBeJB~11))
60 T0 220

DB=CB (NB)

JC=JC¢]

CRUEJCI=CA(JUA) DB
ZRUJCIZXR (T A JA)
IFLJUA.GE.NADIGO TO 230
JATJA ]l
CALJA)I=CA(UA-1) ¢DRLIA eUA)
GO 10 205

IFIKB.GT.0)GO TO 280
KAz 1

GO0 TO 2058

JC=JCel

CRUJCI=CA(JUA) =CBLUB )
ZROEJCIZXR (T AeJA)
IFLJUAGE.NAIGO TO 245
JASJA ¢}
CACUA)I=CA(JA-1) +DRLTIA +UA)
IFLJB.GE.NB)GO TO 250
JB8z=JB ¢}
CB8LJUBI=CB (JB~1) +DR(IB vu8B)
60 TO 205

IFIKB.6T.0)GO TO 280
KAz}

G0 T 240

IFtKA.GT.0)GO TO 280
KB=-}

60 10 205

IFIXKB.6T.0)GO TO 215
JFUXRIIBr JBI.LT.XRUIACIDIIGO YO 270
DAZCACJA= L) ¢t CALJAI-CALUA=] D) s{XR(IBoJBI-XRIIAPJA-] )/
I XRUIAvJAI-XRIIAVUA-1)
GO T0 265

DA=CA (NA)

JCz=JCel

CRULJCHIZ=CP (UB) sDA
ZRUJCI=XR (1BeJB )
IFiJB.GE.NB)GO YO 275
JBz-JUB ]
CB{JBI=CB (UB-1) «DR(IB,UB)
G0 TO 205

IF(RA.GT.0)G0 TO 280
KB:-1

60 10 205

NCzJC

IFINC.LE.NM)EO TO 300
DJ=1.

JJd=2

NC=NC-1

DO 294 Jz=2¢NC

DSz(CRIJU-1) ¢(CR(J*11=CR(J=-1 D) &{ZRIJI-ZR(J=-1DI)I/IZR{J*1)=-2R(J~1))

e=CR(J))os 2

IFIDS.6E.DJIGO TO 294
DJ=DS
JJz=J
IFIDJ.LT. .0001)60 YO 296
CONTINUE
DO 298 J-JJ#NC
Listing 2, The Microbial burden Predictior Frogram, Subroutine HZs {M3E2)



298

300

0

CRIJIZCRE U+ ])
ZREJ)ZZRE Y+ 1)
60 10 29
F=1./CRINC)
00 313 Jz 2 NC
DRUICeJIZFo (CRIJI-CREU~1)?
XREIC+JIZ ZR (Y)Y
XRUIC 1 -2R (1)
NXEICHI=NC
RETURN

€ ND

Lostines o, The Mierodn

b
s

furlen Ireliction Frogrem, Sutrouti: e HCS (MBP2)
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SIBFTC MBP3 FULIST oREF +M 94 ¢+ XR7 ¢+DDs DECK
SUBROUTINE HEStJsK)

c
o MISTOGRAM EQUATING SUBROUTINE
C SEY J=K.

COMMON/BASE /K 1o K2 oK 30 Kt oK Se KK o1 Ko
ARIRUNET) oKSeSTGLT) oKTo TSKET) oDSCIE )
NEsAESt®) ¢JECCIO)sIET(I0) dAECII0) eAET(10) ¢AED(10Q) ¢AEF (100 4)
«NOe IOT1 2009 10Q€20)y 10C(23),
NPeDACE 1200 2) o1UC120) +TABIY 206 )oAAGI120) ¢AAS (1200 AAT(120)
eNDINX (553 Jo DR (551 01 1) ¢XR(SS1ell1eKO o
NSIKKTE 200+ IRIS)ICARIG )2 APAL 2) »
NTeJT (100 e XMTC100) oXVT(I00 doll ol 2¢L 3oL 4eXTISHITE
M=NX{K)
NXtJ) =M
DO 10 I=1+M
DR(Je ID=DRIK» )
10 XRtGJe IDZXRUKe I}
RETURN
END

L.sting 2. The Microbial turden Prediction Frogram, Sutroutine HES (MBP3)




SIBFTC MBPy FULIST ¢REF +M 94 9 XR7 oDDs DECK

c
c
c

10

20

SUBROUTINE HMS(TIA «CeIC)

HISTOGRAM MULTIPLYING SUBROUTINE

HISTOGRAM IC EQUALS IA MULTIPLIED BY CONSTANT C
COMMON/BASE /K19 K2 9K 3o K4 o KSe KK oI Ko

KRIRUNCT) oKSeSTGET) sKToeTSKET7) oDSC (B )

NEr AESCU) oTECLI0)sJET(IO) bAEC(I Q) sAET(1I0) vAEDCLIO) sAEF (1004}
«NO» IOT( 20 ) IOQL20)e IOCL 20 ),

oNPes CACE 12002} 01UC120) eIAB (12006 Vo AAGL120) vAAS (12030 AAT(120)
NOsNX (551 )o DR (55101 1) eXR(551¢1]1 )eKOo

NS KKTL20) e IR(S I ARIU I APAL2) o

NTo JT (100 Ve XMT(100) oXVTCI00 doel) oL 2sL3 oL BeKTSHITE
IF(C.EQ.0.7G0 TO 20

M=NXUIA)

NXt{IC)I=M

DO 10 Jz1 oM

DREIC+JIZDR(1AvJ)

XREICeJIZXR (I A J) oC

DRIIC+1II-DREIAs1)C

RETURN

NXtIC)=]

DRCIC+)):-0.

XR{ICel)=0.

RETURN

END

Listing &, The MNicrobial Zurden frediction trogram, Subroutine HMS (MBP4)
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SIBFTC MBPS FULIST +REF o 94 ¢ XR7 vDDv DECK

c
c
c

2

20

..

SUBROUTINE HNSIT)

HISTOGRAM NUMBERING SUBROUT INE

I IS THE NEVW DISTRIBUTION INDEX.
COMMON/BASE /K 1o K2 oK 30 K ¢ KSe KK oI Ko

HMRIRUNIT) sKSoSTGUT) oK ToTSK(T3 oDSCLE)

NEoAES(4) sJEC(I0)eIET(I0) ¢AECI10) ¢AETLLI0) ¢AEDCIO) eAEF(10084)
NOs IOT( 203+ I0QE 2009 IOCL 2D )

«NPeDAC(12092) oJUL120)2IAB 120¢6V2AAGLL20) eAASII2030AAT(120),
eNDoNX (551 )oDRI55)¢11) «XRES5 1011 VeKOe
NSeKKT(20 ) IR(S I AR (G ) APAL 2)»

NTeJT (2000 XMTLIUO0) oXVTILI00 Do) oL 2¢0L 3oL GeKTSITE

FORMAT(16H <eeeND AT LIMIT)

IFI(ND.6E.SO0)GO TO 20

ND=ND ¢l

I=ND

RETURN

WRITE (642

CALL EXIT

RETURN

END

- . - -y

Listing 2. The Microbial Burden Frediction Frogram, Subroutine HNS (MBPS)
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g . i e

SIBFIC MBPE FULIST +REF oM 94 o XRT s0ODe DEC

C

10

SUBROUTINE HUS(I)

HISTOGRAM WRITING SUBROUTINE

COMMON/BASE /K 1o K2 oK 30 K4 o KSe KK o IKe

HMReRUNET) oKSoSTGUT) oXTo TSK(T7) eDSC(E Do

NEe AESI4) +JECUIIO0I2IETU(IOIsAECCLIO) vAETLIO) eAED (10D +AEF (100 4)
NOe IOTC 2009 I0QC20)0 I0C(20 )

NPIDACI 1200 2) oJUCL20) eIAB(2 2006 )0 AGCL20) oAAS (1 2032AAT (120}
eNDeNX {551 )o DR (55101 1) eXRUS51011)eKO0»

NSIKKTL 20 )0 IR(SIeAR(Q D APAL2) »

NTeJT(IO0D de XMTE 100D oXVT (200 dol) oL 2eL3 oL 8o KTSHITE

FORMAT( 48 Xe 1P2E 11 .3 ¢0PF10.4)

MNXUI)

IFIMN.GT.1)60 ¥0O 10

Pzl.

VRITE(G o1 IXRCIv 1) o XR(Ie 1) oP

RETURN

DO 20 J=2 M

WRITE(G o1 IXRETIoJ-1) o XREIvJ) oDREIs )

RETURN

END

Listing 2. The Microbial Surden Prediction Frogram, Subroutine HWS (MBP6)



) TS, o

SIBFTC MBP7 FULIST oREF oM 94 ¢ XR7 ¢DDv DECK

SUBROUTINE MAS(IT)

c
c MICROBIAL ACCRETION SUBROUTINE
c 1 IS THE PART AFFECTEDs T THE TIME OF UPDATE

COMMON/BASE /K 19 K2 4K 3

e K4 o KSe KK ¢ 1Ko

KRIRUNLT) ¢KSeSTGUT) oK ToTSKLT) sDSCLE )

oNE» AEST &) oIEC (210} 01E

TOI0)+AEC(1 Q) +AET(10) vAED(10) sAEF (100 4) o

«NOs IOT1 20 )+ IOQE 2009 IOC( 20

«NPeDAC( 1200 2) sJUL12C
«NDeNX (551 )¢ DR (55191 1
NSeKKTC 20 )s IR(S5 )9 AR
NTeJT (100 )e XMTL100) ¢
DI=T-AATL D)
IF(DY .LE. 0. JRETURN
AAT(I)=T
1E-IAB(I+5)
IFUIE .LE.O)RE TURN
IC-IECLIE)
T1=ND +}
J2=ND +2
J3=ND+X
I4=ND +4
C=AAG(I)s AECUIED)/DR(
DO 40 J=1 o4
. IFCIABLIVY) £EG.D)GO

YoIAB (1206 )0 AAGE120) eAAS(120)0 AAT(120)
) oXRUSS 1ell )eKOo

G)vAPAC2) o

XVT(100 deL] oL 20L3 el QeXKTVSeITE

ICe1)

10 a0

IFCAEF(IE vu).EC.O.)G0 TO 4O

IB=IAB(Ys y)
A-DR{IB+1)

. F=CoAEF (1Ev J) *A
CALL HMSULICF ¢I1)
VZAET(IE) sAES ()
FEXP(-DT/V)
CALL HMS(IBF +12)
Fovs(l.-F)

CALL HMS(I1F o1 )
CALL HCS(I2¢I3¢1IBsl)
DRUIBs1IZA

90 CONTINUE
RETURN
END

Listing 2.

The tiicrobial Burden Prediction Program, Subroutine MAS (MBP7)

S
]



SIBFTC MBPSB FULTST +REF oM 94U ¢XR7 +DD» DECK

C
c
o

10

20

30

SUBROUTINE MAVS(I+XMeXV)

MEAN VALUE AND VARIANCE OETERMINING SUBROUTINE

XM IS THE DISTRIBUTION MEANe XV IS THE VARIANCE.

COMMON/BASE /KL1oeK2Z oK 3s K4 v KSo KK oI Ko

KReRUNCET) oM SeSTGLT7) ok To TSKC 7) eDSCHE )

eNEs AESU4) oIEC(10) o IETLIQ) vAECII D) sAET(L0)+AED(10) +AEF(10v4)
«NOs IOTE 20 )¢ IOQE 201 IOCL20 )

NPeDACL 120+ 2) vJUC120) oJAB (220510 AAGI120) eAAS(120)10AAT(120)
NDeNX (551 )¢ DR (5511 1) ¢XR(S51011)9KO0 ¢
NSIKKTC20 ) IR(S I AR(4UIv APAL 2) ¢

NToeJT (100 e XMT(L00) oXVT {100 doL) oL 2¢L3 oL GeKTISPITE
FORMAT( /] TX o) IHMEAN VALUE =9 1PE1 1.3/717Xs L1HVARIANCE: +E11.3)
IFINX(I).GT.13G0 TO 10O

XM-XR(1Ie})

Xv=0.

G0 TO 30

M=NXCI)

XM=0.

XV=0.

DO 20 Jz2vM

XZeS5* (XRUTeJ-1) eXRETe J))

XSz Xee2

XM-XM+DR{ v J) X

XVZXV+DR( [ J) #XS

X VXV -XMe «2

WRITE (691 IX Me XV

RETURN

END

Listing 2, The Microbial Rurden Prediction Frogram, Subroutine MAVS (MBP8)




A1

SIBFTIC MBPY FULIST oREF oM 94 X R7 s0ODs DECK
SUBROUTINE MBRS(J1v 1213014 +15¢16)
c
c MICROBIAL BURDEN RESTART SUBROUTINE
COMMON/BASE 7K 1o K2 oK 39 Kl oK Soe KK ¢ I Ko
KRIRUNIT) oKSeSTGUT) oKTs TSKIT) eDSC(E )¢
oNEs AESTU) sTECII0) v JET(10) sAEC(I0) sAETI1I0) ¢AED(1I0) sAEF (100 4) ¢
«NOe JIOTC20 )9 10QL 20 ) IOC(20)
oNPeDACU 1200 2) oJUCL20) eIAB (1206 )1¢AAGE120) ¢AAS(120)s AAT(12Q)
oNDeNX (551 )9 DR (551 ¢21) eXRIS51¢11)0KO
NSIKKT(20 )2 IR(S)I2ARI4U I APAL 2) »
oNToJT (100D XMTUI00) oXVT L1100 del) oL 2¢L3+L 4sKTSHITE
1 FORMATI3WHIMICROBIAL BURDEN PREDICTION MODEL/
«19H RESTART SUBROUTINE/)
2 FORMAT(2ITD)
REWIND 11
WRITE(6o1)
JSRZ1000s I1¢I2
90 READ (11)KKelKeI1012:13014s15916
READ (Q1)KRoKSo KT o LRUNLU) oSTG (U)o TSKEJI) 01 o7 VoL 1ol 20L3sLUsKTISeITE
GO TO (10091200 1400 1600200) oIK
100 READ (11)(AES(JYrU=1e8)
DO 110 I=1,10
READ (11)N+(DSC(UIe J=1e )
IFI(N.LE.0Y60 TO 120
110 READ (11)IECEN) oJETUINIoAECIN) oAETI(NIsAEDIN) v LAEFINe J) 2J=) 24)
120 DO 130 I-1.20
READ (11)Ne DSCJYed=1s4)
IFIN.LE.D)GO TO 14D
130 READ (11)JOTE(N)JOQI(NY» IOCIN)
40 00 150 I-1.120
READ (J1)Ns (DSC(JIeJ=194)
IFIN.LELO)GO TO 160
150 READ (11) DACIN¢1IsDACING2) sTUIN) ot IABINe J) ¢J=1¢6)0»
«AAGIN) o AASUN) sAAT (N
160 DO 180 I-1+500
READ (11)Ns (DSC (U J=124)
IFIN.LE.O)GO TO 200
READ (11)LoMs (DRINe J) ¢XRINo J) ¢J=1 M)
180 NX(N):z=M
200 READ (11)NE oNOsNPoNDsNSeNTo ITEs KO WK TS
DO 295 1I-1s20
READ (11)Ne (DSCUJIeJ=1vl) eN19N2
IFI(N.LE.D)G0 TO 300
220 READ (11)Ke (IR(U) 0J=1 950 (ARCY) 0J=1+3)
IF(XK.EQ.0)60 YO 240
IFLAR(1).EQ.0.)G0 TO 232
READ (21) 1391 4e IAYMAs (DRETA2JJ) oXRUIAGJIY 0 JU= Lo MAD2 IABL IS eI %)
«I101201B2MBo(DRUIBe JJIeXRIIBIJJIeJJ=) eMB) 2IAB(I1e1I2)
NXCIAIC-MA
NXtIBI=MB
232 READ (11)I1eI1AB(I1e5)sAAGIIL) sAAS(I)
60 T0 220
240 READ (11D ITToXIT oMo tDRIITT oI e XRAITT oJ 0o DRIITeJ) o XREITodIeJ=1o M)
NX{ITT)z=M
NX{IT)IcM
KKTINIZIT
250 READ (11)I0sAKT9sAKO
IFEI01252 290,258
Listing 2. The Microbial Burden Prediction Program. Subroutine M3RS (MBP9)



252 READ (11)ITsMa(DRIITo JIeXRIITodIvJdz10M)
NX{IT)IzM
254 READ (11) IPsLKe(AR(UII U= 10 W)
IFUIP.EQ.0)GO TO 250
DO 256 Jz 1l 4
IFLAR(UI.EQ.C4)GO TO 256
IFLIABUIP «J).EQ.OD)G0 TO 256
IB=IABLIPvu)
READ (11)IBoMoeiDRIIBeJJIoXR(IBeJJIPJJIZ] oM)
NXCIB)I=M
256 CONTINUE
GO TO 254
258 READ (11)IT eMo(DRIITe I eXRIITodIvJ=LeM)vIEeITKeICHAQ
NXCIT)I=M
260 READ (11) IPeLSeAPD ¢APC eAPSsAPA (L1 )9 APAC(2)
IFLIPLEQ.O0)GO YO 250
READ (11)IPolIABUIP oJ) e U= 196) ¢IEe (AEFL(IEsJ) 0J=1o8)90sB
IFLAG .EQ. 0. )60 TO 275
IFLIE-EQ. D) GO 173275
IFLITK.EQ.O0)GO YO 275
DO 270 J=1e 4
READ (11)1B.F
IFCIB..E~2)GO TO 270
IFLF.EQ.0.)G0 TO 270
IFCDR{1IBs 1) .LE.Q.)G0 YO 273
READ (11) IB oMMy (DRCEIB eJU) o XREIB ¢eJJ) eJJ=1e MM)
NX{IB)I-MM
270 CONTINUE
27S IFCIC.EQ.O0)GO TO 260
IFIB.EQ.0.)G0 TO 260
DO 280 J=1e2
READ (11)IBvAPAL(Y)
IFCIB.LE.O0)GO TO 280
IF(DR(IBe 1) LE. 0. )60 YO 280
IFCAPALY) LE.D.)GO TO 2380
IF(DR(IBy 1) .LE.D. V60 TO 280
READ (11)IBeMs(DR(IBry JJIoXRIIBeJJ I dJ=] #M)
NXCIB)I=M
280 CONTINUE
G0 TO0 260
290 CONTINUE
295 CONTINUE
300 IF(L3.LE.Q)GO TO 302
READ (R1ML3 oMe(DRIL 32 U)o XRIL3I #J)Io Uz 1o M)
NX(L3II=H
302 READ (J1JLL oMo(DRILLe ) oXRILL oJDI o J=1oMI oNPo{IUCI)vI=1eNP)NT
NXILL)ICH
DO 310 I=1eNMP
IFLIVITI).EC.DY60 YO 310
00 305 J-1v 4
18=IAB(I+J)
IFUIB.LE.0)GO TO 305
READ (11)IBeMe(DRIIByJUIVXR(IBeJJIIvJUJ=1 M)
NXtIB)I-HM
305 CONTINUE
310 CONTINUE
READ (11) My (DRISDSe JY oXRISISeJ) 01 eMIeNT eJTUINT D)o XMTENT ) o XVTINT)
NXES0S)-M
IFlL4.LE.0)GO Y0 320
READ (11)L4 oMo (ODRILUs I eXRILA I I U Lo M)
NXILG4ICHM

iirting 2. [he Microbial durden Frediction Frosram, Subroutine MBRS (MBP9)



320 KSRzZ1000eFrseKT
WRITE (642 VJUSR KSR
IFIKSRJNE cJSRYGO TC 90
RETURN
END

Listing 2. The Microtizl Purden Fredicticn Frepgram, Subroutine MBRS (MBP9)
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SIBFTC MBPL1O FULIST +REF +M 34 4 XR? +DDe DECK

C
C

10

19

20
21
22
23
24

25
26
217
28
29

30
31
32

33

SUBROUTINE MBS

MICROBIAL BUILDUP SUBROUTINE

COMMON/BASE /K Lo K2 oK 30 Kl s KSo KK eI Ko

KRoRUNCT) oKSeSTGCT) oK To TSKET) oDSCUE )

eNEs AESLQ) oJEC(10) oIET(I0) eAEC(I0) ¢AET(10) eAED(LIO) eAEF (100 4) o

oNOs JOTL20 ) IOQLZD Yo IOCUL20 )y

NPoDAC(12002) eIUL120) 2IAB(120+6 Ve AAG(120) ¢AAS(120)9AAT(120)
«NDOsNX (551 ds DRIS5SE e1 1) eXR(SS 1011 )eKOo

NSsKKT(20)e IR(S5)eAR(G4 ) APAC( 2) »

NToJT(I00 ) XMTL100) oXVT (10D do Ll oL 2¢L3 oL UeKTSHITE

FORMATt3UHI MICROBIAL BURDEN PREDICTION MODEL/U4H RUN+ISe2He o7AB6/
«bH STAGEs I3 eZHy ¢+ 7TAG/SH TASKe I4 o2He s TAB)

FORMAT(21H ENVIRONMENTS INPUTS-//6X e26HSURFACE LIFETIME MODIFIERS/
«1 QX o4 LHSURF (1) SURF (2) SURF ( 3) SURF (4)/8Xe1PY4ELL.3//

b Xoe 11 HENV IRONME NT o] SX o4 OHCONCENTRAT ION MEAN LIFET IME DISTANCE »
o] 3IX 92 IHSURFACE ARRIVAL RATES/ 32XeB84HDSTR MODIFIER DSTR MODIFIER
o COEFF. SURF (1) SURF (2) SURF (3) SURF (4)/)
FORMAT(19H OPERATIONS INPUTS=-//6X SHOPERATICN 25X »
«2OHDISTRIBUTION INDICES/38X e26HTIME DIRTINESS CONTACT /36X«
«2BHINTERV AL FACTOR CONCEN. /)

FORMATI 14 H PARTS INPUTS~-//6Xe4HPART 039X ¢

«SSHSURFACE AREA/BURDEN ENV. SURFACE RETENTION FACTORS/ 49X,
«56HDISTRIBUTION INDICES DSTR FALLOUT CONTACTY 749X »
SUHTOP EXT MAT OCC MEAN MEAN/G9X »

«18H(1) (2) (3) (417)

FORMAT(22H DISTRIBUTIONS INPUTS-//6X+ 1ZHDISTRIBUTION 20X

G HCOEFF a9 8X s HFROMy TX ¢2HT O 10Xe SHPROB 47 )

FORMAT(8H SUBTASKsI3v2He s4AB/)

FORMATE /76 Xo 2V HPREREQUISITE SUBTASK= oI3)

FORMAT( /6 Xe 22HPREREGUISITE SUBTASKS=9I391lHeoI3)

FORMATL /6 Xe 31 HSUBTASK START TIME DISTRILUTION/

¢l UX o1 OHME AN T IMEZ oF 1] o2 v1 Ho 01 6X o4 HF ROMs 7X ¢2HTO» 10X9 SHPROB o/ )

FORMATL /6 Xo 42HENVIRONMENT /AREA/RETENTION FACTOR CHANGES-/)

FORMATL /6 Xo 46 HMICROBIAL BURDEN BUILDUP (OPERATIONAL LEVEL))

FORMAT(/6Xe 28HPARTS AFFECTED BY OPERATION-//14X.

<4 2ZHPART SURF DSTR ARE A SOURCE FROM

.7 } £ ZH TO 'l OX 'SHPROSO /)

FORMATL /6 Xo 43SHAREA/BURDEN DISTYRIBUTIONS AT FINISH OF TASK/

o1 8X ¢2 3HPART SURF DSTR AREA 11 X9 U4HFROM o 7Xs 2HTO 01 OX ¢ SHPROR . /)

FORMATUIS el Xo 4ABe IS el PII11 a3 0ISe6EL11L.3)

FORMATCIS e Xo4ABe 1X31I10)

FORMAT(IS o1 Xe6AGe IO ¢315 218 ¢2Xe1P2EL11.3)

FORMAT(IS o2 Xo 4UAGs 4X +1PE 11 .3

FORMATE IO Xe BHCHANGE 9I1496He PART sIGoe6H e SURF eI 3vlHoee 10X

«l THADDITIONAL AREA +»1PE11.3¢10H FROM PARTeI4 s6He SURF+I3)

FORMATISO Xy ISHNEW ENVIRONMENT o15?

FORMAT(SO Xs J7THFALLOUT RETENTIONS1PE11.3)

FORMAT(SOXe L7HCONTACTY RETENTIONSIPE11.3)

FORMATL /10X o6 HCHANGE» I4 ¢6He PARTsI4 o1Hs)

FORMATC( /) OX ¢+SHOPERATION o137 14 Xe L1HENVIRONMENT 013/

eJ UX o1 9HTIME IN HOURSe FROMeFl1le2v4H TOSF 1l .29

FORMATUE12Xe 315¢2Xo1PELY1.3¢8H FALLOUT)

FORMATI12Xe 31502X01PEL2 a3 98K CONTACT)

FORMATILI4H TASK SUMMARY ~/ /6 Xe 20 HSTARYT TIME DISTRIBUTION-/

el 4X o1 OHME AN TIMEZ oF 11 e2 ¢l Ho ¢1 6X o4 HFROM2 7X 92HT 00 10Xe SHPROB o/ )

FORMATI/6Xe 25HF INISH TIME DISTRIBUTION-/

sl UXeJOHMEAN TIMEZ oF 11 .2 901 Ho 0] 6X 04 HFROMo 7X ¢2HT 00 10Xs SHPROB o/ )
Listing 2. The Microbial 2urden Frediction Program, Subroutine M3S (MBP10)




OOOOMNMO

s NeNg]

34

35

36
37

38

39

100

110

130

140

FORMAT( /I 0OXs26HTOTAL AREA/BURDENs SURFACE #1129 lH=-/

el UX ol IHTOTAL AREAZo 1PE) 130 )Hor 15X 4HFROM o7 X0 2HTO 01 OX #SHPROB. /)
FORMATI/L1OX e32HTOTAL AREA/BURDENs ALL SURFACES~-/

el 4X o IHTOTAL AREAZe 1PE1L2e 30 1Hor 1S Xe GHFROM o7 X9 2HTO #1 OX ¢SHPROB. /)
FORMATI 16 Xy 31S5¢2Xe1PE11,3)

FORMAT( /10X ¢OHOPERATIONCI 3s 15He STERILIZATION/

el 4X 919HTIME IN HOURSy FROMsF] 1.2¢4H TOeF1l.2)
FORMATE /14X o] THSTERILIZED PARTYS~//714Xe23HPART SURF O3TR ARE Ay
el SX o4 HF ROMy 7X 9+2HT 0o LOX9SHPROB /)

FORMATE12Xe 31Se2Xe)PEL].3)

GO TO (100v 12091400 160:200) #IK

ENVIRONMENTS INPUTS-

WRITE(E o7 ?KRe (RUNTJ DI o JI=1oT) oKSo (STGUJVeJ= Lo T) oK To {TSKIJIeUZ1eT)

READ (9) CAES(J) ed=1 o)

WRITE (1100 AESCJ) o =1 o8

WRITE(E+8 M AES(J) vJ=] o44)

AES(J) IS THE SURFACE LIFETIME MODIFIER FOR SURFACE J

DO 110 I-1.10

READ (9) N«lOSClU) oJ=198)

WRITE (11 IN«(DSCUU) vd=]el)

IFI(N.LE.OYEO TO 120

READ (9) JTECUINDIeIETUIN) oACCINILAETIN) dAEDIN) o (AEFINOJ)vJU=1r W)

WRITE (11 )IECINIoIETIN) dAECINYSAETUIN) ¢AEDI(N)o (AEF (NoJ)oJ=10 &)

JEC+AEC DESCRIBE THE ENVIRONMENTS BIOTA CONCENTRATION

TET +AEY DESCRIBE THE REFERENCE ACCRETION TIME

AED 1S THE DISTANCE COEFFICIENT

AEF IS THE RATE AT WHICHe FOR ALL OTHER FACTORS STANDARD»
BIOTA REACH EACH SURFACE

VRITE(Ee2Z0)Ne 1DOSCUUD o J=104) oJECINDIPAECIN) ¢ IETINI+AETUIN) ¢AED(ND

ol AEF(Ne J) 2J=]1 o)

IFUNE L T.N)NE:=N

READ (9) N

OPERATIONS INPUTS-

WRITE(G o7 IKRe (RUNTJ Do UZ107) oKSe(STE(II s JZLe T) oK To (TSK(JDIeU=1e7)
WRITE (649

00 130 I=1s20

READ (9) N«(DSCEJ)eJ=]ett)

WRITE (11 INe(DSCULJ) sJ=1 08

IFIN.LE.O D TO 140

READ (9) IOTU(N)I»IOQI(N)IOCI(N)

WRITE (12 )IO0TUNI«IOGQIN)IOC(N)

YRITE(B o7 {2 Ne (DSCUUVeJ=1re %) vIOTINIsIOQ(N) +JIOCIN)

10T IS ThHi OPERATION TIME INTERVAL

100 IS THE DOIRTINESS FACYOR

10C IS THE BIOTA CONCENTRATION FOR CONTACT CONTAMINATION
IFINO.LT.N)NOZN

READ (9 N

PARTS INPUTS-
WRITE(E o7 IKRo (RUNTUDIeJUZ107) oKSo (STE UV eU=L0T7) oKTo (TSK{JD)oJd=1e7)
WRITE(6,10)
00 150 I=1+120
READ (9) Nl DSClJ)eJ=1+8)
WRITE (11 INe(DSCCJI) eU=] ots)
IFINJLE.O)G0 TO 160
DACIN«11=DSCI(S)
DAC(N,2)=DSCl6)
TUIN) =0
AAT (N)=Q.
Listing Z. The Microbial Burden Prediction Program, Subroutine MBS (MBP10)
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OO OHOON

OO0

c
c

168 2

150

160

16$

170

175

180

190

~6

IFIKTSeGT LONAATINIZDRINTS ¢1)
READ (9) (TABIN9sJ)I»J=106) ¢AAGIN)sAASIN)
IFCIABINGG) .6T7.0)G0 TO 142
AAGINIZ=Q.
AAS (N)=O0.
WRITE(I1) DAC(Mel }oDACING2) ¢TUIN) o (TABINeJ) 0J=106)0
«AAGIN) s AASIN) o+AAT (N)
DAC IS THE PERMANENT ALPHMAMERIC DESCRIPTION OF PART N
TAB(J) INDICATES THE DISTRIBUTION FOR AREA/BURDEN FOR
J=1s TOP SURFACE
J=2¢ OTHER EXTERIOR SURFACE
J= 3¢ MATED SURFACE
J=8¢ OCCLUDED SURFACE
IAB(S) IS THE ENVIRONMENT INDEX (MAY BF LEFT BLANK)
IAB(E) IS THE RETENTION DISTRIBUTION FOR CONYACT
AAG IS THE RETENTION DISTRIBUTION MEAN FOR FALLOUTY
AAS 1S THE RETENTION OISTRIBUTION MEAN FOR CONTACT
AAT IS THE LAST TIME OF ACCRETION UPDATE
NRITE(GeZ22)Ne (DSC (U Ve U=196) et IABINIJ) ¢ U162 AAGIN) ¢+AASIN)
IFINP .LT.N)NP=N
READ (9) N

DISTRIBUTIONS INPUTS -

WRITE(E o7 IKRe (RUNTJ Do JZ107) oKSo(STGIUI e JZloT) oK To(TSKL(JIeJZ10T)
WRITE(G.1 1)

DO 180 I=1,S00

READ (9) NolDSCtU) eJ=1e8DdeL oM

VRITE (11 INe(ODOSCCJ) ed=]04)

L=) INDICATES A MISTOGRAM WITH M-1 INTERVALS
L=2 INDICATES A HISTOGRAM WITH & INTERVALS BASED ON 3 INPUT VALUES
M=] INDICATES THE DISTRIBUTION IS A CONSTANT
IFIN.LELODIGO TO 190

1F(L.EQ.2)60 TO 170

READ (9) (DRI(NeJIs J=1oM)}

READ (9) (XRINeJIe JZ1eM)

NXEIN) =

60 TO 175

READ (9) DRINsL) eX 1o X2X3
UZe25¢(X2-X1) 70 X3-X1)

V.25~V

DRINe 2) U

DRINe 3)=3 .U

DRINy &) =3 ,eV

DR{NsS5) =V

XRINes1)=X1

XRENe 2)=,5¢(X14X2)

XRINe 3)=X2

XRUNo 4=, Se (X20X3)

XRENeS)IZX3

M=s

NX{N) =S

IFIDR(NeI V. LE.OLICALL MVYSEIN)

WRITE (11 )L oMeCORINCJIIXRINOJIe UL M)

WRITE (642 3INe (DSCUUDoJ=104) ¢DRENe 1)

CALL HYSIN)

IFIND.LT.N)ND=N

READ (9) N

THE ZERO OISTRIBUTION
CALL HNS(KO)
NXIKOIZ1 o
Listing 2. The Microbial burden Prediction Program, Subroutine MBS (MBP10)




87

DR{KOs1)-0.
XRI{KOel)=D.

C
C SUBTASK LEVEL MICROBIAL BUILDUP DETERMINATION
200 IF(KTS.EQ.0IKTS=KO
C KTS IS THE TASK STARTY TIME
LL=KTS
NSZ0
WRITECIL1)NE eNOs NP oNDoNSeNTs ITEeKOKTS
DO 295 I-1,20
READ (9) NotDSCtJIDP ed=1e8)eNl N2
WRITE (11 INe(DSCIEJ) ed=2e8)eNLloN2
c N1 AND N2 ARE PREREQUISITE SUBTASKS
IFENJLE.D)GO TO 300
YRITE(GeTIKRe (RUNLI I U1 T) aKSo ISTG (U JdZ1lo ) oKTo UTSK (U JZ1e7)
WRITE (641 2)Ne (DSCUU Y0 U= 10 4)
TFUNS LT N)NSCN
IFIN1.6GT.0)GO0 TO 235
ITY=XTS
G0 VO 215
205 JIZKKTEN1)
IF(N2.6T.0)60 TO 210
YRITE (6+1 3)N]
ITrzJl
GO YO 215
21N WRITE(B o1 4) N1 N2
J2:KKT(N2)
ITT=510
CALL HCS(JLleu2¢1TTyS)
C ITY IS THE SUBTASK START TIME INDEX
215 TIZDRIIITT 1)
WRITE(B.15)T1
CALL HWS(ITT)
NC=O
c ENVIRONMENT oAREA/SIOTA BURDEN CHANGES-
220 READ (9) KolIR(JIIeJZ1eS)e(ARII DI U 1e])
WRITE (11K elIR(JIIe U105 ¢lAR(J VeI 1 I)
C K IS THE CHANGE IDENTIFIER
C IRC1) «IRL2)Y ARE THE NEW PART AND SURFACE INDICES
C IRU3I}IRUY) ARE THE CONTRIBUTING PART AND SURFACE
C IRLS) IS THE NEW ENVIRONMENT (IF ANY) FOR PART [R{1)
C ARUL)Y IS THE AREA CHANGED TO IR(131.1IR(2) FROM IRU3) eIRLY)
o ARUL2) IS THE NEY AAG FACTOR
C AR 3) IS THE NEW AAS FACTIOR
c IF IR(S)s ARULED)e ARU(2)e AR(3) ZERO» NO CHANGE 1S MADE
IF(K.LE.Q)E0 TO 240
NC=NC ¢l
IFUINC.EQ. 1) WRITE(6e 16
I12IR (1)
IFINP LT, I1 INP=IL
CALL MAS(I1T}1)
IFLAR(1).EQ.D.,)GO0 TO 232
12=-1R(2)
I13=1IR(3)
CALL MASUI3«T1)
I4-IRta)
I8-IABII1 1)
IACIAB(IZ I W)
IF(IB.6T.00GO TO 222
CALL HNSLIB?
1AB (11012018
Listing 2. The Microbial Burden Prediction Program. Subrontine MRS (MRDIA)
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OO0

o0

222

224

26

228

230

232

23 4

236

238

250

252

CALL HES(IBKO)

I1C=ND ¢}

WRITE(BE 124l Ko Il e120AR(10eI3 010
IFUIR(S).LE OGO TO 224
IAB(I1sS)ZIRLS)

WRITE (6+25) IR(5)

IFLAR(2).LE 0G0 TO 226
AAG(I1)ZARL D)

WRITE(6+26) AAGE]IL)
IFLAR(3).LEL0.)G0 TO 228
AAS(I1)ZARL D)

VRITE (627} AASLI1)
F-AR{1)/DRETIA 1)
IFCF.LT.+995)GO TO 230

F=-l.

IAB(I3vIe)=0

CALL HMSCIAF +IC)

CALL HUSUIB«ICeIBed)

F:I .‘F

CALL HMSUIAF s1A)

MAZNX(IA)

MB-NX (18)

WRITE(LL) I3 eX e IAOMAry (DREIA eJUT o XRUTAGJIU) o JJUS 1o MAD IABC I3 eI 4
eIl I2e¢IBeMBo(DR(IB=2JUJSIeXRIIBIJIJDIeJJU=2eMB)vIAB(I1e12)
60 T0 238

WRITE(6+28)Ke I}
IFCIR(S5).LE.OIGO TO 234
IAB(I1e5)IRES)

WRITE(6¢25) IR(5)
IFLAR(2).LE.D.YG0 TO 236
AAG(I1)=ARL 2)

WRITE(6026) AAGL I
IFCAR(3).LE.O0.)GO TO 238

AAS (I1)ZARE D)
WRITE(6+27)AASEILY

WRITE(11) 1) ¢JAB(I v S)eAAG(TI1)eAASII])
60 TO 220

OPERATIONAL LEVEL BuiLluo-
I1T=510+N
CALL HES(IT.ITI)
ITY IS VHE SUBTASK STARTYT TIME DISTRIBUTION INDEX
IT=S10¢N IS THE SUBTASK CURRENT TIME DISTRIBUTION INDEX
KKT(N)ZIT
MNXCETT)
WRITECI D) LT Vo IT oMo (DRUITT s JIoXRUITT 0 JVeDRUIToJ) 2 XREIToJ)eJU=1eM)
1.=ITE
WRITE(6e1 )
READ (9) IO0«IKE,»AKTs AKOQ
10 IS THE OPERATION
IKE IS THE OPERATION ENVIRONMENT WHEN DIFFERENT FROM
THE TASK ENVIRONMENT OR THE PREVIOUS OPERATION ENVIRONMENT
AKT IS THE OPE~ATION VTIME MODIF IER
AKQ@ IS THE DIRTINESS MODIFIER
I0 LY O INOICATES A DECONTAMINATION OPERATION FOR WHICH
AKT IS THE FIXED OPERATION INTERVAL
WRITE (11 010eAKTo AKD
IFE 1010252290258

DECONTAMINATION
10=-10

Listine 7. The Microtial Zurden Prediction Program, Subroutine MBS (MBP10)




OO0

254

259

89

TIZDR{1IT: 1)

IFUMTLE.0.JG0 TO 253

17=ND +7

NXtI7)z1

DRUIT+1)zAKT

XREITe)IZAKT

CALL HCSEITeI17+1ITe1)
WRITE(E¢37)I0«T1eDR{ITe1)

MINXCIT)

WRITE ¢C113ITeMy (ORCIT ¢JIoXR(IToJ)eU=1l oM}
WRITE (6+38)

READ (9! IPeLKy (AREJ) 0JT2 04 b

WRITEC(L1L1) IP oL %o (ARCJ) 0J=1 e84}

IP IS THE PARY AFFECTED

LK IS THE CURVE DESCRIBING FRACTION OF BIOTA REMOVED
ARLJU) IS THE MEAN FRACTION OF BIOTA REMOVED FROM SURFACE J
IFLIP.LE.QO)GO TO 250

IUCIPIZIUCIP) ¢]

CALL MASLIP.T))

DO 256 J-lv &

IFCAR(JI.LE DGO TO 256

IB=IAB(IP «4)

IFtIS.LE.D)GO TO 256

A=DR(IB+})

FZAR(JI/DRILK +1)

IC=NDe)

CALL HMSILKsF ¢+IC)

CALL HCS(IB ICeICe3)

CALL HCSUIB.1CsIBs2?

DRIUIBe1ICZA

M=NX(IB)

WRITE (11 )18o My (DRUIB vJJ) o XRUIB sJJ) oJJ=1e M)
WRITE(6+39)IPeJelBe A

CALL H¥St(IB!?

CONTINUE

GO TO 2S4

OPERATION-

IFIIKE.GY LO)IE-IKE

12=ND +2

I 3=ND +3

T4ZND +4 //
IS=ND+5 /
16=ND +6

IT=ND+7

1C=10C(I0)

I0:-100¢10)

TIZIEV(IE)

JCSIECLIE)

ITK=107(10)

T1-0R (1T, 1)

IF(ITK.EQ.0)GC TO 259

F=AKT/DRUITKe 1)

CALL HMS(ITKeFeI7})

CALL HCSUIT »17+1IT1)

CALL MVS(IT)

I7 INDICATES THE OPERATION TIME DISTRIBUTION
WRITE(6¢29) I0¢1EeT1 +DRIIT 1)

AQ=AKQ/DR (IQ¢ 1)

AC=AEC(IE )/ DR (JCe 1)

CALL HMS(JCeACyIB)
Listing 2. The Microbial Burden Frediction Program, Subroutine MBS (MBP10)
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(2 N o)

260

16 INDICATES THE AIRBORN BIOTA CONCENTRATION
MINXCIT)

WRITE C1101ToMe(DREUIT oJILKR(ITVoJioJ=1oMIvIESITK«ICrAQ
WRITE {641 8)

READ (9) IP+LSeAPDe APCoAPS»APAL 1) 2APA{2)

IP IS THE PARTY AFFECTED

LS IS THE TOOL STICKINESS DISTRIBUTION

APD IS THE DISTANCE FROM CONTAMINATOR

APC 135 THE TOOL BIOTA CONCENTRATION MODIFIER

APS 1S THE MEAN TOOL STICKINESS

APA IS THE CONTAC) AREA FOR EACH TOUCHED SURFACE
WRITE(L11) IPoLSeAPCe APCoAPSsAPAL 1) vAPA(2)
IFCIP.LE.O)GO TO0 250

BIOTVTA UPDATING-
TULIP)I-TIUCIP) »})

CALL MASIIPT1)
IG=IABLIP ¢6)
Q-AQ*EXP({ -AED(IE) sAPD)
S 1Z.5%AAS (IP) =APC
S2-.58APS/DEILS 01}
B=0.
IF(LS.GT.0)B=S1S2
WRITE(LI) IP ot IABLIP eJ)eJd=106) eIE+ (AEF(IEWJ)eU=108)9QeB
IFLAQ.LE.0.)60 TO 275
IFLIELLE.O)GO TO 27S
IFLITKLLE 060 TO 275

FALLOUT CONTAMINATION~
CALL HMS(10+0.1I9)

CALL HCS{IDe1601I541)

15 INDICATES THE TOTAL FALLOUT SOURCE CONCENTRATION (C+Q)
AATUIP)ZCRULIT o1

D0 270 J-1s &

IB=IAB(IP vJ)
FZAEF (IEe J) A AG(1IP)
YRITE(11) 1I3.F
IFLIB.LE.O)GO Ty 270
IF(F.LE.0.)GO TO 270
A-DRCIB1)

IFLALLE.0.)G0 TO 270
F-FeA/DR(IG 1)

CALL HMSIIGeF eI &)

CALL HCSUI& eTSeI403)
EECAETCIE )= AES(J) /DRITII W1
CALL HMSUIJE€s12)

CALL HCStIue12¢14+3)
T=DR(I7.1)

VOR(I2+1)

CALL HCSEI7e]12¢12¢4)
MNX(I2)

NXEI3)-M

DO 265 JJ=1 M

DREI3¢JJ) ZDRITIZ vuJ)
XRUI2eJJ) ZEXP(XREIZ 0dJ)})
XRUIZ»JJI) =) a—1e 7XRI 12 0JJ)
CALL HCSUIU 213014 03)

CALL HCSCIB+12+12¢4)

CALL HCSUI2¢1401IBs1)
DRUIBsYIZA
MM-NX(18)

90

Listing 2. The Microbial Burden Prediction Frogram, Subroutine M3g (MBP10)



WRITE(21) IB oMM (DRCIB o JU) oXRUIBoJJU) eJJ=ioMN)
WRITE(6¢30)IP¢Js1B8eDR(IBe 1)
CALL HuSLIB)

270 CONTINUE

CONTACT CONTAMINATION-

275 IFULIC.LE.0)GO TO 260
IF(B.EQ.0.)60 TO 260
S1=S1/(DR{(ICv 1) sDRIIG 1))
DO 280 J=1e2
I8=IABLIP +u)

WRITE(11) IBsAPA(J)
IFLIB.LE.D0)GO TO 280
AZDRUIB1)

IFLAPAC(J) .LE.O0. )60 TO 280
IFtA.LELD.)IGO TO 280
F=S1+APALY)

CALL HMS{ICoF el n)

CALL HCSIIG<«IGeIG23)
F=S2¢APAL U /A

CALL HMSELS oF +17?

CALL HCSUIB¢ISe15:3)

CALL HCSIIB¢IS+1B.2)

CALL HCS{IBelaeIBel)
UR(IBel)z=A

M=NX(IB)
WRITE(11)IBeMe(DR(IBo JJDI e XR(IBoJJ e JJ=]) o)
WRITELG¢3 12 IP eJsIBsOR(IBe 1)
CALL HUS(IB)

280 CONTINUE
60 T0 260

290 IFIORILLe ) LT . DRIITe1IILL=IY

295 CONTINUE
READ (9) N

300 IFIL3.LE.0)S0 70 302
L3=L3+530
CALL HES{L3eLL)

MINX(L3)
WRITE(21)LI oMol DRIL 30 J) o XRILIeJIeJ= 1o M)

302 MINX(LL)

WRITE(LLILL oMot DRILLsJ) o XRELL vl D)o J=19oM) oNPs LIUIT) oI=1eNP) oNT
T=OR(LL 1)

CALL HES(S01+K0)

CALL HES(S02+K0)

CALL HESISO3eKO)

CALL HES(S508:KO)

CALL HES(S0SeX0)

WRITE(GeT IKRo (RUNCJD o U=197) oKSe (STEUUI o J= Lo T oK T (TSK(JDeJ=1eT)
WRITE(6+32)DRIKTS 1)

CALL HYS(XKTS)

WRITE(GB 3T

CALL HWSILL)

IFILG.6T.CIMRITE(Gy 18)

DO 310 I-1eNP

IFLIU(1).EQ.0)60 TO 310

CALL MAS(IT)

DO 305 J=1irvs

JJ=S00+J

IB=IAB(IsJ)

IFLIB.LE.O)GO TO 305

M=NX{IB)
listing 2. The Microbial Burden Prediction Program, Subroutine MBS (MBP10)




WRITE(}1)IBeMotDRUIBoLIXRIIB oL IoL=19NM)
CALL HCS{JJIBeJdJel))
IFIL4LLE.O0)GO T0 308
WRITE(6¢36) IvJeIBDRIIB V1)
CALL HWS(IB)
305 CONTINUE
310 CONTINUE
DO 320 Jz1r4
JJ=S00ey
WRITE (6¢34)JeDR(JJe 1)
CALL R¥WS(JJ)
CALL MAVS (UJs XMeXV)
320 CALL HCS(SOSsJJeS0S el
WRITE(6¢3S)DRI505¢1)
CALL HWS(S05S)
CALL MAVS (505 eXMeXV)
JTUNT )=KT
AMT(NTIZXM
XVIINT)ZXY
M=NX{S0S5)
WRITE (Y1) My (DRUSDSe J) oXRUSOSe ) od=1 eMIe NToJTINT e XMTUNT e XVTINT)
IF(LO .LE. Q) RETURN
Lu=iL&+530
CALL HES(L&¢505)
MzNX(LG)
WRITE(L11)LU eMolORILYs J) ¢ XRILAB o J Do J= 10 M)
RETURN
END

Listing 2, The Microbial Burden Prediction Program, Subroutine MBS (MBP10)




an

PR FP 7 AR, e R K - : A K

SIBFYC MBP11 FULIST oREF ¢M 94 ¢+ XRT7 ¢DDv DECK

c
c

10

20

SUBROUTINE MVS(])

MEAN VALUE SUBROUTINE

COMMON/BASE /K 1leK2 oK 30 KN oKSoe KK eIKe

KReRUNIT) oKSeSTGET) oKToTSKIT) eDSCIE )

oNE» AESI W) oJECCI0) e IETHI0)sAEC(I10) ¢AET(LI0Y2AED(10) eAEF (100 &),
«NOs JIOT(20)e 1002009 IOC(20 ),

NPsDACI12002) ¢1UC120) e1AB(2 206 )0 AAGI120) eAAS(1 200 AATLI2D)
«NDsNX (551 22 DR (55101 1) ¢XRESS 1011 )eKO
NS.KKTE20 )0 IR(SIeARIU DI APA( 2]}y

NTeJT(I000e XMTE100) o XVTC(I00 VoL) oL 2oL 8ol 8o KTSeITE

IFINX(I¥.G6T 1060 YO 10

DRUIv1)ZXRUIn1)

RETURN

M=NX(I)

DR(Is1)=0.

U0 20 J=2 oM

DRUIv1D=DREIel} ¢.SsOR(IeJIS(XRIIvJ=1)«XR(TIsJI)

RETURN

END

Listing 2, The Microbial Burden Prediction Frogram, Subroutine MVS (MBP11)
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ok

7

R S 3 ) T O L wAR . R T W T T T o DR ] ‘e R SN 2 . T IS
SIBFTC MBP12 FULIST «REF oM 94 s XR7 oDDe DECK
FUNCTION ZF (X oY oK)

c Z FUNCTION OF X AND Y
o K DETERMINES THE OPERATION ¢ - ¢ 7/,
60 TO (100200 30e40e50)0K
10 ZFzXeY
RETURN
20 ZFzXx-Y
RETURN
30 ZF-XeY
RETURN
40 ZFzX/Y
RETURN
50 2ZF=X
IFLY.GTX)ZF=Y
RETURN
END
SOATA
QEOF

Listing 2, The Microbial Burden Frediction Progra:, Function ZF (MBP12)
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95

LI Y T 3 L 1 ”

6MM,5848000+06900-0+78563¢A IC 15090000 GMM BOX 84 84

$SETUP UTS S740

S AS SIGN SYSUTS

SASSIGN SYSUTE

$ AS SIGN SYsuts

SUNITS

$IBJOB GO +LOGIC+MAP ¢SOURCE
SIBFTC MBDR FULIST oREF oM 34 +XR7 ¢DDs DECK

c
c

S wWwN

90

100

110
120

130
140

150

160

180

200

220

MICROBIAL BUROEN DATA RECOVERY PROGRAM
COMMON/BASE 7K Lo K2 oK 3o K4 o KSo KK eI Ke

KReRUN(T] oKSoeSTGL7) eXTo TSKIT) +DSCI6 )

eNEr AESE 4} +JEC(I0)sIET(I0) sAECCLI0) vAET(10) ¢AED(IO) 2vAEF (1004 ¢
«NOe JOT( 2009 J00( 2239 IOC(20 )

NPeDAC( 1200 2) vJUC120) e IAB (12005 )0 AAGLL120) oAAS (12000 AAT(120)
eNDeNX (551 )9eDR(551¢11) eXRESS51e111eKO
NSeKKT(20 )0 IRIS)e ARG ) APAL 2) »
oNTeJdT (100 Ve XMT( 100D oXVT 100 do Ll oL 2¢L3oL8&sKTSeITE
FORMATI3uHIMICROBIAL BURDEN PREDICTION MODEL/

«22H DATA RECOVERY PROGRAM/4H RUN+ IS e2He ¢ TAG/

abH STAGE» I392He o TAGZSH TASKe I4 02He ¢ TAB)

FORMATI8H SUBTASK¢I302Hs ¢4 AG/)

FORMATI4TH BURDEN ACCRETED BY FALLOUY DURING OPERATION 16)
FORMAT(38H OPERATION 16 NOT USED IN THIS SUBTASK)

REWIND 11

READ (11)KKeIKsT1eJ20I30I8s1I5016

READ (11)KReKSo KT o(RUNIJ) oSTG (U VYo TSKIU) eJ=1 9T VoLl oL 2oL3eL 8o KTSITE
G0 TO €100+120+ 180+ 1609200) o1XK

READ (11) (AES (U J=104)

DO 110 I=-1.10

READ (11IN2(DSC (U)o d=1e W)

IFINJ.LE.O)60 T4 120

READ (11)IECI(N) sIETA(N)I+AECIN) +AETI(NDIsAEDIND o CAEFINe J) o J=1s4)
DO 130 I=1+20

READ (11)Ne (DSC(JYeJ=1s &)

IFINJLELO)GO TO 140

READ (11)IOTUIN) 910G (N)sIOCUN)}

DO 150 I=1¢120

READ (1i)Ns (DSC U)o UZ1rl)

IFINJLE.OY60 TO 160

READ (11) DAC(N#1)eDACEN?2) sIUIN) s{ IABINeJ) vJ=1+6)

«AAGIN)s AASUN) +AAT(N)

DO 180 I=1.500

READ (11)Ne(DSC(UIeU=1v4)

IF(N.LELDIGO TO 200

READ (11)LeMe (DRENe J) 9XRIN9 J) 9Jd=1eM)

NXEN) =M

READ (1 1)NEoNOs NP eNDo NS eNToITEeKOWKTS

DO 295 I=1.,20

READ (11)Ne(DSCUJUVeJ=104) sNLsN2

IF(N.LE.O)GO0 10 300

NRITE(6 el IKRs (RUNCJIo U= 1oT) oKSo (STO UV e U= 10T) oKTo (TSK(J)0J=1s T)
WRITE (62 IN2(DSCULY) ¢J=] s4)

NLu=0

READ (11)Ke (IRCJ) vJZ1 9510 (ARLJ) 0J=1+3)

IFIK.ECL.0IG0 TO 240

IFCAR(1).EC.0.)GO TO 232

READ (11)I3vJ 4o IAsMAv (DRCTIACII) s XRITAOJII) eJJU-L1oeMADIIABIIZeIN),

ellvI2+IBeMBo(ORIIBeIJJIIXRUIBoUJIoJJ=1eMB) eIABI(I10]12)

Listing 3+ Microbial Burden Data Recovery Program




NXCIA)I=MA
NX(IB)=MB
232 READ (1 1)I1eIAB(I1-5)¢AAG(IL)eAASI(]I])
60 10 220
200 READ (11D ITTwIT oMy {DRIITToJDIeXRIITT oJIeDRIIT o) o XREIT o) e Uzl M)
NXCITT)IZM
NXCITICHM
KKT (N)ZIT
250 READ (11)I0+AKT AKO
IFLI0)252 ¢290+258
252 READ (11)IT eMo(OR(IToJIeXRIIToJIsJ=1eM)
NXCIT)IZNM
254 READ (11) IPelKelAR{UIe Iz 10 W)
IFLIPLEQ.0)GO TO 250
DO 256 J- e
IFLAR(J).EQ.0.)60 TO 2%6
IFLIABLIP«J).EQ.O0)60 TO 256
I8-IABCIP ou}
READ (11)IBeMs(DRIIBeJIJI+XRIIBrIJIPJIZ] M)
NX{IBIZM
256 CONTINUE
60 TO 254
258 READ (J1)IToMo(DRIITo U eXRUIToJVoJ=1oM) 2IECITKeICoAQ
NXEITIZM
IFLI0.EQ. 16 )CALL HES(SO)eKO)
260 READ (11) IPsLSeAPDsAPC oAPSsAPA (1 V0 APAL 2)
IFLIP.EQ.0)GO TO 250
READ (11D IPelIABIIPoJ) o J=106) ¢IE¢(AEF(IEvU) o=l 94)9Qe8B
IFLAQ.EQ.0.)60 TO 27%
IFLIE.EQ.0)GO TO 275
IFLITK.EQ.0)60 TO 27%
DO 270 J=1e 4
READ (11)1IB.F
IFLIB.EQ.0)GO0 TO 270
IFtF.EQ.D0.)G0 YO 270
IFIDOR(1I8s1).EQ.0.)G0 TO 270
IFLI0.EQ. 16 )CALL HES(502.1B)
READ (11) 18 eMMe (DRUIBeJJ) oXRIIB oY) eJJ=1lsMA)
NX(IB)I=-MM
IF( I0O.NE. 16060 TO 270
CALL HCSEIB ¢502 0502 ¢2)
CALL HCSISD1+sS02¢50101)
NU=NU +)
270 CONTINUE
275 IFUI1C.EQ.0)GO TO 260
IFIB.EQ.0.)G0 TO 260
DO 280 J=1e2
READ (11)1IBAPA(Y)
IFLIB.EQ.0)GO TO 28D
IF(APALY) EQ.D0. 0G0 TO 280
READ (1LY IBeMs(ORIIBeJIJIIeXR(IBeJIIeJJIZ] eM)
NX{IB)I=M
280 CONTINUE
60 T0 260
290 CONTINUE
IFINV.EG.O0}GO TO 293
WRITE(6¢3)
CALL H¥WSILSOYL)
60 T0 295
293 VWRITE(E 4)

S CONTINUE
2 Licting 3. Microbial Burden Data Recovery Frogram




300

302

305
30

320

SOATA
QEOF

IFIL3.LE.D0)GO TO 302

READ (11)L3 oMol DRIL 30 JIoXRILIeJVoyz1le M)

NXEL3 )M

READ (I1)LL oMo (DRULLeJ) oXRELL eJ Do = LoM) oNPe{IULID)oI=)eNP) oNT
NX(LL)ICM

DO 310 I=1.nNP

IFCIV(I1.EQ.0)G0 VO 310

DO 30S J=-1le

JB=IAB(I« J)

IFLIBLLE.O)GO TO 305

READ (11)IBeMos(DRIIBIJUIeXRIIBIJIJIoJJI=]1 oM}

NXIIBI=M

CONTINUE

CONTINUE

READ (1) Mo (DR(S50S0J) oXRUSTSeJ) s oMIeNToJTINT Yo XMTINT e XVTINT)
NXES50S5)=M

IF(L4.LEL.O0)GO TO 320

READ (11)Lu oMotDR(LU4rJ) eXR{LAWJIvI=Lo M)

NX{LY )M
GO T0 90
€ND

Listing 3, Microbial Burden Data Recovery lrogram
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sJos

GMM 4+ 8 B000 06904 ~-078563 A IC 499000 GuM  BOX 86&

SSETUP CK1 44 SO

S ASSIGN SYSCK1

S ASSIGN SYSuUTS

S ASSIGN SYSUTe

$ASSIGN SYSuTs

SUNITS

sIBJOB GO +LOGIC +MAP ¢SOURCE

SIBFTC MBSW FULIST oREF oM 94 »XRT7 »D0» DECK

c
C
C

A NEWN=COQOODDNNUNE LWN -

S et bt Pt b G e

100

120

130

150
155

160

210

216

MICROBIAL BURDEN SPECIAL WYRITE PROGRAM

THIS PROGRAM READS FROM 9 AND LISTS RDs SOr TDe KOs KDe¢ KOe PC
DIMENSION RUN(7)eSTGUT) oTSKI(T)IoDSCLE)0DSCL20+4)ePDSC(120e6)
CAES(U4 D)o IECCIDN v IETCLIIICAECIID IS AETLIDIv AEDC IO v AEF( MO 04 ) e
2107T(20)¢100(20) 210C(20)¢1UL120) oIAB(120+6)eAAGI120) vdAS(120)
eAAT (12019 NX(SS1)sDRISS1el11) o XRISS1IeL11IoKKTI20)2IR(S)IeAR(UVcAPAL2)
FORMAT(8IS)

FORMATLINHL)

FORMAT(UIS o1 Xe TAGe 2X o4 IS)

FORMATIUX o150 1XeT7A6)

FORMAT(BX o1Se1XeTAB)

FORMATI1E6Xe IS¢l 6H DECONTAMINATION?

FORMATE 12Xe 1591 Xs4AB)

FORMAT(T7E 1D .3}

FORMAT(IS o1 Xe UAE215)

FORMAT(2ISeTE 1D .3

FORMAT(6ISy 3E1D.3)

FORMATLIS o1 Xe 6A6)

FORMAT(IS ¢SXeSE10.3)

FORMAT( 16 Xo IS o1 Xo4AG)

FORMATLIS ¢SXeuF10.7)

FORMATC20 X+ IS+l XevBAB)

REWIND 9

YRITE (6+¢2)

READ (9) KKeIKoeTleJ2¢13¢I8015016

IFIKK.LE.O)CALL EXITY

GO TO (130+12001300s 100+ 1500 100) KK

READ (9) KRe(RUNTJIe J=1sT)

VRITE(E ¢33 IKRe (RUN(J I U=]1s T)

READ (9) KSe (STG(JRe 421 T

WRITE(E v8 IKSe (STG(J Ve =14 T7)

READ €9) KToe (TSKIJIs J=-1eT)hel 1olL2L 30l 4

WRITE (6 oS IKTo (TSK(J)e J=1e7T)

GO YO (2100220¢230¢ 2400250) ¢1K

IFLIK.EQ.1)GO TO 100

READ (9) 1Zet(DSClJUivJz1len)

IFLIZ.LE.D)IGO TO 100

READ (9) IPytAR(J)e =10 4)

IFLIP)155+155+160

ENVIRONMENTS INPUTS-

READ (9) C(AES(J)ed=) s

DO 216 I-1.10

READ (€9) NelODSClJU)eJZ) et

IF(N.LE.DO)GO TO 220

READ (9) IECUN)IETANICAECIN) ¢AETI(NIoAEDIN) eCAEFENIJ) eU=] o4}
CONTINUE

READ (9 N

Listing 4, The Microbial Burden Special Write Program
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220

222

226

o0

250

232

236

240

24 5
248

250

270

280

286

290
292

SOATA
QEOF

OPERATIONS INPUTS-

D0 226 K=1920

READ (9) N+l DSCUY) ed=1eb)
IFIN.LE.OJBO TO 230

00 222 J-1v &

ODSCENvJ) =DSC LU

READ (€9) JOTFIN)I00(NIsIOCIN)
CONTINUE

READ (9) N

PARTS INPUTS-

00 236 I-1+120

READ (9) Ne(DSC(J}erJz1e6)
IF(N.LE.OIGO YO 240

DO 232 Jz1s6

PDSCUNeJ) ZDSC (J)

READ (9) (JABINeJ)s» J=196) ¢+AAGIN) e AASIN)
CONTINUE

READ (9) N

DISTRIBUT IONS INPUTS-

DO 248 1I:1.500

READ €9) NolDSCUJU) ezl el do KoM
IFIN.LE.OIGO0 YO 250

IF(K.EQ.X IGO0 TG 245

READ (3) (XR(NsJIr UZ1v4)

GO TO 248

READ (9) (DR(NeJIs J- 19 M)

READ (9) (XRINeJ)e d=LieM)
CONTINUE

READ (9) N

DO 296 1I=-1+20

READ (9) Ne(OSCCU) oJ-1 &4 )e NI N2
IFINLLELOY6O YO 100

WRITCL (E+TINIDSCUY) vJ=1 04)

READ (9 Ko (IRCU) oJ=1e5): (AR JY v U=13)
IFtK)280¢ 2800270

REAC (9) [IOsIKE «AKT sAKG
IFEI01284 +296+290

1cz=-10

WRITE(6+6)10

READ (9) IPeLKe (ARUJ) oJ=] o4
IFIIP1280+280+286

WRITE(E o) 4) IO o(ODSC(I0eJ) o d=] ot )
READ (9) IPsLSsAPDe APCe APSeAPAL 1) oAPA(2)
IF(IP.LE.DO)GO TO 280
WRITE(Ee¢17)IP«(PDSCIIPeJI) vJ=] oB )
60 TO 292

CONTINUE

READ (9) N

GO T0 100

END

Listing 4, The Microbisl Rurder .p=cial Write Fro«ram
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1 VCYAGEF T+eT (¢rSF (Pasadena Operations)
1 vV VERNIFR MeptlLFE ASSEFHLY « TFST
1 1 SURSYSTE.I POSITLIONING
- ! 1.1 W~ANEIVER
G LIFT WwiTk MSPF
) VERNIER STRUCTUPRE
G VERNIER PROPULSION S/S
2 FOSITINN QVERKEAD CRANF
| VERNIER STRUCTURF
2 1.7 ATTACHFMENT
2 ATTACH CRANE HCOKS
) VERNIER® STRUCTURE
2 1.3 TRANSPCR!
4 HOTST Wil CRANE
) VERMIE? STRUCTURE
= vOVE WwITF CRANE
1 VESWIEn STRUCTURE
# LOWEF wITH CRANE
! VEEYIEN STRUCTURE
4 1.4 CETACHMENT
7 CFTACH CKAMNE HOOKS
1 VEGNIEn STRUCTURE
€ 1.5 T1MNSPFCTIUN
& visuaL INSPECTION
1 VERNIER STRUCTURE
SURSYSTF'/0SE INTERCO'NFCTICN
1 4.1 A/R &/S=USF E/CONN
‘ 12 CONMNECT CAOLES HOSES,FTC
| 6 VERJVIE® PROPULSICN S/S
2 4,2 A/R §/S=uSE N/CONN
12 CONNECT CAULFSHOSFS,FTC
6 VERNIEn" PRCPULSICN S/S
SURSYSTEY FL4CTiONAL TESTING
1 s,1 S/8 TEST PROC, SFAQ
14 FUNCTICHAL TESTING
: ¢ VERWIER PRCPULSION S/S
4 € SUBSYSTFM/0SE DAISCOAMFCTICA
1 6.1 A/R </S=uSE E/DSCN
12 CISCCNNECT CASLES,FTC,
6 VERWIERM PRCPULSION S/S
2 6.2 A/P &/S=USE M/0SCN
13 CISCCNNECT CABLES,FTC,
G VERNIER PRCPULSION S/S
SUBSYSTEM PrSITIONING
1 1.1 NMAMNELVER
S LIFT wiTk MSPF
1) VERWIEn MOC, CABLING S/S
? POSITION OVERKWEAD CRANF
11 VE&NIEN MOR, CABLING S/S
2 1«2 ATTACHMENT
7 ATTACH CRANE HCOKS
11 VESNYIER MOD, CARLING S/S
2 1.3 TRANSPCR!}
4 FOTIST LITH CRANF
11 VE&IIEn MOC, CARLING S/S
& MOVE wWiTH CRANE
11 VE<'IEn ¥0C, CARLYNG S/S
£ LOWER L ITH CRANF
11 VEGH4IE® MOr's CABLTING S/S
4 1.4 CrETACHMENT
7 CFTACH CFAnE KHEN4S

Ny
&S

(8 ]
n

n
S
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Level 2
Level 6
Level 7
Level 8
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Level 4
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11
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3
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11 VERNIEr MOD, CABLING
€ 1.5 INSPECTICN
A VISUAL INSKFECTIOM
11 VERNIER MOD. CABLING
SuasY<TEM PREPARATICN
1 L18 §/5 INTEG FNL TEST
12 CONNECT CABLESHOSESETC
11 VERNIEK MOD, CABLING
14 FUNCTIONAL TESTING
11 VERNIER MOC, CABLING
13 CISCCNAECT CABLESJETC.
11 VERNIER MOC, CARLING
SURSYSTFM IASTAFLATION
1 3.1 /% ¢OVMPUNNT PLACE
' vOVE ASSEMGELY MANUALLY
11 VERMIEW MOC, CABLIANG
2 3.2 S/S COMP ATTACH
15 INSERT SCREWsBCLTHETC,
11 VERI{IEr MOD, CABRLING
1 3.3 S/% cOMP INTRCNECT
1?2 CONNECT CADLES+HOSESETC
11 VERNIER MOC, CABLING
SUBSYSTFM/0SE INTERCONNECTICN
1 4.1 aA/B s/S=CSE E/CONN
12 CONNECT CABLES'HOSFS.ETC
11 VERNIEW MOD, CABLING
SURSYSTEM FUNCTIONAL TESTING
1 s.,1 .S/S TEST PROC, SEQ
14 FUNCTIONAL TESTING
11 VERNIER MOD, CABLING
SUBSYSTEM/0SE DISCONNECTION
1 6.1 A/B §/S=USE E/DSCN
13 CISCCNNECT CABLESJETC.
11 VERNIEK MOD, CABLING
SUBSYSTEM PREPARATICN
1 2,1 ~ANEUVER
1 IVOVE ASSEMBLY vaAMUALLY
17 COATFOL ELECTRONICS
10 FLACE N HANDLING CONTAN

S/S

S/S

S/S

S/S

S/S

S/S

S/S

S/S

S/S

S/S

S/S

S/A

17 CONTROL ELECTRONICS S/A

2 2.2 TRANSPCRI
11 vOVE IhlfANDLING CONTANR

17 CONTROL ELECTRONICS S/A

19 FEVOVE FFM HNDLNG CONTAR

17 CONTROL ELECTRONICS S/A

3 2.3 _INSPECTIVN
8 VISUAL nhSPECTION

17 COATROL ELECTRONICS S/A

1 WQVE ASSEMBLY MANUALLY

17 COnTROL ELECTRONICS $

& 2.4 S/A FUNCI, TEST
12 CONNECT CABLES+HOSESHETC

17 COATROL ELECTRONICS S

14 FUNCTIONAL TESTING

17 CONTROL ELECTRONICS S/A

13 CISCCNAECT CABLES,ETC,

17 COATROL ELECTRONICS S/A

1 MOVE ASSEMOLY MAMUALLY

17 CONTROL ELECTRONICS S/A

& 2.5 €/A aJRN IN TEST

12 CONNECT® CABLES+HOSES.ETC

17 CONTROL ELECTRONICS S/A
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