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Abstract
An HP9845T calculator/controller was used as part of an HP3052A Data
Acquisition System to collect data during the Tuff Water Migration/
Heater experiment.

The 3052 system was used to log data during the actual thermal experi-
ment, the pretest background, and cool-down periods. The system was
also used for various gas pressurization, water level calibration, and
rockmass permeability tests. After each test the HP9845 was used to
reduce the data and furnish data listings and graphs as required by the
experimenters. Variops software programs are listed and explained as an
aid in the understanding of the test data and the capabilities of the
HP3052A system.
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In Situ Tuff Water Migration/
Heater Experiment: The Data

Acquisition and Playback System

Introduction
During FY 1980 an in situ water migration/heater

experiment was carried out in the Grouse Canyon
Welded Tuff formation in the Area 12 sector of the
Nevada Test Site.' The experiment was conducted in
the G-Tunnel complex. It was part of the field pro-
gram of Geological Projects Division 4537 at Sandia
National Laboratories, Albuquerque (SNLA) and the
Nevada Nuclear Waste Storage Investigations
(NNWSI) project of the Nevada Operations Office of
the Department of Energy. The details of these ex-
periments and the reduced data are in Reference 2.

The major field activity of this particular project
was the water migration/heater experiment, in which

thermal, thermomechanical, and water effects were
studied. The experiment hole layout is shown in Fig-
ure 1.

The heater hole labeled HH-1 had a 4-ft-long
heater, 4 in. in diameter. The heater was inserted to a
depth of 59.5 to 63.5 ft from an alcove. Packers at
about 54.5 and 56 ft sealed the heated section of the
hole and facilitated the measurement of pressures,
relative humidity, pH, and fluid levels during the test.
Type E thermocouples were used to monitor heater
and cavity temperatures.

The holes labeled WM-1, WM-2, and WM-3 con-
tained instruments to record temperature, pressure,

TH-2
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HEAITER I*)LE HH- I
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-- 1.0
LH--1

Figure 1. Water Migration Field Experiment. Hole array layout at hole collar (dimensions in feet)
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relative humidity, pH, and fluid level at locations
nominally 15 and 24 in. from the heater centerline at a
depth about equal to the heater midplane at 61.5 ft.

Three strain-gauged platten type "stress" gauges
were fielded in SH-1 at about the heater midplane,
approximately 32 in. from the heater centerline. A
stabilized LASER interferometer was fielded in LH-1
to measure rock displacements.

Type E thermocouples were fielded at various
locations in holes TH-1 and TH-2 to obtain thermal
profiles. TH-1 was about 25 in. and TH-2 about 15 in.
from the centerline of HH-1.

A list of the data channels monitored during the
field experiment is given in Table 1. One hundred and
twenty separate channels were monitored.

The HP3052A Data Acquisition System (DAS),
with an HP9845T calculator/controller, was used to
collect baseline data for several weeks before turning
on the heater. The DAS was used also to log data
during the heating and cool-down phases of the test.

During and after the in situ field test, the DAS
was used for instrument calibration. The DAS was
also used to log data during in situ fluid permeability
tests and used to reduce and print/plot all the data
accumulated during the field and calibration tests.

Software for the DAS was written, tested, and
used for the data acquisition and control of the water
migration field experiment.

Data Acquisition System
Hardware

The basic hardware included in the DAS is shown
in Figure 2. Details of the system are discussed in a
separate report.3 The HP9845T constitutes the most
important unit of the system. The 9845 uses the
interrupt capability of a real-time clock (Part No.
HP98035A) to pace the data collection function. Scan
rates are programmable from the 9845 keyboard. The
instrument output data were also accumulated in the
9845 where conversions were made to account for
instrument offset and sensitivity, and appropriate
engineering units were applied. Current instrument
status, real-time, safety warnings, and data storage
information were continuously displayed on the inter-
nal cathode ray tube (CRT). The internal line printer
was used to obtain a hard copy of the displayed data.
Data of this type are shown in Table 2.

.

HP96035R RERL
TIME CLOCK

I.
HP9885r1 MASTER
HP96655 SLRVIE
FLExIBLE DrSI.!:

fl P RI 'ESHPSG4ST

CONTROLLER

A

RNRLOG TRRNSDUCER
- INPUTS

Figure 2. Block-Diagram of the Tuff Water Migration Field Experiment for DAS
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Table 1. Tuff Channel ID Listing, Revision D
(Last Update and Date of Current Printing 3/28/80)

Ch No. ID Gag* Type Location

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
61
52
63
54
55
56
57
68

RF-1
T-1
T-2
T-3
T-4
T-5
T-6
T-7
T-8
T-9
T-10
T-11
T-12
T-13
T-14
T-15
T-16
T-17
T;18
Cal V
RF-2
T-19
T-20
T-21
T-22
T-23
T-24
T-25
T-26
T-27
T-28
T-29
T-30
T-31
T-32
T-33
T-34
T-35
T-36
Cal V
Ref-2
T-37
T-38
T-39
T-40
T-41
T-42
T-43
T-44
T-45
T-46
T-47
T-48
T-49
T-50
T-51
T-52
T-63
T-54

Reference Junc
Type E TC 10 TCM
Type E TC 11
Type E TC 12
Type E TC 13
Type E TC 14
Type E TC 15
Type E TC 16
Type E TC 6
Type E TC 3 TCM
Type E TC 9
Type E TC 5
Type E TC 2 TCM
Type E TC 8
Type E TC 4
Type E TC 1 TCM
Type E TC 7
Type E TC 22
Type E TC
Analogic
Reference Junc
Type E TC 19
Type E TC 25
Type E TC 21
Type E TC 18 TCM
Type E TC 24
Type E TC 20
Type E TC 17
Type E TC 23
Type E TC 1
Type E TC 2
Type E TC 3
Type E TC 4
Type E TC 1
Type E TC 2
Type E TC 3
Type E TC 4
Type E TC 1
Type E TC
Analogic
Reference Junc
Type E TC 2
Type E TC 3
Type TC 4
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC

Card 1
Heater Element E-1
Heater Element E-2
Insul Section Hi
Insul Section Lo
Junction Section
Heater Instr Air
Heater Instr H20
Near Heater End 2
Near Heater End 6
Near Heater End 10
Heater Midplane 2
Heater Midplane 6
Heater Midplane 10
Far Heater End 2
Far Heater End 6
Far Heater End 10
Near Heater Rock 12
Bkgd Standard-Ice
Card 1 Calibration
Card 2
Near Heater Rock 4
Near Heater Rock 8
Mid-Heater Rock 12
Mid-Heater Rock 4
Mid-Heater Rock 8
Far Heater Rock 12
Far Heater Rock 4
Far Heater Rock 8
WM-1 Water 62.0 ft
WM-1 Air 62.17 ft
WM-1 Left 62.3 ft
WM-1 Right 62.3 ft
WM-2 Water 61.5 ft
WM-2 Air 61.67 ft
WM-2 Left 61.8 ft
WM-2 Right 61.8 ft
WM-3 Water 61.08 ft
Bkgd Standard-Ice
Card 2 Calibration
Card 3
WM-3 Air 61.25 ft
WM-3 Left 61.38 ft
WM-3 Right 61.38 ft
TH-1 53.5 ft
TH-1 56.5 ft
TH-1 59.5 ft
TH-1 60.5 ft
TH-1 61.5 ft
TH-1 62.5 ft
TH-1 63.5 ft
TH-1 64.5 ft
TH-1 69.5 ft
TH-2 56.5 ft
TH-2 58.5 ft
TH-2 60 ft
TH-2 60.5 ft
TH-2 61 ft
Bkgr Standard-Ice

Units

Ohms
0C
*C
*C
*C
*C
*C
DC

*CDc

DC
°C

Dc

DC

Dc

Dc

DC
Dc

Volts
Ohms
DC
*C
*C
*C
*C
*C

*CDC
Dc

Dc

Dc

Dc

Dc

*C
Dc
*C
Dc

Volta
Ohms
*C
*C
°C

DC

*C
*C.
*C
DC

Dc

QC
DC
*C
QC
*C
*C
Dc
*C
*C

Calibration

SNLA
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
SNLA
SNLA
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
SNLA
SNLA
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
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Table 1 (cont)

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

Cal V
RF-4
T-55
T-56
T-57
T-58 -

T-59
T-60
T-61
T-62
T-63
T-64
T-65
T-66
T-67
T-68
T-69
T-70
T-71
T-72
Cal V
PR-I
PR-2
PR-3
PR-4
PR-5
PR-6
PR-7
PR-8
PR-9
S-1
S-2
S-3
LAS-2
PH-i
PH-2
PH-3
PH-4
RH-2
RH-I
Cal V
RH-4
RH-3
V-1
A-I
P-1
V-2
A-2
P-2
WAT-i
WAT-2
WAT-3
WAT-4
LAS-1
Cal V
TH-I
TH-2
TH-3
TH-4
P-1D
P-2D
P-3D

Analogic
Reference Junc
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Type E TC
Analogic
Pressure SN 1002
Pressure SN 1025
Pressure SN 1005
Pressure SN 1017
Pressure SN 1004
Pressure SN 1018
Pressure SN 1006
Pressure SN 1023
Pressure SN 1020
Stress SE-28
Stress SE-7
Stress SE-13
Laser Strain
PH Sensor RI 1713
PH Sensor R11714
PH Sensor R11840
PH Sensor R11712
Rel Humid SN 501
ReL Humid SN 502
Analogic
Rel Humid SN 503
Rel Humid SN 504
Element Voltage
Element Current
Heater Power
Element Voltage
Element Current
Heater Power
Water Level
Water Level
Water Level
Water Level
Laser Strain
Analogic
Thermistor
Thermistor
Thermistor
Thermistor
Heater Power
Heater Power
Heater Power

Card 3 Calibration
Card 4
TH-2 61.5 ft
TH-2 62 ft
TH-2 62.5 ft
TH-2 63 ft
TH-2 63.5 ft
TH-2 64.5 ft
TH-2 65.5 ft
TH-2 67.5 ft
Stress 62.3 ft
Stress 62.3 ft
LH-I 29.8 ft
LH-2 28.7 ft
Instr Alcove
Laser 28.7 ft
Alcove Rock Wall
Instr Rack
Laser Alcove
Bkgd Standard-Ice
Card 4 Calibration
Heater Hole
Heater Hole
Hole WM-1
Hole WM-1
Hole WM-2
Hole WM-2
Hole WM-3
Hole WM-3
Alcove
SH-1 0° 62.75 ft
SH-1 0o 62.29 ft
SH-1 900 61.5 ft
LH-I
Heater Hole
Alcove
WM-2
WM-3A
WM-1
Heater Hole
Card 5 Calibration
WM-3A
WM-2
Heater Hole
Heater Hole
Heater Hole
Heater Hole
Heater Hole
Heater Hole
Heater Hole
WM-I
WM-2
WM-3
LH-I
Card 6 Calibration
TC-I 58.5 ft
TC-1 67.5 ft
TC-2 59.5 ft
TC-2 69.5 ft
Heater Hole
Heater Hole
Total Power

Volta
Ohms
0C
°C
°C
0C
°C
0C
°C
0C
aC
°C

°C

°C

°C

°C

DC

°C

°C

°C

Volts
psi

psi
psi

psi

psi

psi

psi

psi
psi

mV
mV
mV

Micron
PH
PH
PH
PH
%RH
%RH
Volts
%RH
%RH
Volts
Amps
Watts
Volts
Amps
Watts
Volts
Volts
Volts
Volts
Micron
Micron
°C
°C
°C

°C

Watts (BCD)
Watts (BCD)
Watts (BCD)

SNLA
SNLA
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
NBS
SNLA
SNLA
0.0427 V/psi
0.0480 V/psi
0.0430 V/psi
0.0482 V/psi
0.0433 V/psi
0.0481 V/psi
0.0430 V/psi
0.0490 V/psi
0.0476 V/psi
SNLA
SNLA
SNLA
10 V/4096 ct
SNLA
SNLA
SNLA
SNLA
TH Sci
TH Sci
SNLA
TH Sci
TH Sci
SNLA
SNLA
SNLA
SNLA
SNLA
SNLA
SNLA
SNLA
SNLA
SNLA
20 V/4096 ct
SNLA
SNLA
SNLA
SNLA
SNLA
SNLA
SNLA
SNLA



Table 2. Real-Time Scan Data for all Channels Listed In Table 1 for Scan
1315 Hours on April 3

DATE AND TIME 04:03:13:15:00

CHANNEL 01 02 03 04 05 06 07 08 09. 1 0

000
Ole
020
030
040
050
060
070
080
890
100
ili

430.12 441.89
300.99
181.90
53.23
76. 13
42.64
86.53
43.49

-. 68
.01
.I

300.95
175.84
56.39
76.68
23. 15
82. 58
34.69
-1.62

271.58
8.07

147.23
298.95
235.70
70.22
72.27
36.96
78. 15
22.96
-2. 14
6.52
7.22

54.30 48.13- 36.72 33.41 264,64 25e.00 262.69
278.93
225.28
72.77
24.68
60.82
73.55
30.07

-. 12
7.07

383.15

272. 14
222.69
72. 63
35.21
83.56
68.91
22.59
5.78
6.53

53.23

282.10 183.91
194.75 187.92
72.68 74.33
56.21 60.31
87.89 87.32
52.03 44.15
25.71 34.19
-1.96 -2.32

9. 57-117.48
7.21 379.32

-. 02
195.95

.03
60.70

.38
29.43

.22
-. 18

87.49
.52

107.27
54. 73

106. 68
52.62

106.39
47.31

106.00
.01

10.00
.39

29. 50
55.97
29.18
45.75
28.73
47.22

-. 29
.02

-. e1
.48

.56 258.28 163.62 71.40 24.01 48.35 30.10 383.00 379.00 762.00

After each scan the data was stored on prime and
backup flexible disks. After 20 scans the data was
stored also on cassette tape.

The major portion of the data was collected with
HP3495A scanners. Analog voltage or resistance sig-
nals were wired to the scanner plug-in boards. Upon
command from the 9845, scanner relays were closed
sequentially to allow a reading by the system digital
multimeter (Model No. HP3455A). Two scanners
were used to provide analog data input and relay
closures for pressure safety, power outage, and heater
overtemperature diagnostics. Binary coded decimal
(BCD) input interfaces were used to record digital
heater power data from the Magtrol power meters.

Heater Test Control/Data
Acquisition Software

The software program, TUFFF, used to control
the scan rates and accumulate data during the heater
operation is listed in Appendix A. In the event that
power is lost to the HP9845T during unattended
operation, an auto-start program, AUTSTE (Appen-
dix B), could be 'booted up" automatically upon re-
turn to the power-on state. AUTSTE is similar in
most respects to the normal operating program. The
major differences between TUFFF and AUTSTE are
the capability of AUTSTE to set automatically a
predetermined scan rate to begin at the next even
hour or 10-min mark after power is restored. It also
uses different data storage file names, which prevents
overwriting previously stored data. Since TUFFF and

AUTSTE are by and large the same program, only
TUFFF will be discussed in detail.

TUFFF is loaded into the HP9845 read/write
memory by inserting the cassette tape or disk contain-
ing the program into the appropriate mass storage
device and typing GET "TUFFF:T15" EXECUTE, if
it is on cassette tape in the right-hand "T15" drive, or
GET "TUFFF:F8,0" EXECUTE, if it is on flexible
disk in the master disk drive, F8,0 (Model No.
HIP9885M). In these commands and in all others used
in this document, italicized words or commands refer
to the depression of the appropriately labeled key-
board key.

After the program is loaded into the 9845 it is run
by depressing the RUN key.

The first operation after setting aside common
blocks is to initialize the real-time clock and the
instruments on the IEEE interface bus. The initializa-
tion and channel assignments for the various types of
transducers and measurement instruments are done
in subroutine Init.

Instructions to the operator/user are displayed on
the CRT. The first instruction is

PUT INITIALIZED BLANK CASSETFE
(RECORD MODE) IN T14 TAPE DRIVE,
PRESS CONT

This instruction requests that cassette tape be insert-
ed into the auxiliary tape drive for the recording of
data. After the CONT key is depressed, a data file
DATA1 is created on the cassette.

The CRT then displays the instruction:
PUT INITIALIZED BLANK FLOPPY INTO
MASTER DRIVE, PRESS CONT

Al



This instruction requests that a flexible disk be placed
in the master disk drive, F8,0. After the CONT key is
depressed, a data file DATA1 is created on the master
disk preparatory to storing data.

A question is then asked as to whether or not an
auxiliary disk drive is being used as a backup storage
device. If the response to this query is YES then the
instruction

INSERT INITIALIZED BLANK FLOPPY
INTO SLAVE DRIVE, PRESS CONT

is displayed. After the depression of the CONT key, a
data file DATA1 is created on the slave disk drive
":F8,1" to be used as backup data storage.

The next operation taking place between program
steps 330 and 380 is to set up Special Function Key
(SFK) interrupts that enable the operator to cause
end-of-the-line branching to particular program seg-
ments by the simple pressing of selected SFKs. This is
done to allow changes to be made to the normal
program operation.

SFK#0 causes branching to the KEY#0 PRO-
CESSOR subprogram, allowing the operator to
change the scan rate at which the real-time clock
causes data to be input to the 9845. Input is accom-
plished by sequentially scanning through all the data
input channels and taking readings of transducer or
device outputs.

SFK#1 causes branching to the KEY#1 PRO-
CESSOR subprogram, forcing a data scan indepen-
dent of any real-time clock interrupts.

SFK#3 causes branching to the KEY#3 PRO-
CESSOR subprogram, calling subroutine Tplot and
providing a plot on the CRT and internal line printer.
This subroutine plots the thermocouple temperature
data as a function of the thermocouple placement in
the experimental test array. To conserve memory and
allow for more rapid recovery following power outages,
this subprogram and associated plotting subroutines
were not included in the AUTSTE version of this
program.

SFK#5 causes branching to the KEY#5 PRO-
CESSOR subprogram, causing instantaneous display
of the current clock time.

SFK#7 causes branching to the KEY#7 PRO-
CESSOR subprogram, calling subroutine Rplot. This
subroutine plots the temperature along the heater
midplane as a function of radius for the last set of
temperature data acquired. This subprogram and as-
sociated subroutines, like those used with SFK#3,
were not included in the AUTSTE version.

SFK#15 causes branching to the KEY#15 PRO-
CESSOR subprogram, halting the program immedi-
ately. The data files on all storage devices are updated
and then closed.

After the Special Function Keys have been de-
fined subroutine Setclock allows the operator to make
any required corrections to the real-time clock output.
The operator is then requested to enter data pertinent
to the clock interrupts. The first instruction

ENTER THE DESIRED SCAN TIME IN
MINUTES

requires the operator to enter the appropriate scan
interval. When the operator presses CONT, the pro-
gram proceeds. After displaying the entered value for
operator verification, the interval time is converted to
milliseconds, which is the value the real-time clock
actually uses.

The program then requires input regarding the
clock time when the scanning should begin. The
match time for the clock must be entered by using the
format HR:MN:SC, with each variable using two dig-
its, and must be separated from the other variables in
the list by a delimiter other than a comma.

Operation of the program continues automatically
with the 9845 staying in wait loops until interrupted
by the clock for scanning and subsequent data conver-
sion and storage, or by the operator by means of SFKs,
as defined above.

After receiving a real-time clock match to the
specified scan commencement time or subsequent
interval interrupts, the program branches to subrou-
tine Monitor. This subroutine calls subroutine Scan,
which alternately sets up the Digital Multimeter
(DMM) to the proper function and range and calls
subroutine Measure.

The actual scanning, reading, and unit conver-
sions for the inputted data are all accomplished by
subroutine Measure. The converted input data is also
stored as an element in the array Table 2 (Scans, Ch),
according to the scan and channel numbers.

Subroutine Scan also causes data to be input from
the Magtrol power meters by the BCD interfaces.

After the scanning operation is complete, control
returns to subroutine Monitor. At this time the entire
updated arrays, Table$ (Scans) and Table 2
(Scans,Ch), as well as the current scan number are
stored on the flexible disks. The array Table$ (Scans)
contains the real-time of each scan.

The input data for the latest scan, including data
storage file and time information, is then printed on
the internal printer in the format shown in Table 2.

Control then returns to the main calling program
MAIN PROGRAM LOOP and loops between pro-
gram lines 581 and 650 until interrupted again.

At the conclusion of the 20th scan control jumps
to line 1020 in the KEY#15 PROCESSOR. All of the
data arrays are stored on all storage media and the
data files are closed. New data files are created, and if
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the cassette tape is not full, control is returned to
MAIN PROGRAM LOOP.

This program also monitors hole pressures for
safety considerations, prints warning notes, and closes
relays, which switch on warning lights in case pres-
sures above a few psi develop. Additional relays are
closed if heater hole temperatures exceed predeter-
mined limits, and an automatic telephone message
system is activated.

Test Data Printing
Software

The program, PRINTC (Appendix C), was used to
read the data cassettes or diskettes and print data
acquired by the TUFFF and AUTSTE programs. The
type of input medium to be used is specified by
answering the display prompt

IS DATA GOING TO BE READ IN ON
FLOPPY DISK?

The operator types in either YES or NO and presses
the CONT key. If the answer is NO the default right-
hand cassette tape drive is used.

Each recorded data file contains data for 20 scans
for all 120 channels. Data can be chained together and
stored in so-called "Monster" files to permit printing
and subsequent plotting of many scans of a few data
channels. These Monster files can be read by the
PRINTC program by responding to the following
queries displayed on the CRT:

IS DATA ALREADY PRE-RECORDED ON
MONSTER FILE?

and
WHAT IS MONSTER FILE NAME?

If data are not currently in a large file it is possible
to read in data, in groups of 20 scans each, up to a
maximum of 260 scans, the limit set by memory size.
Data can be read in by responding to the following
questions:

WHAT IS FIRST DATA FILE TO BE READ?
DO YOU WANT TO READ IN MORE DATA,
Y OR N?
WHAT IS NEXT DATA FILE TO BE READ?

In addition to listing data on the internal line
printer, it is also possible to list data on an external
line printer by means of an RS-232C interface.

All the data can be printed in columnized form
with high resolution, although only five channels can
be listed at one time. The data for each channel are
printed in a column chronologically with scan times
printed in the first column. Data to four decimal
places are printed for each data channel. In this mode,

individual channels can be selected for printing. Iden-
tification headings must be provided by the operator.

If only one decimal place is desired the data will be
printed 10 channels at a time. Channels are printed
sequentially in groups of 10. Data for each channel are
printed chronologically in a column with the first
column containing scan-time data. The data can also
be printed in tabular form, grouped together accord-
ing to scans, in a format identical to Table 2.

After printing options have been exhausted, the
data in read/write memory can be stored on disk or
tape as a newly created monster file. This is done by
properly answering questions found between program
lines 1980 and 2120 in Appendix C.

Software for Data Time
History Plotting

The program, WATERQ (Appendix D), was de-
veloped to plot transducer and instrument output vs
time for the water migration/heater field experiment.
It is capable of reading disks or tapes produced by
TUFFF and AUTSTE programs. To permit relatively
easy plotting of large amounts of data for each chan-
nel, it was necessary to read in numerous data files,
which were acquired during the field experiment, and
chain them together in chronological order. This
chaining operation required that large files of this
type handle data for a limited number of channels.
Thus the data were chained in groups of 10 channels
each and stored in Monster files that were more
convenient for plotting. The group size was dictated
by the memory capacity of the calculator/controller
and the maximum array size it could access.

The choice of cassette tape or flexible disks as
data input media is determined by the answer to the
question:

IS DATA GOING TO BE READ IN FROM A
FLOPPY DISK? Y OR N

If the answer is NO, the program defaults to cassette
tape. The operator then indicates which is the first
channel of the 10-channel group to be stored and
plotted: for example, Channel 21 would be the first
channel of the group containing data for Channels 21
through 30.

If data for this group of channels have previously
been chained together, this Monster file can now be
read into read/write memory from disk or tape. These
data can then be plotted directly, or, if space is
available in the storage array, additional data can be
added from data tapes or disks. The program tells the
operator how much space is left in the arrays. If
additional data are desired, a catalog of the tape or
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disk is displayed for the operator to view. The opera-
tor then inputs the index number of the lowest num-
bered data file that is to be added to the Monster file
and the number of consecutively numbered files that
are to be loaded. For example, if data files DATA13 to
DATA19 are to be inputted, the operator enters the
value 13 in response to the request

WHAT IS THE FIRST DATA FILE NUMBER
TO BE READ?

The number of consecutive files to be read would be
seven. This number would be entered in response to

HOW MANY CONSECUTIVELY
NUMBERED FILES ARE TO
BE READ IN?

The data files to be entered using this series of com-
mands must be consecutive. If files from another tape/
disk or nonconsecutive files need to be added, they can
be appended after the first set has been read. At this
point the program automatically returns to ask
whether more files are to be added.

After all the desired or allowed data have been
chained together for this particular 10-channel group,
the data can be saved on disk or tape as a new Monster
file for future plotting or printing. A series of instruc-
tions is ouput to the operator for accomplishing this
task.

The actual plotting segment of the program
WATERQ begins in line 1030 at the label Plot. The
machine first requires the particular channel number
to be plotted. The program is capable of putting
different scales on the left- and right-hand sides of the
plot. Thus different functions, such as temperature
and pressure, can be plotted on the same figure for
comparison. A sample of this type of data is shown in
Figure 3. The operator must also specify if he is using
the HP9872A four-pen plotter. If not, the program
defaults to the internal CRT with hard copies being
made on the internal line printer. If an external device
other than the four-pen plotter is desired, the operator
must change program lines 1360 through 1410 to
reflect the different select code and/or instruction set
for setting the plotting limits. The time limits for the
plotting surface X-AXIS are set in response to

WHAT IS THE J-DAY WHEN YOU WANT
THE PLOT TO BEGIN?

and a similar instruction for the time the plot is to
end.

The Julian day of the year for these responses is
necessary. If the beginning or ending time is not to be
at midnight, the exact time of day can be included as a
decimal fraction. Thus the plotting will begin at 6 a.m.
on January first if 1.25 is entered as the J-DAY for the
plot begin.
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Figure 3. Sample of Graphs With Both Left-
and Right-Hand Side Scaling

The software is capable of finding the maximum
value of the data for the selected channel. The next
higher multiple of 10 is then used for the maximum
value of the plotting surface for the left-hand side
scaling factor. If the autoscaling option is not desired,
the operator may specify minimum and maximum
values for the ordinate scale. This might be desirable
if several different plots having different maxima are
to be compared.

In response to the machine command
ENTER LABEL FOR UNITS ON LEFT-SIDE
Y-AXIS

the operator can type in whatever label is appropriate
for the left-hand side ordinate axis. The maximum
character length of the label is 18.

If a different scale factor has been requested for
the right-hand side the commands

ENTER MAXIMUM VALUE DESIRED FOR
RIGHT-SIDE Y-AXIS PLOTTING
ENTER MINIMUM VALUE DESIRED FOR
RIGHT-SIDE Y-AXIS PLOTTING

and
ENTER LABEL FOR UNITS ON
RIGHT-SIDE Y-AXIS

are displayed. As currently written, the software does
not do autoscaling for right-hand side scaling. How-
ever, steps similar to those between lines 1210 and
1250 could be added to provide this feature.
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If the HP9872A four-pen plotter is specified as the
plotting device, the operator is asked to provide the
decimal fraction of the aspect ratio, Xscale/Yscale, to
tell the software what the shape of the paper is.
Typically the ratio will be 0.70 (7 in. wide by 10 in.
high), 1.50 (15 in. wide by 10 in. high), or similar
values for metric ruled paper.

Appropriate axes, tick marks, scales, and labels
are then calculated and plotted by using information
and commands found between lines 1370 and 2820.

Sometimes the operator does not want to wait for
the plotter to plot every data point for a given channel.
The option is available to speed up plotting by choos-
ing every 5th, 10th, or 20th point. This is done by
answering the question

WHICH OPTION DO YOU WANT?
1-EVERY POINT; 2-EVERY FIFTH;
3-EVERY TENTH;
4-EVERY TWENTIETH?

with an input of 1, 2, 3, or 4 depending on the option
desired.

The machine also asks the question
WHICH PEN DO YOU WANT FOR
PLOTTING. 1, 2, 3, or 4?

Any pen color currently mounted on the 9872 four-pen
plotter can be accessed depending on the position of
its mounting stall. The choice of pen is immaterial if
the internal CRT and line printer are used.

Between lines 3010 and 3260, the time values for
the data are determined and the data for the specified
channel are plotted.

A third-order spline fit curve is available for theo-
retical (or other operator entered) data. The operator
must specify the number of data points which will be
entered for fitting and the time and value for each
data point. It is possible for the machine to separate
the theoretical fitted curve into two segments in case a
sharp break occurs in the slope of the data, as was the
case in the field experiment at the time the heater
power was turned off.

After the data have been plotted, additional oper-
ator controlled labeling can be done with the interac-
tive keyboard. Writing can be done anywhere on the
plotting surface. Examples of additional labeling are
curve identifications, figure captions, dates, and ex-
planations.

The operator lettering mode is entered when the
flashing cursor appears in the lower left-hand corner
of the CRT. The cursor or the pen on the 9872 plotter
can be moved to any desired location using the four
arrows found on the upper center section of the
HP9845 operator console. When the cursor or pen is

located at the start (left side) of the desired writing
area, the operator keyboard can then be used as a
typewriter. Lettering is slower, especially for the 9872
pen, than normal printing so lettering must be entered
rather slowly. Between lines, characters, or labels the
cursor (pen) can be moved to other locations by press-
ing the arrow keys on the keyboard.

When labeling is completed the operator can leave
the lettering mode by pressing the CONT key.

If the CRT in used as the plotting device addi-
tions, corrections, or changes can be made. To do this
the operator responds with a YES to the question

DO YOU WANT TO ERASE OR CHANGE
ANYTHING, Y OR N?

The erasure mode is then entered and letters can be
erased by moving the cursor over the incorrect symbol
and retyping the incorrect letter over the original
mistake.

After all erasures are completed CONTis pressed
to reenter the lettering mode. The operator then
moves the cursor to the correct position and types in
the correct lettering or additions desired. The opera-
tor again leaves the lettering mode by pressing
CONT.

More curves from the same 10-channel group can
be plotted on the same figure, and one or more curves
can be plotted against the right-hand scale if pre-
scribed.

After all plotting from the original 10-channel
group of data has been finished for the figure, other
time data for the same 10 channels or other groups of
data can be read in from tape or disk and added to the
plot. If more data are desired, the program essentially
starts over in requesting data files to be read in for
inclusion on the plot.

After the new data have been plotted and labeled,
a hard copy of data on the CRT is produced on the
internal line printer. Additional copies can also be
made. Other independent plots with other scale fac-
tors can be made for the same or other channels from
the data currently in memory. To do this a positive
reply must be made to the prompt

DO YOU WANT OTHER PLOTS FROM
THIS DATA?

after which the program returns to the label Plot and
new scale factors and channel information are re-
quested for the additional plots. Otherwise, the opera-
tor is asked whether or not he wants to read in more
data for other plots. If he does, the program returns to
request more files to be read from tape or disk. If not,
the program terminates.
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Isotherms and
Temperature vs Radius
Plotting

In addition to time history plots obtained through
the program WATERQ, discussed in the previous
section, isotherms and temperature vs radius plots for
a given time can be obtained by using the program
PLOTE (Appendix E). An example of the tempera-
ture vs radius plot is found in Figure 4, and a sample of
the isotherm capability is seen in Figure 5.

Data can be entered from tapes or disks in the
same manner as with WATERQ. However, in PLOTE
the data for the entire 120 channels are chained
together. This is done to allow any thermocouple
channels to be plotted. Since each curve is a composite
of data taken during one specific scan or time, only
selected times or scans and not all consecutive scans
and files need to be entered.

The type of curve which is to be plotted is deter-
mined by the operator response to the command

THE FOLLOWING OPTIONS ARE
AVAILABLE FOR PLOTTING:

OPTION 1: TEMPERATURE AS
FUNCTION OF RADIUS FOR
SEVERAL TIMES.
OPTION 2: ISOTHERMS FOR A
GIVEN TIME.

PICK YOUR OPTION BY PRESSING 1 OR 2
THEN CONT
The operator must also specify whether the

HP9872A four-pen plotter is being used. The program
then branches depending on the plotting option
picked.

Thermal Profiles
The operator requests the number of radii he

wants included for temperature vs radius profiles. The
radii should correspond to actual radii from the heater
hole centerline where thermocouples at the heater
midplane are available.

The command
ENTER NUMBER OF TEMPERATURE
SCANS (DIFFERENT TIMES) FOR
PLOTTING

requests the number of different temperature vs radi-
us curves desired on the same plot. Each such curve is
for the same radii but for different times. Choosing
appropriate times provides a look at the change of the
thermal profile as a function of time.

The radius in meters to each hole or thermocouple
of interest must be- entered along with the channel
number from Table 1 for the thermocouple used at
that location.

I
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Figure 4. Temperature vs Radius for Heater-Midplane
Thermocouples During the In Situ Tuff Water Migration/
Heater Experiment
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Figure 5. Sample Isotherm Plots for the In Situ Tuff Water
Migration/Heater Experiment
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The scan number for each curve is entered for the
number of curves requested earlier. The scan number
is the index for the appropriate scan as found in the
chained together file in memory, and not particularly
the scan number assigned during data acquisition.

The operator must respond to
DO YOU WANT AUTO SCALING OF
Y-AXIS?

Autoscaling is done between lines 690 and 750 in a
manner identical to scaling in WATERQ. If autoscal-
ing is not desired, the operator is requested to supply
the maximum value for the Y-AXIS (temperature)
scale.

Program lines 780 to 1230 calculate and draw
axes, labels, and scales prior to data plotting. Before
data are plotted, the question of which pen of the four
colors (mounting stall positions) in the 9872 plotter is
asked. If the 9872 plotter is not in use the reply has no
effect. The actual data points are plotted according to
commands between lines 1280 and 1410.

Following data plotting the program asks
DO YOU HAVE THEORETICAL PROFILE
TO PLOT, Y OR N?

If the operator wishes, he can enter predicted tem-
peratures for the thermocouple locations used in the
plot. A cubic spline fit to these points is made and the
resulting curve drawn.

At this point a flashing cursor appears in the lower
left-hand corner of the CRT. The operator can move

the cursor and provide additional lettering in a
manner identical to that described for the program
WATERQ.

Additional copies can also be made on the internal
line printer for plots generated on the CRT. After the
required copies have been made, the program returns
to line 490 to ask if more plots are to be made.

Isotherm Plotting
If the operator had chosen to plot isotherms in-

stead of thermal profile plots, the program would have
jumped to the label Isotherm at location 1760. The
operator would then select a particular scan number
as indexed in the chained data array in the computer
memory. The chained data array selects a particular
time for which isotherms are to be plotted. Lines I800
to 2080 initialize variables pertaining to the thermo-
couple placement in the Water Migration experiment.
The heater hole and the thermocouple holes TH-1 and
TH-2 are used in this consideration. Hole radii and
thermocouple depths and channel numbers are estab-
lished. All this is done automatically and without
operator input.

The prompt
DO YOU WANT THE TEMPERATURES
PRINTED ON THE PLOT, Y OR N?

allows the operator to determine whether or not actual
recorded temperatures (0C) are to be printed on the
plot at the appropriate thermocouple locations; other-
wise only tick marks will indicate actual thermocouple
locations.

The operator is then asked whether or not the
isotherms are to be drawn. This choice allows only the
thermocouple locations and actual thermocouple data
to be indicated if desired.

If isotherm drawing is wanted, a least-squares
fitting routine is entered that obtains fit parameters
for interpolation among data as a function of radius
for three depths corresponding to heater midplane,
heater shallow end, and heater deep end. This is
necessary in case isotherm temperatures higher than
any measured temperatures in either TH-1 or TH-2
are requested.

Unless the operator wants to enter his own tem-
peratures for isotherms, the program will default to
five curves at 60°, 70°, 80°, 900, and 100°. Operator-
requested isotherms must be greater than 180 to 200
since these are ambient conditons. However, it is
suggested that values above 25' to 30' be used to
avoid poor interpolations and fitting caused by small
fluctuations in ambient readings. If the operator
wants to enter his own isotherm temperatures, he is
requested to do so, beginning at the smallest value
(lowest selected temperature) and continuing by in-
creasing values to the highest temperature. The tem-
perature values are then printed on the plot, and after
required fitting routines have been used the isotherms
are plotted.

After the isotherms have been drawn, additional
copies of CRT plots can be made. The program re-
turns to line 490 and asks whether additional plots
from the data currently in memory are desired. If no
further plots from the data are wanted, the operator is
asked whether or not more data should be entered
from tape or disk to be plotted. If so, the program
returns to line 120 to start over for new data. If no
more data or plots are desired, the program termi-
nates.

Flow Permeability Test
Data Analysis

A shortened version of the TUFFF program,
called PERMB, was used to acquire data during in
situ fluid flow tests. These tests were conducted in
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holes in the heater array after all instrumentation had
been removed. There posttest data were compared
with pretest data taken before the 3052A DAS was
available for field experiments. PERMB is the same as
TUFFF, except that it is shortened to accomodate
only those transducer inputs necessary for the fluid
flow tests. It will, therefore, not be discussed in detail.

To shorten TUFFF and to make it run faster so
that the scan rate could be increased, subroutines
Scan and Measure were shortened by eliminating all
unnecessary references to DVMs and Scanners. Pro-
gram segments dealing with unused transducers were
deleted. Subroutines supplying thermocouple conver-
sions and all plot routines were also deleted. Scan
intervals of 5 s were used for most of the permeability
tests. However, scan intervals of less than 1 s were
possible. The scan interval for the field experiment
with all 120 channels was 5 min.

The scanning capability was changed from 20
scans of 120 channels each to 1000 scans of 5 channels
each. Only fluid pressures and flow rates were moni-
tored and stored as a function of time.

The fluid flow data can be plotted by using a
program called PERMP which is very similar to the
larger program WATERQ. However, since fluid flow
data were stored in files of 1000 scans each, no Mon-
ster file chaining capability was provided. In most
cases 1000 scans are enough to handle all of the data
from a particular injection and shut-in pressure test.
Thus all the data for a particular injection pressure/
flow and subsequent shut-in pressure test were al-
ready contained in one file and could be easily plotted.

PERMP accomodates autoscaling, left- and right-
hand scaling and labeling, plot speed variation, opera-
tor lettering, theoretical curve, and multiple copy
options as found in WATERQ.

The fluid flow data analysis is enhanced by the
capability of producing semilog plots of pressure vs log
time or inverse flow vs log time. This capability pro-
vides useful plots for graphic analysis necessary in
some formalisms to determine permeabilities.

Pressure vs log time plots were made by using the
program SEMLGC (Appendix F). Inverse flow vs time
was plotted by using a companion program 1/FLOW,
which because of its similarity with SEMLGC, will not
be discussed separately.

SEMLGC reads in data in a manner identical to
PERMP. However, no autoscaling option is provided.
A choice of the number of cycles for semilog plotting is
required:

HOW MANY CYCLES IS LOG PLOT?
The minimum and maximum pressures for the Y-
AXIS bounds are also required. Once the beginning
and final scan numbers have been entered, the pro-

gram plots pressures vs log time with the time refer-
enced to the beginning scan specified earlier. A graph
of such data using SEMLGC is given in Figure 6.
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Additional Software
Other programs almost identical to PERMB and

PERMP were used for posstest pressure and water
level calibration tests both in situ and in the laborato-
ry. Plotting routines for these tests and other trans-
ducer calibration data were also written in support of
the Water Migration Test.

Conclusions
The HP3052A Data Acquisition System was suc-

cessfully programmed and configured to control heat-
er experiment functions, accumulate and store data,
print and plot data as a function of time, pace other
calibration and in situ experiments, and provide a
variety of plot types.

The smart controller capability provided the op-
erators of the in situ experiments with the flexibility
to change scan rates; monitor safety related functions;
convert analog signals to digitized data in engineering
units; and monitor through displays, printed lists, and
plots the course of the experiment. Rapid turn-around
data plotting and analysis were available because of
data format and medium compatabilities and the
interactive nature of the calculator operating system.
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The HP9845T and associated software and hard-
ware thus fulfilled the design requirements for the
Water Migration Experiment. Copies of the programs
described in this report and other programs used in
support of this activity are available from the authors
on request.
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APPENDIX A

TUFFF Program

10 REM ***** TUFF PROGRAM TO RECIEVE/STORE AND PLOT DATA 2/25/80 ****
20 REM ***** REVISION F ********
30 REM *********** INITIALIZATION
40 OPTION BASE 1
50 COM TablrS(20),Radius(3),SHORT Table2(20,120),A$,C$,E$,G$,BlS,TimeS,INTEG
ER Scans I
60 COM 'INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,TfC,T?2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,W1,W2,Vl,V2,AlR2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
70 COM Data(120),Ref,Zero
80 COM TbeginSE83,Int$,Bumps,D(10)
90 COM Holes,Humber(3),Temp(3,13)
100 COM Depth(3,13),M,Mod(3),Domain(20),Func(20),Ch(3)
118 CALL Init(*l,Scanl)
120 ON ERROR CALL Eproc
130 CALL Comments
140 PRINT "PUT INITIALIZED BLANK CASSETTE(RECORD MODE> IN T14 TAPE DRIVE, P
RESS CONTINUE"
150 PAUSE
160 C$-"DATAL :T14"
170 Scans-l
180 CREATE C$,1,16000
190 PRINT CS
200 PRINT "INSERT INITIALIZED BLANK FLOPPY INTO MASTER DRIVE, PRESS CONTINU
E"
210 PAUSE
220 E$-"DRTAI :F8,0"
230 CREATE ES,1,10000
240 PRINT ES
250 INPUT "ARE YOU USING SLAVE FLOPPY FOR BACKUP FILES, Y OR N",B1$
260 IF UPC$(BI$E1,13>"'N" THEN 320
276 PRINT "INSERT INITIALIZED BLANK FLOPPY INTO SLAVE DRIVE, PRESS CONTINUE

286 PAUSE
290 G$-"DRTAI :F8,1"
300 CREATE GS,1,18888
316 PRINT G$
320 REM ---KEY DEFINITIONS
330 ON KEY #e GOSUB 660 I CHANGE SCAN RATE
340 ON KEY 61 GOSUB 850 1 FORCE A SCAN
350 ON KEY 63 GOSUB 880 I PLOT LOCATION DATA
368 ON KEY 65 GOSUB 92e I DISPLAY TIME
376 ON KEY 67 GOSUB 98e I PLOT RADIUS DATA
388 ON KEY 615 GOTO 1000 ! STOP RUN
390 CALL Setclock I THIS IS WHERE I UPDATE OR SET THE CLOCK TIME ********
400 INPUT "ENTER THE DESIRED SCAN TIME IN MINUTES",Time
418 PRINT "SCAN TIME a ";Time;" MINUTES"
420 Int$wVALS(60000*Time)
438 INPUT "ENTER THE DESIRED START TIME TO BEGIN SCANNING, HR:MIN:SEC",Tbegin
$
440 PRINT "SCAN BEGIN -";TbeginS
450 Beepw8
460 Bumps6e
470 CALL Match
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480 CALL Realtime
496 IF Beep>0 THEN 450
560 ON INT #Tmr GOTO Begin
510 IF Bumps>e THEN Begin
520 CONTROL MASK Tmr;192
530 CARD ENABLE Tmr
540 GOTO 480
550 Begin: CALL Timer
560 U1-O1
570 CALL Monitor
580 REM ------------ MAIN PROGRAM LOOP -------------
581 ON INT #Tmr CALL Monitor
582 CONTROL MASK Tmr;192
583 CARD ENABLE Tmr
590 CALL Realtime
600 IF Beep>6 THEN 450
630 IF Scans>20 THEN 1020
656 GOTO 596
666 REM… --------------- KEY#O PROCESSOR
676 BEEP
680 OFF INT #Tmr
690 OUTPUT Tmr;"A"
700 .PRINT "CURRENT SCAN RATE ";Int$;" MILLISECONDS"
710 INPUT "DO YOU WANT TO CHANGE SCAN RATE, Y OR N?",A3$
720 IF UPC$(A3$t1,13)<>"Y" THEN Return
730 INPUT "ENTER THE NEW SCAN INTERVAL (IN MINUTES)",Time
740 PRINT "NEW SCAN INTERVAL =";Time;" MINUTES"
750 Int$VAL$C<66*Time*1600)
760 BeepsBeep+1
770 INPUT "WHEN SHOULD NEW SCAN RATE BEGIN (HR:MIN:SEC)",Tbegin$
780 PRINT "NEW SCAN WILL BEGIN AT ";TbeginS
790 Return: INPUT "DO YOU WISH TO CHANGE YOUR MIND (Y OR N)",A3S
866 IF UPCS(A35t1,13)n"Y" THEN 730
816 Start: Ul-Ol
820 CONTROL MRSK Tmr;192
830 CARD ENABLE Tmr
840 RETURN
850 REM ------------ KEY #1 PROCESSOR
860 CALL Monitor
876 RETURN
886 REM ---------- KEY#3 PROCESSOR ******* PLOT LOCATION DATA *****

890 CALL Tplot
900 RETURN
910 REM ---------- KEY #5 PROCESSOR ****** TO DISPLAY TIME *******
920 OUTPUT Tmr;"R"
930 ENTER Tmr USING "T";Tyme$
940 DISP "CURRENT TIME IS ";Tyme$
950 WAIT 800
960 RETURN
970 REM ----------- KEY #7 PROCESSOR ****** PLOT RADIUS DATA ********

980 CALL Rplot
990 RETURN
1000 REM --------- KEY#15 PROCESSOR
1616 Dump-1
1020 IF Scans>20 THEN Scansi20
1030 OFF INT #Tmr
1040 ASSIGN #1 TO CS
1060 BEEP
1060 PRINT #1;Table$<*),Table2(*),Scans
1070 PRINT #1;END
1080 ASSIGN #1 TO *
1690 PRINTER IS 0
1100 PRINT "DUMPED DRTA ON :T14"
1110 ASSIGN #2 TO ES
1120 PRINT #2;.TableSC*),Tabie2(*),Scans
1130 PRINT #2;END
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1140 ASSIGN *2 TO *
1150 IF UPC$(BlSCl,IJ)="N" THEN 1200
1160 ASSIGN *3 TO GS
1170 PRINT #3;Table$(*),Table2(*),Scans
1180 PRINT *3;END
1190 ASSIGN *3 TO *
1200 IF Dump-l THEN 1420
1210 Scans-i
1220 IF VAL(CSE5,63)>=20 THEN 1390
1230 C$E5,6-VAL$C(VAL(CSC5,6J)+l)
1240 CREATE C$,1,10000
1250 PRINTER IS 0
1266 PRINT CS
1270 E$C5,63-VALS(VAL(E$C5,63)+1)
1280 CREATE ES,1,16000
1296 PRINT ES
1366 IF UPCS(B1S[l,13)="N" THEN 1340
1316 GSC5,63-VALS(VAL(G$E5,63)+1)
1320 CREATE GS,1,10000
1330 PRINT GS
1340 PRINTER IS 16
1350 ON INT *Tmr CALL Monitor
1360 CONTROL MASK Tmr;192
1370 CARD ENABLE Tmr
1380 GOTO 586
1390 PRINT "I AM AT THE END OF THE TAPE AND FLOPPY, PUT IN NEW ONES AND
PRESS CONTINUE"
1400 PRUSE
1410 GOTO 140
1420 PRINT "I AM ENDING THE PROGRAM NOW i!!i"
1430 END
1440 REM *************************************************** Monitor ******
1450 SUB Monitor
1460 OPTION BASE 1
1470 COM TableS(20),Radius(3),SHORT Table2(26,126),AS,C$,E$,G$,Bl$,TimeS,INTEG
ER Scans
1480 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,TfI,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,Wl,W2,V1,V2,Al,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
1490 COM Data(120),Ref,Zero
1500 COM TbeginSCSJ,IntS,Bumps,D(16)
1516 BumpswBumps+1
1526 CALL Scan(Fstore)
1536 ASSIGN @2 TO ES
1546 PRINT *2;Table$C*),Table2(*),Scans
1550 IF UPCS(BlSCl,I3)m"N" THEN 1580
1560 ASSIGN *3 TO GS
1570 PRINT *3;TableS(*),Table2(*),Scans
1580 PRINTER IS 16
1596 ON Scans GOTO 1600,1640,1640,1600,1640,1646,1600,1640,1640,1600,1640,1640
,1600,1640,1646,1600,1640,1640,1600,1646
1666 PRINTER IS e
1616 I IF Scans-l THEN PRINT PAGE
1626 I IF Scans-10 THEN PRINT PAGE
1630 I IF Scans-I9 THEN PRINT PAGE
1640 PRINT LINC4)
1650 PRINT TimeS;' Scans -";Scans;" Reference Junction - ";Zero;" Deg C",
"File Name is ";ES
1666 PRINT LIN1)
1670 PRINT USING M 6X,10(5X,ZZ)";1,2,3,4,5,6,7,8,9,16
1686 FIXED 2
1690 FOR w1 TO 115 STEP 10
1700 D(l)-Table2CScans,I)
1710 IF (D(1)>999) OR (D(1)<-999) THEN D(1>=999
1720 D(2)intable2(Scans,I+)
1730 IF (D(2)>999) OR (D(2)<-999) THEN D(2)-999
1740 D(3)-Table2(Scans,I+2)
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1750 IF (D(3)>999) OR (D(3)<-999) THEN D(3)=999
1760 D(4)=Table2(Scans,I+3)
1770 IF (D(4)>999) OR (DC4)<-999) THEN D(4)=999
1780 D(5)-Table2(Scans,I+4)
1790 IF (D(5)>999) OR (D(5)<-999) THEN D(5)=999
1800 D(6)-Table2(Scans,I+5)
1810 IF (D(6)>999) OR (D(6)<-999) THEN D'6)=999
1820 D(7)=Table2(Scans,I+6)
1830 IF (D(7)>999) OR (D(7)<-999) THEN D(7)=999
1840 D(8)-Table2(Scans,I+7)
1850 IF (D(8)>999) OR (D(S)<-999) THEN D(S)=999
1860 D(9)-Table2(Scans,I+8)
1870 IF (D(9)>999) OR (D(9)<-999) THEN D(9)=999
1880 D(10)-Table2(Scans,I+9)
1890 IF (D(10)>999) OR (D(10)<-999) THEN D(10)=999
1900 PRINT USING "3X,ZZZ,2X,10(MDDD.DD)";I-1,n<,D(2,D( 3),D(4),D(5>,D(6),D(
7),D(8),D(9),D(10)
1910 NEXT I
1920 PRINTER IS 0
1921 IF Data(108)>.71 THEN Pwr=l
1930 IF Pur-l THEN CALL Chan(121)
1940 IF Data(108)>.71 THEN PRINT LIN(2),"WATER SAMPLE BEGUN AT ";Times;" WRT
ER SENSOR AT ";Data(108);" VOLTS"
1941 IF Data(108)<.6 THEN CALL Chan 128)
1942 IF (Data(108)<.6) AND <Pwr=l) THEN PRINT LIN(1),"WATER SAMPLING ENDED AT
";Time$;' WATER SENSOR AT ";Data(108);' VOLTS"
1943 IF Data(108)<.6 THEN Pwr=O
1950 IF (Data(83)>100) OR (Data(Sl)>100) THEN CALL Chan(122)
1960 IF (Data(83)>100) OR (Data(8l>>100) THEN WAIT 1000
1970 IF (Data(11)>330) AND (Data(13)>330) THEN CALL Chan(123)
1980 IF (Data(11)>330) AND (Data(13)>330) THEN WAIT 5000
1990 IF (Data(11l)>400) AND (Data(13)>400) THEN CALL Chan(124)
2000 IF (Data(11)>400) AND (Data(13)>400) THEN WAIT 5000
2001 PRINTER IS 16
2002 CONTROL MASK Tmr;192
2010 Scans-Scans+l
2011 CARD ENABLE Tmr
2020 SUBEND
2030 REM ************************************************************ Eproc **
2040 SUB Eproc
2050 OPTION BASE 1
2060 PRINTER IS 16
2070 PRINT ERRM$
2080 SUBEND
2090 REM **************************************************** Realtime ****
2100 SUB Realtime
2110 OPTION BASE 1
2120 COM Table$(20),Radius(3),SHORT Table2(20,120),AS,C$,E$,G$,Bl1,Time$,INTEG
ER Scans
2130 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tf41,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,W1,W2,VI,V2, A,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
2140 OUTPUT Tmr;"R"
2150 ENTER Tmr USING "T`;Tyme$
2160 Time*$Tyme$
2170 DISP TimeS
2180 CARD ENABLE Tmr
2198 SUBEND
2200 REM ************************************************************* Scan **
2210 SUB Scan(Fstore)
2220 OPTION BASE 1
2230 COM Table$(20),Radius(3),SHORT Table2(20,120),A$,C$,E$,G$,B1$,Time$,INTEG
ER Scans
2240 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,W1,W2,V1,V2,A1,A2,Thl,Th2,Watl,Wat2,Lail,Las2,Las3,Las4
2250 COM Data(120),Retf
2260 CALL Realtime
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2270 Table$(Scans)cTimeS
2280 CALL Dum(1,7,0,0,1)
2290 CALL Measure(Tcl,Tc2,1)
23e8 CALL MeasureCTfi,Tf2,2)
2310 CALL Dvm(1,7,0,e,1)
2328 CALL Measure(Prl,Pr2,3)
2330 CALL Measure(Sml,Sm2,4)
2348 CALL Dvm(5,7,8,0,1)
2350 CALL Measure(Thl,Th2,5)
2360 CALL Dvm(1,7,e,e,l)
2370 CALL MeasureCPhl,Ph2,6)
2388 CALL DvmCt,?,e,e,1)

! THERMOCOUPLE VOLTAGE

I VOLTAGE

! 4-WIRE OHMS

! VOLTAGE

2395 CALL McasureCRhl,Rh2,7)
248e RESET 4
2410 ENTER 4;P$,QS
242e DataC118)-VALCP$C7,123)
2430 RESET 3
244e ENTER 3;P*,Qt
2450 Data(119)VALCP$C7,123)
2460 Tabfe2CScans,118)-Dfta(118)
2470 PRINT "DATA CH U 118 IS ";Data(118)
2480 Tabl.2CScans,1t9)CDatall9)
2490 PRINT "DATA CH * 119 IS ";Data(119)
2508 Data(12e)DataClS8)+DataCll9)
2516 Table2(Scans,126)wData(126)
2528 PRINT "DATA CH 4 12e IS ";DataC12e)
2530 CALL Dvm(1,7,0,0,1)
2548 CALL Measure(VI,W2,8)
2550 CALL Dvm(1,7,0,0,1)
2568 CALL Measure(Watl,Wat2,9)
2570 CALL DvmCl,7,0,0,1)
2588 CALL Measure(LaslLas2,18)
2590 CALL Measure(Las3,Las4,11)
2608 SUBEND
2610 REM ********************************************************* Measure **
2620 SUR Measure(INTEGER First,Last,Funct)
2630 OPTION BASE I
2648 COM TableS(28),Radius(3),SHORT Table2C28,120),A$,C$,ES,G$,BlS,Time$,INTEG
ER Scans
2650 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,J1,W2,VI,V2,Rl,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
2660 COt1 DataC128),Ref,Zero
2670 IF Lastme THEN SUBEXIT
2688 FOR Channel-First TO Last
2690 ChuChannel
2708 IF Channel-B THEN Go on !--IF REF.CH. THEN SKIP
2710 IF Channeli2S THEN Go on
2720 IF Channel-46 THEN Go-on
2730 IF Channel-ES THEN Go on
2740 Offset-Channel DIV SB I--FIND IF 2ND SCANNER
2750 CALL Chan(Channel)
2760 ReadinguFNRdvm I--STORE DATA TEMPORARILY
2770 ON Funct GOSUB Tc,Tc,Pr,Sm,Th,Ph,Rh,Pwr,Wat,Las,Xtra ICONVERSION
2780 RESET Scn+Offset !--RESET SCANNER, 1ST OR 2ND
2790 PRINT TDATR CH * ";Ch;" IS ";Data(Ch)
288e Table2(Scans,Ch)-DataCCh)
2810 NEXT Channel
2828 SUBEXIT
2830 Skip: Data(Channel)--8E6e I--UNUSED CHANNEL
2840 Table2(Scans,Channel)-Data(Channel)
2850 GOTO 2818
2860 Go on: IF ChanneltO THEN Card1l
2870 IF Channel-20 THEN Card=2
2880 IF Channelm4O THEN Card-3
2890 IF Chanptel`60 THEN Card=4
2980 CALL Reference(Junc,Card)
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2916 Ref-Junc
2920 IF Channelf0 THEN 2950
2930 Data(Ch)-Ref
2946 GOTO 2786
2958 Zero=Ref
2960 RESET Scn+Offset
2970 PRINT "REFERENCE JUNCTION IS ";Zero
2980 GOTO 2810
2990 REM ------------- Conversions
3000 Tc: Xtime-Ch DIV 20*20
3010 Data(Ch)-FNTemp(Ch,ReadingRef,Tc2)
3020 RETURN
3030 Ph: Data(Ch)=(Reading+.00706)*1000
3040 RETURN
3056 Rh: Data(Ch)=Reading*100
3660 RETURN
3670 Pr: Press-Ch-79 ! DETERMINE WHICH PRESSURE GAUGE IS USED
3680 ON Press GOTO 3090,3120,3150,3160,3210,3240,3270,3300,3330
3696 Data(Ch)=(Reading-. 703)'.0427
3166 IF Dkta(Ch)>15 THEN 3350
3116 RETURN
3120 Data(Ch)-(Reading-.025)/.048
3136 IF Data(Ch)>15 THEN 3350
3146 RETURN
3150 Data(Ch)-(Reading-.630)/'043
3160 IF Data(Ch)>15 THEN 3350
3176 RETURN
3186 Data(Ch)=(Reading+.048)'.0482
3190 IF Data(Ch)>15 THEN 3350
3268 RETURN
3218 Data(Ch)-(Reading-.678)/.0433
3228 IF Data(Ch)>15 THEN 3350
3236 RETURN
3248 Data(Ch)-(Reading+.066)/.0481
3256 IF Data(Ch)>15 THEN 3350
3266 RETURN
3270 Data(Ch)s(Reading-.636)/.043
3280 IF Data(Ch)>15 THEN 3350
3290 RETURN
3300 Data(Ch)-(Reading+.617)'.049
3316 IF Data(Ch)>15 THEN 3356
3320 RETURN
3330 Data(Ch)-(Reading-.005)'.0476
3340 RETURN
3350 FOR 1-1 TO 16
3360 BEEP
3370 WRIT 700
3380 NEXT I
3390 PRINTER IS 16
3400 PRINT "**************************************
3416 PRINT "***** PRESSURE AT DANGER LEVEL *****"
3428 PRINT "**************************************
3436 PRINTER IS 6
3446 PRINT LIN(3),"******** NOTE: POSSIBLE DANGEROUS PRESSURES *****",L
IN(1)
3456 PRINTER IS 16
3468 RETURN
3478 Sm: Data(Ch)=Reading
3480 RETURN
3490 Wat: Data(Ch)=Reading
3500 RETURN
3510 Las: ! MUST DEFINE CONVERSION FOR LASER STRRINMETER
3520 Data(Ch)-(Reading+10)*4096*.6328/160 !(VOLTS)*(CTS/20VOLTS)*(MIC
RON'WRVE)/((20)*(SCTS/WAVE))
3536 RETURN
3546 Th: Num=3976.74*298 ! Num=BETA*T0
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3550 Den-298*LOG(Reading'4978.52)+3976.74 I DeniT8*LOG(R/R0)+BETA
3560 Data(Ch)-Numr/Dn-273 I TCC3-TLK3-273
3570 RETURN
3588 Pwr I Factor NEEDS TO BE DEFINED FOR EACH READING TYPE
3590 IF Channel-VI THEN Data(Ch)wReading*29.8
3683 IF Channel-V2 THEN Data(Ch)sReading*30
3610 IF Channel-Al THEN Data(Ch)wReading*l.99
3620 IF ChannelA2 THEN Data<Ch)sReading*2
3638 IF Channel-Wi THEN Data(Ch)-Reading*310
3640 IF ChanneliW2 THEN Data(Ch)iReading*301
3650 RETURN
3660 Xtra: I NEW LASER FRINGE COUNTER INSTALLED 2'13/80
3670 Data(Ch)=(Reading+5)*4096*.632/8e8 !(VOLTS)*(CTSI18VOLTS)*(MICRON/WAVE),
(e10*(8CTS/WAVE))
3680 RETURN
3690 SUBEND
3788 REM **u****o***e*o***o*****oo*ooeooo***o**o**o*oone****e*e*o Init **
371e SUB Init(*i,Scanl)
3720 OPTION BASE 1
3730 COM Tablet(20),Radius(3),SHORT Table2(28,i28),A$,C$,E$,G$,Bl$,Tim,$,INTEG
ER Scans
3740 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,Wi,W2,Vl,V2,Al,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
3750 COM Data(120),Ref,Zero
3760 COM Tbegln$C8S,IntS
3778 Tbegint&'12:00800"
3780 PRINT "INITIALIZATION"
3790 READ Tmr,Scn,Scnl,Dvm,Bus !--SET UP ADDRESSES
3808 DATA 5,709,710,722,7
3818 ABORTIO Bus I--RESET DEVICES ON BUS
3820 REMOTE Bus I--BUS IN REMOTE MODE
3830 RESET Bus I--RESET BUS
3840 LOCAL LOCKOUT 7
3858 READ 10 Tmr,5;Sig !--IF CLOCK IS PRESENT, THEN START
3868 IF BINAND(Sig,48)=32 THEN OUTPUT Tmr USING "A";"B"
3870 Mistake9e
3880 OUTPUT Tmr;"Ul-Oi"
3898 READ Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,Prl,Pr2,Sml,5m2,Watl,Wat2,Lasl,Las2,
WI,W2,Vi,V2,Al,A2,Thl,Th2,Las3,Las4,Time
3900 DATA 0,79,e,0,93,96,97,101,80,8,,89,91,108,111,112,113,104,187,102,105,1e
3,106,114,117,92,92,308000
3910 Int$-VRL$(Tlme)
3920 PRINT "PROGRAM RUNNING"
3938 SUBEND
3940 REM ************************************************* ******a Dvm *
3950 SUB Dum(Function,Range,Highres,Data rqs,Rutocal)
3960 OPTION BASE I
3978 COM TablS(20),Radius(3),SHORT Table2(20,120),A$,C$,E$,G$,Bl$,Time$,INTEG
ER Scans
3980 COM INTEGER TmrScn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phi,Ph2,Rhl,Rh2,P
rl,Pr2,SmI,5m2,W1,W2,VI,V2,Rl, A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
3990 Errorw((Functlon<i) OR (Functlon>6))+2*((Range<i) OR (Range>7))
4888 IF Error THEN CALL ProblemC"Dvm",Error)
4010 RESET Dvm
4020 OUTPUT Dum USING Fmt;Function,Range,High_res,Data rqs,Ruto cal
*4030 Fmt: IMAGE F",D,"R",DND,"D",D,"T3","AD
4848 SUBEND
4050' REM *********************************************************** Chan **
4068 SUB Chan(Channel)
4078 OPTION BASE I
4098 COM Table$(20),Radius(3),SHORT Table2(20,12),AR$,C$,E$,GSBl$,Time$,INTEG
ER Scans
4090 COM INTEGER Tmr,ScnDvmBus,Pwr,Mistake,Tcl, Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,Wl,W2,Vl,V2,Al,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
4100 Offset=RBS(Channel) DIV 80
4110 Error-<Scn MOD 100+Offset>30)+2*(Channel>239)
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4120 IF Error THEN CALL Problem("Chan",Error)
4130 IF Channel>=) THEN OUTPUT Scn+Offset USING "ZZ`;INT(Channel-80*Offset)
4140 SUBEND
4150 REM ********************************************************** Problem **
4160 SUB Problem(WhereS,Error)
4170 PRINTER IS 8
4180 PRINT LIN(1);"ERROR TYPE ";Error;"IN ";Where$;" SUBROUTINE";LIN(l);ERRMS
4190 PRINTER IS 16
4280 SUBEND
4210 REM ************************************************************ Timer **
4220 SUB Timer
4230 OPTION BASE 1
4240 COM Table$(20),Radius(3),SHORT Table2(20,120),A$,C$,E$,G$,Bl$,Time$,INTEG
ER Scans
4250 COM INTEGER Tmr,Scn,Dvm,Bus!Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,5ml,5m2,W1,W2,Vi,V2,Rl,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
4260 COM Data(120),Ref,Zero
4270 COM TbeginSC8,IntS
4280 OUTPUT Tmr;"A"
4290 Ul-01
4300 OUTPUT Tmr;"B U1P",Int$
4318 OUTPUT Tmr;"UIG"
4320 SUBEND
4330 REM ************************************************************* Rdvm **
4340 DEF FNRdvm
4350 OPTION EASE 1
4368 COn TableSC28),Radius(3),SHORT Table2(20,120),R$,C$,E$,G$,BlS,Time$,INTEG
ER Scans
4370 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,TflI,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,W1,W2,V1,V2,AI,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
4380 TRIGGER Dvm
4398 ENTER Dvm USING "F";Reading
4480 RETURN Reading
4410 FNEND
4420 REM *********************************************************** Refjct **
4430 DEF FNRefjct(Resistance)
4440 PRINT Resistance
4450 RETURN 5041.6'(LOG(Resistance)+7.15>-314.052 !YSI THERMISTOR
4460 FNEND
4478 REM ************************************************************* Temp **
4480 DEF FNTemp(Channel,Voltage,Junct,INTEGER Ti)
4498 DIM Junct(3),Coeff(9)
4500 IF Voltage>.028863 THEN A
4510 Junct(l)S5.8637565EI
4528 Junct(2)-4.670025E-2
4538 Junct(3)-1. 4438022E-5
4540 Coeff(li)1 7022525E-2 NBS MONOGRAM 125 QUADRATIC FIT 0-440 DEG
4550 Coeff(2)--2.2097240E-7
4560 Coeff(3)-5.4809314E-12
4570 Coeff(4)s-5.7669892E-17
4580 TempuFNPolyl(Coeff(*),FNPoIy2<Junct<*),Junct)+Voltage*lE6)
4590 GOTO Retn
4600 A: Junct(l)=5.8637565Ei
4610 Junct(2)=4.670025E-2
4620 Junct(3)-1. 4438022E-5
4630 Coeff(1)sI.6410783E-2 ! NBS MONOGRAM 125 QUADRATIC FIT 0-1000 DEG
4640 Coeff(2)=-1.3560189E-7
4650 Coeff(3)-1.8600342E-12
4660 Coeff(4)s-8.5537337E-18
4670 TempxFNPolyl(Coeff(*),FNPoly2(Junct(*),Junct)+Voltage*iE6)
4680 Retn: RETURN Temp
4690 REM ************************************************************ Polyl **
4708 DEF FNPolyl(Co(*),Val)s(<(Co(4)*Val+Co<3))*Val+Co(2))*Val+Co(1))*Val
4710 REM ************************************************************ Poly2 **
4720 DEF FNPoly2<Co(*),Value)=((Co(3)*Value+Co(2))*Value+Co(l))*Value
4730 REM ****i**************************************************** Comments **
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4740 SUB Comments
4750 PRINTER IS 8
4760 PRINT LIN(5)
4770 PRINT " THIS IS A PROGRAM TO RECORD, MANIPULATE, AND STORE DATA TAKEN
FOR TUFF HERTER EXPERIMENT.";LIN(1)

4780 PRINT " CERTAIN PROCEDURES MUST BE FOLLOWED TO CHANGE ANY OF THESE ASSIGN
MENTS.";LIN<l)
4790 PRINT " THE FOLLOWING IS A LIST OF THE FIRST'LAST CHANNEL ASSIGNMENTS
AND THEIR"

4800 PRINT "CORRESPONDING VARIABLE NAMES.";LIN(1)
4810 DIM G$E553
4820 DATR FIRST CHANNEL OF TYPE E THERMOCOUPLE,0,LAST CHANNEL OF TYPE E THERMO
COUPLE,79
4830 DATA FIRST CHANNEL OF SECOND SET TYPE E THERMOCOUPLE,0,LAST CHANNEL OF TY
PE T THERMOCOUPLE,8
4948 DATA FIRST CHANNEL OF PH GAUGE,93,LAST CHANNEL OF PH GRUGE,96
4850 DATA FIRST CHANNEL OF REL HUMID GAUGE,97,LAST CHANNEL OF REL HUMID GAUGE,
161
4860 DATA FIRST CHANNEL OF PRESSURE GAUGE,80,LRST CHANNEL OF PRESSURE GAUdE,8S
4878 DATA FIRST CHANNEL OF STRESS METER GAUGE,89,LAST CHANNEL OF STRESS METER
GAUGE,91
4888 DATA FIRST CHANNEL OF WATER LEVEL GAUGE,108,LRST CHANNEL OF WATER LEVEL G
AUGE,l1l
4890 DATA CHANNEL FOR FIRST LASER STRAINMETER READOUT,92,CHANNEL FOR SECOND LA
SER STRAINMETER-READOUT,112
4900 DATA CHANNEL OF WATTAGE READING-Wl,104,CHANNEL OF VOLTAGE READING-V1,102,
CHANNEL OF AMPERAGE READING-RI,103
4910 DATA CHANNEL OF WATTAGE READING-W2,107,CHANNEL OF VOLTAGE READING-V2,105,
CHANNEL OF AMPERAGE RERDING-R2,106
4920 DATR FIRST CHANNEL OF THERMISTOR GAGE *1,114,LAST CHANNEL OF THERMISTOR G
AGE #2,117
4930 FIXED 0
4940 FOR I-1 TO 22
4950 READ GS
4960 READ Datum
4970 PRINT TAB(10);GS;TA3(65);Datum
4980 NEXT I
4998 PRINT LIN<2);"TO CHANGE ANY OF THE SCAN TIMES, DEPRESS S.F.KEY 8.";LIN(C)
5800 PRINT "TO FORCE A SCAN, DEPRESS S.F.KEY 1";LIN(l)
5018 PRINT "TO USE THE TEMP PLOTTING ROUTINE, DEPRESS S.F.KEY 3.";LIN(1)
5820 PRINT "TO DISPLAY THE TIME, DEPRESS S.F.KEY 5.";LIN(1)
5030 PRINT "TO USE THE TEMP VS RADIUS PLOT ROUTINE, DEPRESS S.F.KEY 7.";LIN<1)
5040 PRINT "TO STOP THE PROGRAM, DEPRESS S.F.KEY 15."
5050 PRINTER IS 16
506e SUBEND
5070 REM **********************4************************ Setclock ********
5088 SUB Setclock
5890 OPTION BASE 1
5180 COM Table$(20),Radius(3),SHORT Table2(20,120),R$,C$,E$,GS,B1$,Tim,$,INTEG
ER Scans
5110 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistak.,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,W1,W2,Vl,V2,Al,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
5128 OUTPUT Tmr;"R"
5138 ENTER Tmr USING "T";Time.
5140 PRINT "CURRENT TIME IS ";Time$
5150 INPUT "DO YOU WANT TO RESET THE CLOCK, Y OR N?",Rs%
5168 IF UPC$(Rs$Cl,1D)<>"Y" THEN SUBEXIT
5170 UlOl
5180 OUTPUT Tmr;"*A
5190 INPUT "WHAT IS CURRENT TIME MO:DR:HR:MN:SC",RS
52e8 OUTPUT Tmr;"S",RS
5210 OUTPUT Tar; "UlG"
5220 SUBEND
5230 REM ****n..*s*.*****s***s********** Reference *****se
5240 SUB Refer.ence(Ref,Card)
5250 OPTION BASE 1
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5260 COM Table$<20),Radius(3),SHORT Table2(20,120),A$,CS,E$,G$,B1$,Time$,INTEG
ER Scans
5279 COM INTEGER Tmr,Scn, Dvm,Bus,PwrsMistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,W1,W2,Vi,V2,Rl,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
528a CALL Dvm(5,4,1,0,1)
5290 IF Card>i THEN 5320
5308 CALL Chan(S)
5310 GOTO 5390
5320 IF Card>2 THEN 5350
5330 CALL Chan(20)
5340 GOTO 5390
5350 IF Card>3 THEN 5380
5360 CALL Chan(40)
5378 GOTO 5390
5380 CALL Chan(60)
5390 Ref=FNRefjct(FNRdvm)
5400 CALL Dvm(1,1,0,0,1)
5410 SUBEND
5420 REM ********************************************** Tplot ********
5430 SUB Tplot
5440 OPTION BASE 1
5450 COM TableS(20),Radius(3),SHORT Table2(20,120),AS,C$,E$,G$,Bl,Time$,INTEGER
Scans

5460 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,PrI
,Pr2,Sml,Sm2,Wl-,W2,V1,V2,A1,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
5470 COM Data(120),Ref,Zero
5480 COM Tbegin$E8B,Int$,Bumps,D(10)
5490 COM Holes,Number(3),Temp(3,13)
5580 COM Depth(3,13),M
5510 Holes=3
5520 Number(l)5
5530 Number(2)u13
5540 Number(3)=9
5550 Radius(1)=.8635
5560 Radius(2)>.406 ! WHATEVER RADIUS TO FIRST HOLE IS ********************
5578 Radius(3)-.610 ! WHATEVER RADIUS TO SECOND HOLE IS *****************
5580 DATA 17.07,1S.29,18.75,19.2,21.18
5590 DATA 6,17,23,26,52
5600 DATA 17.22,17.83,18.29,18.44,18.59,18.75,18.90,19.05,19.2,19.35,19.66,19.96
,20.57
5610 DATA 53,54,55,56,57,61,62,63,64,65,66,67,68
5620 DATA 16.31,17.22,18.14,18.44,18.75,19.05,19.35,19.66,21.18
5630 DATA 44,45,46,47,48,49,50,51,52
5648 FOR I-1 TO Holes
5650 FOR Ju1 TO Number(I)
5660 READ Depth(I,J)
5670 NEXT J
5680 FOR J=1 TO Number(l)
5690 READ K
5700 Temp(I,J)Table2(Scans-1,K)
5710 NEXT J
5720 NEXT I
5730 FIXED 2
5740 Maxim: PLOTTER IS 13,"GRAPHICS"
5750 GRAPHICS
5760 PRINTER IS 0
5770 PRINT PAGE,LIN(S)
5780 Nocap: LOCATE 25,115,18,99
5790 SCALE 0,1.2,16,22
5800 AXES .2,1,0,16,5,5,3
5810 AXES .2,1,-1,22,5,5,3
5820 AXES .2,1,1.2,12,5,5,3
5830 CSIZE 2.5
5848 LORG 5
5580 MOVE .03,18.75
5860 LDIR PIx2
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5870
5880
5890
5900
5916
5920
5930
5940
5950
596e
5970
5980
5998
6000

6e2e

6e4e
6050
6060
sa7e
628e
6ese
6100
6110
6120
6130
6140
6150
616e
6170
6180
6190

638

LABEL USING "K6 ;'6HEATER"
LDIR 0
MOVE 0,18.18
PLOT .651,18.18,-i
PLOT .051,19.35
PLOT 0,19.35
CSIZE 3
LORG 8
FOR V-16 TO 22
MOVE e,V
LABEL USING "M2DX";V
NEXT V
MOVE -.1,19
CSIZE 4
LORG S
LDIR PI'2
LABEL USING "KM;"DEPTH(M)"
LDIR 8
LORG 6.
CSIZE 3
FOR H=.2 TO I STEP .2
MOVE H,15.9
LABEL USING "MD.D";H

NEXT H
CSIZE 4
MOVE .6,15.65
LABEL USING "K";M RADIUS(M)`
LORG 3
CSIZE 3
MOVE .1,15.2
LABEL USING MK";"G-TUNNEL HEATER EXPERIMENT THERMAL DATA
MOVE .15,14.9
LABEL USING "K";"FOR ";Table$(Scans-1);" AND SCAN * ";Scans-I;" IN ";Ctli,6

6206 Cycle:FIXED 6
6216 CSIZE 2.5
6226 FOR K-I TO Holes
6230 LINE TYPE 1
6246 MOVE Radius(K),16
6250 DRAW Radius(K),22
6260 FOR I1 TO Number(K)
6270 MOVE Radius(K),Depth(K,I)
6288 LORG 2
6290 LABEL USING "K,3D.D,K"-"_-;Temp(K,I);" C"
6300 NEXT I
6310 NEXT K
6320 Dump:PRINTER IS 0
6330 DUMP GRAPHICS
6346 EXIT GRAPHICS
6350 PRINTER IS 16
6360 SUBEND
6370 REM ***************************u**************** Match ********
6380 SUB Match
6390 OPTION BASE 1
6400 COM Table$(20),Radius(3),SHORT Table2(2e,126),A$,C$,E$,G$,B1$,Time$,INTEGER
Scans
6410 COM INTEGER Tmr,Scn,DumBus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,Prl
,Pr2,Sml,5m2,Wl,W2,V1,V2,Al,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
6426 COM Data(120),Ref,Zcro
6430 COM Tbegin*C83,IntS
6440 OUTPUT Tmr;"A"
6450 U1=OI
6468 OUTPUT Tmr;1B UIM",TbeginS
6470 OUTPUT Tmr;'UIG"
6480 SUBEND
6490 REM ********************* ******************* Rplot *******
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6500 SUB Rplot
6510 OPTION BASE I
6520 COM Table$(20),Radius(3),SHORT Table2(20,120),A$,C$,ES,G$,B1S,Time$,INTEGER
Scans

6530 COM INTEGER Tmr,Scn,Dvm,BusPwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,PrI
,Pr2,Sml,Sm2,W1,W2,Vi,V2,Rl,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
6540 COM Data(i20),Ref,Zero
6550 COM TbvginS(83,Int$,Bumps,DC1O>
6560 COM Holes,Number(3),Temp<3,13>
6570 COM Depth(3,13),M,Mod(3),Domain(30),FuncC30),Ch(3)
6590 Holes-3
6590 Narg-30
6600 Radius(l).0635
6610 Radius(2)-.4064
6620 Radius(3)s.6096
6630 Ch(i)s24
6640 Ch(2)-61
6650 Ch(3)i48
6660 Setup:. PLOTTER IS 13,"GRAPHICS"
6670 GRAPHICS
6680 PRINTER IS 0
6690 PRINT PAGE,LIN(5)
6708 LOCATE 25,115,18,99
6710 SCALE 0,1,0,400
6720 AXES .,19,0,8,5,s
6730 AXES 1,10,1,400,5,5
6740 CSIZE 3
6750 LORG 8
6760 FOR V=S0 TO 400 STEP 58
6770 MOVE 0,V
6790 LABEL USING "M3D,X";V
6790 NEXT V
6800 MOVE -.1,200
6910 CSIZE 4
6820 LABEL USING "K`;"T(C)"
6830 LORG 6
6840 CSIZE 3
6850 FOR H=8 TO I STEP .2
6960 MOVE H,-4
6870 LABEL USING "MD.D";H
6880 NEXT H
6890 CSIZE 4
6900 MOVE .5,-15
6910 LABEL USING "K";`RADIUS(M)"
6920 LORG 3
6930 CSIZE 3
6940 MOVE .05,-30
6950 LABEL USING "K";"THERMOCOUPLES T-22; T-55; AND T-44"
6960 MOVE .1,-45
6970 LABEL USING "K";"FOR ";Table$(Scans-I);" AND SCAN ` ";Scans-I;" IN ";C$Ei,
62
6990 LORG 5
6990 N-i
7000 FOR 1=1 TO Holes
7018 CSIZE 2
7028 Ch=Ch(I)
7030 Mod(I)Data(Ch)
7040 MOVE Radius(I),Mod(I)
7850 LABEL USING "K";'X"
7060 NEXT I
7070 WRIT 2000
7080 CALL Splinei(Narg)
7090 FOR 1-1 TO Narg
7188 PLOT Domain(I),Func(I)
7110 NEXT I
7128 DUMP GRAPHICS
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7130 EXIT GRAPHICS
7148 PRINTER IS 8
7150 PRINT PAGE,LIN(2)
7169 PRINTER IS 16
7170 SUBEND
7180 REM **********************o**o****o****** Splinel *******
7190 SUB Splinel(Narg)
7200 OPTION BASE I
7218 COM Table$(2e),Radius(3),SHORT Table2(20,120),A$,CS,E$,G$,Bl$,Time$,INTEG
ER Scans
7220 CON INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,WIW2,V1,V2,RA,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
7230 COn Data(128),Ref,Zero
7248 COM Tbegin$C83,IntS,Bumps,D(18)
7250 COM Holes,Number(3),Temp(3,13)
7260 COr Depth(3,13),M,Mod(3),Domain(30),Func(3e),Ch(3)
7278 DIM Deriv(Narg)
7288 FOR I-1 TO Narg
7290 Domain(lI)1*(Radius(Holes)-Radius(l) )'Narg+Radiusel)
7300 NEXT S
7310 PRINTER IS 8
7320 CALL Spline(Holes,Narg,Radius(*),Mod(*),Domain(*),Func(*),Deriv(*),IntlE-
6)
7330 SUBEND
7340 REM ************************************* Splint ********o*oo
7350 SUB Spline(NNarg,X(*),Y(*),Domain(*),Func(*),DerivC*),Int,Eps)
7360 1
7378 1 *I**************************************************************
7388 1 *I* SPLINE FIT FOR FUNCTION VALUESi INTEGRATION AND DIFFERENTIATION.
7390 1 ****************************************************************
7400 I
7410 1
7420 1 *** BAD DATA CHECK.
7438 BaddtaC(N<80) OR (Eps<-8)
7440 IF Baddtaue THEN 7540
7450 I *** PRINT ERROR MESSAGE AND PAUSE.
7468 1 *1* USER KAY CORRECT DATA AND CONTINUE.
7478 PRINT LIN(2),'ERROR IN SUBPROGRAM Spline.'
7488 PRINT Nz";N,"Eps=1;Eps,LIN(2)
7498 PAUSE
7588 GOTO 7430
7516 1
7520 1
7538 l *** BEGIN SUBPROGRAM.
754e OPTION BASE 1
7550 DIM S(N),GCN-1),Work(N-1)
7568 FOR 1=2 TO N-1
7570 XI*XCI)
7580 X1rluX(I-1)
7598 XIpl*X(I+1)
76ee YisY(I)
7610 YimlaY(I-1)
7628 YlpluY(I+1)
7630 XuXI-Ximl
7640 HmXipI-Ximl
7650 Work(I)u.5*X/H
7660 T((Yipl-Yi)/(Xipl-Xi)-(Yi-Yiml)'X)/H
7670 S(I)-2*T
7688 G(I)-3*T
7690 NEXT I
7700 S(1)CS(N)*8
7718 1 *** W IS THE RELAXATION FACTOR FOR SUCCESSIVE OVER-RELAXATION.
7720 N=8-4*SQR(3)
7730 U=8
7740 FOR I12 TO.N-1
7750 T-W*(-S(C)-Work(I)*S(I-1)-( .5-Work(I))*S(1+1)+GCI))
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7760 H=RBS(T)
7770 IF H>U THEN U=H
7760 S(I)sS(I)+T
7790 NEXT I
7800 IF U>uEps THEN 7730
7810 FOR I-i TO N-1
7828 G(I)(5 ( S(+1)-SCI))'(X(I+1)-X(I>)
7830 NEXT I
7940 IF Narg=0 THEN 9160
7850 !
7860 !
7870 ! *** CALCULATE FUNCTION VALUES AND DERIVATIVES.
7880 FOR J-1 TO Narg
7890 Corrector: I-1
7900 T-Domain(J)
7910 IF T>-X(1) THEN 7990
7928 PRINT LIN(2),"ERROR IN SUBPROGRAM Spline."
7930 PRINT "ARGUMENT OUT OF BOUNDS."
7940 PRINT "X(I)=";X(l),"X(N)=";X(N),"Domain(";J;")=";Domain(J),LIN(2)
7950 PAUSE
7960 GOTO 7890
7970 I
7980
7990 I1I+1
8000 IF I>N THEN 7920
9010 IF T>X(I) THEN 7990
8020 I-I-1
9030 H=Domain(J)-X(I)
8048 T=Domain(J)-X(I+l)
98050 X-H*T
9060 s-S(I)+H*G(I)
8370 Z-1/6
9080 UsZ*eS(I)+S(I+1)+S)
8090 W=CY( 1+1)-Y(I))'X( I+1)-X(I))
8100 Func(J)-W*H+Y(I)+X*U
9110 Deriv(J)uW+(H+T)*U+Z*X*G(I)
9120 NEXT J
8130 t
8140 !
8150 ! *** CALCULATE INTEGRAL FROM X(1) TO X(N).
8160 Ints8
8170 FOR I=1 TO N-1
8190 H-X(I+1)-X(I)
8190 Int-Int+.5*H*(Y(I )+Y(I+1))-1/24*H-3*(S(I)+S(I+1))
9200 NEXT I
9210 SUBEND
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APPENDIX B

AUTSTE Program

10 REM **** TUFF AUTOSTART TO RECIEVE/STORE AND PLOT DATA 3'10680 ****
20 REM ***** REVISION E ********
30 REM ********** INITIALIZATION **********
4e OPTION BASE 1
56 COM TableS(20),Radius(3),SHORT Table2C20,120),AS,CS,ES,G$,Bl$,TimeS,INTEG
ER Scans
60 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,'Rh2,P
rl,Pr2,Sml,Sm2,Hi1 W2,Vl,V2,Al,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
70 COM Data(120),Ref,Zero
86 COM Tbegin$1SE,IntS,Eumps,D(10)
90 COM Holes,Number(3),Temp(3,13)
106 COM SHORT Depth(3,13),M
le CALL Intt(61,Scanl)
120 ON ERROR CALL Eproc
130 PRINTER IS 6
146 OUTPUT Tmr;"Rl
156 ENTER Tmr USING 'T';Tyme*
166 PRINT "AUTOSTART PROGRAM OPERATIONAL AT ";Tymes
176 PRINTER IS 16
186 CS-"DATA3I:T15"-
190 Scans-l
206 CREATE CS,1,160e6
216 PRINT CS
22e ES"DATR31:F8,0"
23e CREATE E5j1,19006
240 PRINT ES
250 REM ---KEY DEFINITIONS
266 ON KEY 4e GOSUB 630 I CHANGE SCAN RATE
276 ON KEY 41 GOSUB 826 I FORCE R SCAN
280 ON KEY 45 GOSUB 866 I DISPLAY TIME
290 ON KEY *15 GOTO 910 I STOP RUN
300 Time-10 I 10 MINUTE SCAN RATE USED IN AUTOSTART
31e PRINT "SCAN INTERVAL - ";Time;" MINUTES"
32e IntfSVALC(6e*Time*166e)
336 TbeginStl,83-"e:e6:0098
349 OUTPUT Tmr; R"
350 ENTER Tmr USING "T';TymeS
360 Ten-VAL(TymeSC10,106)
370 IF VAL(TymeSCl,112)>8 THEN TenwTen+l
380 Ten-Ton+l
390 IF Ten>5 THEN Ten-Ten-6
460 TrySCi,i]3VRLS(Ten)
410 TbeginSC4,83uTrySCl,1i&"0:60:6
420 Beep-s
430 Bumpsle
446 CALL Match
450 CALL Realtime
46e IF Beep>0 THEN 428
476 ON INT *Tmr GOTO Begin
-480 IF Bumps>6 THEN Begin
490 CONTROL MASK Tmr;192
500 CARD ENABLE Tmr
519 GOTO 458
526 Begin: CALL Timer
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530 U1-01
540 CALL Monitor
550 REM ---------------- MAIN PROGRAM LOOP -------------
560 CALL Rtaltime
570 IF Becp>0 THEN 420
580 CONTROL MASK Tmr;192
590 CARD ENABLE Tmr
600 IF Scans>20 THEN 930
610 ON INT *Tmr CALL Monitor
620 GOTO 550
630 REM ----------------KEY#0 PROCESSOR
640 DEEP
650 OFF INT 4Tmr
660 OUTPUT Tmr;"A"
670 PRINT "CURRENT SCAN RATE = ";IntS;" MILLISECONDS"
680 INPUT "DO YOU WANT TO CHANGE SCAN RATE, Y OR N?",A3*
690 IF UPCS(A3$51,1J)<>"Y" THEN Return
700 INPUT "ENTER THE NEW SCAN INTERVAL (IN MINUTES)",Time
710 PRIN*T "NEW SCAN INTERVAL =";Time;" MINUTES"
720 IntSVAL$S(60*Time*1000)
730 Beep-BDep+1
740 INPUT "WHEN SHOULD NEW SCAN RATE BEGIN (HR:MIN:SEC)",TbeginS
750 PRINT "NEW SCAN WILL BEGIN AT ";TbeginS
760 Return: INPUT "DO YOU WISH TO CHANGE YOUR MIND (Y OR N)",A3$
770 IF UPC$(A3$E1,13)="Y" THEN 700
780 Start: Ul-O1
790 CONTROL MASK Tmr;192
800 CARD ENABLE Tmr
910 RETURN
820 REM ------------ KEY *1 PROCESSOR
830 CALL Monitor
848 RETURN
850 REM ---------- KEY 45 PROCESSOR ****** TO DISPLAY TIME *******
860 OUTPUT Tmr;"R"
870 ENTER Tmr USING "T";Tymec
88a DISP "CURRENT TIME IS ";TymeS
890 WAIT 800
900 RETURN
910 REM ---------KEY15 PROCESSOR
920 Dump-1
930 IF Scans>20 THEN Scans-20
940 OFF INT *Tmr
950 ASSIGN *1 TO CS
960 PRINT #i;TabiS(*),Table2(*),Scans
970 PRINT 41;END
980 ASSIGN *1 TO *
990 ASSIGN *2 TO ES
1000 PRINT *2;TableS(*),Table2(*),Scans
1010 PRINT 42;END
1020 ASSIGN *2 TO *
1030 IF Dump-I THEN 1210
1040 Scans-1
1050 IF VAL(C$S5,6])>=50 THEN 1180
1060 CSC5,63-VALS(VRL(CSE5,63)+1)
1070 CREATE CS,1,10000
1080 PRI+NTER IS 0
1090 PRINT CS
1100 E$E5,63VALS(VAL(E5E5,6D)+1)
1118 CREATE ES,1,10000
1120 PRINT ES
1130 PRINTER IS 16
1140 ON INT *Tmr CALL Monitor
1150 CONTROL MASK Tmr;192
1160 CARD ENABLE Tmr
1170 GOTO 550'
1180 PRINT "I AM AT THE END OF THE TAPE AND FLOPPY, PUT IN NEW ONES AND
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PRESS CONTINUE"
1196 PAUSE
1200 GOTO 170
1216 PRINT "I AM ENDING THE PROGRAM AT YOUR REQUEST, GOOD-DYE I!!!"
1220 END
1230 REM *********44****************e***t****4*****M*o**** Monitor ******
1246 SUB Monitor
1250 OPTION BASE 1
1269 COM TableS(20),Radius(3),SHORT Table2(20,120),R$,C$,ES,GS,BlS,Time$,INTEG
ER Scans
1270 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,W1,W2,Vl,V2, Al,F2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
1289 COM Data(l20),Ref,Zero
1290 COn Tbegin$SJ8,Int$,lumps,DI10)
1380 Bumps-iumps+l
1310 CALL ScanCFstore)
1326 ASSIGN *2 TO ES
1336 PRINT #2;TableS(*),Tabl2(*),Scans
1346 PRINTER IS 16
1350 ON Scans GOTO 1360,1380,13S0,1360,1380,1380,1360,1380,1380,1360,1380,1380
,1360,1380,1380,1360,1380,1380,1360,1380
1360 PRINTER IS 0
1370 PRINT LINC4)
1389 PRINT Time$;" Scans ul;Scans;" Refetence Junction " ';Zero;" Dog C","Fi
1. Name is M;ES
1390 PRINT LIN(i)
1400 PRINT USING "6X,10(5X,ZZ)";1,2,3,4,5,6,7,S,9,10
1410 FIXED 2
1420 FOR lal TO 115 STEP 10
1430 D(1)uTable2(Scans,I)
1440 IF (D(I)>999) OR (D(I)<-999) THEN D(I)-999
1450 D(2)uTable2(Scans,1+1)
1460 IF (D(2)>999) OR (D(2)<-999) THEN D(2)-999
1470 D(3)iTable2(Scans,1+2)
1480 IF (D(3)>999) OR (D(3)<-999) THEN D(3)-999
1490 D(4)uTable2(Scans,I13)
1566 IF (D(4)>999) OR (D(4)<-999) THEN D<4)u999
1510 D(5)-Table2(Scans,I+4)
1520 IF CDC5)>999) OR (D(5)<-999) THEN D(5)=999
1530 D(6)zTable2(Scans,I+5)
1540 IF (D(6)>999) OR (D(6)<-999) THEN D(6)-999
1550 DT)inTable2(Scans,I+6)
1560 IF (D(?)>999) OR (D(7)<-999) THEN D(7)-999
1570 DCS)-Tablo2CScansI+7)
1580 IF (D(S)>999) OR (D(S)<-999) THEN D(8)s999
1590 D(9)-Table2(Scans,I+8)
1600 IF (D(9)>999) OR (DC9)<-999) THEN DC9)=999
1618 D(10)iTable2(Scansp+9)
1626 IF (D(1C)>999) OR (D(10)<-999) THEN D(IO)=999
1630 PRINT USING '3X,ZZZ,2X,I6(CDDD.DD)H;I-1,D<1),DC2),D(3),D(4),D(5),D(6),Dc
7),D(8),D(9),D(16)
1640 NEXT I
1650 PRINTER IS e
1651 IF Data(10e)>.71 THEN Pwr-l
1660 IF Pwrsl THEN CALL Chan(121)
1670 IF Data(108)>.71 THEN PRINT LIN(2),"WATER SAMPLE BEGUN AT ';TimeS
1671 IF Data(108)<.6 THEN CALL Chan<128)
1672 IF ADtaC168)<.6) AND (Pwr-1) THEN PRINT LIN(C),"WRTER SAMPLE ENDED AT ";
TimeS
1673 IF Data(108)G.6 THEN Pwr-0
1680 IF (Data(83)>100) OR (Data(Cl)>100) THEN CALL ChanC122)
1690 IF CData(83)>100) OR (Data(I8)>100) THEN WAIT 1666
1700 IF (Data(li) AND Data(13))>330 THEN CALL Chan(123)
1710 IF (Data^ll) AND Data(13))>330 THEN WAIT 5666
1720 IF (Dat(l1l) AND Data(13))>400 THEN CALL Chan(124)
1730 IF (Data(li) AND Data(13))>466 THEN WAIT 5060
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1731 PRINTER IS 16
1740 ScanssScans+l
1750 SUBEND
1768 REM ************************************************************ Eproc **
1770 SUB Eproc
1788 OPTION BASE 1
1790 PRINTER IS 16
1800 PRINT ERRMS
1818 SUBEND
1828 REM ************************************************* Realtime ****
1838 SUB Realtime
1848 OPTION BASE 1
1850 COM Table$(20),Radius(3),SHORT Table2(28,128),A$,C$,E$,G$,B1$,Time$,INTEG
ER Scans
1868 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,W1,W2,VY,V2,Rl,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
1870 OUTPUT Tmr;"R"
1880 ENTER Tmr USING "T";TymeS
1890 Timre-Tyme$
1900 DISP Time$
1910 CARD ENABLE Tmr
1920 SUBEND
1930 REM ************************************************************* Scan **
1948 SUB Scan(Fstore)
1958 OPTION BASE 1
1960 COM Table$(20),Radius(3),SHORT Table2C20,120),A$,CS,E$,G$,Bl$,Time$,INTEG
ER Scans
1970 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,W1,W2,V1,V2,Al,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
1980 COM Data(120),Ref
1981 PRINTER IS 16 -
1982 RESET 718
1990 CALL Realtime
2008 TableS(Scans)-Time$
2010 CALL Dvm(1,7,0,0,1) THERMOCOUPLE VOLTAGE
2028 CALL Measure(Tcl,Tc2,1)
2838 CALL Measure(Tfl,Tf2,2)
2040 CALL Dvm(1,7,0,0,1) ! PRESSURE AND STRESS GAUGE VOLTAGE
2058 CALL Measure(Prl,Pr2,3)
2060 CALL Measure(Sml,Sm2,4)
2078 CALL Dvm(S,7,0,0,1) THERMISTOR 4 WIRE OHMS
2088 CALL Measure(Thl,Th2,5)
2090 CALL DvuC1,7,0,0,1) ! Ph GAUGE READING VOLTAGE
2100 CALL Measure(Phl,Ph2,6)
2118 CALL Dvm(1,7,0,8,1) ! R.H. VOLTAGE
2120 CALL Measur.(Rhl,Rh2,7)
2130 RESET 4
2148 ENTER 4;P$,QS
2150 Data(118)oVAL(P$C7,12J)
2160 PRINT "DATA CH # 118 IS ";Data(llS)
2170 Table2(Scans,118)=Data(118)
2188 RESET 3
2190 ENTER 3;P$,QS
2200 Data(119)VAL(P$t7,123)
2210 PRINT "DATA CH 1 119 IS ";Data(lS9)
2220 Tabl,2(Scans,119)-Data(119)
2230 Data(120)sData(118)+Data(119)
2240 Tabl,2(Scans,120)-Data(120)
2258 PRINT "DATA CH # 128 IS ";Data(120)
2268 CALL Dvm(1,7,0,0,1) POWER METER ANALOG OUTPUTS
2270 CALL Measure(Vl,W2,8)
2280 CALL Dvm(1,7,0,0,1) I WATER LEVEL GAUGE VOLTAGE OUTPUT
2290 CALL Measure(Watl,Wat2,9)
2300 CALL Dvm(1,7,0,0,1) ! LASER ANALOG OUTPUT
2318 CALL Measur*(Lasl,Las2,10)
2328 CALL Measure(Las3,Las4,11)
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2330 SUEEND
2340 REM *4************o**************e***s*t******e********** Measure **
235e SUB MeasurecINTEGER First,Last,Funct)
2368 -OPTION BASE 1
2379 CON Table$(20),Radius(3),SHORT Table2(20,120),AS,C$,E$,G$,Bl$,Time$,INTEG
ER Scans
2380 COM INTEGER TmrScn,Dum,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,RhlRh2,P -
rl,Pr2,Sml,Sm2,Wl,W2,Vi,V2,Al,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,L&s4
2390 COn Data(126),Ref,Zero
24e8 IF Last9O THEN SUBEXIT
2410 FOR Channel-First TO Last
2420 Ch-Channel
2430 IF Channel-S THEN Go-on I--IF REF.CH. THEN SKIP
2448 IF Channulw20 THEN Go-on
2456 IF Channelf4e THEN Go-on
2460 IF Channel-6O THEN Go-on
2479 Offset-Channel DIV 80
24860 CALL ChanCChannel)
2490 Reading=FNRdvm I--STORE DATA TEMPORARILY
29ee ON Funct GOSU -TcTcPrSm,Th,Ph,Rh,Pwr,W at,Las,Xtra ICONVERSION
2516 RESET Scn+Offset l--RESET SCANNER
2529 PRINT "DATA CH * ";Ch;" IS ";Data(Ch)
2530 Table2(Scans,Ch)-Data(Ch)
254e NEXT Channel
2550 SUBEXIT
2560 Skip: Data(Channel)-9E60 I--UNUSED CHANNEL
257e Table2(Scans,Channel)aData(Channei)
2580 GOTO 254e
2599 Go on: IF Channeluf THEN Card-l
266e IF Channulf2e THEN Card-2
2610 IF Channeul4G THEN Card-3
2620 IF Channel-6O THEN Card=4
263e CALL Reference(Junc,Card)
2640 RefuJunc
2658 IF Channel-S THEN 268e
2666 Data(Ch)iRef
2670 GOTO 2510
2686 Zero-Ref
269e RESET Scn+Offset
2700 PRINT "REFERENCE JUNCTION IS ";Zero
2710 GOTO 2540
2726 REM ------------- Conversions
2730 Tc: XtimeaCh DIV 20*29 0
2740 Data(Ch)-FNTemp(Ch,Reading,Ref,Tc2)
2750 RETURN
2769 Ph: Data(Ch)C(Readlng+e.0796)*1000
2779 RETURN
2780 Rh: DatacCh)wReading6lee
279e RETURN
2800 Pr: PressuCh-79 I DETERMINE WHICH PRESSURE GAUGE IS USED
2819 ON Press GOTO 2820,2e5e,2880,2910,2940,2970,3800,3e3e,3960
2820 Data(Ch)w(Readlng-.783)/.0427
2830 IF Data(Ch)>1S THEN 3980
2840 RETURN
2858 Data(Ch)=(Reading-.625)/.048
2860 IF Data(Ch)>15 THEN 3089
2870 RETURN
2880 DataCCh)-(Readlng-.639)4.043
2890 IF Data(Ch)>l5 THEN 3980
2900 RETURN
2910 Data(Ch)(Reading+.948).90482
2920 IF Data(Ch)>15 .THEN 3086
2930 RETURN
2940 Data(Ch)=(R*ading-.678)/.0433
2950 IF Data(Ch)>15 THEN 3080
2960 RETURN
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2970 Data(Ch)m(Reading+.066)/.0481
2980 IF Data(Ch)>15 THEN 3080
2990 RETURN
3000 Data(Ch)=(Reading-.636)'.e43
3010 IF Data(Ch)>15 THEN 3080
3020 RETURN
3038 Data(Ch)z(Rtading+.017)'.049
3040 IF Data(Ch)>15 THEN 3080
3080 RETURN
3060 Data(Ch)=(Reading-.005)/.0476
3070 RETURN
3080 FOR I1 TO 10
3090 DEEP
3100 WAIT 708
3110 NEXT I
3120 PRINTER IS 16
3130 PRINT *****************************************'
3140 PRINT '****** PRESSURE AT DANGER LEVEL ********
3150 PRIlT ******************************************
3160 PRINTER IS 8
3170 PRINT LIN(3),"******** NOTE: POSSIBLE DANGEROUS PRESSURES ! !
LIN(1)
3180 PRINTER IS 16
3190 RETURN
3200 Sm: DataCCh)sReading
3210 RETURN
3220 Wat: Data(Ch)sReading
3230 RETURN
3240 Las: I MUST DEFINE CONVERSION FOR LASER STRRINMETER
3250 Data(Ch)s(Reading+10)*4096*.6328/168 !(VOLTS)*(CTS/20VOLTS)*>MICRON/WAVE)
/((20)*(8 CTS'WAVE))
3260 RETURN
3270 Th: Numu3976.74*298
3280 Dons299*LOG(Reading/4978.52)+3976.74
3298 Data(Ch)Num'Den-273
3300 RETURN
3310 Pwr: I READ POWER METER
3320 IF Channel=Vl THEN Data(Ch)=Reading*29.8
3330 IF ChannelsV2 THEN Data(Ch)=Reading*30
3348 IF Channels* l THEN Data(Ch)=Reading*1.99
3350 IF Channel-A2 THEN Data(Ch)=Reading*2
3360 IF ChannolsWl THEN Data(Ch)sReading*310
3370 IF Channel-W2 THEN Data(Ch)=Reading*301
3380 RETURN
3390 Xtra: I NEW LASER FRINGE COUNTER INSTALLED 2'13'80
3400 Data(Ch)a(Reading+5)*4096*.6328/80 !(VOLTS)*(CTS/18VOLTS)*(MICRON/WAVE)/
(10*(8CTS/WAVE))
3410 RETURN
3420 SUBEND
3430 REM *********************************************************** Init **
3440 SUB Init(*1,Scanl)
3450 OPTION BASE 1
3460 COM TableS(20),Radius(3),SHORT Table2(20,120),A$,C$,E$,G$,Bl$,Time$,INTEG
ER Scans
3478 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,W1,W2,Vl,V2,AR,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
3488 COM Data(120),Ref,Zero
3498 COM Tbegin$E83,IntS
3508 TbeginS" 12:88:88"
3518 PRINT "INITIALIZATION'
3528 READ Tmr,Scn,Dvm,Bus !--SET UP ADDRESSES
3530 DATA 5,709,722,7
3540 ABORTIO Bus, !--RESET DEVICES ON BUS
3550 REMOTE Bus !--BUS IN REMOTE MODE
3560 RESET Bus !--RESET BUS
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3570 READ IO Tmr,5;Sig I--IF CLOCK IS PRESENT, THEN START
3580 IF BINAND(Sig,48)w32 THEN OUTPUT Tmr USING "A";"B"
3598 Mistake=9
3600 OUTPUT Tmr;"U1=OI"
3610 READ Tcl,Tc2,TfI,Tf2,Phl,Ph2,Rhl,Rh2,Prl,Pr2,Sml,Sm2,Watl,Wat2,Lasl,Las2,
Wi,W2,Vi,V2,Al,R2,Thl,Th2,Las3,Las4,Time
3628 DATA 8,79,0,0,93,96,97,101,B0,88,89,9l,188,1l1,112,113,184,1e7,1e2,105,1 -
3,106,114,117,92,92,380908
3638 IntSaVALS(Time)
3648 PRINT "PROGRAM RUNNING"
3658 SUBEND
3660 REM *o*********************************************************** Dvm *
3670 SUB Dvm(Function,Range,High res,Data rqs,Rutocal)
3680 OPTION BASE 1
3698 COM Table*$28),Radius(3),SHORT Table2(20,120),A$,C$,E$,G$,BIS,Time$,INTEG
ER Scans
3709 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,W1,W2,Vl,V2,Rl,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
371e Errorz((Function<l) OR (Function>6))+2*((Range<1) OR (Range>7))
3720 IF'Error THEN CALL Problem("HDvm",Error)
3730 RESET Dvm
3740 OUTPUT Dvm USING Fmt;Function,Range,Highres,Datarqs,Autocal
3758 Fmt: IMAGE "F",D MRD,"H",D,"D",D M T3","A",D
3768 SUBEND
3770 REM ************4********************* *********************** Chan **
3789 SUB Chan(Channel)
3790 OPTION BASE 1
3800 COM Table$(20),Radius(3),SHORT Tabie2(20,120),R$,C$,E$,G$,Bl$,Time$,INTEG
ER Scans
3819 COM INTEGER Tmr,Scn,Dum,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,Wi1W2,Yl,V2,Al,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
3828 Offset=ABS(Channel) DIV 89
3830 Erroru(Scn MOD 100+Offset>30)+2*(Channel>239)
384e IF Error THEN CALL Problem("Chan%,Error)
3859 IF Channel>8O THEN OUTPUT Scn+Offset USING "ZZ";INT(Channel-80*Offset)
3860 SUBEND
3870 REM ******4************************s**********s*****a***4* Problem **
3889 SUB Problem(Wheret,Error)
398e PRINTER IS 8
3900 PRINT LIN(l);"ERROR TYPE ";Error;"IN ";Where$;" SUBROUTINE";LIN(1);ERRMS
3910 PRINTER IS 16
3920 SUBEND
3938 REM ******************************** ************************* Timer **
394e SUB Timer
3950 OPTION BASE 1
3968 COM TableS(20),Radius(3),SHORT Table2(20,120),R$,C$,E$,G$,Bl$,Time$,INTEG
ER Scans
3970 COn INTEGER Tmr,Scn,Dum,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,5m2,WN,W2,VlY2,RAR2,Thl,Th2,WatlWat2,Lasl,Las2,Las3,Las4
3980 COM Datai12e),-Ref,Zero
3990 COM Tbegln$S83,Int$
4008 OUTPUT Tmr;"R"
4919 Ul-1O
4928 OUTPUT Tmr;"B UlP%,Int$
4030 OUTPUT Tmr;'UIG'
4848 SUBEND
4958 REM 4********4*********************************************** Rdvm *4
4060 DEF FNRdvm
4978 OPTION BASE 1
4880 COM Table$(20),Radlus(3),SHORT Table2(20,120),R$,C$,E$,GS,B1S,TimeS,INTEG
ER Scans
4890 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,SmlS5m2,W1,W2,VI,V2,RI,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
4100 TRIGGER Dvm
4118 ENTER Dvm USING F"F;Reading
4128 RETURN Reading
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4130 FNEND
4140 REM ********************************************************** Refjct **
4150 DEF FNRefjct(Resistmnce)-
4168 PRINT Resistance
4170 RETURN 5041.6'(LOG(Resistance)+7.15).-314.052 YSI THERMISTOR
4180 FNEND
4190 REM ************************************************************* Temp **
4280 DEF FNTemp(Channel,Voltage,Junct,INTEGER Ti)
4210 DIM JunctC3),Coeff(9)
4220 IF Voltage>.028863 THEN A
4230 Junct(l)s5 8637565E1
4240 Junct(2)-4.670025E-2
4250 Junct(3)=-1.4438022E-5
4260 Coeff(l)t1.7022525E-2 ! NBS MONOGRAM 125 QUADRATIC FIT 0-408 DEG
4270 Cooff(2)--2.2097240E-7
4280 Coaff(3)u5.4889314E-12
4298 Cooff(4)=-5.7669892E-17
4300 Temp-FNPolyl(Coeff(*),FNPo1y2(Junct(*),Junct)+Voltage*1E6)
4316 GOTO Retn
4320 A: Juhct(1)u5.8637565El
4330 Junct(2)4. 670025E-2
4340 Junct(3)--1.4438022E-5
4350 Cooff(l)1.6410783E-2 ! NBS MONOGRAM 125 QUADRATIC FIT 0-1000 DEG
4368 Coeff(2)w-1.3568189E-7
4378 Coeff(3)-1.8600342E-12
4383 Coeff(4)--8. 5537337E-18
4398 TempaFNPolyl(Coeff(*),FNPoly2(Junct(*),Junct)+Voltage*1E6)
4406 Retn: RETURN Temp
4410 REM *********************************************************** Polyl **
4420 DEF FNPolyl(Co(*),Val)-(((Co(4)*Val+Co(3))*Val+Co(2))*Val+Co(l))*Val
4430 REM ************************************************************ Poly2 **
4440 DEF FNPoly2(Co(*),Value)=((Co(3)*Value+Co(2))*Value+Co(l))*Value
4450 REM *********************************************** Reference ********
4460 SUB Reference(Ref,Card)
4470 OPTION BASE 1
4480 COM TableS(20),Radius(3),SHORT Table2(20,120),A$,C$,E$,G$,Bl$,TimeS,INTEG
ER Scans
4498 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tf1,Tf2,Phl,Ph2,Rhl,Rh2,P
rl,Pr2,Sml,Sm2,Wi,W2,V1,V2,Rl,R2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
4500 CALL Dvm(5,4,1,0,1)
4510 IF Card>l THEN 4540
4520 CALL Chan(S)
4530 GOTO 4618
4540 IF Card>2 THEN 4570
4550 CALL Chan(20)
4560 GOTO 4610
4570 IF Card>3 THEN 4680
4580 CALL Chan(40)
4590 GOTO 4610
4600 CALL Chan(60)
4618 Ref=FNRefjct(FNRdvm)
4620 CALL Dvm(1,la,8,
4630 SUBEND
4640 REM ********************************************* Match ********
4650 SUB Match
4660 OPTION BASE I
4678 COM Tabl*$(28),Radius(3),SHORT Table2(20,120),AS,C$,E$,G$,Bl$,Tim,$,INTEGER
Scans

4680 COM INTEGER Tmr,Scn,Dvm,Bus,Pwr,Mistake,Tcl,Tc2,Tfl,Tf2,Phl,Ph2,Rhl,Rh2,PrI
,Pr2,Sml,5m2,Wi,W2,Vi,V2,Al,A2,Thl,Th2,Watl,Wat2,Lasl,Las2,Las3,Las4
4690 COM Data(120),Ref,Zero
4788 COM Tbegin*CS3,IntS
4718 OUTPUT Tmr;"A"
4728 Ul-01
4730 OUTPUT Tmr;"B U1M",Tbegin$C4,8J
4740 OUTPUT Tmr;"U1G"
4750 SUBEND
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APPENDIX C

PRINTC Program

10 REM PROGRAM TO READ AND PRINT DATA FROM TUFF HEATER 4/25/80 *****
20 REM *************** REVISION C ********************
30 OPTION BASE 1
40 COM Table$<29),SHORT Table2(20,120),INTEGER Scans
50 COM Time$(260),SHORT Data(260,120),INTEGER Tscan,SHORT Ch(10),Ch$(10)C53
60 PRINTER IS 16
70 FIXED 0
80 INPUT "IS DATA GOING TO BE READ IN ON FLOPPY DISK?",A$
90 IF UPC$(ASC1,1J)w"N" THEN 110
100 MASS STORAGE IS ":FS"
118 INPUT "IS DATA ALREADY PRE-RECORDED ON MONSTER FILE?",M$
120 IF UPC$(M$C1,1D)<>"Y" THEN 170
130 INPUT "WHAT IS MONSTER FILE NRME?",Cs
140 ASSIGN @1 TO CS$1,63
150 READ *1;Tlme$C*),Data(*),Tscan
160 GOTO 420
170 INPUT "WHAT IS FIRST DATA FILE TO BE READ?",F$[1,63
1680 ASSIGN @1 TO F$C1,62
190 READ 61;TableS(*>,Table2(*),Scans
200 FOR I1 TO Scans
210 Time$(I)uTable$(I)
220 FOR J-1 TO 120
230 Data(I,J).Table2CI,J)
240 NEXT J
250 NEXT I
260 Tscan-Scans
276 Read: Left-260-Tscan
280 PRINT "ROOM FOR ";Left;" MORE SCANS."
290 INPUT "DO YOU WANT TO READ IN MORE DATA, Y OR N?",R$
300 IF UPC$(B$C1,1J)."N" THEN Proceed
310 INPUT "WHAT IS NEXT DATA FILE TO BE READ?",F$E1,63
320 ASSIGN 41 TO F$C1,62
330 READ *1;Table$(*),Table2(*),Scans
340 FOR Iw1 TO Scans
350 Time$(I+Tscan)=Table$(I)
360 FOR Jul TO 120
370 Data(I+Tscan,J)sTable2CI,J)
380 NEXT J
390 NEXT I
400 Tscan=Tscan+Scans
410 GOTO Read
420 Proceed: INPUT "DO YOU WANT TO PRINT DATA, Y OR N?",C$
430 FIXED 3
440 IF UPC$(C$CI,1)*"N" THEN Save
45e INPUT "ARE YOU USING DTC TERMINAL FOR PRINTING, Y OR N?",D$
460 PRINTER IS 0
470 FIXED 0
480 INPUT "DO YOU WANT A COLUMNIZED PRINTOUT OF SELECTED CHANNELS OF HIGH RESOL
UTION,Y OR N",ES
490 IF UPC$(E$C1,1)<>"Y" THEN General
50e PRINTER IS 16
510 PRINT "I WILL ALLOW 5 CHANNELS OF SPECIAL CHANNEL OUTPUT!"
520 FOR I1 TO 5 -
530 DISP "WHAT IS DATA CHANNEL'# TO BE PRINTED IN COLUMN N -;I;
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540 INPUT Ch(I)
550 DISP "WHAT IS CHANNEL I.D. FOR CHANNEL ";Ch(I);
560 INPUT Ch$(I)
570 NEXT I
580 PRINTER IS 0
590 PRINT PAGE,LIN(6)
600 PRINT USING "2X,K,5(8X,M3D)";"TIME CH#";Ch(i),Ch(2),Ch<3),Ch(4),Ch(5)
610 PRINT USING "13X,5(7X,5AY";Ch$(1),Ch$(2),Ch$(3),Ch$(4),Chs(5)
620 PRINT LIN(i)
630 FOR I-1 TO Tscan
640 IF I-51 THEN 720
650 IF 1-101 THEN 720
660 IF 1151 THEN 720
670 IF 1201 THEN 720
680 IF I-251 THEN 720
690 PRINT USING "X,K,5(2X,M4D.DDDD)";Time$(I)Ei, i],Data(I,Ch(i)),Data(I,Ch(2
)),Data(I,Ch(3)),Data(I,Ch(4)),Data(I,Ch(5))
700 NEXT I
710 GOTO General
720 PRINT PRGE,LIN(6)
730 PRINT USING "2X,K,5(aX,M3D)';"TIME CH#";Ch<i),Ch(2),Ch<3),Ch(4),Ch(5)
740 PRINT USING "13X,5(7X,SR)";Ch$(1),Ch$(2),Ch$(3),Ch$(4),Ch$(5)
750 GOTO 690
760 General: INPUT "DO YOU WANT COLUMNIZED PRINT OUT OF ALL CHANNELS",F$
770 IF UPCS(F$L1,13)<>"Y" THEN Group
780 DATA 1,2,3,4,5,6,7,8,9,10
790 READ Ch(1),Ch(2),Ch(3),Ch(4),Ch(S),Ch(6),Ch(7),Ch<8),Ch(9),Ch(10)
800 DATA T1,T2,T3,T4,T5,T6,T7,T8,T9,T10
810 READ ChS(1),ChS(2),ChS<3),ChS(4),ChS(S),Ch$(6),Ch$(7),Ch$b(),Ch$<9),Ch$(10
)
820 GOSUB Print
830 DATA 11,12,13,14,15,16,17,18,19,20
840 READ Ch(1),Ch(2),Ch(3),Ch(4),Ch(5),Ch(6),Ch(7),Ch(8),Ch(9),Ch(l1)
850 DATA Ti1,Ti2,T13,T14,T15,T16,T17,TIS,Cal,Ref
860 READ ChS(<),Ch$(2),Ch$(3),Ch$(4),Ch$(S),Ch$(6),Ch$(7),Ch$b(),Ch$(9),ChS(10
)
870 GOSUB Print.
S80 DATA 21,22,23,24,25,26,27,28,29,30
890 READ Ch<1),Ch(2),Ch(3),Ch(4),Ch(5),Ch<6),Ch(7),Ch(8),Ch(9),Ch<10)
900 DATA T19,T20,T21,T22,T23,T24,T25,T26,T27,T28
910 READ Ch$(1),ChS(2),ChS(3),ChS(4),ChS<5),ChS(6),ChS(7),Ch$(8),ChS(9),ChS(10
)
920 GOSUB Print
930 DATA 31,32,33,34,35,36,37,38,39,40
940 READ Ch(1),Ch(2),Ch(3),Ch(4),Ch(5),Ch(6),Ch(7),Ch(8),Ch(9),Ch(10)
958 DATA T29,T30,T31,T32,T33,T34,T35,T36,Cal,Ref
960 READ Chb(1),Ch$(2),Ch$(3),Ch$(4),Ch$(5),Ch$(6),Chb<7),Ch$(8),Ch$(9),ChS(10
)
970 GOSUB Print
980 DATA 41,42,43,44,45,46,47,48,49,50
990 READ Ch(1),Ch<2),Ch(3),Ch(4),Ch(5),Ch(6),Ch(7),Ch(8),Ch<9),Ch(10)
1000 DATA T37,T38,T39,T40,T41,T42,T43,T44,T45,T46
1010 READ ChS(1),Chb<2),ChS(3),Ch$(4),Ch$(5),ChS<6),Ch$(7),Ch$bC8),ChS(9),ChS<10
)-
1020 GOSUB Print
1030 DATA 51,52,53,54,55,56,57,58,59,60
1040 READ Ch(1),Ch(2),Ch(3),Ch<4),Ch(5),Ch(6),Ch(7),Ch(8),Ch(9),Ch(10)
1050 DATA T47,T48,T49,T50,T51,T52,T53,T54,Cal,Ref
1060 READ Ch$(1),Ch$(2),ChS(3),Ch$(4),ChS(5),Ch$(6),ChS(7),Ch$(8),ChS(9),ChS(10
)
1070 GOSUB Print
1080 DATA 61,62,63,64,65,66,67,68,69,70
1090 READ Ch(l),Ch(2),Ch(3),Ch(4),Ch(5),Ch(6),Ch(7),Ch(8),Ch(9),Ch(10)
1100 DATA TS5,T56,T57,T58,T59,T60,T61,T62,T63,T64
1110 READ Ch$(i),Ch$(2),ChS(3),Ch$(4),ChS<5),Ch$(6),Ch$(7),Ch$(8),Ch$<9),Ch$<10
)

44



1120 GOSUB Print
1130 DATA 71,72,73,74,?5,76,77,78,79,808
1148 READ Chel),Ch(2),Ch(3),Ch(4),Ch(5),Ch(6),Ch(7),Ch(8),Ch(9),Ch(I1)
1150 DATA T65,T66,T67,TgS,T69,T70,T71,T72,Cal,PR-1
116e READ Ch$(I),Ch$(2),Ch$<3),Ch$C4),Ch$(5),Ch$C6),Ch$(7),Ch$(S),Ch$(9),ChS(l1
)
1170 GOSUD Print
lie DATA 81,82,83,84,85,06,87,8S,89,98
1198 READ Chil),ChC2),Ch(3),ChC4),Ch(5),Ch(6),Ch(7),Ch(e),ChC9),Ch(I1)
1200 DATA PR-2,PR-3,PR-4,PR-5,PR-6,PR-7,PR-8,PR-9,S-1,S-2
1210 READ Ch$C1),Ch$(2),Ch$(3),Ch$(4),Ch$(5),Ch$(6),Ch$(7),Ch$(9),Ch$(9),Ch$C10
)
1220 GOSUD Print
1238 DATA 91,92,93,94,95,96,97,98,99,100
1240 READ Ch(t),Ch(2),ChC3),ChC4),Ch(5),Ch<6),ChC7),Ch(S),Ch(9),ChCle)
1250 DATA S-3,LRS-2,PH-1,PH-2,PH-3,PH-4,RH-2,RH-1,Ca1,RH-4
1260 READ Ch$(1),Ch$(2),Ch$(3),Ch$(4),Ch$(5),Ch$(6),Ch$(7),Ch$(S),Ch$(9),Ch$(18
)
1270 GOSUD Print
1280 DATA 101,1e2,103,104,105,106,107,108,189,118
1290 READ Ch(l),ChC2), Ch(3),Ch(4),ChC5),Ch(6),Ch(7),Ch(8),Ch(9),Ch(le)
1388 DATA RH-3,V-1,R-1,P-1,V-2,A-2,P-2,WRT-1, WT-2,WAT-3
1310 READ Ch$C1),Ch$C2),Ch$C3),Ch$(4),Ch$(5),Ch$(6),Ch$(7),Ch$(e),Ch$C9),ChS(19
)
1320 GOSUD Print
1330 DATA 111,112,113,114,115,116,117,112,119,120
1340 READ Ch(l),ChC2),Ch(3),Ch(4),Ch(5),Ch(6),Ch(7),Ch(9),Ch(9),Ch(le)
1359 DATA WAT-4,LRS-1,CRL,TH-l,TH-2,TH-3,TH-4,P-1D,P-2D,P-3D
1368 READ Ch$Cl),Ch$(2),Ch$C3),ChS<4),Ch*CS),ChSC6),Ch$C7),ChSCS),ChSC9),ChSC18

1370 GOSUD Print
1380 GOTO Group
1390 Print: PRINT PRGE,LINC6)
1400 IF UPC$(D$SC,lu)WYl THEN Dtc
1410 PRINT USING "2X,K,18(2X,M3D)";"TIME CH*";Ch(l);ChC2);Ch(3);Ch(4);Ch(5);Ch
(6);ChC?);Ch(8);ChC9);ChC18)
1420 PRINT USING M13X,108(X,5A);ChS(1);Ch$(2);Ch$c3);Chsc4);Ch$<5);Chs<6);Ch$(7
);Ch$(6);Ch$(9);Ch$(10)
1430 PRINT LINCl)
1440 GOTO 1490
1450 Dtc: I SET UP FOR DTC TERMINRL PRINT
1460 PRINT USING 02X,K,10C6X,K,M3Z)";"SCAN TIME#,-CHN,ChCl),"CHs,Ch(2),CHN ,Ch(
3),NCHII,Ch(4),NCHSS,ChC5),UCHE,Ch(6),SSCHIS,ChC7),NCHN,Ch(S),"CHII,Ch(9),.CHU,ChC18)
1470 PRINT USING "15X,10(SX,K)";Ch$C1),Ch$C2),Ch$(3),Ch$C4),Ch$(5),Ch*(6),Ch$<7
),Ch$(8),Ch$*(9),Ch$(10)
1480 PRINT LINC1)
1490 FOR IIl TO Tscan
1500 IF (D-aa(I,Ch(1))>999) OR CData(I,Ch(l)<-999) THEN Data(I,ChCl))-999
1510 IF (Data(I,Ch(2))>999) OR (Data(ICh(2))(-999) THEN Data(I,Ch(2))-999
1528 IF CData(I,ChC3))>999) OR (DataCICh(3))<-999) THEN DataSI,ChC3))=999
1538 IF (Data(I,Ch(4))>999) OR (DataCI,Ch(4))<-999) THEN Data(I,Ch(4)).999
1540 IF (D tC(I,Ch(5))>999) OR (Data(I,Ch(5))(-999) THEN Data(I,Ch(S))-999
1550 IF (Data(I,Ch(6))>999) OR (Data(I,Ch(6))<-999) THEN Data(I,Ch(6))-999
1560 IF (Data(I,Ch(7))>999) OR (Data(I,Ch(7))<-999) THEN Data(I,Ch(7))-999
1570 IF (Data(I,Ch(C))>999) OR (Data(I,Ch(8))<-999) THEN Data(I,ChC8))u999
1580 IF (Data(I,Ch(9))>999) OR (Data(I,Ch(9))<-999) THEI Data(I,Ch(9))-999
1590 IF (Data(I,Ch(18))>999) OR (DataCt,Ch(10))<-999) THEN DataAI,ChCtl))S999
1600 IF I51 THEN 2130
1610 IF I=181 THEN 2130
1628 IF 1=151 THEN 2130
1630 IF In281 THEN 2130
1640 IF 1251 THEN 2130
1650 IF UPC$(D$EI,13)=uYw THEN Wide
1668 PRINT USING "#,X,K,5(M3D.D)-;Time$lI)C1,ll3,Data(I,Chil)),Data<I,Ch(2)),Da
taC I,Ch(3)),Dat.a(I,Ch(4)),Data(I,Ch(5))
167e PRINT USING 05(M3D.D)';Data(ICh(6)),Data(I,Ch(7)),Data(I,Ch(8)),Data(I,Ch
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(9)),Data(I,Ch(19))
1680 GOTO 1720
1690 Wide: ! SET UP FOR DTC TERMINAL
1700 PRINT USING "*,10X,K,5(M8D.DD)";Time$(I)L7,113,Data(I,Ch(l)),Data(I,Ch(2))
,Data(I,Ch(3)),Data(I,Ch(4)),Data(I,Ch(5))
1710 PRINT USING "S(M8D DD)";Data(I,Ch(6)),Data<I,Ch(7)),Data(I,Ch(8)),Data(I,C
h(9)),Data(I,Ch(10))
1720 NEXT I
1730 RETURN
1740 Group:INPUT "DO YOU WANT TO PRINT SCAN-GROUPED DATA, Y OR N?",Sc$
1750 IF UPC$(Sc$EI,1J)`"N" THEN Save
1760 FOR I1 TO Tscan
1770 IF FRACT(I'2)<>9 THEN PRINT PAGE
1780 PRINT LIN(3)
1790 PRINT Time$(I),LIN(2)
1890 IF UPC$(D$E1,13)<>"Y" THEN Size
1810 PRINT USING "15X,10(8X,ZZ)";1,2,3,4,5,6,7,8,9,10
1820 PRINT LIN(1)
1830 FIXED 4
1848 FOR J-1 TO 115 STEP 10
1950 PRINT USING "*,11X,ZZZ,3X,5(MDDDD.DDDD)";J-1,Data(I,J),Data(l,J+l),Data(I
,J+2),Dat&(I,J+3),Data(I,J+4)
1960 PRINT USING "5(MDDDD.DDDD)";Data(I,J+5),Data(I,J+6),Data(u,J+7),DatauI,J+
8),Data(I,J+9)
1979 NEXT J
1980 GOTO Finish
1890 Size: PRINT USING "6X,10(5X,ZZ)";1,2,3,4,5,6,7,8,9,10
1900 PRINT LIN(1)
1910 FIXED 2
1920 FOR Ju1 TO 115 STEP 10
1930 PRINT USING "*,3X,ZZZ,2X,5(MDDD.DD)";J-1,Data(I,J),Data(I,J+1),Data(I,J+2
),Data(I,J+3),Data(I,J+4)
1940 PRINT USING "5(MDDD.DD)";Data(I,J+5),Data(I,J+6),Data(I,J+7),Data(I,J+8),
Data(I,J+9)
1950 NEXT J
1960 Finish:NEXT I
1970 Save: INPUT "DO YOU WANT TO SAVE COMBINED DATA TABLES ON TAPE'DISK, Y OR N?"
,Sa$
1980 IF UPC$(Sa$tl,11)(>"Y" THEN Exit
1990 INPUT "DO YOU WANT TO SAVE IT ON DISK, Y OR N?",Sa$
2000 IF UPC$(Sa$E1,13)J"N" THEN Tape
2010 INPUT "WHAT IS THE NAME OF THE FILE WHERE DATA IS TO BE STORED ON DISK?",Fi
1e$S1,63
2020 File$C7,113":F8,8"
2030 CREATE File$,13,10099
2940 ASSIGN #2 TO File$
2050 PRINT 12;Time$S*),Data(*),Tscan
2060 GOTO Exit
2070 Tape:INPUT "WHAT IS FILE NAME WHERE DATA IS TO BE STORED ON TAPE?",FileS
2080 FileSC7,113-":T15 "
2099 CREATE FileS,13,19000
2100 ASSIGN *3 TO File$
2119 PRINT *3;Time$(*),Data(*),Tscan
2120 GOTO Exit
2130 PRINT PAGE,LIN(6)
2140 IF UPC$(D$S1,1)->"Y" THEN Big
2150 PRINT USING "2X,K,10(2X,M3D)";"TIME CH*",Ch(l),Ch(2>,Ch(3),Ch(4),Ch(5),Ch
(6),Ch(7),Ch(8),Ch(9),Ch(19)
2160 PRINT USING "13X,19(X,5A)";Ch$(1),Ch$(2>,Ch$(3),ChS(4),Ch$(5),ChS(6),ChS(7
),Ch$(8>,ChS(9),Ch$(10)
2170 PRINT LIN(1)
2180 GOTO 2229
2190 Big: ! SET UP DTC TERMINAL
2200 PRINT USING "SX,K,10(8X,K,M3D)";"SCAN TIME","CH",Ch(l),"CH",Ch(2),"CH",Ch(
3),"CH",Ch(4>,"CH",Ch(5),"CH",Ch(6),"CH",Ch(7),"CH",Ch(9),"CH",Ch(9),"CH",Ch(c1)
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2210 PRINT USING "15X,10(SX,K)";Ch$(l),Ch$(2>,Ch$(3),Ch$(4),Ch$(5),Chs(6),ChS(7
),Ch$(8),Ch$(9),Ch$(10)
2220 GOTO 1666
2230 Exit: END
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APPENDIX D

WATERO Program

10 REM WATERQ PROGRAM TO READ DATA TAPE/FLOPPY AND PLOT 6'10'86 *****
20 REM **e************* REVISION A ***************
30 OPTION BASE 1
40 COM Table$(26),SHORT Table2(20,120),INTEGER Scans
50 COM TimCS(25e6),SHORT Dat&(25e0,10),INTEGER Tscan,Group,RERL Tbegin,Tend
60 COM Tymr(lS),Model(15),Domain(20),Func(20),PIS,Repeat$
70 Narg-20
s8 Tscan6O
90 Diff*n""
168 RepeatS"a
116 P-1
126 Qge
130 Begin: Different-0
131 Tscan6e -
146 ON KEY 43 GOTO 606
150 ON KEY *4 GOTO 840
160 ON KEY *5 GOTO 1036
170 PRINTER IS 16
18e INPUT "IS DATA GOING TO BE READ IN FROM A FLOPPY DISK? Y OR N",A$
190 PRINT "THIS PROGRAM RCCEPTS AND PLOTS DATA IN' 1-CHANNEL GROUPS",LIN(I),"T
HE GROUPS MUST CORRESPOND TO THOSE ON TAPES/DISKS WITH CURRENT MONSTER"
200 PRINT "FILES. USUALLY THESE GROUPS WILL BEGIN WITH CHANNELS 1,11,21,31, E
TC. ",LIN(1)
210 INPUT "WHAT IS FIRST CHANNEL OF TEN CHANNEL GROUP BEING READ IN'?",Group
220 EXIT GRAPHICS
236 PRINT PAGE
246 IF UPC$(A$l,1J)-"N" THEN 300
250 MASS STORAGE IS ":F8"
266 INPUT "IS DATA ALREADY PRE-RECORDED ON R MONSTER FILE?",M$
270 IF UPC$(MSCl,l)<>"Y" THEN 550
280 PRINT "PUT MONSTER DATA FILE DISK IN F8 FLOPPY DISK DRIVE",LIN(1)
290 GOTO 348
300 MASS STORAGE IS ":T15"
310 INPUT "IS DATA ALREADY PRE-RECORDED ON A MONSTER FILE?",M$
328 IF UPC$(M$EI,1D)<>"Y" THEN 556
330 PRINT "PUT MONSTER DATA FILE TAPE IN T15 CASSETTE TAPE DRIVE";LIN(1)
340 INPUT "WHAT IS MONSTER FILE NAME? (NEEDS SIX CHARRCTERS)",D*
350 PRINT PAGE
366 ASSIGN 41 TO DSCI,63
370 READ *l;Time$(*),Data(*),Tscan
380 PRINT "YOU CAN ADD MORE DATA FILES TO THE END OF THIS MONSTER FILE",LIN(1)
,"PROVIDING IT IS NOT ALREADY FILLED UP. THE COMBINED FILE"
390 PRINT "CAN THEN BE SAVED AS A NEW, MORE COMPLETE MONSTER FILE.",LIN(5)
406 INPUT "IS THERE MORE DATA TO BE ADDED TO THIS MONSTER FILE? Y OR N",AS
410 PRINT PAGE
420 IF UPC$(A$C1,1-)"N" THEN Plot
430 INPUT "IS THE ADDITIONAL DATA TO BE READ IN FROM A FLOPPY DISK? Y OR N",Ad
d$
440 IF UPC$(Add$E1,13)-"N" THEN 486
450 MASS STORAGE IS ":FS,0"
460 PRINT "PUT FLOPPY DISK FROM WHICH ADDITIONAL DATA IS TO BE READ INTO THE",
LIN(l),1"RSTER DISK DRIVE, F8,6.",LIN(1)
470 GOTO 5e6
460 MASS STORRGE IS ":T15"
490 PRINT "PUT CASSETTE TAPE FROM WHICH RDDITIONAL DATA IS TO BE READ INTO THE
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",LIN(1),"RIGHT HAND TAPE DRIVE, T15.",LIN(1)
500 PRINT "....THEN PRESS CONTINUE. THE CATALOG OF THIS TAPE/FLOPPY WILL THE
N",LIN(1),"BE PRINTED ON CRT DISPLAY FOR YOU TO SEE WHAT FILES ARE THERE",LIH<1)
510 PAUSE
520 PRINT PAGE
530 CRT
540 GOTO Read
550 PRINT "PUT TAPE OR FLOPPY (WHICHEVER WAS SPECIFIED AS BEING THE MEDIUM",LI
N(1),"FROM WHICH DATA WAS TO BE READ) INTO THE PROPER DRIVE."
560 PRINT "....THEN PRESS CONTINUE. THE CATALOG OF THIS TAPE/FLOPPY WILL- THE
N",LIN(1),"BE PRINTED ON CRT DISPLAY FOR YOU TO SEE WHAT FILES ARE THERE",LIN(1)
570 PAUSE
580 PRINT PAGE
598 CAT
680 Read: Left=2500-Tscan
610 FIXED 0
620 PRINT "ROOM FOR ";Left;" MORE SCANS."
630 INPUT "DO YOU WANT TO READ IN MORE DATA, Y OR N?",B$
640 IF UPC<B$St1,1J)&'N" THEN Save
650 PRINT LIN(5),"NOTE: IT IS ASSUMED THAT ALL THE DATA IS STORED IN FILES U
SING THE FORMAT:",LIN(1),"DATA#, WHERE # IS SOME NUMERAL 1,2,3,. , ETC."
660 PRINT LIN(3),"IN INPUTING INFORMATION TO READ IN ADDITIONAL DATA ONLY TYPE
IN",LIN(1),"THE NUMERAL OF THE FIRST DATA FILE AND NOT THE ENTIRE DATA"

670 PRINT "FILE NAME ....... ",LIN(10)
680 INPUT "WHAT IS THE FIRST DATA FILE NUMBER TO BE READ?"@,F
690 INPUT "HOW MANY CONSECTUTIVELY NUMBERED FILES ARE TO BE READ IN?",N
700 F$C1,4J-"DATR"
710 FOR K-F TO F+N-1 STEP 1
720 FSCS,6J-VAL$(K)
730 ASSIGN *1 TO F$C1,6J
740 READ #1;Table*$<*),Table2(*),Scans
750 FOR 1-1 TO Scans
760 Tim#SCI+Tscan)sTable$(I)
770 FOR J-1 TO 10
7980 Data(I+Tscan,J)Table2(I,J+Group-1)
790 NEXT J
800 NEXT I
910 Tscan=Tscan+Scans
820 NEXT K
830 GOTO Read
840 Save: PRINT LINCS),"YOU CAN SAVE THIS DATA ON DISK AS A MONSTER FILE. IF YOU
WANT",LIN(1),"TO SAVE ON TAPE YOU MUST CHANGE LINE #910 FROM F8,0 TO T15 THEN"
850 PRINT "CONT FROM LINE#840.",LIN(5)
860 INPUT "DO YOU WANT TO SAVE COMBINED DATA TABLES ON TRPE/DISK, Y OR N?",Sa$
878 PRINT PAGE
888 IF UPCS(SaS1,1J)z"N" THEN Plot
890 PRINT "WHEN YOU SAVE THE FILE YOU MUST YOU A SIX-CHARACTER NAME.",LIH(3)
900 INPUT "WHAT IS THE NAME OF THE FILE WHERE DATA IS TO BE STORED ON DISK?",F
ilo$s1,6i
918 File*$7,113-":F8,0"
920 PRINT "IF THIS IS THE SAME NAME AS FILE THAT ALREADY EXISTS ON THE DISK",L
INC1),"YOU WILL NEED TO PURGE THE OLD COPY USING: PURGE 'OLD FILE:F8' EXECUTE"
930 PRINT "WHERE THE NAME 'OLDFILE' STANDS FOR WHATEVER THE FILE NAME IS OF TH
E%,LIN(1),"ORIGINAL FILE THAT NEEDS TO BE PURGED, E.G. HIS101 OR HIS321."
940 PRINT "THIS MUST BE DONE BEFORE THE NEW FILE CAN BE CREATED."
950 PRINT uIF THIS IS NECESSARY DO IT NOW. IN EITHER CASE, WHEN YOU ARE READY"
,LIN(1),"TO HAVE THE HEW FILE ACTUALLY CREATED THEN PRESS CONTINUE.",LIN(1)
960 PRINT "THE PROGRAM WILL NOW WAIT FOR YOU TO DO PURGING IF NECESSARY"ILIN(1
),"AND WAIT FOR YOU TO PRESS CONTINUE BEFORE PROCEEDING FURTHER.",LIN(5)
970 PAUSE
980 CREATE FileS,15,10000
990 ASSIGN #2 TO FileS
1000 PRINT *2;Time$<*),Data(*),Tscan
1010 PRINT #2;END
1020 ASSIGN #2.TO *
1030 Plot:REM THIS BEGINS PLOTTING ROUTINE BY SELECTING TYPE OF PLOT DESIRED

50



1031 FIXED 8
1040 PRINTER IS 16
1065 PRINT PAGE
1066 PEN P
1070 PRINT "REMEMBER: CHANNELS NUMBERS TORBE PLOTTED NEED TO BE IN GROUP!",LINC
1)
1080 INPUT "WHICH CHANNEL NUMBER DO YOU WISH TO PLOT?",Chan
1090 INPUT "DO YOU WANT A DIFFERENT SCALE ON THE RIGHT-HAND SIDE OF THE PLOT? Y
OR N",Diff$
1100 IF UPC$(Repeat$C1,13)-"Y" THEN New label
1110 INPUT "ARE YOU USING THE 9872A 4-PEN PLOTTER, Y OR N?",Pl$
1120 History: REM SET UP TIME HISTORY OF SELECTED CHANNELS
1130 INPUT "WHAT IS J-DAY WHEN YOU WANT THE PLOT TO BEGIN? ",Tbegin
1146 INPUT "WHAT IS J-DAY WHEN YOU WANT THE PLOT TO END?",Tend
1156 ! Tend-Tend+l
1160 TimeTend-Tbegin
1170 Miny-8
1180 PRINT " PROGRAM CAN DO AUTO SCALING OF Y-AXIS. IF YOU DON'T WANT IT THEN",
LIN(1),"YOU WILL NEED TO ADD YOUR OWN MAX AND MIN VALUES.",LIN(1)
1190 INPUT "DO YOU WANT AUTO SCALING OF Y-AXIS? Y OR N.",As$
1200 IF UPCS(As$L1,13)<>"'Y" THEN Manual
1210 Maxyl16
1220 FOR K-1 TO Tscan
1236 IF DataCK,Chan)>Maxy THEN Maxy-Data(K,Chan)
1240 NEXT K -
1250 Maxyr10*INT(Maxy/10)+10
1266 GOTO 1290
1270 Manual: INPUT "ENTER MAXIMUM VALUE DESIRED FOR LEFT-SIDE Y-RXIS PLOTTING",M
axy
1280 INPUT "ENTER MINIMUM VALUE DESIRED FOR LEFT-SIDE Y-RXIS PLOTTING",Miny
1296 INPUT "ENTER LABEL FOR UNITS OH LEFT-SIDE ON Y-AXIS",Units$
1300 IF UPC$<Dlff$C1,1J)<>"Y" THEN Scale
1310 INPUT "ENTER MAXIMUM VALUE DESIRED FOR RIGHT-SIDE Y-AXIS PLOTTING",Maxr
1320 INPUT "ENTER MINIMUM VALUE DESIRED FOR RIGHT-SIDE Y-RXIS PLOTTING",Minr
1330 INPUT "ENTER LABEL FOR UNITS ON RIGHT-SIDE ON Y-AXIS",Unitr$
1340 Scale: Xlism116
1350 IF UPC$(Pl$SC1,13)<>"Y" THEN 1430
1360 PRINT "IN ORDER TO PLOT CORRECTLY ON 9872A PLOTTER THE PROGRAM NEEDS THE",
LIN(I),"DECIMRL FRACTION OF THE EXPRESSION 'PAPER WIDTH/PAPER HEIGHT'",LIN(1)
1370 INPUT "WHAT IS DECIMAL FRACTION Xscale/Yscale" 1,Xlim
1380 Xlimu1l8*Xlim
1396 PLOTTER IS 7,5,"9872RA
1400 PEN P
1410 LOCATE 6,Xlim,0,100
1426 GOTO 1460
1436 PLOTTER IS 13,"GRAPHICS"
1448 GRAPHICS
1456 LOCATE 5,Xlim,0,100
1460 SCALE Tbegin,Tend,Miny,Maxy
1470 CSIZE 2.5
1486 LORG 2
1490 IF Maxy-Miny>.l THEN 1580
1500 AXES 1,.002,Tbegin,Miny-.01,5,5
1510 FOR V*Miny+.002 TO Maxy-.001 STEP .002
1520 MOVE Tbegln,V
1538 LABEL USING "MD.DDD";V
1540 NEXT V
1550 IF UPCS(Diff$C1,13)m"Y" THEN New scale
1560 AXES 1,.002,Tend,Miny-.01,5,5
1570 GOTO 1920
1580 IF Maxy-Mlny>1 THEN 1670
1590 AXES 1,.05,Tbegin,Miny-.25,5,5
1660 FOR V=Miny+.05 TO Maxy-..61 STEP .65
1616 MOVE Tbegin,V
1626 LABEL USING NMD.DD,X";V
1630 NEXT V
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1640 IF UPC$(Diff$tl,13)'"Y" THEN New-scale
1650 AXES 1,.85,Tend,Miny-.25,5,5
1660 GOTO 1920
1670 IF Maxy-Miny>10 THEN 1760
1680 AXES 1,.2,Tbegin,Miny-1,5,5
1690 FOR V-Miny+l TO Maxy-. 1 STEP 1
1700 MOVE Tbegin,V
1718 LABEL USING "M3D.D,X";V
1720 NEXT V
1738 IF UPC$(Diff$Sl,1])="Y" THEN New-scale
1748 AXES 1,.2,Tend,Miny-1,5,5
1758 GOTO 1928
1768 IF Maxy-Miny>100 THEN 1850
1778 AXES 1,2,Tbegin,Miny-10,5,5
1780 FOR V=Miny+10 TO Maxy-1 STEP 16
1790 MOVE Tbegin,V
1880 LABEL USING "M3D,X";V
1810 NEXT V
1820 IF UPCS(Diff$El,13)="Y" THEN New-scale
1830 AXES 1,2,Tend,Miny-10,5,5
1840 GOTO 1920
1850 AXES 1,10,Tbegin,Miny-50,5,5
1860 FOR V=Miny+58 TO Maxy-5 STEP 50
1870 MOVE Tbegin,V
1888 LABEL USING "M3D,X";V
1890 NEXT V
1980 IF UPC$(DifTSE1,13)="Y" THEN New-scale
1910 AXES 1,10,Tend,Miny-50,5,5
1920 SCALE Tbegin,Tend,Miny,Maxy
1930 MOVE Tbegin+Time'12,(Maxy-Miny)'2+Miny
1940 LDIR PI'2
1950 LORG 6
1960 CSIZE 3
1978 LABEL USING "K";Units$
1971 CSIZE 2.4
1980 LORG 4
1998 LDIR 0
1991 IF Time>1'16 THEN 1998
1992 AXES 1/1440,10,Tbegin,Miny,5,5
1993 AXES 1'1440,10,TbeginMaxy,5,5
1994 FOR H=Tbegin+l'288 TO Tend-1/576 STEP 1/288
1995 MOVE H,CMaxy-Miny)'I18+Miny
1996 LABEL USING "ZZ,K,ZZ";INT(24*FRACT(H)t.001),":",CH-Tbegin)*1440
1997 NEXT H
1998 IF Time>1/4 THEN 2009
1999 AXES 1/288,10,Tbegin,Miny,6,5
2000 AXES 1/288,10,Tbegin,Maxy,6,5
2001 FOR H-Tbegin+1'48 TO Tend-1/96 STEP 1/48
2002 MOVE H,(Maxy-Miny)/188+Miny
2003 LABEL USING '"ZZ,K,ZZ";INT(24*FRACT(H)+.01),":",60*FRACT(24*FRACT<H)+.0001
)
2004 NEXT H
2009 IF Time>l THEN 2140
2010 AXES 1'24,1,Tbegin-1,Miny,12,5
2020 AXES 1'24,1,Tbegin-1,Maxy,12,5
2080 MOVE Tbegin+.25,Miny
2040 DRAW Tbegin+.25,Maxy
2050 MOVE Tbegin+.5,Miny
2080 DRAW Tbegin+.5,Maxy
2070 MOVE Tbegin+.75,Miny
2080 DRAW Tbegin+.75,Maxy
2090 FOR H-Tbegin+.25 TO Tend-. 1 STEP .25
2100 MOVE H,<Maxy-Miny>/1x0+Miny
2110 LABEL USING "M3D.DD";H
2120 NEXT H
2130 GOTO 2360
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2140 IF Time>5 THEN 2228
2150 AXES 1'12,10,Tbegin-1,Miny,12,5
2160 AXES 1'12,18,Tbegin-1,Maxy,12,5
2170 FOR H=Tbegin+1 TO Tend-. 1 STEP 1
2180 MOVE H,(Maxy-Miny)'188+Miny
2190 LABEL USING "M3D";H
2200 NEXT H
2210 GOTO 2360
2220 IF Time>30 THEN 2300
2230 AXES 1/2,18,Tbtgin-2,Miny,2,5
2240 AXES t'2,18,Tbegin-2,Maxy,2,5
2258 FOR HzTbegin+1 TO Tend-.1 STEP 2
2260 MOVE H,CMaxy-Miny)'l88tMiny
2278 LABEL USING "M3D";H
2280 NEXT H
2298 GOTO 2368
2300 AXES 2,2,Tbegin-10,Miny,5,5
231e AXES 2,2,Tbegin-18,Maxyp5,5
2328 FOR H=Tbegin+10 TO Tend-I STEP 10
2330 MOVE H,(Maxy-Miny)'180+Miny
2340 LABEL USING 'M3D';H
2358 NEXT H
2360 MOVE Time'2+Tbegin,(Maxy-Miny)/25+Miny
2378 LABEL USING "K";"TIME(J-DAY)"
2380 GOTO Rep-cat
2390 New scale: I THIS SUBPROGRAM PUTS SCALE ON RIGHT-SIDE OF PLOT
2400 SCALE Tbegin,Tend,Minr,Maxr
2410 CSIZE 2.5
2420 LORG 9
2438 IF Maxr-Minr>.1 THEN 2508
2448 AXES 1,.882,Tend,Minr-.el,S,5
2458 FOR VsMinr+.e82 TO Maxr-.801 STEP .e82
2460 MOVE Tend,V
2470 LABEL USING "MD.DDD,X.;V
2488 NEXT V
2490 GOTO Blabel
2500 IF Maxr-Minr>1 THEN 2570
2510 AXES 1,.1,Tend,Minr-.5,5,5
2520 FOR VYMinr+.1 TO Maxr-.01 STEP .1
2530 MOVE Tend,Y
2540 LABEL USING MMD.DD,X';V
2550 NEXT V
2568 GOTO Blabel
2570 IF Maxr-Minr)10 THEN 2640
2580 AXES 1,.2,Tend,Minr-1,5,5
2590 FOR VzMinr+l TO Maxr-.1 STEP 1
2600 MOVE Tend,V
2610 LABEL USING mM3D.D,X';V
2620 NEXT V
2630 GOTO Blabel
2648 IF Maxr-Minr>1ee THEN 2710
265e AXES 1,2,Tend,tinr-10,5,5
2660 FOR VsMinr+18 TO Maxr-1 STEP 10
2670 MOVE Tend,V
2680 LABEL USING M3D,XU;V
2690 NEXT V
2700 GOTO Rlabel
2710 AXES 1,18,Tend,.Minr-50,5,5
2720 FOR V=Minr+50 TO Maxr-5 STEP 50
2730 MOVE Tend,V
2740 LABEL USING "M3D,X";V
2750 NEXT V
2760 Blabel: MOVE Terd-Tlme'12,(Maxr-Minr)/2+Minr
2770 LDIR PI/2
2780 LORG 4
2790 CSIZE 3
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2800 LABEL USING "K";Unitrt
2810 LDIR 0
2820 GOTO 1920
2830 New label: REM PRINTS NEW LABEL FOR NEXT MONSTER FILE
2840 SCALE Tbegin,Tend,Miny,Maxy
2850 Q=Q+l
2860 IF UPCS(Pl$E1,1J)<>"N" THEN 2880
2870 GRAPHICS
2880 LORG 2
2890 CSIZE 3
2900 Repeat:LORG 4
2910 Step-i
2920 PRINT PAGE,"INSTEAD OF SLOW, TEDI1lUS PLOTTING OF EVERY POINT YOU HAVE THE
OPTION",LIN(1),"OF ONLY PLOTTING EVERY FIFTH,TENTH, OR TWENTIETH POINT.",LIN(1)
2930 PRINT "WHICH OPTION DO YOU WANT? 1-EVERY POINT; 2-EVERY FIFTH; 3-EVERY TEN
TH;",LIN(1),"OR 4-EVERY TWENTIETH?";
2940 INPUT "",Freq
2950 INPUT "WHICH PEN DO YOU WANT FOR PLOTTING. 1,2,3, OR 4?",P
2960 PEN P
2970 IF Friq-1 THEN Step-l
2980 IF Freq=2 THEN Step=S
2990 IF Freq-3 THEN Step10
3000 IF Freq-4 THEN Step-20
3010 FOR 1=1 TO Tican STEP Step
3020 DayssVAL(-Time$(I)t4,53)
3030 MoVAL(Time$(I)El,2J)
3040 Hrs-VAL(Time$(I)E7,83)
3050 MinmVAL(Time$(I)E10,113)
3051 Sec=VAL(TimeS(I)E13,14))
3060 ON Mo GOTO 3190,3180,3170,3160,3150,3140,3130,3120,3110,3100,3090,3080,307
0
3070 Days-Days+31
3080 Days=Days+30
3090 Days-Days+31
3100 Days-Days+30
3110 Days-Days+31
3120 Days-Days+31
3130 Days-Days+30
3140 Days-Days+31
3150 Days=Days+30
3160 Days-Days+31
3170 Days-Days+29
3180 Days-Days+31
3181 Min=Min+Sec/60
3190 Hrs=Hrs+Min'60
3200 Days-Days+Hrs'24
3210 Date-Days
3211 IF Datf<Tbegin THEN 3260
3212 IF Date>Tend THEN 3270
3220 LINE TYPE 1
3230 CSIZE .5
3240 PLOT Date,Data(I,Chan-Group+1),1
3250 PENUP
3260 NEXT I
3270 CSIZE 3
3280 PRINT "AFTER CURVES ARE PLOTTED R FLASHING CURSOR WILL APPEAR",LIN(1),"AT T
HE LOWER LEFT HAND CORNER OF THE SCREEN. BY USING THE ARROWS"
3290 PRINT "IN THE DISPLAY SECTION OF THE CONSOLE THE CURSOR CAN BE MOVED TO",LI
N(1),"PRINTING LOCATION. THEN TYPE LABELS. WHEN FINISHED PRESS CONT.",LIN(1)
3300 PRINT "IF YOU HAVE THEORETICAL DATA TO PLOT YOU WILL NEED TO GIVE PROGRAM",
LIN(1),"TIME VALUES AND DATA VALUES AT EACH DISCRETE POINT.",LIN(1)
3310 INPUT "DO YOU HAVE THEORETICAL DATA TO PLOT, Y OR N?",TS
3320 IF UPCS(Ts$C,1J)<>"Y" THEN Letter
3330 INPUT "HOW MANY TIME POINTS DO YOU HAVE ON THEORETICAL CURVE?",Mscan
3340 FOR I-1 TO Mscan
3350 FIXED 0
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3368 DISP "WHAT IS TIME(J-DAY) FOR TIME * ";I;
3378 INPUT Tyme(I)
3380 NEXT I
3390 FIXED 2
3400 FOR K-I TO Mscan
3410 DISP "ENTER THEORETICAL VALUE ON J-DAY ";Tyme(K);
3428 INPUT Model(K)
3430 NEXT K
3440 FIXED 0
3450 INPUT "ARE THERE TWO DISTINCT SEGMENTS TO THEORETICAL CURVE,Y OR N?",SS
3460 IF UPC$(S$C1,12)-"N" THEN Single
3470 INPUT "HOW MANY POINTS ARE IN THE FIRST SEGMENT",M
3480 CALL Spline2(M,Narg)
3490 FOR Ju1 TO Narg
3500 PLOT Domain(J),Func(J)
3516 NEXT J
3528 P-Mscan-M+1
3538 FOR JIt TO P
3540 Tyme(J)-Tyme(M+J-1)
3550 Model(J)-Model(M+J-1)
3560 NEXT J
3570 CALL Spline2(P,Narg)
3586 FOR Jul TO Narg
3590 PLOT Domain(J),Func(J)
3600 NEXT J -
3610 GOTO Letter
3620 Single: CALL Spline2(Mscan,Narg)
3630 FOR J-I TO Narg
3640 PLOT Domain(J),Func(J)
3650 NEXT J
3666 Letter:IF UPC$<Pl$EI,12)<)"Y" THEN GRAPHICS
3670 PEN P
3680 LETTER
3690 IF UPC$(Pl$%1,1I)="Y" THEN Question
3780 INPUT "DO YOU WANT TO ERASE OR CHANGE ANYTHING, Y OR N?",L$
3719 IF UPCS(L$E1,1l)&'N" THEN Question
3726 EXIT GRAPHICS
3730 PRINT "TO ERASE, RE-TYPE INCORRECT CHARACTERS OVER WHAT IS TO BE ERASED.",
LIN(1),"WHEN FINISHED MAKING ERASURES PRESS CONTINUE TO RE-ENABLE LETTERING"
3740 WAIT 9000
3758 GRAPHICS
3768 PEN -1
3770 LETTER
3788 GOTO Letter
3790 Question:PRINTER IS 16
38600 IF Different-I THEN 3940
3818 INPUT "ARE MORE CURVES FROM THIS DATA TO GO ON PLOT LEFT-SIDE SCALING, Y OR
N?",More$
3820 IF UPC$(More$[1,1J)<>"Y" THEN 3870
3830 INPUT "WHAT IS NEXT CHANNEL NUMBER TO BE PLOTTED WITH LEFT-SIDE SCALE?w
,Chan
3840 PP+l1
3895 IF P>4 THEN PaI
3860 GOTO Repeat
3870 Different-i
3880 IF UPCt(DIff$C1,1J)<>"Y" THEN 3980
3896 SCRLE Tbegin,Tend,Minr,Maxr
3900 INPUT "WHICH CHANNEL NUMBER DO YOU WISH TO PLOT USING RIGHT-SIDE SCALE?"
,Chan
391e PwP+I
3920 IF P>4 THEN P-i
3930 GOTO Repeat
3940 INPUT "ARE MORE CURVES FROM THIS DATA TO GO ON PLOT RIGHT-SIDE SCALE,Y OR
N?",More$
3958 IF UPC$(Mtore$C1,1I)<>"Y" THEN 3980
3960 INPUT "WHAT IS NEXT CHANNEL NUMBER TO BE PLOTTED WITH RIGHT-SIDE SCALE
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?",Chan
397e GOTO Repeat
3980 PRINT "YOU CAN EXPAND THE PLOTTING CAPABILITIES BY READING IN MORE DATA TO
",LIN(1),"EITHER EXTEND PLOT FOR OTHER TIMES OR MOVE TO OTHER GROUPS OF"
3990 PRINT "CHANNELS.",LIN(1)
4000 INPUT "DOES MORE DATA NEED TO BE READ IN TO ADD TO THIS PLOT? Y OR N",Repe
at$
4010 IF UPC$(Repeat$E1,1J)<>"N" THEN Begin
4020 LOCATE 20,115,25,98
4030 PRINTER IS 0
4040 PRINT PAGE,LIN(12)
4050 DUMP GRAPHICS
4060 INPUT "DO YOU WANT ANOTHER COPY OF THIS PLOT, Y OR N?",Copy$
4070 IF UPC$(Copy$[1,1J)<>"N" THEN 4040
4080 PLOTTER IS 13,"GRAPHICS"
4090 INPUT "DO YOU WANT SOME OTHER PLOTS FROM THIS DATA?",G$
4100 Different-0
4110 Diff$-""
4120 IF UPC$(G$E1,12)<>"N" THEN Plot
4130 Exit: INPUT "DO YOU WANT TO READ IN MORE DATA FROM DISK'TAPE, Y OR N?",Y$
4140 IF UPC$(Y$1,1I)<>"N" THEN 80
4141 PRINTER IS 16
4142 PRINT PAGE,LIN(5)
4150 PRINT "TERMINATING PROGRAM AT YOUR REQUEST. OVER AND OUT!!!"
4160 END
4170 SUB Spline(N,Narg,XC*),Y(*),Domain(*),Func<*),Deriv<*),Int,Eps)
4180 !
4190 !
4200 ! *** SPLINE FIT FOR FUNCTION VALUES, INTEGRATION AND DIFFERENTIATION.
4210 I
4220 !
4230 !
4240 ! *** BAD DATA CHECK.
4250 Baddta-(N<-0) OR (Eps<=0)
4260 IF Baddta-0 THEN 4360
4270 ! *** PRINT ERROR MESSAGE AND PAUSE.
4280 ! *** USER MAY CORRECT DATA AND CONTINUE.
4290 PRINT LIN(2),"ERROR IN SUBPROGRAM Spline."
4300 PRINT "N=";N,"Eps=";Eps,LIN(2)
4310 PAUSE
4320 GOTO 4250
4330
4340
4350 ! *** BEGIN SUBPROGRAM.
4360 OPTION BASE 1
4370 DIM S(N),G(N-l),Work(N-1)
4388 FOR I2 TO N-1
4390 Xi*X(I)
4408 Ximl-X(I-1)
4410 Xipl=X(I+l)
4428 Yi=Y(I)
4430 Yiml1Y(I-1)
4440 Yipl-Y(I+1)
4450 X-Xi-Ximl
4460 H-Xipl-Ximl
4478 Work(I)-.5*X/H
4480 Tu((Yipl-Yi)'(Xipl-Xi)-(Yi-Yiml)/X)/H
4490 S(I)=2*T
4500 G(I)-3*T
4510 NEXT I
4520 S(1)-S(N)-8
4530 ! *** W IS THE RELAXATION FACTOR FOR SUCCESSIVE OVER-RELAXATION.
4540 Ws8-4*SQR(3)
4550 U-B
4560 FOR I=2 TO N-1
4570 T=W*(-S(I)-Work(I)*S(I-1)-(.5-Work<I))*S(I+l)+G(I))
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4588 H=RBS(T)
4590 IF H>U THEN U-H
4688 SCI)S(<I)+T
4610 NEXT I
4620 IF U>-Eps THEN 4550
4630 FOR 1I1 TO N-1
4640 G(l)-(S(1+1)-S(C))C(XCI1l)-X(I))
4650 NEXT I
4660 IF Narg8O THEN 4988
4670 1
4680 1
4690 1 *** CALCULATE FUNCTION VALUES AND DERIVATIVES.
4700 FOR J-1 TO Narg
4710 Corrector: I1J
4720 T-Domain(J)
4730 IF T>-X(1) THEN 4818
4740 PRINT LIN(2),IERROR IN SUBPROGRAM Spline."
4750 PRINT "ARGUMENT OUT OF BOUNDS."
4760 PRINT "X(1)-";X(1),"X(N)u";X(N),"DomainC";J;')-";Domain(J),LIN(2)
4778 PRUSE
4780 GOTO 4718
4790 I
4800 1
4810 I-I+1
4820 IF I>N-THEN 4748
4838 IF T>X(I) THEN 4818
4840 I-I-1
4850 HNDomain(J)-X(I)
4860 T-Domaln(J)-X(I+1)
4870 X-H*T
4880 SuS(I)+H*G(I)
4890 Z.1-6
4908 U-Z*4S(I)+S(I+1)+S)
4910 W-(Y(I+1)-Y(I))'(X(I+1)-X(I))
4920 Func(J)-W*H+Y(I)+X*U
4930 Deriv(J>)W+(H+T)*U+Z*X*G(I)
4940 NEXT J
4950 1
4960 1
497 l *** CALCULATE INTEGRAL FROM X(1) TO X(N).
4980 Intw8
4990 FOR Iml TO N-1
5000 HX(CI+1)-X(I)
5010 Int-Int+.5*H4(Y(I)+YCI+1))-1'24*IH3*(C(I)+S(1+1))
5020 NEXT I
5030 SUEEND
5048 REM ****444 ***** ****4************ Spline2 ***
5950 SUB Spline2C0,Narg)
5068 OPTION BASE 1
507e COM TableSC2e),SHORT Table2C20,120),INTEGER Scans
5088 COM Time(25800),SHORT Data(2500,10),INTEGER Tscan,Group,REAL Tbegin,Tend
5898 COM Tyme(lS),ModelC15),Domain<20),Func(20),Pl$,RepeatS
5100 DIM Deriv(Narg)
5110 FOR Iml TO Narg
5120 DomalnCl)WI*(Tyme(Q)-Tyme(1))/Narg+Tyme(l)
5130 NEXT I
5140 CALL SplineCO,Narg,Tyme(*),Model(*),Domain(*),Func(e*),Derlt(*),Int,1E-6)
5150 SUEEND
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APPENDIX E

PLOTE Program

18 REM THIS IS PROGRAM TO READ DATA TAPE'FLOPPY AND PLOT 5'89'e9 ****e
28 REM **e********* REVISION E ****************
38 OPTION EASE 1
40 COM TableS(28),SHORT Table2(28,120),INTEGER Scans
5e COM Time$(208),SHORT Data(288,128),INTEGER Tscan,Chan(5),Tim(5)
60 COM Isoth(5,15),R(15),P(15),Depth(5,15),TempC5,15),Number<5),PlS
78 COM DQmain(40),Func(40)
80 COM Radius(15),Mod(15),Xp<15),Yp(15),Xi(15),Yi(15),Ch(5,15)
90 Narg=40
te0 P-i
110 PRINTER IS 16
128 INPUT "IS DATA GOING TO BE READ IN FROM-FLOPPY DISKS?",A$
138 IF UPCS(A$E1,1J)="N" THEN 150
140 MASS STORAGE IS ":F8"
150 INPUT "WHAT IS FIRST DATA FILE TO RE RERD?",F$Cl,62
160 ASSIGN *1 TO FSE1,62
170 READ *1;Table$(*>,Table2(*),Scans
180 FOR In1 TO Scans
190 Tim,$(I)wTable$(I)
288 FOR Ju1 TO 120
210 Data(I,J)uTable2(I,J)
220 NEXT J
230 NEXT I
240 Tscan-Scans
250 Read: Left=208-Tscan
260 FIXED 0
270 PRINT "ROOM FOR ";Left;" MORE SCANS."
280 INPUT "DO YOU WANT TO READ IN MORE DATA, Y OR N?",B$
290 IF UPC$(BECI,1D"N" THEN Plot
300 INPUT "WHAT IS NEXT DATA FILE TO BE RERD?",F$*C,63
310 ASSIGN 41 TO F$C1,63
328 READ *1;Table#(*),Table2(*) ,Scans
330 FOR I-i TO Scans
340 Time$(I+Tscan)wTable$(I)
350 FOR Ju1 TO 120
360 Data(I+Tscan,J)wTable2(I,J)
370 NEXT J
388 NEXT I
390 Tscan=Tscan+Scans
408 GOTO Read
410 Plot: REM THIS BEGINS PLOTTING ROUTINE BY SELECTING TYPE OF PLOT DESIRED
420 PRINTER IS 16
430 PRINT PAGE,"THE FOLLOWING OPTIONS ARE AVAILABLE FOR PLOTTING:"
448 PRINT LIN(1),"OPTION 1: TEMPERATURE AS FUNCTION OF RADIUS FOR SEVERAL TIME
SN

450 PRINT "OPTION 2: ISOTHERMS FOR A GIVEN TIME"
460 INPUT "PICK YOUR OPTION BY PRESSING 1 OR 2 THEN CONT",Type
478 INPUT "ARE YOU USING THE 9872A PLOTTER, Y OR N?",PlS
488 ON Type GOTO Profil*,Isotherm
498 INPUT NDO YOU WANT SOME MORE PLOTS FROM THIS DATA?",GS
500 IF UPC$(G$[l,l1)<)"N" THEN Plot
510 GOTO Exit
520 Profile: REM SET UP TEMPERATURE VS RADIUS PROFILES FOR SELECT CHANNELS
538 INPUT "HOW MANY DIFFERENT RADII ARE THERE?",Holes
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540 INPUT "ENTER NUMBER OF TEMPERATURE SCANS (DIFFERENT TIMES) FOR PLOTTING",Ns
can
550 FOR I1 TO Holes
560 FIXED 0
570 DISP "RADIUS TO HOLE * ";I;"IN METERS";
590 INPUT Radius(I)
590 DISP "CHANNEL NUMBER OF THERMOCOUPLE IN HOLE # ";I;
600 INPUT Chan(I)
610 NEXT I
620 FOR I=1 TO Nscan
630 DISP "WHAT IS THE SCAN NUMBER FOR TEMPERATURE SCAN * ";I;
640 INPUT Tim(I)
650 NEXT I
660 LOCATE 5,110,0,100
670 INPUT "DO YOU WANT AUTO SCALING OF Y-AXIS?",As$
680 IF UPC$(s$sC1,1)<>"Y" THEN Noscale
690 Maxysl9
700 FOR K(1 TO Nscan
710 ChanqChan(l)
720 TymoTim(K)
730 IF Data(Tym,Chan)>Maxy THEN Maxy=Data(Tym,Chan)
740 NEXT K
750 Maxysl0*INT(Maxy/l0)+19
760 GOTO 780
770 Noscale: INPUT "ENTER MAXIMUM VALUE DESIRED FOR Y-AXIS IN MULTIPLES OF 19",
Maxy
780 IF UPC$(Pl$E1,1)<>"Y" THEN 830
790 PLOTTER IS 7,5,"9872A"
791 PRINTER IS 7,5
792 PRINT "VS5"
900 PEN P
919 LOCATE 10,110,5,95
820 GOTO 860
830 PLOTTER IS 13,"GRAPHICS"
940 GRAPHICS
850 LOCATE 5,110,0,100
869 SCALE 0,INT(2*Radius(Holes))/2+.5,0,Maxy
870 IF Radius(Holes)>1 THEN AXES .1,5,0,0,5,2
880 IF Radius(Holes)<m1 THEN AXES .1,5,0,0,2,2
890 IF Radius(Holes)>1 THEN AXES .1,5,INT(2*Radius(Holes))/2+.5,Maxy,5,2
900 IF Radius(Holes)<l THEN AXES .1,5,INT(2*Radius(Holes))/2+.5,Maxy,2,2
910 CSIZE 3
920 LORG 2
930 IF Maxy>100 THEN 990
940 FOR V-10 TO Maxy-1 STEP 10
950 MOVE 0,V
960 LABEL USING "M3D,X";V
970 NEXT V
990 GOTO 1030
990 FOR V=50 TO Maxy-5 STEP 50
1000 MOVE 0,V
1019 LABEL USING "M3D,X";V
1020 NEXT V
1030 MOVE Radius(Holes)/8,Maxy'2
1040 CSIZE 3
1059 LABEL USING "K";"T(C)"
1060 LORG 4
1070 CSIZE 3
1080 IF Radius(Holes)>1 THEN 1140
1090 FOR H-.2 TO .8 STEP .2
1190 MOVE H,Maxy'60
1110 LABEL USING "MD.DD";H
1120 NEXT H
1130 GOTO 1180
1140 FOR H-.5 TO Radius(Holes) STEP .5
1150 MOVE H,Maxy'60
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1160 LABEL USING NMD.DD";H
1170 NEXT H
1186 CSIZE 4
1190 IF Radius(Holes)>1 THEN 1226
1206 MOVE .5,Maxy'15
1216 GOTO 1230
1220 MOVE RadiusCHoles)'2,Maxy/15
1230 LABEL USING "K";"RADIUS(M)'
1240 LORG 2
1258 CSIZE 3
1260 INPUT "WHICH PEN DO YOU WANT TO USE FOR DATA POINTS. 1,2,3,OR 4?",P
1280 MOVE Radius(Ho1es)/20,.96*Maxy
1296 LABEL USING "K,K,K,K,K,K,K,K";"DATA CH * ";Chandl);", w;Chan(2);", ";Chan(3
);", ";Chan(4)
1320 LORG 5
1330 N-1
1340 FOR Ja1 TO Nscan
1341 PEN P
1356 Tim-Ttm(J)
1360 FOR I-1 TO Holes
1370 CSIZE 2
1386 Chan-Chan(I)
1390 MOVE Radius(I),Data(Tim,Chan)
1406 LABEL USING "K";"X'
1410 NEXT I -
1420 PRINTER IS 16
1436 CSIZE 3
144e INPUT "DO YOU HAVE THEORETICAL PROFILE TO PLOT, Y OR N?",Th$
1456 PRINT LIN(2),"AFTER THEORETICAL CURVE IS PLOTTED A FLASHING CURSOR WILL AP
PEAR",LIN(1),"RT THE LOWER LEFT HAND CORNER OF THE SCREEN. BY USING THE ARROWS"
1466 PRINT mIN THE DISPLAY SECTION OF THE CONSOLE THE CURSOR CAN BE MOVED TO",L
IN(1),"PRINTING LOCATION. THEN TYPE LABELS. WHEN FINISHED PRESS CONT."
1476 IF UPC$(ThSC1,13)<>"Y' THEN Again
1480 FIXED 2
1496 FOR It1 TO Holes
1500 DISP "WHAT IS TEMPERATURE VALUE AT TIME ";Time$(Tim);" AND AT RADIUS ";Ra
dius<I);
1519 INPUT Mod(I)
1526 NEXT I
1521 INPUT "WHICH PEN DO YOU WANT TO USE FOR THEORETICAL CURVES?",Pt
1522 PEN Pt
1530 CALL Spllnel(Holes,Narg)
1546 FOR Iu TO Narg
1556 PLOT Domain(I),Func(I)
1560 NEXT I
1561 PENUP
1576 Again: NEXT J
1580 Pletter:PEN P
1590 LETTER
1600 If UPC$(Pl$C1,l)-"Y" THEN Quest
1610 INPUT "DO YOU WRNT TO ERRSE OR CHANGE RNYTHING, Y OR Nr,L$
1626 IF UPC$(L$CI,13)="N" THEN 1666
1636 PEN -1
1640 LETTER
1650 GOTO Pletter
1660 LOCATE 5,110,0,108
1661 PEN 0
1670 PRINTER IS 6
1680 PRINT PAGE,LIN(12)
1690 DUMP GRAPHICS
1700 INPUT NDO YOU WANT ANOTHER COPY OF THIS PLOT, Y OR N?",Copys
1716 IF UPC$(CopyC1p,13)H"N' THEN Quest
1729 GOTO 1686
1730 Quest: PRINTER IS 16
1740 PLOTTER IS 13,"GRAPHICS"
1750 GOTO 490

61



1760 Isotherm: REM SET UP FOR PLOTTING ISOTHERMS AT SELECTED TIMES
1770 PRINTER IS 16
1780 Que-1
1790 INPUT "WHAT IS THE SCAN NUMBER FOR THE ISOTHERM TO BE PLOTTED?',Tim
1800 Caption: Holes-3
1810 Number(1)=6
1820 Number(2)=15
1830 Number(3)-9
1840 Radius(1)=.0635
1850 Radius(2)=.3320! WHATEVER RADIUS TO FIRST HOLE IS *********
1860 Radius(3)-.5827! WHATEVER RADIUS TO SECOND HOLE IS ********
1870 IF Que<>1 THEN 2030
1880 DATA 16.4,17.1,18.29,18.75,19.2,20.5
1890 DATA 68,5,17,23,26,68
1900 DATA 16.6,17.22,17.83,18.29,18.44,18.59,18.75,18.90,19.05,19.2,19.35,19.66,
19.96,20.57,20.9
1910 DATA 68,53,54,55,56,57,61,62,63,64,65,66,67,68,44
1920 DATA 16.31,17.22,18.14,18.44,18.75,19.05,19.35,19.66,21.18
1930 DATA 44,45,46,47,48,49,50,51,52
1940 IF UPC0(G$C1,1])="Y" THEN 2030
1950 FOR I-1 TO Holes
1960 FOR Ja1 TO Number(I)
1970 READ Depth(I,J)
1980 NEXT J
1990 FOR Js1 TO Number(I)
26e6 READ Ch(I,J)
2010 NEXT J
2020 NEXT I
2630 FOR I-1 TO Holes
2040 FOR Ja1 TO Number(l)
2050 K-Ch(I,J)
2060 Temp(IJ)Data(Tim,K)
2670 NEXT J
2080 NEXT I
2990 Que-Que+1
2100 FIXED 2
2110 INPUT "DO YQU WANT THE TEMPERATURES PRINTED ON THE PLOT, Y OR N?",Pr$
2129 INPUT "DO YOU WANT THE ISOTHERMS PLOTTED, Y OR N?',Is$
2136 Maxim: IF UPCS(Pl$C1,1f)<>'Y" THEN 2160
2140 PLOTTER IS 7,5,"9872A"
2141 PEN 1
2142 LOCATE 15,95,16,130
2143 PRINTER IS 7,5
2144 PRINT "VS5"
2150 GOTO 2190
2160 PLOTTER IS 13,"GRAPHICS"
2170 GRAPHICS
2180 Locate: LOCATE 25,89,2,98
2190 SCALE 0,2,17.5,20.5
2200 AXES .1,.1,0,17.5,5,5,3
2210 ! AXES .1,.5,-.2,16.3,2,2,3
2226 ! AXES .1,.5,-.2,21.5,2,2,3
2230 AXES .1,.1,2,20.5,5,5,3
2240 CSIZE 2.5
2250 LORG 5
2260 MOVE .023,18.75
2270 LDIR PI/2
2280 LABEL USING "K";"HEATER"
2290 LDIR 0
2300 MOVE 6,18.18
2310 DRAW .051,18.18
2320 DRAW .051,19.35
'2330 DRAW 0,19.35
2340 CSIZE 3
2350 LORG 8
2360 FOR V-18 TO 20 STEP .5
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2370 MOVE 0,V
2380 LABEL USING "M2D.DX";V
2390 NEXT V
2488 MOVE -.33,19
2410 CSIZE 4
2420 LORG 5
2430 LDIR PI'2
2440 LABEL USING "nK";"DEPTH(M)"
2450 LDIR 0
2460 LORG 4
2470 CSIZE 2.5
2480 FOR H-s5 TO 1.5 STEP .5
2490 MOVE H,17.6
2500 LABEL USING "MD.D";H
2510 NEXT H
2520 CSIZE 3
2530 MOVE 1.6,17.75
2540 LABEL USING K";"RRDIUS(M)"
2550 LORG 3.
2560 CSIZE 3
2578 MOVE 1,20.35
2580 LABEL USING "K,K';"'TIME ";Time$(Tim)C1,1IJ
2581 PENUP
2590 Cycle:FIXED 0
2600 CSIZE 2.5-
2601 GOTO 2790 I SKIPS DRAWING LINES FOR TC PLACEMENT **********e******
2610 INPUT "WHICH PEN DO YOU WANT TO USE TO DRAW HOLES. 1,2,3,OR 4?",P
2620 PEN P
2621 MOVE Radius(1),17.5
2622 DRAW Radius(l),19.35
2623 DRAW .0381,19.35
2624 DRAW .0381,19.973
2625 DRAW 0,19.673
2630 FOR K-2 TO Holes
2640 MOVE Radius(K),17.5
2650 DRAW Radius(K),2e.5
2660 FOR Im1 TO*Number(K)
2678 IF (Kw1) AND (I-1) THEN 2778
2680 IF (K=1) AND (1=6) THEN 277e
2690 IF (K-2) AND (I1=) THEN 2770
2700 IF (Ku2) AND (I=15) THEN 2778
2710 MOVE RadiusCK),DepthCK,I)
2720 LORG 2
2730 IF UPC$(Pr$CI,13)-rY" THEN 2760
274e LABEL USING "K";"-m
275e GOTO 2778
2760 LABEL USING -K,3D.D,K";"-";Temp(K,I);" C"
2770 NEXT I
2780 NEXT K
2781 PENUP
2790 IF UPC$CIs$CI,1I)x"N" THEN Dump
2791 INPUT "WHICH PEN DO YOU WANT TO USE FOR DRAWING ISOTHERMS?",P
2800 FOR J=1 TO 3
2810 Least: X=X2uX3=X4sXy-X2yuY=0
2828 IF J<)1 THEN 2950
2830 XuTemp(1,3)+Temp(2,4)+CTemp(3,3)+Temp(3,4))'2
2840 X2uTemp(1,3)^2+TTmp(2,4)A2+C(Temp(3,3)+TempC3,4))/2)A2
2858 X3uTemp(1,3)A3+Temp(2,4)-3+C(Temp<3,3)+Temp(3,4))/2)A3
2866 X4uTempC1,3)-4+Temp(2,4)-4+((TempC3,3)+Temp(3,4))/2)-4
2878 YwRadIus(l)+Radius(2)+Radlus(3)
2880 XymRadiusC1)*TempC1,3)+Radius(2)*TempC2,4)+Radius(3)*(Temp(3,3)+Temp(3,4)
)'2
2890 X2yuRadius(1)*temp(1,3)-2+Radius(2)*Temp(2,4)-2+Radius(3)*((,Temp(3,3)+Tem
p(3,4))/2)-2
2900 GOTO 3070
2910 IF J<>2 THEN 38e8
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2920 X=Temp(1,4)+Temp(2,7)+Temp(3,5)
2930 X2uTemp(1,4)-2+Temp(2,7)>2+Temp(3,5)-2
2940 X3=Temp(1,4)^3+Temp(2,7)-3+Temp(3,5)-3
2950 X4=Temp(1,4)^4+Temp<2,7)-4+Temp<3,5)-4
2960 Y-Radius(l)+Radius<2)+Radius(3)
2970 Xy=Radi us( l)*Temp(1,4)+Radius(2)*Temp(2,7)+Radius(3)*Temp(3,5)
2980 X2y=Radi us5 l)*Temp(1,4)-2+Radius(2)*Temp(2,7)-2+Radius(3)*Temp(3,5)A2
2990 GOTO 3070
3000 X=Temp(1,5)+Temp(2,10)+Temp(3,8)
3010 X2-Temp(1,5)-2+Temp(2,10)A2+Temp(3,8)-2
3020 X3=Temp(1,5)^3+Temp(2,10)A3+Temp(3,8)-3
3030 X4Temp(1,5)-4+Temp(2,10)A4+Temp<3,8)-4
3040 Y-Radius(1)+Radius(2)+Radius(3)
3050 Xy=Radius(l)*Temp(1,5)+Radius(2)*Temp(2,10)+Radius(3)*Temp<3,8)
3060 X2y-Radius(l)*Temp(1,5)^2+Radius<2)*Temp(2,10)A2+Radius(3)*Temp(3,8)-2
3070 Num-3*(X2*X2y-Xy*X3)-X*(X*X2y-Xv*X2)+Y*(X*X3-X2*X2)
3080 Den-3*(X2*X4-X3*X3)-X*(X*X4-X3*X2)+X2*(X*X3-X2*X2)
3090 A2(J)-HumrDen
3100 N=Y-A2(J)*X2
3110 M-Xy-A2(J)*X3
3120 RA(J)=(N/3-M/X)/(X/3-X2/X)
3130 RO(J)=M/X-RA(J)*X2/X
3140 NEXT J
3150 A(1)-60
3160 A(2)-70 -
3170 R(3)-80
3180 R(4)-90
3190 R(5)100
3200 PRINTER IS 16
3210 PRINT LIN(3),"I HAVE DEFAULT VALUES FOR ISOTHERM TEMPERATURES WHICH WILL B
E",LIN(1),"DRAWN. CURRENT VALUES ARE 60,70,80,90,AND 100 DEGREES C.",LIN(1) -
3220 PRINT "YOU CAN CHANGE THEM IF YOU DESIRE. HOWEVER, NOTE THAT THE VALUES",L
IN(1),"MUST BE AT LEAST 20 DEG.",LIN(3)
3240 INPUT "DO YOU WANT TO PUT IN YOUR OWN ISOTHERM VALUES, Y OR N?",Own$
3250 P(1)=P(2)-P(3)sP(4)=P(5)-0
3260 IF UPC$(Own$C1,13)w'N" THEN 3311
3270 INPUT "WHAT IS THE FIRST (LOWEST TEMP) ISOTHERM VALUE YOU WANT?",A(1)
3280 INPUT "WHAT IS THE SECOND ISOTHERM VALUE? (YOU GET A TOTAL OF FIVE)?",A(2)
3290 INPUT "WHAT IS THE THIRD ISOTHERM VALUE?",A(3)
3300 INPUT "WHAT IS THE FOURTH ISOTHERM VALUE?",A(4)
3310 INPUT "WHAT IS THE FIFTH (HIGHEST) ISOTHERM VALUE?",A(5)
3311 PEN P
3320 MOVE 1.6,20.1
3330 LABEL USING "M3D,K";A(1);" C"
3340 MOVE 1.6,20
3350 LABEL USING "M3D,K";A<2);" C"
3360 MOVE 1.6,19.9
3370 LABEL USING "M3D,K";A(3);" C"
3380 MOVE 1.6,19.8
3390 LABEL USING "M3D,K";A(4);" C"
3400 MOVE 1.6,19.7
3410 LABEL USING "M3D,KI";A(5);" C"
3420 FOR K-1 TO Holts
3430 M=O
3440 FOR 1-1 TO Number(K)
3450 IF Temp(K,I)=0 THEN 3490
3460 M=M+1
3470 Yp(M)Temp(KI)
3480 Xp(M)-Depth(K,I)
3490 NEXT I
3500 PRINTER IS 0
3510 CALL Splint3(M,Narg)
3520 PRINTER IS 16
3530 FIXED 1
3540 FOR L-1 TO 5
3550 FOR I11 TO Narg-1
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3560 IF Func(It1)<Func(l) THEN 3620
3578 IF Func<I)<A(L) THEN Onward
3580 Isoth(L,K)WDomain<I)
359e P(L)tK
3680 GOTO 3628
361e Onward: NEXT I
3620 FOR I-1 TO Narg-l
3630 IF Func(Il)>Func(I) THEN Reward
3648 IF Func(l)<A(L) THEN Reward
3650 Isoth(L,2*Holes-K+l)=Domain(I)
3660 Reward: NEXT I
3670 NEXT L
3688 Yi(K)=Radius(K)
3690 NEXT K
3700 FOR L1 TO 5
3710 N-2*P(L)
3720 FOR I1 TO P(L)
3730 Xi(I).Iscth(L,I)
3748 Xi(j-I+1)iIsoth<L,2*Holes-I+l)
3758 Yi(N-I+1)YI(I)
3760 NEXT I
3770 IF N>=4 THEN 3870
3780 N-S
3790 Xi(5)Xi(2)
3800 Xi(2)=18;29
3810 Xi(<3)le.75
3828 Xi(4)1 9.20
3830 Yi(5)Yi(2)
3840 Yi(2)uA8(1)+Rll)*RCL)+A2(1)*R(L)-2
3858 Yi(3)uAO(2)+AI(2)*A(L)+A2(2)*A(L)-2
3860 Yi(4)=A8(3)+Rl(3)*A(L)+A2(3)*A(L)-2
3870 CALL Spline4(N,Narg)
3888 MOVE FuncCl),DomainCI)
3890 FOR I-I TO Narg
3980 PLOT Func(l),Domain(l)
3910 NEXT I
3920 PENUP
3930 NEXT L
3931 PEN 0
3948 Dump:PRINTER IS 8
3960 IF UPC$CP1$CllJ)u"Y THEN Frage
3965 PRINT PAGE,LIN(8)
3970 DUMP GRAPHICS
398e INPUT "DO YOU WANT ANOTHER COPY OF THIS PLOT, Y OR N?",CopyS
3990 IF UPC$(Copy$Cl,l)m"N" THEN Frage
4000 PRINT PAGE,LIN(12)
4818 DUMP GRAPHICS
4820 GOTO 3980
4030 Frage: PRINTER IS 16
4048 PLOTTER IS 13,M GRAPHICS-
4858 GOTO 490
4060 Exit: INPUT 'DO YOU WAFT TO READ IN MORE DATA FROM DISK'TAPE, Y OR N?",Y$
487e IF UPC$(Y$CI,13)<>"N' THEN 128
4089 PRINT "TERMINATING PROGRAM AT YOUR REQUEST. OVER AND OUTI t1
4090 END
4100 REM ******************************************** Spline4 ********
4110 SUB Spline4(N,Narg)
4120 OPTION BASE 1
4130 COM Table$(2e),SHORT Table2(2e,128),INTEGER Scans
4148 COM Time$(208),SHORT Data(208,120),INTEGER Tscan,Chan(5),Ti(m5)
4158 CON Isoth(5,15),R<15),PC15),Depth(5,15),Temp(5,15),NumberC5),Pl$
416e con DomainC4e),Func(40)
4170 COM Radius(15),Mod(15),Xp(15),Yp(15),Xi(15),YiC15),Ch(5,15)
4180 DIM Deriu(Narg)
4190 FOR m1 TO.Narg
4208 Domain(I)sI*(XI<N)-Xi(l))/Narg+Xi1l)
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4210 NEXT I
4220 PRINTER IS 8
4230 CALL Spline(N,Narg,Xi(*),Yi(*),Domainh*),Func(*),Deriv(*),Int,1E-6)
4240 SUBEND
4250 REM **4*4*********4********************* Spline3 ************
4260 SUB Spline3(M,Narg)
4270 OPTION BASE 1
4280 COM Table$(20),SHORT Table2C20,120),INTEGER Scans
4290 COM Time$(200),SHORT Data(200,120),INTEGER Tscan,ChanS5),Tim(5)
4300 COM Isoth(5,15),A(15),P(15),Depth(5,15),Temp(5,15),Number(5),Pl$
4310 COM Domain(40),Func(40)
4320 COM Radius(15),Mod(15),Xp(15),Yp(15),Xi(15),Yi(15),Ch(5,15)
4330 DIM Deriv(Narg)
4340 FOR I-i TO Narg
4350 Domain(I)=I*(Xp(M)-Xp(l))/Narg+Xp(l)
4360 NEXT I
4370 PRINTER IS 0
4380 CALL Spline(M,Narg,Xp(*),YpC*),Domain(*),Func(*),Deriv(*),Int,1E-6)
4390 SUBEND
4400 REM ***************************************** Splinel *********
4410 SUB Splintl(Holes,Narg)
4420 OPTION BASE 1
4430 COM Table$(20),SHORT Table2(20,120),INTEGER Scans
4440 COM Time$(200),SHORT Data(200,120),INTEGER Tscan,Chan(5),Tim(5)
4450 COM Isoth(-5,15),R(15),PC15),Depth<5,15),Temp(5,15),Number(5),PlS
4460 COM Domain(40),Func(40)
4470 COM Radius(15),Mod(15),Xp(15),Yp(15),Xi(15),Yi(15),Ch(5,15)
4488 DIM Deriv(Narg)
4490 FOR I-1 TO Narg
4500 Domain(I)-I*(Radius(Holes)-Radi us( l))'Narg+Radius(l)
4510 NEXT I
4520 PRINTER IS 0
4530 CALL Spline(Holes,Narg,Radius(*),Mod(*),Domain(*),Func(*),Deriv(*),Int,IE-6
)
4540 SUBEND
4550 SUB Spline(N,Narg,X(*),Y(*),Domain<*),Func(*),Deriv(*),Int,Eps)
4560 !
4570 !
4580 ** SPLINE FIT FOR FUNCTION VALUES, INTEGRATION AND DIFFERENTIATION.
4590 ! ******************************************************************
4600 8
4610 !
4620 ! 4** BAD DATA CHECK.
4630 Baddta-(N<-0) OR (Eps<=0)
4640 IF Baddt8a= THEN 4740
4650 ! *** PRINT ERROR MESSAGE AND PAUSE.
4660 ! *** USER MAY CORRECT DATA AND CONTINUE.
4670 PRINT LIN(2),"ERROR IN SUBPROGRAM Splint."
4680 PRINT "N=";N,"Eps-";Eps,LIN(2)
4690 PAUSE
4700 GOTO 4630
4710 !
4720 I
4730 I *** BEGIN SUBPROGRAM.
4740 OPTION BASE 1
4750 DIM S(N),G(N-I),Work(N-1)
4760 FOR I=2 TO N-1
4770 Xi=X(I)
4788 XimlsX(I-I)
4790 XiplsX(I+1)
4800 Yi=Y(I)
4810 YimlzY(I-1)
4820 YiplsY(I+1)
4830 X=Xi-Ximl
4840 H-Xipl-Ximl
4850 Work(I).5*X'H
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4860 T-C(Yipl-Yi)'(Xipl-Xi)-(Yi-Ylml)'X)/H
4870 S(I)-2*T
4880 G(I)3*T
4890 NEXT I
4900 S(1)-S(N)-0
4910 I f** W IS THE RELAXATION FACTOR FOR SUCCESSIVE OVER-RELRXATION.
4920 W-8-4*SQR(3)
4930 Uw6
4940 FOR I12 TO N-1
4950 T-W*(-S(I)-Work(I)*S(I-1)-(.5-Work(I))*S(I+1)+G(I))
4966 HNABS(T)
4970 IF H>U THEN U-H
4980 S(I)=S(I)+T
4996 NEXT I
5000 IF U>=Eps THEN 4930
5010 FOR lot TO N-l
5020 CCI)u(S(I+1)-S(I))'(X(I+1)-X(I))
5030 NEXT I
5040 IF Ng6-0 THEN 5360
5050 1
5060 1
5870 1 *** CALCULATE FUNCTION VALUES AND DERIVATIVES.
5080 FOR Jol TO Narg
5609 Corrector: 1I1
5160 T-DomainCJ)
5110 IF T>-X(I) THEN 5190
5120 PRINT LINC2),"ERROR IN SUBPROGRAM Splint."
5130 PRINT "ARGUMENT OUT OF BOUNDS."
5140 PRINT X(1)-";XCI),NX(N)-";X(N),'Domain(";J;")-";DomaincJ),LINC2)
5150 PAUSE
5160 GOTO 5096
5170 1
5180 1
5190 I-I+1
5200 IF I>N THEN 5126
5210 IF T>X(I) THEN 5190
5220 1-1-i
5236 H=Domain(J)-X(I)
5249 T-DomainCJ)-X(I+1)
5250 X-H*T
5260 S-SCI)+H*G(I)
5270 Za1o6
5280 U-Z*(S(I)+S(I+1)+S)
5296 W-CYCI+1)-Y(I))'(XCI+1)-XCI))
5366 FuncCJ)-W*H+YCI)+X*U
5310 Deriu(J)uW+CH+T)*U+Z*X*G(I)
5326 NEXT J
5330 1
5340 1
5350-1 *** CALCULATE INTEGRAL FROM X<1) TO XCN).
5360 Int-0
5376 FOR 1-1 TO N-1
5380 H-X<I+I)-X<I)
5390 Int*lnt+.5*H*(Y(I)+Y(I+1))-124*HA3*(S(I)+S(I+1))
5400 NEXT I
5410 SUBEND
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APPENDIX F

SEMLGC Program

10 REM PROGRAM TO READ PERMEABILITY DATA AND PLOT SEMILOG 9'19/8e ***.
20 REM *************** REVISION C ***************
30 OPTION BASE I
4e CON Timet#1ee8),Tbegin,Tend,SHORT Data(180e,5),INTEGER Tscan,Start
50 COM Tylme(15),Model(I5),Domain(20),Func(20),PJ$,RepeatS,Id$(5)C203
60 Narg-2e
70 TscanSO
B0 Diff*-""
90 Repeat$S""
100 Pu1
110 Q-0
120 DATA INJECTION PRESSURE,INJECTION FLOW,TOTAL GALLONS,BL,BL
130 FOR I-1 TO 5
140 READ Id$
150 NEXT I
160 Begin: Different-e
170 Tscan-8
188 ON KEY 43 GOTO 358
190 ON KEY 94 GOTO 720
288 ON KEY 45 GOTO 538
210 PRINTER IS 16
228 INPUT "IS DATA GOING TO BE READ IN FROM A FLOPPY DISK? Y OR N",RS
230 EXIT GRAPHICS
240 PRINT PAGE
250 IF UPC*(RSCl,Il)-H"N THEN 280
260 MASS STORAGE IS ":F8"
278 GOTO 298
280 MASS STORAGE IS ":T15"i
298 PRINT PAGE
300 PRINT "PUT TAPE OR FLOPPY (WHICHEVER WAS SPECIFIED AS BEING THE MEDIUM-,LI
H(1),"FROM WHICH DATA WAS TO BE READ) INTO THE PROPER DRIVE."
318 PRINT '....THEN PRESS CONTINUE. THE CATALOG OF THIS TAPE-FLOPPY WILL THE
N",LIN(1),"BE PRINTED ON CRT DISPLAY FOR YOU TO SEE WHAT FILES ARE THERE",LIN(1)
320 PAUSE
330 PRINT PAGE
340 CRT
358 Read: INPUT "WHAT IS THE DATA FILE NAME TO BE READ?",F$
360 ASSIGN 91 TO F$C1,63
370 READ *1;Time*(*),Data(*),Tscan
380 PRINT PAGE,LIN(5)
398 INPUT "DO YOU WANT TO STORE UPGRADED FILES, Y OR N?",Store$
488 IF UPC$(Store$Cl,13)'"N" THEN 490
410 PRINT LIN(4),"PUT IN DISK FOR STORING NEW DATA. PRESS CONT WHEN READY"
420 PAUSE
430 CREATE F$,5,18080
440 ASSIGN 43 TO Ft
45 PRINT *3;Timr9(*),Data(*),Tscan,Start
468 PRINT *3;END
470 ASSIGN *3 TO *
480 PAUSE
498 FOR 1l- TO Tscan
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500 Data(I,1)-Data(I,1)*80
516 Data(I,2)-Data(I,2:)/.f5
520 NEXT I
530 Plot: REM THIS BEGINS PLOTTING ROUTINE BY SELECTING TYPE OF PLOT DESIRED
540 PRINTER IS 16
550 PRINT PAGE
560 PEN P
570 INPUT "WHAT IS BEGINNING SCAN NUMBER FOR PLOT?",Tb
580 INPUT "WHAT IS FINAL SCAN NUMBER FOR PLOT?",Te
596 INPUT "WHICH CHANNEL NUMBER DO YOU WISH TO PLOT?",Chan
600 INPUT "ARE YOU USING THE 9872A 4-PEN PLOTTER, Y OR N?",Pl$
610 P=1
620 Log: INPUT "HOW MANY CYCLES IS LOG PLOT?",Cycle
630 INPUT "WHAT IS MINIMUM PRESSURE TO BE PLOTTED?",Minp
640 INPUT "WHAT IS MAXIMUM PRESSURE TO BE PLOTTED?",Maxp
650 IF UPC$(Pl1E1,1J)<>"Y" THEN 700
660 PLOTTER IS 7,5,"9872R"
670 PEN P
680 LOCATE 0,100067,0,100
690 GOTO 730
700 PLOTTER IS 13,"GRAPHICS"
710 GRAPHICS
720 LOCATE 0,120,0,100
730 Tbegin-2
740 Tend-Cycle
750 SCALE Tbegin,Tend,Minp,Maxp
760 FRAME
770 FOR C-B TO Cycle-1
780 FOR I-i TO 10 STEP 1
790 Q-C+LGT(I)
800 MOVE Q,Minp
810 DRAW Q,Minp+(Maxp-Minp)'50
820 MOVE Q,Maxp
830 DRAW QMaxp-(Maxp-Minp)/50
840 IF I-10 THEN DRAW QMinp
850 NEXT I
860 NEXT C
870 LORG 4
S86 FOR I=0 TO Cycle
890 MOVE I,Minp+(Maxp-Minp)'46
900 LABEL USING "4D,X";10"I
910 NEXT I
920 MOVE Cycle/2,Minp+(Maxp-Minp)'26
930 LABEL USING "K";"TIME (SEC)"
940 IF Maxp-Minp>10 THEN 1020
950 AXES 100,.5,Tbegin,Minp-2,10,2,4
960 AXES 100,.5,Tend,Minp-2,10,2,4
970 FOR V-Minp+1 TO Maxp-1 STEP 1
980 MOVE Tbegin+.04*(Tend-Tbegin),V
990 LABEL USING "2D";V
1006 NEXT V
1010 GOTO 1240
1020 IF Maxp-Minp>25 THEN 1100
1030 AXES 100,1,Tbegin,Minp-4,10,2,4
1040 AXES 100,1,Tend,Minp-4,10,2,4
1050 FOR VYMinp+2 TO Maxp-2 STEP 2
1060 MOVE Tbegin+.04*(Tend-Tbegin),V
1070 LABEL USING "MDD";V
1080 NEXT V
1090 GOTO 1240
1100 IF Maxp-Minp>80 THEN 1180
1110 AXES 100,2.5,Tbeqin,Minp-5,10,2,4
1120 AXES 100,2.5,Tend,Minp-5,10,2,4
1130 FOR V=Minp+5 TO Maxp-5 STEP 5
1140 MOVE Tbeg-in+.04*<Tend-Tbegin),V
1150 LABEL USING "MDD";V
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1160 NEXT V
1170 GOTO 1240
1180 AXES 180,5,TbeginMinp-29,10,2,4
1190 AXES 188,5,Tend,Minp-20,10,2,4
1200 FOR V=Minp+28 TO Maxp-20 STEP 20
1210 MOVE Tbegin+.04*CTend-Tbegin),V
1220 LABEL USING "M3D";V
1238 NEXT V
1240 MOVE Tbegin+.88*(Tmnd-Tbegin),Minp+(Maxp-Minp)/2
1250 LDIR PI2
1260 LORG 5
1278 LABEL USING "K";"PRESSURE (PSI)"
1268 LDIR 0
1281 PEN I
1290 FOR I=Tb TO Te STEP 1
1300 Hrs-VAL(Time$(I)E7,81)
1310 Min-VAL(TimeS(I)E18,113)
1320 SecuVAL(TimeS(I)C13,143)
1330 MinuMin+Hrs*6e
1340 Sec-Sec*Min*60
1338 Date-Sec
1360 IF I-Tb THEN Begin-Date
1370 Date-Date-Begin
1380 IF Date<Tbegin THEN 1448
1390 IF Date>108Tend THEN 1470
140e LINE TYPE I
141e IF I-Tb THEN 1438
142e PLOT LGT(Date),Data(I,Chan),1
1430 PENUP
1440 NEXT I
1450 CSIZE 3.5
1460 LORG 2
1478 MOVE Cycle'2, .9*(Maxp-MinpŽ+Minp
148e LABEL USING "K";"POSTTEST PERMEABILITY"
1498 MOVE Cycle'2,.85'(Maxp-Minp)+Minp
15e8 LABEL USING mK,K";"FROM ',Time$(Tb)
1510 MOVE Cycle/2,.82*(Maxp-Minp)+Minp
1520 LABEL USING "K,K";"TO ",Time$(Te)
1521 PENUP
1522 PEN 8
1538 INPUT "ARE MORE CURVES FROM THIS DATA TO GO ON PLOT? Y OR N",More$
1540 IF UPC$(More$CI,11)-"N" THEN 157e
1558 INPUT "WHAT IS THE NEW CHANNEL TO BE PLOTTED?",Chan
156e GOTO 1281
1570 PRINT YOU CAN EXPAND THE PLOTTING CAPABILITIES BY READING IN MORE DATA TO
",LIN(1),"EITHER EXTEND PLOT FOR OTHER TIMES OR MOVE TO OTHER GROUPS OF"
1588 PRINT "CHANNELS.",LIN(1)
1598 INPUT "DOES MORE DATA NEED TO BE READ IN TO ADD TO THIS PLOT? Y OR N",Repe
atS
1688 IF UPCt(RepeatSEl,13)O>"N" THEN Begin
1681 IF UPC$(PlSE1p,1)-"Y" THEN 1670
1610 LOCATE e,120,0,100
1620 PRINTER IS 0
1630 PRINT PAGE,LIN(12)
1648 DUMP GRAPHICS
165e INPUT "DO YOU WANT ANOTHER COPY OF THIS PLOT, Y OR N?",Copy$
1666 IF UPCS(Copy$El,13)<>"N" THEN 1630
167e PLOTTER IS 13,"GRAPHICS"
1680 INPUT "DO YOU WANT SOME OTHER PLOTS FROM THIS DATA?",G$
1690 DifferentsS
1708 Diffl.""
1710 IF UPC$(G$1,13l)<>"N" THEN Plot
1720 Exit: INPUT "DO YOU WANT TO READ IN MORE DATA FROM DISK/TAPE, Y OR N?",YS
1738 IF UPC$(YSCI,1I)<>"N" THEN 78
1748 PRINT "TERMINATING PROGRAM AT YOUR REQUEST. OVER AND OUT!III"
1750 END
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