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GENERAL INTRODUCTION

There have been numerous attempts made in modifying mechanical
separation processes of liquids from fine-particulate suspensions. The
resulting processes are usually expensive or impractical. Many of these
suspensions are waste pr&ducts that require enormous storage impoundments
because of the incurred large volume resulting from poor or no solid/liquid
separation. Moreover, some of these £fine-grained suspensions are
marketable products if the solids can be recovered. If the solids must be
recovered to obtain the product, state-of-the-art processes are costly
which, obviously, is passed on to the consumers.

In additioﬁ, these slurried materials present handling problems that
are solved, again, with some more costly method than if the material were
solidified. Impoundment of waste slurries also may pose a problem,
depending on the material, in the leaching potential of heavy metals or
toxic chemicals into the groundwater supply.

Originally, this project addressed the dewatering of sewage sludge.
However, funding opportunities led to dewatering coal sludge and resulted
in a patent application for the pressurized electroosmotic dewatering (PED)
process. It was found that the combination of the two dewatering
mechanisms was synergistic. The coal sludge dewatering project defined
those slurry characterists which could be modified prior to dewatering such
that the PED process could be optimized and developed into a cost
effective, continuous dewatering process.

The current project concerns the dewatering of ultra-fine coal

suspensions and is addressed herein. This project was funded by the U. S.



Department of Energy (DOE) and was once of major interest since presently,
10 to 15 percent of the coal mined in the United States is discarded
because of its fineness and the associated dewatering difficulties.
Although dewatering is still an important industrial problem, it is no
longer of any major concern toc the DOE since research interests are now

directed towards direct combustion of coal-water-mixtures (CWM).

Explanation of Dissertation Format

The dissertation is composed of three separate papers and
supplementary appendixes. |

Part I, "Pressurized Electroosmotic Dewatering (PED)" was an invited
presentation at the Engineering Foundation Conference on "Flocculation,
Sedimentation and Consolidation”, on January 31, 1985 at Sea Island,
Georgia. The paper has been formally reviewed and accepted for
publication. -

Part II, "Augmenting Research with a Microcomputer” has been accepted
for presentation at the American Society of Civil Engineers' Third National
Conference on Microcomputers in Civil Engineering to be held November 4 to
6, 1985 at Orlando, Florida. The ‘paper will be submitted for review and
publication at the conference conclusion.

Part III, "Fine Coal Dewatering by Pressurized Electroosmosis” has
been accepted for presentation at the Engineering Foundation Conference on
"Science and Technology of Processing Fine Coal"™ on August 15, 1985 at New
England College, Henniker, New Hampshire. The paper will be submitted for

review and publication at the conference conclusion.



Appendix A presents the software developed to conduct the research.
Also included is that software modified to improve the
microcomputer-mainframe communications and to enable re-addressable files
to be stored on a flopﬁy disc.

Appendix B includes those items that page limitations of the publi-
cations required the omission of and are included in this publication for

clarification purposes.



PART I. PRESSURIZED ELECTROOSMOTIC DEWATERING (PFD)



ABSTRACT

Laboratory bench tests are being conducted to optimize pressurized
electroosmotic dewatering (PED) of ultra-fine coal suspensions. The tests
show that PED increases +the dewatering rate and decreases the final
moisture content as compared to conventional processes. Other slurries,
slimes and sludges have also been dewatered using the PED process and the
results have proven that the PED process is effective with a variety of
materials and suspensions. Optimization of the PED process will be used to

develop a cost effective, continuous dewatering process for fine-particle

suspensions.
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INTRODUCTION

Many industrial processes produce large quantities of suspended
fine-grained material that is usually rejected as waste. Much of this
waste is useful material that is only rejected because of the filtration
difficulties and handling problems presented by its fineness. For example,
over half of the coal produced in the United States is processed through
preparation plants in which up to 25 percent 1is discarded. With the
introduction of new deep cleaning methods, larger quantities of fine coal
will be generated and thus, wasted. A majority of the material is
recoverable, but because state-of-the-art dewatering techniques cannot
sufficiently dewater the suspensions, subsequent expensive thermal drying
is required for further utilization and handling.

Disposal of waste slurries requires enormous impoundments if the
suspending 1liquid is not removed. This quickly becomes uneconomical
because of the land that must be committed only to disposal purposes.
Another problem that exists is the possibility of groundwater contamination
by leachates from these disposal sites. Therefore, industry is presssed to
find an economical method of dewatering recoverable fines and waste for
utilization, economic land usage and environmental reasons.

Although many solid/liquid separation processes have been studied in
an attempt to modify the processes to dewater suspensions of fine-grained
material, electroosmosis and the belt filter press show the greatest
promise (1-4). Previous research by the authors has shown that the
combination of electroosmosis and pressure is very effective in dewatering

coal sludge, a fine-grained waste material (5). The marriage of the two



dewatering mechanisms enhance the dewatering rate and overall moisture
reduction. The coal sludge was not physically or chemically altered prior
to dewatering. However, the tests indicated that parameters such as
particle size distribution and =zeta potential could be modified to
substantially improve the PED process.

Therefore, the ongoing research is investigating the parameters which
affect the PED process and how effective the modifications of those
parameters are. These results will then be used to optimize the process
such that equipment and operational procedures can be developed to
effectively and economically dewater slurries, slimes and sludges in a
continuous process. Once the PED process is developed into a continuous
process and employed on an industrial scale, utilization of recovered fine
material, that is currently wasted, will be enhanced, environmental
problems and disposal site sizes will be reduced and handling problems will
be alleviated.

Many of the industries that are forced to deal with fine-particulate
slurries, prepare or process raw material. Thus, elimination of the
associated problems and utilization of recovered material will reduce the

overall cost which, in turn, should reduce the consumer's cost.



THEORY

One of the most widely used theoretical expressions for electro-
osmosis was introduced by Helmholtz and later refined by Smoluchowski. The
Helmholtz-Smoluchowski equation for electroosmotic flow rate of water

through a porous medium is

Qg = kyi A, m/s (1)
where k, = neg/H, m2/Ves (2)
ie = E/L, V/m (3)

n = porosity, dimensionless

€ = static permittivity, CZ/N-m

L = electrokinetic or zeta potential, V
W = viscosity of water, kg/s.m

E = electrical potential (voltage), V

L = distance between electrodes, m

A = cross-sectional area, m2

Equation (1) is similar to Darcy's hydraulic flow equation which is

Q, = kpiyA, n3/s (4)
where k, = pngn/Su , m/s (5)
ih = H/L, dimensionless (6)
p = mass density of liquid, kg/cm3
g = gravitational acceleration, m/s2
R = capillary radius, m
H = total headloss in distance L, m



10

The main difference is that in the Helmholtz-Smoluchowski equation, ke
is theoretically independent of pore sizes whereas in Darcy's equation, kh
is directly proportional to the square of the pore size. However, Winter-
korn and Fang show that n = RS/2, where S is the specific surface area per
unit volume (6). Substituting this expression into Equations (2) and (5)
shows that the electroosmotic flow rate is dependent on the pore radius,
but the hydraulic flow rate is more dependent on pore size since it becomes
a function of the radius cubed. Hence, it can be seen that an electrical
potential can more easily transport water through fine-grained material
than can a hydraulic potential.

When a saturated, particulate matrix is electroosmotically dewatered,
consolidation must occur with a decrease in volume equivalent to the quan-
tity of water removed. This assumes saturation is maintained. However,
for consolidation to occur, an increase in the effective stress should take
place. Thus, if the total stress remains constant, negative pore pressures
should develop in the compressed layer near the anode. However, at the
open cathode, there is no change in either the pore pressure or total
stress. With this difference in pore pressure a hydraulic gradient is in-
duced which opposes the electroosmotic flow. Thus, water will continue to
flow as long as the electroosmotic driving force remains greater than the
induced hydraulic gradient, but will cease once an equilibrium is

established.

The negative pore pressure that develops for a given potential depends
on the ke/kh ratio (7). Since kh decreases rapidly as the particle size,
and pore size, decreases and since ke is theoretically independent of pore

size, the negative pore pressure that develops in a fine-grained material
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would be greater in magnitude than that developed in a coarser material.
Therefore, the relative amount of consolidation, which depends on the
magnitude of the negative pore pressure, is potentially greater for
fine-grained material.

When combining gradients to induce the flow of water through a porous
medium, the total flow rate can be theoretically represented by superposi-
tion of the flow rates due to the individual gradients. It has been demon-
strated experimentally (8) that combined gradients produce a total flow
rate that can be represented by superposition as

Qtotal = (khih + keie)A (8)

Therefore, as a compressible material consolidates, kh will decrease
as will ke' Since kh is a function of e3/(1+e)1 and ke is directly propor-
tional to porosity, n, which is equivalent to e/(l+e), ky will decrease
more rapidly than ke. The electrical potential gradient, ie, will
increase, assuming applied voltage is constant, as the distance decreases
between the electrodes. The behavior of the hydraulic gradient in the
consolidation process is complex since it is a function of two constantly
changing variables; the rate of dissipation of the excess pore pressure and
the rate of change in sample height. Nevertheless, it can be seen that as
the material consolidates, the flow rate due to the hydraulic gradient will
decrease with time whereas electroosmotic flow will increase. Thus, if the
initial kh value is great enough, hydraulic flow will account for a greater
portion of the total flow rate initially and electro—osmotic flow will

become more significant as the material consolidates.

lAccording to Kozeny-Carmen equation where e is the void ratio (5,6).
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EXPERIMENTAL APPARATUS AND TESTING PROCEDURE

The experimental apparatus2 consisted of two Lexan cells having an
inside cross-sectional area of 61.8] cm?. One of the cells served as
reference for the other cell. This enabled the variability of the slurries
from test to test to be factored out.

The bottom of the cell (cathode) was made of stainless steel #200 mesh
screen and supported by a stainless steel, perforated plate. This plate
was supported by another stainless steel plate that was attached to the
frame and was tapered down towards the center to funnel the removed water
out. This exit was valved to prevent water from escaping prematurely and
allowed the pressure and electrical potentials to be applied before the
test was started. Pressure was applied using an air cylinder to press a
graphite—-faced, stainless steel plate down onto the slurry. The plate was
sealed with o-rings. A perforation in the pressure plate was fitted with a
zerk to remove the air when inserting the plate into the cell.

A computer data acquisition system was interfaced to the testing ap-
paratus so that a number of different variables could be monitored fre-
quently and rapidly. The monitored and recorded variables include vol-
tage, current, slurry depth, the weight of water removed and elapsed time.

A slurry sample was ccllected randomly as the cell was filled. This
sample was used to determine the initial solids content, zeta potential and
particle size distribution. Zeta potentials were determined on a Komline-

Sanderson Model ZR-12S Zeta Reader and particle size distributions were

%See Figure 1 of Part II.
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determined on a Leeds & Northrup Model 7991-0 Microtrac particle size
analyzer.

After dewatering, the support plates were removed, the sample was
extruded and the solids content was determined. The recorded raw data were
then printed out as well as the computed incremental data including water
removed, dewatering rate, current density, resistance, depth, accumulative

electrical energy consumed and mechanical work done.
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RESULTS AND DISCUSSION
Materials

Coal slurries of 407 solids by weight were prepared using Illinois #6
coal from Peabody Coal Company, River King Mine, St. Clair County, Free-
burg, Illinois. The lignite slurries3 were received from the University of
North Dakota Energy Research Center where they were prepared in the

hot-water—drying Process Development Unit (PDU) from Indian Head lignite.
3

The red mud3 (bauxite preparation waste) and phosphate slime” were received

from the Tuscaloosa Research Center, Bureau of Mines, U. S. Department of

Interior, University, Alabama. The kaolinite slurries3 (Lustra Slurries)

were received from the Freeport Kaolin Company, Gordon, Georgia,

Zeta Potential Modification

When the zeta potentials were determined, it was found, in many cases,
that the specific conductivity was greater than 2 mmho/cm. Since the
maximun allowable specific conductivity on the Zeta Reader is 2 mmho/cm,
all samples were prepared by combining 2 g of solids/liter of deiomized
water. This reduced the electrolyte concentration and thus, the specific
conductivity which allowed a zeta potential to be determined. However,
dilution expands the electric double layer, so the zeta potentails obtained
were not the 'true' zeta potentials and were used as a relative measure of
potential, In order to find a compound that effectively increased the

magnitude of the negative zeta potential while minimizing the specific con-

3See Appendix B for particle size distribution.
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ductivity and the cost, a coal slurry zeta potential - chemical additive
study was conducted using various selected compounds. Increasing the zeta
potential increases the dewatering rate and by minimizing the specific
conductivity, more of the electrical energy is used to transport water.
Figure 1 shows the five most effective compounds found in the zeta po-
tential modification study. The results are plotted as change in zeta
potential to remove the variability of the coal samples versus total cost.
Total cost is defined as the cost of the compound addition times the
specific conductivity since an increase in specific conductivity can also
be taken as a cost to the process. As can be seen in Figure 1, the test
results showed that Calgon, sodium hexametaphosphate buffered with sodium
carbonate, was the most effective in increasing the magnitude of the zeta
potential with a low total cost. Ammonium oxalate, sodium carbonate,
sodium hydroxide and sodium oxalate were also effective but at a slightly

higher cost and/or smaller increase in the magnitude of ‘the zeta potential.

Change in Zeta Potential (mv)

1 . e 3 4
Totzl Cost ($ » mho/cm)

LEGEND: Compound O Amm. Oxal. O Sod. Cardb. & Sod. Hyor.
+ Sod. Oxal. » Calgon

Figure 1. The five most effective compounds in increasing the magnitude
of the zeta potential at a low total cost
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Pressurized Electroosmotic Dewatering

The PED test results showed, as expected, that the dewatering rate was
initially high due to the hydraulic potential. The flow rate then tapered
off and electroosmotic dewatering became dominant. This effect was only
observed when the initial hydraulic conductivity was high and the suspen-
sion particles were not small enough to plug the pores of the filter. As
shown in Figure 2, the use of electroosmosis in conjunction with pressure
increases the initial dewatering rate over that of pressure dewatering.

In several PED tests, it was found that the resistance initially
decreased then increased, as typically shown in Figure 3. The resistance
cannot be lowered since water is continuously being removed. However, the
resistance is computed from the measured voltage and current and this drop
in resistance occurs congruently with a high dewatering rate. This can be
seen by comparing Figures 2 and 3. The initial resistance drop is
explainable by the existence of a streaming potential which would have a
polarity opposite to that of the applied potential. Thus, the measured
voltage 1is less than the actual applied voltage. The resistance then
increases with water removal and when most of the water is removed, heat

generation increases the resistance further.

Figure 4 shows the cake depth versus the water removed for a lignite
slurry that was heated.to 60°C. The 1lignite slurry that was dewatered
using PED had a higher initial solids content than did the slurry that was
dewatered by pressure alone, 54.5% and 45.0% solids by weight,
respectively. Thus, the maximum consolidation or minimum depth obtainable

was different. The important observation that can be made is that after
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slurry using PED, voltage=50 VDC and pressure=759 kN/m
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the slurry cake was completely consolidated, electroosmosis continued to
remove water.

The lignite slurry was still fairly viscous at 60°C, had a high
initial solids content, possessed a high zeta potential, (-71 mV), and
exhibited a particle size distributi&im that enabled good consolidation.
These factors were near optimum and magnified the effectiveness of PED
which can be seen in Figure 5 showing the water removed versus elapsed
time. These are the same lignite slurries as previously mentioned as
having a difference in initial solids content, so one must remember that
the pressure dewatered slﬁrry had more water available for removal. One
can see that the dewatering rate is greater with PED than with pressure
alone. Also, it shows that with time, pressure dewatering may eventually
remove an equivalent amount of water as PED.

In this case, Figure 5 indicates that the equilibrium between the
electroosmotic driving force and the induced hydraulic gradient is,
established quickly as noted by the abrupt change in the slope or
dewatering rate of PED.

With the application of an electrical field, the dissociated ions are
attracted to the electrodes. Since the water is free to drain at the
cathode, cations are washed out with the water. Carbonation then takes
place in the collected water giving it a milky or turbid appearance. These
carbonates then precipitate out.

Given in Table 1 are some typical results of various slurries that

have been tested. These slurries were tested as received and were not

modified in any way prior to testing.
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Table 1. Typical test results for various slurries tested
as received

PED Pressure
Zeta
Pot. Init. Final Time Init. Final Time
Slurry (mV) (% SS) (% SS) (min) (% SS) (% SS) (min)
Kaolinite -19.1 58.7 87.1 80 58.7 58.7 90
Red Mud -10.3 25.7 64.9 17 33.8 63.9 30
Phosphate Slime =-22,2 2.6 63.4 21 2.8 6.3 30

Lignite -71.0 54.5 73.1 28 45.0 62.3 60
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CONCLUSIONS

The research completed thus far has shown that the PED process is a
very effective means of dewatering fire-grained material. Also, it has
been proven to be applicable to all types of slurries, slimes and sludges.
The results show that the final moisture content can be substantially
reduced and/or obtained in a greatly reduced time. For example, final
moisture contents of 15 to 20% by total weight have been accomplished in
less than 10 minutes for 40% solids coal slurries having a top particle
size of 40 micrometers.

The PED process can be economically improved by increasing the
magnitude of the zeta potential such that the dewatering rate is increased
and thereby, reduces the electrical energy consumption. Lower moisture
contents are obtainable for material having a particle size distribution

which augments packing density upon consolidation while pore saturation is

maintained.
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PART II. AUGMENTING RESEARCH WITH A MICROCOMPUTER
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ABSTRACT

A microcomputer automated data acquisition system was built to conduct
testing for a study in pressurized electroosmotic dewatering (PED) of
ultra-fine particulate suspensions. The PED research project required
numerous variables to be recorded in a short time. In previous research,
manual data recording greatly increased .the elapsed time between
observation cycles. By using a microcomputer to collect and record data, a
substantial increase in data accumulation was realized. . The increase in
the quantity of data and the reduction in cycle time not only enhanced the
reliability of the PED data, but also provided evidence of a short-lived
phenoﬁena that would have otherwise gone unnoticed under manual data
recording.

Additional software was developed to reduce the raw data, calculate
incremental data, prepare data files to enable uploading to a mainframe
computer for statistical analysis, plot the raw, incremental and computed
data on an x-y plotter and, of course, printout the raw data.

Data collection automation has allowed more tests to be run, a greater
number of testing situations to be addressed and testing of more material

types. This enhancement of research increases the ability to address field

situations.
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INTRODUCTION

Since the advent of the microcomputer in the late 1970s, numerous
instrument interfaces and data acquisition systems have become available.
However, these systems are sometimes expensive or specialized to an extent
that any generic application is difficult. If one tries to build an inter-
face, it can be quite complex because of the nonstandardized operating
languages found especially in electronic instruments designed early in the
microcomputer age.

In this project a PET/CBM' Series 2001/32K with a Basic 4.0 upgrade
microcomputer was used to monitor pressurized electroosmotic dewatering
(PED) research tests. The computer was interfaced with an Instruments
Division, Measurements Group, Vishay/Ellis (V/E) 220 Strain Gage
Instrumentation System to monitor‘ pressure, displacement and weight of
water removed using a pressure transducer, a linear variable differential
transformer (LVDT) and a strain gage on a cantilever, respectively. The
current and voltage were measured using an analog to digital (A/D)
converter.

The collected data were sequentially stored on a CBM 8050 Dual Drive
Floppy Disk and printed out at the conclusion of the test run on a CBM
8023P Tractor Printer. The raw and calculated data were plotted on a

Hewlett-Packard 7220C Graphics Plotter.

1CBM and PET are trademarks of Commodore Business Machines, Inc.
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SCOPE OF STUDY

The objective of the research project was to investigate the influence
of particle size distribution and zeta potential on PED of ultra-fine coal
suspensions. Because of the variability of coal, it was necessary to run
two tests simultaneously such that one test was a reference to the other to
remove this variability when analyzing the results.

Originally, it was intended to monitor with respect to elapsed time
the slurry temperature, pore water pressure at the top and bottom of the
cake, the applied pressure, cake depth, voltage, current and the quantity
of water removed. In addition, the electrochemical effects on the cake
‘were to be quantitatively analyzed using X-ray diffraction (XRD). However,
as with many research projects, limited funding prevented purchasing the
devices required to collect data on the slurry temperature and pore water
pressures as well as restricting the XRD usage.

Nonetheless, the number oflvariables that could be monitored for both
cells were excessive if data acquisition was to be done manually and still

preserve the integrity of the tests.
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SYSTEM ORGANIZATION

Hardware

Figure 1 shows the computer and associated interfaced instrumentation
and research equipment. To increase the speed of data collection and
reduce the software requirements, the PET's IEEE 488 Bus (GPIB) port was
used. This allowed the V/E system's interface to be daisy-chained, as
shown in Figure 1, by assigning it a device number. This interface was
assigned device number 5 since this number is normally used for modem
communications and does not require software secondary addresses to define
the information as an input or output. All of the devices, i.e. pressure
transducers, LVDTs and strain gages that were monitored by the V/E, were

wired in full-bridge circuitry.
Software

Since the V/E system's output was in binary coded decimel (BCD)
language, the software was written to convert the eight-bit input.
Simultaneously, the converted input was entered into the associated channel
and device calibration curve to define a real number before the data was
stored. Data could have been collected at a much faster rate except that
before inputting data after a channel advance on the V/E, a time delay of
one to two seconds was required because of the systems archaic slowness,
i.e. in respect to today's computer systems. Thus, the elapsed time at
which each observation was made, rather than for one complete cycle, was

collected and recorded using the PET's internal clock.



30

PET/CBM g?faiﬂ
Series 2001/32K I“vlgaggr
Basic 4.0 /E-
p—"
CBM 8023P Scan
Printer Controller
Device #4 V/E-25
Periph. [:
Switzh //D
Device #6 CEM 8050 Printer
Dual Disk Drive V/E-22
Device #8
1 { [1
Elec.
Modem 2
V/E Switch &
Intgrface Balance
pH plttr Device #5 V/E-21
A/D —
S Terminal
Block
rJ JJ Compressed
. _/ Air
Regulator
Pressure
Transducer
1
- -
> >
&) O
v
3
e h—rh—— & e A A
]
°
[z < ™®
qu Cell 1l LYDT Cell2
e} Nt () (=) Jrmmr e
Power . Power
Strain Gage
Supply ? K i as 7 Supply
Figure 1. Computer, interface and research equipment organization.
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Prior to each test run, variables such as voltage, pressure, test
identification filenames, date, and zero depth reference were preset. 1In
the same program, the V/E was initialized and the fotal elapsed time for
the test was gntered.

All of the preset data were stored in a sequential file. ‘The memory
was then cleared and upon chain-loading the data acquisition software, the
preset data were read back into the memory. This minimized the memory
usage of nonessential variables and thereby minimized the run time of the
data acquisition softwars. The run time could have been further reduced
had there been a compiler available., Nonetheless, a complete observation
cycle in which, for both cells, 10 variables and the elapsed time for each
were collected and recorded in 15 to 20 seconds.

Although both cells were normally used for a test run, software was
also developed such that a test could be conducted in either cell
independently. Additional software was developed to reduce the raw data,
calculate incremental data, prepare data files to enable uploading to a
mainframe computer for statistical analysis, plot the raw, incremental and
computed data on an x-y plotter and, of course, printout the raw data.
Other software was developed to reduce the zeta potential modification test
data and prepare the reduced data for uploading. Existing communication
programs were modified so that the PET and mainframe could communicate at a
baudrate of 1200 bps. A program was written on the mainframe to massage
the SAS/GRAPHTM files prior to downloading so the files could be stored on
the disk drive and erased from the mainframe's storage bank. Programs were
also written to continuously download a number of SAS/GRAPH files and erase

them from the mainframe's storage bank and to continuously download all of



the other files in the mainframe's storage banks for backup.
All of the developed software is presented in Appendix A.

through 5 present examples of the printouts of the software.
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ELECTROOSMOTIC

DEWATERIRMNSG

PED
Test Code : RBRYS22Z1
Date Tested : 16-FEE-85
Cum.
H20 ET Depth ET Currernt ET Vo ltage ET Press. ET

{yd Cmin>  Cemd  (mind) (mA>  (mind [$ ) <mind Cpsid (mind
.0 .02 3.32 .05 2012 .08 49.7 .08 108.8 .13
37.3 .40 2.85 .42 2012 .47 50.2 .47 108.2 .53
70.1 72 2.10 .75 2012 .78 49.3 .78 108.4 .85
8s. 9 1.8 1.70 1.82 2012 1,87 49.3 1.07 102, & 1.13
192.4 1.23 1.60 1.32 2012 1.33 50.1 1.35 103.8 1.42
112. 2 1.57 1.5¢ 1.60 17ee 1.62 58.5 1.63 18€.8 1.6¢8
115.4 1.83 1.58 1.8?7 1537 1.98 S0.5 1.50 108.8 1.97
117.5 2.12 1.58 2.15 1327 2.17 0.5 2.18 108.&6 2.23
128.0 2.38 1.57 2.42 1186 2.42 S56.5 2.45 108.7 2.50
121.7 2.65 1.5?7 2.68 1061 2.7z 50.5 2.72 188.7 2.77
122.8 2.93 1.57 2.97 966 2.%8 50.5 2.98 18,7 3.85
122.¢6 2.20 1.57 3.23 864 3,27 58.5 3.27 188,66 3.32
126.9 3.47 1.57 3.52 792 3.53 S50.5 3.S3 102.6 3.63
126.7 3.78 1.57 3.82 721 3.85 50.5 3.85 10,5 3.92
127.9 4,97 1.%7 4.10 657 4.13 59.5 4.13 1908.5 4.18
128.8 4,35 1,57 4.38 657 4.92 50.5 4.42 188.4 4.4
128.7 4,62 1.57 4.67 610 4.68 50.5 4.68 102.4 4,75
128.9 4,90 1.57 4,93 602 4,97 50.5 4.97 198,23 5.@2
123.5 5.17 1.57 S.20 562 5.23 58.%5 S.22 18,3 S.28
129.4 S5.4% 1.57 S.47 538 5.58 50.5 5.50 105.2 5.5%5
122.5 S.72 1.57 5.75 538 S5.°7 50.5 S.77 1e8.2 5.85
130.0 $.968 1.S7 6.63 S22 6.05 50.5 6.05 188.2 6.12
130.7 6.27 1.57 6.30 492 6.33 50.5 6.33 188.1 6.28
130.3 6.52 1.57 6.%8 490 6.68 50.9° 6.60 ies, 1 6.67
138.3 6.82 1.57 6.87 458 6.88 50.5 6.82 108.1 6.95
1z0.8 7.8 1.57 7.13 450 7.15 50.9 7.15 108.8 7.23
131.1 7.32 1.57 7.42 434 7.43 5$0.5 7.45 108.86 7.S52
131.1 7.67 1.57 7.70 434 7.72 50.5 7.73 108.8 ?7.78
131.3 7.92 1.S56 7.97 43¢ 8.00 50.5 8.00 108.¢ 8.10
131.8 8.25 1.57 8.28 410 8.32 5.5 8.32 10€.8 8.37
131.S 8.52 1.57 8.57 402 8.58 58.5 8.58 188.0 8.65
121.9 8.v8 1.57 8.83 394 8.8% 50.5 8.85 102,06 8.93
132.1 9.8% 1,57 S.12 394 9.15 $0.5 5.1S 187.9 9.22
132.4 9.37 1.5? S.40 377 9.42 %0.S5 9.43 107.9 S9.48
122.4 9.63 1.57 S.67 369 9.70 50.5 S.72 187.9 S.75
132.6 9.92 1.57 9.95 386 9.98 50.5 18.00 iev.8 18.05
132.3 10,20 1.57 10.25 377 18.27 S8.5 18.27 187.5 10.33
132.7 10.48 1.57 10.55 353 10.58 S8.5 16.58 187.9 10.€S
132.,7 10.80 1.56 10.83 345 18.85 5.5 18.87 187.9 18.52
122.2 11.88 1.56 11.12 369 11.13 50,5 11.1S5 107.8 11.2@
Page 1 of 2

Figure 2.

Example of the PED test raw data printout

Pigures 2
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FED

Test Code : APRVS2Z1
Date Tested : 16-FEB-85

Dt Vo lt. Current Lunulative Worlc

aH20 Rats= Grad. Density R ol Elec, Mech.

(g <arlming Voaml CmAsem2) Cohm) Cem> Ck=hry (DD
+ .0 + .0 15.0 3z2.55 24.7 -3.32 . 000 a
+ 37.3 + 93.2 19.0 32.55 25.98 + .67 . 200 31
+ 3z2.8 +162.9 3.5 32,5% 24,5 + .55 .001 S7
+ 25.& + 92,1 29.0 32.55 24.5 + .49 . 02 76
+ 12,9 + 44,€ 21.2 32.55 24,9 + .10 . 003 &1
+ 4,9 + 16.9 32.0 28.61 28.€ + .0z . 004 32
+ 2.1 + 8.1 3z.0 24.87 32.9 + .00 . 00% 82
+ 2.2 + 7.6 32.0 21.47 38.1 + .00 . 8¢ 82
+ 2.4 + 9.2 22.2 19.19 42.6 + .01 .67 82
+ 1.7 + 6.3 32.2 17.17 47 .5 + .90 . 9082 32
+ 1.1 + 3.9 2.2 15.6% s52.3 + .8 . 003 8z
+ .8 + 3.0 32.2 13.98 58.4 + .08 .010 82
+ 2.4 + 8.9 32.2 12.81 63.8 + .80 011 8z
+ 7 + 2.3 32.2 11.67 70.0 + .00 012 82
+ 1.2 + 4.1 32.2 11.2¢& 72.5 + .0@ 012 8z
+ .7 + 2.5 32.2 10.62 76.93 + .00 .014 82
+ .1 + .4 3z.2 9.87 82.8 + .00 .81% g2
+ o2 + o7 32.2 a.74 83.9 + .00 .06 82
+ & + 2.2 3z.2 S.08% 839.9 + .08 .017 gz
- .1 - 3 32.2 8.70 92.9 + .08 .918 82
+ .1 + 3 32.2 e.ve 93.2 + .88 815 (=4
+ - + 1.8 3z.2 8.45 6.7 + .97 . 828 382
+ .7 + 2.4 32.2 8.086 191.4 + .8¢ . 021 gz
- .4 - 1.5 32.2 7.93 192.1 + ,00 .822 s2
+ e + @ 32.2 7.41 110, 3 + .00 .ez2 e2
+ .5 + 1.9 32.2 7.28 112, 2 + OB .824 82
+ ic] + 1.0 2.2 7.02 116. 4 + .20 .025 ez
+ .0 + .0 32.2 7.02 116.4 + .83 026 82
+ .2 + .8 32.4 7.02 11€.4 + .01 N - 8z
+ .S + 1.6 32.2 6.53 122.2 - .20 . 028 >
- .3 - 1.1 3z. 2 6.50 125. ¢ + .00 .02 82
+ .4 + 1.5 32.2 6.37 128.2 + .00 .030 2
+ .2 + .7 3z.2 6.37 1z2e.2 + .00 . 08232 8z
+ 2 + 1.0 32.2 6.108 134.9 + .09 834 82
+ .@ + .0 32.2 5,97 13€. 9 + .00 .836 &2
+ .2 + e 3z.2 6,25 130.¢& + .00 .a3e 82
- .2 - 1.1 32.2 6.1 134.0 + .90 . 040 82
+ 4 + 1.4 32.2 5.71 143.1 + .80 .042 82
+ .9 + .9 32.4 5.5& 148.4 + .01 . 044 g2
+ .S + 1.8 3z2.4 5.97 136.9 + .00 . 046 82

Page 1 of 2

Figure 3. Example of the PED test calculated data printout.
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FRESSURIZED ELECTROOSMOTIC DISWMSITES IS
FPED

Test Code : AXNDWZ2Z10
Date Tested : 21-MAY-85

Initial voltage 30.1 v
Initial pressure 108.8 psi
Elapsed Time 1S min
Empts depth . S.88 cm
Initial water added .00 o

V/E balance adjustment:
Channel 8 = - 250.060
Channel | = + 2.33
Channel 4 = - 236.33

Test conducted in cell no. 1

Figure 4. Example of the PED test initialization variables printout.
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Zeta Potential Investigation
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Test Code — CAL1GH

Final Zeta Specific
Concentration Potential Conductivity Temperature
<MD (mV) (umhos/Zcm) (>
0. 088200000 -25.5 112 7.2
9.08080805632 -28.3 122 27.8
9.000011264 -28.4 129 28.1
9.800022525 -31.0 142 28.7
8.0008845839 -32.9 167 29.6
8. 000050828 -35.5 216 30.3
9.0008168641 -45.1 385 30.9
8.000224780 -50.2 377 31.4
8.000280683 -52.5 4352 32.0
8.808336588 -53.5 528 32.4
8.08686352417 -54.2 607 33.2
9.8088448165 -53.1 682 33.6
8.08835083845 -53.8 76S 34.5
8.0008555444 -51.0 835 34.6
8.800614968 -351.9 ses 34.8
©.0890725787 -51.0 1859 335.8
2.8008836394 -58.5 1199 35.9
0.808546528 -—45.4 1329 36.1
2.081111282 -48.5 1524 36.4
0.0801384397 -48.5 1818 36.7

Example of the zeta potential modification test
calculated data printout.
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DISCUSSION

The biggest advantage to computerized automated data acquisition is
that the investigator is freed to more closely observe the test as it
progresses. This allows one to draw conclusions from the results that may
otherwise be unsubstantiated and require another test to be run.

Also, because of the number of observations taken in a short time,
evidence of short-lived phenomena can be obtained. These occurrences may
go completely unnoticed if manual data recording is used. A prime example
of this was found in this project where the existence of a streaming
potential was assumed not to occur when data were collected manually. With
the present computerized data acquisition system, evidence that a streaming
potential could have occurred was obtained. However, to fully substantiate
this occurrence, non-polarizable electrodes must be used. Nonetheless, it
is now realized that a streaming potential may exist.

Another advantage to computerization is that once the raw data have
been collected and recorded, the computer can then be used to reduce the
data and remove the tedium of doing so manually. Also, the data may be
analyzed in many more approaches. This enables more tests to be run
because of the shortened time in reducing the raw data. Because more tests
can be run, the basic testing of a research project can be completed more
quickly and allow specific testing, e.g., into various field situations.
In this project, numerous types of slurried materials other than coal
suspensions were tested using PED for various industries concerned with the
dewatering of fine-grained materials.

One major disadvantage to any computer software that cannot be
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overlooked is the phenomena of 'GIGO' - garbage in, garbage out. Thus, one
must thoroughly understand the computer system and the operation of each
device the computer communicates with. If one does not completely
understand the system or even if one does, for the sake of checking, a full
array of tests covering the occurrence of any possible event must be
performed with knowledge ot the outcome beforehand. The required extent of
one's computer knowledge, obviously, depends on the involvement in software
development or as in many cases, the amount of financial support available

to contract software development.
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CONCLUSION

Using a microcomputer for research data acquisition enhanced not only
the volume of data collected but also the quality and the field

applicability. Short-lived occurrences were detected and a better

understanding of the testing was gained.

With time, it can be forseen that microcomputers will become a common
part of experimental programs, especially as computer systems become more

standardized, versatile and inexpensive.
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PART II1. FINE COAL DEWATERING BY PRESSURIZED ELECTROOSMOSIS
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ABSTRACT

Increasing quantities of fine coal are being generated with the
introduction of new deep cleaning methods. In response, improved fine coal
recovery processes are being developed. Current dewatering techniques for
fine coal suspensions are either expensive or not as effective as required.

Many solid/liquid separation processes have been studied and some in-
vestigators have shown that electroosmotic dewatering of fine—grained
material is promising. However, combining electroosmosis with pressure
increases‘the.dewatering rate and substantially reduces the final moisture
content.

The electroosmotic flow rate is theoretically independent of the pore
size and electroosmosis does not affect the intergranular pressure
(effective stress). Also, the efficiency of electroosmosis decreases
rapidly if the pores do not remain saturated. Thus, when electroosmosis is
used for dewatering,. consolidation must Accur simultaneously with water
removal to maintain pore saturation. If consolidation does not occur, an
equilibrium state will be reached in which the flow of water ceases.
Therefore, in the pressurized electroosmotic dewatering (PED) process,
electroosmosis is utilized as the driving force on the pore water and the
applied pressure is used to consolidate the 'material by increasing the
intergranular pressure.

Automated laboratory bench tests have been conducted to optimize the
PED process by controlling the parameters which affect the dewatering rate
and the particulate comsolidation of coal suspensions. The variables

include zeta potential, voltage, particle size distribution and pressure.
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INTRODUCTION

New coal cleaning processes are making use of pulverization to improve
mineral liberation and often, the resulting clean coal is in an aqueous
state. State—of-the—-art dewatering techniques are inadequate for these
fine coal suspensions. The reason being that the movement of water within
the particulate matrix is governed by the hydraulic conductivity which, for
fine-grained material, is relatively low. Thus, subsequent expensive
thermal drying is necessary. An approach by others {(1,2) is to use
extremely high consolidating pressures, 10,000 to 30,000 psi, which is also
expensive in equipment maintenance and somewhat impractical.

Electroosmosis, the electrokinetic movement of water through a porous
medium by an electrical field, is theoretically independent of pore size.
However, electroosmosis has no influence on the intergranular or effective
stress. Very 1little consolidation takes place when dewatering is done
solely by electroosmosis. If the material does not consolidate
equivalently with water removal, the pores become unsaturated. Once this
occurs, the electroosmotic flow of water is terminated because electrical
conductivity is governed by the pore saturation.

Pore saturation can be maintained by applying a pressure to the
slurry. Initially, the applied pressure increases the pore water pressure
and causes water to flow out of the particulate matrix. As this excess
pore pressure dissipates, the load is transferred to the particles and
thereby, increases the effective stress and consolidation is initiated.

By combining pressure and electroosmosis into a pressurized electro-
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osmotic dewatering (PED) process, a more effective solid/liquid separation

method is realized because of the dewatering enhancement.
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THEORETICAL ASPECTS OF PED

A discussion of the theory has been presented in another publication
(3) and thus, the reader is referred to it for a background in the
combination of the hydraulic and electroosmotic water transport mechanisms.
The particle size distribution (size consistl) influence and the grounds
for the synergistic aspects will be presented herein.

The principle ofiéugéfpbéition is direcély épplicable to hydraulic and
electroosmotic flow rate provided the material undergoes no consolidation.
However, superposition cannot be applied for the PED flow rate Af water.
This 1is because of the nonlinearity presented by the consolidation and
water removal for which depth is continually changing. This changes the
hydraulic and voltage gradients as well as the hydraulic conductivity and
porosity. Therefore, in this study an experimental apprcach has been used
to assess the results of the PED process.

Particle size distribution controls the degree of consolidation
obtainable and thus, congrols pore saturation for a given quantity of
water. Since pore saturation affects the electroosmotic efficiency, a
particle size distribution which enhances packing density is beneficial to
the PED process. The Talbot formula expresses the particle size

distribution which produces a maximum density as

p = 100 (d/D)* (9)

where p = weight percent finer than D

o
[}

particle size

1Terminology used in other disciplines for particle size distribution.
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maximum particle (top) size

o
1}

exponent value depends on particle

b
]

shape, 0.25 < x > 0.40

Dewatering is enhanced in the PED process because of the consolidation
provided by the applied pressure and fluid flow by pore size independent
electroosmosis. The theoretical electroosmotic flow rate expression does
indicate, however, a dependence on porosity. Hence, the consolidation does
decrease the electroosmotic flow rate. The excess pore pressure is
dissipated by water flowing from the particulate matrix and eletroosmosis
augments the flow rate. Also, the hydraulic potential rapidly removes the
water from the larger pores. The maintenance of the pore saturation
increases the time that electroosmosis is effective. Therefore, the
reduced electroosmotic flow rate due to the decreasing porosity is offset
by the enhanced pore pressure dissipation and the prolonged duration of the

electroosmotic effect.
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RESULTS AND DISCUSSION

The following treatise describes the results of using three samples
with different particle size distributions, as shown in Figure 1. Also
shown in Figure 1 are the Talbot maximum density distribution ranges for
top sizes of 425 and 176 micromgters. The sample idegtified as 'PSD R'
represents the fraction of coal passing a #40 mesh sieve received from the
Ames Coal Preparation Test Facility. The lump coal was size reduced at the
test facility using a hammer mill with a #8 mesh screen. The sample
'PSD 1' was prepared by further grinding the coal received from the test -
facility (-#8 mesh) using a Tekﬁar-Fritsch Pulversette 14 Rotor Speed Mill
with a 0.08 mm screen. The sample identified as 'PSD Rl' was a 50/50 mix
of 'PSD 1' and that fraction passing a #80 mesh sieve of the coal prepared
at the plant.

The PED test results showéd, as expected, that the dewatering rate was
initially high due to the hydraulic potential. The flow rate then tapered
off and electroosmotic dewatering became dominant, as shown in Figure 2.
The water removed has been normalized by reporting the water removed as a
percent of the initial water available to remove the effect of inconsistent
initial slurry volumes. Figure 2 also shows that the dewatering rate due
to electroosmosis is higher, as theory predicted, with a higher applied
voltage.

Theory also predicts that a higher zeta potential should also increase
the dewatering rate. To verify this prediction, coal slurry samples were
treated with solutions of potential—-determining ions to increase the zeta

potential (3). The effect of increasing the zeta potential by using a pH
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10 buffer (potassium carbonate ~ potassium borate - potassium hydroxide)
can be seen in the portion of the curves prior to the point of inflection
in Figure 2. However, after a major portion of the water had been removed,
the dewatering rate became equivalent to that of the unbuffered slurry.
This may be due to the reduction in the buffer activity because of the
reduced volume present and the inherent electrochemical reactions.
However, it does show that the increase in zeta potential by the buffer did
increase the potential to remove water.

Figure 3 shows that by increasing the zeta potential by buffering the
slurry, more water was removed with an equivalent amount of electrical
energy. It also shows that about the same amount of water was removed from
the buffered slurry using a lower voltage than that used on the unbuffered
slurry. Thus, by increasing the zeta potential, less electrical energy was
used to remove the same amount of water.

Figure 4 shows the water removed versus time by using the same
pressure and voltage for the three samples having different particle size
distributions. One can see that the dewatering rate, or actually, the
hydraulic conductivity, kh, is greater for the as received, PSD R, coal.
For the other two slurry particle size distributions, the initial
dewatering rate is less but the dewatering rate due to electroosmosis is
greater.

The reason that the electroosmotic portion of the dewatering rate is
less for PSD R than the others, even though it had a particle size distri-
bution more closely in the Talbot maximum density range, is that the larger
particles settled out quickly. Thus, the particle size distribution was

not homogeneous with depth. 1In addition, in each test that electroosmosis
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was used, some of the small particles could have been attracted to the
anode by electrophoresis which added to the nonhomogenity of the particle
siée distribution with depth. Because of this nonhomogenity, the degree of
pore saturation may not have been uniform with depth. Electroosmosis was
then less effective in removing water because pore saturation controls the
electrical conductiviy. Also, because the degree of pore saturation was
less, the resistance increased more rapidly with water removal for the PSD
R coal slurry as can bz seen in Figure 5.

The tests were run using a constant voltage, so as the resistance
increased the current decreased. Power dr electrical work is equal to
voltage times current, P=VI, so in Figure 6 it appears that the electro-
osmotic removal of water was more efficient because of the reduced power
consumption. In reality, the efficiency in water removal was due to the
higher hydraulic conductivity allowing pressure dewatering to be more
effective.

The slope of a line tangent to a point is then the water removed per
unit of consumed electrical energy. Thereby, Figure 5 shows that a good
particle size distribution in which pore saturation is maintained, the
electroosmotic removal of water is more efficient andlmore water can be
removed because of the extended time that the pores are saturated.
Thereby, making electroosmosis effective for a longer time.

In each test that electroosmosis was used, the water removed was
turbid or milky in appearance. X-ray diffraction of the suspended and
dissolved material showed that it was sodium sulfate and calcium carbonate.
Whereas, the water removed by pressure was clear and on evaporation X-ray

diffraction showed that the dissolved compound was calcium sulfate. This
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observation then also makes the application of a theoretical expression for
electroosmotic flow rate questionable beca use of the usuval theoretical

assumption that no electrochemical reactions occur.
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CONCLUSIONS

The results have shown that there are basically two characteristics of
the coal slurries that can be economically and easily modified to improve
the PED process. One is the particle size distribution which is very
important in obtaining good consolidation so that pore saturation is
maintained. Thereby, allowing the electroosmotic component of PED to be
more effective such that more water is removed. Secondly, it has been
found that modifying the zeta potential is also effective in increasing the
initial dewatering rate and also increases the amount of water removed.
Both of these observations are explainable by reasoning that the 'no flow'
equilibrium between the electroosmotic driving force and the induced
hydraulic gradient is not established as soon. The reduction in dewatering
time reduces the consumed electrical energy. Thus, the degree of
consolidation controls the achievable reduction in moisture content and the
zeta potential controls the dewatering rate.

It has been found that in each test that the combination of electro-

osmosis with pressure increased the dewatering rate as compared to

dewatering by pressure alone.
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GENERAL SUMMARY AND RECOMMENDATIONS

The investigation has shown that the pressurized electroosmotic
dewatering (PED) process is an effective method for solid/liquid separation
of ultra-fine, i.e. smaller than 200 micrometers, coal suspensions. The
PED process is also effective for many other slurries, sludges and slimes.
Conceivably, the only suspension that PED could not be applied to is one
that would be detrimently effected by the incurring electrochemical
reactions. Also, the PED process would not be cost effective 1if the
slurried material had previously undergone some type of flocculation or
coagulation since, in general, the zeta potential is then reduced to the 0
to +/- 10 millivolt range.

In the PED process, electroosmosis provides the driving force on water
in the relatively small pores and the pressure induces consolidation by
increasing the effective stress. Pore saturation can be maintained for a
longer period if the particulate material has a particle size distribution
conducive to a maximum packing density. An increase in the magnitude of
the zeta petential using chemical additives can cost effectively increase
the flow rate.

It was found that a zeta potential modification not only increased the
flow rate but also decreased the final moisture content. This is reasoned
to be because of the increased electroosmotic potential delaying the
establishment of the equilibrium between it and the opposing induced
hydraulic gradient.

The effectiveness of the PED process is related to the depth of the

slurry cake, in that the depth controls the hydraulic and voltage
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gradients. It is well known that the flow rate of water is greater for
higher gradients in both cases. However, the amount of water remaining
when the equilibrium is established is less when the gradients are higher.
Greater depths could be used but the magnitude of the applied pressure and
voltage required to obtained the same gradients may be limited by equipment
restrictions.

For highly viscous materials such as the lignite slurry, the PED
effectiveness is greater because the lesser dependence on viscosity.

Further study addressing the current density relationship of the PED
process may be another step in improving the process. This would maximize
the efficiency of the applied voltage and thereby, dewatering a greater
volume for a given depth. Other investigators have shown that periodic
current reversal can be used to offset the opposing induced hydraulic
gradient caused by electroosmosis and any occurrence of desiccation. It
follows that the elapsed time at which current reversal is initiated and
the frequency of current reversal is dependent on the magnitude of the

negative pore pressure that develops.

Further research and development of the PED process in either a batch
or continuous process should entail a study into the shape of pressure
application mechanism. It is known that a domed piston will provide a more
uniform pressure gradient than a flat plate. The degree of curvature on
the dome is dependent on the geometrics of the system.

The results of this study can be used to outline the development of
PED into a continuous process. It is anticipated that the belt filter
press is the dewatering device on the market today that will be the most

effective and easily modified to make PED a continuous process.
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Currently, a device marketed by Dorr-Oliver, Inc. (1,2), electrically
augmented vacuum filtration (EAVF), and another under development at
Battelle Columbus Laboratories (3), electroacoustic filtration, incorporate
electroosmosis in a continuous manner. The dewatering enhancement in each
process is mnot as substantial as in the PED process because of the
separation mechanics involved. In the EAVF process, no effective stress is
gained. Hence, consolidation does not take place, the pores become
unsaturated and the electroosmotic driving force equilibrates with the
induced hydraulic gradient too rapidly to be effective. Battelle's process
provides some consolidation, but not a substantial amount. Also, there is
an addition;l cost in generating the acoustics.

Dr. N. C. Lockhart, Commonwealth Scientific and Industrial Research
Organization, Austrailia has done a substantial amount of field work using
electroosmosis with a belt filter press and has reported some success (4).
However, his success has been limited because he has overlooked the
influence of the slurry's zeta potential, in that the developed process

includes flocculation prior to subjecting the material to the process.
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APPENDIX A. COMPUTER SOFIWARE DEVELOPED TO CONDUCT RESEARCH

The software developed to acquire data from the research tests and
reduce the collected data is presented herein. Also included are those
programs modified to improve communications between the microcomputer and
mainframe and to enable graphic file downloading and re-addressability.

MENU-SETUP is the setup and initialization program that also allows
one to chain load the other PED test programs directly.

PED1 is the data acquisition program for conducting a test in Cell 1
only.

PED2 is the data acquisition program for conducting a test in Cell 2
only.

PED3 is the data acquisition program for conducting tests in Cell 1
and Cell 2 simultaneously.

PRINTOUT is the program that prints out the raw data, calculated data
and the initialization test variables.

ZETA is the program that reduces the zeta potential modification test
data, stores the raw data and prepares an upload file.

UPLOAD PREP is the program for preparing the PED test data files for
uploading to the mainframe.

MENU/SAS is the modified program to enable downloading of the graphic
files from the mainframe and to chain load the other mainframe commu-
nications programs.

MODWYL is the program modified only to increase the communication

speed to 1200 bps.

NITEDWN is the modified program to enable continuous downloading of
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graphic job files run and held in the mainframe's storage bank.

DUMPFILE is the modified program that downloads continuously all files
in the mainframe's storage bank.

PLOTSAS is the program written to read graphic files downloaded and
stored on the dual disk drive and the output the information to the
plotter.

WRITEFET is the program that creates the sequential file holding the
information needed to run the NITEDWN program.

PSDPLOT is the program written to create a particle size distribution

plot on the plotter.
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MENU-SETUP

goto?8
print" RECCURBES!
print"ERunning ~ channel"c
print#l . chr$(11) :gosub9 :inputkl,astprinthl ,chr$(7?) :ifas=""then2
a0sub10 1che 1 5-(BRaS+4nas+2%a7+a8) ti fch{ctheng=c~ch::gosub8:gotod
ifc<chtheng=12-ch+c sgosub8 sgotod
@otold
fori=itogiprint#l,chr$d13)chr$(?) :fork=1tol120 :nextk, i return
foru=8to99 tnext ireturn
azasc(as) ralxint(a/128) (a=a~aiNl128:a2=int(a/64) sa=a—a2nE4 : a3=int(a/32>
az=a—a3#32:ad=int(a/16) :a=a—ad16:a5=int(a/B) ta=a~ah8:ab=int(a/4) ta=a~asH4

12 arzint(a/2) :a=a-a7#2:a8=int(a’1) :a=a—asgkl return

+288:z=8:ar=0 :fori=1to03: fx=0
print#l,chr$(9) 1gosub? sinputil a8

ifat=""andz<{S5thenzaz+1 :print#l,chr$(?) saotold
ifas=""andz=>5thenr1=0 :fx=1:190t018

2= :90sub10 :r1 =1 200K(BMal +4Ka2+2Ha3+a4 ) +100K (BRaS+4NAS+2Ma7+aB)
print#l ,chr$(10) igosubS:inputél,as

ifag=""andz<{S5thenz=z+1 :gotol8

ifas=""andz=d>Sthenrd=9d : £x=1 :go0to22

Z=0 :posublB :r2=10%(SHal +4Ha2+2Ma3+a4 > +8RaS+IMa6+2Ma7+a8 srdar 1 412
pPrint#l,chr$(l1) 1905ubS :inputkl,as :ifas=""then22
PosublB::print#l,chr$(?7) ird=(rd+(ad%1800608)> > (2Wad~1 ¥ (-9Ma2+18>
iffxO1thenar=ar+rd1fzsfz+1

next:iffz=0thenl3

rd=ar/$z ireturn

ifs=1thenrd=rd+i9iplsrdiirdk-4.8536091e~5+rdk, B8786563+, 87813882
ifs=1thenpl=(int((piNx 1DH18+.5))/10:p=p]
ifs=2thenrdurd+idip2=rdird¥—1.3368269e-9+rd. 00997651 -38, 80349075
ifosm2thenp2a(int((p2kxrI)¥10+.5))/10:p=p2

print"RECEREEEEThe ore==ure in cell"s" = EERBNI"o" psi " 1g0to68
ifs=1thenul=(int((uik,21348935+.083912292>¥18+.5)>/18:u=u1
ifsn2thenu2=ulviun?, 623851 4e-8+uNuR—~5, 28821 18e-S+ult, 21025828+, B2727155
ifs=2thenv2=(int(u2M10+.55>/10 :unu2

print"EREECCEREREPS No."s" voltage is "UrY" s g0t068
ifs=ithenrs=~11578+rd+i6: lasrirkrk-6. 33023430~ 14+rkri~2,. 085379409
ifs=lthen = 14r¥—-, 8002431+, 40931775:i3=1: 1=(int{ IM100+.5>>/160
ifs=2thenrs8743-rd+i8: l=ririrs2, 8272226~ 1 3+r¥ri-7 . 8882955e~9
ifs=2then 1= i+r¥. 60033259+, 35580661 :id=1: 1=Cint( 1%108+.5>> /108
erint" EEEREEBCBBLYDT No. ERRi"s'depth is"1"cm”:goto68
input“Slhich disk drive 9 or 1 3 “:dl:fu=l

ifd1=8thendopen#2, ( 1$),d8,w:50t049

ifdl=1thendopen#2,( 1$),d1 ,w:gotod49

aotodl

input”Blhich disk drive R 9 or 1 3 *:dr:fu=s2

ifdr=0thendopent#3, (r$),d0,u:g0tod9

ifdr=1thendopen#l, (r$),dl , wsgotodd

gotodd

ifdg=63thenprint "T8"dss :dec lose :gotoS2

ifds(OBthenerint"28"ds# :dc lose :a0toSS

return

input"BUould you like a directory ";as:ifleftscas,1)="y"thenS5S
if lefts(as, 1 d="n"thenerint" @ :goto59

gotoS2

print"3 Remember spacebar stops listing”

input“Thich disk drive ":q:ifaq=@thendirectorydd:asotoS9
ifoamithendirectoryd] sgotoSS
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118 gotol122

119 ifpis="n"thenc=4:s=1:190t0127

120 ifpi1s="y"thenpl=d:g0t0122

121 gotell?

122 i$£O1theninput” BEEEEEREERIS the pressure in cell 323 zero ERRDN]" ;P28 s g0tc
123 gotol131

124 ifp2$="n"thenc=5:s=2:90t0127

125 ifp2$="y"thenp2=0:90t0133

126 gotol122

127 gosub2 :gosub?

128 ifas=chr${13)>thenl2?

129 ifas$=zchr$(32)thend=d+1 :gotcl131

130 gosubé8:g0to128

131 ifd>1or+{3then132

132 gotoi22

133 d=0:gosub?S:printtab(7)>"Power Supply Voltage Setup":print
134 i$$O2theninput"Rs the PSH1 voltage zero ";vi1$:g0tol36

135 ao0tol139

136 ifvis="n"thenss] :ad$=chr$(124> 190toi44

137 ifuises'y"thenvl=9:dud+1 19010139

138 goto134

139 if+O1theninput"SREERREEREILS the FPS#23 voltage zero ERBR]" ;u28 tg0tc141
148 gotoilS!

141 ifu2$="n"thens=2:ais$=chr$(188) 1gotold4s

142 ifus="y"thenu2=0id=d+{ 190to0151

143 goto139

144 print"SEBEEERER" :fori=1 t058:print” " inexti:print"E" :print"Running”
145 v=B:forimito3

146 print#l,acschr$(8) tinputil, as:print#l ,chr$(?) :ifas=""thenld6
147 arasxc(a®) ivu=urainext 1vzu/3 1gosub32

148 ifas=chrs$(13)>thenidd

149 ifas=chr$(32)thend=d+1:a0to151

150 gosub68:gotol48

151 ifd>lorf<{3theniS3

152 gotol39

153 9osub?S sprint"SEEER! Please Wait ... I’m storing data”

154 dopen#d, "Gdump",dd,w:iff{O2thengosub62

155 i+$¥{O1thengosub6S

156 dc lose#d :9=4 :00sub8:c losel

157 gosub?S:printtab(12)”Setupr Comp leted"

198 fS=richtS(strS(£),1) :printtab(11)"STERI 'm loading PED"f$
1595 iffaithendc losed#2:c Ir :dload"ped! " srun

160 itf=2thendc lose#3:c Ir:dload " ped2” srun

161 dclose#2:dc lose#3:c Iridlocad " red3" srun .
170 fillersi llerfillerti ller+si llertillerti llertillertillertiller
189 +illerfillertillertillertillerfillertillersillerfillerfiller
190 fillerfillertillertillertiller+tillerstillerfillertillertfiller
200 fillertillerfillerfillertillerfillertillertillersillertiller
210 +illertillerfillertillersi llerfillerti llertillerstillertiller
220 filler+tillerfillerfillertillertillerti llerfillertillerstiller
2308 +illertillertillertillertillertillertillertiller+tillertiller
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gotoS?

errint#l,.chr$c13>chr$d(?) :fork=1to120tnext return

print#l,.chr$(11) tgosub?tinputel,as tprint®l ,chr$(?) :ifas=""then3

anasc(as) ;gosubl0:chuiS-(8kaS+ikas+20ar’+a8) 1i fch{cthengmc—-ch:gosubd :g0t03
ifclchtheng=12~ch+c :9osub91go0to3

gotolé

forw=0t0199 tnext :return

printtab(22>" X sreturn

fori=1tog:905ub2:next::return

Al=int(ar/128) tama-al 128 :a2nint(ar/64) sana—-a2¥64 :a3=int(a/32) :ana—a3%32
ad4=int(a/16) tama~a4%16:a5=int(a/8) 1aca~aSkB8:ab=int(ar/d) :a=a~alhq
ar’=intl{a/2) ta=a-a?h2:a8=intca) sreturn

t$=tisstmaval( lefis (13,25 O868+valimids(t$,3,2))+valirights(t$,2>>/60
iftm<i3thentmstm+1440

return

£x=0 :z=8190subl13 1tr=tm

print#l,chr$(9) tgosub? :inputkl, as¥

ifas=""andz{Sthenzez+1 1print#i,chr$(?) tgotol?
ifas=""andz=>5thena=01fx=1 sgoto21

aszasc(as$)d

z=0 1905ub10 :r1=10008 (BRal+4Ra2+2Ma3+ad )+ 188 (BRaS+4NasS+2na?+as)>
print#l,chrs$c10) tgosub? s inputil , as

itas=""andz<{Sthenz=z+1 :goto22

ifas=""andz=>5thena=g :fx=1 :90to26

azasc(as)d

Z20:905ubl18:r2=10H(SHAL +4Ha2+2MaT+ad ) +BHAS+INAC+2NaAT+aB trder 1 42
print#l ,chr$(l1) igosub? 1inputil , a8 sifas=" "then2?

a=u5C{as) 5Q0SubiB printhl ,.chr$(?)

rdu{rd+{a3n180080)> XN(2kad~1>8(~INa2+10) :iffx=1thenlé

return

gosubl13:t2=C¢int((tm—i1)>M188+.5)>/100

pPrint#l,chr$d44ichrs(8) tinputhl,asprint#l , chr$(?) 1ifas=""then32
ccnasc(as$) :cimint(cchccH~. 88115988+ccu8, 10785889+18. 85448516 :z5$=str$(cl)d
POSub13:t3=(int<(tm—i1)>%1080+.5>>/180

Printhl,chr$d1243chr$(8) rinputhl , aS1print#l ,chr$d?) i fas=""then3S
u=asc(as) winlint((ui,. 21348935+.83912292>%10+.5) >/10:z48nstr$Cvl) troturn
Printt2,s!;c$:10:2¢8;: 11:cS8t1 2c82cl 2c8122a%5v1 308213208 2p1 28 2 t4 2roturn
tB=Cint((tr—i1)¥1008+.55>/100 :21$mgtr$(t8) srd=rd+iS

=l=rdiirdirdi-2, 574239e~9+rdirdi2, 3846103e-6+rdi. 18747794+, 857257
S1=Cint((s1-wl1)dW18+,.5)>/10:228=str$(s1) :return
t1=Cint(<(tr—i1)%100+.5)>/108 :rdu—11578~rd+i6: l=rdiirdirds-6.93082343e~14
1s l+rdiird#é-2. 8853754e~3+rdit—. 8002431+, 48931775
11a¢int((i3~1)%1808+.5))/180:26%sstr$( 11) sreturn
t4=x(int((tr-i1)¥100+.5)>/100 :rd=rd+i9:pi=rdirdi-4.8536091 e~9
pla(int((pl+rdn. BO786563+, 878138820 1M10+.35))/10:238=str$(pld sreturn
nl=nl+1 :c=090s5ub33ifi 1=0thenil=tr

20sub38:c=] :gosub3 tgosubdl i fuls="n"thengosub31l

ifpls="n"thenc=4 :gosub3:gosubdd

205ub37 :print " SEERERER" tgosub8 tprinttab(28-lendz1$))te"g"
aosub8iprinttab(28-len(z2$> 551" taosubB :printtab (28~ len(z3$> >p1 " "
gosub8iprinttab(28-1len(z4$>>ul "8 sgosub8 :printtab (28— len(z5$> >c1 "8
gosubBiprinttab(28~-len(z6$)) 11" : i £10<e 1 tthend6E

Print#S5, 1$:c$2d8:c$nlde losedS:gotor0

print*“g" :fori=1tod@:print"d *zinext

print“l Pressurized Electroosmotic Dewatering "

print R ; iforizitodB:print R ";inext:printireturn

dopen#td, "dump” ,d@ sinput#4d, 1$,d1,i1,1i3,1i5,i6,1i9,51,vl,p1,11,12,¢1,12,t3,t4



input#4,.c,ch,vis$,pls,a8,a,a1,a2,a3,24,35,a6,a7,a8,e1,wl,x1,d$:dc loseNs
cs$xchr$(13): 1s$="@"+ 1$ :n =0 s0renl , S1905ubS4 tprinttab (13> MMk Cell 1 Wiok"
ifd 1=8thendopen#2, (15$) ,d0,wiappend#s, “tests" ,do

ifd1=1thendopeni#2, (155> ,d1 ,wsappendhS, "tests”,dl

print"SSCEEEEEY! Elapsed Time ="spc(8)*min."

printtab(3)"IRccum. H20 ="spc(B8)"g"printtab(11)"IPressure ="spc(8) "psi”
printtab(12>“IVo ltage ="spc(BX"Y" 1printtab(12)*Iurrent ="spc(8>"mA"
printtab(14>“0epth ="spc(B8d%cm” :printtab(18>"Wress B S 2 to start”
getasifas=""then66

ifas="S"then69

agotob6

printtab(ie>"g *:g90t0d46

de lose#2:c losel sprinttab(7) "B The test is completed 3"



PED2

g0toS8

print#l,chr$(13)chr$(?) :fork=1to128 :tnext ireturn

print#l ,chr$(l1) tgosub?:input#l ,as:printhl , chr$(?) tifas=""then3

a=asc (a$) tgosubl18ich=a1S5-(8XaS+4nas+28a7+a8) 1i fch{cthengmc~ch sgosubd sgoto3
ifclchtheng=12-ch+c sgosub3 tgoto3

a0tol6

forw=0t0199 :next ireturn

printtab(22>" B :return

forinltogigosub? tnext ireturn

19 al=int(a/128) :a=a-al¥1281a2=int(a/64) :ama—-a2#64 ta3=int(a/32) ta=a—-ad3w32
11 ad=intla/’16) ta=a~adi6:aS=int(a/8) tama-aSHE:a8=int(a/4) tana—-a6n4

12 a7mint(a/2) tama-a7i2 :a8=int(ad :return

13 t$=tis:tm=vall leftS(ts,2>2068+valnids(t$,.3,2) d+vallrights(ts,2>>/60
14 iftm<i2thentm=tm+1440

1S5 return

16 +x=0:2=28:g0s5ubl3tr=tm

17 print#l,chr$(9) tgosub? tinputil,as

18 ifas=""andz{Sthenz=z+1:print#l ,chr$(?> :gotol?

19 itas=""andz=>S5thena=0:¥x=1 :goto21

20 a=asc(a$d>

21 z=D:gosublBir12]1C00N(BARL+JHa2+2Ha3+a4 )+ 100K (SRaS+4Mab+2kar+a8>

22 print#l,chr$ci10) tgosub? tinputhi ,as

23 iftas=""andz{Sthenz=sz+1:90to22

24 ifas=""andz=>Sthena=0:¥x=1 :90to026

25 a=asc<a$d

26 z=0 :gOoSub 10 :r2s10W{BHal+4Ha2+2¥a3+ad ) +8MaS+INaC+2h a7+ a8 irdmr 1+ 2

27 print#l,chr$d11) tgosub?iinputil ,as :ifas=""then2?

28 amasc(a$) :gosublBiprintil, chr$d?

29 rdad(rd+(a3810800) DN(2Nad-1 IN(-FHa2+10) siffx=ithenl6

30 return

31 gogsubl3:t7a(int((tm=-i20¥106+.5)>/160

32 print#l,chr$(S8Ochr$(B8) tinputhl,as:orint#l ,chr$(?) :ifas=""then32

33 cc=asc(a$) ic2=int(cekcc-.00188369+ccHB. 1245116+6.378832) :258=str$(c2>
34 gosub13:t8=(int((tm~i2>%188+.5>)>/1008

35 print#l,chr$(108)chri(8) tinputhl,asprint#l chr$c?) sifasa""then3s

36 v=ascCas) :u2=uRURIURT, 623051 Je~B+uliuii-5. 28621 18e~-S+ult, 21025828+. 82727155
37 v2u(int(u2k1B8+.5))/1@:z48nstr$(V2) return

38 print#3,s2:c$ 3157082 1258 246:c83c2:c82t7 5085022831838 2p2CS 19 i return
39 t5uCint((tr-i2>%100+,5))/100 irdard+i7 :218nstr$(t35) :s2=rdirdkrd

40 s2=s2¥-3.4728697e-S+rdirdel . 8580123e-5+rdi. 13593533-, 73453282

41 52u(int((s2-w2)¥10+.5))/18:22%nstr$(s2) treturn

42 t6=(int((tr-i2)M108+.5))/103:rd=8743-rd+i8 : I=rdirdsrdi2. 8272226e-13

43 1= 1+rdiird-7. 8882956e—-9+rdi, 02833299+. 35580661

44 12=(int((id-1>%100+.5>>/100:268=str$( 12> treturn

45 t9=(int({(tr—i2)¥180+.55)/100 :rd=rd+i0 :p2=rdkrds-1.3368265¢-5

46 pa(int({(p2+rdi. B0997651-38. 0034587S)KxrH10+.5>5/10:238=str$(p2) treturn
47 mranr+1ica2:905ub3 tifi2edtheni2=tr

48 905ub391c=3:305ub3 :gosSUbI2 s i fu2$="n"thengosub31

49 ifp2$="n"thenc=Sgosub3 190sub4S

50 gosub38:print "SRBUREER" :90sub8 tprinttab(28- len(zZ1$)Xt3" 1"

S1 gosubB:printtab(28-1en(z2%>>s2"R" tgosub8printtab(28- len(z3s$)>p2"N"

52 gosub8:printtab(28-1en(z4$>)>u2"L t1o0sub8 :printtab(28-len(z5$)>>c2"M"

53 gosubB8:printtab(28-len(263>) 12"8" i ft5<e2tthend?

54 printh5,rs$;:;cs d$cs:nrdc losed#S:goto?l

S5 print™"#®" :fori=1tod0:iprint" ; :next

56 print"3 Pressurized Electroosmotic Dewatering "

VONANASLWN -
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print"X"; :fori=1tod40:erint"d "z :mnext:ierint:ireturn

dopen#d, "dump” ,d@:inputed ,rs,dr,i2,1i4,i7,18,i0,52,v2,02, 15,45,16,47,18,49
inputtd,c,ch,v2s,p28,a8,2,81,22,a3,a4,35,a6,a7,a8,e2,w2,xr ,d$ :dc lose#sd
cs$mchr$(13) :rss$="@"+r$:nr=0::0peni ,S:190s5ubSS:printtab (13> MMk Cell 2 wmn"
ifdr=@thendopeni3, (rs$d,d0,wiaprend#S, "tests" . d0

ifdr=1thendopent3, (rs$),d! ,w:append#S, "tests" ,dl

print" SREEEEREE! Elapsed Tine ="spc(8>"min."

erinttab(9) "gRccum, H20 ="gpc(8)"g" iprinttab(11)"fPressure ="spc(8)"psi”
printtab(12>"FVo ltage =“spc(8)“V*:printtab(12) *¥Current ="spc(8>"mA"
printtab(14)"§0epth ="spc(8)"ca”printtab 10> "Press B S 3 to start"
getas:ifas=""thens?

itas="S"thenr0

goto6?

printtab(10>"Q ¥ :g0to4?

dc lose#2:c losel :printtab(?>"3W The test is cowpleted I*
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PED3
1 goto?V9
2 print#l,chr$d13>chr$(?) :fork=1t0158 tnextireturn
3 print#l,chr$dil) gosub?zinputsl,asprinthl , chrs(?) :ifas=""then3
4 a=asc(a$) tgosubll sch=15~(GHaS+4Rad+ZHar+aB) 1ifch{ctheng=c~chigosublB8:g30103
S ifclchtheng=12-ch+c tgosub10:g0to3
€ gotol?
7 foru=9to129 tnext:return
8 print"§"; :fore=itoItprint"P" ; tnext
9 printtabCi14>" *tab (27" B sreturn
10 fori=1too:g05ub2 :next ireturn
11 al=int(a/128) :ana-alW128:02=int(a/64) :ama-a2#64 1a3%int(a/32) :a=a~a3%32
12 ad=int(a/16)1aza-a4M16185=int(a/8) :ama~aSk8: ab=int(a/4) :ama~abkd

ar=int(a/2) ta=a-a7H2 :a8sint(a) sreturn

t$atis i tm=val left$(t5,2)))M60+valimids(ts,3,2) )+vallrights(ts,.2>)>/60
ittm<ilthenta=tm+1440

return

¥x=0 :1z=0 :gosubl4 1 tratm

print#l ,chr$(9) 1gosub?:inputil , as
ifas=""andz<{Sthenzaz+1::print#l ,chrs$(?) :gotol18
ifa$=""andz=>%thena=d1fx=1 :90t022

a=asclas)

z=@:90Sub11 :r1=1000K(SHal +4Ma2+2Ha3+a4 >+ 180N (BNAS+aNas+2kar+as)
printil,chr$(10) :gosub? zinput#l , as

ifas=""andz<{Sthenz=z+1 1g0t023

ifas=""andz=05thena=0:fx=] :g0t02?

a=asc(as$) -

zm@:gosubll :r2=10%(BHal +48a2+2¥a3+ad ) +8RaS+4KaS+2¥a7+a8 srder 1 +r2
print#1,.chr$(11):19osub?zinputhl ,as:itas=""then28
a=asc(as) sgosubll tprint#l ,.chr$d?)
rd=(rd+<{a3%10880) XN(2kad—1 ) N(-Na2+10) : i ffxmithen!?

return

gosubl4:t2=Cint({tm-i1)>%180+.5))/100
print#l,chr$d4d4i)chr$(8) sinputtl ,as:print#l . chr$(?) tifas=""then33
cem=asc(asd :cimint(cclicc~. 801 15508+cc¥#8. 16785885+10, 85448516) :z$(S>ustr$icl)>
P05uUb14:t3=Cint((tm=-1i1)%100+.3))>/100

print#l,chr$(124)chrs$(8) tinput#l,as::printhl ,chr$(?) tifass"“then36
unasc(as) :uis(int((ul, 21348935+.03912292)8108+.5)5/10:28(4)=str$(ul) sreturn
gosubl141t?=(int((tm—i2)%1808+.5)>)>/100
print#l,chr$(6B)chr$(8) sinputhl  as:orinthl , chr$(?)1ifas=""then39
ce=asc(as) c2=int(ccicch—, B010D365+ccHB. 12451 16+6.378832) t12$(11>astr$(c2d
gosubl4:t8=(int((tm-i2>%100+.5))>/100
print#l,chr$1885chr$(8) tinput#l,as :print#l , chr$(?7) 1ifas=""thend2
vEasc(a$) tu2uuuiUlY . 6230514e-8+uiuik-5, 2881 18e~S+uk, 21025828+. 82727155
Vv2aCint(u2K10+.55)/10:2$(10)mstr$(u2) sreturn
print#2,sl:c$:t0:c$z 11c8$ 2t 2c$cl 28208301 208243208201 sCH 24
pPrint#3,s2:;c$:15:c$12:c8$;:t62c$:c25c$3t73c$302 8218208 2p23cS 29 sreturn
8= Cint({(tr—i15%160+,.5)>/180:2$(1 dmstr$(t0) irdard+iS

s1srdiirdirdi-2, S?74239e~5+rdirdi2, 3046103e~6+rdi. 18747794+, 857257
siadint((sl-wl+al)¥10+.5))/10:z8(2)ustr$(s1) sreturn
413Cint((tr—i1>%108+.5)>/100:ra=11578-rd+i6 : l=rfirirk-6, 9302343e—14

1= 1+r#ra-2, 08537534e~S+ri—, 0802431+, 40931773
11=2int((i3-1)8188+.5>)/1008:2$(6>=str$( 11) sreturn
tS=Cint((tr-i2>8100+.5))>/100 :z$(?)ustr${t3) srdmrd+i?

s2zrdirdiérdi-3, 4728697 e-9+rdiirdi] , 8588123e~S+rdi, 13595533-. 734532
s2=(int(($2~u2+or)¥10+.5>)/10:z8(8)mstr$(s2) sreturn
t6=2(int((tr-i2)%100+.5))/100:rn8743-rd+i8: l=r¥rkri2, 8272226e—13



1= [+r#r -7, 8882956e~9+r¥. BB033299+. 35580661
128C¢int(<id=-1ON100+.555/1088:2$(12)=str$< 12) ireturn
t4=C¢int(Ctr—i10%100+.35)> /188 :rd=rd+i9 spi=rdirdk-4.8536091 -9
pl=Cint((pl+rdK.B8786563+. 07813882 )Mx I110+.535/18:2$(3)=str$(pl) :return
192(int((tr—i2>8100+.5)>/180 :rd=rd+i0 :p2=rdiird#-1 . 3368269e-9
P2=(int((p2+rdi, BO997651—-30. 00345073 Kxr¥16+.555/10:128(9)=str$(p2) treturn
nl=n1+1 :nr=nr+] :c=0:gosub3 :i fi 1x8theni 1=tr

gosub4?:ifadCOlthenal=0-51 :s1us1+a1:28(2)=stre(sld

c=1 :355ub3 :905uUbS0 1ifuls="n"thengosub32

c=2:g0sub3:ifi2=0theni2=tr

20subS3:ifadlO1thenar=0-52:32%s2+ar 128 (8)ustr$(s2) sad=1

ca3:905ub3 :905ubS6 2 i fu28="n"thengosub38

ifpi$='"n"thenc=4 :go0sub3: aosubS9

ifp2$="n"thenc=S::905ub3 tzosub6l

P0Sub4S :gosubBiprinttab(21~ 1en{z$(1)))t0tab(34- len(z$(7?>)>>t5" "

gosub9 :printtab(21~1en{z$(2)>)s1tab(34~ len(z$(8)))>s2" Q"

gosub9 iprinttab(21i—1len(z$(3))d)pltab(34—1en{z$(9))>)p2""

OsuUb9 tprinttab(21- len(z$(4>)ivitab(34—-len(z$(10>)>>v2"8"
gosub9printtab(21- len(z$<(S>>>cltab(34—len(z$(11))>)>c2""

gosub9 tprinttab(21—1en(z$(65)) 11tab(34— len<z$(12))) 12"
ifto<elortS<e2thentc3

pPrinthsS, 18:c8$:ds2c$2nlzcsrscs:dscsrnride losedS 19010105

dopen#d, "dump” ,d@:inputdd, 18$,d1,i1,i3,i5,16,i9,81,v1,p1,11,t0,¢1,42,13,t4,c
input#d,.ch,vis,pl1s,3%,a,21,22,23,a24,a5,36,a7,a8,e1,wl,.x1,d8,rs$,dr,12,i4,i?
input#4,i8,i0,52,v2,p2,12,15,16,17,18,t9,c,ch,u2s,p28,a%,2,a1,82,33,a4,a5
input®d,ab.,a7,a8,e2,92,xr ,d$ tdc loseNd :N 1=0 tnr=B: 1s$="Q"+ 1S :rs$="Q"+r$
dimz$(12) s:ifd1=0thendopen#2,( 15$),d0,w saprend#S, "tests" ,de
ifd1l=1thendopen#i2, { 1s$) ,dl v sappendts, “tests”  dl

ifdr=0thendoren#3, (rs$),d0,w

ifdr=1thendopentt3, (rss$) ., dl,w

openl ,S:c$=chr$(13) :fori=ito12:28$(id>=" B":next

print"@" :fori=1to40:print"d "z :next

print"d Pressurized E lectroosmotic Dewatering *
print"X";::fori=1tod40:print"q " ::nextierint "W

print" ——e————ee Cell1 | ——y— Cell 2 ——"

print”E lacsed Time ="spc(8)"ain"spc(18)"min"

print"8! ARccum. H20 3"spc(8)"g“spc(l2)“g"

print"3 Pressure ="spc(8)"psi"spc(18>"psi”

print"3! Vo ltage ="spc(8)"V'spc(l2O"y"

print"R Current ="spc(8)"mA"spc(11)"mA"

print "3 Depth ="spc(8"cn”"spcllld “cn”
foriz33114t033594ster40:pokei ,93 :pokei+13,93 tnextifori=xlto26

print"="zinext:print"4i";:fori=ltol12:print"=" tnext:print"4”

100 printtab(18>"Press § S A4 to start “;

getas:ifas=""thenl1O1

102 printas:ifas="S"thenfori=33648t033720 1pokei ,32:next:gotol104

103 printtab(iS>"Try againig":gotol100

184 c=]:1905ub3:905ubS5O:21= 11 :23=tr :c=3 :gosUb3 $30SULSE :22= 12 :24=tr :g0t063
105 z3=(int{((z3-i1)#1008~.5>>/100:24=(int((Z4-i2>¥188~.5)>/180

186 print#2,z1:;c$:2z3:print#3,22:c$:24:c losel :dc loseN2:dc lose#3:print"§" ;
187 printtab(7)"ITMTTW The tests are comp leted "iprint"PRRRRLRRRIRZERE"
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zr=1 ;i fk=pthenreturn
p=k : ifdz=@thendopeni#d, C£$Ck) ) ,dO

ifdz=1thendopeniid, (£$<k)) ,d1
print"®" :orint" BEERERRREEY! Please Wait ... I’m reading data":n=nck)+1

fori=itondk) tinputid,sCid,tB8<1d, 1€id,t1Ci),cCi), t2¢i),uCi),t3¢i),pCi), t4Cid

nextidc lose#d

wEn"* rz=len(+$CkO ) sforimitoz :afmmids(F$Cl, i, 1)
ifasc(q$dd>64andasc(as$r<{91thenasachrs(asc(qs$>+128>

wSmws+asnext :F$CkI=us ipgmintiniik)/48+, 399) :z=(78- len(F$(k)>>>/2
return

openi,4i00en2,4,2t0ren3,4,1 :c=0:a=] :b=40 i fbOnk) thenb=n(k)

print"@' ; iprinttab(14) " JTTTRERCREEEHere 20es | "igosub
cmc+1:g0sub8:forixzatob
Print#3,sCi),40¢i), 1¢id,t1C¢id,cCi) , t2¢id,vli),43C¢i),pCi), t4C¢i) tnext
print#l, 1S 1¥$print#l, tab(64) "Page"c" of“po

ifb=nllk)then?S

a=a+40 :b=b+40 :i fbONn (k) thenbsnik)

gosubs sgoto69

print#l ,+f$:closel :c lose2:c lose3tifoamithen??

return

print'@" iprint" STREEEEECERP lease Wait ... I’m working on it":we=@:um=0
openl,40ren2,4,2:00en3,4,1 1905ub2 1cp=0 ta=1 :b=40 : i fHONn (k) thenban(k)

cpmcp+] :gosubl? s for i =atob
12=(12Ci0+t2(i=1))/2:t3=2(£3C(1)4+13Ci-1))/2 s tm(1t2413) /2~

c=CeCid+cCi~12)/2 :umudid+u(i=1))/2 :w=((c/1800)Rult) /68800 :wecwe+w
Vg= ir=Q tdr=g cdu(int(<c(i)/. 618859)+,.5>)/180

i 11X OBthenveau(id/1<¢id>

ifc(id>OBthenr=1000%v(id/c(id
wres(id-s{i—1):dt=tBC(i)-tB8Ci=1)1ld= I¢i=1)~1Ci) s lw= 1d:if 1d<Bthen lu=0

woz lwlp (i ¥, 428 :um=wn+wp 2 i FdtO0thendrsur/dt

wr=(int{wr¥10+.55)/10 tdr=int(dri1o+.5))/10::vg=(int (v :ok18+.5))/10

radint(ri18+.55)/10: lde(int 1dN100+.5)) /108 :wex(int(wen1800+.5))/1000
wn=int{um+.S) :print#3,wr, dr, vg,cd,r, 1d, we,um inext

printi#l, IS 1f$tab(64) "Page'cp” of"pg

itb=n{kIthenS4

ara+40 :bab+48 : i fbOonlkd thenb=n(k)

gosubb tgoto?9

print#] ,ff$:closel :c lose2:c lose3:ifasithenli23

return

print " :forislto20:print*X “;inext

print"® Proessurizod Electrooswotic Dewatering "
print"g";:forisito20:print"d " inext:printireturn

rokeS9468, 14 1open? , 4,7 :printh? ic lose? :c$achr$(13) tes=chr$(1) 1s$=chr$(29)
n=300: 1f$8chr$(10) :£Ff$mchr$(12) :dimt$(S50) ,d$(508) ,n(%0> ,s(388)>
dimt0(389>, 1¢(300) ,t1(388)>,c (390> ,1t2¢(300> ,v(380) ,t3¢(3008>,pr(388> ,t4<380>

102 openS,4,5t1fori=lto6 sreadazas=as+chrcad inext printds, as
103 903uUbSE tor int " DHKENINENNINEE Printout Menu MENKEENKCHNER"

printtab(19>%1 -~ Raw Data":printtab(18>"gR ~ Computed Data"

105 printtab(10>"83 - Summary"::printtab(10>"8¥ ~ Dump +ile”
186 prAnttab (102 TS5 — A 11" 2ior i ryt * SINORNN S NCNM MK M MM S HN H0A MEAE A C 0  DEAAEE e

printtab(?>*§@ Enter choice = 3 *;

108 getasiifas$="“thenl1ss .
109 printqsiasvallgs) ;ifacloro>Sthenprinttab(15)*8TRY AGRIN" 100t0107
110 ifa=dthenprint” BRRERRCIBEER0UMP +ile printout”:gosubl24:aotolld

ifzz<0 1 thengosub28

112 ifzz=lthengosub3S

113 onagosub67,77,123,124,67

114 input"EECEREEREATERContinue (y/n> ";z$

115 ifzs$s"'n"thenprint E" tprinttabd15) “SEEEEBEBR 1L done | IETTTE"
116 ifz$="n"thenopenl, d:print#l ,£¥81c losel tend



133
134

138
139
148
141
142
143
144
145

147
148
149

151
152
153

ifz$O"y"thenlld

ifzr=itheninput"fSame data disk (¥/n) "3;z$i1g0to120
ifzr=gthenzz=8:90t0103

ifz$="y"thenzz=1 :gotol103

ifz$="n"thenzz=@:90to0183

gotol18

clr :dload” summary” ,d@:run

dopentd, "dump” ,do :openl ,4:oren2,4,2:00en3,4,1 tk=1: 1$="" :rg="" 1220
inputnd, 18,d1,11,1i3,i5,16,i9,81,v(k),pCk>, 1,10, %1,12,13,t4,c.ch,vis
inputid,pis,as,a,a1,a2,33,34,35,36,a7, a8, ek, 0¢k),x1,d8¢k) tifst=64thenl 2
k=2 sinput#d,r$,dr,i2,i4,i7,i8,18,52,0C) ,p(k), 1,15,16,17,18,t3,c,ch,uv2s
input#d,p2%,a8,a,a1,a2,a3,a4,a5,25,a7,28,e<k) ,wilk) ,xr, dsck)

dc lose#d k=] : 1(kI=(int(i3N108+.5))5/100:alk)=(int(iSK180+.5)>/102
b= Cint(ioN100+.555/188:cl)m(int(ioN180+.5))>/100

k=23 1CkIBCint(i4%180+.5))/1001alk)=(int(i?#108+.5)>/180

bk OmCint(i8k180+.5))/189:c(k)=(int(iBN188+.5))/100 :k=1 : $$Ck)=1$:90sUb63
gosub2 :i¥x 1€. 738thence=] :cw=B:c 1=} ;cpo=d

itx 15, 737thence=2 :cw=2:c =3 :1cp=S

print#2, tab(24)"32252325322232322232382 99.9 a"
print#3, 1¥$ 1f$"Initial voltage"s$ulld "V" 1+$ 1S

print#2, tab(24) " 222238233002302320202522 999.5 aaa”
print#3,"Initial pressure"ssp(k)“psi” 1$ 1§

printh2, tab(24) " 23222222332232222322223 95 aaa"
print#3, “E lapsed Time"sselk>'min" l1¥$ 148

print#2,tab(24) " 232 iBEI32232222DDIBLD. 9.99 aa"

print#3, "Empty depth"ss$ 1<k “cm” 1S 18

print#3,"Initial water added "ssw(k)" 9" 1¥$1f$

print#3,"V/E balance adjustment:” 1¥$1f$

printh2,tab(31)"a2aa3aa 9 a s9999.99"

print#3, "Channe 1"sscu"="ssalk) 1§ 1S

print#3, "Channe 1"s$c 1"="s$b (k) 1¥$ If$

print#3, “Channe 1"sscp”="ssc(k) 1518

print#l,tab(24>"Test conducted in cell no."ce:printhl,ffs
ifr$=""orzd=1thenl1S2

ce=2:cw=2:c =3 1cpaS k=2 :$Ck)=r$ :gosSuUbE63 tgosub2 :zd=1 :g0t0135

closel :close2:c lose3return

datas,10,168,108.6,8
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ZETR

dim a€188),b(100>,c¢100),d¢100),e(180) ,w(180),(108>,x(188),9%<188>
1$¥8=2chr$<18) :r$achr$(13) tensschr$(l) :£f$=chr$(12)>

pokeS94€8,14:0pen?, 4,7 :printii? :c lose?

openi3,4,13:print#13:c losel3o0peniS,4,15:print#15:c lose1S

openS, 4,5 :1forks1to6 ireadb itb$=bs+chr$ib) :next:print#S5,bs; :c loseS:g90to31
print" BETEEEREERC" :printtab(8) “data may not be correct yet"
forim=140200 :00keS9468, 12 spokeS9468, 14 tnext :ao0to50

for k=1tol0:getas:next

getas:if qs$=""goto9

19 return

11 id=1:i=8:print:iprint"iEnter ran data for slurry concentration.:print
12 input"Test Code";tc$tprintiinput*Tare” ;tiprint

13 input“Tare + Slurry";tscerint:input"Tare + Coal":tciprint

14 input'Weight of coal added":ca:iprint

15 printiprint“Concentration of chemical solution”:input“gMo lecular Wt.
16 input"Sleight of chemical”:wl:iinput"8Volume of water' ;w2

17 incut"¥Rre data correct (¥/nd> “rq%:ifas$s"y"thenzd

18 if as="n"thenil

19 gotol?

28 csmwl /w2 wcate-t ivwets~te stwscak (uw/we) stumty=ww :CaCa-Wwe

21 print"8 Enter B a 3 for Anount when through"

22 printtab(13)"entering data,.":print

23 jej+i:alir=jinput”’mount of chemical added ":b$:b(j)=vallbs$)>

24 ifbs="q"thenj=j~1:ag0toS0

VONOARDIWN -

" zmw

25 input"fZeta potential "3c(3>
26 input"¥Bpecific conductivity ¥2dC3>
27 input"fTemperature Yeljdprint

28 w(jdmcsMb( i) :FCJI=(Cw(id>/Ctw+b<{jdD)IN1080> /muw
29 xCJdmiNt(F(IINIBRE+0.5))/10%4

30 goto21

31 print"'EEEEMain Menu:z":print

32 print" 1- Input data":zprint

33 print" 2= Review data”:print

34 print" 3~ Edit data":print

35 print" 4- Print hard copy of data":print
36 print" S— Save data on a disk"tprint

37 print® 6- Read data +rom a disk”:print
38 print" 7= Exit program"serint:print

39 print" Enter Option No." :gosub8

49 ifvalc(as>=Sandid=1thengotos

41 onvall{a$d>gotoll,43,97,182,2086,230,253

42 goto32

43 print"iEER Review Menu:™:iprint

44 print® 1- Raw data':print

45 print" 2~ Calculated data”:print

46 print” 3= Return to main menu":perintiprint
47 print" Enter Option No. " :90sub8

48 onvalla$>g9oto50,75,31

49 gotod3

59 mx=js¥=1:1=15

51 print"@" tab(3> "Point"spc(3>“Chem. "spc(3)"2Zeta"spc{3)"Spec. "sSpPc(3> "Temp. "
52 printtab(4)“No. “spc(S)"Add. “spc (3> "Pot. *spc(3> “Cond. "spc(4>"CCH"

S3 if mx<{1S then l=mx:f=l

5S4 i=]:for m=ftolzimi+l

55 print 8" :for k=1toitprint"Y"; tnext

S6 print" " iprint" X"
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57 printtab(ddalmd>tab{i1dblmdtab(19clmdtab(26)d(m)tab(34)elm) inext
58 print:printtab(6>"3 To scroll press u,d./,¥,¥,1 “iprinttab(11>"R Press R to ret.
SS9 gosubB:ifas="u"thenf=f~15:1=1-15:90t067

60 ifqs="d"thenf=f+15:1=1+15:90t069

61 ifas="/"“thenfmf~1:1=1-1:g0t067

62 ifas="¥"thenf=++1:1=1+1:90t069

63 ifas="4+"thensf=1:1=15:90t053

€4 itas="1"then l=mx:f=mx-14:00t069

65 ifas="r"then?1l

66 gotoS9

67 itf<Othenf=1:1=15

68 print"g terint"D" :q0to53

69 if Omxthen l=mx:f=mx~14

70 print 3" :print"2* :a0t053

71 ifid=@then31

72 input"fRre data correct (y/nd "jasiifas="y"thenid=f8:g40t031

73 if q$="n"thenS?

74 goto72

7S ma=j o=l y=ll

76 print"8'tab(3)"Point”spc(3)"Final"spc(3)"2eta"spc(3) "Spec. "spc(3>"Temp. "
7?7 printtab(4>"No, "spc(4>"Conc, “spc(3)"Pot. “spc(3>"Cond. "spc{4>"(CO>"
78 printtab(18>"*C(10E-5>"

79 if maciS then vsmaszo=l

88 z=2ifor y=sgtovizez+l

81 print"g":for imitoziprint“B";inext

82 print” *sprint"Xg"

83 printtabl(4)aly)tab(18)x<(y)>tab(193c(y)tab(26>d(y>tab(34)ely) tnext
84 printiprinttab(6>"§ To scroll press u,d,/, %, $,1 “iprinttabC(11>"%8 Press R to ret.
85 gosubB8:if as="u"theng=g-135:vxy-1S:90t093

86 ifas="d"thengwa+15umu+15:90t09S

87 ifqs="/"thengsg—1 :u=my~1:g0t093

88 ifqSz="u"theng=g+l tumyu+l:90to95

89 ifqs="f"thengsliu=1S5:g0to?d

9@ ifqs="1"thenvzma:gma—-14 :90t095

91 ifas="r"then31

92 goto8S

93 ifolftheng=1:u=15

94 print"8" print"3 rgoto?s

S5 ifuvomathenu=maio=ma—14

96 print"8” iprint"" 1goto?d

9?7 print 2mEm Edit Fenui“:print

98 print" 1~ Correct data':perint

99 print” 2= Belete data":print

188 print® 3- Insert data“:print

101 print” 4~ Renumber points”iprint

102 print" S~ Return to main menu”:print:print
103 print* Enter Option No.":gosub8

184 onvall(as$)goto106,129,158,177,31

195 goto9?

106 print"gd To exit correction mode "

107 print" tyee B 8 3 for Point No.™

198 print"ZRET"

189 imput"Point No. “niprint

118 ifid=1andn=pthen50

111 ifn=BthenS7

112 print”Data values originally entered:":print

113 print" Amount of chemical added” :b<ndprint

114 print" Zeta Potential *z2elndperint

115 erint” Specific Conductivity *zdind sprint

116 print* Temperature " ;elndprintprint



117
118
119
120
121
122
123
124
125

127
128
129
13e
131

133
134

136
137
138
139
198
141
142
143

144

145
146
14?7
148
143
156
151
152
153
154
155
156

ise
159
1e@
161
162
163
164
165
166
167
168
1€9
170
171
172
173
174
175
176
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print"Enter correct values:"iprint

input" Amount of chemical added ";rceprint
input" Zeta Potential *3rz3print
input" Specific Conductivity *srszprint
input" Temperature "irteperintzprint
input"Are data correct (¥/nd “:qfzifas="y"thenl25

ifas="n"thenits
g90t0122
armEniblndere ic(i=rzidind=rs te(ndert

winincsib(n) :f(nd>Bwin)/(tutbind)
x(N)ECint(F(NIN1OP+8.5)>/16%4

gotol8é

print"g To exit deletion mode"

print" type @ 6 J for Point No.*
print"IBER"

input"Point No. ":niprint

itid=1andn=0then50

itn=8thens?

print"Data values originally entered:":print
print" Amount of chemical added” zb<{ndzprint
print* 2eta Potential "zeln) sprint
print" Specific Conductivity " 2d<n) sprint
print" Temperature *zeCn) sprintprint
print*ls this the point you"

print"want to delete <(y/nd ?%:1gosub8:ifqs="y"thenid43
ifas="n"then129

print:input”Are you sure C(y/n) "jasiprintiifass "y “thenidS
ifas="n"then140

x=j~1 :fork=ntox

blkImb(k+1) :clkInc(k+l ) zdlkImdlk+l) 1elkImelk+1)
FCIBFCKk+1) swlikdmm(k+1 ) sx<kImx{k+l) 1next

Jmj-1

gotol12s

print"y To exit insertion mode"

print" type U 8 F for Point No."

print"gEER"

print"There are”:j:"Point Nos.":print

input"New Point No. “:niprint

i fid=1andn=8thenS0

ifn=0thenS?

input” Raount of chemical added “:nc:print
input® Zeta Potential "2nziprint
input" Specific Conductivity " nssprint
input" Tenperature " antzprintiprint
input"Are data correct (y/n) "jq$:ifas='y "thenl1E3
a0to0150

i+ nd>acid>theni=j+iza(jd=n:b(jr=nc:c(jd=nz:d(j)=nse(jd)=nt
w(jI=cshb () :F(Jdmu(jid/(tw+b(jd)
x€JI=Cint(F(JON10R9+0.51)/10%4 :g0t01%50

for 1=1toJ

ifumithen16d

ifn<ad D thenf=1 su=g

next

form=jtofstepr-1:zam+l talzd=adm) tb(zd>=b<{m) :c¢Z)mc(m) :d(zZI=cimD

e(zr)=elmd swlzI=wdim) tFf(ZI=€Elm) sx(ZI)axim>
next

alFr=nib(FIanc:c(fImnz:d(+d)=ns :efIi=nt
wl(FImcsRb () :F(FIm(£)/(tuwtb(FD)
xCF)=int(F(fI=1009+40. 517184 : j=j+1
aotol158
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forf=1tojtalf)=f:next

Print"ZXBTE" :orint " The last Point No. is ";j

print:print'To return to Edit Menu rress B r 3 “:ioosubs8
ifas="r"thenS?

gotol?8

openi,4,1:00en2,4,2:00en3,4:0rinth3, £ 14$ 145 143

print” @ ; serinttab(12) “ARTCCRCCTLGF lease Wait ...~
print#3,ens$tab(13)"2eta Potential Investigation” 1£$ 18 1+4$
zZ=int((72~1len(tc$))/2) :go05ub56 tprint#3, tab(zz>"Test Code ~ "tp$ 1§ 148
opend , 4:print#3,tab(14>"Final"gpc(12)“Zeta"spc(11)"Specific”
print#3, tab(18> "Concentration“spc(6)"Potential”spc(6) "Conductivity"
print#3,spci(?) " Temperature"
print#4,tab(15>" (M) *spc (127" (MV)> "spc(108) " ("chr$(254) "mhos/cm>";

print#3, tab{12>%¢COH"

Print#3,tab(10) ;s for I1=1t064 1print#3, " ™™  tnextiprint#3,rs; 1S
Print#2, tab(11)>"z.999999999 £99.9 9999" ;
print#2,spc(155"99.9"

forksltojiprinthl , $(k) salk) ;ddk) seCk) ; 1¥$:i flO20thenpr=1
itprldlorppalthen205

ppsl iprint#3, ££$ 18 148 13 1¥$

print#3, tab(25> " Zeta Potential Investigation Cont.” I¥f$11$ 148
print#3,tab(zz>"Test Code ~ "tp$1f§iss
print#3,tab(14>*Final”spc(12)"Zeta"spc(11)"Specific”

print#3,tab (10> "Concentration”spc(6)"Potential"spc(6) "Conductivity";
rrint#3,spc(?) "Temperature"
print#4,tab(13>"(a/m 1) *spc (12X “(mV) "spc(1@) " ("chr$(254) "mhos/cmd ¥ ;
print#3,tab(12>"(CH"

Print#3,tab(10) 7 1for 1=1to64 :print#3, "~ s tnextiprint#3,r$; IS
nextiprint#3, #¥$:1c losel :c lose2:c lose3 :c losed :pr=0 ;pp=d goto3l
print"@" 1g0t0208

input“SBENnter filename”;tc$:iprint

input"SUWhich disk drive 8 or 1 3 ":azprint

i fqm@thendopenid, (tc$>,dd, wzg0212

ifa=1thendorentd, (tc$d,dl,wzgoto212

20t0208

ifds=62thenrrint" WM™ des 1 losolq :goto21?

ifds{OBthernprint"iBR"dss :dc lose#d : 9010207

tus="wy 1"+tc$ 1i foamBthendopentS, (tws) .dd,w
ifo=1thendorent5, (tws$) ,dl ,w

goto224

input"fiou ld you like a disk directory ":z$:ifleft$(z$,1)="y"then220
iflefts(z$,1)="n"then207

goto217

input"fdhich disk drive 38 or 1 3 "9

print"§Remenber CHBSPACEBRRD stops the listingdl":ifaz8thendirectorydd:goto20?

ifa=1ithendirectorydl :90t0207

goto221 B

print"@"terint” I’m saving data. It has"j" points"
print#4, jiforpmitoliprintade) b<p) 2clpd 3dlp) seip>

print#d, alp) >r$:blp) 2r8:cip)rsdip) ;reedp) tnext
print#4,t:r82ts:r$:tcr$casr$wl ;rs:e2réne
fori=1toj:98Ci)astre(x(idd+" "+str$(c(idd+" “+str$dddid ) next
print#S,tcSiforp=11toj tprinth5,¢gs(pd snext

dc lose#4 1dc lose#S sgoto31

Print"@" ;iprinttab(15>"Data Read”

input”fTENter filename” yrd$:tcs=rds
incut”fEWhich disk drive B 8 or 1 @ "jaq:ifo=Othendopenttd, (rds$),dd 190t0236
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ifa=1thendoprent#d, (rds) ,d1 :go0t022S
@ot0233

ifds=62thenpr int"HBEI"ds$ :dc lose#d 19010239
ifdsOB8thenprint"BEI"ds$ :dc lose#d tgoto232

goto246

input"Tlould you like a disk directory ";z$:iflefts$(z$,1)="y"then242
it left$(zs, 1)="n"then232

@goto239

input"Zilhich disk drive 30 or 1 4 "za

print"gRemember {(RSPACEBRRPD stops the listingd" :ifaq=Bthendirectorydd:goto232
ifaq=]thendirectorydl i90to0232

goto243

input#d4,Jjerint"@'i" data points”

forp=1tojtinputhd,alp) bi(p),.clp),dip),elp) :next

input#d, t,ts,tc,.ca,wl, w2, mw

cs=ul /w2 sweEte~t suwmts—tc stuzcak(uvw/uc) sfork=1toj
FCOB(CasHb k) /Ctutb(k) ) O%1880) /mw
xCO=Cint(FCkON1BRS+0. S>> /10%¢
printadk) sh(k) e dk) 2d<k’ ;eck) snext

dc lose#4 :g0t031

end

data 1,62,4,4,60,2

tr$=""3 Inalen(tcs) :forh=1to In:y$=midsCtcs,h, 1) ixmasc(ys)
i¥x<{91andx>64thenxex+128 :y$=chr${x)
tetztps$+y$inextireturn
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UPLORD PREP

gotos!
printtabdi1S)"ZTRY AGRIN" treturn
ineut#d,.s,10,1,%t1,¢c,1t2,v,1t3,p,t4sreturn
J=0 :90subS58:input"flhich drive is raw data disk in "j;d$:dk=valdds)
ifdi<Bordkdthengosub2 :gotod
ifdk=0thendopentd, “tests" ,dd 1dw=1
ifdk=1thendopent4d, "tests"” ,dl :dw=@
Juj+linputhq, £8$(J),d$<(jd n(3>
ifst=64thendc lose#d190toll
goto8
print "R Place PED/WYL disk in drive“dw
printtab(8)"ZPress {IRETURND when reddy"”
getas :ifass" "then!3
ifasechr$(13>thenls
gosub2 sgotol3
POSUbSS tmx=j s f=] : 1=10
print"EEEER tprinttab(3)"No. "spc(6) "Test Code"spc(?)"Date" tprint

ifmx<18then Immx :f=}

im] sform=fto 11imi+] 1print " SERETE™ :fork=1toi :print"{" snext
print" ®print " EE"
printtab(2)ntab(12)+$<(m>tab(26)d$<(m) next:print

print"3 To scroll press u,d,/ ¥,+,1 -

print"] Press r to enable file no. input -

getas$ :ifas=" "then2q

itas="u"thenf=£-10: 1= 1-10:90t033

ifoas= d"thenfsf+10: 1=1+10:90t035

ifas="/"thenf=af—1:1=1-1 :90t033

itass"w"thenfz+f+1: 1=1+1 :90t035

ifas$="+"thent=1:1=10:90t033

ifas=" 1"then lamx : fumx—9 :goto35

ifas="r"then3?

goto22

iff{0thent=l: 1=10

print"8" sprint" 8 tgotols8

i Laxthen lemx :famx-~9

print g’ serint " :gotol8

input“ZEnter file no. "iskiifk<loridJjthengosub2:9oto3?

ws="wy 1" +F$(k) : i fdk=@thendopenitd , (£$(k) ) ,d0 sdoprenttS, (ws) ,dl ,w
nenlk>+1 sifdk=1thendorentd , (£3C(k)) ,d1 tdopenttS, (us) .dd,w

1wsx" " ;7= lend F$<k) ) 1fori=ltozsasomids(Ff$<k), 1,1
ifasc<asdd64andasc(as){91thenasachrs(asc(asd+128)

wS=us+ s inext i FE(kI=ws spamint(nik) 748+, 999) :z= (78~ len(+$C(k> > > /2:return
print"g" sprinttab(15) " IERTTBRETCEEHere goes ! "

wEnFECL I+ "+dSCk) printhS, ws

tu=0ve=0 :un=0:i0=0:{ 1=0:i2=0:i3=0:i4=0:iS=0:i6=6

foriziton(k) :gosub3:assstr$(s)+" "+Stre(tOd+" "+strs( LD+" "+str$(tld+" ™

47 aSsaS+SErSCCO+" "+S5trE(t2)+" “H+gtrS$VI+" "4+Str$ci30+" “+str$(pl)+" "+str$(t4d

Z1m(t2+i25/2 :22=(t3+i3)/2:t=(21+22)>/2-t: i fi6=0thenib=1
ca=(c+i4d/2:van(u+iS) /2 1u=((ca/1800) #vaNt) /60000 iweswetw 1ug=H
r=0:dr=0:if1{O0thernvg=(int(Cu/ 1DN10+.5>)>/10
wr=(int((s-i1)M10+,5)5/10:dt=t0-i0: ld=i6~1:i fcOBthenr=1800%v/C

lw=1d 3 i f 1d{Bthen lw=0

wp= lwkpk. 428 :umsum+wp : i $dtO0thendr=(int ((or/dto)%10+.5>)/10
redint(rale+,.53)/10: ld=(int( 1d®188+.5) )/ 100 twes(int(wek1 880+, 5))/1000

55 wm=int(wum+.5):i0=tBtilns:i2=t2:i3=t3:i4mc:iSmvzibal

bS=str$Curd+* “+str$Cdrd+" "+str$Cugd+” “+str$(r)+" "+stredldd+" *
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bs$=bs+strsCwed+* “"+str$Cumd sprinth5,asc$:bf:next:dc losedd de losedS:return
print"gd" :forizito28:print*ld “;:next

print*"@ Pressurized E lectroosmotic Dewatering "

print g’ iforimito20:print"Q *::nextiprintireturn

pokeS59468, 14 :c$uchr$(13) :dimf$(1089),d$<188>,n(180>
ifzz<O1thengosubd :gosubd3

ifzz=1thengosubl6:90sub43

input"BContinue (¥/n> ":;z$

ifzse"n"thenprint " tprinttab(15) " IEEEREEREEECH 11 done !ZBREER!" :end
ifz$="y"thents

gosub2 ta0tobd .

input“Same data disks (y/nd> ";z$:ifz$="y"thenzz=1:90t062
ifz$="n"thenzz=0 :goto62

908ub2 1g0t068
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MENU/SAS

pokeS9468, 14 1print " IETETTTTCTCP lease Hait ... "190t0136
J=lenips) :fori=1toj ta=peek(patasc(mids(ps,i, 1)) printhl .chr$dad ; snext
print#l ,chr$d141); :syswtreturn
r$=""gk=y
pokel5,0:sysdn:impeek(15)-1 :fori=0toj tas=chr${peek(db+id) tifsk=1theni3
ifas=chr$(13>theni=jigoto12

ifag="!"theni=jpr=1:gotoll

ifas="8&"then lbs0 :pr=l igotoll

ifa$="#"and lb=1theni2

ifas="#"then lb=1:a8$="" :pr=1

ri$=r$+as:if lenr$>>760rpr=1thenprint#2,chr$(34)rs$chr$(34) iprintr:ir$=""1pr=0
nextiireturn

r$=zrs$+as:ifasschr$(13>)theni=j

nexti :sk=0:return

gosubli1&:openi, 6 imhepeek(53) :pokeS3,60::printfre(d)

print"@" sprint" Z¥W0K WYLBUR COMMUNICARTIONS PROGRAM nuo"

printtab(8)"fRevised by Leon W. Heath"

rd=15361 :pa=15760 :0dn=15480 :db=15984 :c0=15561 1wt=13595 1wc=15616 : goto20

prin't"n"

print*S8D0 you wish to:" sprint"R 1 - Logon to WYLBUR"

print" 2 - Reestablish terminal mode”:print” 3 —- Upload a text file”
print” 4 - Download a text file”:print” S - Execute a downloaded file"
print" € - Print out a file"iprint" ? = Exit this program"iprint
print"f FOR OPTIONS X3 & 43, YOU MUST BE“:printtab(18>"CONNECTED TO WYLBUR

print"SEENnter choice — ":gosubl108

onval(asi>gotoss, 76,28,54,81,95,27 :90t019

pokeS3,mh zend

print @ iprinttab(14)"WText Upload"” tprint “S8YOU SHOULD BE LOGGED INTO WYLBUR"
printtab(8>"AND IN THE COLLECT MODE.":print:print:i:gosubl103:ifes="§"thenl9
print"SEEEER! Press CEHOMEDD to EXIT option" :print" X"
print"flUp load File From Disk Drive 3P or 13 ?";:gosubl08:print”IETARE"
ifas="0"thendopreni2, (+$) ,dd:90t035
ifas="1"thendopeni#2, (£$) ,d1 130to35

goto31

ifds=62thenprint iR ds$ :dc lose :g0t038
ifds<>8thenprint" " dss :dc lose :a0t028

gotodS

input"Should you like a directory ";q$:iflefts$cas,)="y"thendl
ifletts(qs,1)="n"then28

g0to38

print*3 Renember spacebar stops listineg” .
input"Tlhich disk drive *:aq:ifa=dthendirectorydd::gosub40:g90to31
ifa=]lthendirectoryd! :go0sub40 :g0to31

gotod42

ifds<O>0thenprint"IB"ds$ :dc lose :go0to20

print"@B8Data upload will now begin. " pokewc,1?:9etes tifes="F"thenS2
geth2, a8 printas; :ifst{>B8thenSt

iflenCasi<ithend?

ampeek(pat+tasc(as)) tifaldldithenorintl ,.chr$<ad ; sgotod?

print#l . chr$da) ; ssysut igotod?

ifaslOchr$c13>thenprint#l  as;

print#l ,chr$ci141); :syswtsprint#l , chr$<1?) isysut

print"@" tprinttab(10) "E§GUPLORDING COMPLETED" :dc lose tgoto20

print"#" rerinttab(13) " Text Down load” 1g0sub183:ifes="8"thenld
print" ZEEEEE Press C(FHOMEZD to EXIT option”:print"RNENE"
print"Download File To Disk Drive 33 or 13 ? “;:00sublB8:print"ITBER"
ifes="F"thenl9



58 ifas$x="@"thendopenii2, (£$),d0,w1goto6l

52 ifas="1"thendopen#2, (£$),d1l,wigotobl

68 gotoS6

61 ifdsOBthenprint"BE"dss$dc lose:g0to20

62 ps="set ¥ first“pokewc,!?1005ub2 p$x="count” spokewc, 10 :g0sub tgosubd

63 l=valir$diprintiprintl;" lines to transfer":print:r$=""

64 p$="point ¥ unnum":pokeuc, 10 :gosub2:gosubs

65 getes:ifes="5"thendc lose:gotol9

66 I=1=-1:if100thenp$=a"set X next” :pokewc,1? :gosub2:gotosd

67 print @ :printtab(9) “TRDOWNLOADING COMPLETED" 1de lose sgoto20

68 print"@" ierinttab(14>"SWYLBUR LOGON" sprint"gP lease follow these steps:*
69 print"Rl. Tyre Batd, lBatf@3 and then Batnid. ™

78 print"3@ NOTE#: You must get an";

71 print” 30K3 response for":print* each command. If you don’t,"

72 print” repeat the command. "

73 print"IR. When you get the FCONNECTZ response,"”

74 print” tyre WoooZKCRY> twice."

7S aoto??

76 print"@" :printtab(8) “fTMerminal Reestablishment”

7?7 print"IGRemember cursor left = backspace"

7?8 print" cursor down = control Q"

?9 print"®l Press <IHOMEXD to return to menu":ithOOthenprint#l, chrs(i41)
80 print:h=1:sysrdigotold

81 print "H"tab(16) "TXEXECUTE” :print"UThis option will load a seaquential +ile"
82 print"from the disk as a program.":print g¥This option will also erase the WYLBL
83 print"COMMUNICATION PROGRAM. If you have” :print"second thoughts, press <EHOMED 4
84 print"return to the menu.”::print"fress CEIRETURND to continue”

85 getas$:ifas=""thensS

86 ifas="gQ"thenlS

87 ifasldchrs(13)thens!l

88 print"IECTEE Press CBHOMED to EXIT option":gosubl@3:ifes="g"thenl9
89 print"flls the file disk in drive B9 or 13 ?";:90subl08

99 ifes$="J"thendc lose:gotold

91 ifas$ld"B"oraslid"1"thens9

92 print"fERBITo begin loading the file as a program,":print”type this line:"
93 ifas="0"thenprint"ildopren#18, (£$),d00:5yS826" :pokeS3, mhinew

954 ifas="1"thenprint"gRopenkiG, (£$) ,dl :5ys826" :pokeS3, mhinew

95 open3,4:p$="set X first":pokewc,1?:1g0sub2 :p$="count” tpokewc,18:905ub2

96 gosubd: l=valirs) iprint:printlz" lines to print®

97 ps$z"point ¥ unnum*:pckewc, 10 :gosub2 1g0SsUbS tprintrs

98 iflen(rs$)<62thenprint#3," "r$;:gotcl1008

99 fimlenirs$diprint#3,” " left$(rs,60) ir$=mids<rs,61,+i)d :goto98

100 getes:ifes="J"thenc lose3:a90to019

101 1=1-1:if158thenpt="set ¥ next":pokewc,17 :905ub2:g0t057

102 close3:print"R" sprinttabd(1@) “IPPRINTING COMPLETED" :goto20

103 print"fEnter PET Fi lename: *j:gosublO8:ifes="g"thenreturn

104 f$=af:if1=0thenprint:goto1083

105 print"IB¥Fi lename is “"£$"”":return

186 j=1lenip$) :fori=1toj sa~peekipatasc(mids(ps,i,1))) :print®l,chr$dad; next
107 print#l,chr$(igld;isyswtireturn

188 as$="":1=0:pokel67,0 .

109 getes$:ifes=""thenl10S

110 ifes="H'ores$=achr$(13)thenprintireturn

111 ifes$Ochrs$(20)andesO " thengotolld

112 l=1-1:if1<O0then 1=8:g90t0109

113 as=lefts(as, 1) iprintchrs$(28) ; :90tol89

114 ifasc(es$>{32thengoto109

115 printes;:li=1+]1:a$=a$+e$:90t0109

116 fori=135368t015984 readaspokei ,asnext :fori=g826to919:reada:pokei ,ainextreturn
117 dataBd,32,204,255,32,174,241,32,219,68,1608,06,132,150,32,192,241,164,158
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152
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154
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data208,28,32,173,608,2408,23,234,201,17,248,18,72,173,19,232,41,254,141
datal9,232,32,201,60,104,32,2,226,2088,211,169,08,133,167,173,19,232,9.,1
datal41,19,232,32,13,242,240,194,72,32,204,255,104,201,15,240,44
data201,3,240,40,201,18,2408,31
data201,146,240,27,174,0,60,240,8,162,0,142,08,60,32,185,60
data32,180,60,162,1,32,201,255,32,210,255,76,1,60,141,0,60,240,138,56
data32,204,255,32,174,241,32,219,60,168,0,132,1508,32,192,241,164,150,208
datal6,32,173,60,240,11,164,15,153,112,62,230,15,201,17,240,13,32,13
data242,248,218,201,3,240,4,201,19,288,210,32,204,255,96,41,127,170,189
datal6,61,96,170,189,144,61,96,41,127,281,64,144,.7,201,95,176,3,41,31
dataS6,169,08,96,169,1,133,167,165,170,248,9,169,0,133,170,165,169,32
datab,238,96,72,138,72,152,72,169,6,133,212,169,255,133,211,76,198,247
data32,204,25%5,32,174,241,32,219,60,168,0,132,158
data32,192,241,164,150,208,4,201,17,240,9,32,13,242
data248,230,201,3,288,226,32,204,255,96
data9,0,0,0,0,9,0,0,157,8,0,0,0,13,0,0,0,17,8,0
data0,0,0,0,0,0,0,0,0,8,8,08,32,33,34,35,36,37,38,39
datad9,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59
datase,61,62,63,64,193,194,195,196,197,198,199,2008,201 ,202,203,204,205
data206,207,208,209,210,211,212,213,214,215,216,217,218
datasl,92,93,94,95,96,65,66,67,68,69,70,71,7?2,73,74,75,76,77,78,79,80
datas1,82,83,84,85,86,87,88,89,50,181,221,182,171,20
dataB,129,130,3,132,5,6,13%5,136,9,10,135,12,141,142,15,144
datal?,18,147,255,149,158,23,24,153,1%54,27,156,29,30,155,168
data33,34,163,36,165,166,39,40,169,170,43,172,45,46,175,48
datal??,178,51,180,%3,54,183,1684,57,58,187,60,189,190,63,192
data225,226,99,228,101,102,231,232,105,106,235,108,237,238
datal11,240,113,114,243,116,245,246,119,1208,249,250,219,92,221,222,95
datao,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,0,08,0,0,0,0,0,0,8,0,0,0,0,0
data,0,0,0,0,0,08,0,0,0,8,141,0,0,0,0,0,08,0,0,0,0,0,0,8,0,0,136,08,0,160
datad,0,0,0,0,0,0,08,0,0,0,0,0,0,08,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
datass5,66,195,68,197,198,71,72,201 ,202,75,204,77,78,207,80
data209,210,83,212,85,86,215,216,89,90,123,252,125,126,0,0
datal20,166,144,142,128,3,166,145,142,129,3,88,120,162,54,134,144,162,3
datal34,145,88,96,120,172,128,3,132,144,172,129,3,132,145,88,96,166,138
data224,108,240,27,32,81,3,32,130,3,32,228,255,166,158,157,111,2,232,134
datalSe, 166,150,208,3,32,78,3,32,204,255,76,0,0,72,72,72,169,8,133,212
datal69,99,133,211,169,10,133,218,1659,0,133,150,76,198,247

Print"@" sprinttab(14) "M MENU #w" tprinttab(10>"f1 -~ Wy tour Comm. Prg.”
printtab(10>"gR2 — Wy lbur/SAS dunld. ":printtab(10)"f3 - Auto download"
printtab(18>"88 - Plot SAS/GRAPH +i le”tprinttsb (1B "DS - Write fetch file”
printtab(10>"8K ~ Dump Wy lbur €iles”

printtab(8>"“§W Enter option no. @ ";

getasifas=""thenli61 .
amvaliqs) iprintazifoallora>6thenprinttab (15> “8TRY AGAIN" :go0to160
ifa=1thend load"modwy 1,d@ srun

ifa=2theniS

ifa=3thend load"ni tedwn” ,dd irun

ita=4thendload"p lotsas" ,dd :run

ifoq=Sthend load"wr i tefet" ,dd:run

ifoq=6thend load"dump+i le” ,dd :run
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rokeS9468,14 :print” MECECECBEEF lease Wait ..."open?,4,7:print#? :c lose?
gosub96 :openl ,6:mh=peek(53) :pokeS3,60 sprintfre(s)>
print"@" serint "IN WYLBUR COMMUNICATIONS PROGRAM sk
printtab(8)"SRevised by Leon W. Heath"::printtab(10)"& Matthew J. Kramer"
rd=15361 :pa=15760:dn=15480 :db=15984 :co=153561 :wt=15595 swc=15616 :90to?
print"g”
print"f800 you wish to:":print"§R 1 - Logon to WYLBUR"
print" 2 - Reestablish terminal mode” sprint® 3 = Upload a text file”
print" 4 - Download a text file":print" S - Execute a douwnloaded +ile"
print” 6 - Print out a file":print" 7 = Exit program"
print"$t FOR OPTIONS 33 & 43, YOU MUST BE":printtab(10>"CONNECTED TO WYLBUR
print"S@Enter choice - ";:gosub88
onvallasdgotods,52,15,32,56,72,14 :g0tob
rokeS53,mhend
print Z" iprinttab 14> "IWText Up load" :print"ZBYOU SHOULD BE LOGGED INTO WYLBUR"
prrinttab(8>"AND IN THE COLLECT MODE."iprint:print:gosubB80:ifes="§"thent
print" JREEER! Press <BHOMED to EXIT option”:print" XXGEG"
print”"Up load File From Disk Drive B9 or 13 ?"::905ub88:print"SBEEEE"
ifes="g"then6
ifa$="0"thendorent2, ($5,d0:00t023
ifas="1"thendopen#2, (£$>,dl :go0t023
agoto 18
ifds<O@thenprint"MBR"ds$ :dc lose :go0to?
print"ZEB0ata up load will now begin. ":pokewc,17:getes:ifes="5"then38
aet#2, as:printas;tifstlO0the
iflen(as><{ithen2S .
arpeek(patascas)) zitald14 i thenerint#l chr$ca)d ; sgoto2sS
printii,chr$dal; isyswt:goto2S
ifasOchr$(13)thenprint#l, as;
print#l ,chr$did4l): ssvsutprint#l ,chr$(l?) i1syswt
Prrint"3®" tprinttab(18> "IRUPLOADING COMPLETED* :dc lose 1g0t07
print"®" :orinttab(13>“IBIText Down load" tgosubBB:ifesa"F ' thent
erint"IBBEER Press <JHOMEZ> to EXIT option”:eprint”XIDDIN"
rrint"Download File To Disk Drive P or 13 ? “";:00s5ub88:print"IBBER" 1ifes="H"the
ifa$="0"thendopen#2, (£3$>,d0,wsgoto38
ifas="1"thendopent2, (£$) ,d1,wigoto38
goto34
i+ds<{OBthenprint"EEBI"ds$ tdc lose :goto?
pr$="set * first":pokewc, 17 :g0sub83p$="count” spokewc , 10 :gosub83 1gosub8S
1=val(r$d> tprintiprintl1;” lines to transfer":print
p$="point ¥ unnum" zpokewc, 18:305ub83 :905UbBS
Print#2,rs$:ierintrs;
getes:ifes="T"thencdc lose::gotob
1=1=-1:if 100thenrs="get ¥ next" :pokewc, 17 :90sub83:90t041
print"g" iprinttab(9) "SBDONNLOADING COMPLETED" :dc lose :90to?
print"@" :printtab(14) "TWYLBUR LOGON" :print"8P lease follow these steps:"
print'di1. Tyre Batd,lIfBat+8d and then Batnid. “:print"fNOTE: You must get an";

48 print” POKHA response for":print” each command. I+ you don’<t,"

print” repeat the command.”
print"32. When you get the BCONNECTE response,":print"typre FoocoiKCR> teice."

90t0S53

52 print "l tprinttab(8)"IxTerminal Reestab lishmentIR"

print“Remember cursor left = backspace”:printtab(9)"cursor down = control Q"

54 print"8l Press (BHOMED to return to senu”:ifh{OB8thenprint#l,chr$(i14ld
5SS print:h=1:sysrd:gotob
56 print"#"tab(16)"SREXECUTE" :print"f8IThis option will load a sequential file"
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S7 print“from the disk as a program."

58 print"S8IThis option will also erase the WYLBUR"

59 print"COMMUNICATION PROGRAM. I you have"

€60 print“"second thoughts, press {JHOMEZD +to"

61 print"return to the menu.":print"fress CERETURND to continue"

62 getas:ifas=""then62

63 ifas="F'thens

64 ifa$lOchrs$(13>thenS6

65 print"ETBEEER Press CEHOME®D to EXIT option":gosub80:ifes="g"thent
66 print"flls the +ile disk in drive B@ or 13 ?“;:90sub88

67 ifes="g"thendc lose:gotob

68 ifasld>"B"orasid"1"thenc6

69 print"iISWTo begin loading the file as a program,”:print"type this line:"
70 ifas$="9"thenprint"fBkoren#18, (£$),d8:sysB26 :pokeS3,mh inew

71 ifas="1"thenprint"flkiopen#18, (£$),d1 1sys826 :pokeS3,mh:new

72 open3,4:p$="set M first"ipokeuwc,17:190sub83 :p$="count" spokewc, 10:905ubB3
73 gosub8S: 1zvalirsdiprintiprintlz” lines to print”

74 ps$="point ¥ unnum"pokeuwc,18:905ub83:90sub8S:iprintrs;

75 iflen(r$><79thenecrint#3," “rs$;:90to??

76 fi=lenlrs$)iprinte3,” " left$irs$,78) :r$umidsirs,?9, i tgoto?S

77 getes:ifes="g"thenc lose3:90to6

78 l=1-1:i¥100thenps="set X next":pokewc,1?:gosub83:g0to?4

79 close3:print @ 1printtab(18)> “IBPRINTING COMPLETED* :goto?

80 print"8Enter PET Filename: "j:gosub88:ifes="{"thenreturn

81 f$=as:if 1=@8thenprintsgoto8e

82 print"I&Fi lename is 7"+$"”":return

83 Jj=len(ps) :forisitoj::aspeek(patasc{mids(ps, i, 1)3)printhl,chr$dad;next
84 print#l, chr$14l) isyswtireturn

895 prokel5,0:sysdnir$s"" j=peek(15)~1 :fori=0toj :as=chr$(peek(db+id)

86 r$=rs$+as:ifaszachrs(i3)theni=j

87 nextireturn

88 as$="": 1=0:pokel67,0

8S getes:ifes=""then8S

99 ifes$="§"ores$schr$(i3>thenprint:return

S1 ifes$<{Ochr$(208>andesld> """ thengotoS4

92 1=1-1:if1<0then 1=0:90t089

93 as= left$(as, 1D :printchr$(20) ; :goto89

94 itascles$>{32thengoto89

95 printef;:1=1+1:af=as+es$190t089

96 fori=15360t0135984 :reada:prokei,aznext :fori=826to919 :readaspokei ,anext
S7 dataB,32,204,255,32,174,241,32,219,60,1608,0,132,150,32,192,241,164,150
98 data208,28,32,173,60,240,23,234,201,17,240,18,72,173,19,232,41,254,141
99 datal3,232,32,201,60,104,32,2,226,208,211,169,0,133,167,173,19,232,9,1
188 datal41,19,232,32,13,242,240,1594,72,32,204,255,104,201,19,240,44

191 data201,3,240,40,201,18,248,31

182 data201,146,248,27,174,0,60,2408,8,162,0,142,8,60,32,185,68

103 data32,180,60,162,1,32,201,255,32,210,255,76,1,60,141,0,60,240,138,96
104 data32,284,255,32,174,241,32,219,60,1€0,0,132,158,32,192,241,164,150,208
185 datal6,32,173,60,240,11,164,15,153,112,62,238,15,201,17,240,13,32,13
106 data242,240,218,201,3,248,4,201,19,208,218,32,204,255,96,41,127,170,189
107 datals,61,96,170,189,144,61,96,41,127,201,64,144,7,201,95,176,3,41,31
198 datadS6,169,0,96,169,1,133,167,165,1708,246,9,169,0,133,170,165,169,32
103 datas,230,96,72,138,72,152,72,169,6,133,212,169,255,133,211,76,198,247
110 data32,204,255,32,174,241,32,219,60,160,0,132,150

111 data32,192,241,164,150,208,4,201,17,240,9,32,13,242

112 data240,238,201,3,208,226,32,204,255,96

113 datap,0,0,0,0,0,0,0,157,0,0,0,0,13,0,0,0,17,0,8

114 datap,0,0,0,0,0,0,0,0,9,8,9,32,33,34,35,36,37,36,39

115 data40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59

116 databo,61,62,63,64,193,194,195,196,197,198,195,200,201,202,203,204,205
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118
119
120
121
122
123
124
125
126
127
128
128
130
131
132
133
134
135
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data206,207,208,209,210,211,212,213,214,215,216,217,218
datadg1,92,93,94,95,96,65,65,67,68,69,78,71,72,73,7?4,75,76,77,78,79,80
data81,82,83,84,85,86,87,88,89,90,181,221,182,171,20
datap,129,138,3,132,5,6,135,136,5,10,139,12,141,142,15,144
datal?,18,147,255,149,150,23,24,153,154,27,156,29,30,159,160
data33,34,163,36,165,165,39,408,169,170,43,172,45,46,175,48
datal?7,178,51,1680,53,54,183,184,57,58,187,60,189,198,63,192
data225,226,99,228,101,102,231,232,105,106,235,108,237,238
datalll,248,113,114,243,116,245,246,119,120,249,250,219,92,221,222,95
datad,8,0,08,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,06,0,0,08,0,0,0,0,0,0,8,0
datad,0,08,8,0,0,0,8,0,0,0,141,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,136,0,0,160
data0,8,0,8,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,02,0,0,0,0
datas5,66,195,68,197,198,71,72,201,202,75,204,77,78,207,80
data2e9,2108,83,212,85,86,215,216,89,90,123,252,125,126,0.,0
datal20,166,144,142,128,3,166,145,142,129,3,88,120,162,94,134,144,162,3
datal34,145,88,96,120,172,128,3,132,144,172,129,3,132,145,88,96,166,158
data224,10.,.240,27,32,81,3,32,130,3,32,228,255,166,158,157,111,2,232,134
datalS8,166,150,208,.3,32,79,3,32,204,255,76,0,0,72,72,72,169,8,133,212
datal69,99,133,211,169,10,133,210,169,08,133,158,76, 198,247 :return
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NITEDWN

roke59468, 14 :print” ISETERRBEREF lease WHait ..."21905ub25:90t015
J=len(p$) tfori=1toj sa=peek(patascimid$(ps, i, 1))) :print#l ,.chr$ca)sinext
print#l ,chr$(id4id s sysutireturn
re="" sgk=1
pokelS,B:sysdn:jspeek(15)-1:fori=8toj ;aszchr$(peek(db+id) sifsk=lthenll
ifas=chr$(13>theni=j:gotol2

ifag="!"thenisjpr=1

ifas$="&"then lb=0 :pr=1

ifas="%"and lb=1thenl12

ifas="#"then lb=1 :a8="" 3pr=1

r$zr$+as:iflen(r$dd>?6orpreithenprinti#2, chr$(34)rschr$(34) :r$="":pr=0
nexti :return

r$=r$+af:ifas=chr$(13)theni=j

nexti :sk=20:return

Print”"B . OGON" :openl , 6 :pokeS3,60:rd=15361 :pa=15760 :dn=15480

db=15984 :wt=15595:wc=15616 :sysrd

fora=ltocaips="fet"+strEi{n(oq)d+" cle” :pokewc,17? 1908ub2

r$="exec from #nitepet cle":pokewc,10:gosub2 1gosubdiprintrs

p$="count” ipokewc, 18 :9osub2 sgosubd sprintrs: lavaldirs) tprint lirs="" :sk=0 :90sub62

p$="set ¥ first":ipokewc,1?:gosub2

p$a"point ¥ unnun" tpokewc, 10 :g0sub2 :gosubS

l=1~1:2if 1D8thenp$="set ¥ next":pokewc,17:90sub2:g0to21

dc lose#2:p$="pur “+stri(nia) tpokesc,10:90sub2 :go0subd :printrsinextq
p$=" logof+ cle” tpokewc,10:90sub2tond

fori=15368t015984 :reada:rokei ,atnext

dopenk?, "fetsas",dd:inputh?,catdimn200) ,$(200> ,2$(280>
fori=itocaiinputi?,nli),£$Ci) tnextidc losed? sprintfre(d) sreturn
dataf,32,204,255,32,174,241,32,219,€60,160,0,132,150,32,192,241,164,150
data2es8,28,32,173,68,240,23,234,201,17,240,18,72,173,19,232,41,2%54,141
datal9,232,32,201,60,104,32,2,226,2088,211,169,0,133,167,173,19,232,9,1
datal41,19,232,32,13,242,240,1594,72,32,204 ,255,104,201,19,242,44
data201,3,240,40,201,18,240,31
data201,146,240,27,174,0,68,240,8,162,0,142,0,60,32,185,60
data32,189,60,162,1,32,201,255,32,210,2%5,76,1,60,141,0,60,240,138,96
data32,204,255,32,174,241,32,219,60,160,0,132,150,32,192,241,164,150,208
datal6,32,173,60,2408,11,164,15,153,112,62,230,15,201,17,240,13,32,13
data242,240,218,201,3,240,4,201,19,208,2108,32,204 ,255,96,41,127,170,189
datal6,61,96,170,189,144,61,96,41,127,201,64,144,7,201,95,176,3,41,31
data’6,169,0,96,169,1,133,167,165,170,248,9,169,0,133,179,165,169,32
datas,230,95,72,138,72,152,72,169,6,133,212,169,2%5,133,211,76,158,247
data32,204,255,32,174,241,32,219,60,169,0,132,159
data32,192,241,164,150,208,4,201,17,240,9,32,13,242
data240,230,201,3,2088,226,32,204,255,96
datap,0,0,0,0,08,08,0,157,0,0,0,0,13,0,0,0,17,0,0
dataﬂ,0,9,0,0,9,9,0,0,9,9,9;32;33’34;35’35'3?'38;39
datad8,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59
data69,61,62,63,64,193,194,195,196,197,198,199,200,201 ,202,203,204,205
data206,2087,208,209,210,211,212,213,214,215,216,217,218
datasl,92,93,94,95,96,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80
datast ,82,83,84,85,86,87,88,89,90,181,221,182,171,20
datap,129,130,3,132,5,6,135,136,9,10,139,12,141,142,15, 144
datal?7,18,147,255,149,150,23,24,153,154,27,1%56,29,30,159,168
data33,34,163,36,165,166,39,408,169,178,43,172,45,46,175,48
datal?7,178,51,180,53,54,183,184,57,58,187,60,189,199,63,152
data225,226,99,228,101,1682,231,232,105,1086,235,108,237 ,238
datali1,240,113,114,243,116,245,246,119,120,249,2%0,219,92,221,222,95
datag,0,0,0,0,0,0,0,0,0,08,0,0,08,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,08,0,0
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datad,0,0,0,0,0,0,0,0,9,9,141,0,0,0,0,0,0,0,0,0,0,8,0,0,0,
dataﬁ,a,B,9,6,8,0,8,9,9,8,9,8,9,9,9:9:9,8;6;9.9'9;8,9,9’9,
datass,66,195,68,197,198,71,72,291,202,75,204,77,78,207,80
data209,218,83,212,85,86,215,216,89,90,123,252,125,126,0,8
dopen#t, "Acatalog”,d]l ,wicmdG:catalogd] sdc losedS sdopend?, "catalog” ,di :k=0
kak+1 1inputi?, z$C(k) ti fSt64thenéS

g0to63

dc lose#? ;:eb=vallzsik))

bn=.54% 1 :ifbn<ebthendopen®#2, (f$(a)) ,dl ,wia0to68

dopen#2, (£3$(q’),dd,w

print"g" :print"SERRRCERERI “m down loading “+£$(a) treturn

0,136,08,0,160
8,8,8,0,8
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DUMPFILE

prokeS59468, 14 :print” IEETERIXTTTP lease Wait ... " 1905ub33:90t015
J=lendps$) :fori=1toj tampeek(wa+asc(nidE(ps,i,1))) sprint#l ,.chr$da) 2 snext
print#l,chr$c141) :sysut:return

r$="":gk=l

pokelS5,0:sysdn : jmpeek(15)-1 sfori=0toj sasnchri(peek(db+id) :i fsk=lthen!3

ifasschr$(13>thenisjigotol2
ifas="!"theni=j spr=1
ifas="&"then lb=0 :pr=1
ifas="#"andlbaithenll

ifas="#"then lb=1:a8$="" :pr=1
r$ar$+as:iflen(r$)>76orpraithenprint#2,chr$(34>rs$chr$(34) :r$="" :pr=9
nexti sreturn

r$cor$+asifasschr$di3) thenisj

nexti tsk=9return

print"P.OGON" sopenl ,6:p0keS3,60:rd=15361 :par1 5760 :dn=15480 :dc=0
db=15984 :wt=15595::we=15616 3sysrd

dc=] tgosub26 :go0to28 .

p$="exec from #nitepet cle':pokewc,10:908ub2 tgosubdtprintrs

p$=‘count® tpokewc, 10 :305ub2 : gosub4d tprintrs: I=val(rs) :r$="" :sk=0:90sub?0
ps$="set ¥ first":prokewc,17:gosub2

p$="point ¥ unnun" spokewc,10:gosub1ifdcldithengosubS:g0to22

Qosubd tprinte2, rs;

I=1-1:if1D00thenps="set * next":pokewc,17:gosub2:g90to21

dc losedi2: i fde=1thenreturn

psa"pur "+str3dn(q2) tpokewc, 18:9osub2 1gosubd tprintr$inexta:de=1
dopenttS, "fi les"” ,d0 :inputdS, as icamvallas)
foramitocasinputiS, £$Cad sprint+s$(q), snext:dec losedS sreturn
foraqmitocasiff$(q)="LIB"thennexta

p¥="use "+£S(d+" cle” :pokewc,10:90s5ub2:g0subdprintrs
ifleft$(rs,S>="ARKIV" thennexta

gosubl9nexty

p$=" logoff c le” spokewc,10:90s5ub2 send

$ori=15368t015984 ireadarokei ,atnext

dimn{1608>, £$(1889),2$<180>

return
data®,32,204,25%,32,174,241,32,219,60,160,8,132,150,32,192,241,164,150
data288,28,32,173,60,248,23,234,201,17,2408,18,72,173,19,232,41,254,141
datal9,232,32,2081,608,104,32,2,226,208,211,169,0,133,167,173,19,232,9,1
datald1,19,232,32,13,242,240,194,72,32,204,255,104,201,19,240,44
data201,3,240,40,201,18,240,31
data201,146,240,27,174,0,60,240,8,162,0,142,08,60,32,1865,60
data32,1808,60,162,1,32,201,255,32,210,255,76,1,60,141,8,60,240, 138,96
data32,204,255,32,174,241,32,219,68,160,0,132,150,32,192,241,164,150,208
datal6,32,173,60,240,11,164,15,153,112,62,230,15,201,17,240,13,32,13
data242,240,218,201,3,240,4,201,19,208,210,32,204,255,96,41,127,170,189
datal6,61,96,170,189,144,61,96,41,127,201,64,144,7,201,95,176,3,41,31
datads,169,0,96,169,1,133,167,165,170,248,9,169,0,133,170,165,169,32
datas,230,96,72,138,72,152,72,169,6,133,212,169,255,133,211,76,198,247
data32,2084,255,32,174,241,32,219,60,168,0,132,150
data32,192,241,164,138,208,4,201,17,248,59,32,13,242
data249,239,201,3,288,226,32,204,255,56
datad,0,0,0,0,0,0,0,157,0,0,0,6,13,8,8,0,17,0,9
datad,0,0,0,0,8,0,0,0,0,8,0,32,33,34,35,36,37,38,39
datad0,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59
datab0,61,62,63,64,193,194,195,196,197,198,199,200,201,202,203,204,205
data206,287,288,289,210,211,212,213,214,215,216,217,218
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datadl ,92,93,94,95,96,65,66,67,68,69,70,7:,72,73,04,75,76,77,78,79,80
datasl ,82,83,84,85,86,87,88,89,90,181,221,182,171,2¢
datap,129,130,3,132,5,6,135,136,9,10,139,12,141,142,15,144
datal?,18,147,255,149,150,23,24,153,154,27,156,29,30, 159,168
data33,34,163,36,165,166,39,40,169,178,43,172,4%5,46,175,48
datal??,178,%51,180,53,54,183,184,57,%58,187,60,189,198,63,192
data225,226,99,228,101,1082,231,232,105,106,235,188,237,238
datalll,24@,113,114.,243,116,245,246,119,128,249,250,213,92,221,222,95
datap,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,08,0,8,0,0,0,0,8,0,8,0,0,8,0,0,0
datad,0,0,0,0,0,0,0,0,0,08,141,0,08,0,0,08,0,0,0,0,0,0,0,8,0,8,136,0,0, 160
datap,0.0,0.0,0,0,0,0,0,0,0,8,0,0,0,0,0,9,0,0,0,8,0,0,0,08,8,8,0,08,0
dataé5,66,195,68,157,198,71,72,201,202,75,204,77,78,207 ,80
data209,210.,83,212,85,86,215,216,85,90,123,252,125,126,0,0

dopen#é, "Gcatalog”,dl ,wicmdbscatalogd! tde lose#s :dopentt? , "catalog” ,dl :k=0
kak+1:inputh?,z$(k) 2ifst64then?3

goto?1

dc lose#7 :eb=val(z$(k))

bn=, 5S4 1:i fon{ebthendoren#2, (£$<a)) . dl ,w:goto?76

dopeni#2, (f$<q)) ,d0,w

print"@’ print"ICREEECERRI ‘n down loading “+#8$<(q) sreturn
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PSDPLOT

.poke59458, 141c$=chr$(3) :open 1,6:dim pPs{13),pp(13), 1s(14) ,p<{14) ;a8=""

input"EBESame le 1D ":a$:90subd?:sis=bs
ifasl>""then9
e$=Cchr$i{27) iprint#l es$". (" sprinthl ,"in;"es$".i480;0;17:"e$".n219:"
as="Particle Size (micrometers)":g0subd?:p$=bs$:a8="Sample ID = ":gosubd?
s$=ps :a83"Percent Passing (% Vol.)"igosubd?:y$=bs
Ps(1)=21?26:p5(2)=125:p5(3>=881p5(4>u62 :ps(S5)®44 1p5(6)n31 :ps(?>m22:ps(BI=16
Ps(9>2111ps(18)=7.8:p5C11)>=5,5:p5C(12)=3,.91ps(13>=2.8
print"BTyee in Cum. 7% Finer"ifori=1tol3:print"gl ¢iner"ps<id;::inputpp i
185 >u2500% ¢ loalrs(id»>/C10g18>))>+1625:p (i )=30%pp(id+1675 tnext
print"” BECCERERE trrinttab (12> "P lease Wait ..."
print#l,"ip1625,1675,9125,6675di 2"
print#l,"spl:pal625,1675;rdpa9125,1675,9125,6675,1625,6675,1625,1675; "
rrint#l,"ral630,1670,9130,1678,9130,6680,1638,6680,1630,1678puz"

15 print#!,"si0.15,0.20:;t11;sP13cp-.25,~1; 101"
16 print#l,"pals30,16703cr-1,-.5; 1bOA"
17 for x=2tol18stepl :c=(2500#( logdix)/ 10a18)>>+1625

ifxuSthenprint#l, "t1108;:pa"c", 1670;pdxt Uz CpP~.25,~1 2 IbSH" :90t021
ifx=10thenprint#l,“t11008;pa"c”,1670;pd ;xt3pUCPp~.85,-17 1b10R" sg0to21
print#l,"pa"c",1670pdrxt2pu;"

print#l , "t11:"next

forx=20t0100sterl1@:c=(2588%¢ loa(x)>/10a(18>)>>+1625
ifx=S0thenprint#l, "t1188;:pa"c", 16708 pd s xt2puzCp~. 85, -1 1bSOB" :g0t026
ifx=108thenprint#l, "t 1180 pa"c" , 1678 pdxtpuscp-1.5,-1; 1b18CR" :goto26
print#l,"pa"c*,1670;:pdxtzous"

print#l,"t11;"snext

27 forx=280t01080ster 100 :c=(2500%< log(x>/ 1log(18>3)>+1625

ifx=508thenprint#l, "t 1100 :pa’c™, 1670 pd xtpuzcpr—1.5,~13 1bS80A" :goto31
ifx=1800thenprint#l ,"t1188:pa"c" ,1678;:cr-2,-1 3 1b100CH" :g0to31
print#i,"ra’c",1670;pdxtouz"

print#l,"t11 " :next

fory=0toB80ster20 :dm(ykS50>+1675 : i fy=8then34
Printdl,"t1188;pa1630, "d" pd;ytpuscr-3.4,-.25; 1b"»"q"
fork=1t03:da(y+kSINIO+167Stprint®l, *t 11 :pal630, “d" spdytpus " snextk,y
print#l,"ral638,66808:cp-3.4,-8.25; lb10CH"
print#1,"paS375,1675:cr-13,-2.5; 1b"ps"@A"
print#l,"pal625,412%5:cp~4.5,-6:diB,1; 1b"y$"R" :orint#l, "sp3;:"
erint#l,"iwl1630,1670,9130,6675; "

forj=ltol3:am 15(j)=18(j+1) th=p(jd=p(j+1) :c=atnib/ad :d=1s(j>~58kcos(c)
emp(Jl-5eusin ) if=1s(j+1)+50%cos<C) ta=p(j+1>+SBNsined

print#l, "puzpa" 1s(jd", "p{(J>"pd;ciSO,Sspus"

iftj=13gotod4

print#l,"pa"d”,"e" ;pd;pa”"f", 9" ;pu;” tnext

print#l ,"iw:dil ,0;5prl 2pa9150,6675 ;" 12a=(13+ len(sis$)d)
print#l,"cp"z",8.5;7 1b"s$"A:sp2; lb"sis"B"
print#l,"spd:;pal6860,11408 ;% iprint" HETECEEREEREE!" ;901050

47 bsc"":z=len(as) sforizltoz:cssmidsCas, i, 1)
48 ifcS$dchr$(64)andcslichr$(91>thenbmasc(c$>+32:cS$mchrs(bd

b$=hs+csinext ireturn

58 imput“Continue <(y/n) ":;as:ifas="y"“then2

ifaslO'n"thenprint"D Try again®sgoto59
print" EERCETEERRR! Bye" ic losel
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WRITEFET

rokeS59468,14 :input"EBHow many files are to be fetched ":ardimn(ad,f$(o)
forizitoaiprrint"MECFi le no."i rinput"SEnter job no. " n(id
input"gBDown load fi lename “:$$(i) inext

print"@" :fori=itoazprinti,ndid ,£$Ci) tnext

input"Are data correct ";a$:ifqs="y"thenlnd

ifaqs="n"thens

gotoS

input"Which no. is wrong ":a

input"Job no. "indad tinput”Filename “:4$Cad:aotod

10 dopen#l,"@fetsas",dd,wierint#l,q

11 forj=itoa:zprint#l ,ncid; ;chr$(13):¢$(j) inext:dc loseNl

BONOUDWDN -
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PLOTSAS

pokeS59468, 14 sprint" BRI SAS/GRAPH PLOT PROGRAM
openl ,6:e$=chr$(27) tgoto?

input#2,as:ifrightscas, 1d="i"then21
iflefts(as,2>="LB" thengoto22

z=lenas$) sifright$(as, 1>="&"thenas=left$(as,z-1)>+"q"
print#l,a$;sgoto3

input"S8ENnter SAS/GRAPH Fi lename " :m$:print
input“Slhich disk drive 80 or 1 3 "raiprint:ifqudthendorend2,(m$),dB:g0toll

ifoa=1thendopent#2, (m$) .dl:gotoll

18 goto?

11

ifds=62thenprint" R ds$ sdc losed2 :gotolS

12 1fds<{OBthenprint" i ds$ :dc losed2 : goto20

13 print"@" : iprinttab(12) "SEEEEECBERRF lease Wait..."tprint#l , "inz"es", ¢

14 print#l,e$”.i400;0;17:"e$".n319:" zgoto3

15 input"8lould you like a disk directory ";z$:ifleft$(zs$,1)="y"thenls

16 'if left$(2%,1)0="n"then?

17 gotolS

18 input“SWhich disk drive B0 or 1 3 “zq

19 print"IRemember <ISPARCEBARI> stoprs the listingf":ifo=dthendirectorydd:soto?
20 ifa=ithendirectorydl :goto?

z=1lendas) sprinthl, lefts(as,z-1)1dc lose#2:c losel sgoto28

22 b$="":z=len(as) ;foria3toz:csamidscas, i, 1)
22 ifcs="&"thencs=""

ifc$Ochr$(64) andcsichr$(S1)thenb=asc(c$>+32:c$=chr$ib)

25 bS$=bs+cs next

26 as="LB"+bs+"2"

27 print#l,as; :goto3

28 input“ZBContinue (y/nd> ":q$:ifas="y"thenrun
29 ifas="n"thenend

30 goto28
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APPENDIX B. CLARIFICATION ADDITIONS

The items within this appendix are added to this publication for
clarification purposes since it was necessary to omit the information from
the referent publication because of page limitations.

Figures 1, 2, 3 and 4 show the particle size distributions for the

lignite slurry, 7ted mud, phosphate slime and kaolinite slurry,

respectively.
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