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l~Q INTRODUCTION 

In April of 1981~ our group began its' initial studies in 
the use of sodium sulfide as a medium far energy storage. 
This work culminated in grant proposal C0-0136 ta the 
Department of Energy's Appropriate Energy Technology Small 
Grants Program which was subsequently accepted and we were 
duly awarded grant number DE-FG48-81R801058. Wark began on 
this project in October of 1981 and continued through 1982. 
This report is a gummary of the work performed under that 

grant. 

During the first quarter of activity, most of th~ test 
equipment was ordered and received. Two major construction 
projects were completed, laboratory construction and the 
first prototype test vehicle. Details of the test 
equipment and prototype design can be found in the second 
section· under the headings of TEST EQUIPMENT, CONSTRUCTION 
OF FIRST PROTOTYPE and ·CONSTRUCTION OF SECOND PROTOTYPE. 
In addition to the construction projects, a literature 
search for relevant information was begun, and some work 
was done to develop mathematical models of the processes 
involved in order to better understand the important design 
parameters. The results of the literature search are 
referenced throughout the report and a bibliography is 
included at the end of the report. The mathematical 
modeling can be found in the third section, THEORY OF 
OPERATION and the fourth section CONSTRUCTION 
CONSIDERATIONS. 

During the second 
search continued. 
completed and the 
almost completed. 

quarter of our project, the literature 
Also, the major equipment purchases were 

first prototype test system debug was 

The third quarter of operation marked the first major data 
collection phase of the project. The test equipment was 
debugged and calibrated and design work on a second 
prototype unit was started. Because of an equipment 
failure, we were forced to purchase a new bath temperat~re 
regulator which caused a three week schedule delay. In the 
DETAILED INFORMATION section a discussion of the test 
results is presented in some detail. 

During the forth quarter of operation, more data was 
collected and the design of the second prototype test unit 
was continued. The new test unit was designed to take 
advantage of the information gained from the first 
prototype and the results of the mathematical.modeling. 
The pressure transducer malfunctioned requiring the 
purchase of a replacement device. 
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During the fifth quarter the second prototvpe test vehicle 
was completed and limited testing was performed. Detailed 
information on the design and the test results can be found 
in. the second section~ DETAILED INFORMATION~ under the 
subheadings titled DESIGN OF THE SECOND PROTOTYPE and 
TESTING OF THE SECOND PROTOTYPE. Also during the fifth 
quarter a materials study was done to determine the effects 
of sodi Ltm sLtl fide on vari OLIS metals 1-ih.i ch mi c;,ht be 
considered for construction. 
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i~Q DETAILED INFORMATION 

In this section a more complete description of the test 
equipment~ the design and construction of the two prototype 
test units~ and the tests run on them is given.Some results 
and conclusions of the testing are also included. A 
description of a materials test to ~etermine the 
susceptibility of some common construction metals to 
corrosion from sodium sulfide is also in this section. 

i~! TEST EQUIPMENT 

The test equipment L1sed in our project was bLti l t aroLtnd a 
ten channel data logger with a multiplexing box that 
expanded the capacity of the data logger to twenty channels. 
This system~ combined with a variety of transducers~ was 
used to monitor the performance and status of the prototype 
uni~s. Detailed circuit and logic diagrams for the 
multiplexer, can be found in APPENDIX A, test equipment. 

Of the twenty available data channels, twelve were used for 
temperature measurement within the salt bed itself. Two 
channels were used for the water reservoir and one channel 
each was used for each of ~he temperature baths. The 
differential temperature across each heat exchanger used 
two more channels and the pressure transducer and the water 
reservoir depth indicator each used one channel. 

In addition to the data logger, purchased with funds from 
our grant, and the multiplexer which was designed and built 
during the first and second quarter of the project, an IBM 
personal computer was used for data reduction and analysis. 

A series of computer programs were written to aid in 
reduction and analysis of data. These programs perform a 
variety of functions including: 

Reading data from the data logger tapes into the 
computer. 

Conversion of the raw data into a variety of different 
dimensional units. 

Listing data files in tabular form. 

Plating data in graphical form. 

In APPENDIX 8 ? more detailed description and listings of 
all the computer programs can be found. 

i~i DESIGN AND TFSTING OF PROTOTYPE UNITS 

Two prototype units were built for the purpose of performing 
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operational testing. The first unit was designed to 
provide basic operating information, however, because of 
several design flaws, did not perform as well as hoped. 
Based on the operation of the first unit, a second unit was 
designed and built which performed much better than the 
first unit and, in so doing, helped us to establish some 
design parameters for optimizing the performance of the 
system. 

Qs§l§~ QE THE FIRST PROTOTYPE 

The first prototype unit is shown in cross section in 
figure 2, while figure 1 is a schematic diagram showing the 
disposition of the some of the transducers. All of the 
transducers are not shown, to add clarity, but in figure 3, 
the positions of the temperature probes inside the salt bed 
are shown. 

In the first prototype unit, a water reservoir is maintained 
to act as an evaporator while the salt is functioning as an 
absorber and also acts as a condenser when the salt is 
performing as generator. Lowering the system pressure 
prevents the salt from dissolving in its own water of 
hydration as it is heated and also increases the molar 
concentration of the water vapor thereby increasing vapor 
diffusion rates. Once again, referring to figure 1, tank 
(1) is a temperature controlled bath enabling the control 
of the temperature in tank (2). Calorimetric information 
is gained by measuring the temperature gradient across the 
coil (5>, and monitoring the flow rate generated by the 
pump (6). A similar function is provided on the salt side 
(tank (3) by another water jacket <7>, tank <4> and pump 
<B>. The temperature in tanks (1) and <4> is controlled 
only as a secondary quantity to maintain the proper salt 
temperature and water reservoir temperature. In addition 
to the dif~erential temperatures across both heat 
exchangers, the system, salt temperature and reservoir 
level are monitored by the data logger system. 

Figure 2 gives more information about the actual 
construction of the first prototype unit. Two plywood 
boxes, 36 inches on each side were constructed and lined 
with 3 inches of styrofoam for insulation. Large aluminum 
vessels were placed inside each box to act as water 
reservoirs and inside these large vessels, stainless steel 
cans were suspended to hold the salt on one side and the 
evaporator/condenser en the the other. Also, a heat 
exchanger was pJaced into the large tanks to allow heating 
and cooling as needed. Heat exchangers were used so that 
it would be possible to monitor the temoerature ~ifference 
across the exc~anger and,thereby, measure the amount of 
heat added and removed from the system. The stainless 
steel tanks were sealed and joined by 1 inch I.D. CVPC pipe 
with a valve in the middle to allow the two tanks to be 
joi~ed and separated as required. . ,, 



The heat exchangers were connected to a heater and a 
refrigeration unit respectively. The heater consisted of a 
small tank with a bath temperature controller in it that 
pumped hot water to the side cf the system that needed heat 
d1..1ring the relevant part o·f the test. While one side of 
the system was being heated, the other side of the system 
~,as cooled. For cooling, a small ref1~igerator. li'ias modified 
to allow water to be passed over the cooling coils then 
into a storage tank where another bath temperature control 
unit heated the chilled water and antifreeze mixture to the 
desired temperature than pumped the mixture through the 
heat exchanger on the appropriate side of the system. 

Is§I!~§ I!:!s ElB§I PROTOTYPE UNIT 

Testing of the first prototype unit was accomplished during 
the third quarter of the project. A considerable amount of 
time was spent sealing the system against vacuum leaks. 
Vacuum leaks proved to be one of the most time consuming 
problems throughout the project. Finally, in June of 1~82, 
a successful test was run using the first prototype test 
system. Some of the results of that test are shown in 
figures 4a, 4b, 4c and 4d and are described below. 

Figure 4a depicts the temperature variation in degrees 
Fahrenheit of the temperature control bath (the small 
circles> and the temperature of the salt bed (the short 
dashes> versus time in hours. Two important things to 
notice are that at approximately 160deg F the salt 
temperature levels off even though the bath temperature 
continues to rise to about 180deg F. This effect is a 
result of the hydrated salt changing its stable hydration 
level. When that level is changing, as it is in figure 4a, 
the energy which would normally result in a change in 
temperature, is removing water from the salt crystal 
lattice structure and then changing that liquid water into 
water vapor. This heating section of the curve is shown in 
more detail in figure 4b. If the heating time were 
increased sufficiently, all the water at this hydration 
state would be removed and the temperature of the salt 
would again rise. 

During the cooling phase of the test, at about 95deg F, the 
salt temperature begins to deviate from the temperature of 
the surrounding water bath. A more detailed view of this 
phenomenon can be seer in figure 4c. The elevation of the 
salt temperature above the water temperature at this point 
is due to the reverse of the process explained above~ 
specifically, the salt is rehydrating and releas~ng energy 
in the process. Notice that ju~t oast 335 hours the salt 
temperature suddenly drops to the water bath temperature. 
This occurs because the water supply for the salt was 
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removed by closing the valve between the salt bed and the 
water reservoir. With water vapor no longer available to 
the salt, the rehydration reaction steps and heat is no 
longer released. 

Several problems are obvious after looking at figures 4a 
and 4c. First, why is the temperature rise only 5deg F, 
hardly a useful amount of heating for a domes~ic hot water 
system, and second, why does the reaction not begin to any 
significant degree until the temperature falls below 95deg 
F. Certainly any hot water system needs to operate at well 
above this temperature and provide heat at a higher rate 
than was provided by this prototype test system. 

Based on theoretical modeling (see THEORY OF OPERATION> the 
problem was ascertained to be two fold. 

The first problem was the slow diffusion fate of water 
vapor from the evaporator (water reservoir in tank #2) to 
the salt (tank #3). This was due to the relatively long, 
narrow pipe connecting the two stainless steel tanks. With 
only a medium hard vacuum C0.1 - 1.0 psi), the diffusion of 
the water vapor was just to slow to maintain the reaction 
at a high enough rate to generate heat at useful rates. 

The second problem was that the salt had far to small a 
surface exposed to the water vapor in relationship to its 
volume. This caused a further slowing of the reaction rate 
because it both limited the diffusion of water vapor into 
the salt and Jimited the diffusion of heat out of the salt 
bed into the surrounding water jacket. Slowing the rate of 
thermal diffusion causes the internal temperature of the 
salt bed to rise and, thereby, stops the reaction or, at 
least, slows it down, further limiting the amount of heat 
released. 

Figure 4d shows the temperature gradient along the center 
axis of the salt bed during the cooling process. It 
clearly shows that the salt temperatures fall as they get 
closer to the outside wall next to the water jacket. This 
indicates that water vapor is not being supplied to this 
region of the salt bed and that the reaction is being 
limited. 

All of the above concerns led us to the ~onclusion that a 
new system needed to be designed and built to improve both 
water vaoor diffusion and thermal diffusion. This new 
design was =ompleted and tested during the fifth quarter of 
the project. 

Qs§l§~ QE Itls SEL-DND PROTOTYPE 
Figure 5 shows the configuration of the second prototype 
unit. The evaporator/absorber (4) was submerged inside one 
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of the large aluminum water tanks shown in figure 2 for the 
first prototype test unit and the heat flow was monitored 
using the same method as described fer the first unit. 
Vacuum was drawn and system pressure was monitored at the 
top of the chimney although this apparatus is not shown in 
figure 5. 

The heart of the unit shown in figure 5 is a stainless 
steel tank <5> used to hold the salt <2>. The salt tank 
(5) is open on the bottom and rests on a polycarbonate 
adapter plate (7). Between the tank (5) and the plate <7> 
is a rLtbber seal (not sho1,m) and Ltnder the plate (7) is 
another smaller stainless steel tank (6) which acts as a 
water reservoir and is also joined to the plate (7) with a 
rubber seal. A two inch diameter hole in plate (7) 
connects the two tanks (5) and (6). Plastic screen <not 
shown> for~s a chimney starting at the hole and ending near 
the top of the large tank (5). The annular space formed 
between the chimney (3) and the tank (5) is filled with 
salt and the reservoir (4) is partially filled with water. 
The amoLint of water to be added at the start of the tes-t is 
determined by the hydration state and amount of salt added 
to tank <5>. If the salt added is fully hydrated, no water 
needs to be added. 

Surrounding tank (5) is another tank (8) made of mild steel 
with a rust resistant coating. Tank (8) is used as a water 
jacket for both adding and removing heat from the salt bed. 
It is not stainless steel because it never comes in 

contact with the salt. 

The advantages of this design over the first design are 
fourfold. First, the diffusion path for the water vapor is 
far shorter and also has a larger cross section. The 
second advantage is the much larger surface area available 
for the water vapor to contact the salt. The third 
advantage is that the maximum distance from any place in 
the salt bed to the ~ater jacket is minimized thus allowing 
for maximum thermal diffusion. Finally, the fourth 
advantage is that no place in the salt bed is very far from 
the surface of the salt exposed to the water vapor so the 
vapor diffusion losses within the salt itself are also 
minimi:::ed. 

For the above reasons the performance of tne second 
prototype was expected to greatly improve wi~h respect to 
the first unit. As will be seen in the next section, a 
large improv2ment in performance was raalized. 

TESTING OF THE SECOND PROTOTYPE 

The basic construction of the second prototype test unit was 
completed during the fourth quarter of the project however 
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vacuum leaks once again were a major problem and took a 
great deal of time to isolate and fix. Finally, late in 
the fifth quarter, the system was made operational and a 
test was completed successfully. The remainder of This 
section describes the results and conclusions of this test. 

Figure 6 shows the relative locations of the temperature 
probes imbedded within the salt bed. The probes were 
arrayed in a radial-axial plane of the salt tank. This 
arrangement was choosen because it took advantage of the 
axial symmetry of the system and also because it allowed us 
to study temperature gradients within the salt bed. The 
descriptions following will refer to the node numbers in 
figure 6. 

Figure 7a is a plot of the water jacket temperature,TBS, 
and the salt bed temperature, TS7, versus time in hours. 
This plot gives a profile of the test, namely, the 
temperature profile of the water jacket. Heat was applied 
to the water jacket for the first 14 hours of the~est. 
The heater took about 3.5 hours to bring the water jacket 
to approximate equilibrium at a temperature of 83degC. At 
about 14 hours into the test the heat source was switched 
off and the system began to cool. Note that the water 
jacket temperature cools along a normal exponential cooling 
curve until it has fallen to Just under 60degC at which 
point the temperature decline stops for 2 to 3 hours and 
then begins again but at a slower rate, the rate of the 
salt bed, maintaining a fairly constant temperature 
difference relative to the salt bed. This indicates that 
at somewhere near 60degC the rehydration reaction in the 
salt begins and acts to heat the water jacket. 

Figure 7b is a more detailed look at the cooling portion of 
the test which starts at about 14 hours. This plot shows 
the temperature of the water Jacket <TBS> and the 
temperature change through the water jacket as a function 
of the time in hours. Notice here that when the 
temperature falls to approximately 57degC, the temperatµre 
drop across the water jacket begins to increase (increasing 
negative indicates heat flux out of the jacket) and the 
rate cf cooling is substantially reauced. After 
approximatelv 2 hours the water jacket temoerature begins 
to fall again but at a much reduced rate. Meanwhile the 
temperature drop across the water jacket reaches a peak at 
about 24 hours, maintains that level for about four hours 
then decreases ~nd levels off again at a reduced value of 
about -9degC. Since the pump is ooerating at a rate of 
about 70 ml/sec, the power output of the svstem, even at 
the reduced ~emperature difference is about ~-7 kw., 
certainly a significant amount of power. The total heat 
energy removed from the system during the oericd starting 
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at 19 hours and lasting through the end of this particular 
test is nearly 30 kwh., only a small part of which was 
stored as sensible heat in the salt itself. 

Clearly, the second prototype unit far outperformed the 
first unit. Further evidence of the improved performance 
of this svstem is the decrease in temperature gradients 
within the Sc!tl t during the test. Figure . 7c shows the 
temc~rature profiles at points 6, 7 and 8 · during the 
heating phase of the test. Notice that even during the 
maximum heating period the range of temperature spread 
between the outside and the inside of the salt bed is no 
more than 7degC and even that temperature difference does 
not persist for very long. 

Figure 7d shows the temperature profile along the inside of 
the chimney as a function of time and figure 7e shows the 
temperature profile inside the salt bed as a function of 
time. Both of these figures show that the salt bed remains 
quite uniform. In figure 7d, the temperature at the bottom 
of the inside wall of the chimney, TS10, is the only 
temperature to show significant deviation from the other 
temperatures. This deviation may be a result of the water 
jacket which, because of construction considerations, did 
not extend the full length of the salt tank <in figure 5, 
tank (8) is shorter than tank (5)). This may explain the 
variations seen in figure 7d. 

The second prototype unit performed very well. We continue 
to run tests to· evaluate and characterize it. Several ne~, 
modifications are being considered to improve its 
performance · but these will not be pursued under this 
project. In summary, we feel that this second prototype 
unit was very successful and appears to be the basis for a 
working design. 

i.3 MATERIAL§ TESTING 

During the fourth and fifth quarter of the project a 
materials evaluation was run to test the effect of sodium 
sulfide on a variety of common construction metals. Sodium 
sulfide is highly corr~sive and some care is recuired in 
choosing the proper materials as they must be strong enough 
to support a fair amount of weight and pressure loading and 
they must be able to withstand elevated temperatures and be 
able to conduct heat ~easonably efficiently. 

The materials w• studied were, aluminum in three differ~nt 
alloys, brass, copper, carbon steel, a mild steel and 
stainless steel. Two samples of each metal were placed in 
jars containing dry salt and a salt and wat~r slurrv, 
respectively. 
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In any form, the salt was found to be verv corrosive to all 
forms of aluminum~ copper and brass. Mild steel and carbon 
steel were only slightly effected by the dry salt but 
carbon steel was severely effected and mild steel was 
moderately effected by the slurry. Stainless steel was 
unaffected by either the dry salt or the slurry. 

Although we did net test plastics and coatings~ most 
construction plastics which will stand the temperature 
requirements <100degC> are unaffected by the corrosive 
effects of the salt. One very promising approach is an 
epoxy coating over mild steel. This is quite impervious to 
corrosion~ has almost the same thermal and mechanical 
characteristics as the mild steel yet it is much less 
expensive then stainless steel. 

10 
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3.0 THEORY OF OPERATION 

This section introduces some of the theory behind the 
operation of absorption heat pumps and discusses some of 
the history, advantages and limitations of them. Several 
examples are given and many valuable references to other 
related works are stated (see also the bibliography for 
additional references). 

3.1 THE ABSORPTION HEAT eYtle ~Y~bs 

This section 
pump and the 
section is a 
cycle. 

BACKGROUND 

outlines the history of the absorption heat 
basic theory of its operation. Also in this 
discussion of the ideali=ed Carnot heat pump 

The absorption heat pump cycle has been described in detail 
by Perry C26J. The basic process can be described as 
follows. Heat is supplied to a generator driving the 
working fluid from a weak absorbent. The working fluid is 
than condensed during the heat rejection phase of the 
process in the condenser. The fluid is than transferred to 
the evaporator which operates at a lower pressure than does 
the condenser. When heat is supplied to the evaporator the 
working fluid is vaporized and combines with the strong 
absorbent during which time the heat of absorption is 
liberated. The weak absorbent is than transported back to 
the generator. 

Because of the intermittent nature of solar energy and the 
relatively low ~emperatures that can be obtained in a 
domestic solar heating system, some modifications to the 
above system are in order. These modifications, described 
in detail by Stanish and Perlmutter C16J and Brunberg [18] 
involve combining the generator and the absorber into one 
unit and combining the condenser and the evaporator into 
another unit. Both of these units than act seauentially to 
provide the four required functions of the absorber heat 
pump cycle. 

OPERATION 

A typical configuration~shown in figure 8~might consist of 
a bed of salt in cGntact with a heat source and a heat 
removal system. The salt acts as a weak absorber while 
being heated~ liberating the working fluid.say water~ and 
then, as a strong absorber while being cooled. Durino this 
phase, the sal~ absorbs the water vapor and libe~ate; beth 
the heat of vaporization and the heet of aoscrption. In 
relative close proximity to the generator/absorber is the 
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c:ondenser/evacorator. in this c:as~ a water reservoir in 
contact with a temperature reservoir. permitting heat to be 
rejected during the qeneration/c:cndensation phase and 
supplying heat at low temperature during the 
absorption/evaporation phase of operation. 

Figure 9 illustrates the thermodynamic: process used in the 
heat pt.imp cycle in temperat1..1re/comoosi ti on. space. For 
simplicity. the process is idealized to some extent. 
Consider point 1 · as the starting point. heat is added 
between 1 and 2 until water begins to leave the salt at 
point 2. Between 2 and 3. water. which was previously 
locked in the crystal lattice. is released and vaporized. 
Process 2-3 requires the system to absorb both the heat of 
hydration of the particular hydration state and the heat of 
vaporization of the water. During process 3-4. the heat 
source has been removed from the generator and the salt. 
accordingly. cools. The temperature at state 4 has reached 
a sufficiently low point that the vapor pressure of the 
salt has fallen below the vapor pressure of the 
condenser/evaporator and water vapor begins to move from 
the evaporator to the salt. condensing on its surface and 
recombining with it to form hydrates again. During this 
process. the heats of vaporization and hydration are 
released and may be removed during process 4-1. Clearly, 
anytime during stage 4-1. heating may begin again causing 
the absorber to once again become a generator and, 
similarly, _ during process 2-3. the heat source may be 
~emoved causing a 3-4 type transition to to process 4-1. 
If heat is not removed during process 4-1. the temperature 
of the absorber will rise u~til equilibrium is reached, 
thus stopping the process. The features described above 
make this process ideal for use with intermittent heat 
sources such as solar. where frequent heating and cooling 
cycles can occur. 

~8B~QI EFFICIENCY 

The efficiency. or coefficient of performance CCDP>. cf a 
heat pump. is defined as the heat moved to the higher 
temperature divided by the amount of energy used to ca0se 
that move. This effect is shown schematically in figure 10 
and mathematically in equation (1!. 

( 1) (COPJh = (Qc + Qa)/Og 

The heat moved to the higher temperature source comes from 
two places. the heat or work suoolied to operate the pump 
and energy from the low temperature heat reservoir. By 
treating the heat pump as a Carnot heat pump driven by a 
Carnot heat en~ine it is easy to find the ideali~ed <COP>. 
Taking the ratio of the energies as being equal to the 
ratio of the temperatures we can show the reversible (COP> 
to be given by the relationship shown in equation (2) where 
all~all temoeraiures are absolute. 

; ~ .... , .... : .. : ....... ... ~--·"·.,.-ce,, •. --



(2) <COP>h = CTa Tg - Tc Te> I Tg (Ta - Te> 

Table 1 shows some typical 
temperatures that might be 
water system where the ground 

values for this equation using 
available in a domestic hot 

is used as a temperature sink. 

"';j .':,t.J 

It 50 
II 81) , 80 

:.0::() 

t 60 
21) 
6(> .., 

TEMPERATURES IN DEG C 
Tg = generator temperature 
Ta= absorber temperature 
Tc= Condenser temperature 
Te= Evaporator temperature 

TABLE 1 

~~~ IRREVERSIBLE ABSORPTION HEAT PUMPS 

The following section covers the •real world' case of heat 
pumps for which the Carnot assumptions of reversibility do 
not hold. A more detailed description is also given of the 
performance of sodium sulfide as the absorber/generator 
material in a real heat pump. 

CALCULATION OF IRREVERSIBLE ~QE 

In actual practice, the COP is quite different from the 
result calculated using the reversible assumptions of the 
Carnot cycle. Stanish and Perlmutter C16J show that a 
svstem like that shown in equation <3> has a COP which can 
be e::pressed as in equation <4>. 

(3) Sol id • nF Solid. Cn-p)F + pF 

( 4) CCOP>h = (CQc :-~ J + CQa ~-!. J> / CCk :_ .... 3 J 

Several cases are solved by Stanish and Perlmutter. For 
the inorganic salt hydrates examined. the best performing 
substances they investigated, the COP was in the range of 
1.5 to 1.6. Although the calculation of the COP for 
sodium sulfide is not available because of a lack of 
thermodynamic data, it is not unreasonable to assume that 
the COP for sodium sulfide is approximately 1.5. 

13 

. -~~ .. ·-: .. 



§Q~lY~ SULFIDE AS THE ABSORBER/GENERATOR 

Sodium sulfide, Na.S, is very rare in an anhydrous state. 
The salt readil~ forms hydrates. Although.decahydrate, 
Na~S10H.O. has been reported in the literature C21J. it is 
only sfable between O and 4.7 deg. centigrade. M~ch more 
common is sodium sulfide enneahydrate, Na.S9H.O, which 
exists at standard temperature and pressure. Na~S9H2 0 is 
easily reduced at temperatures less than 100 degC to 
mOf"lohydrate, Na~SH,_0 C23J. There is evidence that 
monohydrate e:-:ists at temperat1.1res as lo~, as 85 degC. It 
has stable intermediate states of Na.S4.5H.O and 
Na~S5H1 0. In addition to its normal hydrates,-Sodium 
Sulfide delequesces and, when in contact with air, forms 
oxides, largely thiosulfate and carbonate [22). 

One other consideration is that the crystals of sodium 
sulfide enneahydrate will dissolve in their own water of 
hydration if heated at atmospheric pressure. U.S. patent 
number 2,533,163 "Dehydration of Sodium Sulfide", Dec. 5, 
1950, describes a technique performed at reduced pressure 
for removing the water such that the product never "melts 
in its water of crystallization", and a granular product is 
obtained. If, during the dehydration process, the 
temperature of the salt is lowered, water vapor will be 
reassimilated into the crystals thus releasing both the 
heat of vaporization of the water vapor and the heat of 
formation for the particular hydrate being formed. The 
combination of these two results is approximately one 
kilowatt-hour of energy liberation per kilogram of dry salt 
C 18). 

Figure 11 is a pressure/temperature curve showing the 
operating space of a sodium sulfide based absorption heat 
pump. The pressure temperature curve of the phase 
transition for Na.S5H~O is shown displaced by 
approximately 55 degC from the saturation curve for water 
[18J. Equilibrium is represented by the solid line 
connecting points 1,2,3 and 4. The evaporator/condenser is 
held at 10 deg Cat point 1. The resulting vapor press0re 
over the water, 2, is approximately 0.123 KPa. Since 
eouilibrium exists, the pressure over the salt is also 
0.123 kPa, point ~, which requires that the salt be at a 
temperature of 65 deg C., point 4. 

If power is drawn from the salt at some fixed rate, the 
equilibrium wi 11 be disturbed cai.tsi ng the tempera'itt.tre of 
the salt will be depressed. This none equilibrium is 
represented by the dashed line connecting points 1•,2•,3• 
and 4". The temperature at point 1" is depressed byTe, 
the finite temperature difference required to facilitate 
heat transfer into the evaporator. Because the temperature 
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at 1• is lowered, the pressure is also lower at 2' bv 
roughly 7 Pa/deaC. While heat is being removed from the 
salt. vapor is moving from the evaporator to the salt and 
the resulting flow causes a pressure d~op,P, between 2' 
and 3". The pressure drop results from interference with 
diffusion from inert molecules such as air as well as 
diffusion lo~ses through the salt itself. Finally, the 
output temperature, 4', is depressed Ta, by the finite 
temperature drop required to remove heat from the absorber. 

Temperature drop Ta is approximately linear with respect 
to the power being moved through the pump. Not shown in 
figure 11 is the reversal of process 1',2',3',4' during 
which heat is added to the salt. This process, howeve~ 
results in an increase in the temperature at 1 through a 
similar set of arguments to those given in process 
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4.0 CONSTRUCTION CONSIDERATIONS 

This section discusses some of the practical considerations 
developed during this project. Discussed is the most 
likely configuration of the system and some practical 
considerations for integrating an absorption heat pump into 
a working system. A discussion of suggested construction 
techniques is also included. 

4.1 SYSTEM gygflYls~ 

There are many possible configurations for an absorption 
heat pump and, to some extent, the configuration chosen is 
a function of the application for which it will be 
employed. The system to be described here is based on a low 
power, low temperature, intermittent heat source such as a 
small array of flat plate solar collectors and, as a low 
temperature reservoir, the earth. The application is 
domestic hot water heating for a single family dwelling, 
however many of the principles are extendable to other 
applications such as space heating. 

The system may be broken into three major parts, the energy 
supply, the heat pump and the low temperature heat sink and 
source. The energy supply will be considered to be solar 
collectors but could obviously be any other source. One 
inter~sting possibility is the use of electric heat where a 
peak demand pricing system is employed. In other electric 
installations, the higher efficiency of compressor driven 
heat pumps would probably make them more desirable than an 
absorption heat pump. Industrial waste heat could also be 
used to dehydrate canisters of salt C18J for later use in 
remote locations. 

4.2 HEAT SOURCE AND §1~~ 

Certainly an important factor in successfully operating any 
heat pump is a source of heat. In addition to a source of 
heat, a sink must be available for heat rejection during 
the charging cycle when the salt is being dehydrated. T~·,o 
techniques will be discussed briefly in this section, 
direct ground cooling using buried pipes and ground water 
cooling using wells. 

The earth is an obvious place to attach a heat pump. The 
temperature only a few feet from the surface quicklv 
acproaches the yearly climatic mean temperature which~ in 
many temperate areas is very close to the ideal 10 deg C 
required for a sodium sulfide based absorption heat pump. 
Because it is so well ~uited 1 there have been several 
projects to evalL1ate groLtnd cooling, C9J. [11J, C13J. C18J. 
The intent of this report is to outline a few of the basic 
design considerations which should be considered for ground 
c:ool ing. 

.:,•···•·~-,.~-. 
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A buried pipe in clos~ thermal contact with the ground will 
exchange heat according to equation (5) (25J. 

,,,."'1> ~.,,, 

C5) (T - Te> = Q' \ e -,- d ~ 
~ -;- I 
,,:... ·'J:~, {"'. 

t1Jhere: 
T = Outside pipe temperature 
Te= Bulk earth temperature 
Q'= Heat flux per unit length 
r = 
k = 
n = 
C( = 
;?i = 
t = 

Pipe radius 
~hermal conductivity of soil 
:/2 fit 
Thermal diffusivity of soil 
integration variable 
elapsed time 

Table 2 
eqL1ation 
pipe. 

gives some typical values of the integral in 
(1> for some typical time periods and 1" diameter 

t(hrs.> 

I). ::)t.) 

1.00 
2.00 
4.00 
8.00 

TABLE 2 

Solving equation (5} for T ~substituting the symbol I for 
the value of the integral~ and setting Q'=Q/L we can 
determine the temperature change caused by putting the 
amount of energy, Q, either into or out of the system 
described by equation (6). 

(6} T =Te+ Q'I/:?k 

Assuming a mean value of k of 4.98 Kj/hr-m-deg C.,eouation 
(6} yields eqL1ation (7). 

(7) T =Te+ (Q'm-degC)/31.3kj 

Clearly, in order to limit the temperature rise of the 
condenser or, the temperature drop of evaporator several 
hundred meters of pipe are required. This could be an 
undesirably large amount of pipe and suggests another 
possibility, the use of ground water as a heat reservoir. 
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~:tensive work has already been done on the use of 
groundwater heat pumps. Garing and Conner C~4J state a rule 
of thumb that 3 gal./min (11.35 1/min> are required for 
every 12,000 Btu/hr (12,700 kj/hr.> of heating or cooling 
required. For a typical domestic hot water system, this 
number represents approximately the peak energy dissipation 
rate and is representative of the peak flow rate required 

Certainly a host of other possibilities exist. Waste water 
is an attractive alternative for a heat source, and during 
cold weather air is a good heat sink. Both of these 
systems, however, require extensive control systems and 
alternate sources and sinks. 

1~~ ~saI eY~e CONSTRUCTIO~ 

Because of the high energy density storage fer sodium 
sulfide (1 Kwh/Kg> C18J, a relatively small volume of salt 
is required. As an example, an 80 gal. water tank for which 
water is being supplied at 10 deg C requires less than 5 
gal. of salt to raise its• temperature 40 deg C, a typical 
domestic application. 

Figure 5 shows a possible design for the heat pump. The 
water jacket acts as both the heat supply to the generator 
and the heat sink for the absorber. The salt is arrayed in 
a manner that allows for both good diffusion of water vapor 
into the salt during absorption and out of the salt during 
generation. The salt bed also provides short distances for 
heat diffusion into and out of the salt. The central 
chimney provide~ a short path for water vapor returning to 
the condenser or arriving form the evaporator. 

Materials selection is quite important. Sodium sulfide is 
very corrosive to aluminum, copper and brass. In its dry 
state~ it does not damage mild steel and stainless steels 
are quite unaffected by.dry salt or, even a slurry of salt 
and water which does destroy carbon steel. All construction 
plastics studied appear unaffected including eooxy coatings 
which might be effectively used with mild steels as a low 
cost alternative to stainless steel. 

Technical grade sodium sulfide is avail&ble as flakes which 
are about 40% water. A 55 gal drum weighs about 400 pounds 
and in quantities of 1 cost about $125.00 at the time of 
this publication. The packing density is sufficiently low 
to allow water vapor into and out of a volume of the 
material and it seems to serve ideally for the material in 
an absorption heat pump. 
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~.!.Q CONCLUSIONS 

We accomplished a great deal more during this proJett then 
we had e:-:pected to. This v,as, 1,; i-~part, dL1e to the 
availability of published information on the subject and, 
in part, due to the availability of both hjrdware and 
technical resources for the asking. It appears that the 
application of sodium sulfide as an inorganic salt hydrate 
in an absorption heat pump for use with a solar heating 
system is very reasonable. More work will be required to 
optimize the design of the system, however, the prospect of 
an increase in performance of the system make it very 
attractive to pursue this work. 

We have a considerable amount of hardware built and working 
at this time and we plan to continue our testing effort to 
refine its performance and our understanding of the 
dynamics of the process. There is still more work required 
in the area of configurational optimi:ation. We feel that 
the system performance can be improved with some further 
alterations to the configuration and we hope to find some 
of these new configurations with further work. 
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B~Q TEST EQUIPMENT 

The configuration of the test equipment used in the 
experimental work performed during this study is 
schematically drawn in figure 1. A water reservoir is 
maintained to act as an evaporator while the salt is 
functioning as an absorber and also acts as a condenser 
when the salt is performing as a generator. Lowering the 
system pressure prevents the salt from dissolving in its 
own water of hydration as it is heated and also increases 
the molar concentration of the water vapor thereby 
increasing vapor diffusion rates. Once again~ referring to 
figure 1~ tank (1) is a temperature controlled bath 
enabling the control of the temperature in tank (2). 
Calorimetric information is gained by measuring the 
temperature gradient across the coil (5>, and monitoring 
the flow rate generated by the pump (6). A similar function 
is provided on the salt side (tank 3> by another water 
jacket (7>~ tank (4) and pump (8). The temperature in tanks 
Cl) and (4) is controlled only as a secondary quantity to 
maintain the proper salt temperature and water reservoir 
temperature. In addition to the differential temperatures 
across both heat exchangers~ the system pressure~ salt 
temperature and reservoir level are monitored. 

All of the system parameters are measured and recorded using 
a 10 channel data logger. Each channel on the data logger is 
switched allowing it to measure two different values. This 
extends the capacity of the ten channel data logger to 
twenty channels. 

The design of the control circuit to perform the 
multiplexing function is shown in sheets 1 through 7 
following this written description. It operates as 
follows. A single throw double pole relay is located at 
the input of data logger channels 1 thru 9 which connects 
either of two sensors to the channel. Data logger channel 
0~ used to record pressure, is not switched. This gives a 
total of 19 sensor outputs which can be recorded by the 
data logger. Switching the relays and taking readings with 
the data logger are controlled by a programmable timer for 
which the period betwe~n readings can be adjusted from 20 
seconds to just over 91 hours. The circuit develops a 
series of pulses which activate a series of gates that 
switch the relays~ trigger the data logger and record which 
channels are being measured. The circuit also generates 
the various voltages needed to drive the sensors. 
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~~Q COMPUTER PROGRAMS 

The comput~r programs used to analyze the results collected 
by the data logger described in APPENDIX A follows this 
written description and comprises the balance of APPENDIX 
B. The program is written in Micro Soft Basic for an IBM 
Personal Computer and performs a variety of tasks 
including~ moving data from the tape cassettes which store 
the data logger output to flexible diskettes~ converting 
the data to a variety of different units <e.g. temperatures 
to Centigrade or Fahrenheit), and tabularizing or plotting 
the data. There are six separate programs~ MENU~ TAPELOAD~ 
DISKLOAD~ CONVERT, CONVCON, TABLE and PLOT. Each of the 
programs is briefly described below and, on the following 
pages may be found the listings of each of them. 

MENU is merely a control program that allows the selection 
of the other _programs. It performs no actual data 
manipulation but does act as a conduit for the data which 
is stored in a two dimensional array named DT. 

The program TAPELOAD allows data to be transferred from a 
data logger tape cassette to a disk. In the process of 
transferring ,the data is decoded from the ASCII code used 
by the data logger and stored as a floating point value on 
disk. The advantage of having the data on disk is in 
increased speed of access over the tape and in increased 
storage density. 

The purpose of 
stored in disk 
the computer. 

the program DISKLDAD is to transfer data 
files by TAPELOAD into the main memory of 

CONVERT is used to convert the data in memory (supplied by 
DISKLOAD) from millivolts, as it is stored~ to some more 
appropriate units such as degrees Centigrade for 
temoerature or mm of mercury for pressure. Included in the 
oceration are the appropriate conversion for each 
transducer being used and any circuitry that is being used 
with that transducer. 

Because of the changes frequently required in this type of 
study, it is from time to time required that the conversion 
constants be changed. This is accomplished with the program 
CONVCOf\l. 

TABLE allows the data to be output in either its raw form, 
millivolts, or in the converted form as a table. 

PLOT is 
are two 

a series of routines for plotting the d~ta. There 
basic forms that the data can take, either time 

series~ that is any variable or variables plotted versus 

... ~··· 



time~ or pairs of variables plotted against each other. 
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1'-\b NV 

10 KEY OFF:CLS:COMMON EXSTI 

30 LOC1-HE 10• 10:PRINT "CHOOSE OF"TION STRING CF:Tl':J TO END>:" 
40 LOC;~TE 12. 23: PF:INT "1. TRANSFER DATA FF:OM TP,PE TO DISK" 
50 LOCATE 13,23:PRINT "2. LOAD DATA FR• M· DISK INTO COMPUTER" 
6°0 LOCATE 14, 23: PRINT "3. CONVEF:T FILE" 
70 LOCATE 15,23:PRINT "4. EDIT CONVERSION CONSTANTS" 
80 LOCATE 16,23:PRINT "5. OUTPUT TABLE OF DATA" 
90 LOCATE 17,23:PRINT 11 6. PLOTTING ROUTINES" 
100 LOCATE 10,44.1 
110 Q$=INl<EY$: IF QI=" 1" OR Q$="2" OF: Ql="3" OF: Q$="4" OR Q$="5" 
20 ELSE IF QS=CHR$(13> GOTO 150 ELSE 110 
120 COLOR 15:IF EXST$<>"" THEN PRINT ","+QI; ELSE PRINT QI; 
130 EXSTS=EXST$+Q$ 
140 GOTO 110 
150 LOCATE ,,O:COLOR 7:Ql=LEFT$CEXST$,l) 
160 EXSTS=RIGHT$(EXST$,LENCEXST$)-1) 
170 ON VALCQ$) GOTO 190,190,200,210,220,230 
190 CHAIN "TAPELOAD" 
190 CHAIN "DISKLOAD" 
200 CHAIN "CONVERT" 
210 CHAIN "CONVCON" 
220 CHAIN "TABLE" 
230 CHAIN "PLOT" 

,. 

4. • ~ ,. ,:_•-••.t-.~.,. .• ,_.._.,. ··,·, •. ,·.•,:••,T-~• . .- .. , .. ..,. ......... ,~.;-,,u,,,,,._"':6", ... -._., . .,, ._, •. 

OR Q$="6" THEN 1 

..... 
Q . ... -



1(1 DIM D <:?C•>: COMMON EXSTS 
:::o CLS: •;EY OFF' 
30 LOCATE 1::. 11):COLOR :?3:PRINT "MAt:E SURE DATA DISt IS HJ DRIVE B. HIT ANY t:E'f T 
0 CONTINUE" : COLOR 7 
40 LOCATE: • ,O:Q'll-=INt'.EYS: IF OS="" THEN 40 
~0 REM***•**'*•***********•**'**•**********'*•*************••••••***•********• 60 REM READ DAU, FROM TAPE. CDt•JVEl':T AND STORE IJtJ DIS!< 
70 REM**•**********'***•**'*****•***•**********f********•*•****~*•***•••••**** 130 CLS: LOCATE !:i. 19: PRINT CHRS < ::1131 +STR IrJl: .. t C:::::. CHR'l < 196) l +CHRS < 191 l 
9(1 LOCATE .!>,19:PRINT CHRS(1791+" FILES ALF:C::AD'! ON THIS DISl·:ETTE "+CHRS<17ql 
1,:11:, LOCllTE :'.19:F"Rir-lT CHR:S.<19::>+STRHlGZ<:::::.CHRS(19t,ll+CHRS!'.:17> 
110 F·RINT 
1::0 FILES "B:,., .. 
1·;0 PRINT:F·RINT 
14,:1 INPUT" H!PUT rJAME FOR NEL·J DATA FILE:":NS 
1::;,:, CLS:LOCATE 10, :?O: !NPUT"PERCENT OF TAPE USED !Ct-1 l ": ALPHt,: LOCATE 1(1, oO 
1.:.0 OPEN "COMl:1:?00,E.7" AS 111 
170 OPEN "B:"+Ns FOR OUTPUT AS #2 
190 LOCATE ,,O 
190 PRINT IU,CHRS<:?61; 'SEND REWIND 
200 GOSUB 340 
:: 10 PR INT # 1, CHRS C 171 : 'SEND READ REQUEST ::::o BUFF=-1 
:::;o WHILE LOC<t><.,100 
240 FOR J=t TO 500 
::::;o NEXT J 
260 IF BUFF=LOCC1) GOTO 580 
270 BUFF=L.OC ( U 
::90 WEND 
290 PRINT #1,CHRSC19>; 'READ OFF 
300 AS•INPUTSCl00.#1) 
::;10 I•I+l 
::=o CLS:LOCATE 10,2:5,0:PRINT "NUMBER OF FILES READ: ";I ::::o GOTO 380 
::40 FOR W•l TO 7:St)*ALPHA 

. ::::;o SOUND Rrio:u=oo+:::7, 1 
::00 NEXT W 

-""70 RETURN 
Seo L.OCATE •• o 
~90 REM*****•**•******•**•******••****************••*****•••*•*•*****•*•***•••• -~oo F:EM CONVERT F:AW DATA 
410 REM*************•***** •***'U****"****'U * * ** * * t t • **:t!:1< ** **"' **• * •• * * *** * * •• :t • 4:ZO D ( 1l -=24*VAL !MIDS (AS, :?,:?l) +VAL <MIDS (AS, 4, :Z> l +VAL (MIO$ <AS, o, :?l l / 60 
430 CNT•19 
440 0(:?l•VALCMIDSIAS,17,1J):DC:Z>•D<::l+(0(:?l=3>-<D<::J•O> 
4'!:iO FOR K•3 TO 12 
460 BS•MICS(AS,CNT.8> 
470 0(K)=VA!..(RIGHTS<BS,4l+"E-"+MIDS<Bs.3,lll 
480 CNT=CNT+9-<K•7> 
490 NEXT I". 
51)0 REM:k***•*•***************•*•••••••:ic•••••••••••••••••*****•"'***•******•*•*•• 510 REM PRINT DATA TO DIS~:. 
5::0 REM:t***********•••********•"'****************•**•***************•*•********* ::;::;o IF D <!:il: 1 THEN 570 
540 FOR t'.• t TO 1:: 
55,:, PRINT#:.rH•'.l 
560 NEXT i--; 
~70 GOTO =: r:, 
:59<) PRINTi;:.:HRS<l9) :CLOSE 
590 REM***•********•****•***•**************************"'*********•*****••*•** 60(• REM GOTO NEXT PROGRAM 
611) REM ••r•~•*•*****************•*•~***********•***********••**************** 6=0 0S=LEFT5(EXSTS,ll 
630 IF C!<J='"' THEN CHAIN "MENU" 
640 EXSTS=R!GHTl<EXSTS,L.EN(EXETSl-ll 
650 ON •.JAL 1.~S> GOTO 660,.670.~E.V.690.~-.. ,0.710 
.!>oO CHAIN ·'T.:.PELOAD" 
670 CHAIN "DIS~L• AO" 
:,80 CHAIN ":CNVERT" 
.;,90 CHAIN "COf.J'JCON 
700 CHAIN "TABLE" 
710 CHAIN "PLOT" 

--:,,.,.,...., ... 



10 REM SIi****************** LOAD DATA FROM DISK ***I*****************=*~**** 20 COMr10N EXST·i, OTC>,,-., t,jT 
30 CLS:LOCATE 5,19:PRINT CHRSC218)+STRINGSC34,CHRS(196J)+CHR9(191) 
40 LOCATE 6,19:PRINT CHR!i(179)+" FILES AVAILABLE ON THIS DISKETTE "+CHF:$(179) 
50 LOCATE 7,19:PRINT CHRS(192)+STRINGSC34,CHRSC196))+CHR$(217) 
60 PRINT:LOCATE ,,O 
70 FILES "B:*•*" 
80 PRINT:PRINT 
90 INPUT" INPUT NAME OF FILE TO BE REf'.':lD:";N$ 
100 OPEN"B:"+N$ FOR INPUT AS ~2 
110 NT=INTC.5+LOFC2)/102) 
120 DIM DTCNT+1,12) 
130 FOR I=1 TO NT 
140 FOR J=l TO 12 
150 INPUT#2,DTCI,J) 
160 NEXT J 
170 NEXT I 
180 CLOSE 
190 REM******************************************************************** 200 REM GOTO NEXT PROGRAM 
210 REM******************************************************************** 220 
230 
240 
250 
260 
270 
280 
290 
300 
310 

Q$=LEFT$(EXST$,l) 
IF 0$="" THEN CHAIN "MENU" 
EXST$=RIGHT$CEXST$,LEN<EXST$)-1) 
ON VALCQ$) GOTO 260~270,280,290,300,310 
CHAIN "TAPELOAD" 
CHAIN "DISKLOAD" 
CHAIN "CONVERT" 
CHAIN "CONVCON" 
CHAIN "TABLE" 
CHAIN "PLOT" 



'-'-'"'1,C:.C. I 

11) OPEN "CONST" FOR INPUT AS 111 
:?O DIM CC!J C::?::l 
::o 'FOR I= 1 TO ::?:: 
4(1 INPUT#l.CONCl> 
5(> NEXT I: CLOSE 
60 COMMON OT<l.EXSTs,~,,~T 
-o CLS: LOCATE =• ::?5: PRINT "FILE BEING CONVERTED "+NS 
90 REM*********************'****•*******•*•******•*******'******************* 90 REM CONVERSION ROUTINE . 
1C•Q REM ************************************************i********************** 
11,:, CLS:LOCATE 1=.:w.1:F'F:INT "TEMF'ERATURES IN "+CHR$(=48l+"C OR "+C~lR'JH:::48)+"F C 
!=/Cl'? 
1=0 LOCATE 1=. !;;1: TPS=!N•.'EYS: IF TPt="" THEM 1:?0 
1::0 IF TP1,m"C" THEN LOCATE :?,1(>:PRINT "TEMPERATURES IN "+CHRSC:?48l+"C" 
14(> IF TPS="F" THEN LOCATE 2. 10: PRINT "TEMF·ERATURES IN "+CHRS c:::481 +"F" 
150 LOCATE 1=. ::?O: PR Itff SF'C 1 401 
16•) LOCATE 8,2<):PRINT "F·F:E3SURE IN UNIT!:: OF:" 
170 LOCATE 9,:?0:LS(ll'"" PSI":PRINT" 1. PSI" 
1St) LOCATE to:>, :o: LS<:?>•" ATMS, ": PRINT " =• ATMS," 
190 LOCATE 11,:?•):L1lC::>="IN.H2(>":PF:INT " ::. IN.H::?O" 
:oo LOCATE 1=.2•):LSC4Ja"IN.HG":PRINT " 4. HJ.HG" 
::10 LOCATE 1::.::0:t.S(:Sl="MM HG":PRINT " 5. MM HG <TORRl" 
=::o LOCATE 8,4:?:PF:$•INKEYS:IF PRS="" THEN=::•:> 
:::::o LOCATE 3,10:PRINT "PRESSURES IN "+LSCVAL(PRSll 
::40 FOR I=8 TO 1:::LOCATE I,1:PRINT SPC<7~l:NEXT I 
:::so LOCATE 8,:?0:PRINT "UNITS FOR WATER RESEVOIR" 
::?6•) PRINT TAB<::O> "1, MILLILITERS":L19(1l=" ML." 
:?o PRINT TABC:::Ol "2. GAl..LONS":L1S(2la"GALLONS" 
:so PRINT TAB<30) "3. MM, H:?0":LlSC3l"'"MM.H::?0" 
2<?0 PRINT TAB<::O> "4. IN.H:O":LlS(4l•"IN.H20" 
::;oo LOCATE 8,45:VOLS=INl<EYS:IF VOLS•"" THEN 300 
::;1c, LOCATE 4, 10:PRINT "WATER IN RES. IN UNITS OF "+LlS(VAL<VOLSl l 
::=o FOR I•S TO t=:LOCATE I.1:PRINT SPC(701:NEXT I 
:::::o LOCATE 10,20:PRINT "ANY CHANGES IN THESE UNITS CY/Nl?":LOCATE 10,53,1 
'::40 OS•INKEYS:IF Q'S•"Y" THEN 110 ELSE IF OS=="N" THEN 360 ELSE 340 
350 REM******************'************************************************ ~60 REM ====•a••••=-=••===a PERFORM CONVERSION =•====•=c=•••=•=s====••=•••= 
::;70 F:EM ********************************•*********** ***************** ** * *** ::so CLS:LOCATE 10,::0,0:PRINT "CONVERTING FILE NOW, PLEASE WAIT" 
'::90 FOR I•l TO NT 
'·00 IF OT<I.::?)==1 THEN OT(I,3)•0T(I,::HCON(10+VALCPRS))-::Z.0538tCON(l(>+VAL(PRS))/C 

SiN(lll ELSE GOSUB 630 
g 10 IF OTC I,=> =1 THEN CT (I. 4> •CON C8+5t <TPS="C" > l +CON C 10+5* CTPS="C" l l :l!DT <I, 4) U(>t) 
':, ELSE OTC I, 4> =CON (9+5* CTP'li=="C" >>+CON< 10+:St (TPS="C" > l *OT (I, 4l * 1000 
420 FOR J=~ TO 1::? 
430 OT< I. J> =CON (6+:St CTPS="C" l l +CON (7+:5* <TPS="C" l l tOT <I, Jl *1(;00 
440 NEXT J . 

.4:50 NEXT I 
460 REM *****"*********"********"***********:11****:i***********************•*** 
470 REM GOTO NEXT PROGRAM 
480 REM******************************************•************************** 490 Qs=LEFTS(EY.STS,1) 
:;oo IF OS="" THEN CHAIN "MENU" 
51l) E:tSTS•RIGHTS (EX5TS, LEN <EXSTS l -1 l 
:;20 ON VAL(OS> GOTO 530,540.~50.:560,570,550 
:i30 CHAIN "TAPELOAO" . . . . 
:540 CHAIN "OIS~:LOAO" 
:;:;o CHAIN "CONVERT" 
560 CHAIN "COtl\.'CON" 
!:;70 CHAIN ":AE<LE" 
580 CHAIN ""''LOT" 
~90 END 
~~) REM **~***************************•******•********•*************t*****t** 
610 F:EM ============= .. =•======= VOLUME OF WATER ROUTINE ================-====== 
&:OREM **t***********************************••*********•******************' 
&::O FOR J=! TO 1: 
::,4(> REAO Ml.. lJ l. MV CJ l 
6:50 IF OTc:,::><=MVCJl THEN 670 
:,ct) NEXT J 
670 OTC I,:;) =ML CJ-1 l + ( CM\.. (J l -ML CJ-1 l l / <.MV CJ l -M'.' (J-1 l > > :t< CDT <I, 3l -M'J C J-1 l l 
690 DATA (I,. 5. :::;. 1, 5, 45(.>, 114, 67:;, 18=. 5, 9(1(1, :39, 11=:;. :9,:,, 1::5c,, ::=:,. 157:;, :;49, 1800, 
:::6s~ =o=5. :-s1. ==so. ~c;,~ .. :475. 4i:,q 
:,9(> RESTOF::: F.ETURM 

. ··•-.·• 



...... , '. '-"-'''f 11) COMMON EXST$ 
:?O OPEN :·coNST" FOR INPUT AS 111 
30• DIM CON <::3> 
40 FOR I•l TO::::; 
:;o INPUTIH. corH I) 
61.) NEXT I: CLOSE 

70 REM******************************************************'***************** :3,:, REM •••••======a=•=••c=- CON'..,'ERSION CONSTANT LISTEF' ========================== 
90 REM*************************************************'********************** 100 CLS 
110 PRINT" I CON(Il DESCRIPTION 'JALUE" TA8140) "J CON<I> DESCP.IPT 
ION VALUE" 
1:0 FOR J=3 TO 1:5:LOCATE J.::::9:PRINT CHR$(186l:NEXT J:LOCATE: 1,::::9:PRHJT CHR1H186l 

1:::0 LOCATE :. 1 
140 PRtrJT STRING'I (38. CHR\S <:o:s> l +CHRS <:•'.la) +STF:IrJG$ (39. CHR1' <:?0:5) l 
1:;,) LABS(l)="TO OT OTOlOTo::ooT " 
160 LABS<:?>="ML GALMM IN.HOR RO Rl " 
170 LABS(3l=CHRSl::48>+"C"+CHRS(::48l•"F" 
18(1 LABS(4>="PSI ATM INH::OMM HGTORR " 
190 FOR l•l TO :3 
::oo IF I<'.•10 THEN LABEL$=MIOS <LABS ( 1 >, 14* I l -3,.. ( ( I >:S> *20>. 4): GOTO :?30 
::10 IF I<•l:5 THEN LABELS•MIOS<LABS<4>, 1:;*II-10>>-4,:51:GOTO :::o :::o IF I >1:5 THEN LABELS•MtOS <LABS <2>, .<3* ( I-1:;> l -::. ::::> :::::o IF I<-:s THEN CATS=CHRsc::48)+"C" :GOTO 270 . 
:?40 IF I<'.'.=l(t THEN CATS=CHRS(248l +"F":GOTO 270 
2:50 IF I<=l:: THEN CATS•"PRESSURE" :GOTO :?70 
260 CATS•"H:!O RES." 
::70 IF I >12 THEN LOCATE <I-10>. 40 
280 PRINT I TAB<7-<I>1::l*40l LABELS TAB<17-(I>12>*40> CATS TAB<::B-<I>12)*40> CON 
<I> 
290 NEXT I 
300 LOCATE 15, 1 :PRINT Cl-IRS (192) +STRINGS <::::7, CHRS < 196> l +CHRS <208) +STRINGS 1:::9, C:HRS I 
196)l+CHRSl217) 
:ao LOCATE 16.20:PRINT "TABLE OF RAW DATA CONVERSION CONSTANTS" 
:::?o LOCATE 22;:::S:PRINT "PRESS ANY KEY TO CONTINUE"; 
:::;o QS=IN•:5:Ys: IF OS•"" THEN :SO ELSE PRINT 
J.40 LOCATE 2::.20:PRINT SPCISO> 
350 LOCATE 19.1:PRINT STRINGSl79,CHRS(20S>> 
'3.!>0 LOCATE 19.:::.:PRINT "CHANGE ANY CONSTANTS (Y/Nl?":LOCATE 19.55 
770 QS=INKEYS: IF QS•"Y" THEN 411) ELSE IF Q$•"N" THEN 4"10 ELSE :;70 
ISO REM **********"****************************************************t******* ~iO REM==•••••===~== CONVERSION CONSTANTS EDITING ROUTINE=•=•===•=•========= 

.:;~o REM*********************************************************************** 4 11) LOCATE 1 9 • 10: PR I NT " INPUT I OF CONSTANT TO BE CHANGED THAN THE VALUE < STOP T 
0 END>" 
4::0 LOCATE 20,20:INPUT "I=i";IS 
430 IF IS="STOP" THEN 460 ELSE I=VAL<IS> 
441) LOCATE 2(1, 30: INPUT "NEW VALUE="; CON< I l 
450 LOCAiE 20,::0:PRINT SPC(:5(1) :GOTO 420 
4.!>0 LOCATE 20.17:PRINT "DO YOU WISH TO VIEW THE LIST AS UPDATED IY/Nl7":LOCATE 2 •).61 
470 OS=IN~-'.E"fS: IF QS•"Y" THEN 8(1 El.SE IF QS="N" THEN 490 ELSE 470 
490 REM**•******************************************************************** 490 REM ====•====••===-=•=•aas=a= SAVE UPDATED CONSTANTS====•=================== 
::;oo F:EM *,, ,. "* * ** * * ** * ** ** * * ** t * * * * * * ** * * * * ** * * * * * ** * * * ** * * * * ** * ** * *. l( * ** * * * * * * * !;;10 OPEN "C::ltlST" FOR OUTPUT AS #1 
520 FOR 1=1 TO ::3 
::3,:, F·RINn1:. CON I I> 
:.i4() NEXT: 
:!50 CLOSE 
~o•) REM**'"*******************************************************-*********** 370 REM ===-=======a•=•============= GOTO NEXT F·ROGRAM ========================::== 
sao REM **t~****************************************************************** ~90 Q$=LE~T!IEXSTS,1; 
.:,0(1 IF QS•"" THEN CHAI!II "MENU" 
610 EXSTS•~IGHTS(EXSTS.LENIEXSTS)-1) 
6::o ON VAL· ~S) GOTO .. ~o. 640. 6:50. 66(1. 671). 68(1 
6::(1 CHAIN ":APELOAO" 
. .:,4() CHAIN ":::!Sl'.LOAD" 
.:,50 CHAIN ":ONVERT" 
.::,6(1 CHAIN ·•=:•NVCON" 
::.70 CHAIN "TABLE" 
-:,c!O CHAIN ",:,LOT" 

....... -:-·~r:wt~..,...,..~.-.-.. , ,......_.. .... --~ ,.......,...._~--.~ ·-



~ 
1(• OIM OPT<::Ol.T'S(::?01:COMMOr-J OT().E:XST! 
::o REM *********•*******'*''*****'********''''********''*Ztf*******ftrtttfltt :;,~ REM ,. . OUTPUT rlEI JU 
40 REM •t•tttrrttttttttttttttt1ttt,¥tftttttrttttttt,tJtttt•t•tr«ttrtttttft*** ::;,:, FOR l=l TO :,;,:OPT<I>=O:ME:<T· I 
::.,:1 CL.S:LCC,''ITE 1,10,1:PRitJT "SELECT ALL 01~: UF' TO 1(• IrlDI'/IDU.:.L CHANrlC:LS FOG: DISF'L ;,y•• 
7<:• CH!!.="F·A OT! 

rs:; TS~ TS7 
3 1) PRINT "CH. II 
C?(t FOR I =(1 TO 1 9 

TB~I TRE'.:: 1 rs:: TS4 
TS9 TSll " 

DESC. LISTING tt" 

10,:, PRINT " ": I Tr,ec1::1 MIO·J(CH~.1 ... P5,5 1 
l !(1 NEXT I 

T$:J 

1::0 LOCATE 4.50:r-·RINT " sr,t.T BE!, MAr'" 
! :.,:, LOCl',TE 5, 50: F·RINT CHR~ !::181 +$TF:ING$ (::3. CHF:J; ! I 96> 1 +C'HR~, ( 1911 14(1 FOR 1=6 TO 1a:LOCATE I.5(•:F'F:ItJT CIIF,$(1:'~~'i ::;r-cc::s, CHh:J.(17CjlJ:l·JEXT ! 5'-' LOCATE 19, ~•): PRINT CHRt. ( 19::?i +$TJ'Ut1c;,; ( ::a. CHf-;t ! 19~i, +CHF:., <.::1 7 > 1 <=>•) LOCATE 6, 51: 1=-RINT "10 6 1" 
17,:1 LOCATE 9,51:PF<INT " 7 ..... 
1r::i:, LOCATE 1::?,51:F"RINT "11 S 3" 
t'?fl LOCATE l5,5t:PRINT " 9 4" 
:::,11) LOCATE 19,51:F'RINT "1:: 5" 

TE<S 

::1,:, LOCArE ::c,. 50: PR INT CHI=(?; ( 179) +CHR$ ! 1 7) .. sTF:ING£ c::::. CHRl! i 1961 > +"RAD IUS"•STRINGS ( ::, CHR$ ( J;96) > +CHRS < 190) 
.::?o I=l 
::30 LOCATE ::::,:?5:F·RINT S?Cl40>:LOCATE :?3,::5:INPUT "CH.» ,ALL OR STOP:";0$ 24(1 IF Qs="ALL" THEN 280 ELSE IF OS="STOP"' THEN :?90 ELSE: IF VAL (C!$) >19 THEN 230 2::iO LOCATE <3•VALCQS)>,2:?:PRirlT I 
260 OPT (II =l +VAL (OSI . 
:?70 IF l•l•) THEN :?90 ELSE ?=!+1 :GOTO 230 
280 FOR I=l TO 20:0PT!I>==I:MEXT I 
:'90 NOPT,.I+<I<>lO OR QS="STOP">:LCCATE :;:::,:?5:PRINT "ANY CORRECTIONS (YIN>'? 
:::,:,o QS•IN~'.E'fS: !F QS="N" THEN :::io ELSE IF QS="'(" THEN :50 E!..SE 300 
310 REM****'***************************************************************** :;:;:c, REM FORMAT ROUT! NE ::::::o REM * * * '.t * ** :t:•t t ** t * * t * :u t * * * * * * ** 1t * *** * 1. t * * :t: * lt * ** * t ** * * * t *:I:**** t * * * * ** * * 1C :C: 7,4(1 IF OT ( ! , :5> ( l THEN TF$=" #U## " ELSE IF TPS="C" THEtl TFS=" ##. # " ELSE TF!li=" lt## 
:::::o IF DT(!,5><1 THEN PFs=" ###lt "ELSE '.;70 
-6,:1 VF11==" #;ttttt ": DTFS="##!F, ## ": GOTO 400 
;:;7') IF PRS=-"1" THEN PF'li=" #,lt#" ELSE IF PR'li="2" THEN PFS•" .###"ELSE IF PR$ ,:, 1t4n THEN PF9=u ##.ff: 11 ELSE PFS=" ### -so IF VOL:!="1" OR VOL'!=":::'" THEN VFS•" #### "ELSE VFS"'" tf.#tt" !90 OTF!l•"##tt.#" 
4 ,:,c:, GOSUB ! 051) 
410 CLS:LOCATE 1•),20:F'RINT "OUTPUT TO SCF:EEtl OR PRINTER!S/Pl""":LOCATE 10,:::::::.1 •l20 QS=INKEYS: IF Qt,."S" OR Q$•"s" THEN 431:• ELSE IF Q$="P" OR QS="p" THEN 77,:, ELS ! 420 
..i:;o CLS:P!'':!Ni' SPCC3(t) "F!LE NAME: ";N$ 
440 PRINT CHRs (::?19) +.STRING!< 11. CHR$ ( 196> l +CHR~ !21t:11 +STRING$ <oS, CHF:1H 196) > +CHRS ( 1 :, 1) 
450 PRINT CHR-£(179> TAB<9) "+O" TAB<13> CHR:::<186l+" ": "+6Ct IF DT(l.5><1 THEN PRINT TA9(4(t) '"MILL.l\'OLTS": ELSE !I" MOPT=:?(> THEN PRINT LS• '.'ALCPRS> >· TAB<4:3) "DEG "+TP'l!; ELSE F·RINT TAB<45l "l:·EG "+TP'!; ,..,.,:, PRllJT T..;S(79} CHRS!l:'9.' 
4$0 LOCATE 4,1:PRINT CHRSl179)+" HRS." TAB(~J "+10" TABl13) CHRS(!S~)+TITLE$ TA8 , 7vl CHR¼ I! 79) 
4';1(! IF NC~r=:C' THEN 500 
':(~•:~ F·RI:-JT :~Ml ( t <?5> +STF: INGt ,: 1:.. CHF;$ ( ! c;i.:, > , +CH!=:! C =1:> -t-~"iRING$ ( 6~. =HR'!:· i 1 q,-,) , +::HR-1 ( 1 

51(' PRINT CHF=:$(1:'9)+" TI~S: Rr-H3 .. ..,.CHR~\1 • .:t,+C!- T1~!1~7o; CHR$(l"'O) s::,;. F'R INT CHA$, 199; +STRrt,5fi ( ! 1. CHF:5 <=~.,~:· ; •CHF:! (.:oo, +STF; H,JG5 < 6!:;. CHR$ !:05 > ; +CHR5 1 1 :31) 
s::::,:, FOR I•l TO NT STE?: 
54•) IF CT\!.:>=:? THEM 57 1) 

~~l) F• P. J=! TQ 1(•: D (J) = ( 1-0 C?C?:-!- COT ( 1. 5> ··. ! >) t.t T ( I .J•=>: r, \J+-ti)) = \ 1-~oq:r. <D1" < l. 5~ .·· 1)) lD'f(!+l,J•:1:r!EXT J 
5.!>t) GOTO ~3~:• 
570 FOR J=! TO 10:D(Jl•l!-c0 9tlDT(!,~l·.llliDTII•l,J+::):~IJ+l0••<1-9oc;>s<DTl1,51<1 i>tDTII,J•:>:NEXT J 
59(1 FRINT :HF:t I 179): 
~9(1 PRINT WS!NG"###,#tt ":DTII.!l: 
-:-

1:•o PRINT JSrr:!3 11 # 11 :DT(!.:>::FF;I~!T CHR:£{186)+" ": .;.,1~, :..•CNTE: • 15 
.-,::•:• FOR J=~ TO NOPT:t<·=oF•TiJI 
,:::c, IF 1·:=1 OR t.'=l 1 THEM IF ~.=! THEN PRit!T US!tlG F·Fs:D<Kl: ELSE PF:!rJT USING 1.'F!>;D u .. ~: '· 
-:,41) IF ,.,- OP. r.=1: THEN Ff::ItlT USil!G OTFt:C•tU: 
.:,.~,-, !Flt.: Ar;D t".11) OF. o.·1:, THEN • 'F:Hn US!.NG TF•,:oo:,: ::,6(• IF J=l(l ,:,rm t!OPT::Cl(> THE:J F·RirJT TAB(:•") :HRl,(J7Cl):FF:HJT CHR,:,(t7Q) T~'\[i(O) t·TII ·•1.:.>:" '".;-CHF:t.r:18~)+" ": 
=;,:, NEXT J 
-,:3,:, F'R I f·lT T{,E' '7° ! CHR'lo < 1 7'? I 
: .:::, ! r t ( I ... ! ) ,~~[, ( :s/ { t - ( r1nF"·T=-:(~ ~ ) ' ~ :..:,·. rl""E! ~ ;,_OC,'"t IE: .:::. • :i:,: r ! ·: ! l'-JT 11 F·R~SS f'4!'J'y ~ .E'.' .. ..: CO~!Ttr:us:. ES~ .. T•:J E!!D F'•r-•!rJTC;t!r":!.::.:•1C1 '."9!· .:c:: ..... 



~:::;,:, FOR J=l Tu 1•>:0CJ>=< 1-999,te <OT< 1,5) < 1 >It.OT c I ,J+::i :i•Cl+l•II= ( 1-999t (OT ( 1.S>· 1)) 
,:,riI+1,J;::> :riE:•. r J 
.. ~,:,, GOTO =is•:·· 

:~,:, FOR J=l TO 10:0<J>=C1-999tCOT<l,5>·:1>>•DT(l+l,J+::>:D1J+l(•)=C1-99'?:l<<OTC!,~><1 
•tDT!I,J+::>:N~tT J 

·,-=(1 F·R I NT CHF•:'l, ~ 1 :,c;, > ; 
.•:::,, F'RHIT USn!G"1Ul1t.ltlt ";DT<l, ll: 

.•:0 :, F·RIMT USH!G" It ";OT<!.::>::1:•RHJT CHr-:·t(18bH" ": 

. 1 ·: LOCATE • 1~, 
,:!) FOR J = 1 TO r.:QPT: 1-:· =OPT < J :-
-::•:• IF 1:=1 Qf, 1=11 THEM IF ,._,.,J THEN Pli:rrn LJSit-JG F'F<fi:DII ): ELSE PF:rt-JT USING VF$;0 

•f I: 
,v, IF~:=:: OF: I =-1:: THEN PRlrJT USHJG OTF·t:011.>: 

·.:,··, IF(~:::: At~r, I 11) OH If. 1::> THENF'f.:IIIT USING TFii:DO .. •: 
.•::•:• IF JzlO Ar!!"• IJOPT>H> TI-IE11 F'RltJT TA1'17•,·, CHF:'!>(179>:F'IUIJT CHR-;>!179> Th!H9> DTil ·:.:>:" "+CHR~<J3~>•" 11

: 

. :,_, NEXT J 
: -,2•:• PR ItlT TAB C7<• ! CHR'$ (1 79; 

,~··:• IF ((1+1' 11Q[l (;:8/(1-!tJOF·T-=::o»»=•) THEN LOCATE ::::.::o:F·F:ItJT "PRESS AtJY ~:EY T 
j CONTINUE, ESC TO ENO PF:IrJTOUT":GOTO 71':• 
'!(,.:, GOTO 7:o 
-1,:, 0S=INf·EY$:IF Q1i="" THEN 710 ELSE IF Q$:CHR$!::7> r.tlO 011-s"Y" THEN 50 ELSE IF 
-·'5=CHRS c::7) Arm (:'1 ·t="N" THEtl 119Q ELSE LOCATE c. l, (I 
~:,:, t!EXT I 
-:,,:, F'RlMT CHR~ < 19::?l +STRINGS ( 11, CHRS < 196) > +CHR~ <=09) +STRil'JG$ <.::::, CHRS ( 196i i +CHR·t <= 

FOR I=CSRLIN TO =3:LOCATE I,1:PRINT SPACES<79):NEXT I 
LOCATE ::.:o,O:PRINT "HIT ANY KEY TO CONTINUE. ESC TO END": 

~.;.:, 
"T~1:, 

'-""60 
,,-70 
'780 

OS=INKEVS: !F QS='"' THEN 760 ELSE IF OS=CHR'.li (:?7) THEN 1:so ELSE 50 
LPRINT SF'C(301 "FILE NAME: ";NS 
LPRINT CHR$ < 198! +STRING$< 11, CHRS < 1_7:?> > +CHRS < 189> +STRINGS (65, CHR1i ( 17:!> > +CHR$ < 

::,:,4, 
"?I) LPRINT CHR$Cl81> TAB<'?> "+0" TA8(13> CHR$(181l+" ": 
3CIC) IF OT<l,5><1 THEN LPRINT TA8<40l "MILl.IVOLTS": ELSE IF NOPT=:!O 
1(1/ALCPRS>> TAB<45) "DEG "+TPS; ELSE LPRINT TA8(45> "DEG "+TPs: 
.HO LPRINT TAE:<!79> CHR$ <::!02) 

_:;::,) LPRINT CHR1i!191>+" HRS." TA8(9) "+10" TA8<13) CHRS(191)+T!TLES 

THEN LPRINT L 

TAB(79) CHRS< 

~:::c, LPRINT CHF;s ( 199) +STRINGS< 11, CHR$ < 17::> > +CHRS C 199) +STRHJG$ (65, CHR$ < 17::!) > +CHRS < 
:•.:>6) 
·4,:, LPRINT CHF;s;(181>+" TIME RNG "+CHR$C1Sl>+C$ TABC:''9) CHR!iC::?0::!> 
~50 LPR l NT CHF:<.: ! 189 >+STRINGS ( 11, Ci-IRS ( 1 7::i J +CHR$ ! 199 > +STRING I < ;;,5, CHF:·s ( 1 7::?) l +CHF:S < 
-:Ob) 
-:.(> FOR I=t TO NT STEP 2 
:')70 IF OT ( ! , ::!) =2 THEtJ 90<) 
330 FOR J•! TO 10:D<J>•<l-999,t,COT<!,5><1))20T<I,J+::J:D!J+10>=<1-999*<DTl1,51<11) 
•DTII+l,J+:!l:NEXT J 
.?'?,., eoTo 91 c, 
0·•:") FOR J•1 TO 10: D <J> a ( 1-999* <OT< 1, ~> < 1 > > :t:OT ( l+l, J+:?l: 0 <J+lO) = < 1-999* <OT ( 1, 5) < 1 
·, tOT(I,J+:?: :NEXT J 
"'~•:, LPRINi CHR·s <191 l; 
··:o LPRINT USING"###,## "; OT <I, 1); 
0 :;,:, I.PRINT USirJG" # ":OTCI.::l; :LPRINT CHR$(181>+" ": 
~40 FOR J=l TO NOF'T:K•OPT<J> 
-;;,:, IF K=l OR K=ll THEN IF K•l THEN LPRINT USING PF11:0W!: ELE: LPP.ItlT USITJG VF$ 
: :: (K): 

. .:•:• IF ~::•:: OR •~=1::? THEN LPRINT USING OTF1;: D <t'.>: 
=70 IFn:):: ANO f'.•'.,11) OR <f<:· 1::) THEN LF'F:ItlT USING TFS:0(1:l: 
"=·) IF J=H> ArJO MOPT>l•) THEN LPRltJT TAE<(79J CHRs(:r.,::>:LFFUtlT CHR!!'llSl) TAB("') OT 
·I+!.=>: .. "•CHF,!' C 181 > +" 11

: 

~-;,..:, MEXT J 
;,:")(! LPRitJ, TAB i7'?) CHRZ c::o:> 
.(,10 r~EXT ! 
:-:•::C LF·RIN: CHR'l ( 17::;J+STRINGi&( 11,CHR'f> !17::1 )+CHR•P < 17:::> +S:R!tJG$ t.:.5.CHR1 I!:::)) +CHR~ 
'· 174) 
: ,;::o GOTO :-:o 
l•)4C> ENO 
l <:·5C• F:EM 
l •)c,(> REM SUBRCUT I tlE FOR T: TLE l.. ! NE 
:•)70 REM 
l(tS(J LS(f)):: 11 F'!=:e:s••:L.lSC(1 >= 11 H=ou 
:•:,9,:, IF NOF·.,.=::.;, THEN !::!10 
: 1,:11:, TITLE'!.=" " 
.!JO T$lll•L$(VAL<PRS)l:TS(ll>=Ll~(VAL(VOL$1' 
·::o Tse:,-· CT!":TS(l::>=" OT::" 
:::::0 Tsc::1=" TPH":TS(l:>=" TBS" 
'.140 TS<4>•" TR1":TS(14>•" TR::• 
: !50 FOR J~~ TO 1(1 ... 

:!~O T·!CJ>='' TS''+MIOSCSTR•<1+2tCJ-5)l.~.:,:Ti·lJ+10)='' T5''+~1ID*iETR!€:t~.l-4l>.=.~ 
tlEXT. J 
7,) FOR J=l TO NQF·T 
e,:, TITt.E•=TITLEt+LEFTSIITSCOPTIJI'+" 
<:>,) l·!E>:T .J 
(

1(1 GOTO l ::!:• 

.. , • o- c < O"·T ( ,J ) ~ 1 , OP , or·,- 1 J , "~ 1 ) 1 , 

!(· IF O"':"~:.~) l THEM TI";LE~!1== 11 !'°-"/ 1
.'• !...·1 EL:::: TliLE'•f-:·u 

TITLEfL~:7~El•" D, T~ Tr Ti T~ 
r.-~•-· ,·-111 ·.r l' !: ~.' ! "!~•! ._-, · 



1,:,4,:, ENO 
1,:,5,:, REM• 
1•)~(• REM 
1•)70 REM 

SUE<F.OUTINE FOR TITLC LINE 

1080 LSIO>•" PRES":L1S<O>~" H:O" 
!0•0 IF NOFT=-:~ THEN 1:10 
1 l •)O T ITI_E1=" " 
; 110 r•f (I, "L'l i'.'t,L (PRS)): T, ( 11) 001.l $ ('J(,:_ ('.'OL t)) 
11:0 Tt!:1 9 " DTl":T¥<1:l•" DT:" 
:1:::,:, T-:C:::.,,. .. Tf:l·!":T1(13l=-" Tl'!'.:" 
:140 TlH4l ,.-" T!·:J":Tf;(14l.,." Tr:::" 
l 1~•) FOR '-"!:!:"~, T(I 1(1 
1 loO l !$ (,J) ~·· TS"+MIOS (STh· t 1. 1 +::~ LJ-5,). :· •. =,: T'.i. (Ll+l()) ~II T'J 11 +r1IDli ($TR'-t (::, (.J-4 l). =· ~ :ME~T J 
! 1·•,:, FOR J.,.,I Tn NOFT 
:ISO TITLE+~TITLE!+LEFT$i!T~ILlFTIJ1l+" 
! 19(1 ME~T J 

"J , 6·- ( ( OF'T ( J 1 ~ 1 ) OR ( IJF•T ,: ,1 >" 1 l > > l 
: ::o,:, 
1::!0 
::::=(, 
t:!30 
1 ::4 1) 

l=~o 
l260 
1:70 
1:so 
1.290 
1::00 
1:::10 
1 ::=c, 

l 7-40 
1 ::::;;) 
1 :::6(1 
!::7o 
1 ::sc, 
1:::•o 
14(><) 

GOTO 1::::c:, 
IF DT<l.~> ·:1 THEN 
TITLEil:.TITLE$,." 
REM 

TITL~••" ~!VQL" ELZS TITLE•=" 
DT TB TF: TS TS 

CH,~a-JtlEL rlUMf!ER Lhl:!l:::LS 
CS=" ":FOR J=t TO INQ!'-·T-i-1 1:.,,t !t!OPT=-:O> i 

''+L.!S(VALCVOL:>} 
TS TS TS TS" 

CS•C$+LEFT~(" "+STR~IOFTIJl-11+" ",o-<<DPT<J>•:> OR <OPT(J>=l2>1> NEXT J 
F:ETLIRrJ 

REM******************'*********••***************"********************** REM =z==••=====•=•=•a••=== GOTO NEXT PP.OGRAM ••=z•=s=s===•====~===••===• REM *~*****I************************************************************ OS=LEFTS(EXSTS,1) 
IF 0$=-'"' THEN CHAIN "MENU" 
EXSTS=RIGHTt<EXSTS,LEN<EXSTS>-1> 
ON VAL < 0'$ l GOTO 13:iQ, 1 ::l.:~), 1 :::70, 1 39,:,, 1 390, 1400 CHAIN "TAF'ELOAD" . 
CHAIN "DISt~LOAD" 
CHAIN "CONVERT" 
CHAIN "CON'.'CON" 
CHAIN "TAE<LE" 
CHAIN "PLOT" 

-· • .,...,...'l"' ....... 



.... 

10 DIM T1<:o,,OPT<:O>:I•O :o CLS: t:EY OFF: CLOSE 
J.O OEFirJT I-~; 

PLoi 

4n COMMON OTO,EXST$,NT,PR$,'.JOL:S,TP'li,L.a() :o REM*******************************•***********************'*****'***** 
CO REM====-==-•=•=====•=======•===== RANGE DATA •=========-i:=====•============= 70 REM ttttt**************************:****************************ttt**** ao CLS:LOCATE 10,:::4:PP.INT "P.ANGING PLOT" 90 DIM MAXY(:O> ,MitlY c:v> :Ml=O:M:=,:1 101) FOR I=l TO NT:IF M1=1 ANO M:?=1 THETJ 190 110 !F OT(I,:><:z ANO Ml=O THEN 1:0 ELSE: IF M:Z=O GOTO 1:0 ELSE ISO 1:?0 FOR J=l TO 11):MINV!JJsDT<I,J+:?>:MAXYCJ>=OT!I,J+:J:~JEXT J 1 ::o MI NT ( 1 : =OT ( I • 1 l : MAXT ( 1 l =OTC I, l ) 14•) Ml,..1:GOTC 181) 
t:O FOR J•ll TO :o:MINYIJ>•OT<I,J-8):MAXYIJJ•OTII.J-S!:NEXT J 160 MINTl2J•OTII,1>:MAXTl21=0TCi.11 17(> M:::=1 
18•) NEXT I 
190 FOR I=l TO NT:I1=1-IOT<I,:?>>1l:JJJ=-l•):t:(0T(I,:J>1J 200 IF OT (I, 1 > >MAXT ( I 1l THEN MAY.TI I 1 l =OT! I, 1l 210 IF OTCI,l><MINT<Il> THEN MINT<Ill=OT!I.11 220 FOR J=3 TO 12 ::::o JJ=JJJ+J-2 
::!4t) IF MAXYIJJJ<OT<!,Jl THEN MAXYCJJ>=OT(I,J) :::o IF MINY<JJ>>OTCI,JJ THEN MINYIJJ>=OT!I,J> :261) NEXT J 
270 LOCATE 1:?,33:PRINT "C01'1PLETED: "; :COLOR 1::PRINT USING"#IUl.lt": l(i(l:,:IftJT: :F·Rrrn --:~

11
: COLOR 7 

::SI) NEXT I 
:?90 REM ************************S*****************ll,llltl********'''*•••**•** 300 REM ===================:====c PLOT ~~LECT =•===:~========================= :::10 REM tlltt:t:•t•****lltllllll*************''****ll11111***********111t111111» :::,:, CLS: LOCATE 10, :::o: PR ItlT "P ! Cl< THE TYF·E Qi"' PLOT: " :::;o LOCATE ! :: • :::: : PR INT " 1. SELECTED '.'AR I ,;J?.LES l.'S TI ME" 7.40 LOC,1TE !::.::::PP.INT u.-. r-,14IF:E~1 • .. •AF..I;.EiLES" 7-~C• LOCATE 14. :.:: 1=-RINT "3. C•NTOUr\ OF :3ML T TE!'1P~F~ATU!'=~ES" ':'.o(> LOCATC:: :,:,, :5:PP.INT "E~C TO RETURN TO MAIN 1-tENU" :::70 LCC.;T;:: l(•.-+::.1:Z'li=It!J·::•r~:!F :·t=CHFc.s,::7) THEtl PRINT ":~ETURtl TO ~ii='.NU" :ao po z-,=CHR'li <'.:?71 THEtl CHAitJ"MEtlU" ELSE IF ;:$=" 1" OR Z~="::" OR Z!a="::" THEM -.:,~, ELSE 370 
::;90 FEM lt*tlSl1111*11111SIJlttllt!11111ttl~l1111tlll~llltt:t:l*llll*I•**'*'*''' -'l,)(I REM :JUTF:IJT 1-•ENU a10 REM 111111••••11a11i~111s:i:••~•t11t1~,7•Tlltt111•:~,~•••••••••t•~T•~•~•,T•• .i:,:, FOR I"'l ro .:<:,:OPT'!),.,:,:r!E'.(T r .;··(, CLS:t __ c;,TE 1.:5.1:1=·R[l'!T "~ELECT CH:V!i·l~L2 TO C-tE r~ !JiTC!.\" i.4t) CH-Z="F·,; OTl TE!~·J Tr-:!::SlT~l rs:. r·2~ :"27 i::3<:? f'5.!! H H:~·1nT: ·~- T54 TS.:. T!1f:J TS .1 (' f!~ 1:: " ~~') PP.!!"-IT 11 CH. !t C:EZC. ~-ISTil'IO ~·· ~~O F• R 1~,) TO 1~ 
-~7 1) F?!tJT" ·•;t T1~Et•:1:., Mit~f-\CH•t.1-1:~-~-~· •~80 rtE:< T I 
•+·~I) ~OChrE :-~.:::!:,:PRIMT " St,I_T EtEt' 1•:'\P'' 5,:u.1 t...CCATE 5. 5r): PF: !NT CHF: f: ! :1 ZD +-STF· It JG?':~. CHF~-~ ( 1 '?6) 1 ... C~ !~.:.. t < ! 91) ~1 1) FfJF: I..:6 TD U3:LIJC,",TE !.'.':·):ljRitJT CHF~'!•.1··t:n !::F·c<=3' :: 1f;'!i(L7(".j~:l'-i£::"'.7 5::0 L!JCATE 1°.~,):PF'IrlT ClfF:1'~1?:) t-STr::rrJG: (:=.CHR.J(l?o) :•CHP~(::17) 5:0 LOCATE ~.=1:PRINT '10 o I" ~40 LCCATC:: 9.~1:PR!"T • 7 5~0 LOCATE t::.51:PRitJT "1! 9 .• ., ::;6n LOC~TE 15.5::PPINT" 9 4" ::,;,:, LOC,;TE t8·.Sl:F·F:INT "t.: 5" ::s,:, Loe;.:, r~ ::···. 5,·,: F·r{ r ~IT :~: • r:· i .. l :-- 0 ~ •CHRf i. 1 - . .. STF. ! NG l: ~:.. ·=~ !F ! '· l ~-!,) > + ·•r.·,.··.r:,: 1

•
1
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!~·.' :0 !-'f-: ,! lL ·:,.1 .::•.':11!1Jfl,]/=OT<t •. J-~1 1 ::·11.,:('((Jl=OT<I.J-13):m,xr J 
16(, MIMT < ::> =DT i!. 1 l :M;;:n,::!,.DT (I. l-' 
1 70 M:::-= I 
18•) NEXT I 
t?•) t='OR !"'L TO tlT:It,=l--:OT 1 I.:::> ll:JJJ••-l(•1<CDTCI.:)· ll 
: 1: 1(; IF OT!I.1> Mt\XT<IlJ THEM Mt:-fXT(Il>~L'T·'.!.1) 
:::1,:, IF or:t.u M!lJT(!t' THErJ MHIT(I!l=O·rq,1> ::::o FOR ,J-,,3 TO 1::: 
::::::,:, JJ=-JJJ+J--; 
:::40 IF MnXYCJJ>~OT(I.JI THEN MAXYCJJJuDTII.Jl 
::::;,:, IF Mltl'ICJJ> .>OTII.J> THEN ~l!NY(JJ>=DTII,J> 
:::60 NE::T J 
:7•) l.OCATIZ 1:::, :.::::: PRINT '"COMPLETED:";: COLOR 1~: PR INT US ING" IUI#. #"; 1 O(•'l<I /rJT:: FF: rr: •:~": COLOR .
:s,:, NE:-(T I 
:90 REM *****'**1****11t1111a**********''**********'************************'' :::o,:, REM ===•:s•=================== PLOT '3ELECT ==-===========================•===== 310 REM ***1*111lalfllallall1111~lla1*11131<*******************************«t•• :;::,;, CL.S: LOCATE 1,:,, :c,: PRUIT "PICK THE T'fPE OF PLOT:" 
:;::;,;, L.OCt,TE 1:::,:::PRINT "1. SELECTED W1F:IAEiLES \/S TIME" 
::•lO LOCiHE 1:::.:::::::PRINT PAIRED VARif.;BLES" 
:;~,:, L.OCATIZ 14,::::PRINT CONTOlJR OF SALT TEMPERATURES" 
::::60 LOCATE :o,:::::i:PRINT "ESC TO RETURN 1"0 MAIN MENU" 
370 LDCP.TE 10.~:.1:z·.&=ItJKEYl:IF z•s=CHRllH:::7> THEN PRINT "RETURM TO MENU" :::::?•) IF z.:=CHR1 <::7> THEtl CHAIN"MENU" ELSE IF ZS=" l" OR !$=":" OR Z$="3" THEN 4-.-. EL.SE :;70 

::::90 REM****************************'******~*******************************'~• 400 F:EM OUTPUT MENU 
410 REM *************************'******~*********1***1*******************•1*1 4:0 FOP. I.:1 TO ::o:OPT<I>=<'.•:NEXT I 
4::t) CLS: LOCATE 1, ::5, l: PRINT "SELECT CHANNELS TO BE PLOTTED" 
440:l CH'S="PA OTl TD~l TP.ES1TS1 Ts::: TS'!i TS7 TS9 TSll H H'.:ODT:: TBS TRE:::-S:! TS4 TS6 TSS TSW TS1::? " 
4'50 PF:It-JT "CH. lt IlESC. LISTING lt" 
460 FOR I=O TO 19 
470 PRINT" •;I TABl1::::> MI011CCHS.l+I15.5) 
48•) t~E:{T I 
49•) LOCATE 4. 50:PRINT " SALT BEO MAP" 
5".l'.I LOCATE ~.50:PRINT CHR1c:1S>+STRIHO::!::E.CHRlil196ll+CHR11191) 510:• FOR I ... 6 TO 1:3:LOCATE I,5(1:PRINT .-:HR'.?;(179) SPCc:::s> CHR$(179):t~EXT I :s:•) LOCATE 19, 50: PP INT CHR11 I l 9:!H·STRHJGlS I ::s. CHRS I 19.=i>) +CHR$ ! :::1 7> 530 LOCATE 6.51:PRINT "10 6 l" 
540 LOCATE 9~~liPR!NT '' 7 ~•• 
~5•) LC'CATE 1:::.~1:PRIMT "11 e - .. 
560 LOCATE 15.5~:PRINT " 9 4" 
~70 LOCATE 13.~1:F·RINT 11 12 ~ .. 
sao LOCATE :o. ~O: PRINT Cl• Ft!i ! 17'i') +CHRS C 17) +STRINGS(::, CHRS ( 196) > +"RADIUS"+STRING'.'! ::;, CHR!!i < 196)) +CHR,s C 19()> 
590 ON VAL(Z'$l GOTO 600,700,800 
6•)0 I=l 
610 LOCATE ::::,::5:P!'i:INT SPCC40>:LOCATE ::3.::5:INPUT "CH,# ,ALL OR STOP:";0$ 620 IF QS="ALL" THEN 660 ELSE IF Q$="STOP" THEN 670 ELSE IF VAL COS> >19 THEN 61•:, 630 LOCATE (:::+VALCQS)) ,:::::PRINT I 
640 OPT(Il=l+VALCQS) 
650 IF I=10 THEN 670 EL:E I"'I+l:GOTO 61,) 
660 FOR I•l TO :::O:OPT(Il•I:NEXT I 
670 rJOPT=I+(I<>lO OR 0$="STOF'"):LOC,,TE :::.:s:PRINT "ANY COF:RECTIONS ('f.'N)".' 

690 Q$=TNKE'l1l: IF OS="N" THEN SH1 ELSE IF Q!;="Y" THEN 4:::0 C::LSE. 680 690 GOTO :J 1 <) 
~oo I=l:LL$(0)=•·x•·:LL~(1)~••y•• 
71(• LOC,'.\TE :::.:::::::PRINT "SELECT Y":F:IGHTC!!STRS<Cl+!l'.:::).ll:" THEN <"+:-:Ii3HT'SCS7R$ (l+I>\:).!);" !STOP TO EMO>: 
7:0 LOCATE ::.~7:INPUT''''.0~ 
730 IF' o·t= 11 ~rrOF'" THEM 77 1: 1 ELSE IF \-'AL(C!)·1° THEN 71(; 
74•) LOC.:,TE c:::-,.vAL(C'$)).::::::PF:I:JT LL.a<I r·:or: =)-,.RIGHT£tSTRSC<l+I)'.:i.:) :'~•.:, OPT (I>= 1 •\.',~L ( Q$ > 
'760 !F I-=!O THEtl --;-;:, EL.SE I=!+-1:GOTO '.'t•! 
, l '.) t-JCPT= ! +- ( ! -:· · 1~:, OR a~~"S fOF',.) : LDCMTE =:::. =5: F·F: IrJT "AM~' CO~;F:ECT H~HS ( V ..'N) ~ 

:s,:i Q:ti==IN>:·Ey·~: :r-- (J$="tl" ~-HEN 81(' ~LS~ r~- ::"-t= 1
"(" THEN ·•=o ELSE 7:J•:• 790 GOTO 87•) 

:3,:,,:- CLS:COLtJR =:::LOC,lTE 10.:(1 .t):F'F:rr1r "7"'tf!S 0PTI0!'l :~~ Nf)T YET ;..t..1;;lt_/.I;tt_E'':FOR ! : TO 5(, .>t): rtE:~·r: COLOR 7: GO"T!J :.:-:1 
810 IF !!!i~"] 11 THEN i3:: 1) !lLSE 87,) 
a:,:, M/\.< Y=Ml-',X'f !OPT i 1 l J : r·IHl'i .. ~IHIY (OPT,: 1 .' , : MAX X:MA:(T; l; : rlitlX-=MHIT ,: 1 • 33,,:, FOF: r .,,.:: ro r:OPT 
84•) rr= MA)(Y-,'MAXY <OPT (Ill Tl !EN Mr..X'f~M/\.~'.' (O;-·T (I)) 
25(1 IF ~lIMY'MltlYCOPT<r>> rHEN MINV-=r-l!tl'f!OPT!I)) 
:'lo•) rrE:\ T I: GOTIJ ';S(l 
':27() 
13:?.•) 
99•) 
91)1) 

'91 (1 

'?::•) 
?.::,) 

tF Z S==":: 11 THEM 8t-'0 EL3~ ::=o 
MAxY•MnXYCDPTC11l:M!NY•MINYCOF'T!l•l:MAXX•MAXYiOF'Tl:::>>:MINX•M!NYCOPTI:>> F'OR I:".: TD ~JOF•T :. TEP '.:: 
IF MAXX-.MAXYCOF'T(t-t-11' THEN ~IAXX•l"H)XYCOF·T<I+-1)1 
IF MirJX', MTNY!OPT ( r~!)) THEN MtrlX=MtMY ((:PT(!+\\' 
!F MhXY··M/~X-,(0PT(1J• l'HEN M?HY•l1'4~'i\f'.PTlIJI 
!F M (rl'r' 1·11r1v (OFT ( l 1' n,r-M MIN'( ~Mlt.J'( ,uF·T (I)) 4( 



1, ',•.' .,. l - ~ ··' : 11~1 l ~ ... :_.;. _., ~ • r l; ·--~~·, ,_; , ·.• 

713(• Q•l,.INI EY'i: 11-: IJ$="tl" lHEN :31·> ELZE Ir- Q'5='"{" THEN ·1:C• EL~E 73,·, 
790 GOTO 87(• 
so,:, CLS:COLiJR :::::LOCr,TE: 10.::0,•):f"P.IfJT "THIS QF·TIDrl r:; t-lOT YET r..'.'(\JLf:,r,1.S":FOF, !=1 

TO ~1)(11):NE:<T:COLOF: 7:Goro :::o 
810 IF ZS•"l" THEN s::o ELSE s~o 
a::o NA~Y,,.MAXY (QF•T,( l l ) : r1Itrf=MINY (OPT ( 11 I: MhX X=MA;n ( l) : ~1 ttn..,MINT ( l i 
s::O Fl1R I-=:: TO NOPT 
94,:, IF MAXY< MA!':Y <OPT (I> l THEtl MAXY~M/'\:<'I !OPT< I) ) 
8~0 IF MIMY:-CMit-lY(OPTCill THEN MINY=MIN'!(QPT<I» 
SoO r1E:(T I: GOTO ~:so 
97,::, IF Z~•"::" THEN as•:, ELSE :::::,:, 
S90 MAXY•MAXY(OPTll>l:M!NY=MINYIOPTll)l:MAXX•MAXYIOPT!:ll:MINX•MINY(OPTl:11 
990 FOR I=::: TO NOPT STEP: 
900 IF Ml'\XX •·:MAXY <OPT I I+li) THEN ~IA,;X•MA'.U IOPT ( l HI l 
910 IF MINX:: MINY !OF'T !I +1 l I THEN MIN~=MHIY ! DPT (I+ 1l I 
9:,;, IF MAX',', MAXY <OPT (II l THEN MAXY=MAX'/ IOF·T I I» 
9:::0 IF MTNY>M!t-lY(OPTCIJ) THEM MitlY-:Mitl'{iOPT<I» 
'?40 NE:O:T I 
950 CLS:LOCATE 10.::0:F·Rtl-lT "THE DEFAULT LIMITS ON THIS PLOT ARE:." 
~60 LOCAT~ 11.:::S:PRINT "X AXIS:";MINX;" TO ":MAXX 
~70 LCCATE 1:.:~:PRINT "Y AXIS:'';MINV:'' TO '':MAXY 
'-?SCJ LOCATE tC?.2~:PR!tJT "00 YOU WISH TO Cl-tANGE AM'f OF THESE \.'ALU:::$":" 
'?'?•) L•C;.TE ::o. 30: PRHIT "1 l CHAtlGE MEITHER'" 
1000 LOCATE :?1.30:PRINT "::; CHANGE BOTH" 
1010 LOCATE ::::.30:PRINT "3) CHANGE OML'{ Tl-IE Y AXIS" 
10:?•) LOC,'loTE ::::::.:zo:PRINT "4> CHANGE OML'/ TIME AXIS" 
10:::0 LOCATE 19 0 67,1:G!S=trlKEY-S:IF QS="l" THEN 11)41::, ELSE IF OS=":?" OR QS="3'" OR r-~ 
-."4" THEN GOSUB 1830 ELSE 1030 
1•)40 GOSUB 1610 • DRAW GRID 
1050 ON VAL<ZSI GOTO 1060 0 1170 
1<)60 FOR J=l TO NOPT 
1070 FOR 1=1 TO MT 
109C• IF OPTIJl>l<) ANO OT!l,:?>>1 THEM '/P=OTII,CPT<Jl-8):XP=DTCI.1>:GOTO 1111'.> 
1090 IF OPT!J><ll ANO OT(I,:?><:: THEN 'tP=DT<I,OPT(Jl+2l:XP•OTCt.1:-:GOTO 1110 
110•) GOTO 1140 
1110 X•:56+ ( < XP-MINX I/ !MAXX-MIMX) :• 1560 
11::0 Y=164-(CYP-MINYl/!MAXY-M!NY)l:t1!;;:: 
1130 IF X>'.639 ANO '1<164 ANO X:.~6 AND •t:O THEN CIRCLE iX,Yl.J 
114() NEXT I 
1150 NEXT J 
116(1 GOTO 1:?90 
1170 FOR J=l TO NOPT STEP:: 
1180. FOP. 1=1 TO MT 
1190 IF OPT<J><11 ANO CPT(J+1><11 ANO DT<!,2><2 THEN YP=OTCI.::+OPT(J)l::~P-=OTII • ..: 
+OPT(J+l>>:GOTO 1::40 
1::0,::, IF OPT(Jl<11 ANO OPT<J+ll:010 AND OT<I,:?><:: AND OTII+l,::?>>1 THEN YP=OT<I,:+c 
PT!J>>:XP-=OT,I+l,OPT!J+ll-81:GOTO 1:40 
1::10 IF OPT (J l >10 ANO OPT (J+l > < 11 ANO OT (I.::?> )·1 AND OT ( 1-1. 2) <:: THEN YP=OT (I, OF'7 
CJ>-91:Y.P=OT!I-1,0PT!J+ll+::l:GOTO 1::40 
1::::0 IF OPT(J)>ll At-10 OPT<J+-1>>11 ANO OT<I.2)>1 THEN YF·=OT<I.OPTCJl-Sl:XP=OTCI.i: 
PT(J+ll-91:GOTO 1:40 
1 ::30 GOTO 1 ::7•) 
1::40 X=56+<(XP-MlNX)/IMAXX-MINX1ll560 
1:50 Y=164-( (YP-~1INYl ! (MAXY-MHJYl) -ie;:: 
1::60 IF X<o::::9 ANO Y<164 ;;ND X;,56 AtlD ·.1 :.s THEM CIRCLE (X.Y),t+.:Si<J-U 
1:7•.) NEXT ! 
1:9,:, NE~T J 
1::9,:, GDSUB 1:::0 • TIT!..E !..WE F.CIJTitlE 
1::00 LOCATE l,::5-!..ENIN$1/::PPINT "FILE N~ME:"•N$ 
1::10 LCC.:OfE :::::. (4•)-U:'.r! (TITLE'S>..-:, :F'RIMT T!TLE'!i 
1::::0 Q'!l=It-lt.:EY-S: IF Q$='"' rP.EN 1:;:,:, ELS: 'lF lli=C!-IRt <::7> THEM CHh!tl"!"!Er-JU" 
1 :::.o SC.REEN O. ~:,. (1: GOTO .;:t) 
t::40 REM i,11 • *l*IIIZIIIIITlllll!IIIIIIIIIISlllllllllllllll'1IJllllllll•llll*II 
l :::~~-• F:EM -=================: SU CROUT! ME :=OR i I TLE LI ~JE =======-================== 
1::60 REM Stl:talJlllll111•1*1111111 • 1ZJl11111111111111~11111~1•1111111111111•1~ 

1 :::~~) T '! C t ) -=L. ·!i { \'AL ( F·R ! , ) : T !! < 11 ) ~L 1 :a < '.'AL ( t/OL 1i > ) 
1400 T~f~>~•• DTl'':T!(!~,~•• OT:•• 
1410 T~(~l~ 1

• TBW'':T'~(\~;~•· T03'' 
ti:o 75<4~~•• TR1'':Tt(l1>~•• TR=•• 
t4~0 FOR J=~ TO 10 
t•l-1•(1 T:; LJ > ..:: 11 TS" +-MIO ti C~T~: Ii\ 1 +='!( LJ-:;~:•' • ..:. ::} : T.t !J+l•)> ~" TS"+l"t!D·.t: (STR t-. :i cJ-4), ":. 
i :ME.~T J 
1150 ?F :~:••=•• TtiEt! 151 1) 

146•_1 FOR J-:1 TO tlOPT 
1470 TITLE1•TITLEl+L~FT11<Tl!OPTIJII+" 
14:Jt) tlEXT J 
14q0 TITLE~=TITLE$+'"VS TIME IIN HOUR~•" 
1 5(>') RETUF:t I 
1~10 FOR J=l TO NOPT ST~P: 
15:?C, TITLE1;=T!TLE'S+LEF:•~ < ll"t <OF·;' CJl l •• 
1::;::::c, TITLE1=TITLEt.+" '/S " 
154(• Ti TLC l,=T I TLS·t,+L:FT~- I <Tl· (OPT (J + 1 J , .... 

" 1 .6-((0PTC.Jl=ll OR ICF·T,Jl=ll)il 

") .6-1 CCPTIJl=ll OR <OF'TIJ)=11l I I 

"'l.6-(COFT(J+ll=l' ,:•R (QF·T(J+l>"l'. 



. _ , o ,A..' ,._. 1 , • ·, ._. ~, " 1 t1i;..i, , 1· .. _._i 1 ~ .i. • ..;+u 
·TIJIJ:XP•DTll+I.OPTIJ+lJ-9,:GOTO 1=40 

,=1,:, IF C1f'Tl,J.' 1,., Arlt• or•TiJ+l! .11 ANO t,T(I.=) ANO OT(l-1.=)<= TH!;;.rJ '(F·=DT<I.nl"'T 
•J~-81:XP=CTII-l.OPTIJ+l>~:,:GOTO 1=40 
:.:=o IF OPTi,l:.11 ArJD OF·T(,l+l>:11 AtJD OT(l.=)·l THEN YF·~DT,I.OPT(J)-8):.ff•~DTII.n 
·l(J+l)-9>:GOTC 1:40 

; .:·.:,:, GOTO 1 =7•:• 
; ::-1,:, X=::i6+ ( C,P-1111LO / (MAXX-MltJ:~)) t56(l 
::::;,, Y.,164-l •.Y~·-~f!N'tl I <MAX"i-Mlt-lYl) rt5: 
:::.:-(• IF X•:6:'• 1)1:r, ·t·164 AIJC' \.'.:;o At!D Y-8 THEl! Cir,CLE •.X,Yl,1+.5f<J-1) 
: :~,) NE~T I 

.:.·::,,:, MCYT J 
'. .:~".I GOSUEt l : .. , . • TI ru:a LIME F:C'Ul HI!: 
,:.,·,,:, LOCATE 1.:''.',-LEtHN·,1/:':F·f·1t1T "FILE llf;f•IL:"+M·.t, 
. :1,:, LOCATE :::. ,.:•:•-LEM (Trill:::·,::::> :F·F:ItJT TITLE:?, 
: :::,:, (l•!: ltJf·.Ey~: l F- c;,1,:"" TH!::.rt 1 :::;:,:, ELSE IF C'~~CHR: (::!7, TIIU! CHAir1"11ElllJ" 
: :.:::o SCf.:EEJ..t ,:,. ·~. 1 : 1 : G:JT• :::.:?(t 
-~40 REM ***•~1,1,1••*•••'=~•,1i•*'**'**''*'~'····••s••~··•'**'*1••~••a,ai,*I* 
~ 35,:, F:EM ==•=======-::=====:!:-.: SU[-tRCUTIME FOF 

0

TTTLE LIN!:: ===-:;:.:===:::.=-=-~======~====== 
i~bO REM *lfl111!tTll*ll#lft!*l*****ll*IPlllllltllf«llt!llllll*llflfllltltlfll 
i37(• LS(!))s•• Ft·E:,":~lS<O•-:.'" H:o•• 
1 -::s,:, TITLE'f>=" " 
: ~-"',:• T'?. < 1 l =L$ ('.'?',L (FF;$) l: T·~ C 11) "'Ll '.J cvi:.L ('.'OL'.$) > 
!40•) T~(:>= 11 DT1":T1(11)=·• OT:•• 
l~l0 T•c::>=" TBW":Ti<l::1~" TBS" 
!4:0 TS<4)='" TR!'':T~(14)~" TR=" 
:4~0 FOR J•~ T~ 10 
1440 T$(JI•" TS"+MIDSCSTF:Sl1+2*(J-511,2.=>:T$(J+10l=" TS"+NIOSCSTR!(2*1J-4l>,:.= 
, :NEY.T J 
1450 IF ZS•":" THEtJ 1510 
1460:1 FOR J=l TO HOPT 
1470 TITLE1'==TITLE$+LEFTS < <TS <OFT <J> > +" 
1480 NEXT J 
1490 TITLEi=T!TLE'l+"I/S TIME !Irl HOURS>" 
l500 F:ETUF:N 
1::iH• FOR J=l TO NOF'T STEP 2 
J.520 TITLE1i=T!TLES+LEFTS<(T!l:COPT<J>l+" 
15::0 TITLES:T!TLE!+" VS • 
1540 TITLE~=T!TLE$+:..EFT!S(iTSCOPT(J+1)1+" 
! )) 

l 550 IF J+l :: >NCPT THEN TITLES=TITLE$+" ANO " 
,::l60 NEXT J 
:·!::'(• F:ETURN 

"l,6-(COPT<J>•l) OR (0PT<Jl=1111l 

"> , 6- (( OPT (JI • 1 > OR < OPT ( J > = 11 > ll 

">,6-l<OPT<J+ll•ll OR <CPTCJ+ll=ll 

_590 REM ***'**llll******i***************************************************'' ~~~OREM ===========•==~•s======= GRID ROUTINE =s=•=========•====a============a 
1600 REM ***•i•••***~***********************'*****************************•***• l 6 1 (, SCREEt-J : 
l6:C• LINE<~:..4) -<:::6.164) :LirlE-(616, 164) 
.6:r.O FOR J:.:. TO 1o4 STEF 16:LH!EC:54,Jl-(:58,J) :NEXT J 
l.±,40 FOR I=:::.i> TO 616 STEP 56: LHIE <I, 16:?> - (I. 164): NEXT 
:6!:•) FOR J=.: TO 16•l STEP 16 
! 66(, FOR I •5Q TO 616 STEP 9 
le70:• F·SET C!.Ji:NE!.T I:NEXT J 
!6SC• FOR I=::oi TO .:.16 STE~ 56 
:o,:;,o FOR J=a:. TO !64 STEP 4 
l 71'.•0 F·SET (I. J) : rl:!XT J: NEXT I 
'. 710 L=l+!t:7 :LOG <MAXX) /LOO ( 10>): L=L-<L< l > 
: 7=(> TI MEF!"'.7 S=ST::; I N:3$ ( L. "#" l •". ####•• 
: -:-::o THlEFr--;;=LE?'T!a (T!MEF~IT!,, ~> 
: 7 4,:, FDR X=:: 7~1 7~ STEP 7:t..CCATE ==.x:F·Rir!T USING TIMEFMT•:MirJX+(MAXi-f'"lil'J>:):t.L:'.-5 

,"'.'O: NEXT , 
:7~1) ~=1+Ii·~7-LCG<MAXY>.'LCGC10>):L=L-(L.l> 
:-60 YFMT••~~cINGilL."fl"I+".###.#" 
1770 YFMT•=~E:T~(1FMT~.o) 
:7S(> FOR Y=. T'J =: STEF· ::LOCATE Y,1:PRir!, USING YFMTS!::MAXY-ilMAXY-M!tJY)t('f-1' ':: ·.11 :NEXT Y 
: 7" 0 0 !=:ETURr ~ 

1300 REM ••••s**********'****************'**.*********'*'******''*'*****~***?*~ ~SlO F:EM ======•=======•==•=== EDIT F·Le:~ L!r--:r1a =============================-=== 
1s=o REM ,~~•~•9****'*********~•••~**'•~~~T#t•~••••••~•••••*•••~~t,•*'**~~••w~• !a:::,:, IF Q$=".l" GOTO 1860 
1840 CLS:L;:j:;/'iE 1~1:FRINT "Y AXIS: .. :Mir!·t:" TQ ":Mi:.AY:L.QC;.TE 10.::,:.:ir!~UT 11 Mirl Y. 
MAX Y: ". MH:, • MAXY 'CHANGE Y 
!3::l(1 IF 0$="::'" THEtl F:ETURfJ El.SE 197(• 
!360 CLS 
:37(1 LOCATE'. :.1:FRitlT "TIME":MIMX:" TO ":l·!AXX:L•CATE 11.::0:IrlF'lJT "MHI TIME. MAX 
~ IME: ". M!rl1., MAXX 
! :3S(1 RE TUR!; 

--.;.~ .... ··~•. 
43 :--.·. 
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LEGIBILITY NOTICE 

A major purpose of the Technical Infor
mation Center is to provide the broadest 
possible dissemination of information con
tained in DOE's Research and Develop
ment Reports to business, industry, the 
~cademic community, and federal, state, 
and local governments. Non-DOE originated 
information is also disseminated by the 
Technical Information Center to support 
ongoing DOE programs. 

Although large portions of this report 
are not reproducible, it is being made avail
able only in paper copy form to facilitate 
the availability of those parts of the docu
ment which are legible. Copies may be 
obtained from the National Technical Infor
mation Service. Authorized recipients may 
obtain a copy directly from the Department 
of Energy's Technical Information Center . 
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