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Introduction
Background for Control Technology Studies

The National Institute for Occupational Sefety and Bealth (NIOSH) lg the
primary Federal agency engaged in occupational safety and health research.
Located in the Department of Health and Fuman Services (formerly DHEW), 4t was
established by the Occupational Safety and Health Act of 1970, This
legiglation mendated NIOSH to conduct a number of research and educarion
programs separate from the standard setting and enforcement functions carried
out by the Decupational Safety and Health Administration (OSBA) in the
Department of Labor. Ao {mportant srea of NIOSH research deals with methods
for controlling occupaticnal exposure to potential chemical and physical
hazarde, The Engineering Contrel Technology Branch (ECTB} of the Divigion of
Physical Scfences and Engineering has been given the lead within NIOSH to
study the ehgineering aspects of health hazard prevention and control.

Since 1976, ECTE has conducted a2 number of sesesgments of health hazard
control technology on the basis of industry, common industrial process, or
specific control techniques., Examples of these complete studies include the
foundry industry; various chemical manufacturing or processing operations;
gpray paiating; and the recirculation of exhaust air. The obiective of each
of these studies has been to document and evaluate effective comtrol
techniques for potential health hazards in the dndustry or process of
interest, and to create a more general ewareness of the need for or
avallability of, an effective system of hazatd control measures.

These studies involve a number of steps or phases. Initially, a series of
walk-through surveys 1s conducted to select plants or processes with effective
and potentially transferable control concepts or tachniques. HNext, In-depth
gurveys are conducted to determine both the control parumeters and the
effectiveness of these controls. The reporte from these ln~depth surveys are
then used a8 a basis for preparing technical reports and jourmal articles on
effective hazard control measures. Ultimately, the information from these
research actlviries builds the data bese of publicly avallable infermation on
hazard control techtfques for use by health profeseionale who are zespousible
for preventing occupational illness and injury.

BACKGROURD FOR THIS STUDY

Thie facility was visited as part of a atudy of dust control during bag
opening, dumping, and disposal., Significant dust exposures can occur during
these operations. Although dust can be controlled during bag opening and
dumping, bag disposal 1s a significant source of worker dust exposure,
Uitimately this project will result in a concise 10-15 page report describing
dust control techniques during bag opening, emptying, and dispesal. This
report should provide valuable information for those who are responsible fer
controlling workers' duat exposure.



Backpground for this Survey

Macawber Engineering Company markets an automatic bag opening machine which is
called a JSK sack splitting machine.l This machine was located in a test
fac{lity for solide material handlirg equipment, This sack splitting machine
was used to open bage of solid materials and discharge these materials into a
denge phase pneumatic conveying eystem. The test facility is ip & building
which 18 70 feet wide, 100 feet long, and hae a cefling 30 feet high. -



Plant aod Frocess Description

Macawber Engineering Inc. is s wholly owned subsidiary of a British company.
This firm mapufactures and sells egquipment for handling sclid materials. They
believe their expertise is in the design and comastruction of pmeumatic
conveying systems for flowable golids.

Frocess Description

The zutomatic bag opener was operated to test its ability to prevent dust
smigsions into the workplace while bags of very fine limestone were opened.
The properties of the limestone are shown in Appendix 1. This limestone has a
pass medlan dlameter based upon settling velocities of under 4.0 micrometers.
Practically all of this limestone has a8 diameter smaller than 10 micrometers.

The bag opening machine was used to open 20 baga of limestonme at a time. The
bags, which were stacked oo pallets, were set near the front of the bag
opening {Figure 1.) The cperator set the bags on the bag opening maching’s
coOnveyor at a rate of 4 Yags per minute. This inlet conveyor feeds the the
bags onto a gecond conveyor which grips the bags on the side. Then, a
rotating blade cuts the side of the bzg and the material falls out of the
bag. A vibratory screen brezks-ups any large agglomerates and eod helps feed
the materizl into a discharge chute, The discharge chute was connected via a
second hopper to a Macawber Demsveyor Pneumatic conveying system. The empty
bags are swept clean by a rotating brueh and are fed into & bag disposal

chute, The outlet of the bag disposal chute was covered with a garbage bag.
(Figuxre 2.}



Figure 1. Picture of the Test Facility
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Figure 2,

Picture of the bag disposal tube with garbage bag attached,



Control Technology
Prineiples of Contrel

Ceccupational expoesures can be controlled by the application of a number of
well=known principles, including engineering measures, work practices,
perscnal protection, and wonitoring. These principles way be applied at or
néar the hazard source, to the general workplace enviromment, or at the point
of occupational exposure to individuals. Controls applied at the source of
the hezard, including engineering measures (material substitution,
process/equipment modiffcation, isolation or automstion, local ventilation)
and work practices, are generally the preferred and most effective means of
contrel both in tems of occupational and envircnmental coneerns. Controls
which may be applied to hazards that have escaped into the workplace
environment include dilution wventilation, dust suppression, and housekeeping.
Coutrol measures may alsc be applied near individual workersg, including the
use of remote control rooms, isclation booths, supplied-air cabe, work
practices, and persenal protective eguipment.

Ion general, a system comprised of the above control measures is required to
provide worker protection under normal operating conditions as well as under
conditions of process upset, fallure and/or msintenance. Procees end
workplace monitoring devices, personal exposure monitoring, and wedical
monitoring are important mechanisms for providing feedback concerning
effectiveness of the controls in use. Ongoing monitoring &nd maintenance of
controls to insure proper use and operating conditions, and the educetion and
comnf tment of both workers and mapagement to occupstional health are also
important Iogredlente of a8 complete, effective, and durable control system,

These principles of control apply to all situations, but their optimum
application varies from case-to-case, The application of these principles are
discussed below,

Automatic bag opening machines, such as the JSK sack splitting machine,
potentially 1solate the worker from from dust penerazted by bag opening,
emptying, and disposal. The air fpside of the JSK sack splitting machine is
heavily contaminated with dust, Thie air should be exhausted by the local
exhavst ventilation system and/or by the pnewmatic conveying system. 4s a
result, Inside of the bag opening machine should under negative pressure and
and the bag opening machine should not be scurce of dust emissions inte the
workplace.



Study Methodology

The objective of this Btudy was to determipe whether the JSX sack splitting
machine could be opersted without becoming a dust emis€ien source. This
question was evaluated by uwsing this machine to open bags of Franklin T-ll
limestone. If this machine i$ not a source of dust emissions, then dust
concentrations should not increase when this bag opening machine is in use.
This premisze wag ysed to formulate the study hypothesis used to addreas the
study objective. This hypethesis c¢an be stated as null (H,) snd
alternetive (Hy)} Dnypotheses:

Hg: Dust concentration (C) does pot increase when the bag slitter is
in use. &tated mathematically: Cyinitial™ Coperational-

Hy: Dust concentration inecreases when the bag slitter ip in use.

The etudy was conducted to choose between the zhove two alternativee at the
locations listed in Tebles 1 and 2. The first test was conducted at the
locations listed in Table 1. Because the data from the first test suggested
dugt leakage, a second test was conducted ueing the sampling locations In
Table 2.

First Test

The hypothesls was addressed by operating the JSK sack splitting machine anmd
measuring the the total and respirable dust concentratiecns at the locatioens in
Table 1. ‘The sampling locatioos in Table 1 reflect either porestial emissicon
sources on the machine or a background measurement. The JSK sack splitting
machine was used to open 20 bags of limestonme during s test rum. A total of
four test runs were made. Before and during each runm, the respirable and
total dust concentrations were megpeuted. The eguipment used to make these
concentration measurements is listed in Table 2. After the bag opening
machine had finished emptying the 20th bag, the filled garbage bag was removed
from the end of the bag disposal tube and empty bags were removed from the bag
disposal tube. Then a fresh garbage bag wes secured on the cutlet of the beg
disposal tube. All air sampling was terminated when empty bage were being
handled,

Total dust concentrations were measure by drawing alr through preweighed
filters, A nominal sampling flow rate of 14 LPM was obtained by using carben
vape pumps and critical orifices. At each sampling lecation 1n Table 1, two
air samples were collected on two filters. One sawpple, an "off” sample, wae
collected before the bag opener was In use and a second sample, an “on"
sample, was collected while the bag opener wee copening bags. Before the sack
emptier was used, the off samples were mounted oh the vacuum tublng, and air
was drawn through the filters for 10 minutes. Then, the off samples were
removed from the sampling train and the on samples were mountted on the
sampling train, Air was drawn through these samples for the 5-6 minutes the
bag opener needed to empty 20 bags. This wae done four times, each time the
same off and on samples were mounted at the same sampling location.



Resplrable dust concentrations were taken with GCA Real Tine Aerosol Monitors
(RAMS) at the locations listed in Table 1. The BEAMs at locations 0, 2, 3, and
4 were totated through each of the sampling locations., This rotation was done
when the empry bags were discarded from the bag disposal tube. The RAM
concentrations were recarded electronically on an Apple 1I Plus Computer. The
conputer was equipped with an AI13 analeg to digital conversion hardware and
an Internal clock. Twe wire cable was used to attach the analvg output ef the
RAMs to the Multiplexer of the the AT13. The settings on the RAM are listed
in Table 3.

The program listed in Appendix I was used to obtain concentration data every
10 seconds. First the program records the analog voltage of the RAMs and then
1t converts the voltage to concentration using the conversien 2.0 mgfms per
volt., The program records concentraticn taken at ten second Intervals as one
large, Basie string veriable, This string varisble lists iIn order: the
eoncentrations from chanmels 0 thru 4, the time the reading was taken, the run
number, whether the bag cpener was in use, and the respective identification
numbers of the ram In channels O thru 4 respectively. The status of the bag
opener was indicated by the reading a voltage in channel 5. Because RAM
readings could vary from instrument to Instrument, the four RAMS were Totated
tbru lecatiens 0,2,3, and 4 in Table 1, The RAM in location 1 was not rotated
through the other locatlions. Alr ssmples at location 1 were tsken to monitor
the storage silo and assgociated equipment for dust leskage.

Second Test

Becanse the RAM concentrations indlcated dust leakage from the sack emptying
machipne, additional RAM concentrations were measured with the RAM af the
locations in Table 2. The operator fed 22 bags of limeatone inte the sack
emptying machine. The concentration readings of the RAMs before, during and
after the bags were empried were recorded as described earlier., Because the
sack emptying machlne only operated about & mlnutes, sufficient material could
not be collected on the filters to measure total dust concentrations.
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Table 1
Sanpling Locations for Test

Channel Number

Location end descripticn

C.

Bag disposal chute. At this location, RAM readings were
taken below the chute and total dust measurements were
taken above the chute as ehown in Figure 2. An elevated
duet concentration hers would suggest that the sezl on
the bag disposal chute wss inadegnate,

Near the storage silo on the third floor, Air samples
at thie location were tzkén tp serve gs anp indfcation of
dust leskage frowm the storage bin an assoclated
equipment. If there is dust leakage here, background
dust concentrations could increase.

Under loading conveyor for the sack splitting machine.
High dust concentrations here weuld be an indication of
dust emissions either from the conveyor or dust oo the
exterior surfaces of the bags of limestone.

Top of s{lo, which is above pallets. There are no dust
emission sources near this sampling location. Sampling
results here reflect background eir contamination

Operator’s breathing 2cne. The total particulate
samples were mounted on the worker while he was placing
bags of limestone on the conveyor. The RAMs were held
near the worker's breathing zonme. This is shown in
Figure 4.
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Ran held in Worker's breathing zone

Figure 3.
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Table 2
Sampling Locations for Second Test Op April 11

Chaonel Number Sampling location and descripticn

0. Near bellows above wibratery screen on the same side of
the machine &6 the bag disposal tube,

1. At discharge chute for the bag opening machine. The
discharge chute of the bag opening machine was connected
te a bin which held material before it was to be fed
into the dome valve.

2 vnder bag disposal tube. See Table 1

3. Kear Storege Bin on Second level of platform. Because
of bridging in the bin which holds material for the dome
valve, no material was spparently being discharged intoe
the storage bin. As & result, sampling results at thas
location reflect background air contamination.

4. Next to bellows on the eide of sack splitting machine
opposite the bag disposzl tube.

Figure 5. Plceture of bellows
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Instrument Variablity Test

The RAMS used at locations 0,2,3, and & were adjusted so that they all read
the same., The RAMs were placed in & Marple Testr Chawber which is eimilar to
one described elsewhere.? A TSI 3400 Fluidized Bed Aerosol Cenerator was
uged to disperse a sample of Franklin T-11l limestcne inte the test chsasmber.
The gain setting of the instruments was adjusted eo that all four RAMS rvead
the same concentration. The operating parameters for the teet chamber aod the
aercenl generator were!

Test chamber getiings
dilution air Flow rate 500 ft3/hr.
statlce preseure in chsamber +0.05 inches of water

Settings on TSL 3400 Filuidized Eed Aerosol Generator:
chain speed 10
bed flow 44
Bead purge 30

Table 3,
BEquipment Used During Survey

Equipment Model Kumber Use
Critical Flow Orifices Control flow rate through
i Ellters
Gast Carbon Vane Pumps Supply eufficient vacuum to

draw &ir through filters and
critical orifices and
maintain a vzeuum of 15
ipches e¢f mercury

GCA Real Time Aerosol Monitors 1 Monitor respirable dust
concentrations

Aprle Computer I1-plus Recerd RAM concentrations

Interactive Structures AYl3

A/D convertor Convert the amalop signal of

the BAMs to digital signal

The Clock Internal clock for Apple
computer. This is
wanufactured by Mountain

Computer.

Two wite cable Transmit signal from the RAMs
to the the oultiplexer of the
ATl

13
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Resulte

Before the survey on April 10-11 was conducted, the four RAMs were adjusted to
read identicel concentrations in the Marple chamber. To document how well the
four inetrumente agreed, the readinge of all four instrument were recorded
once a nimute for 30 minutes, As shown In Table 4, the average RAM readings
were within 0,02 mg/m>.

Table 4
Calibration settings of four RAMs and average of 30 concentration readings

RAM NUMBER Calibration Setting Average Respirable
Dust Conecentration
92 g,42 0.74
g1 6. B9 0.73
90 5.81 0.75
89 6.56 , 0.73
mean of four RAMS 0.74
standard deviation 0.01
number of readings
pel RAM 30

The concentration values obtained from the RAMs and the total dust and calcium
concentrations are presented in Tables 5, 6§, and 7. The output of the RAMs at
the gampling locations durlng the second test on April 11 is presented
graphicelly in Figures 6~10. In Figures 6=10, the bag opener was started at O
seconds on the time axis. The data in these Tables and grephs show obvious
increases inp concentration when the bag opener is in use.

The air flow into the bag opener was not measured. The Inlet te the bag
opening machine was a swinging door which was open only when a bag was fed
into the machine. The exhaust volume was not measured by taking 2 pltot tube
traverse becauge the test facility mepager did not want holes in the ducting.
The ventilation ducting for the unbagger had 9 elbows. This 1s shown in
Figures 10 and 1l1. These elbows appeared to be mitered joimts. Such elbows
have relatively high pregsure logges. Fluid mechanics textbooks report
pressure lesses between onme and two velocity heads for such elbows.s
Assuming a pressure loges through the systems bag house of 4" of water, the
estimate exhaust volume for the system would be below 400 cfm. This
volumetrie flow rate is divided between the automatic bag opener and at least
2 other bing. As 2 result, the air flow put of the automatic bag opening
machine was probably under 200 CFM.

14



Table 5.
Sumnary c¢f Ram Concentraticns (mgfm3) for First Test on April llth

Ssmpling Regpirable dust concentration when sack splitting machine is:
location off on elgnificance
mean standard tean  standard
deviation deviation
Under bag 0.05 0.05 8.4 2.9 5

dispogal tube

near storage

bine 0.21 d.06 0. 33 0.4l na
unider leading .

Cconveyor 0,09 d.03 0.18 a,06 ns
background, above

worker 0.06 .03 0.06 ¢.02 ns
cperator 0.08 0.01 0.12 0,02

Note:

1. s - significant difference at the 95% confidence level for a palred t-test

2. ns - difference not silpnificant zt the 95% confldence level for a paired
t=test

3. The mean and stzndard deviation are computed from the average RAM
concenktration recorded for each of the four test runs.
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Table 6

Total dust (TD) and Calecium (Ca) Concentrations (mg/m3) Measured
at Sack Splitting Machine

Sampling location Date On off
p¥L Ca TD Ca
above beg digsposal
tube 4710 5.4 2.1 0.13 0.08
4/11 0.68 0.17 0.06
near storage bin 4/10 0.25 0,05
L/11 D.48 0.14
under Ioading r
CONVeyoT 4/10Q 0,43 0.19 0,45 £.13
4/11 0.77 .21 .04 0.03
on hopper above
operatar /10 0.03 0.04 below 0.01 ©.008
4/11 0.02 0,03 0.07 0.13
operator 4710 1.61 0.29 0.01 0.01
4/11 1.45 0.33 .08 .02
Note: Samples taken near the storage bin were tzken during both on and off

¢conditions.

-
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Table 8

Summary of Respirable Dust Concentrations from the Second Test on April 1l

Sampling Location Respitrable Dust Comcentration
{mg/m3)
Bag openar status
on of £
® B n x 8 n
Bellows above vibratory screens 3.83 2.7 38 0.21 0.4% 98

oo same side as bag disposal tube
Under bag disposal chute 3.7 3.4 38 0.08 0.08 98

Discharge from sack
splitting machine 1,30 1.08 38 0,19 0.07 98
near deme valve

On third floor oear storage bin 0.11 Q.08 3B g.11 0.3% 98

Bellowa above the the vibratory 0.29 1.5 38 0.65 2.2 o8
screens on side opposite the bag
disposal chute,

X = mean
5 = standard deviation
7 = pumber of timeées concentration was recorded.

17
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Figure 11.

Pacture of Duct Work fromw EBasghouse to Sack Emptier
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Figure 12. Pifcture ef Duct Work from Baghouse to Quteide of Test Facility.
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Discussion
Dust Leakage

The concentratlon data obtained by using the RAMs' and by analyzipg fllters
shows that the concentration of total and respirable dust was elevated at
three sampling locatiounus:

1. TUnder and above the bag disposal tube.

Z. Hear the bellows between the vibratory screen and the body of the
sack splitting machine. This was on the same side of the sack
splitting wachine as the bag disposal tube,

3. At the point where material iz discharged into hopper which is aboave
the deme valve.

Increased dust concentrations at these Jocations suggeete dust leakage. During
this study, the flange of the bag disposal tube was not tightly sealed to the
body of the bag opener. The motion of the bag disposal mechanism probably
forces dugt lsden alr between this flange and the body of the sack splitting
wachine. As a result, the dust concentration around the bag disposal tube
would be elevated.

The limestone did not fiow freely from the bin intc the dome valve. The
limestone formed a stable arch. This prevented the pneumatic conveylng system
from drawing air through the bin and the sack splitting machine. As a result,
duet generated by limestone fglling Into the bin is nmot controlled and dust
legkage would cccur at thie location.

The reason for the incressed dust concentration next to the bellows is
unclear. Perhape, leakage occurring around the bag disposzl tube was being
blown towarde the bellows. The cooling fan mounted just above the bag
dieposal tube was blowing air ip the direction of the bellows. In addition,
dust could be leaking through the bellows material. Mechanical motion fn the
sack splicting machine could be inducing more air flow inte the sack splitting
mgehine than the ventilatien system ls removing, Possibly, some of this alr
flows through the bellows and inte the workplace.

Operator Dust Expesure

The total dust date indicates that cthe operator's dust exposure 18 elevated by
putting bags of limestene an the comveyor. In contrast, the RAM's did not
Indicate such & marked Increase in dust concentration. There are two possible
reasons for this:

1. The RAMs' were not held close encugh to the operator. The gamples

nounted on the worker would be much closer to the dust sources than
the KAMs which were held near the worker's breathing zone,

25



2., The dust generzted by handling the bags could be nov-resplrable.
The RAMs are designed to respond only teo respirable dust. As a
result, the RAMe might not respond to the dust generated by handiing
the bage of limastome.

Ineressed dust exposures caused by placing bags of solid materiala on to
conveyore has been observed in other studies of automatie bag cpening
equipment. This simply indicatem that the bage are dirty and handling these
bags outside of the bag opening machine creates a dust exposure for the worker.

Concentrations Splkes

The data in Figute 9 shows concenttration spilkes after the sack splitting
wmachine was turned off. Whether these spikes are teal or artifacts is
unclear. Near the sawplipg location, the operater was using 4 metal rod to
break-up a stable arch in the bin which received Iimestone form the sack
splitring machine. The operator gimply used & metal rod to punch the arch.
Such activity usually creates some dust. He alsc started and stopped
equipment. The concentration splkes presented in Figure 9 could be due to
dust generated by turning equipment on and off. Turoing equipment om snd off
can generate voltages in the signal lines which transmit the output of the
BAME to the inlet port of the ansleg to digital convertor. When equipment 1s
turoed on and off, fluctuating magnetic fields could be gemerated. Such
fields wpuld generate a current and voltage in the signal wires. The extent
to which this occure is upnclear. Other focreases 1o concentration noted by
the Ri4Ms are oot the resulet of this phenomena. The meter output of the RiMs
was observed to incresse amd go off=-scale when the sack splitting wachine was
used.

26



Conclugione

The data taken shows that the sack splirting machine leaked dust near the bag
dippasal tube, at the point where materjal 1s discharged from the unit, and
possibly from the bellows between the wibratory screen and the top of the sack
splitting mechine. The dust concentrsticns gt these locations all exceeded 1
mgfn3. However, the occupational health staondards for some so0lid materials
are well below these levels. For example, OSHA permissible exposure limits
for occupational exposure to lead and arsenic ate 50 apd 10 mierograms/m3
respec:ively.s‘*6 Such low health standards requires the control of dust
legkage. As tested, the sack pplitting machime is probably anly suitable for
handling relatively non—-toxic dusts,

27
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Appendix 1

Properties of Franklin T-11 limestone
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FRANKLIN LIMESTONE COMPANY

PEERLESS HIGH CALCIUM LIMESTONE
TYPICAL CHEMICAL ANALYSIS

CHEMIC AL
CALCIUM CARBONATE

CALCIUM OXIDE

MAGNESIUM CaRBONATE

MAGNESIUM QXIPE
tROMN OXIRE

SILIGA,

ALLIMINA
PHOSPRORLS
NICKEL

TITAMIUM
CHROMIUM
STRONTIUM OXIDE
MANGANESE OXIDE
SODIUM OXIDE
POTASSIUM OXIDE
SULFLR

BaARIUM OXIDE
LOSSE ON IGNITION

812 TENTH AVENUE NORTH
NASHVILLE, TENNESSEE 37209
815 2604222

REPORTED
AL
€aCO

Cald
MgCQ
Mgl
Fe O,
S0,
AL,
PO
N
Tio,
o0,

MO
Ka,O

A

PyprCent

97 84
bd 59
126

o2}
= DO
0z
= O

<M

= 007
4370
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]

=141
a0

TERT HOME SPEED= Z=x
HIMEH Tpias

70 D% = CHRE 14}

B0 DIM DRAMY {1000)

50 PRINT D&, “BLDED DEL &Y
100 NP3 = " REM INFUTS
110 OFs = pg « 'QFEN -

120 CL% = Dn & “CLDEE =
130 RPS = D8 + READ

145 AFS = DE & nARFEND ¥
130 WFE = bt o+ ~WRiTE
140 DES m Dy 4+ Do ETE

170 RCE = =

189 wWOmg

190 INPUT *ENTER MUMEER BE EHANN,

2040

it
243

ALY
240
el
=11
273
280

25940
el 4}
X1
304
In
T2
TEa

Jea

o
I
1)
A0c
a&1n
420
a8~ g
849
450
/50

L]

480
170

=00
XNia
San
Sty
Edor
530
Sen
- yadl
3HO
g
&0
4lo
az0

&30
&40

ELES (D-171 “;1a4
IF I8 ¢ O OR 1A » 1% THEN GOTD
190

FOR I w 0 T3 1A

FRINT = OCATION *11,% ENTER
THE RAM_CODE s

INFUT "== IRMN$
FLE = REL « Rk -

NEXT ]

REM FEINT RECE

FF T

INFUT FILEMAME FDA RUN ==
tFLS

FRINT OF 8, FL¥
FRINT EL%® FLS%
FRINT DEx FLE
FRINT [Fs FLa
FRINT CL% FLW
ELOT = Z REC = 0
FRINT
GOSuE 1180 REM BEET INFUT GA
I
FRINT
FEIMNT DELAY
FRINT =—: 10 EEC
FRINT == 20 SEC
FRINT -~ 30 SELC
FRINT ~~ &0 BEC
FRINT ~=7 E0 QEC
PRINT -+ 1 MIN
FRINT
INPUT  AHODULMNT OF DLLAY {1-g)
A £
IF ' ~ 1 OfR} & THEN GOTD
LY
PRINT
FRINT HUMBEE GF READ]NGS EE
OUEIRED
INFUT IMAXIMUM 1000 -—3
4
1IF & < 1 O/ W Y 3000 THEN GBSO
A7y
FRINT
HOME.
IMVEREE
FOR I = 1 TO 40 FRINT * ‘1
MEXT

o Moftelr

FRINT »  PRESS EONTROL-B 7O
SAvE DaTA TQ Dlse 3

PRINT BEFORE EM
O OF AUN ‘1

FOR I = 1 YO 40 FRINT - =3
NEXT

MORHAL

FOVE 4,5 pROME

POLE - 16788 ¢ REW CLEGR

FEYEOARD STROES

FOR M= 3y TO M

FEC = REC +

GOSUE 1020 REM =80 GET TIME
d

0]

GEUE 770 REM -BO GET A1l
INFUT

&40 DRAMS (REC) = INFE + = = + T=&

470

+ HCw
- 71
IF = N THENW EEEE) o

BB PY = PEEK ( -~ 14

E%2 IF FK = 3145 THEN M = N N = R
] "7e
00 EER DEJD- 1 TO K CALL T6BY MEXT
» REM DELAY
TIU NEXT ™
TT U200 BLSUR L.Tv RET SRITE TD ODTE o L
N
730 GOSUR 890. REM READ DUTFUT F
RON BISe
740 TEXT
750 END
&% WRurs
7701%.-"“FDRI.OTUIQ
FBUAIIS k= WTEs + 50T % s

90 FDVE Al 13.1
B RESULT(]} = FEE! (Al1T « 1) «
25k~  FEE, LI ¥ 4]

Biq REBULT (] = REELLTI
495 N
BoN RESULTI]) w FESVLTII) & 2
870 FES = LEFTS  ETR {RESLLT{]
P15
Bal fues - INFE » REW + ~ .
830 NERY g
B&0  FRINT RECE ;5 » NFE
B30 RETURN i
P60 FEM

READ QUTFUT Faom D&y

&%0 fgﬁur "REALING DUTFUT Frgm p
FOC FRINT OFw.FLg
IV PRINT RO®,Fr%
FIC FOR O m i Tn oy
FIO DRAME = -
P40 GET yEvVE
:53 D?nhs = DRoME + kiEya
L} F hEYR ~ - 3 -
BOTO San CHRE® {173 Tren
270 PRINT DBRams
980 wEXT D
FRU FRINT ris Fix
1200 RETURMN
o1l REM
READ TImME

1030 RRINT FRINT
1030 INpLT ;T B Ines
1040 PRINT Dy, IH#e
1850 T1 » g o MIDE (TE,7, o)
1068 TE = WAL | MILa cTs'jarziJ
1070 17 - VaL | HIps TS 13 M1y
1080 V& = unp CRIDE ITE, g8 15,
:fgg TEF T4 ¢ £ THER G0T0 1120
~ = T2« 3IF = T
. 5010 1120 T3« 60 Trem
HO T2 = 12 1 1F T2 =
T2 =0 TL w71 . f &0 THEN
$IE0 TIY = o
LIFO T56 = 1oy o RIGHTS (' + BTRE
(TLr 2} a o &
1340 TS0 = TRy o
T2V, 2% » n
1150 158 u T8y .
T2, 2y &
i1£0 RETURN
370 KEM
INFUT Batw

RIGHTS | ¢ ETR%

JEIBHTS | 0 4 mrae

L180  FRINT fgopw LonEs




SLyRuT FRINT

1200
1219
1279

1230
T240

1250
1260
1274
13110
1250

3300
1314
WRITE

1320
1370
1340
13ma
120
1370
135
1398

PRINT
FRINT
PRINT

PRINT
INFUIT

Y

-—» 0 70 % ow ¥

1 == 3 TI0 L 2O W

2

¥

- b TQ & 3aQ ¥

-—> 0 70 & 10 V!

"PLEASE INFUT GAIN (D
=33 =-%"1GC

Or GC » ¥ THEN G&DTO

1F @C 8]
1740

IF GO = O THEN BEM
IF GC = 1 THEW BN
IF GC = 2 THEM GNW
IF GC =« 3 THE™ GM
RETURM

REFM

TQ DIsr

FRIMNT

FEINT OF& FL =
FRINT WR3:FL*

FDr I = 1 TD REC
FRINT THAMBL]
NEXT

FRINT CLELFLE

REY RN

= A4,.99578
= L IRFTA
= O A9%pEA

= ¢ 07974
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