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Introduction 

The I n s t i t u t e  f o r  Research i n  Construction of the  National Research 

Council of Canada has long been involved in s tudies  of a i r  i n f i l t r a t i o n  i n  

houses and the  associated heat losses.  Methods have been developed by 

Tamura, Shaw and othersl-4 t o  estimate a i r  i n f i l t r a t i o n  ra tes .  Along w i t h  

th i s  approach has been the  development of a i r  i n f i l t r a t i o n  measuring 

techniques and apparatus using various gases as t racers  or  indicators fo r  the  

detectors.  Sulphur hexafluoride (SF6) has been extensively used a s  a t racer  

gas because of i t s  non-toxic properties and extremely low background 

concentration i n  outdoor a i r .  A paper by Kumar, Ireson and 0r r5  describes an 

automated a i r  i n f i l t r a t i o n  measuring system using SF6 in constant 

concentration and decay modes of operation. A s imilar  i n f i l t r a t i o n  

measurement apparatus, the  Mark 11, was then assembled under a contract  from 

IRC. The Mark 11 apparatus was or iginal ly  a s ingle  zone automated system 

programmed t o  r u n  in  constant concentration mode. 

There a re  several problems t h a t  may a r i s e  from the use of a s ingle  zone 

constant concentration system. The measurement of i n f i l t r a t i o n  ra tes  depends 

on the  sens i t ive  control of the t r ace r  gas t o  maintain the constant 

concentration. This must not only be constant w i t h  time b u t  uniform 

throughout the  space being tested.  Attempts can be made by manifold systems 

t o  d i s t r i bu t e  the  s ingle  SF6 source t o  various areas and t o  use a s imilar  

manifold arrangement t o  simultaneously sample a i r  from a1 1 areas i n  the 

spaces. This may s t i l l  allow f o r  a buildup in t racer  gas i n  one area while 

another area may become depleted due t o  the  d i f f e r en t  back pressures along 

the  various paths of the  discharge and sample manifold arrangements. This 



problem may be a l l e v i a t e d  i f  equal back pressures can be mainta ined along 

each discharge and sample l e g  respec t i ve l y .  Another reason f o r  a m u l t i p l e  

sample and discharge system a r i s e s  i f  t h e r e  are  p h y s i c a l l y  separated zones 

w i t h i n  the  space, o r  zones separated from one another w i t h  r e s t r i c t i o n s  i n  

t h e  m ix ing  between zones. Concentrat ions o f  the  t r a c e r  gas can then become 

q u i t e  d i f f e r e n t ,  e s p e c i a l l y  i f  t h e  leakage c h a r a c t e r i s t i c s  t o  the  outdoors 

are  d i f f e r e n t  f o r  t h e  zones. Th is  requ i res  a separate c o n t r o l  o f  the  t r a c e r  

l e v e l  i n  each zone. 

The use o f  a mul t i -zone c o n t r o l  f o r  t h e  t r a c e r  gas l e v e l  a l so  a l lows a 

d i f f e r e n t  type o f  study. Th is  i nvo l ves  i n j e c t i n g  i n t o  one zone on l y  w h i l e  

sampling i n  a l l  o the r  zones t o  g e t  a q u a l i t a t i v e  app rec ia t i on  o f  a i r  f lows 

from t h e  i n j e c t e d  zone t o  o the r  areas o f  t h e  b u i l d i n g .  F i n a l l y ,  t h e  leakage 

r a t e s  i n  d i f f e r e n t  zones can be measured separa te ly  us ing  separate sampling 

and discharge systems. 

M u l t i - i n j e c t i o n ,  mult i -sample t r a c e r  gas techniques a r e  being used i n  

o the r  count r ies .  Grot  e t  a16 descr ibe a system opera t i ng  i n  the  decay mode 

sampling through as many as ten  p o r t s  and i n j e c t i n g  through f i v e  p o r t s  on an 

h o u r l y  basis .  S i m i l a r l y ,  repo r t s  on m u l t i - p o i n t  cons tant  concent ra t ion  

systems have been pub1 ished i n  sweden7, ~enmark8,  ~ w i  t ze r l andg  and t h e  Un i ted  

~ i n ~ d o m l O .  

To a l l e v i a t e  t h e  concerns o f  s i n g l e  zone operat ion,  and a l l ow  mu1 t i - z o n e  

studies,  the  o r i g i n a l  Mark I1 apparatus was conver ted t o  a four-zone sample 

and i n j e c t i o n  system. A d e s c r i p t i o n  of t h e  remodel led equipment, i t s  

opera t ion  and programming are g iven i n  Appendix A. Two programs were w r i t t e n  

t o  c o n t r o l  t h e  machine i n  two modes o f  operat ion.  The f i r s t  program 



main ta ins  a  constant  t r a c e r  gas l e v e l  i n  f o u r  d i f f e r e n t  zones, b u t  ca l cu la tes  

a  s i n g l e  value f o r  the  i n f i l t r a t i o n  r a t e  based on the  combined volume o f  a l l  

f o u r  zones. Th is  bypasses problems o f  man i fo ld  systems and t h e  need f o r  

equal backpressures. The second program mainta ins a  constant  t r a c e r  gas 

l e v e l  i n  f o u r  d i f f e r e n t  zones and ca l cu la tes  a  separate a i r  change r a t e  f o r  

each zone. 

Theory o f  Operat ion and Contro l  

The use o f  t r a c e r  gas a t  a  constant  concen t ra t i on  i n  the  house a i r  t o  

measure the  a i r  change r a t e  i s  based on t h e  f o l l o w i n g  equat ion f o r  steady 

s t a t e  cond i t i ons :  

where 

i = i n f i l t r a t i o n  ra te ,  m3 a i r / h r  

;I = t r a c e r  i n j e c t i o n  r a t e ,  n3 t r a c e r / h r  

c  = concent ra t ion  o f  t r a c e r  i n  t h e  house a i r ,  m3 t racer /n3  a i r .  

As t h e  a i r  i n f i l t r a t i o n  proceeds, t r a c e r  gas i s  l o s t  t o  t h e  outdoors along 

w i t h  t h e  heated house a i r .  The amount o f  t r a c e r  remaining i n  the  house i s  

measured by the  de tec to r  sec t i on  o f  the  a i r  i n f i l t r a t i o n  measurement device, 

and t h e  amount o f  a d d i t i o n a l  t r a c e r  requ i red  t o  ma in ta in  the  constant  

concent ra t ion  i s  c a l c u l a t e d  and i n j e c t e d  i n t o  the  space. As i s  seen from the  

above equation, the  amount o f  t r a c e r  gas i n j e c t e d  i n t o  t h e  space i s  d i r e c t l y  



proportional t o  the  amount of a i r  i n f i l t r a t i o n  when the  concentration of 

t r ace r  gas i n  the  a i r  i s  maintained a t  a  constant level .  

The control of the  amount of SF6 added t o  the space i s  based on a  normal 

r a t e  of in ject ion adjusted by a  proportional control and a  d i f fe ren t ia l  

control .  The proportional control takes the difference between the amount of 

SF6 i n  the a i r  and the s e t  point and adjusts  the  amount of SF6 injected in 

proportion t o  t h i s  difference. The d i f fe ren t ia l  control algorithm adjusts  

the  amount of SF6 in jected based on the r a t e  of change of the SF6 

concentration w i t h  time. The equation below presents t h i s  i n  mathematical 

form: 

Kp(CO - S )  Ko(CO - C1) 
= Nnorm 

- - 
V~ v~ 

where: 

VI 
= volume of SF6 per in ject ion;  a l l  amounts of SF6 injected a re  

integral  multiples of t h i s  volume, m 3 

N = in teger  number of SF6 volume in jec t ions ,  each of volume VI 

Nnorm = normal number of SF6 volume in jec t ions ,  adjusted a f t e r  every 

calculat ion of N 

Kp 
= proportional gain fac tor ,  constant 

KD 
= di f fe ren t ia l  gain fac tor ,  constant 

Co 
= SF6 concentration of present reading 

C1 = SF concentration of previous reading 
6 

S = s e t  point o r  control point f o r  SF6 concentration 

The Mark I1 i n j ec t s  SF6 by f i r i n g  the in jec tor  valve s e t .  The volume of SF6 



i n j e c t e d  i s  thus  a  mul t ip l e  of  t h e  volume of t h e  i n j e c t o r  valve s e t .  The 

normal number of i n j e c t i o n s  i s  ad jus t ed  a f t e r  each c a l c u l a t i o n  of  N based on 

t h e  d i f f e r e n c e  between N and N n o r m  and a small gain f a c t o r  appl ied  t o  t h i s  

d i f f e r e n c e .  The i n f i l t r a t i o n  l eve l  i s  c a l c u l a t e d  from the  sum of t h e  number 

of i n j e c t i o n s  g iv ing  t h e  volume of SF i n j e c t e d  over  t h e  time period.  
6  

C a l i b r a t i o n  and Tes t s  

Ca l ib ra t ion  of the Mark I 1  was done using a  sea l ed  tes t  room of about  

25 m3 volume a t  t h e  P r a i r i e  Regional S t a t i o n  of IRC. Two types of t e s t s  were 

performed. The f i r s t  c a l i b r a t e d  t h e  SF6 d e t e c t o r  a g a i n s t  a  known 

concent ra t ion  of SF6 varying from 2.3 p a r t s  per b i l l i o n  (ppb) t o  13.2 ppb 

plus o r  minus 0.1 ppb. Measured amounts of SF6 were i n j e c t e d  i n t o  the  t e s t  

room and allowed t o  mix thoroughly. The equi l ibr ium d e t e c t o r  vol tage  was 

measured a t  each concent ra t ion  f o r  each of t h e  fou r  zone sample valve s e t s  

and a  l e a s t  squares l i n e a r  regress ion  was appl ied  t o  t h e  da ta .  This  

c a l i b r a t i o n  r o u t i n e  must be c a r r i e d  o u t  a t  r e g u l a r  i n t e r v a l s  and should be 

done a t  l e a s t  once a  yea r .  Any very low leakage chamber can be used, with 

t h e  only s t i p u l a t i o n  being t h a t  i t  i s  of s u f f i c i e n t  s i z e  s o  t h a t  t h e  small 

i n j e c t e d  amounts of SF6 can produce accura t e  concen t ra t ions  i n  the  order  of 

p a r t s  per b i l l i o n .  The equat ion f o r  t h e  i n i t i a l  c a l i b r a t i o n  f o r  each valve 

s e t  i s  presented below followed by t h e  index of de terminat ion ,  r 2 .  

Zone 1: SF (ppb) = -2.0363 + 0.2025 . ( m V ) ,  r2  = 0.9969 
6 

Zone 2: SF6 (ppb) = -2.2038 + 0.1915 - ( m V ) ,  r2 = 0.9980 

Zone 3: SF (ppb) = -2.4088 + 0.2010 . ( m V ) ,  r2 = 0.9974 
6 

Zone 4: SF6 (ppb) = -2.1215 + 0.1722 - ( m V ) ,  r* = 0.9963 



The d i f f e r e n c e s  i n  the  c a l i b r a t i o n  curves a r e  due t o  c a r r i e r  gas pressure 

d i f ferences f l o w i n g  through each o f  t h e  f o u r  sampling valves and sw i t ch ing  

va lve  t o  the  column and detec tor .  The pressure d i f fe rences are  i nhe ren t  i n  

the  d i f f e r e n t  va lve  mechanisms themselves and i n  t h e  d i f f e r e n t  t ub ing  paths 

requ i red  t o  r o u t e  the  c a r r i e r  gas. 

F i e l d  t e s t s  were conducted i n  a  low leakage house i n  Saskatoon t o  

examine the  s t a b i l i t y  o f  the  SF6 l e v e l  as c o n t r o l l e d  by t h e  Mark 11. 

F igure  1 i s  a  p l a n  o f  t h e  main f l o o r  o f  the  house w i t h  the  sample and 

i n j e c t i o n  p o i n t s  f o r  zones 1, 2 and 3 shown. Zone 4 was i n  t h e  u n f i n i s h e d  

basement. F igu re  2 i s  a  g raph ica l  p resen ta t i on  o f  the  concent ra t ion  o f  SF6 

t r a c e r  i n  f o u r  separa te ly  c o n t r o l l e d  zones w i t h i n  t h e  house. Dur ing t h i s  

t e s t  t h e  furnace f a n  was run  cont inuous ly  and a l l  i n t e r i o r  doors were l e f t  

open. A i r  sampling was done a t  a  c e n t r a l  l o c a t i o n  i n  each zone and the 

t r a c e r  was i n j e c t e d  a t  a  fo rced  a i r  r e g i s t e r  w i t h i n  t h e  zone. The t r a c e r  

shows an acceptably cons tan t  concen t ra t i on  over t ime i n  a l l  zones and a l l  

zones show approximate ly  t h e  same concent ra t ion .  

An example o f  a  q u a l i t a t i v e  a i r  f l o w  t e s t  i s  shown i n  F igu re  3. For  

t h i s  t e s t ,  a l l  forced a i r  c i r c u l a t i o n  was shut  o f f  and t h e  house was heated 

w i t h  smal l  e l e c t r i c  res i s tance  heaters. The SF6 discharge system was 

suppressed from w i t h i n  the  sof tware by s e t t i n g  the  maximum number o f  SF6 

d ischarges t o  zero f o r  a l l  va lue sets.  Th i s  l e f t  the  Mark I1  on ly  capable o f  

sampling t h e  a i r  i n  each zone. A t  the  s t a r t  o f  the t e s t ,  4.5 m l  of pure SF6 

was i n j e c t e d  i n t o  t h e  house us ing  a  syr inge.  Th i s  was done near the  sampling 

p o i n t  f o r  Zone 1, i n  one i n j e c t i o n .  I n  F i g u r e  3, t h e  concen t ra t i on  of t r a c e r  

i n  a l l  four  zones i s  p l o t t e d  over t ime, s t a r t i n g  immediately a f t e r  the  t ime 



of i n j e c t i o n .  Zone 1 shows a h igh  concent ra t ion  of t r a c e r  a t  the  s t a r t  which 

then decays. Zones 2, 3 and 4 show a n e g l i g i b l e  concent ra t ion  a t  the  s t a r t  

which then r i s e s  t o  an e q u i l i b r i u m  value w i t h i n  one hour. Using t h i s  type o f  

t e s t  a q u a l i t a t i v e  app rec ia t i on  o f  a i r  f lows w i t h i n  the  house by convect ive 

forces can be obtained. S i m i l a r l y  by opera t ing  the  mechanical systems, a i r  

f lows by va r ious  means and m ix ing  t imes between zones can be inves t iga ted .  

A second unoccupied low leakage house was used t o  t e s t  t h e  o v e r a l l  a i r  

leakage measurement accuracy o f  t h e  system. To do t h i s  a f a n  was i n s t a l l e d  

i n  an e x t e r i o r  doorway and a i r  was exhausted from t h e  house, c r e a t i n g  a 

negat ive  i n t e r n a l  pressure r e l a t i v e  t o  outdoors throughout the  house. Th i s  

ensured t h a t  a l l  openings were i n f i l t r a t i n g  ou ts ide  a i r .  The Mark I 1  a lso  

measured t h e  a i r  i n f i l t r a t i o n  summing t h e  r e s u l t s  i n  a l l  zones. Three 

separate measurements were accomplished i n  t h e  a v a i l a b l e  t e s t  per iod.  The 

r e s u l t s  a r e  p l o t t e d  i n  F igu re  4. The r e s u l t s  f o r  t h e  Mark I1  show an 

i n f i l t r a t i o n  r a t e  from 6.2 percent  t o  17.9 percent  lower than t h a t  measured 

through t h e  exhaust fan. 

The t h i r d  t e s t  s i t e  was a t  a l a r g e  th ree -s to ry  i n s t i t u t i o n a l  b u i l d i n g  

w i t h  a t o t a l  volume o f  42,000 m3. Th is  b u i l d i n g  i s  mechanical ly v e n t i l a t e d  

and c o n t r o l l e d  by f o u r  separate HVAC systems c o n t r o l l i n g  f o u r  zones. The 

Mark I1  was i n s t a l l e d  t o  sample a i r  and i n j e c t  SF6 a t  each HVAC system. Zone 

one i s  made up o f  t h e  basement and t h e  main f l o o r .  Zone two i s  the  second 

f l o o r  and zone t h r e e  i s  the  t h i r d  f l o o r ,  which housed the  mechanical room and 

equipment. Zone four i s  comprised o f  a l l  t h e  s t a i r w e l l s  and s t a i r  sha f t s  i n  

t h e  b u i l d i n g .  The a i r  change r a t e s  va r ied  upwards from 0.3 a i r  chanqes per  

hour. The f a c i l i t y  i s  l oca ted  i n  Lethbridge, A l b e r t a  and was completed i n  

1981. F igu re  5 i s  a graphical  p resen ta t i on  s i m i l a r  t o  F igu re  2, showing t h e  



concentration fo r  SF6 over time in  each of the  four zones. Discharge volumes 

fo r  each inject ion were increased fo r  t h i s  t e s t .  Again, the  t racer  shows 

r e l a t i ve ly  constant values. 

Tests were a l so  performed on the Mark I1 using the  sealed t e s t  room, t o  

determine the  machine's s ens i t i v i t y  t o  the proportional and d i f f e r en t i a l  gain 

fac tors  Kp and KD. These fac tors  determine how quickly the  machine i s  able 

t o  respond to  widely varying a i r  change r a t e s .  The machine's s ens i t i v i t y  t o  

the update r a t e  applied t o  the normal number of discharges N n O r m  was 

investigated a t  the  same time. These th ree  parameters were changed for  each 

t e s t .  The room was vent i la ted with a known a i r  change r a t e  and the Mark I1 

monitoring was i n i t i a t e d  with no SF6 t r ace r  gas i n  the  room, so t ha t  i t  

immediately began inject ing a maximum amount of SF6 a f t e r  each a i r  sample was 

taken. After  the  level of SF6 was s tab i l i zed  a t  the control l eve l ,  the 

ven t i l a t ion  was increased in one step. When the  t r ace r  concentration was 

s t ab i l i z ed  again, the  vent i la t ion r a t e  was decreased in a s ing le  s tep t o  the 

or iginal  l eve l .  The concentration of t r ace r  gas and the number of in ject ions  

per cycle were continuously recorded throughout the t e s t  period. 

Figure 6 gives r e s u l t s   sing values of 0.5 fo r  the proportional gain 

f ac to r  Kp, 0.25 for  the d i f f e r en t i a l  gain fac tor  Kg, and 0.1 fo r  the update 

r a t e  on N n o r m  as  defined on page 4. The top portion of the graph shows the 

ven t i l a t ion  r a t e  in  the  sealed t e s t  room, varying by s tep inputs as shown. 

The centre  portion shows the  number of in jec t ions  per cycle ,  one point fo r  

each cycle. These a re  a l l  in teger  numbers. The bottom portion of the  graph 

shows the  SF6 concentration in  the  room. The control level was a t  10 ppb. 



The concent ra t ion  remains f a i r l y  s t a b l e  once i t has reached e ~ u i l i b r i u m .  

There i s  a  s l i g h t  decrease i n  t h e  concent ra t ion  immediately f o l l ow ing  t h e  

step increase i n  the  v e n t i l a t i o n  r a t e  and s i m i l a r l y  a  s l i g h t  increase i n  SF6 

l e v e l  f o l l o w i n g  the  step decrease i n  v e n t i l a t i o n .  Both pe r tu rba t i ons  l a s t e d  

f o r  on l y  a  s h o r t  p e r i o d  o f  t ime and t h e  concent ra t ion  o f  t r a c e r  soon re turned 

t o  t h e  c o n t r o l  l e v e l .  

Summary and Conclusion 

The Mark I1 SF6 u n i t  works w e l l  i n  main ta in ing  a  cons tant  concent ra t ion  

o f  SF6 t r a c e r  gas i n  f o u r  separate zones. From mon i to r i ng  c o n t r o l  and 

i n j e c t i o n  o f  t r a c e r  gas the  machine can c a l c u l a t e  a  bu l k  i n f i l t r a t i o n  r a t e  o r  

i n d i v i d u a l  i n f i l t r a t i o n  r a t e s  f o r  each o f  t h e  f o u r  zones i n  the  bu i l d ing .  

The c a l i b r a t i o n  o f  the  machine's de tec to r  should be performed on a  r e g u l a r  

basis ,  a t  l e a s t  y e a r l y  and more f requen t l y  w i t h  cont inuous use. Contro l  o f  

t h e  machine can be a l t e r e d  by changing opera t ion  i n p u t s  du r ing  s ta r tup ,  so 

t h a t  the  i n j e c t i o n  o f  t r a c e r  gas can be suppressed i n  any o f  the  f o u r  zones. 

By S e t t i n g  t h e  i n j e c t i o n  r a t e  t o  zero and mon i to r i ng  t h e  d ispersa l  o f  a  s l u g  

i n j e c t i o n  o f  t r a c e r  gas, an app rec ia t i on  o f  a i r  f lows i n  a  b u i l d i n g  can be 

obtained. 
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ZONE I 

@ DISCHARGE 

0 S A M P L E  

F i g u r e  1 . P l a n  o f  l o w  leakage  house used f o r  t e s t s ,  showing sample and 
d i s c h a r g e  p o i n t s  i n  t h r e e  main  f l o o r  zones. Zone 4 i s  i n  t h e  
basement w i t h  s e p a r a t e  sample and d i s ~ h a r g e  p o i n t s .  



ELAPSED TIME, MINUTES 

Figure 2. Tracer gas concent ra t ion  i n  low leakage house. 
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Figure 3. Tracer gas dispersion test with s;ug injection in zone 1. 
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Figure 4 .  Comparison o f  fan induced a i r  change r a t e  with Mark I1  r e s u l t s .  
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Figure 5. Tracer gas concentration in large four-zone institutional building. 
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Figure 6 .  Response o f  Mark I1  to ventilation rate change 
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Appendix A 

Desc r ip t i on  o f  Equipment 

There a r e  s i x  main components which comprise the  Mark 11. These are  

shown on F igu re  7 and are  l a b e l l e d  t o  match the  numbers below. 

(1) The f i r s t  o f  these i s  t h e  lower chassis  module, i n s t a l l e d  on a  wheeled 

t r o l l e y .  The lower chassis houses an SF6 de tec to r  chromatograph. The 

de tec to r  c e l l  i s  f i t t e d  w i t h  a  low energy source o f  0 r a d i a t i o n .  Th is  

i s  an iso tope o f  N icke l ,  Ni63 w i t h  a  s t reng th  o f  10 m i l l i c u r i e s  mounted 

c o a x i a l l y  around a  c o l l e c t o r  p i n  w i t h i n  the  de tec to r  c e l l .  The detec tor  

c e l l  must be c o n t i n u a l l y  f l ushed  w i t h  a  dry, oxygen f r e e  supply o f  argon 

c a r r i e r  gas. A sample o f  house a i r  w i t h  SF6 t r a c e r  gas can be i n j e c t e d  

i n t o  the  stream o f  argon by a  v a l v i n g  arrangement. Th is  sample i s  

pushed along by the  argon c a r r i e r  through a  l e n g t h  o f  t ub ing  c a l l e d  a  

column. Th i s  i s  packed w i t h  100-120 mesh aluminum ox ide  A12D3, which 

separates the  components o f  t h e  a i r  sample by r e t a r d i n g  each component 

by a  d i f f e r e n t  amount. As w e l l  the lower  chasis  conta ins  sample and 

swi tch ing  valves, a i r  pumps, e l e c t r i c a l  r e l a y s  and an argon c a r r i e r  gas 

r e g u l a t o r  w i t h  space f o r  a  small argon b o t t l e  f o r  use i n  t r a n s i t .  

( 2 )  The SF6 discharge u n i t  i s  the  SF6 supply b o t t l e  w i t h  a  f o u r  set ,  e i g h t  

va lve  discharge u n i t  mounted t o  i t  i n  a  sealed removable enclosure. 

Th i s  u n i t  inc ludes  an SF6 pressure r e g u l a t o r  which can be adjusted t o  

vary t h e  volume o f  a  s i n g l e  SF6 discharge on each o f  the  va lve  sets. 

( 3 )  The t h i r d  component i s  t h e  pressur ized a i r  tank used t o  ac tua te  the  

s l i d i n g  sample valves. 



(4) The fou r th  component i s  the  l a r g e  argon c a r r i e r  gas b o t t l e .  

( 5 )  The f i f t h  component i s  t h e  upper chassis  con ta in ing  a  system vo l tmeter  

and t h e  i n t e r f a c e  panel and i n t e r f a c e  c i r c u i t  boards f o r  the  sample and 

sw i t ch ing  valves and the  discharge va lve  sets. 

( 6 )  The l a s t  major  component i s  a  Hewle t t  Packard 9825s c a l c u l a t o r  which 

ac ts  as the  c e n t r a l  processor u n i t  and data storage device, us ing  the  

data storage tape. There are th ree  p o r t s  a t  t h e  back o f  the HP9825S f o r  

t h e  i n s e r t i o n  o f  t h ree  Hewle t t  Packard i n te r faces .  These c o n s i s t  o f  the  

system c lock ,  a  1 6 - b i t  i n p u t l o u t p u t  i n t e r f a c e  and an HP-IB ( i n t e r f a c e  

bus) i n t e r f a c e .  

The h e a r t  o f  the  SF6 a i r  i n f i l t r a t i o n  apparatus i s  an IT1  Model 505 

SF6 de tec to r  chromatograph d i s t r i b u t e d  by I o n  Track Inst ruments Inc. o f  

Bu r l i ng ton ,  Massachussetts. Th i s  u n i t  has been a l t e r e d  by removing t h e  

r o t a r y  sampling va lve  and rep lac ing  i t  w i t h  a  four -va lve  arrangement f o r  

sampling i n  f o u r  zones. Each o f  these f o u r  sampling va lves  i s  a  Con-Dyne 

Model LOV-8-6 w i t h  s l i d i n g  ac t ion .  Two valves are  mounted t o  an a i r  d r i v e n  

s l i d i n g  ac tua to r  so t h a t  as t h e  ac tua to r  i s  f i r e d ,  t h e  f r o n t  va lve  takes a  

sample. As the  ac tua to r  i s  re leased and r e t u r n s  t o  s t a r t i n g  p o s i t i o n ,  the  

t h e  r e a r  va lve  takes a  sample. Two o f  these systems are  mounted back t o  back 

w i t h  a l l  f o u r  va lves and two ac tua tors  (F igu re  8) .  I n  between the  systems i s  

a  stream s e l e c t i o n  valve. Th is  i s  a  Car le  Model 2029 r o t a r y  va lve  f o r  f o u r  

zone s e l e c t i o n  w i t h  un in te r rup ted  f l ow  f o r  t h e  non-sampling streams. 

The de tec to r  and valves are  a l l  housed i n  the  lower chassis u n i t .  

Setup o f  t h e  Mark I 1  i s  accomplished as fo l l ows .  The main power supply 

comes t o  the  lower chas is  and i s  d i s t r i b u t e d  t o  o t h e r  components from the  



r e a r  panel. From F igu re  7 i t  can be seen t h a t  t h e  f o u r  a i r  sample l i n e s  from 

t h e  zones are  connected t o  the  lower chas is  r e a r  panel. A s i n g l e  a i r  

d ischarge l i n e  i s  connected t o  the  SF6 discharge u n i t  and e l e c t r i c a l  

connect ion betseen the  SF6discharge u n i t  and t h e  tower chas is  i s  made by a 

spec ia l  10-wire e l e c t r i c a l  cable. The a i r  discharge l i n e  i s  s p l i t  i n  f o u r  a t  

t h e  SF6 discharge u n i t  and f e d  t o  each discharge va lve  set.  A hose from each 

discharge va lve  s e t  then goes t o  the  discharge p o i n t  i n  each zone. 

The pressur ized a i r  tank f o r  opera t ing  t h e  sample valves i s  connected 

by an a i r  hose and couplers t o  the  lower  chassis  r e a r  panel. The argon 

b o t t l e  i s  connected t o  t h e  argon r e g u l a t o r  a t  t h e  r e a r  o f  t h e  lower chassis  

by a spec ia l  h igh  pressure f l e x i b l e  hose. The upper chassis s i t s  on the  

lower  chas is  and i s  connected t o  the  lower  chassis  by a l a r g e  e l e c t r i c a l  

i n t e r f a c e  cable. 

The HP9825S c a l c u l a t o r  s i t s  on t o p  o f  the  upper chassis. The t h r e e  

p o r t s  a t  the  back o f  t h e  HP9825S are  f o r  t h e  i n s e r t i o n  o f  the  th ree  Hewlet t  

Packard i n te r faces ,  t h a t  i s  t h e  system c lock ,  a 1 6 - b i t  i npu t /ou tpu t  i n t e r f a c e  

and an HP-IB ( i n t e r f a c e  bus) i n te r face .  The 1 6 - b i t  i n t e r f a c e  i s  permanently 

w i r e d  t o  the  upper chassis.  The HP-IB i n t e r f a c e  has a cab le  f o r  attachment 

t o  t h e  r e a r  panel o f  t h e  upper chassis. An a d d i t i o n a l  cab le  may be 

piggy-backed on t h i s  r e a r  panel connect ion f o r  t h e  a d d i t i o n  o f  an op t i ona l  

Hewle t t  Packard HP9871A p r i n t e r .  

Operat ion and Programming 

Once a l l  t h e  components have been p r o p e r l y  i n s t a l l e d ,  the  p r e - s t a r t  

sequence must be completed as fo l lows.  



(1) F i r s t ,  the suggested regulator pressure on the SF6 discharge bo t t le  i s  

2.2 psig. Adjustment can be made t o  meet th i s  pressure, although any 

pressure may be used i f  the corresponding discharge volumes fo r  each 

valve s e t  are measured and i n p u t  when the program asks f o r  them. 

( 2 )  The argon tank valve should be opened and the regulator pressure a t  the 

f ron t  of the lower chassis should be s e t  t o  100 kPa (12 psig).  

( 3 )  The ca r r i e r  gas valve beside the argon regulator should be opened a t  the 

f ron t  of the lower chasis and the Rotameter above i t  should be s e t  to  

0.12 scfh. The back pressure on the SF6detector should a lso read 

100 kPa (12 psig) on the small pressure gauge on the IT1 panel. I f  i t  

does not, adjustment should be made t o  the argon regulator pressure and 

Rotameter se t t ing .  

( 4 )  The four Rotameters t o  the l e f t  of the argon pressure regulator should 

be s e t  to  a minimum flow on each gauge. One Rotameter will have i t s  

flow directed through the argon c a r r i e r  gas Rotameter to  allow a stream 

of argon gas t o  f lush the column and detector;  t h i s  Rotameter will have 

t o  be adjusted when the argon i s  directed through i t .  

(5) The Range on the f ront  of the IT1 detector chromatograph should be 

turned t o  Standing Current and the Zero adjust  knob should be turned 

completely counter-clockwise. The standing current  should be above 

60 mR f o r  good operation of the machine and will increase as the column 

and detector a r e  flushed of any impurities. 

( 6 )  The a i r  pumps can be switched on by the two toggle switches on the IT1 

panel. Only one pump is needed as  the other i s  a backup. The pump 



connected a t  t ime of p u b l i c a t i o n  i s  c o n t r o l l e d  by the  r i g h t  t ogg le  

switch. 

( 7 )  The program tape should now be i n s e r t e d  i n t o  t h e  appropr ia te  s l o t  on the  

HP9825S and a l l  Power switches tu rned on. The c o n t r o l  program w i l l  

au tomat i ca l l y  l o a d  and run  and w i l l  d i r e c t  the  user t o  per form t h e  f i n a l  

setup. Th is  cons i s t s  of s e t t i n g  the  Range t o  20 and zero ing  the  SF6 

de tec to r  on the I T 1  panel. 

The program gives an oppor tun i ty  t o  a d j u s t  any o f  t h e  i n p u t  parameters 

by press ing  t h e  Special  Funct ion  key " f O "  a t  the  upper r i g h t  o f  t h e  keyboard. 

The user  can e d i t  t h e  i npu ts  by keying i n  the  new data and press ing  

"CONTINUE". I f  the  c u r r e n t  data i s  s t i l l  v a l i d  then press ing  "CONTINUE" w i l l  

main ta in  t h e  data. The i n p u t s  t h a t  a re  requ i red  are  the l o c a t i o n ,  the  

concent ra t ion  o f  SF6 i n  the  discharge SF6 b o t t l e ,  a  d e s c r i p t i o n  and t h e  

volume o f  each b u i l d i n g  zone, the  volume o f  SF6 m ix tu re  metered by each o f  

the  f o u r  i n j e c t o r  va lve  sets, an i n i t i a l  va lue f o r  t h e  normal number o f  SF6 

discharges f o r  each o f  the  f o u r  t e s t  zones and a  maximum number o f  discharges 

t o  each zone. As w e l l  t h e  update r a t e  f o r  t h e  normal number o f  discharges i s  

i n p u t  as i s  t h e  ga in  f a c t o r  f o r  t h e  d i f f e r e n t i a l  c o n t r o l  and the  ga in  f a c t o r  

f o r  the  p ropo r t i ona l  c o n t r o l .  These th ree  values are  n o t  normal ly  ad jus ted  

b u t  remain t h e  same. The i n i t i a l  value f o r  the normal number o f  SF6 

discharges does n o t  need t o  be determined w i t h  a  g rea t  deal o f  accuracy, as 

i t  w i l l  be ad jus ted  by t h e  ac tua l  number o f  discharges and the  update ra te ;  

i t w i l l  f i n d  i t s  own normal value based on the  ac tua l  requirement f o r  t h e  

t race r .  An expected range o f  i n f i l t r a t i o n  ra tes  i s  normal ly  known based on 

t h e  cons t ruc t i on  and age o f  t h e  house, eg. 0.3 t o  0.6 ach f o r  a  standard 



Saskatoon home b u i l t  w i t h i n  the  l a s t  25 years. Using an expected value f o r  

the  i n f i l t r a t i o n  ra te ,  an i n i t i a l  normal r a t e  o f  i n j e c t i o n  can be c a l c u l a t e d  

based on t h e  f o l l o w i n g  equation. 

where: 

N 
normO 

= i n i t i a l  normal number o f  i n j e c t i o n s  

"zone 
= volume o f  the  zone t o  be tested,  m3 

I = expected i n f i l t r a t i o n  r a t e ,  ach 

15 = average number o f  machine cyc les  per  hour 

CowSF = concent ra t ion  o f  SF6 i n  t h e  discharge b o t t l e ,  % 
6 

VI = volume o f  a s i n g l e  SF6 i n j e c t i o n ,  m l  

The maximum number o f  i n j e c t i o n s  should u s u a l l y  n o t  be g rea te r  than th ree  

t imes the  normal r a t e  o f  i n j e c t i o n .  

There a r e  e leven o the r  spec ia l  f u n c t i o n  keys l a b e l l e d  " f l "  t o  " f l l " .  

Funct ion  f l  p r i n t s  a summary o f  a l l  the  hou r l y  a i r  change r a t e s  and 

corresponding t imes on t h e  paper tape t o  a maximum o f  200 hours. 

Funct ion  f 2  a l lows t h e  machine t o  p r i n t  on l y  the  hou r l y  a i r  change r a t e  and 

t h e  t ime on t h e  c a l c u l a t o r  paper tape. Funct ion  f3 a1 lows the  machine t o  

p r i n t  t h i s  as w e l l  as the  base l ine  reading, the  SF6 peak concentrat ion,  the  

number o f  SF6 discharges and summations o f  t h e  SF6 peaks and number o f  

discharges f o r  each sample taken i n  a l l  zones. Funct ion  f 4  l i s t s  the  program 

on t h e  op t i ona l  HP9871A p r i n t e r .  Funct ion  f 5  terminates the  program a f t e r  



t h e  complet ion of t h e  c u r r e n t  f o u r  zone c o n t r o l  loop. Funct ion  f 6  r o t a t e s  

t h e  stream s e l e c t i o n  o r  sw i tch ing  va lve  one qua r te r  t u r n  f o r  manual 

operat ion.  Funct ion  f 7  actuates one o f  the sample va lve  sets,  t o g g l i n g  

between t h e  two se ts  a l l o w i n g  manual t r i g g e r i n g  o f  t h e  sampling sequence. 

Funct ions f 8  t o  fll actuate  one SF6 discharge va lve  s e t  re leas ing  one volume 

o f  SF6 m ix tu re  t o  t h e  corresponding zone f o r  manual i n j e c t i o n  from opera tor  

con t ro l .  

When i n i t i a t i n g  a  new t e s t  i n  a  house o r  t e s t  space, the  concent ra t ion  

o f  SF6 i n  the  space i s  probably near zero. The Mark I 1  programmed c o n t r o l  

l e v e l  f o r  SF6 concent ra t ion  i s  10 p a r t s  p e r  b i l l i o n  (ppb). A s t a r t i n g  

concent ra t ion  c lose  t o  t h e  c o n t r o l  l e v e l  can be reached by us ing  the  manual 

SF6 discharge keys f o r  each zone and a l l o w i n g  some amount o f  t ime f o r  the  SF6 

t o  become un i fo rm ly  d i s t r i b u t e d  throughout t h e  space. The approximate t o t a l  

number o f  manual i n j e c t i o n s  t o  each zone can be est imated us ing  the  equat ion 

be1 ow: 

N .  = 'zone 
1 ConcSF 

6  "1 

where: 

Ni = i n i t i a l  t o t a l  number o f  discharges t o  the  zone 

'zone 
= volume o f  zone, m3 

VI = volume o f  a  s i n g l e  SF6 i n j e c t i o n ,  rnl 

ConcSF = concent ra t ion  o f  SF6 i n  t h e  discharge b o t t l e ,  %. 
6 



Appendix B i s  a l i s t i n g  o f  t h e  cons tant  concentrat ion,  four-zone program 

f o r  t h e  Mark I 1  HP9825S. Th is  l i s t i n g  c a l c u l a t e s  a s i n g l e  i n f i l t r a t i o n  r a t e  

r a t h e r  than zone i n f i l t r a t i o n  ra tes .  L ines  0 t o  37 are  f o r  i n i t i a l i z a t i o n  

and set-up o f  the  program and machine. L ines  38 t o  56 are  f o r  the  s ta r t -up  

o f  t h e  machine, f o r  synchroniz ing the  sampling valves, t h e  swi tch ing  va lve  

and t h e  c o n t r o l  loop. Th i s  i s  done by f i r i n g  sample va lve  one and l o o k i n g  

f o r  oxygen i n d i c a t i o n  through one o f  t h e  sw i t ch ing  va lve  po r t s .  L ines  57 t o  

87 are  the  four-zone loop f o r  d i r e c t i o n  t o  the SF6 measurement, c o n t r o l  and 

i n j e c t  modules. L ines  88 t o  117 check t ime parameters, c a l c u l a t e  a i r  change 

r a t e s  a t  appropr ia te  t imes, f i l e  i n fo rma t ion  on t h e  smal l  data tape and check 

boundary cond i t i ons  t o  see t h a t  the  machine i s  opera t ing  s a t i s f a c t o r i l y .  A l l  

these checks are  done a f t e r  each four-zone c o n t r o l  sequence, and i f  the  

opera tor  wishes t o  end the  t e s t ,  the  te rm ina t i on  occurs i n  t h i s  segment. 

L ines  118 t o  129 make up the  "BASERD' subrout ine  t o  measure the  base l ine  

vo l tage o f  the  SF6 de tec to r  be fore  a sample i s  passed through. L ines  130 t o  

203 make up t h e  major "PEAKRD" subrout ine t o  f i r s t  o f  a l l  l ook  f o r  the  oxygen 

vo l tage  peak and then look  f o r  and measure the  SF6 vo l tage peak as i t passes 

through t h e  detector .  The vo l tage i s  conver ted t o  a t r a c e r  concent ra t ion  and 

t h e  amount o f  SF t o  be i n j e c t e d  i s  c a l c u l a t e d  i n  o rder  t o  main ta in  t h e  
6 

cons tant  concentrat ion.  W i t h i n  t h e  PEAKRD subrout ine  i s  the  "START" 

subrout ine.  Th is  commences a t  the p o i n t  where t h e  SF6 peak i s  recognized and 

measured and i s  s e t  t o  run  w h i l e  the  f i r s t  oxygen peak i s  sampled when 

synchroniz ing the  program and valves. L ines  208 and 213 make up the  "INJECT" 

subrout ine  t o  i n j e c t  SF6 on command from t h e  program. Data e n t r y  i s  done i n  



t h e  subrout ine "DE' i n  l i n e s  214 t o  233. This subrout ine can be entered a t  

any t ime by press ing  t h e  f u n c t i o n  key f O .  Data can be re-entered by press ing  

t h e  "CONTINUE" key o r  new data can f i r s t  be keyed i n .  L ines  234 t o  241 make 

up t h e  "REPRINT" subrout ine entered by press ing  the  f u n c t i o n  by f l .  Lines 

242 t o  254 make up t h e  e r r o r  ca tch ing  subrout ine which p r i n t s  an e r r o r  

message and cont inues o r  r e s t a r t s  the  program. 



Appendix B 

O : "COMSTWl' C0NCE;URATIOlrl MEF3C)n": 

I :  d i m  L $ l 2 0 1  ,G[181  , T [ 2 4 1  ,11241  , h [ l ]  , A S [ 1 , 8 ]  , C $ [ 1 6 1  , B [ 2 1  
2: d i m  H[2OO] ,K[2001  ,D[41 , t l [ 4 1  ,N[41 , O [ 4 ]  , P [ 4 ]  ,R[41  
3: O + r O + r l + O ; l + r 1 3  
4: o n  e r r  "FSET" 
5:  w r t  9 , "R"  
6 :  w r t  9 , " R " ; r e d  9 ,C$ 
7: " "+LS 

8: t r k  0  ; 1 d k  1 
9:  1dE 5 , L S , S [ * ]  
1 0 :  f x d  1:cB 1 ; c f g  2 ; c f g  3 ; c f g  4 ; c f g  5 ; c f q  6 ; s f q  14 
11: f o r  I = 6  to  1 8 5  
1 2 :  fclf I 
1 3 :  i d £  F,U 
14: i f  TZ=:):*ito 1,s . , 

n c u t  I 
f? l t  l , c S , f l O . S  
E n t  2 , c , f 5 . 1 , ~ , £ 5 . l , c , f 3 . 0  
f m t  3 , c 5 , £ 1 0 . 3  
E n t  4 , c 5 , f 1 0 . 0  
f m t  5 , ~ 2 , f a . l , c 2 , f 4 . 0  
f m t  G , f 3 . 0 , f 6 . 0 , £ 7 . 3  
f m t  7 , c R , f l . O , f 6 . 0  
E i n t  B , c G , f 1 . 0 , f 9 . 0  
vrtb 2 , 1 2 3  , 1 3 0 , 1 3 1 , 1 3 2 , 2 7 3 , 2 7 4 , 2 7 5 ,  27G,2 ,0  
f a r  1=1 to  50  
,359 "filJTr> : P R  S S  f  O r0 CIIA3.IGE DZT2\" 

; i a i  t 2 0 O ; i f  f l c y 2 ; q t o  30 
n e x t  I 
q t o  32 
g s b  "DEW 

c f g  2 ; w r t  9 ,   red 9 , C S ; q t o  25 
d s p  " S E T  RANGE '420" 
f o r  1=1 to  5 ; b e e p ; w a i t  1 0 0 0 ; n e x t  I 
d s p  " Z E R O  SFG DETECTOR" 
f o r  1=1 to  l 0 ; b e e p ;  w a i  t 50 0 ; n e x  t I 
dsp "SET SF6 REGULAmR TO 2 . 2  P S I "  
for  I=1 t o  3 ; b e e p : w a i t  2 0 0 0 ; n e x t  I 
c l r  7 ; r e m  7 : l l o  7  
w r t  7 2 4 ,  "D. 0  000OlS,NlS,E4S,Rl,T3,Fl'' 
w t h  2 , 6 6 ; w a i t  1 0 0 0 ; w t b  2 , 1 3 0 , 6 5 ; w a i t  1 0 0 0 ; w t b  2 , 1 2 9  
f ~ r  A = l  t o  2 ; w a i t  3 0 0 0 0 ; n e x t  A:1+K;O+R;100O+A;gsb "UASEPD" 
w t b  2 , 6 B ; w a i t  2 0 0 0 ; w t b  2 , 1 3 2  
R+ . 1 + M  
g s b  "STAKr" 
i f  D > x * l O O O ; b e e p ; b e e p ;  b e e p ;  g t o  5 5  
c l r  7 ; r e m  7 ; l l o  7  
w r t  724,"D.O00001S,NlS.E4S,R1,T3,Fl" 
O + R + D ;  1 0  0O.R 
g s b  "BRS ERD" 

w t b  2 , 6 7 ; w a i t  2 0 0 0 ; w t b  2 , 1 3 1  



51: R+.1+4 
52:  q s h  "STXRI"" 
53:  i f  D<?I*lOOO;gto 3 8  
5 4 :  w t h  2 , 6 6 ; w a i  t 1 0 0 0 ; w t h  2 , 1 3 0 , b S ; w a i t  1 0 ~ ; w t b  2 , 1 2 9  
55:  for  A = l  to  2 ; w a i t  3 0 0 0 0 ; n e x t  A ; O + O + l l [ 1 ] + ~ [ 1 ] + ~ [ 1 ] + I ~ [ 1 ]  + ~ [ 1 1  
5 6 :  c l r  7 2 4 ; l c l  724  
5 7 :  f o r  K = l  to  4  
50: i f  f l q 6 ; g s b  "REPRINT" 
59:  O+G+B+A; i f  f l g 2 ; g s b  "DE" 
60 :  c l r  7 ; r e q  7 ;110 7  
61:  w r t  724,"V. 0 0 0 0 0 1 S , N 1 S , E 4 5 , R 1 , T 3 , F l "  
62:  g s b  "BASERD" 
63:  i f  K = l ; w t b  2 , 6 8  
64:  i f  K=2 ;wtb  2 , 6 7  
65:  i f  K=3 ;wtb  2 , 1 3 2  
66 :  i f  K 4 ; w t b  2 , 1 3 1  
67: r ~ s b  "PEAKRD" 
60: i f  K = l ; w t b  2 , 6 6 ; w a i  t 1 0 0 0 ; w t h  2 , 1 3 0 , 6 5 ; w a i t  1 0 0 r ) ; w t h  2 , 1 2 9  
6 9 :  i f  K=2 ;wtb  2 , 6 6 ; w a i t  1 0 0 0 ; w t b  2 , 1 3 0 , 6 5 ; w a i t  1 0 0 0 ; w t h  2 , 1 2 9  
7 0 :  i f  K = 2 ; w t b  2 . 6 6 ; w a i t  1 0 0 0 ; w t h  2 , 1 3 0  
71: i f  K = 3 ; w t b  2 . 6 5 ; w a i t  1 0 0 0 ; w t b  2 . 1 2 9 , 6 6 ; w a i t  1 0 0 0 ; w t b  2 , 1 3 0  
72:  i f  K = 4 ; w t b  2 , 6 5 ; w a i t  1 0 0 0 ; w t b  2 ,129  
7 3 :  i f  N>O;gsh  "INJECT" 
74 :  i f  D = 5 ; g t o  7 7  
75:  i f  f l q 3 ; c f g  3 ; c f g  4 ; p r t  "***FALSE PEAK***" 
7 6 :  i f  a b s ( R ) > 3 0 ; p r t  "***RASE LITJE***" ; c f g  4  
77: i f  D=5 :wr t  16.7,"NO PERK #" ,K ,P  
70: i f  f l g 5 ; g t o  1 1 7  
79 :  i f  f l g 4 ; g t o  8 3  
80 :  w r t  1 6 . 0 , " z o n e  # " , K , P  
81: w r t  1 6 . 2 ,  "SW,D,"B"  ,R[K]* lO00 , "N" ,N[K]  
8 2 :  w r t  1 6  .5 , "$S t ' ,P [K1  ,"$Nn,E1[K1 
83:  i f  K = l ; w a i  t 3 0 0 0  
84:  i f  K = 2 ; w a i t  2 0 0 0  
05: i f  K = 3 ; w a i t  3 0 0 0  
8 6 :  i f  K 4 : w a i  t 4 0 0 0  
87: w a i t  1 0 0 0 0 ; n e x t  K 
30 :  i f  f l g 4 ; g t O  9 1  
8 9 :  w r t  1 6  . l , "TIME:"  ,T 
90:  p r t  " "  

91 :  i f  a b s ( K ) > 6 0 ; w r t  16,"BASE LINE ~ ~ 1 F T " ; g t o  1 1 7  
92 : i f  r 8 > r 7  ; K  8-24+r8  
93:  " i f  r 1 2 < = 1 5 ; i f  r 6 > 1 5 ; g t o  98" :  
94:  " i f  r 1 2 < = 3 0 ; i f  r 6 > 3 0 ; g t o  98": 
95:  " i f  r 1 2 < = 4 5 ; i f  r 6 > 4 5 ; g t o  98" :  
9 6 :  i f  r 1 2 > r 6 ; g t o  98 
97: g t o  " N o p r i n t "  
90: ( r l - r 5 ) / ( r 7 - r 8 ) * 1 0 0 0 / (  ( K O - r 4 ) /  ( r 9 - r 1 0 )  ) + r l 1  
97 :  r l l / G [ S ] + r l l  
1 0 0 :  r l l + H [ r l 3 1  + I  [W+11 



P*K [ r  131 +T [W+1] 
r 1 3 + l + r 1 3 ; i f  r 1 3 < 2 0 1  ; g t o  1 0 4  
2 0 0 * r l 3 ; f o r  1 = 2  to 2OO;H [ I ] + i £ [ I - l ]  ;K [ I ]*K [ I - 1 1  ; n e x t  I 
w r t  1 6 . 3  , " A C / h r W  , r l l  
wrt  1 6  .4."TIFlE" , P  
r c f  F ,L$ ,G[*I  , T I * ]  , I [ * ]  ,A[11 
r c f  5 , L $ , G [ * l  
if W=O:F+l+F;for  1=1 to 2 4 : O + I [ I ] + ~ [ I ] ; n e x t  I 
i f  F > 1 8 5 ; p r t  "TAPE FULL" ; g t O  118 
r l + r 5  
r 7 + r 8  
rO*r4 
r 9 + r 1 0  
"Nopr i n t " :  
r 6 + r l 2  
g t o  5 7  
r c f  F ,LS,G[*I  , T I * ]  , I [ * ]  , A [ l I  
w r t  16.4,"EElD @ "  ,T 
d s  P " PROGRAi4 T E W I  NATED PROPERLY ! " 
s t  I? 
"BAS ERD": 
t r g  7 2 4 ; r e d  724 ,A$[11  
f o r  1=1 to  1 0 0  
t r g  7 2 4 : r e d  7 2 4 , A $ [ 1 1  
v a l  (A$  [ l l  ) +C 
C+B+B 
w a i t  5 
n e x t  I 
B/lOO+R+R[K] 
R+. 5+L 
R+.O E * F I  

d s p  " b a s e  l i n e  = " , ~ * 1 0 0 0 , " m v . "  
r e t  
"PEAKRD" : 
O + E ; f o r  H = l  to  2 5  
t r g  7 2 4 ; r e d  7 2 4  , A $ [ l I  
v a l  (A$ [ l ]  ) +E+E 
A+l*A 
i f  A>50 00;5+D; w r t  9,"R" ; g t o  1 9 0  
n e x t  H ; E / 2 5 + E ; i f  E<L; g t o  1 3 5  
O*E; fo r  H = l  t o  2 5  
t r  q 72 4 ;  r e d  724  ,A$ [ 11  
4 + 1  *A 
i f  A>5000;5*D; wr t  9,"R" ; g t o  1 9 0  
v a l  (A$ [ l ]  ) +E*E 
n e x t  11; E / 2 5 + ~ ; i f  ~ > ~ + . 0 5 ; g t o  1 4 1  
R+. O5*C*G 
O+E 
f o r  ~ = l  to  50  ; w a i t  5  
t r g  7 2 4 ; r e d  7 2 4 , A $ [ 1 1  



v a l  (A$ [ l l  ) +E+E 
A+ l + A  
if A > 5 0 0 0 ; 5 + D ; w r t  9 , " R " ; g t o  1 9 0  
n e x t  H 
E / 5 0  + E  
i f  E < C ; E + C ; g t o  1 4 8  
"ST ARl' " : 
0 +E 
fo r  1=1 t o  1 0  
w a i  t 1 
t r ~  7 2 4 ; r e d  7 2 4 , A $ [ l ]  
v a l ( A $  I l l )  +E+E 
n e x t  I 
r \ + l  O + A ; i f  A > 5 0 0 0 ; 5 + D ;  w r t  9 , ' R "  ; g to  1 9 0  
E / 1  O+E 
i f  E < \ l ; q t o  1 5 8  
b e e p ; w r t  9 , " R "  
E4+G 
f o r  H = l  to 50 
O+E 
f o r  1=1 to  5 
t r g  7 2 4 ; r e d  7 2 4 , A $ [ 1 1  
v a l  (A$ [ I ]  ) +D 
D+E +E 
w a i t  5 
n e x t  I 
E/S+E 
i f  E > G ; C + G  
n e x t  H 
i f  G > C  ; G + C ;  g to 16 8 
c l r  7 2 4 ; l c l  7 2 4  
( C - R ) * l e 3 + D  
i f  K = l ; D * . 2 0 2 5 - 2 . 0 3 6 3 + D  
i f  IZ=2 ;D*. 1 9 5  5 - 2 . 2  0 3 8  +D 
i f  K = 3  ; D * . 2 0 1 - 2 . 4 0 8  8+D 
if K = ~ ; D * .  1 7 2 2 - 2 . 1 2 1 5 + D  
i f  0 - D > 5 ;  i f  D < 1 6 ; s f  g 3 
i f  0 - ~ < 5 ;  i f  D > 1 6  ;if 0 < 2 4 ; O [ K 1 - D + Z  
D+D[K]  + O + O [ K ]  ; R * l e 3 + R  
red 9 , U , V , L J , X , Y  
in t ( i J* le8+V*le6+W*le4+X*lOOeY ) + A [ l ] + T  
w+x/GO+Y/36  O O + B [ 2 ]  ; i f  8 [ l l - 6  [ 2 1 > 2 3 ;  B [ 2 1 + 2  4 + B  [ 2 ]  
X + r 6  
B [ 2 ] + r 7  
i n t ( W * l O O t X ) + P  
i f  D = 5 ; i n t ( G [ K + 6 ]  ) +N;gto 1 9 8  

G [ K + ~ ] - G [ 2 ] *  ( D - 1 0 ) * G [ 5 ] / G  [ 3 ] / G  [ K + l O ] / l O - G [ l ] * Z + N  
i n t  ( N + 1 )  + N  
i f  N < l ; O + N  
i f  N > G [ 1 4 + K ]  ; G [ 1 4 + K l  +N 



201:  N * G [ K + ~ o ] * G [ ~ ] / ~ o o + s  
2 0 2 :  G [ 4 1  (N-G[K+6] ) +G[K+6) +G[K+Gl 
203: i f  B [ 2 ] > 2 4 ; B [ 2 1 - 2 4 + B [ 2 1  
204:  B [ 2 ] + B [ 1 ]  ; r 9 + 1 + r 9  
205 :  a t rO+rO;D+P[K1+P[K]  
206 :  s + r l + r l ; ~ + M [ K ] + M  [Kl ;N+N[Kl 
207:  r e t  
200 :  "INJECT": 
2 0 7 :  f o r  1=1 to  1.l 

210 :  w t b  2 , 8 0 + R ; w a i t  2 5 0 ; w t b  i , 2 7 2 + ~ ; w a i t  350  
211 :  w t b  2 , 1 4 4 + K ; w a i t  25O;wtb  2 , 2 7 2 + K , 2 , 0 ; w a i t  1 0 0 0  
212 : n e x t  I 
2 1 3 :  r o t  
2 1 4 :  "OE": 
2 1 5 :  e n t  "LOCATIOIJ: " ,L$ 
216:  e n t  "SFG COIJZE\J~TR4TIO~I (P,) : " ,G[3 ]  
217:  e n t  ":.lE'n': RING TUBE VVOUYE CC #I:" , G [ l 1 1  
2 1 8 :  e n t  "?lIFI'ERING TUBE VC)I,U:IE C C  # 2 : " , G [ 1 2 ]  
2 1 9 :  e n t  "IIETE RING TUBE VOLUYE CC $ 3 : "  ,G[131 
220:  e n t  "MET ERI13G TUBE VOLUr.lE CC $4:  " ,G[14 1 
221:  e n t  "AVERAGE $ DISCfl4RGES #l:" ,G[7 ]  
222 :  e n t  "AVERAGE # DISCSARGES # 2 : " , G [ 8 ]  
223:  e n t  "AVGR&SE # DIS:llhRSi?S #3 : "  ,G[9 ]  
2 2 4 :  e n t  "AVERAGI': # DISCHARGES # 4 :  " , G [ 1 0 ]  
2  25: e n t  "'.IAXIi~l~JI.l # DIXHARGES 41 :" , G [ l  51 
2  26: e n t  "r4RXI'-lIJtI 4 I)ISCl14RGTSS # 2 : "  , G [ 1 6 )  
2 2 7 :  e n t  "P.IRXI?IIJY Y DIXklRRGES $ 3 :  " , G [ 1 7 1  
2  28: e n t  "WAX1:IU:I # D I  S=AAR",ES # 4  : " , G  [ I 8 1  
223: e n t  "UPDATF, RRTE FOR ' ? 1 ' : "  , G [ 4 ]  
230 :  e n t  "r)IFEERE!ITII\L COFIL'ROL R&TE:" ,G[ l ]  
2 3 1 :  e n t  "PROFORPIONAT, CONrROL RqTE:" ,G[21 
232 :  e n t  "HOUSE V3LU'IE:" ,GI51 
2 3 3 :  r c f  5 , L S , S [ * ] : c f g  2 ; r e t  
2 3 4 :  "REPRINI'": 
2 3 5 :  w r t  1 6 , "  " 

235:  w r t  1 6 , "  'PIME AC/hr:" 
237: f o r  1=1 t o  r 1 3 - 1  
230: w r t  1 6 . 6 , 1 , X [ I ]  ,H [ I ] ; n 9 x t  I 
239 : i.rr t 16 -1, "TIYE" ,T 
2 4 0 :  w r t  I G , "  " 

241: c£g 6 ; r e t  
242 :  "FSET": 
2 4 3 :  i f  rom=0;  i f  e r n = 4  4 ; o r t  " F i l e "  , F , "  n o t  v e r i f i e d  " :F+l+F 
244:  i f  e r l = 1 0 7 ; g t o  1 0 7  
245 :  i f  e r l = 1 1 8 ; g t o  1 1 7  
2 4 6 :  i E  e r l = 1 2 4 : g t o  1 2 4  
247: i f  e r l = 1 3 G : g t o  1 3 6  
249 :  i f  e r l = 1 4 2 ; g t o  1 4 2  
249:  i f  e r l = 1 5 0 : g t o  1 5 0  
253 :  i f  e r l = l G l : q t o  1 6 1  
251:  i f  e r l = 1 7 2 ; g t o  1 7 2  
252 :  p r t  " r ~ m "  ,rom; p r t  " e r n "  , e r n ; p r t  " e r l l ' , e r l  
2 5 3 :  q t o  3  
2 5 4 :  e n d  


