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A b s t r a c t  

S e v e r a l  t e c h n o l o g i e s  o f  d i f f e r e n t  s o p h i s t i c a t i o n  have e v o l v e d  o v e r  
t h e  years ,  i n  o r d e r  t o  come up w i t h  t h e  b e s t  p o s s i b l e  e s t i m a t e  of 
t h e  "average annua l  r a d o n  l e v e l "  i n  a  g i v e n  l o c a t i o n  a t  t h e  s h o r t e s t  
p o s s i b l e  measurement i n t e r v a l .  

The DOE-EML radon  chamber and o t h e r  government  c  ambers have shown 
i n  numerous r e p o r t s  t h a t  t h e  p r e c i s i o n  and a c c u r  ! cy o f  d i f f e r e n t  
methods i s  n o t  n e c e s s a r i l y  improved by  s o p h i s t i c a t i o n  and c o s t  of 
t echno logy .  T h i s  may have t o  do w i t h  t h e  g r e a t  v a r i a b i l i t y  o f  r a d o n  
c o n c e n t r a t i o n s ,  w h i c h  r e a c t  t o  many e n v i r o n m e n t a l  v a r i a b l e s .  

Once i t  i s  r e a l i z e d t h a t  t h e  v a l u e  o f  a  r a d o n  measurement p e r  se 
may be l i m i t e d ,  i t  becomes i m p o r t a n t  t o  measure and u n d e r s t a n d  t h e  
d o m i n a t i n g  pa ramete rs  t h a t  c o n t r i b u t e  t o  t h e  a l l - i m p o r t a n t  r a d o n  
c o n c e n t r a t i o n .  

Pass i ve  radon  d e t e c t o r s  c a n n o t  respond  t o  e n v i r o n m e n t a l  parameters ,  
e x c e p t  f o r  h u m i d i t y  i n d i c a t i o n  by some c h a r c o a l  d e v i c e s .  A c t i v e  
c o n t i n u o u s  radon  m o n i t o r s  have t h e  c a p a b i l i t y  t o  p r i n t  o u t  h o u r l y  
measurements o f  r a d o n  and, i n  some cases, o f  a i r  p r e s s u r e ,  tempera-  
t u r e ,  h u m i d i t y ,  and m o t i o n  sens ing .  B u t  t h e r m a l l y  p r i n t e d  r e c o r d s  
a l l o w  o n l y  l i m i t e d  e v a l u a t i o n ,  and t h e  s u p p o r t i n g  d a t a  i s  g e n e r a l l y  
accep ted  t o  be o f  t a m p e r - i n h i b i t i n g  v a l u e  o n l y .  

The G e n i t r o n  Company has r e c o g n i z e d  t h a t  h i g h - p r e c i s i o n  measurement 
o f  t h e  m a j o r  pa ramete rs  t h a t  i n f l u e n c e  r a d o n  emanat ion  may be as 
i m p o r t a n t  t o  u n d e r s t a n d  r a d o n  r e a d i n g s  a s  t h e  r a d o n  l e v e l s  themselves.  
Through h igh-powered s o f t w a r e ,  c o m p u t e r i z e d  d a t a  i s  s t o r e d  and man- 
i p u l a t e d  so as t o  u n d e r s t a n d  t h e  f o r c e s  t h a t  move radon  gas. 

A number o f  case h i s t o r i e s  a r e  p r e s e n t e d  t h a t  h e l p  u n d e r s t a n d  radon 
l e v e l s  and what  makes them change. I t  i s  b e l i e v e d  t h a t  a  new e r a  
i s  abou t  t o  dawn i n  r a d o n  work - t h e  e r a  o f  t h e  c o m p u t e r - d r i v e n  CRM. 



In t roduct ion  

I t  appears i n e v i t a b l e  t h a t  sooner o r  l a t e r  computers would invade - 
t h e  radon f i e l d  and perhaps help t h e  i n d u s t r y  i n  coping w i t h  a  
problem t h a t  i s  hard t o  pindown by l imi ted  concentrat ion measurements 
alone. 

The radon chambers o f  Radon QC have been opera t ing  f o r  over two years  
now in I l l i n o i s ,  and t h e  r a d o n l e v e l s  i n  t he  chambers have been f l u c -  
t u a t i n g , w i t h o u t  apparent  con t ro l ,  dominated by meteorological par- 
ameters such as-wind and barometric pressure.  B u t  i t - w a s  believed 
t h a t  h i g h  pressurewould  keep t h e  radon level  down, whereas low 
barometric pressure would b r i n g  out more radon and make l e v e l s  r i s e .  
This "working hypothesis" corresponds t o  t h e  s i t u a t i o n  i n  t he  typica l  
basement o f  a .  home. 

B u t  the  mu1 t i -pa ramete r  data  a c q u i s i t i o n  by A1 phaGUARD has changed 
our understandi.ng. We now k n o w  t h a t  radon l e v e l s  r i s e  i n  t h e  chambers 
w i t h  h i g h  p ressure ,  a s  t h e  a i r  pump moves l e s s  a i r  out  i n t o  t h e  atmos- 
phere, and t h e  source keeps adding t o  inc reas ing  l e v e l s .  Conversely, 
i n  bad weather, our a i r  pump sends out more a i r  and d i l u t e s  t h e  conc- 
e n t r a t i o n s .  We can counterac t  by slowing t h e  a i r  flow down. 

The point i s  - d e s p i t e  having had hundreds of instruments  and de tec tor :  
i n  the  chambers, we had t o  wai t  f o r  a  modern, computer- interact ive 
instrument t o  t e l l  what runs chamber radon concent ra t ion .  O u r  s i t u a t i o i  
does not correspond t o  t h e  s i t u a t i o n  i n  a  home basement over t h e  s l ab .  
O u r  s i t u a t i o n  corresponds t o  the  s i t u a t i o n  below t h e  s l ab .  I t  i s  below 
the  basement s l a b  where radon ge ts  slowed u p  and concentrated i n  h i g h  
pressure times, when i t  shows deple t ion  i n  t h e  house. And i t  i s  i n  
low pressure regimes when radon flows through cracks and d r a i n s  more 
f r e e l y  i n t o  basement and l i v i n g  a reas ,  thus  dep le t ing  i t s  r e s e r v o i r  
below t h e  s l ab .  

F i g .  1 shows a  6-day chamber exposure of AlphaGUARD, t w o  days each 
i n  the  low,middle  and h i g h  radon c amber. 1) ^ 
F i g .  2 shows * the  barometric a i r  pressure  recording of t h e  instrument 
f o r  the  same time. The v a r i a t i o n s  of t h e  pressure  a r e  r e f l e c t e d ,  espec. 
i a l l y  i n  the  middle and h i g h  radon chamber records.  

F i g .  3 i s  an enlargement o f  the  h i g h  radon record,  and 

F i g .  4 shows the  corres.ponding a i r  pressure  record.  

Clear ly,  the  r e l a t i o n s h i p  of preso3ure and radon i n  t h e  chamber i s  not 
inverse,  i t  i s  d i r e c t l y  propor t ional .  



F i g .  1 AlphaGUARD e x p o s u r e  i n  t h r e e  Radon Q C  chambers 
August  3 t o  A u g u s t  9 ,  1993  



Air pressure 

F i g .  2 Barometric pressure recording by AlphaGUARD during 
the exposure August 3 to  August 9 ,  1993  



Figure 3 High chamber record only 



Air pressure 

F i g .  4 Barometric pressure during h i g h  chamber reading 



T a k i n g  t h e  M u l t i p a r a m e t e r  M o n i t o r  On The Road 

I n  a  r e c e n t  a u t o m o b i l e  t r i p  f r o m  I d a h o  F a l l s ,  I D  t o  Waukeegan, I L ,  
t h e  MC-50 AlphaGUARD was l e f t  i n  "on"  p o s i t i o n  and p l a c e d  i n  t h e  
t r u n k  of  t h e  c a r .  

5 demonst ra tes  t h e  s e n s i t i v i t y  o f  t h e  m o n i t o r  i n  a  l ow- radon  
amb ien t )env i ronmen t .  The a i r - c o n d i t i o n e d  g r o u n d - f l  o o r  h o t e l  mee t ing  F- 

room had a  h i g h e r  r a d o n  l e v e l  t h a n  t h e  I d a h o  o u t d o o r s ,  abou t  
0.6 pCi11 vs. 0.35. B u t  i n  Montana and N o r t h  Dakota, d u r i n g  an 
even ing  and n i g h t  d r i v e ,  a v e r a g e  l e v e l s  o f  0.5 pC i /1  were encountered 
T h i s  would n o t  be v e r y  s i g n i f i c a n t  i n  i t s e l f ,  wou ld  t h e  l e v e l s  n o t  
have dropped t o  an average 0.25 p C i / 1  i n  c o n t i n u a t i o n  o f  t h e  j o u r n e y  
t h r o u g h  M inneso ta  and Wiscons in .  

D u r i n g  t h e  s t o p  i n  Wiscons in ,  l e v e l s  r o s e  a  h i n t  between 0.25 and 0.4 
pCi11, and f e l l  a g a i n  as t h e  t r i p  was c o n t i n u e d  t h e  n e x t  day. B u t  i n  
t h e  garage i n  I l l i n o i s ,  t h e  l e v e l  q u i c k l y  r o s e  up t o  and beyond 1.2 
p C i / l .  

The p r e s s u r e  r e c o r d  i n  F i g .  5  b e a r s  o u t  t h e  e l e v a t i o n  d r o p  f r o m  t h e  
Y e l l o w s t o n e  r e g i o n  t o  t h e  Midwest ,  and passage t h r o u g h  a  t h u n d e r s t o r m  
s t i l l  i n  Idaho.  O the rw ise ,  t h e  ba romete r  was q u i e t ,  as t h e  weather  was 
good. 

F ig .6  shows a l i v e l y  thermometer ,  s a w - t o o t h i n g  up and down a f t e r  t h e  
a i r - c o n d i t i o n e d  h o t e l  was l e f t .  A l so ,  t h e  h u m i d i t y  documents t h e  
d e p a r t u r e  and passage t h r o u g h  t h e  p o t a t o  b e l t .  Eve ry  e a r l y  morning,  
d r o p p i n g  t e m p e r a t u r e s  promote i n ~ c r e a s e d  m o i s t u r e ,  though dew-po in t  
c o n d i t i o n s  were n e v e r  reached  here .  

The m o t i o n  senso r  l o o k s  l i k e  a t r u c k e r ' s  d r i v i n g  r e c o r d .  Thus, t h e  
AlphaGUARD p r o v i d e d  a u n i q u e  documen ta t i on  o f  t h e  j o u r n e y ,  i n  demonstr .  
a t i n g  how e a s i l y  i t  n e g o t i a t e s  l o w  r a d o n  a c t i v i t y  l e v e l s .  P a r t  o f  t h i s  
f a c i l i t y  comes f r o m  t h e  e l e c t r o n i c  s u p p r e s s i o n  o f  t h e  second radon  
d a u g h t e r ' s  a c t i v i t y ,  B i -214.  The h a l f l i f e  wou ld  i n t e r f e r e  w i t h  t h e  
r a p i d  c y c l e  t i m e  o f  10 m i n u t e s .  

Which reminds  us t o  p o i n t  o u t  t h a t  t h e  p r e s e n t  I d a h o  r e c o r d  was made 
w i t h  a 60 min. c y c l e  t i m e .  
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Taking The M u l t i p a r a m e t e r  Moni tor  I n t o  A Deep Mine 

Recen t ly ,  an o p p o r t u n i t y  was a v a i l a b l e  t o  t e s t  t h e  dynamic r ange  
o f  t h e  m o n i t o r *  which c l a i m s  t o  have a  l i n e a r  r e s p o n s e  from 0.05 
t o  50*000 pCi / l  o r  2 t o  2 m i l l i o n  ~ ~ / m 3 .  

. - 

The mine o f f e r e d  o n l y  a  f o u r  o r d e r  o f  magnit:.  r ange .  T h i s  comes o u t  
n i c e l y  i n  t he  l o g a r i t h m i c  d i s p l a y  o p t i o n  w h i c h  i s  a v a i l a b l e .  P r e s s u r e s  
seem t o  d r o p  and humid i ty  seems t o  r ise where radon l e v e l s  go up, : 
and t e m p e r a t u r e s  a p p e a r  t o  i n d i c a t e  t h a t  r adon  i n c r e a s e  was ach ieved  
th rough  h o r i z o n t a l  " d e p t h "  r a t h e r  t h a n  v e r t i c a l  descend .  i 

1 
I 

F i g .  7 shows the  l o g a r i t h m i c .  r e c o r d *  a s  we11 a s  t h e  compos i t e  o f  1 
radon, g a s *  humid1 t y s  t e m p e r a t u r e  and a i r  p r e s s u r e  from t h i s  v i s i t .  1 1 

! 

M u l t i p a r a m e t e r  A p p l i c a t i o n s  of  a  Resea rch  Na tu re  

The above g iven  p r i n t - o u t s  c a n n o t  do j u s t i c e  t o  t h e  m u l t i - c o l o r  
d e m o n s d a t i o n  and u t i 1  i z a t i o n  o f  a  high-powered m o n i t o r .  I n  con- 
j u n c t i o n  w i t h  t h e  mouse and the  key b o a r d *  t h e  AlphaVIEW and 
AlphaEXPERT s o f t w a r e  e n a b l e  even t h e  u n e x p e r i e n c e d  o p e r a t o r  t o  
work o u t  r e l a t i o n s h i p s  i n  t h e  d a t a  t h a t  were p r e v i o u s l y  u n n o t i c e d .  

Recording I n d o o r  Air and S o i l  Gas w i t h  Two AlphaGUARD s i m u l t a n e o u s l y  

 he 10-min. c y c l i n g  time was used t o  r e c o r d  radon levels  i n  t h e  base-  
ment of a  house  f o r  e i g h t  days .  Radon ranged  between 8 p C i / l  and 
8 1  pCi / l  ( s e e  F ig .  8  ) 

J u s t  three f e e t  away a t  two f e e t  d e p t h *  s o i l  radon was measured* 
u s i n g  an AlphaPUMP a u x j l i a r y  u n i t  w i t h  a f l o w  o f  2 1 /h .  Though 
AlphaGUARD i s  a  p a s s i v e  m o n i t o r ,  the re  i s  an e x t e r n a l  p o r t  t h a t  ca  
accommodate a pump f o r  s p e c i a l  a p p l i c a t i o n s .  The r e c o r d s  o f  t h e  
two i n s t r u m e n t s  were  l i n k e d  by a  s o f t w a r e  command ( see F i g . 8 *  low 
p a r t ) .  

I t  i s  conc luded  t h a t  t h e  l e v e l s  a s  w e l l  a s  t h e  dynamics i n . b o t h  
r e c o r d s  l o o k  v e r y  s i m i l a r .  T h i s  i s  n o t  u s u a l l y  e x p e c t e d ,  a s  s o i l  gks 
s h o u l d  have a  h i g h e r  l e v e l  and a  g r a d i e n t  toward  t h e  house .  T h i s  
basement has  a  p e r f e c t  l i n k a g e  w i t h  t h e  s o i l .  

Using B u i l  t - I n  s e n s o r s  For  Mu1 t i  p a r a m e t e r  A n a l y s i s  

T h i s  time, basement  r a d o n . a n d  o u t d o o r ,  ambien t  radon w e r e . . c o r r e l a t e d ,  
and s u p p o r t i n g  p a r a m e t e r s  e v a l u a t e d  ( F t g .  9 )  



1: Radon EXP29 
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Fig. 7 Radon and multiparameter records from a deep mine 





. . F f g .  9 Indoor,.(basement) and outdoor (amh-tent) a i r  radon 
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The upper l e f t  diagram shows radon ranging from 5  t o  122  pCi/1 
i n  t h i s  basement. D u r i n g  the  f i r s t  t h r e e  days of t h e  f i v e  day t e s t ,  
heavy f l u c t u a t i o n s  occur,  which l a t e r o n  subside.  These may be i n  
p a r t  pressure driven (diagram 3), as  t h e  barometric pressure shows 
a  recess ive  t rend.  

I 

The corresponding outdoor l e v e l s  range from 0.03 t o  0.5 pCi/l .  
A smoothing funct ion  SMQ 6 was appl ied t o  t h e  d a t a ,  providing a  
m o v i n g  average of 1 h w i d t h .  B u t  t h e r e  appears-no  d i r e c t  co r re la t ion  
between indoor and outdoor radon. 

i 
The outdoor temperature,  showing d iurna l  cyc les ,  f e a t u r e s  an 
i n t e r e s t i n g  d i p  near  t h e  peak c lose  t o  t h e  maximumreading. 
This i s  due t o  t h e  shading of the  instrument by a  t r e e  f o r  half  an 
hour every day. 

The pressure record should be addressed, as  t h e  h ighes t  radon read 
a r e  associa ted  w i t h  f a l l i n g  pressure  (0 .25  hPa/h = 0.25 mbar/h ). 
The extremely h i g h  r e s o l u t i o n  and absence of "noise"  i n  t h e  pressu 
record a r e  noteworthy. 

I t  i s  believed t h a t  good pressure  data  a r e  an important p r e r e q u i s i t e  
t o  understanding radon movement. In d i f f e r e n t i a l  c a l c u l u s ,  t h e  f i r s t  
d e r i v a t i v e  of pressure  usual ly  i s  an important d r i v i n g  f o r c e  f o r  
radon movement, a s  well a s  f o r  radon cont ro l  o r  mi t iga t ion .  

I t  i s  concluded from this  experiment t h a t  atmospheric pressure ,  
modulated by s o l a r  ene.rgy, could be used t o  expla in  t h e  main f a c t o r s  
t h a t  make t h e  puls ing e n t r y  of radon i n t o  a house s o  ev ident .  

Other papers t o  be presented i n  t h i s  symposium have come t o  s imi la  
conclusions.  I t  i s  hoped t h a t  f u r t h e r  work w i l l  employ t h e  techn- 

. ology here presented t o  b r i n g  more understanding t o  o u r  work. 



Conclusions 

The above paper is attempting to demonstrate the enormous 
capability of a new tool and a new technology. It may be emphasized 
that the graphs are only sheet music - to truly appreciate the 
power of the display one needs to unleash the data and the program 
on a color monitor, just as the power of an orchestra cannot be 
transferred to a printed page. 

Dozens, if not hundreds of experiments and case histories have 
been recorded by AlphaGUARD. Only few optional, external monitors 
have been connected for wind velocity measurements. More are to 
follow. 

It is hoped that the new technology will influence our approach to 
dealing with radon, in that more, if not equal emphasis will be 
placed on accompanying parameters. The intensity of the data taking 
will allow for shorter sampling periods with sophisticated equipment, 
such as already permitted in the State of New Jersey (24 h instead of 
48 h). 

AlphaGUARD is a precise radon monitor. It's original calibration, 
which was based on the Swedish standard, has been adjusted to the 
American standard, which is slightly higher. AlphaGUARD will be used 
by its manufacturers to intercalibrate all the major radon chambers 
in the world, which is a very worthwhile undertaking. Thus, no 
longer will the instruments from around the world need to come to 
a chamber - now the instrument will go and visit all the chambers. 

But precision in measurement is only a prerequisite to what AlphaGUARD 
is attempting to do. Coupled with precisely measured multiparameters, 
it will open new doors to radon understanding. 


