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ABSTRACT . ----W- 

Automated i n s t r u m e n t a t i o n  u s i n g  s u l f u r  h e x a f l u o r i d e  a s  

a  t r a c e r  g a s  i n  r e s i d e n t i a l  h o u s i n i '  t o  de t e rmine  r a t e s  ' o f  a i r  

i n f i l t r a t i o n  i n  h o u s i n g  i s '  desc l i ibed ,  The p r i n c i p l e s  o f  o p e r a t i o n ,  

t h e  n e c e s s a r y  c a l i b r a t i o n  p r o c e d u r e s  and t h e  e a r l y  f i e l d  d a t a  

? r e  d i s c u s s e d  i n  d e t z i l .  c o n d e n t r a t i o n  1 e v e l . s  o f  SF6 a r c  a a i n -  

t a i n e d  a t  t h e .  p a r t s  p e r  b i l l i o n  l e v e l s  i n  t h e  b ~ ~ i l d i n q s  and a r e  
I 

measured by s e n s i t i v e  eJ.ection c a p t u r e  d e t e c t o r s  i n  c o n j u n c t i o n .  . . 
wi th  s g a s  chromatograph.  

PREFACE 

Developing d e s i g n  c r i t e r i a  f o r  , r e s i d e n t i a l ,  c o r n ~ e r c i a l ,  

2nd i n d u s t r i a l  s t r u c t u r e s  t h a t  min imize  ene rgy  demands; axpend- 

. ing  more e f f o r t  t o  i n c r e a s e  t h e  e f f i c i e n c y  o f  t h e  manu fac tu r ed  

energy  consuming sy s t ems  and p r o d u c t s ;  and e v a l u a t i n g  t h e  f e a s j  

b i l i t y  o f  e n e r g y  s a v i n g  endeavolrs f o r  e x i s t i n g  and newly b u i l t  

s t r u c t u r e s  and sy s t ems ,  a r e  a l l  s t t e m p t s  t o  o p t i m i z e  e n e r g y  

. u t i l i z a t i o n .  D e t a i l e d  e n e r g y  u s ~ g e  s t u d i e s  made on  e n e r g y  con- 

.suming s t r u c t u r e s  and sy s t ems  b o t h  e x i s t i n g  and new a r e  t r i t a l  

t o  t h e  s u c c e s s  o f  t h e s e  a t t e m p t s .  Energy usage  fo ' r  s p a c e  he? tincl 

.. i n  r c  s i d e n t i a l  b u i l d i n g s ,  o n  t h e  a v e r a g e ,  i s  more t h a n  h n l f  o f  

t h e  t o t a l  e n e r g y  u s a g e  w i t h i n  t h e  r e s i d e n t i z l  community. A i r  

i n f i l t r a t i o n  and n a t u r a l  v e n t i l a t i o n  a r e ,  phenomena e x i s t i n g  i n  

any t y p e  o f  s t r u c t u r e  2nd t h e y ,  c o n t r i b u t e  t o  a n  i m p s r t a n t  e x t e n t  

, to t h e  e n e r g y  u sage  f o r  s p a c e  h e a t i n g .  



T h i s  i s  t h e  f i r s t  o f  t h e  t e c h n i c a l  r e p o r t s  on  a i r  i n f i l t r a -  

t i o n  i n  r e s i d e n t i a l  b u i l d i n g s  r e s u l t i n g  ,from s t u d i e s  i n  new and  

e x i s t i n g  b u i l d i n g s  l o c a t e d  i n  i, p l i n n e d  u n i t  development  a t  

Twin R i v e r s ,  N . J . ,  and from a  c o o p e r a t i v e  e f f o r t  between t h e  

N a t i o n a l  Bureau o f  S t a n d a r d s  and P r i n c e t o n  U n i v e r s i t y ' s  C e n t e r  

f o r  ~ n v i r o n n ; l ? n t e l  S t u d i e s  u n d e r  t h e  s u p p o r t  o f  =ha N a t i o n a l  

Sc i ence  Founda t ion .  The s t u d y  t i t l e d  ."Energy C o n s e r v a t i o n  i n  

Housing"  i s  p r e s e n t l y  i n  i t s  t h i r d  y e a r .  T h i s  r e p o r t  f o c u s e s  

" o n  one  f a c e t  o f  t h e  s t u d y  and emphas izes  i n s t r u m e n t a t i o n  f o r  

' . u s e  i n  a i r  i n f i l t r a t i o n  measurements.  The automated u n i t s  t h a t  

a r e  d e s c r i b e d  have  been  f i e l d  t e s t e d  i n  t h e  p l anned  u n i t  deve lop-  

ment and i n  a  home i n  G a i t h e r s b u r g ,  Maryland. T h i s  r e p o r t  de- 

s c r i b e s  t h e  p r i n c i p l e s  o f  o p e r a t i o n  o f  t h e  automated a i r  i h -  
, 

. f i l t r a t i o n  u n i t s ,  i n c l u d i n g  d e s i g n  d e t a i l s ,  t o g e t h e r  w i t h  

c a l i b r a t i o n  p r o c e d u r e s  and p r e l i m i n a r y  d a t a  on a i r  i n £  i l t r a t i o n .  

Energy l o s s e s  o r  g a i n s  i n  b u i l d i n g s  a r e  o f t e n  g rouped  i n t o  
, 

t h r e e  c a t e g o r i e s .  Conduct ion t h rough  c e i l i n g s ,  w a l l s  and f l o o r s ;  
e 

?n$ t h e  h e a t  t r a n s m i s s i o n  t h rough  windows a r e  t h e  f i r s t  two. 

~ o t h  o f  t h e s e  losses or g a i n s  c8n  b e  t r e a t e d  i n  a  r e l a t i v e l y  
, ,  - 

s t r s i g h t f o r w a r d  mznner f r o m - a  knowledge o f  m a t e r i a l  p r o p e r t i e s  
Y 

and f i l m  c o e f f i c i e n t s ,  a l t h o u g h  s o l a r  e f f e c t s  and t h e  s u b s e q u e n t  

i n f l u e n c e  on window o r  a t t i c  h e a t  t r a n s f e r  c an  become q u i t e  cow 
4 

p l e x .  I t  i s  t h e  t h i r d  c a t e g o r y  o f  h e a t  t r a n s m i s s i o n ,  a i r  i n -  

f i l t r a t i o n , t h a t  i s  t h e  s u b j e c t  o'f t h i s  r e p o r t .  A i r  i n f i l t r a t i o n  

% 





d 

On-s i t e  i n s t r u m e n t a t i o n  a t  Twin ~ i v e r s  and a t  NBS h a s  been 
I 

used t o  p r o v i d e  t h e  d a t a  and f a c i l i t a t e  computa t ions  i n  eva lua -  

t i n g  t h e  v a r i a b l e s  and f a c t o r s  t h a t  make up t h e  t o t a l  ene rgy  

usage.   his i n c l u d e s  ' those  p a r a m e t e r s  c o n t r i b u t i n g  t o  a i r  

, i n £  il t r a t i o n ,  and n a t u r a l  v e n t i l a t i o n .  A thorough s t a t i s t i c a l  

a n a l y s i s  w i l l  b e  based  on such d a t a  t o  d e s i g n  a  model f o r  es t i -  

' , mating t h e  amount o f  a i r  i n f i l t r a t i o n  and n a t u r a l  v e n t i l a t i o n  u d e r  

a g i v e n  s i t u a t i o n .  The r a t e  o f  i n f i l t r a t i o n  i s  normal ly  r e l a t e d  

t o  ' t h e  b u i l d i n g  volume and exp res sed  a s ' a i r  exchanges  p e r  hour .  

, A i r  exchange r a t e s  may v a r y  th roughout  a  b u i l d i n g  depending , 

on t h e  l o c a t i o n  o f  h o l e s  and c r a c k s ,  t h e  v a r i a t i o n  i n  p o r o s i t y  
' 

of  t h e  s t r u c t u r a l  m a t e r i a l  and t h e  i n f l u e n c e  o f  d o o r s ,  windows 

o r  v e n t s  and how they  a r e  o p e r a t e d  by t h e  occupan t s .  The o n l y  

. d i f f e r e n c e  between i n f i l t r a t i o n '  and e x f i l t r a t i o n  i s  t h a t  t h e  

l a t t e r  i s  d e f i n e d  a s  a i r  moving o u t  o f  t h e  i n t e r i o r  o f  t h e  b u i l d -  

i n g ,  w h i l e  t h e  former d e f i n e s  a i r  moving $ i n s i d e  from t h e  e x t e r i o r  

o f  t h e  b u i l d i n g .  Under mild wind c o n d i t i o n s  t h e  a i r  i s  normal ly  

i n f i l t r a t i n g  on t h e  windward s i d e  and e x f i l t r a t i n g  on t h e .  l e a -  
* 

' ward s i d e  o f  t h e  b u i l d i n g .  Under t y p i c a l  w i n t e r  c o n d i t i o n s  
3 .  

(w.hich emphasi:ses t h e  'buoyant e f f e c t  o'f t h e  warm i n t e r n a l  a i r )  

a i r  normal ly  e n t e r s  n e a r .  ground l e v e l  and e x f i l t r a t e s  from upper  

l e v e l  rooms i n  t h e  b u i l d i n g .  ,The amount o f  i n f i l t r a t i o n ,  which 

i s  dependent  on  s t r u c t u r a l  c o n d i t i o n s  p l u s  t h e  amount o f  n a t u r a l  

v e n t i l a t i o n ,  w i l l  de te rmine  t h e  amount o f  energy  r e q u i r e d  t o  main- 

. t a i n  i n t e r n a l  b u i l d i n g  tempera ture .  This p o r t i o n  o f  t h e  ene rgy  

u s e  f o r  space  h e a t i n g  may range from a s  low a s  10% t o  - a s  h i g h  as 
e 

50% o r  more o f  t h e  t o t a l .  Keeping i n  mind, mareover ,  t h a t  t h e  

energy  u s e  f o r  space h e a t i n g  may be a s  h i g h  a s  11% o f ,  t h e  t o t a l  
0 .  , P*. 

.. * 
T h i s  mavement can be q u i t e  complex depending on building 

o r i e n t a t i o n  ancl wind i n t e n s i t y  (sce r e f .  1 5 ) .  



energy use i n  t h e  United S t a t e s ,  i n f i l t r a t i o n  may a t t r i b u t e  t o  

a s  much a s  5% o f  t h i s  n a t i o n ' s  t o t a l  eneygy conriumption. 

.i Although i n f i l t r a t . i o n  i s  .a major l .fa.ctor i n  e s t i m a t i n g  home a 

hea t ing  requirements  i t  h a s  proven t o  be a , d i f f i c u l t  v a r i a b l e  
* 

t o  neasure  a c c u r a t e l y  . c o n s i d e r i n g  t h e  v a r i e t y '  o f ,  housing con- . . 
f i g u r a t i o n s  and t h e  e f f e c t  o f  l o c a l  environment.  For t h e  sake 

of comparison, t h e  t r ansmiss ion  of h e a t  by cc~nB.uc,tion, and convec- 

t i o n  a c r o s s  t h e  b u i l d i n g  s h e l l  i s  s u b j e c t  t o  t h e o r e t i c a l  ana lyses  

. t h a t  a r e  sound enough to  g ive  c o n f i d e n t  e s t i m a t e s  o f  , t h e  e n e r g y ,  , 

. consum2tion compensating f o r  t h e  h e a t - l o s s  due t o  t h i s  phenomenon, 

given the  type and dimensions o f  w a l l  and window c o n s t r u c t i o n ,  

', ancl o u t s i d e  window cont l i t ions ' .  The q u e s t i o n  a r i s e ' s  a s  t o  how  an 

we e s t i m a t e  - t h e  r e s i s t a n c e  t o  a i r  l eakage  through c r a e k s  around 

s p e c i f i c  types  o f  windows and throkgh door  o r  v e n t  openings?  To 

, . complicate t h e  problem s t i l l  f 'ur ther  , how would one q u a n t i t a t i v e l y  

cons ider  t h e  f a u l t s  i n  t h e  c o n s t r u c t i o n  o f  a b t l i ld ing?  Wnat a b r ~ t  
I 

, 

the p o r o s i t y  o f  t h e  w a l l s  and imper fec t ions  i n  vapor b a r r i e r s ?  

E ~ e s e  q u e s t i o n s  which p e r t a i n  t o  khe p h y s i c a l  system f a i l  t o  i n c l u =  

: r e s i d e n t  o r  occupant  b e h a v i o r a l  e f f e c t s  which a r e  s t i l l  more d i f f i -  

c u l t  t o  model. Problems have a r i s e n ' i n  t r y i n g  t o  e x p l a i n  m n y  o f  

the p h y s i c a l  o b s e r v a t i o n s ,  e i t h e r  because they  were too  ~ o m p l i -  
Y 

cated t o  y i e l d  t o  mathematical  l o g i c ,  o r  simply because n o t  a l l  

parameters i n f  luencin'g t h i s  phenomenon ' a r e  s u b j e c t  to  measurements. 

By u t i l i z i n g  exp=rimenta t i o n  t h a t  i n v o l v e s  d i r e c t  measurernon t of 

a i r  exchange ra tes ,  one can  by-pa'ss t h e  e s t i m a t i o n  d i f f i c u l t i e s  

an3 such an approach should hopefu l ly  l e a d  t o  impr,oved models so 
t 

. t h a t  more reasonable  e s t i m a t e s  o f  a i r  i n f i l t r a t i o n  a r e  p o s s i b l e .  A 

_.-----_I---- W - - _ _ .  * , , 

ASHRAE Handbook of Fundamentals 1972, pg. 346. 



These e s t i m a t e s  t h e n  c o u l d  be based  upon l i m i t e d  d i r e c t  measurements 

and v a r i a b l e s  such . a s  e x t e r n a l  wea ther  * c o n d i t i o n s ,  s t r u c t u r a l  con- 

, d i  t i o n s  , door  open ings ,  e t c .  

CHOICE OF METHOD FOR INFILTRATION MEASUREMENT 

The approach  chosen  ' t o  measure a i r '  i n f i l t r a t i o n  h a s  been  t o  

r e l e a i e  and mix a  s m a l l  q u a n t i t y  o f  t r a c e r  g a s  w i t h i n  a  b u i l d i n g  

and t h e n  r e c o r d  t h e  c o n c e n t r a t i o n  decay  w i t h  t i m e  u s i n g  s e n s i t i v e  

d e t e c t o r s .  The c h o i c e  o f  t r a c e r  g a s  was made by  c o n s i d e r i n g  cand i -  . . 
d a t e  g a s  p r o p e r t i e s  and t h e  n ,ecessary g a s  volumes and c o n c e n t r a t i o l  

r e q u i r e d  t o  conduc t  s t u d i e s  w i t h  no occupan t  s a f e t y  problems o v e r  

a  p e r i o d  o f  days .  The d e v e l o p m e ~ t  o f  t h e  ex t r eme ly  s e n s i t i v e  e l e c -  
1 , 2  ' 

t r o n  c a p t u r e  d e t e c t o r  by  Lovelock and t h e  o b s e r v a t i o n  t h a t  " 

s u l f u r  h e x a f l u o r i d e ,  SF6 , can  be  measured t o  c o n c e n t r a t i o n  l e v e l s  

3 
o f  t h e  o r d e r  o f  one p a r t  p e r  b i l l i o n  i n  a i r  by t h i s  t ec l ln ique  , 

answered t h e  r equ i r emen t s .  Because SF6 can  b e  measured i n  

minute c o n c e n t r a t i o n s ,  t h i s  g a s  h a s  come i n t o  i n c r e a s i n g  u s e  a s  

a  t r a c e r  o f  a i r  movements 4 f  5.'6. Indoor  use f o r  v e n t i l a t i o n  s t u d i e s  

7,9,9 i s  a l s o  common , . " 

Bes ides  t h e  h i g h  s e n s i t i v i t y  w i t h  w h i c h S F 6  g a s  c a n  be mea- 
. . . . . . . .. . 

s u r e d ,  i t  i s  s t a b l e ,  i n e r t ,  and'non-flammable.  I t  'is n o t  a  nor-  
Y 

mal background c o n s t i t u e n t  o f  a i r .  One o f  t h e  p r i n c i p a l  u s e s  q f  

S SF6 i s  a s  a d i e l e c t r i c  i n  t r a n s f o r m e r s .  The gas i s  n o n t o x i c  i n  
8 

t h e  c o n c e n t r a t i o n s  used i n  t r a c e r  measurements and n o t  h i g h l y  t o x i c  
I 

even  when p r e s e n t  a s  a major c o n s t i t u e n t  i n  a i r ,  t h u s  i n a d v e r t e n t  

loss  o f  a  t ovn~~ouse -week  supp ly  o f  S F ~  would p o s e  no dange r  t o  

house occuparl ts  ' ( f a c t o r  o f  s a f e  ty+1000) . 
. . ,, * a ,  



- 7 -  
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. .a, P 

There  a r e  c e r t a i n  p rob lems  which must. be = o n s i d e r e d  u s i n g  

SF a s  a t r a c e r .  The g e t e c t o r  u n i t  may r e q u i r o  f r e q u e n t  c a l l -  
.6  

b r a t i o n s  t o  m a i n t a i n  t h e  d e s i r e d  accu racy .  Also ,  because  o f  t h e  

h i g h  s e n s i t i v i t y  o f  t h e  measurement,  minor l e a k s  i n  r e g u l a t o r s ,  

v a l v e s  and c o n n e c t i o n s  which w6uld go u n n o t i c e d  i n  o t h e r  g a s  

measurement sys tems  a r e  c o m p l e t e l y  u n a c c e p t a b l e  when SF6 i s  

, Used a s  a n  i n d o o r  t r a c e r .  I n  o r d e r  , t o  o b t a i n  h i g h  s e n s i t i v i t y  

a g a s  chromotograph i s  used .  T h i s  means t ha t .  measurements a r e  

' i n  t h e  form o f  chromatographic peaks  which ma:j r e q u i r e ,  mote work . 

to  au tomate  and d a t a  p r o c e s s  t h a n  a c o n t i n u o u s  o u t p u t .  Al though 

SF6 i s  n o t  no rma l ly  p r e s e n t  i n  a i r ,  t h e  d e t e c t o r  r e sponds  t o  

o t h e r  h a l o g e n a t e d  compounds . such  as .  c e r t a i n  r e f r i g e r a n t s  and p ro -  

p e l l a n t s  used  i n  a ~ b r o s o l  s p r a y  c a n s .  'These 'compounds o c c a s i o n a l l y  

appear  i n  t h e  i n d o o r  background.  F i n a l l y ,  e l e c t r o n  c a p t u r e  de-  

t e c t o r s  c o n t a i n  r a d i o a c t i v e  s o u r c e s  and r e q u i r e  a n  AEC l i c e n s e  t o  

own and o p e r a t e .  

T h i s  r e p o r t  d e s c r i b e s ,  t h e  u se '  of SF6 w i t h a n  e l e c t r o n  c a p t u r e  

d e t e c t o r  and a g a s  chrornatograph t o  measure a i r  i n f i l t r a t i o n  i n  

b u i l d i n g s  and d e s c r i b e s  two app roaches  t o  a n  automated a i r  i n f i l -  

t r a t i o n  u n i t  d e s i g n ,  one  deve loped  a t  NBS t h e  o t h e r  ' a t  p r i n c e t o n  

U n i v e r s i t y .  Some o f  t h e  p rob lems  and fundamenta l  s o u r c e s  oE V 

e r r o r  i n  t h e  method a r c  d e s c r i b e d .  

I n  the  measurement of  a i r  i n f i l t r a t i o n  by th,e t r a c e r  d i l u t i o n  

method a t r a c e r  g a s  i s  d i s t r i b u t e d  i n  t he  a i r  of a b u i l d i n g ,  and 

the decay  i n  c o n c e n t r a t i o n  measured a s  a ,  f u n c t i o n  o f  t i m e .  The 



theory  of  t h e  method may be  o u t l i n e d  b r i e f l y  by c o n s i d e r i n g  

t h e  equa t ion  : 

where  c and c . a r e  r e s p e c t i v e l y  t h e  o u t s i d e  and i n s i d e  con- o i 
c e n t r a t i o n s  of  t r a c e r  a t  t i m e '  t . v ( t )  i s  the  r a t e  a t  which a i r  

, . 

a e n t e r s  t h e  b u i l d i n g .  I t  i s  a l s o  the  ' r a t e  a t  which a i r  l e a v e s  

the  b u i l d i n g  assuming there,  i s  no s t o r a g e  c a p a b i l i t y .  V i s  

t h e  v e n t i l a t e d  volume of t h e  b u i l d i n g ,  and i ( t ) / ~  is t h e  a i r  . . 

' , i n f i l t r a t i o n  r a t e  p e r  u n i t  time. s i n c c  ( t )  i s  u s u a l l y  measured 

3 i n  cfm and V i n  f t  ., i n f i l t r a t i o n  i n  a i r  -changes p e r  hour  i s  

I f  t h e  o u t s i d e  c o n c e n t r a t i o n  o f  t r a c e r  Ss  smal l  enough t o  

be  neg lec ted ,  e q u a t i o n  1 may be  reduced t o  : 
. . 

I 

Under c o n d i t i o n s  of p e r f e c t  mixing equa t ion  2 may be  in -  

t e g r a t e d  t o  g ive :  

0 .  [In i:o] - ... v t 
d t  - 2 V [F dependent on t 1 

where cio i s  the i n i t i a l  indoor concentration of t racer , '  a t  t 3 

# .  
0 

Equations 2-3a have t h e  f a m i l i a r  form o f  t h e  r a d i o a c t i v e  decay 

law, f i r s t  o r d e r  k i n e t i c s  or the  equa t ion  o f  t h e  well-mixed t ank .  

' .Equat ions  , 3 ,  ar.d 3a can be so lved  d i r e c t l y ,  b u t  when manual c a l c u -  
c :  
A 

l a t i o n  i s  performed i t  i s  common ~ r a c t i c e  t o  p l o t  h - a g a i n s t  
. . "0 



t .and c a l c u l a t e  the  i n f i l t r a t i o n  r a t e .  f&m~ t h e  s l o p e  o f  t h e  

line.. I t  i s  a l s o  t o  'be noted t h a t  i t  i s  n o t  necessary  t o  
, . 
know a b s o l u t e  t r a c e r  c o n c e n t r a t i o n s  t o  c a l c u l a t e  i n f i l t r a t i o n  

f a t e  provided r e l a t i v e  concen t ra t ion .  ci/cio can b e  determined . . 

. CHROMATOGRAPH DESCRIPTION 

Chromatography i s  a method o f  s e p a r a t i o n  o f  the  components 
. . 

of a mixture a s  a r e s c l t  of t h e i r  p a r t i t i o n .  between two i m m i s -  

c i b l e  heterogeneous phases ,  t h e  s t a t i o n a r y  phase and t h e  mobile 

phase. Gas chromatography i s  the  chromatographic o p e r a t i o n  

( a n a l y s i s )  where t h e  mobile phase i s  a gas .  The p a r t i c u l a r  

a n a l y s i s  i n  q u e s t i o n  i s  the f r o n t a l  gas  chromatographic a n a l y s i s ,  . . . , 

which may be  termed i so the rmal - i sobar i c  ,chromatography. where 

both tiie temperature and the  flow o f  t h e  mobile phase a r e  k e p t  

cons tant  dur ing  t h e  e n t i r e  o p e r a t i o n ,  The g a s  chromatographic 

column i s  packed wi th  an adsorbent ,  which i s  the  s t a t i o n a r y  phase ,  

made up, i n  o u r  c a s e ,  of  g r a n u l a r ,  100-200 mesh aluminum oxide .  

The gas s t ream,  t h e  so -ca l l ed  c a r r i e r  gas ,  (h igh  p u r i t y  argon)  

, i s  fed i n t o  t h e  column, and flows through t h e  smal l  i r r e g u l a r  

channels o f  t h e  s t a t i o n a r y  phasc.  'The sample, which i n c l u d e s  
U 

t h e ' t r a c e r  gas  and ambient a i r  i s  in t roduced a t  t h e  head o f  t h e  

column t o g e t h e r  wi th  the  c a r r i e r  gas  t h a t  moves i t  along t h e  

column. Each component o f  t h e  sample a t  each p o i n t  along i t s  

a flow, i n  t h e  d i r e c t i o n  of  the  gas  flow, e s t a b l i s h e s  an e q u i l i -  

brium between i t s  f r a c t i o n  r e t a i n e d  i n  t h e  s t a t i o n a r y  phase , 

and i t s  f r a c t i o n  remaining i n  t h e  , 'mobile phase. P a r t i t i o n  



c o e f f i c i e n t s  o f  t h e  c o z p o n e n t s  a:-c d i f k c r e n t  from e a c h  o t t l e  t- 

and  w i t h  t h e  p r o p e r  manner  o f  o p z r a t i o n , '  t h e  compoaen t s  w i l l  

, be  c o m p l e t e l y  s e p a r a t e d  a n d  w i l l  a p p e a r  i n  s u c c e s s i o n  i n  t h e  

e m e r g i n g  c a r r i e r  g a s  s t ' t h e  e n d  o'f t h e  column.  . T h i s  i s  a 

c o n s e q u e n c e  o f  t h e  l a w s  o f  d i f f u s i o n  mass t r a n s f e r .  

The e l e c  t r o n - c a p t u r e  d c t c c t o r s  u n d e r  e v a l u a t i o n  cmplojtcct 

t h e  p u l s e d  v o l t a g e  t e c h n i q l ~ c ?  with a n  a p p l i e d  v o l t a g e  of 70 v o l ~ : ;  

( p u l s e  h e i g h t ) ,  a  p u l s e  w i c l t , l ~  01'  1 u s e c .  and a p u l s e  p e r i o d  o f  

50-100 u s e c .  One typn u n i t  Ilas a 300 nir: I ; r i l i u r n  i o n i z i n g  soul-cc, 

w h i l e  t h e  o t h e r s  e a c h  h a v e  a 500 m c  t r i t i u m  i o n i z i n g  s o u r c e .  

AUTOMATION 017 MEASUREMENTS ---- 

Using  v e r y  s i m i l a r  a p p r o a c h e s  t h e  r e s p o n s i b l e  ' g r o u p s  a t  
l 

t h e  N a t i o n a l  Bureau  o f  S t a n d a r d s  and  a t  P r i n c e t o n  U n i v e r s i t y  have 

d e v e l o p ~ d  t h e  a u t o m a t e d  s y s  tcms f o r  a i r  i n f i l t r a t i o n  rneasuremcnt 

and  r e c o r d i n g  a s  shown i n  F i g u r e s  1 and 2 .  Both  s y s t e m s  i n j e c t  

SF6 i n  c a r e f u l l y  c o n t r o l l e d  aniounts i n t o  t h e  llon~c h e a t i n g  d u c t  

s y s t e m  j u s t  u p s t r e a m  o f  t h e  i 'urnace f a n .  ' The c o n c e n t r a t i o n  l c v c l  

w i t h i n  t h e  home s t a b i l i z e s  i n  l ess  t h a n  10 m i n u t e s .  The a u t o -  

mated  samplin!] s y s t e m  t h e n  p r o c e e d s .  to  . s ~ m p l e  3 t r e g u l a r  i n t e r v a l s  

and  r e c o r d  the SF c o n c e n t r a t i o n s .  R e c o r d s  a rc  c u r r e n t l y  i n  t h e  6 U **  
form of  s t r i p  c h a r t s  a s  shown i n  F i g u r e  3 i n d i c a t i n g  t h e  i n -  

d i v i d u a l  samples o f  SF6 c o n c e n t r a t i o n .  The d e t a i l ' s  of the h .to- 
, 

mated  s y s t e m s  a r e  d e s c r i b e d  s e p a r a t e l y  i n  Append ixes  A a n d  B. 

* 
. This u n i t .  is a Pana tek  Leak D e t e c t o r  2000,  ' a  d e v i c e  no  l o n g e r  

a v a i 1 a l ) l ~ ~  on  t h e  marke t ,  ~ c p l a c e d  Ily t h e  Ion  Track I n s t r ~ i m < . n t  
SF B I ) e t . c c t o r  w i ~ h  the 500 m c  tr i t i i~rn i o n i z i n g  s o a r c e .  

6 
O t h e r  d e t e c t o r s  could serve t h e  same p u r p o s e .  

. a **  Future  systems w i l l  record d i g i t a l l y  on maqnet ic  t a p e  
c a s s e t t e s .  



INSTRUMENT C A L I ~ R A T I O N  ' W 

I t  i s  n e c e s s a r y  t o  c a l i h r a b e  t h e  i n s  t ru rncn t s  a:jains.- 

known c o n c e n k r a l i i o n s  o f  SF i n  a i r .  c a l i b r a t i o n  rnixLurcs 2 1  (. G * 
p r e p a r e d  J,y l e a k i n g  SF at a nieasurecl r a t e  i n t o  a  ~ ( i n d '  t [ ~ r . ! l c . l  . G 

o p e r a t i n g  a t  a  known f l o w  r a t e .  T h e  g a s  i s  s t o r e d  i n  a co:l- 

p r e s s e d  a i r  t a n k  f o r  u s e  a s  needed .  . Samples  s t o r e d  t h i s  wz:: 

for  a  month. u s u a l l y  a g r e e  w i t h i n  e x p e r i m e n t a l .  e r r o r  w i t h  f r c ~ h l : , ~  

p r e p a r e d  s a m p l e s  drawn d i r e c t l y  from t h e  wind  t u n n e l .  Fo r  prc-  

p a r i n g  c o n c e n t r a t i o n s  o f  less t h a n  10  ppb, d i l u t i o n s  o f  t h e  

p r imary  s t a n d a r d  a r e  made w i t h  a d i l u t i o n  s y s t e m  consist in.^ of 

a graduaLed c l o s e d  c y l i n d e r  w i t 1 1  a  p i s t o n  a n d  s t o p c o c k s .  

The c a l i b r a t i o n  o f  khe u n i L s  d e t e r m i n e s  t h e  r e s p o n s e  o f  

t h e  e l e c t r o n  c a p t u r e  d e t e c 6 o r  , ( C C D )  t o  s m a l l  amoun t s  o f  SF6 i n  
* * 

a i r  a t  t h e  p a r t s  per b i l l i o n  l e v e l  (5-65 ppb SF6 i n  ' a i r ) ,  f o r  

each  u n i t  a t  a c o n s t a n t  f l o w  r a t e  of the h i g h  p u r i t y  a r g o n .  

' Two s k a n d a r d  s a m p l e s  a r e  u s e d ,  o n e  w i t h y 1 3 . 8  p p b  SF6 i n  a i r ,  

and t h e  o t h e r  w i t h z 4 8 . 4  p p b  SF6 i n  a i r .  The c a l i b r a t e d ,  10 

l i t e r ,  v a r i a b l e  volume chamber i s  s u p p l i e d  a  c o n t r o l l e d  volume 

., o f  one  o f  two s a m p l e s .  S u c c e s s i v e  d i l u t i o n  i s  e a s i l y  a c c o n p l i s ! ~ c d  

by  means of a  s l i d i n c l  p i s t - o n ,  ,whc~-c!  p u r e  a i r  i s  drawn i n  t o  
v 

d i l u t e  t h e  .mixture, which  i s  m a i n t a i n e d  a t  a t m o s p l i c r l c  p rcs su l - c , .  

S i x  r e a d i n g s  o f  t he  s t a n d i n g  c u r r e n t  I , and t h c  SF, p e a k  cur -  
0 U 

r c n t  v a l u e  I a r c  t a k c n  f o r  e ach  c o n c e n t r a t i o n  o f  t h c  m i s t u r e  

be ing  sampled ,  
l 

* A c o n v e n i e n t  form o f  c o n t r o l l e d  l e a k  f o r  S F  c a n  b e  made from 
a c a p i l l a r y  t u b e  packed  w i t h  a f i n e l y  cgroun8 p i g m e n t .  rhc 
r a t e  o f  f l o w  o f  t h e  l e a k  i s  d e t e r m i n e d  w i t ' . ?  a  s o a p ,  b u b b l e  meter.  1 ** 
NBS u s e d  s o n e w h a t  l o x e r  c o n c e n t r a t i o n s  i n  t h e  c a l i b r a t i o n  

. p r o c e d u r e .  



CALIBRATION SUMMARY -------- 

I t  is  e v i d e n t  f r o m  t h e  c a l i b r a t i o n  t h a t  c a r e  m u s t  he 

t a k e n  i n  how to  bes t  p r o c e s s  f i e l d  d a t a  w h i c h '  r e l i e s  o n  

l a b o r a t o r y  c a l i b r a t i o n s  f o r  q u a n t i t a t i v e  v a l u e s .  .Both  N B S  

a n d  P r i n c e t o n  t e s t s  1 1 3 ~ ~  S ~ O W I ~  LllaL s c n s i t i v i  t y  c h a n g e s  t o  

SF6 z o n z e n t r a t i o n s  do . o ~ c i i ~ - .  . 'I'i~is i s  especially t r u e  i n  t h c  

warm-up p e r i o d  o f  t h e  d z  Lcc t o r - c h r o m a k o g r a p ? ~ .  A n o t h s r  i m -  

p a r  t a n t  c o n c l u s i o n  ' i s  t h a t  w h i l e  r a t h e r  s i m p l e  e x p r e s s i o n s  

r 2 l a  t i n g  c o n c e n t r a t i o n  t o  r e c o r d e r  o u t p ~ t  a p p l y  o v e r  a l i m i t e d  

r a n g e  of c o n c e n t r a t i o n ,  i . e . ,  8 - 2 5  p a r t s  p e r  b i l l i o n  SF6 

i n  a i r .  H i g h e r  c o n c e n t r a t i o n s ,  ) 2 5  p p b ,  r e q u i r e  more complex  

' .  p o l y n o m i a l  e x p r e s s i o n s .  

. Tno c h a n g e s  i n  d e t e c t o r  c h r o m a t o g r a p ?  o u t p u t  d u r i n g  

the warm-up p z r i o d  a r e  e v i d e n t  -£or  b o t h  m c  t e r  ' r e a d i n g s  a n d  

s t r i p  r e c o r d e r  c h a r t  r e a d i n g s .  T h a t  d i f f e r e n c e s  i n  meter a n d  

c h a r t  r e c o r d e r  r s a d i n g s  were f o u n d  s h o u l d  n o t  be s u r p r i s i n g  

s i n c e  o n e  i s  a t t e m p t i n g  to r e a d  c h r o m a t o c j r a p h i c  s p i k e s  w h i c h  

a r e  o f  r e l a t i v e l y  s h o r t  d u r a t i o n  ( o r d e r  o f  a few ~ e c o n d s  o v e r -  

. a l l ,  less  t h a n  o n e  s e c o n d ,  a t  t h e  p e a k )  and '  each o f  t h c s c  

r e a d o ~ t  me thods  h a s  a s s o c i a L c d  i n e r k i a l  f a c t o r s  and  damping  
. . 

t i m e s .  . T h i s  1,s a f a c t o r  to  br cc?] -cGful ly  wa lc l l cd ,  c 1 1  t h o u q h  t h c  " 

, . tes ts  in3 ica t s .  LhaL rcpraduc ib lc  rcadincjs mily IIC irchicvcd wi L11 

c i t h c r  rnc?Lho-l evcn t h o - ~ q h  ~ h c '  c o n s t a n t '  i s  d i f -  

. f e r e n t .  

Our goa:L is n o t '  to de te rn i inc  the  elcc L r o n - c a p t u r e  coc f -  

f i c i e n t  o f  SF,; 1,ut  r a t h e r  Lo f i n d  a r e g i o n  o f '  a p p l i c a b i l i t y  o f  



a " u n i v e r s a l "  c a l i b r a t i o n  c u r v e  w i t h i n  a ; r c : a ~ o n a b l e  r an . j e  c!' 

SF6 c o n c e n t r a t i o n  v a l u e s .  The p o s s e s s i o n  of t h i s  c u r v e  will 

a l l o w  a c c u r a t e  d e t e r m i n a t i o n  oE a i r  i n f i l t x , a t i o n  w i t h i n  n 3 r r 0 . ~ ~  

r a n g e s  o f  SF6 c o n c e n t r a t i o n  v a l u e s .  
, * 

C o n s i d e r  t h e  Bee r -Lamber t  l a w  f o r  r a d i a t i o n  t o  t he  ' 

- u x c  11 
i o n  d e t e c t o r :  I / I ~  = e H z r e  t h e  i . n t e n s i t y , '  I an:! 

i n i t i a l  i n t e n s i t y  I . a r e  r e l a t e d  t o  t h e  a b s o r p t i o n  coef f i ~ 1 c . n ~ -  
0 

U t h e  p 3 t h  l e n g t h  X a n d ,  c , t h e  c b n c . e n t r a t i o n  o f  t h e  a11sot.11- 

i n 3  s u b s t a n c e .  S t a t e d  i n  a n o t h e r  f o r m  w h e r e  a n d  >: a r c  col-' 

l a p s e d  i n t o  a s i n g l e  c o e f f i c i e n t ,  k  ,, c o r r e s p o n d i n g  to t h e  S - 7 r s o r  

c o n d i t i o n s  f o r  a p a r t i c u l a r  u n i t ,  t h e n  w e  c a n  c o n s i d e r  t h e  rc- 

l a t i o n s h i p :  
I - h - - =  k c '  

- I0 . 
I n  o r d e r  t o  a d a p t  t h i s  r e l a t i o n s h i p  t o  Let ter  f o l l o w  t h e  c a l i l , r a -  

Lion d a t a  a n  ~ x p o n n n t  B i s  a d d e d  t o  z , r e c o g n i z i n g  t h a t  B 

s h o x l d  be v e r y  close t o  1 .00  i n  v a l u e ,  S e e  F i g u r e  4 f o r  e x a m p l e .  

To c h e c k  t h e  r a n g e  o f  a p p l i c a b i l i t y  f o r  t h e  r e l a t i o n s h i p  

I B - - = k c  , t h e  d a t a  f o r  o n e  t e s t  ser ies  i s  shown i n  T a b l e  1 
I0 I 

a s  d a t a  p o i n t s  a r e  a d d e d  f o r ,  i n c r e a s i n g  SF6 c o n c e n t r a t i o n s .  

The maximum error  b e t w e e n  7 a n d  2 7  ppb was fotlnd t o  be f 2 %  b ~ s e d  

on B = , 9 4 2 .  A s e c o n d  cxamplk ,  a t  a n o t h e r  s t a n d i n g  c u r r e n t  l e v e l ,  

and B = .917, errors of - + 1% were f o u n d  over t h e  8-28 ppb L-ZP 7:' 

as  shown i n  T a b l e  2 .  Tl lcse  t c s k  ser,ies ,were t y p i t a l  of the a ~ ! A i -  

t i o n a l  tes t  ser ies  s u m n a r i z e d  i n  Tab- le  3 ,  a n d  t h e  c o n c l u s i o n  i s  

t h a t  the  p r o p o s e d  model  

I = k c  B - ?m*-- 
I0 

. . 

is a p p l i c a b l e ,  w i t h  errors l i m i t e d  t o  + 2% , o v e r  a l i m i t e d  con -  - 
------------ -p * have * I t  s h o u l d  be p o i n t e d  o a t  t h a t  o t h e r  i n v e s t i g a t o r s  

p r o p o s e d  a l t e r n a t e  r e l a t i o n s h i p s  w o r k i n g  w i t h  d i f f e r e n t  g  3ses 
o r  i n  o t h e r  c o n c e n t r a t i o n  ranaes, 



* 
c z n t r a t i o n  r a n g e ,  o r d e r  3-25 p?b. Because the  q u a n t i t y  o f  

i n t e r e s t  is t h e  a i r  e x c h a n g e ' . r a t e  i t  is  n o t  n e c e s s a r y  t o  de-  
, - 

t e r m i n e  k s i n z e  t h i s  f a c t o r  c a n c e l s  a s  w e  t a k e  r a t i o s  o f  con- 

c a n t r a t i o n s  a t  v a r i o u s  t i m e  p e r i o d s  ( c f .  e q u a t i o n  3 a ,  page  8)  . 
I 

A l though t h e  symbols  have  been  p r e v i o u s l y  d e f i n e d ,  t h e y  

a r e  r e p o a t e d  h e r e  f o r  t h e  s p - c i f i c  i n s t r u m e n t a t i o n  u sed .  I i s  

t h e  c u r r e n t  r e a d i n g  f o r  t h e  SF6 c o n z e n t r a t i o n  p r e s e n t  a t  a  

g i v e n  t i m e  a n 3  i s  r e c o r d e d  a s  t h e  l o w e s t  p o i n t  t h e  n e e d l e  o r  

c h a r t  pen  r e a c h e s  when SF6 i s  b e i n 3  a n a l y z e d  ( f o l l o w i n g  O2 a n a l -  

y s i s  i n  t h e  chromatograph  a s  shown8 i n  F i g .  3 )  , 
I0 

i s  t h e  s t a n d -  

i n g  c u r r e n t ,  t h e  s t e a d y - s t a t e  r e a d i n g  p r i o , r  t o  t h e  SF6 sample ,  

a l s o  shown i n  F ig .  3 .  c i s  t h e  S,F6 c o n c e n t r a t i o n  e x p r e s s e d  i n  

p 3 r t s h i l l i o n  ( p p b ) .  B i s  t h e  c o n c e n t r a t i o n  exponen t  w i t h  v a l u e s  

be tween  .8 and 1.1 . I n d i v i d u a l  c a l i b r a t i o n  c u r v e s  a r e  a s s o z i a t e d  

. w i t h  each  a i r  i n f i l t r a t i o n  measur ing  u n i t  due  t o  s l i g h t  d e t e c t o r  

v a r i a t i o n s .  c a l i b r a t i o n s  must  be r e p e a t e d  a s  t h e  u n i t s  age .  

I f  t h e  e r r o r  i n  t h e  SF6 c o n c e n t r a t i o n ~ d o e s  n o t  need t o  be 

+ 
r e s t r i c t e d  t o  - 2% ( a s  i n  t h e  kcB r e l a t i o n s h i p  i u s t  d e s c r i b e d )  

, .  t h e  t r a d i t i o n a l -  P,? I = k c  e q u a t i o n  w i i l  y i e l d  r e i u l t s  i n  t b  
+ 0 - 10% e r r o r  range. .Should more a c c u r a t e  v a l u e s  o f ,  SF concen- 

6  

t r a t i o n  be r e q u i r e d ,  t h e ,  u s e  o f  a  po lynomia l  f i t  t o  t h e  c a l i b ' r a -  

t i o n  d a t a  i s  reao.mehded.  Figure 4 i l l u s t r a t e s  how t h e  appi icable  

r a n g e  o f  SF6 c o n c e n t r a t i o n  c a n  be more t h a n  doub l ed  by  t h e  po ly -  

n o n i a l  f i t  (above. 60,ppb) with e r ro r s  o f  the order o f  + 1%. - 
-- -.-------P--- 

, .  . * The - . . ? R -  ' = kc8 r e l a t i o n s h i p  h a s  worked well w i t h  t h e  Princeton 
f i e l d  s t & d i e r ;  b u t  t h e  NBS u n i t  c a l i b y a t i o n s  require a somewhat 

I .  

cl ifferentr .  equa t . ion  f o r  b e s t  f i t .  



A I R  INFILTRATION F I E L D  DAB --- ----- ----- -- 

To t e s t  t h e  NBS i n f i l t r a t i o n  measurement  s y s t e m  u s e  was 

made o f  a  f o u r - b e d r o ~ . n ,  r a n c h -  t y p ~  , h o u s e '  n e a r  G a i  t h e r s b u r g  , M . d .  

'I'ile t es t s  c o v e r e d  a  t e n  h o u r  p e r i o d .  Dur ing  t h e  t e s t  SF6 ;gas 

i n t r o d u c e d  autom-a t i c a l l y  i n t o  t h e  f u r n a c e  f a n  a t  : ; e l e c t e d  t i m e  
* 

i n t e r v a l s ,  and  the b u i l d u p  and d e c a y  o f  t r a c e r  i n  t h e  h o u s e  

was measured .  I n s t r u m e n t a l  r e s p o n s e  a s  a f u n z t i o n  o f  t i m e  i s  
I 

p l o t t e d  i n  F i g u r e  5 . I t  i s  t o  be n o t e d  t h a t  a  d e c r e a s e  i n  c o n z c n -  . 

t r a t i o n  a p p e a r s  i n  t h e  f i g u r e  a s  a n  i n c r e a s e  i n  I / I ~  

. Two s a m p l i n g  , m e t h o d s '  a r e  r e p r c s i ? n t e d  i n  t h e  f i g u r e .  I n  o n o  

method a i r  w a s  s ampled  from t h c  main r e t u r n  d u c t  j u s t  a h e a d  o f  

' the  f u r n a c e  f a n .  I n  t h e  o t h e r  me thod ,  b l e n d e d  s a m p l e s  were 'drawn 

f r o n  d i f f e r e n t  p a r t s  - o f  t h e  h o u s e  t h r o u g h .  a n e t w o r k  o f  t u b e s  o f  

e q u a l  l o n g t h  e x t e n d i n g  t o  a c e n t r a l  l o c a t i o n  i n  e a c h  o f  t h e  rooms. 

These  t u b e s  c o n v e r g e d  a t  a s a m p l i n g  j u n c t i o n  c o n n z c t e d  t o  a 2 cfm 
I I 

( 5 7  l i t e r s / m i n )  d i a p h r a g m  pump. The a u t o m a t e d  s y s  tern sampled  i n  

timed s e q u e n c e  f rom t h e  , o u t p ; ~ t .  o f  t h i s  pilmp,. ' from t h e  r e t u r n ,  a n d  

from t h e  s t a n d a r d  r e f e r e n c e  g a s  s y s t e m .  Sampl ing  f rom t h e  r e t u r n  

i s  t h e  s i m p l e s t  means of m e a s u r i n g  i n f i l t r a t i o n  r a t e s  i n  3zcupied 

.hones .  Network s a m p l i n g  p r o v i d e s  a n  i n d e p e n d e n t  . c h e c k  o n  t h i s  ' 

prozcdure.  
8 .  

I n f i l t r a t i o n  r a t e s  c a l c u l a t e d  f r o n  t h e  d a t a  i n  F'igure 5 a r e  

p r e s e n t e d  i n  Table 4. The a g r e e m e n t  b e t w e e n  t h e  t w o  me,thods o f  

sampling was w i t h i n  normal  e x p e r i m e n t a l  error  except when thc  

furnace f a n  was n o t  o p e r a t e d ,  a s  was t h e  c a s e  . d u r i n g  r u n s  2 and  4.  

Under t h e s e  d o n d i t i o n s  i t  w a s .  n o t  p o s s i b l e  ' t o  a c : c u r a t e l y  m e a s u r z  
---M- -s----e--- a -- 
t 

I n t e r n a l  a i r  i n f i l t r a t i o n  volume of ' the  b u i l d i n g  u n d e r  test can  
, be es t imated  f rom c o n c e n t r a t i o n  measurements after a k n o w n . q u a n t i t y  



. . . . , 
t h e  i n f i l t r a t i o n  r a t e  i n  t h e  house bjr sampling i n  t h e  r e t u r n  d u c t .  

~ l s o  measurement th rough  t h e  sampling network showed t h e  e f f e c t s  of  

poor  mixing when t h e  f a n  was i n o p e r a t i v e .  B u i l d i n g s  which do n o t  

have a  c e n t r a l  f o r c e d  a i r  c i r ' cu l a , t i on  sys t em,pkesen t  s p e c i a l  prob- 

lems i n  measurement o f  a i r  l e a k a g e  by t h e  t r a c e r  d i l u t i o n  method, 

s i n z e  each  room would l i k e l y  d i f f e r  from t h e  n e x t .  and , average  

, v a l u e s  f o r  t h e  s t r u c t u r e  might  r e q u i r e  i n d i v i d u a l  room mixing t o  

i n s u r e  a c c u r a t e  measurements. 
. . 

From t h e s e  NBS tests and from subsequent  measurements 

i t  i s  concluded t h a t  automated o p z r a t i o n  o f  t h e  chromatograph it- 

s e l f  c a n  go f o r  h o u r s  una t t ended .  However t h e  s t a n d a r d i z a t i o n  need, 

f u r t h e r  development b e f o r e  t h e  measurement system cou ld  be  consider ,  

f u l l y .  automated f o r  u n a t t e n d e d  o p e r a t i o n .  

The a b i l i t y  to f i e l d  t e s t  f o r  ex tended  p e r i o d s  - f o r  one 

week una t t ended  - i s  t h e  d e s i g n  o b j e c t i v e  o f  t h e  P r i n c e t o n  Auto- 

mated A i r  I n f i l t r a t i o n  u n i t  ( A A I U )  . The f i e l d  t e s t i n g  o f  t h e  AAIU 

was begun i n  November, ,1973 w i t h  a  number o f  a d d i t i o n a l  week-long a 

: i n f i l t r a t i o n  d a t a  c o l l e c t i o n s  t a k i n g  p l a c e  i n  t h e  W i n t e r ,  S p r i n g ,  

. 'Summer and Fal.1 o f  1974 and Winte r  o f  1975. The d a t a  from t h e s e  

t e s t s  form the b a s i s  o f  subsequen t  r e p o r t s , ,  t h e  f i r s t  o f  which w i l l  

soon be  a v a i l a b l e .  

Th.is report  w i l l  o n l y  b r i e f l y  describe the  a i r  i n f j ? t r a t ,  

f i e l d  d a t a  a s  c o l l e c t e d  w i t h  t h e  automated . u n i t s .  Perhaps  t h e  

e a s i e s t  way to unde r s t and  t h e  impor t an t  c o n t r i b u t i o n  o f  c o n t i n u o u s  

r e c o r d s  on a i r  i n f i l t r a t i o n  documenta t ion  i s  to  s t u d y  a  t y p i c a l  

a i r  i n f i l t r a t i o n  r eco rd  o v e r  a  one day p e r i o d .  F i g u r e  6 i l l u s t r a t e  

,, ' * .  



t he  f i r s t  a i r  i n f i l t r a t i o n  f i e l d  d a t a  f o r  a' 3  bedroom,  t w o - s t o r y  

i n t e r i o r  ( i n  c o n t r a s t  w i t h  . an  e n d  u n i t )  t ownhouse  a t  Twin R i v e r s ,  

N . J .  A i r  i n f i l t r a t i o n  m e a s u r e m e n t s  were b a s e d  on  c o n c e n t r a t i o n  

chan3es  i n  S F 6  b a t w e e n  t h e  t h r e e - h o u r  S F 6 . i n j e c t i o n  i n t o  t h e  

r e t u r n  d u c t .  S a m p l e s  vJere t a k e n  fro-n t h e  r e t u r n  d u - t  ( a g a i n  

t h r e e  e v e r y  1 5  m i n u t e s ,  P r i n c e  t o n  A A I U )  . 
T h r e e  p ~ r a r n e t c r s  i n  a d d i t i o n  t o  t h e  a i r  i n f i l t r a t i o n  rate 

have b e e n  p l o t t e d  i n  F i g u r e  6: w ind  v e l o c i t y ,  d i f f e r e n t i a l  ten- 
. , 

, '. 
p o r a t u r e  ( t h e  d i f f e r e n c e  b e t w e e n  indoor a n d  o u t d o o r  t e m p ~ r a  t u r e )  , 

and p r e s s u r e  d i f f e r e n t i a l  ( v a r i a t i o n  i n  q u t s i d e  p r e s s u r e  o v e r  

time). Even t h o s e  f i r s t  d a t a  r e v e a l e d  t h a t  p a r a m e t e r s  s u c h  a s  

w i n 3  v e l o c i t y  c a n  be v e r y  i n f l u e n t i a l  i n  a c h i e v i n g  h i g h  i n f i l t r a -  

t i o n  r a t e s .  F o r  the  1 5  mph wind  v e l o c i t y  a i r  i n f i l t r a t i o n  i s  

g r e a t e r  t h a n  1 . 2  a i r  e x c h a n g e s  p e r  h o u r ,  e x c e e , d i n g  c o n v e n t i o n 3 1  
* 

ASRAE e s t i m a t e s  (order  - 7 5 )  . The p r o c e d u r e  f o r  o b t a i n i n g  t h e  

a i r  i n f i l t r a t i o n  da ta  re l ied  upon  1 5  m i n u t e  s a m p l e s  ( t h r e e  i n -  

d i v i d u a l  s a m p l e s  a re  a v e r a g e d )  a s  shown i n  F i g u r e  3 u s i n g  t h e  

automated a i r  i n f i l t r a t i o n  u n i t  a s  d e s c r i b e d  i n  A p p e n d i x  B. 
l 

The f a c t  t h a t  a c t i v i t i e s  w i t h i n  the home ( a s  p r e v i o u s l y  o u t -  

. l i n e d  o n  p 3 g e  3 )  d i r e c t l y  i n f l u e n c e  a i r  i n f i l t r a t i o n  r a t e s  i s  
, 

shown i n  F i g u r e  7 .  Here d o o r  o p e n i n g  times frorn o n e  o f  t h e  h i g h l y -  V 

* *  1 3  
ins t rurncntcd t o d n h o u s e s  cjl-ciltly i n z r c a s e 1 1  t h e  a i r  infiltration 

r a t e ,  a l l o w i n 3  v a l u e s  to  e x c e e d  t.~.i) a i r  e x c h a n g e s  p e r  h o u r .  
----- - - - 

0 .  

* ASRAE Handbook 1972 p a g e '  337 ( a l s o  see ref.  1 4 ) .  

* *  60 c h a n n e l s  o f  e n e r g y - r e l a t e d  d a t a  a r e  a v a i l a b l e  from e a c h  
townhouse;  o f  i n t e r e s t  h e r e  a r e  d o o r  o p e n i n g  t i m e s  ( m i n u t e s / h o u r )  , 
i n d i v i d u a l  window o p e n i n g  t i m e s  a r e  a l s o  a v a i l a b l e .  

. . 
. , 



' - 1 8 -  

I '  I 

A A I U  f i e l d  o p r r a t i o n ,  from an i n s t r u -  , l  
I 'men t  s t a n d p o i n t ,  have been favorab le .  R e p ~ a t e d  week-long un- 

r I 

',, a t t e n d e d  o p e r a t i o n  h a s  been achieved.  C a l i b r a t i o n  over  such 

.-. p e r i o d s  h a s  changed on ly  s l i g h t l y  ( l e s s  t h a n  5%) .  Rather  than  . - ' . I  

sample from t h e .  s t andard  gas  c q n t a i n e r  eve ry  t h r e e  hours  on- 

, ' s i t e  r e c a l i b r a  t i o n  h a s  been s u b s t i t u t e d  a t  roughly two-week 
, . I! ' i n t e rva l ' s .  (The s tandard. ' sampling t i m e  s l o t  h a s  been devoted 
Z . 

I .  I 

. t o  basement  SF6 ' c o n c e n t r a t i o n  .measurements. ) Mechanical 
*< . ' 
,;: problems o r  f a i l u r e s  have involved t h e  fo l lowing i t ems :  

a, ' 
I '  ' . . 

q ,  0 Problems due t o  the' s e n s i t i v e '  n a t u r e  of  t h e  s e a l  pack- 
' 7 ,  . , . , 

: " i n 3  on t h e  sample valve.  Too t i g h t  , . an  adjustment'  can  r e s u ~ t  i n  
. .  . 

t ' s low sampling (and r e s u l t i n g  e r r o r s )  o r  va lve  s t i c k i n g ,  whereas 1 
} . - 3  

,. , - 1  . t o o  loose  an  adjustment  r e s u l t s  in iGgxcess ive  leakage  o f  the  argon. ) 
: ..- . U I 

,. 2 . L  8 

' l :,,$ Hence, c a r e  must be  taken i n  the ,adjus tment  s o  t h a t  t h e  va ive  w i l l  
4 . ". , . , , X ' .  

8 C . . .  . .-*+,l4 

.. :'<. o p e r a t e  between t h e s e  extremes. ,:,:;,%l' % ,  . 1 
* ,  

+ .  , A.:" 

a., , . , . Noise and.  s t i c k i n g  o f  t h e  s o l e n o i d  which w s s  f i r s t  used 

t o  d e p r e s s  t h e  sample lvelve. ~ 1 1 i s  'problem r e s u l t e d  i n  a redes ign  1 
' ,. .. . 
, . l 
,,<. making use  o f  a rol l ing-diaphragm-sealed p i s t o n ,  which i s  at tached 1 

I .1 . 
*..%" :. ! t o  the '  v a l v e  s h a f t  and the :  v a l v e - i s ,  depressed  by t h e  p r e s s u r e  from 

* v . ,  

: 4  . , 
. a few c u b i c  c e n t i m e t e r s  of argon. ' .. . ,Argon consumption was mini- 1 

?,: , . 
, A  l 

' mized such t h a t  t h e  week-long sampling d u r a t i o n  was unaf fec ted .  1 : l  . 
-. . . I  

. , : .  The c u r r e n t  d e s i g n  i n s u r e s  q u i e t ,  t r o u b l e - f r e e  o p e r a t i o n .  

0 F a i l u r e  of  t h e ,  a i r  sampling pump diaphragm p l a s t i c  bac  ~ 1 1  

. disks ' .  Replacement d i s k s  from t h e  manufacturer  a r e  now meta l  
c .  

. '. ' and no f u r t h e r  problems a r e  a n t i c i p a t e d .  
' .  , 

Leakage o f  SF6 , t h r o u i h  t h e  s o l e n o i d  va lve  s e a l s .  This 1 
l 

. . l 
. : has  been recognized a s  a  problem f r o m .  t h e  beginning o f  t h e  develop-1 

. . , 8 6 .  

ment of  the  AAIU. Care fu l  i n s p e c t i o n  of the  s e a l i n g  s u r f a c e s  and 1 
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I * l  

been f a b r i c a t e d .  Three u n i t s  have seen  e x t e n s i v e  s e r v i c e  a t  . .- , ,. . . .  . . . .  
2 . 7 .  ! > 

. Tdin Rive r s ' and  i n  t h e  Ohio S t a t e  U n i v e r s i t y  energy r e s e a r c h  . 
a. . .  

I .  ' . . .  
- . i n  Colurnbus, Ohio. The l a t e s t  A A I U  i s  p r e s e n t l y  ; i t  NBS t o  

8 .  

'2- 
- J  , 

. receive'  a  magnetic t a p s  c a s s e t t e  adf i i t ion , , so  , t h a t  t h e  a i r  in -  
1 
' 

f i l t r a t i o n  d a t a  can  be recorded i n  d i g i t a l  form.. With t h i s  
a 

. A f e a t u r e  t h e  one d i s t u r b i n g  f e a t u r e  of t h e  :AAIU - e x t e n s i v e  
4 b .  , .  

- . : .  time i s  requ i red  f o r  hand * d a t a  r educ t ion  'from t h e  r e c o r d e r  
. ., 

, char t  paper  - should be  overcome. 



The a u t h o r s  a r e  indcb ' tcd  , t o  M r .  Kcnneth J. Gadsby 

and D r .  George M a t t i n g l y  a t  P r i n c e t o n  U n i v e r s i t y  and 

Mr. Douglas M. Burch and M r .  Theodore R .  Ray, J r .  a t  

Ni3S f o r  t h e i r  c o n t r i b u t ' i o n s  a s s o c i a t e d  w i t h  t h e  d e v e l -  

opment and t e s t i n g  o f  t h e s e  au tomated  i n s t r u m e n t s  t o  

measure a i r  i n f i l t r a t i o n .  ' 



NAT1,OtIhL BUREAU, OF . S T A ~ J D A R D S  AUTOMATED 
AIR INFIT,TRATIOM SYSTEM' 

l'he NDS automated system for  operat incj' the c11ro:::a- 

tograph i s  shown i n  Figure A - l .  A block diagram and . . 
8 .  

wiring diagram a re  shown i n  F i q u r e s ~ - l  andA 2 .  T h e  

system ac tua tes  sampling a t  se lected time i n t e r v a l s  and 
l 

. records the responses on a s t r i p  c h a r t  recorder.  I t  

a l s o  s e l e c t s  the sa rnpl i~g  s i t e '  so t h a t  a i r  may be drawn 

sequent ia l ly  from more than onc locat ion.  
. 0 

Re£ e r r ing  t o  Figures A r l  and A-2, the de t a i l ed  opera-  
. , 

t ion  of the sampling and me.asureme,nt system i s  a s  fol'lows: 

, . Timer (l )* i s  t h e  main cont ro l  of the 'system. I t  i's R 

2 gang timer with a 30 second cycle .  One gang opera tes  

stepping switch (2)or stepper a s  i t  i s  sometimes c a l l e d .  

Stepper (2) s e l e c t  S .  the functions i n ,  sequence wlrich a r e  

t o  be performed. I t  i s  a 4 0  s t ep  switch and i s  opcratcd v 

i n  two 2 0  stcj,, c y c l ~ s .  W1rc11 clc tuatcd  'cvcrs 3 0  scconrls i t  
, , 

completes a f u l l  c,yclc every ton m i n u t e s .  

* 
Numbem i n  pa'rentl~c.sis r c f e r , ' t h e  i n d i v i d u a l  components 

in the f igures .  , 



The o t h e r  gang a c t u a t e s  s o l e n o i d  Q.2) which o p e r a t e s  t h e  

sample  i n j e c t i o n  v a l v e  o f  t h e  chromatograph  Q3). 

S o l e n o i d  v a l v e s  ( 3 )  t ( 4 )  and (5) when a c t u a t e d  by  

s t e p p i n g  s w i t c h .  ( 2 )  se lec t  t h e  s i t e s  from which ' a i r  samples  

a c e  drawn. S o l e n o i d  v a l v e  ( 6 )  o p e n s  when t h e  a u t o m a t i c  

sys tem f o r  i n t r o d u c i n g  t r a c e r  i n t o  a  b u i l d i n g  i s  

a c t u a t e d .  I t  a l l o w s  t h e  s a m p l i n g  pump t o  draw a i r  d u r i n g  

t r a c e r  f e e d  s t e p s ,  O t h e r y i s e  t h e  pump would b e  p u l l i n g  - 
a g a i n s t  a  c l o s e d  s y s t e m ,  s i n c e  a l l  o f  t h e  o t h e r  s o l e n o i d  

v a l v e s  a r e  c l o s e d .  I f  i t , i s  u s e d  t o  sample  t r a c e r  f r e e  

a i r  i t  a l s o  p r o v i d e s  a check  on l e a k s  i n  t h e  s y s t e m .  

Relay  (7 ) i s  n o r m a l l y  ' c l o s e d .  I t  c o n t r o l s  t h e  

. . o p e r a t i o n  of  a u x i l i a r y  sampl ing  'pump (9). It a l s o  must '  

b e  c l o s e d  d u r i n g  sampl ing  s t e p s  f o r  sample  i n j e c t i o n  solenoi .  
I 

. (12) t o  o p e r a t e .  Durinq non-sampling s t e p s  t h e  pump and  
' . 

t h e  s o l e n o i d  a r e  d e a c t i v a t e d .  Re lay  (8) p e r f o r m s  two 

f u n c t i o n s .  One p o l e c l o s e s  d u r i n g  non-sampling s t e p s  
. 

and s h 0 r t . s  o u t  t h e  o u t p u t  from t h e  chromatograph  t o  e s t a -  

, . blish t h  zero current basolihh. The o the r  pole ,  opens ,. 

d u r i n g  non-sampling s t e p s  and s t o p s  c h a r t  movement. 

1 .  

Smal l  m o d i f i c a t i o n s  have been made i n  t h e  system s i n c e  

i t  was o:r i ! l ina l ly  ' d e s i g n e d .  For example ,  stepping s w i t c l l  

(2)and sample i n j e c t i o n  s o l e n o i d  (12) a r e  o p e r a t e d  with 

r ec t i f i ed  current a s  s l~own i n  Pigurc S A - l  and A-2.  



T h i s  p e r m i t s  u s e  o f  lower  v o l t a g e  ar.d r e d u c e s  

e l e c t r i c a l  n o i s e .  O t h e r  m o d i f i c a t i o n s  . . i n c l u d e  padding 

o f  t h e  p l u n g e r  o f  s o l e n o i d  (12) w i t h  sporige r u b b e r  t o  
# 

I 

r e d u c e  m e c h a n i c a l  impac t  and i n t r o d u c i n g  s c r e e n s  i n  t h e  

s a m p l i n g  l i n ~ s  t o  k e e p  l a r g c  p r t i c l e s  o f  d i r t  o u t  

o f  t h e  s a m p l i n g  s o l e n o i d s  and t h e  pump. A l s o  .a ' 2 -For t  

a t o m i z e r  b u l b  w i t h  check  v a l v e s  was p l a c e d  i n  t h e  o u t b u t  
. . 

Q .  

o f  pump (9) , b e c a i s e  it was found t h a t  o t h e r w i s e  s a r n i l e s  

W e r e ' c o n t a m i n a t e d  wi th '  a m b i e n t  a i r  a t  t h e  pump o u t p u t  

d u r i n g  t h e  r e t u r n  s t r o k e  of  t h e  pump. 

B .  T r a c e r '  I n j e c t i o n  sys tem 
. . 

The au tomated  sys tem f o r , i n j e c t i n g , S F  i n t p  a  
6 

' , '  b u i l d i r 1 g . i ~  showr, i n  a b l o c k  d i a g r a m  i n  F i g u r e  A-3.. A 

w i r i n q  d i a g r a m  o f  t h e  t i m i n g  c o n t r o l  'of t h e  s y s t e m  i s  ' 
0 

' shown i n  F i g u r e  A-4 and t h e  r e l a y  v a l v e s  and Dumps 

which d e l i v e r  t h e  t r a c e r  a r e  shown i n  F i q u r e  A-5. 
, . 

' The o p e r a t i o n  of  t h e  s y s t e m  may b e  d e s c r i b e c l  by 

r e f e r r i n q  t o  F i g u r e s  A-3,A-4 ,  and A-S. s t e p p e r  (15) i s  i 

actuated once every 1 0  minutes by s t e p p e r  ( 2 ) .  Ibo 40 

s t e p s  a r e  a p p o r t i o n e d  so t h a t  a f e e d  c y c l e  i s  i n i t i a t e d  

every 60  or 70  minu t e s .  

Timer (16) i s  a c t u a t e d  f o r  30 s eaonds  by stepper (15) a t  



t h e  b e g i n n i n g  o f  e a c h  f e e d  c y c l e .  I t  i s  a  2-gang timer, 

o n e  gang  o f  which  i s  c o n n e c t e d  so a s  t o  t a k e  o v e r  f rom 

t h e  s t e p p e r  and  o p e r a t e  t h e  timer f o r  a  s i n g l e  1 0  m i n u t e  

c y c l e .  The o t h e r  gang c o n t r o l s  t h e  t i m e  of  f e e d .  By 

a d j u s t m e n t  o f  t h e  cam and t h e  e lec t r ica l  c o n n e c t i o n s  i t  

i s  p o s s i b l e  t o  select  f e e d  t i m e s  o f  a  few s e c o n d s  u p  t o  
l 

n e a r l y . 1 0  m i n u t e s .  Manual o v e r r i d e  s w i t c h  ( 1 7 )  i s  a l s o  

p r o v i d e d  t o  p e r m i t  f e e d  o f  SF i n d e p e n d e n t l y  of  t h e  . . 
. 6 

a u t o m a t e d  sys tem.  

A i r  i s  drawn t h r o u g h  t h e  f e e d  l i n e s  a t  a l l  t i m e s  by  one 

or t h e  o t h e r  o f  two. 2 l i t e r / m i n u t e  d iaphragm pumps (20) 

and  (22). Dur ing  a  f e e d  c y c l e  t rader  f rom a  c o n t r o l l e d .  l e a k  

i s  d i l u t e d  w i t h  a i r  and d i r e c t e d  i n t o  t h e  v e n t i l a t i n g  

s y s t e m  o f  t h e  b u i l d i n g  by a u t o m a t i c a l l y  o p e n i n g  s o l e n o i d  

v a l v e  (11) a n d  t u r n i n g  on  pump ( 2 2 ) .  ' Dur ing  most  .of t h e  

t i m e ,  however ,  t h i s  v a l v e  and pump are o f f ,  a n d  a i r  i s  drawn 

t h r o u g h : t h e  l i n e s  and e x h a u s t e d  t o  t h e  o u t s i d e  by means 
. . 

. , o f  s o l e n o i d  !19) and pump (20)  . .  his p r e v e n t s  l e a k a g e  o f  

. . . r e s i d u a l  t r a c e r  from t h e  l i n e  i n t o  t h e  b u i l d i n g  when t h e  

f e e d  i s  o f f .  1 

, .  R e l a y  (18)  i s  a c t u a t e d  by s t e p p e r  (15 ) and a l t e r n a t e l y  

operates  t h e  f e e d  or  t h e  e y h a u s t .  



PRINCETON AUTOMATED A I R  INF,ILTRATION U N I T  

, 
General 
---p- 

The Pr ince ton  automated a i r ,  i n f i l t r a t i o n  u n i t ,  A A I U ,  

has been designed t o  au tomat ica l ly  sample t h e  c o n c e n t r a t i o n  
. . 

l e v e l  o f  t h e  t r a c e r  g a s , .  s u l f u r  hexaf luor ide ,  . ( s F ~ )  , s o  that 

t he  dec reas ing  concen t ra t ion  l e v e l s  wi th '  time can  be used t o  

determine t h e  r a t e  o f  a i r  i n f i l t r a t i o n  i n  a  b u i l d i n g  under 

t e s t .  To mainta in  t h e  SF6 i n  uniform' c o n c e n t r a t i o n  w i t h i n  

the  b u i l d i n g ,  t h e  ,furnace warm a i r  blower c i r c u l a t e s  t h e  

. bu i ld ing  a i r  cont inuous ly  d u r i n g  t h e  t es t  pe r iod .  The 'AAIU 

can opera td  unat tended f o r  a ~ e r i o d  up t o  one week. 

F igure  B - l  i s  a  schematic r e p r e s e n t a t i o n  o f  t h e  AAIU.  

O v e r a l l  des ign  i s  based Gpon thb  ease  o f  movement o f  t h e  

1 u n i t  t o  t h e  basement furnace.  o'r c e n t r a l  d u c t i n g  l o c a t i o n  i n  

the b u i l d i n g  o r  home.' For t h i s  reason ' a  commercial hand 

c a r t  wi th  s t a i r  g l i d e s  i s  used a s  t h e  frame t o  which a r e  

at tached t h e  a i r  i n f i l t r a t i o n  subsystems. These subsystems 

are desc r ibed  i n  t h e  fo l lowing paragraphs.  ' 

. A .  Master Timer Control  Center  

A l l  t iming o r i g i n a t e s  from the  master  t inier c o n t r o l  

center ,  l o c a t e d  behind t h e  handles  on t h e  c a r t .  The wi r ing  
I 

schematic i s  shown i n  Figure B - 2 ;  power. i s  115V AT. The 

cont ro l  c e n t e r  i s  shown i n  F igure  B - 3 .  The aluminurn box 

S houses t h e  master  timer, a 1/31 RPH motor-driven .cam w i t h  



. 1 2  evenly-spaced d e t e n t s :  T r i p l e  microswitches ( c e n t e r ,  

t op  and lower) a r e  ac t iv . a t ed  by t h e  cam and two swi tch  

t r i p p i n g  p o s t s .  ( l a )  Each o f  t h e  12  d e t e n t s  a c t i v a t e s ,  

f o r  t h r e e  'minutes ,  t h e  one RPM sample t iming motor to '  p rov ide  

V t h e  r e q u i r e d  t h r e e  SF6 samples a t  1 5  minute i n t e r v a l s .  

( lb)  One swi tch  t r i p p i n g  p o s t  a c t i v a t e s  t h e  90 secopd SF6 

i n j e c t i o n  va lve  every t h r e e  hours ,  and t h e  o t h e r  p o s t  p rov ides  

f o r  readings  o f  t h e  SF6 c o n c e n t r a t i o n  s t andard ,  i f  d e s i r e d .  
. . 

( 2 )  The one RPM sample t iming motor d r i v e s  cams which 

rep roduc ib ly  a c t i v a t e  t h e  SF; c o n c e n t r a t i o n  sampling d e t e c t o r  

by sending smal l  amounts o f  argon to  a  pneumatic c y l i n d e r  

and p i s t o n  a t t a c h e d  t o  t h e  sampling va lve .  The t iming motor 

s t o p s  t h e  t iming c y c l e  a t  p r e c i s e l y  the '  same t iming o r i e n t a -  

t i o n  t o  provide  r e p r o d u c i b i l i t y  on succeeding samples, 

( 3 )  Two r e l a y s  ( R - l ,  R-2) a r e  provided  t o  achieve  t h e s e  

r ep roduc ib le  t iming f e a t u r e s ,  i .e.,  cam d e t e n t s  on t h e  one 

' RPM subsystem a r e  favored o v e r ' t h e  n e c e s s a r i l y  l e s s  p r e c i s e  
, . 

d e t e n t s  on t h e  one- th i rd  RPH cam system t o  reproduce j u s t  

t h r e e  f u l l  d e t e c t o r  t iming c y c l e s .  (4)  The valve t o  connect  
* 

t h e  s t andard  SFG c o n c e n t r a t i o n  sample c o n t a i n e r  t o  t h e  

d e t e c t o r  i s  a.1 S(:, mounted h e r e ,  Unact iva ted ,  t h i s  va lve  V 

, normally connlrcts t h e  SF d e t e c t o r  t o  t h e  sample l i n e  from 
6 . 

the  r e t u r n  d u c t  t o  measure b u i l d i n g  SF6 concen t ra t ions .  

D e t a i l s  o f  a d j u s t i n g  t h e  components j u s t  desc r ibed  t o .  per- 

* form a s t andard  a n a l y s i s  are  a s  fo l lows.  Adjustment o f  t h e  

I .  

t iming ' f o r  the  :2 d e t e n t  mas ter '  cam i s  made such t h a t  t h e  

c e n t r a l  micro:;witch on t h e  t h r e e  swi tch  ,column i s  a c t i v a t e d  
( 

* Basement  concentrations have a l s o  been determined i n '  
l i e u  o f '  t h e  s t andard  readinq.  



f o r  a  pe r iod  o f  nominally 2-1/2 minutes.  This  t iming i s  

' achieved w i t h  t h e  adjus tment  screw on t h e  c e n t r a l  micro - 
switch movement. The 2-1 /2  minute s e t t i n g  a l lows the one 

RPM t imer  t o  con t inue  ope ' rat ion through the  f u l l  t h r e e  , 

minute c y c l e  whi le  power i s  maintained f o r  t h e  f i n a l  h a l f  

minute through one o f  t h e  two re1,ays i n  t h e  c i r c u i t . *  

Should more o r  l e s s  than t h e  normal t h r e e  samples be de- 

s i r e d  a t  15 minute i n t e r v a l s ,  ad jus tments  can be made by 

a l t e r i n g  t h e  s e t t i n g  of  the  c e n t r a l  swi tch  adjustment  screw. 
I l 

The f i n e  adjustment  o f  t iming f o r  t h e  i n j e c t i o n  (nomi- 

na l ly  90 seconds) o r  the  s t andard  SF6 c o n c e n t r a t i o n  sample 

(again 2-1/2 minutes  i s  used)  ar,e made wi th  the  lower and 

upper screw adjustments  on t h e  t r i p l e  microswitch column. 

One f e a t u r e  t h a t  may be added i n  t h e  f u t u r e  i s  a l i n e  o r i f i c e  

to  conserve sample gas  usage. 

Adjustments on t h e  one RPM t iming cams a r e  a r ranged a s  

follows: The FIRST CAM ( c l o s e s t  t o  t h e  motor) p rov ides  f o r  
I .  

the reproducib le  r e s e t  f e a t u r e ,  i . e . ,  power t o  t h e  motor i s  

i n i t i a l l y  suppl ied  from the  master  cam swi tch  when a c t i v a t e d  

, by one o f  the  d e t e n t s ,  an a l t e r n a t e  sohrce o f  e l e c t r i c  power q 

i s  from t h e  house sample r e l a y  -- a f t e r  t h e  2-1/2 minutes a r e  

Completed powbr con t inues  to t h e  one RPM motor v i a  the  r e l a y  . I 

u n t i l  t h i s  f i r s t  cam gap is  reached, reproducib ly  s topping  

the sequence; the  SECOND CAM i s  se t  t o  e n e r g i z e  t h e  sampling 

v a l v e  on  the  d e t e c t o r  -- t h i s  i,s achieved by a c t i v a t i n g  

* see exp lana t ion  under THE FIRST CAM 
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t h e  argone gas  va lve  t h a t  p r e s s u r i z e s  t h e  c y l i n d e r  connected 

t o  t h e  SF6 sampling va lve ,  thus  ' s i l e n t l y  depress ing  t h e  S F ~  

sampling va lve  f o r  a .  reproducib le  t h r e e  seconds d u r a t i o n  

( s h o r t e r  t imes  o r  nonreproducible  depress ion  r e s u l t s  i n  sam- 

ple measurement i n a c c u r a c i e s )  .; The THIRD CAM c o n t r o l s  t h e  

' t i m i n g  on t h e  s t andard  SF6 sample (NBS h a s  usedd13.8 ppb SF6 

c o n c e n t r a t i o n s  a s  t h i s '  s t andard )  . 
. . 

Under, normal o p e r a t i o n  no adjus tments  need be  made t o  

the  one RPM motor d r i v e n  cams. However, an  o c c a s i o n a l  check 

t h a t  s e t  screws have n o t  loosened from v i b r a t i o n  i s  recom- 

mended. Cam s e t t i n g  o r d e r  i s  such t h a t  cam number one must 
, . 

s t o p  t h e  one RPM u n i t  p r i o r  t o  a c t i v a t i o n  o f  cam number two 

(o therwise  t h e  u n i t  could lock  i n  t h e  de6ressed  SF6 sample 

p o s i t i o n ) .  Cam number t h r e e  is se t  t o  open t h e  s tdndard  

c o n c e n t r a t i o n  sample valve '  (only- when t h e  p o s t  a c t i v a t e d  

s w i t c h . o n  t h e  master  t i m e r  i s  a l s o  depressed)  approximately 
' 

20  seconds p r i o r  t o  SF6 sampling ( t o  a l low adequate  gas  t r a -  

v e l  t ime f o r  t h i s  sample t o  reach t h e  d e t e c t o r )  and s h u t t i n g  

o f f  f i v e  seconds a f t e r  sampling -- t h i s  l i m i t e d  opening t i m e  

conserves  t h e  supply o f  the  s t andard  SF6 mixture.  

B S u l f u r  Hexzifluori.de Storage and Meterinq Uni t  

. . 
i 

Contained on an e n t i r e l y  s e p a r a t e  s l i d e .  o u t  P l e x i g l a s ,  

pane l  on "the f r o n t  lower s e c t i o n  o f  t h e  A A I U  i s  t h e  SF6 star- 
* 

age and meter ing  system. The ' e n t i r e  assembly i s  designed t o  

mainta in  z e r o  leakage. F i l l i n g  o f  t h e  SF6 s t o r a g e  b o t t l e  t o  

, S  a nominal 25 p s i g  should be done, remotely -- not i n  t h e  build- 

- 
, * Although shown i n  Figure 2 ,  t h e  pane l  components a r e  more 

clearly dep ic ted  in Figure B-4 viewed Ghrough the t r a n s -  
p a r e n t  p l a s t i c .  



I 

i n g  under  tes t .  For ' _ t h i s  r e a s o n  t h e  s l i d e  o u t  p a n e l  i s  corn- 

p l e t e l y  removed from t h e ,  A A I U  by  f i r s t  e 1 e c t : r i c a l l y  d i scon-  
, 

' 
n e c t i n g ,  t h i s  p a n e l  a t  t h e  mas t e r  c e n t e r ,  and t h e n  by  loosen ing  

t h e  upper  rod  connected on t h e  two s l i d e  r a i l s  t o  t h e  meter  

s h e l f  -- t i l t i n g  t h e  r a i l s  fdrward and removing t h e  p a n e l  by  

t he  hand g r i p  prov ided .  ~ e m o v e ' .  hyperdermic t u b i n g  i f  t h e r e  

i s  any danger  o f  damage i n  t h e  pane.1 removal p rocedure .  

Remote f i l l i n g  o f  t h e  SF, s t o r a g e  b o t t l e  i s  e s s e n t i a l  i f  
- -- 

a c c u r a t e  b u i l d i n q  a i r  i n f i l t ' r a t i o n  measuremerlts a r e  t o  be  

taken.  Every t h r e e  h o u r s  o n l y  ' l 0  cc ' S  o f  SF6 i s  r e l e a s e d  i n  
- .  

' .  the  b u i l d i n g  h e a t i n g / c o o l i n g  d u c t s  -- any loss of SF6 d u r i n g  

f i l l i n g  o p e r a t i o n  can  comple t e ly  overwhelm s e n s i t i v e  concen- 

t r a t i o n  measurements. 

S a f e t y  d e s i g n  o f  t h e  SF6 c o n t a i n e r  i s  such t h a t  should  

a l l  t h e  SF6 be r e l e a s e d  i n a d v e r t a n t l y  f n  t h e  s m a l l  home, 

' 10,000 cu. f t . ,  o n l y  one ppm would ,be p r e s e n t  -- a s a f e t y  

f a c t o r  o f  ,1000. 

Containment o f  t h e  S F ~  ' is ma in t a ined  b y  z e r b  l eakage  

so lenoid  o p e r a t e d  v a l v e s ;  To i n j e c t  t h e  10  c u b i c  c e n t i m e t e r s  

of SF6 r e q u i r e d  e v e r y  t h r e e  h o u r s , .  t h e  low p r e s s u r e  r e g u l a t o r  

, i s  set  t o  between 1/2 - 1 p s i g .  U s e  o f  0.020 i n c h  i n t e r n a l  , 

diameter  hyperdermic t u b i n g  t o  t r a n s f e r  t h e  SF6 t o  t h e  f u r n a c e  

duc t ing  limits trapped SF6 a f t e r  v a l v e  = l o s u r e  t o  less t h a n  

-1 c c  o r  1% o f  t o t a l  i n j e c t e d  SF6. T h i s  e l i m i n a t e s  problems 

of SF6 seepage from' t h e  l i n e  d u r i n g  t h e  a i r  i n f i l t r a t i o n  test 

per iod.  '  he t e s t  method t o  measure: SF6 t o ' t a ~ .  i n j e c t i o n  u t i l i -  

zes soap bubble  movement a l o n g ,  known d i a m e t e r  t r a n s p a r e n t  t ub ing .  
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C. The SF6 Siimpling U n i t  and  Recorder  

. The aluminum i n s t r u m e n t  s h e l f  s u p p o r t s  t h e  I T . I . S F 6  

. ' s a m p l i n g  u n i t  and t h e  R u s t r a k  c o n t i n u o u s  w r i t i n g  s t r i p  c h a r t  

r e c o r d e r .  (see F i g u r e s  2 and B-l) . 
F i r s t  the SF6 sampl ing  u n i t  i s  t u r n e d  on and a d j u s t e d  t o  

' '  t h e  SET p o s i t i o n  so t h a t  t h e  a r g o n  c a r r i e r  g a s  f l o w  i s  dis- 

p l a y e d  a s  a n  a p p r o x i m a t e l y  mid r a n g e  r e a d i n g  on  t h e  a n a l y z e r  

d i a l .  Pump s w i t c h  i s  ON. With e a c h  d e p r e s s i o n  o f  t h e  SF G 

sampl ing  v a l v e ,  a n  i n d i v i d u a l  a i r  sample  i s  a n a l y z e d .  (Con- 
I .. 

t i n u o u s  s a m p l i n g  i s  f a r  less s e n s i t i v e  i n  d e t e c t i n g  t h e  s m a l l  

c o n c e n t r a t i o n  o f  SFG t h a t  a r e  b e i n g  employed i n  t h e  home, 2 5 

t o  40 p p b . ) .  W i t h i n  t h e  IT1 u n i t  a s a m p l i n g  column s e p a r a t e d  

a i r  components  o f  v a r y i n g . m o l e c u l a r  w e i g h t s . '  E l e c t r o n  c a p t u r e  

d e t e c t i o n  b a s e d  on  a  t r i t i y m  s o u r c e  p r o v i d e s  t h e  e x t r e m e l y  
. . 

s e n s i t i v e  d e t e c t i o n  mechanism , ( few p a r t s  p e r  b i l l i o n ) .  

A t y p i c a l  r e c o r d  f o l l o w i n g  sample  v a l v e  d e p r e s s i o n ( s e e  ~ i g .  3 )  

c o n s i s t s  of  t h e  8 0  meter r e a d i n g  f o r  t h e  u l t r a  h i g h  p u r i t y  
0 

a r g o n  c a r r i e r  g a s ,  f o l l o w e d  by a  r i p p l e . a t  v a l u e  d e p r e s s i o n  

and a p a u s e  ( r e t u r n i n g  t o  % 8 0 )  p r i o r " t o  i o n i z e d  oxygen con- 

c e n t r a t i o n  meaeurement  where  t h e  s c a l e  r e a d i n b  d r o p s  r a p i d l y  

t o  z e r o , .  i n d i c a t i n g  complete e l e c t r o n  c a p t u r e  ( r e t u r n i n g  t o  l 

280 a g a i n )  t h e  m e t e r ' r e c o r d s  t h e  c o n c e n t r a t i o n  -- s e c o n d  

pause  of t h e  higher rnqlecular ; w e i g h t a  i o n i z e d  S F 6 ,  which  

d e p r e s s e s  t h e  scs le  r e a d i n g  from 2, 8 0 t 0 ,  s a y ,  h a l f  t h a t  
l 

amount indicatin<g a degree of SF6 .concentration that h a s  

o n l y  p a r t i a l l y  a b s o r b e d  t h e  e l e c t r o n s .  T h i s  t e c h n i q u e  i s  
I 

r e p e a t e d  th ree  times e v e r y  1 5  minutes "so ' t h a t  s p u r i o u s  r e a d i n g s  , 
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E. On S i t e  Deployment , 

The f o l l o w i n g  descr ip ; ion  o u t l i n e s  t h e  s t e p s  r e q u i r e d  

t o  i n i t i a t e  measurements i n  t h e  f i e l d  w i t h  t h e  A A I U .  

1. Load SF6 U n i t  REMOTELY. 

2. Mov& A A I U  t o  c e n t r a l  d u c t  l o c a t i o n  normal ly  n e x t  t o  

home fu rnace .  

3 .  Bend t a b  on r e t u r n  a i r - d u c t  j o i n i n g  s t r i p  and i n s e r t  sample 

t ube  and SF ' hypodermic tube  th rough  opening .  
. 6  , . 

4. Load f r e s h  p a p e r  r o l l  i n  Rus t r ack  r e c o r d e r .  

5. Open h i g h  p u r i t y  a rgon  c y l i n d e r  s e t t i n g  p r e s s u r e  r e g u l a t o r  

t o  t h a t  no t ed  on p r e s s u r e  gauge o f  t h e  i n d i v i d u a l  u n i t .  

6.- Turn on  f u r n a c e  f a n  a t  t h e r m o s t a t  - - y s e  TAG i f  t h e r e  i s  

danger  t h a t  t h e  f a n  may he  i n a d v e r t e n t l y  s h u t  o f f  d u r i n g  

t h e  t e s t  p e r i o d .  

7 .  Plug i n  A A I U  u n i t  - - SWITCH ON POWER ,STRIP - - s e t  master  

t imer  cam w i t h  k n u r l  knob t o  p o i n t  i n i t i a t i n g  SF6 in j ec t i c :  

8. ' Record s t a r t  . t i m e .  on Rus t r ack  c h a r t .  
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= 81.5 a rgon  p r e s s u r e  = 17.9 p s i y  
. I0 

I , 
NO. of  P o i n t s ,  - 100 p ?  (- ) C o n c e p t r a t i o n  C o r r e l a t i o n  ? Value 
Considered " *o o f  L a s t  P o i n t  C o e f f i c i e n t  o f  B ---- - -- d --- -----p --- 

3 24.95 7.07 ppb 0.9999999 S 0.943 

o .  beyond range  of e q y a t i o n  a p p l i c a b i l i t y  

Tab le  2 

a rgon  p r e s s u r e ,  = 17.8 p s i g  

S No. of  P o i n t s  Cons idered  - Pm C o n c e n t r a t i o n  C o r r e l a t i o n  Value  
I B ( for  F i t t i n g  - h - = k c  ) ' o f  L a s t  P o i n t  c o e f f i c i e n t  of B = o v  , 

-=S-- -----"I I0 - .-p- ---L- - - p  --I 

3 35.46 ,g. 3 0.999999 0.918 

Table l and Table 2 a r e  r e p r e s e n t e d  a s  t e s t  points 1 and E 
. in Table 3 ,  

. 



. 
B I = kc. General t e s t i n g  of AAIU t o  t e s t  ,applic 'abil i ty of - 

*o 
Argon pressure  = 17.8 ps ig  .. Range of concentrat ion approx. 5 - j  

Test  No. Error  ~ a ~ n i t u d k *  ' 
, I0 B** 

Correla t ion Coeff ic ier  - 

-- 
* 

T h i s  ind ica tes  the ' ~ o r s t  , f i t t i n g  po in t  for  a given t e s t  
ser,lel3 of t yp ica l ly  eight1 points .  

**  
Cho:3en on the  basis of the  'median v a l b e  wi th  beat  f i t  sec 
Table 1 a s  an example, 

1 ,  



Table 4 . ' *  

I n f i l t r a t i o ' n  Rates Obtained with 
NBS Experimental Automa Led System 

* 

Air changes 
p e r h o u r  

Run ' Network Return 
No. 
L _  . a Sampling , Samplin;[ 

* 
House c i r c u l a t i n g  fan not  opera'ted during these  p e r i o d s .  

** 
Uninterpretable a s  an exponential  d&ay process .  ' 

, 



igure ?., NBS 
utomated A i r  ' 

nf il t r a  t i o n  Sys ter,~, 
, . 

f i l t r a t i on  Unit 



Figure B-3 Master Timer Control Center, main timing cam, 

'.switch column, sample selection v a l v p ,  3-gang cam switch, 

re lays  and wiring, 

Piwre B-4 S l i d e  Out Plexiglas Panel c s n t a i n i n g  30 oc 
8 .  

SF' storage bottle, low pressure regulator, gages, injection 
6 

. v a l v e  and hypodermic injection tube,  
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Run No. 

Elapsed Time (Minutes) , 

v .Sample  from network.L\ sample from r e t u r n , , a i r  .0 Secondary standsrd 
. . 

Test Data NBS ~utomated Air lnfitration System 
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Figure 5 



Figure 6 



Figure 7 
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Wii'irincj Diagram of NBS Feed Control System. 
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Figure B -2 
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Figure B- 3 Master Timer Cont ro l .  Center, main timing cam, 

s w i k e h  columm, sample selection valve, 3-gang cam switch, 

relays and wiring, 

Fiwre B - 4  Slide Out P l e x i g l a a  Panel containing 30.cc 

SF6 s torage b o t t l e ,  low pressure regula tor ,  gages, i n j e c t i o n  

va lve  and hypodermic injection tube, 
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FIGURE 8 - 1  





Figure  B-3 Master Timer Cont ro l  centex!, main t i m i n g  earn, 

switch colurn, sample selection v a l v p ,  3-gang cam swi tch ,  

relays and wir ing ,  

' Figure B - 4  S l i de  O u t  P lex ig las  Panel containing 30 o c '  
, . 

S P ~  storage bottle, low pressure regulator, gages, i n j e c t i o n  

,vaJve and hypodermic injection tube, 


