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ABSTRACT 

A direct intercomparison has been made between common tracer gases 

used to measure air infiltration rates in buildings. The results indicate 

that air ex;hange rates measured using sulfur hexaflouride, SF6, are slightly 

larger than those measured using methane, CH4, or nitrous oxide, N 2 0  The 

ratio of air change rates measured using SF to air change rates measured 
6 

concurrently using a lighter tracer gas was found to be 1.10 2 0.10. 



I n t r o d u c t i o n  

The energy  c o s t  of e x c e s s i v e  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  h a s  s p u r r e d  

a  s h a r p  i n c r e a s e  i n  t h e  number of r e s e a r c h  p r o j e c t s  i n v e s t i g a t i n g  t h e  

magni tude ;of n a t u r a l  v e n t i l a t i o n .  The most  comwon t e c h n i q u e  used t o  w o n i t o r  

a i r  i n f i l t r a t i o n  r a t e s  r e q u i r e s  t h e  measurements of t h e  c o n c e n t r a t i o n  of a 

t r a c e r  g a s .  The t r a c e r  g a s ,  a  m a t e r i a l  e a s i l y  moni tored which i s  normal ly  

n o t  p r e s e n t  i n  t h e  a tmosphere ,  is i n j e c t e d  i n t o  t h e  s p a c e  t o  b e  t e s t e d .  

When t h e  i n j e c t i o n  ends  t h e  c o n c e n t r a t i o n  of t r a c e r  i s  measured a s  a  f u n c t i o n  

of t ime .  O u t s i d e  a i r ,  l e a k i n g  i n t o  t h e  t e s t  s p a c e ,  r e p l a c e s  t h e  t r a c e r  - 
i n d o o r  a i r  m i x t u r e  which l e a k s  o u t  a t  t h e  same r a t e .  The r a t e  of change of 

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

t h e  c o n c e n t r a t i o n  ~f t r a c e r  i n  t h e  t e s t  s p a c e ,  i , e .  t h e  c o n c e n t r a t i o n  d e c r e a s e s  

e x p o n e n t i a l l y .  

T h i s  v e r b a l  d e s c r i p t i o n  o f  t h e  measurement p r o c e s s  c o n t a i n s  s e v e r a l  

a s sumpt ions  a b o u t  t h e  n a t u r e  of  a i r  i n f i l t r a t i o n .  For example, i t  assumes 

t h a t  t h e  r a t e  of a i r  i n f i l t r a t i o n  remains  c o n s t a n t  d u r i n g  t h e  measurement 

p e r i o d .  I n  a d d i t i o n ,  i t  assumes t h a t  t h e  o u t s i d e  i n f i l t r a t i n g  a i r  mixes  

u n i f o r m l y  w i t h  t h e  i n d o o r  a i r  d u r i n g  measurement.  I n  t h i s  i n v e s t i g a t i o n  we 

examine t h e  assumpt ion  t h a t  measured a i r  change r a t e s  a r e  independent  of t h e  

t y p e  of t r a c e r  g a s  used i f  a d e q u a t e  mixing of  t h e  t r a c e r  i n  t h e  t e s t  s p a c e  

o c c u r s .  

An i d e a l  t r a c e r  g a s  shou ld  meet tne f o l l o w i n g  c r i t e r i a  [ I ] :  

I t  shou ld  (1)  be  i n e x p e n s i v e ,  

( 2 )  b e  e a s i l y  measureab le  a t  l o w  c o n c e n t r a t i o n s ,  

(3) b e  non- tox ic  and n o n - a l l e r g e n i c ,  

( 4 )  be  non-flammable, 

(5)  have a p p r o x i n a t e l y  the same m o l e c u l a r  we igh t  as a i r ,  



( 6 )  n o t  b e  absorbed on any s u r f a c e s  w i t h i n  t h e  s p a c e  under  t e s t ,  

( 7 )  n o t  b e  a normal c o n s t i t u e n t  of t h e  a i r  i n  t h e  t e s t  s p a c e .  -. 

No t r a c e r  g a s  mee t s  a l l  t h e s e  r e q u i r e m e n t s .  Wi th in  r e c e n t  y e a r s  

improvements i n  i n s t r u m e n t a t i o n  have  p e r m i t t e d  measurements of c o n c e n t r a t i o n  

of s u l f u r  h e x a f l o u r i d e ,  SF6, a t  l e v e l s  of p a r t s  p e r  b i l l i o n .  T h i s  i s  t h r e e  

o r d e r s  of magni tude s m a l l e r  t h a n  p r e v i o u s  t e c h n i q u e s  which y i e l d  measurements 

i n  t h e  r a n g e  of p a r t s  p e r  m i l l i o n ,  The a b i l i t y  t o  o b s e r v e  such low 

c o n c e n t r a t i o n s  makes SF6 a n  a t t r a c t i v e  p o s s i b i l i t y  f o r  u s e  a s  a  t r a c e r  g a s ,  

However s e v e r a l  r e s e a r c h e r s  have e x p r e s s e d  t h e  concern  t h a t  t h e  l a r g e  molecu la r  

we igh t  of SF6 (146) w i l l  c a u s e  s t r a t i f i c a t i o n  of t h e  t r a c e r  g a s  a f t e r  i n j e c t i o n .  

Hunt [ l ]  h a s  d i s c u s s e d  t h e  e r r o r s  which w i l l  r e s u l t  i f  a t r a c e r  g a s  i s  mixed 

p o o r l y  w i t h i n  t h e  t e s t  s p a c e .  S t r a t i f i c a t i o n ,  which w i l l  y i e l d  poor  mix ing ,  

w i l l  l e a d  t o  e r r o n e o u s  , i n f i l t r a t i o n  r e s u l t s  u n l e s s  m u l t i p l e  sampl ing and 

p r o p e r l y  weighted a v e r a g i n g  of t h e  t racer  from s e v e r a l  p o i n t s  o c c u r s ,  

' The exper iment  d e s c r i b e d  i n '  t h i s  paper  was des igned  t o  make c o n c u r r e n t  d i r e c t  

compar isons  of a i r  exchange r a t e s  measured wi th '  d i f f e r e n t  t r ac ' e r  g a s e s  i n  t h e  

same t e s t  s p a c e .  

LITERATURE REVIEW 

The paper  of H i t c h i n  and Wilson [ 2 ]  i s  a n  e x c e l l e n t  r ev iew of t h e  

e x p e r i m e n t a l  t e c h n i q u e s  used i n  measur ing  a i r  i n f i l t r a t i o n .  T h i s  work 

h a s  been extended t o  i n c l u d e  work th rough  1978 by H u n t ' s  c a r e f u l  

r e v i e w  of c u r r e n t  t e c h n i q u e s  [I]. Both a u t h o r s  c i t e  p r e v i o u s  d i r e c t  

i n t e r c o m p a r i s o n  r e s u l t s .  These a r e  shown i n  Tab le  1 below.  



Table  l 

Refe rence  

Publ i shed  Comparisons between Tracer  Gases 

E 

T r a c e r  Gases Number of T e s t s  

Warner [3] Coal Gas, C02 3 

C o l l i n s  and Smith [ 4 ]  H2, 4 1 ~  2  

Howland, e t  a l .  [5] C02 ,  8 5 ~ r  3 

Howard [ 7 ]  H2, N20 

1 1  I I 02' N20 

Hunt and Burch [ 8 ]  He, SF6 

many 

I I 

R e s u l t s *  

agreement 

*The r e s u l t s  quoted a r e  t h e  mean v a l u e s  of t h e  r a t i o s  of t h e  measured a i r  

change r a t e s .  The r a t i o  is  formed by d i v i d i n g  t h e  a i r  change r a t e  of  t h e  

h e a v i e r  g a s  by t h e  a i r  change r a t e  of t h e  l i g h t e r  g a s ,  

- ~ a r n e r  [ 3 ]  r e p o r t e d  comparisons  between c o a l  gas  ( a  m i x t u r e  of H2  

and CO o b t a i n e d  by p a s s i n g  s team over  h o t  carbon)  d e t e c t e d  u s i n g  a  

Katharometer and C02 whose c o n c e n t r a t i o n  was measured by Haldane gas  

a n a l y s i s .  

C o l l i n s  and Smith [ 4 ]  used t h e  r a d i o a c t i v e  argon i s o t o p e  4 1 ~  a s  a  

t r a c e r ;  i t s  c o n c e n t r a t i o n  was measured w i t h  a  g e i g e r  c o u n t e r  and a  r a t e m e t e r ,  

A d i r e c t  comparison was made of t h e  i n f i l t r a t i o n  r a t e  d e t e c t e d  u s i n g  H2 de- 

t e c t e d  w i t h  a  ka tharomete r  and 4 1 ~ ;  agreement w i t h i n  8% was s e e n  i n  two 

t r i a l s .  



Howland, Kimber and h i t  t l e j o h n  [5]  r e p o r t e d  compar isons  between a i r  

changes  measured w i t h  t h e  r a d i o a c t i v e  i s o t o p e  8 5 ~ r  u s i n g  a, g e i g e r  c o u n t e r  

and a  r a t e m e t e r .  The decay r a t e s  were  compared w i t h  measurements which 

used CQ2 a s  t h e  t r a c e r .  I t s  c o n c e n t r a t i o n  was determined by drawing samples  

of a i r  p e r i o d i c a l l y  and u s i n g  chemica l  a n a l y s i s  ( t h e  Haldane a p p a r a t u s )  t o  

f i n d  t h e  amount of t r a c e r  r emain ing  i n  t h e  t e s t  s p a c e .  R e s u l t s  of 3  t e s t s  

v a r i e d  by a b o u t  9 % .  

Lidwell, [ 6 ]  compared r e s u l t s  o b t a i n e d  when n i t r o u s  o x i d e ,  N20 i s  

compared w i t h  a c e t o n e ,  C3H60 a s  a  t r a c e r  g a s ,  I n f r a r e d  a b s o r p t i o n  was used 

t o  measure t h e  c o n c e n t r a t i o n  of  N 2 0 ;  a c e t o n e  c o n c e n t r a t i o n  was de te rmined  by 

measur ing  t h e  change i n  pH which o c c u r r e d  when a i r  c o n t a i n i n g  a c e t o n e  is 

absorbed  i n t o  s o l u t i o n s  of hydroxylamine h y d r o c h l o r i d e ,  A s i n g l e  measurement 

( judged t o  b e  a c c u r a t e  t o  w i t h i n  10%) produced 3% agreement ,  

Howard [ 7 ]  compared N 2 0  w i t h  b o t h  H2 and 0 2 .  N20 c o n c e n t r a t i o n s  were  

de te rmined  w i t h  a n  i n f r a r e d  a n a l y z e r ,  H 2 c o n c e n t r a t i o n s  w i t h  a  ka tha romete r  

and 02 by a b s o r p t i o n  i n  aqueous  chromous c h l o r i d e .  S p e c i f i c  r e s u l t s  a r e  

n o t  quoted i n  t h e  p a p e r .  The a u t h o r  s t a t e s  t h a t  c l o s e  agreement between 

decay r a t e s  u s i n g  N 2 0  and O 2  were  s e e n  o v e r  wide r a n g e s  of wind s p e e d s ,  On 

t h e  o t h e r  hand,  H 2  decay  r a t e s  were  s u b s t a n t i a l l y  h i g h e r  t h a n  N 2 0 .  The 

ev idence  s u g g e s t e d  t h a t  d i f f u s i o n  of H 2  th rough  t h e  w a l l s  of t h e  u n p a i n t e d  

gypsun of  t h e  t e s t  s p a c e  was t h e  s o u r c e  of t h e  d i s c r e p a n c y .  Th i s  h y p o t h e s i s  

was t e s t e d  by r e p e a t i n g  t h e  t e s t s  a f t e r  t h e  w a l l s  were s e a l e d  w i t h  two c o a t s  

of l a t e x  p a i n t  and a l s o  r e p e a t i n g  t h e  t e s t s  i n  a l a b o r a t o r y  w i t h  masonry w a l l s ,  

The d i s c r e p a n c y  was n o t  p r e s e n t  i n  t h e  l a t t e r  two s e t s  of t e s t s .  



Hunt and Burch [ 8 ]  compared a i r  change  r a t e s  u s i n g  He and SF6 a s  

t r a c e r  g a s e s  t o  examine  t h e  i n f l u e n c e  of  m o l e c u l a r  d i f f u s i o n  on t h e  

i n f i l t r a t i o n  p r o c e s s .  T h e i r  t e s t  s p a c e  was a four-bedroom townhouse con- 

s t r u c t e d  w l t h i n  a n  e n v i r o n m e n t a l  t e s t  chamber .  I f  m o l e c u l a r  d i f f u s i o n  were  

i m p o r t a n t  I n  t h e  i n f i l t r a t i o n  p r o c e s s ,  t h e  a i r  change  r a t e  measured w i t h  He 

would b e  s i g n i f i c a n t l y  l a r g e r  t h a n  t h a t  measured  w i t h  SF6. I n  f a c t ,  s l i g h t l y  

l a r g e r  a i r  change  r a t e s  were  s e e n  when SF6 was u s e d  as t h e  t r a c e r  r a t h e r  t h a n  

He. S i x  t r i a l s  w e r e  made. The r a t i o  of  t h e  a i r  change  r a t e  measured  w i t h  

SF6 t o  t h a t  measured  w i t h  H e  was 1 .17  w i t h  a  s t a n d a r d  d e v i a t i o n  of 0 , 1 4 .  

TEST SPACE 

The t e s t  r e p o r t e d  i n  t h i s  p a p e r  were conduc ted  i n  a  o n e  s t o r y  unoccup ied  

r e s i d e n c e  i n  Walnut  C r e e k ,  C a l i f o r n i a .  T h i s  h o u s e  is  l e a s e d  by t h e  Lawrence 

B e r k e l e y  L a b o r a t o r y  a s  a  r e s e a r c h  f a c i l i t y  f o r  t h e  Energy E f f i c i e n t  B u i l d i n g s  

program.  A p l a n  v i e w  o f  t h e  h o u s e  and i t s  s u r r o u n d i n g s  i s  shown i n  F i g .  1. 

The f l o o r  p l a n  of  t h e  h o u s e  i s  shown i n  F i g .  2 .  The volume of  t h e  l i v i n g  

3 2 
s p a c e  of  t h e  h o u s e  i s  230 m , i t s  f l o o r  a r e a  i s  100 m and t h e  a r e a  of  t h e  

2 
s i -x  ' s u r f a c e s  bound ing  t h e  l i v i n g  s p a c e  i s  300 rn . 

The windows o f  t h e  house  a r e  s i n g l e  g l a z e d  aluminum s l i d i n g  windows 

w i t h  r u b b e r  w e a t h e r s t r i p p i n g .  The h o u s e  h a s  two wooden e x t e r i o r  d o o r s  and 

a  s i n g l e  s l i d i n g  g l a s s  p a t i o  d o o r ,  P r i o r  t o  t h e s e  t e s t s ,  one  of t h e  d o o r s  

had been  removed and had been  r e p l a c e d  by  a plywood p a n e l  upon which  a  f a n  

was mounted f o r  a i r  l e a k a g e  t e s t s .  



The house  i s  h e a t e d  w i t h  a  f o r c e d  a i r  g a s - f i r e d  f u r n a c e  sys tem,  A 

c e n t r a l  a i r  c o n d i t i o n i n g  sys tem u s e s  rhe  sarne d u c t  s y s t e m ,  The r e t u r n  d u c t  

opening, l o k a t e d  i n  t h e  c e i l i n g  of t h e  ha l lway  l e a d i n g  t o  t h e  bedrooms, and 

t h e  supp ly  d u c t  d i f f u s e r s  l ~ c a t e d  on t h e  f l o o r  th roughoqt  t h e  house ,  a r e  

b o t h  shown i n  F i g .  2 ,  

TEST PROCEDURE 

A l l  t e s t s  i n  t h i s  i n t e r c o m p a r i s o n  used a  t r a c e r  g a s  c o n c e n t r a t i o n  decay 

t e c h n i q u e  t o  measure  t h e  a i r  exchange r a t e  of t h e  t e s t  s p a c e .  

During a l l  t e s t s  e x c e p t  t e s t  :! and ? (cf. T a b i e  3 ,  Selo:.~) t h e  d o o r s  and 

windows were  c l o s e d  and t h e  f u r n a c e  was o f f .  During t e s t s  8 and 9 windows 

were  open 1 cm. The f u r n a c e  b lower ,  however, r a n  c p n t i n u o u s l y  t o  p r o v i d e  

mix ing  f o r  t h e  i n j e c t i o n  of t h e  t r a c e r  g a s  and t o  p r o v i d e  a  s u i t a b l e  

l o c a t i o n  f o r  sampl ing  t h e  a i r - t r a c e r  g a s  m i x t u r e ,  The blower  c a p a c i t y  of 

3 t h e  f u r n a c e  f a n  was measured and was found t o  be  0 , 4  m /s ;  t h i s  i s  e q u i v a l e n t  

t o  a 'vo lume  f l o w  r a t e  of 6 house  volumes p e r  h o u r ,  

Indoor  t e m p e r a t u r e  and r e l a t i v e  humid i ty  were  measured u s i n g  a  hygro- 

thermograph l o c a t e d  i n  t h e  l i v i n g  room. Outdoor wea the r  c o n d i t i o n s ,  d r y  b u l b  

t e m p e r a t u r e ,  wind speed and d i r e c t i o n ,  were measured u s i n g  a wea the r  tower 

mounted on t h e  roof  of t h e  g a r a g e  ( c f .  F i g .  1 ) .  

Thc f i r e p l a c e  chimney and t h e  s t o v e  v e n t  i n  t h e  k i t c h e n  were bo th  

covered w i t h  p l a s t i c  and taped c l o s e d .  

The groups  c o n d u c t i n g  t h e  t e s t s ,  and t h e  t r a c e r  g a s e s  used a r e  shown 

i n  Tab le  2 .  



Table 2 

Research Group 
r 

Honeywell 

Tracer  Gas Detector  

IR Analyzer 

Pr ince ton  S P 
6 

Elec t ron  Cqpture 

LBL 

LBL 

LBL 

T,R Analyzer 

T,& Anqlyzer; 

E lec t ron  Capture 

I n t e r f e r e n c e  between C H 4  and N 2 0  prevented simultaneous measurements 

of t r a c e r  gas  concen t r a t ions  using these  gases ;  t h e r e f o r e  t h e  t e s t s  were 

organized us ing  t h e  schedule shown i n  Table 3 ,  

Table 3 

N 0 -7 
L- 

X 

X 

X 

X 

X 

X 

X 

X 

X 



* T e s t  3 and 4  u s i n g  SF6 were  ana lyzed  a t  P r i n c e t o n  ( i n d i c a t e d  by ( P ) )  

w h i l e  t h e  SF6 t e s t s  5 th rough  14  were  ana lyzed  a t  Berke ley  ( i n d i c a t e d  by ( B ) ) .  
- 
The samples a n a l y z e d  a t  P r i n c e t o n  were  c o l l e c t e d  a t  t h e  t e s t  s i t e  i n  

a lumin ized  mylar  sample  bags  which were  t h e n  sh ipped  from C a l i f o r n i a  t o  

New J e r s e y .  

ANALYSIS PROCEDURE 

A f t e r  i n j e c t i o n ,  t h e  r a t e  of change of t r a c e r  gas  c o n c e n t r a t i o n  i s  t h e  

p r o d u c t  of t h e  a i r  change r a t e ,  A ,  and t h e  c o n c e n t r a t i o n  i n  t h e  t e s t  s p a c e .  

I f  t h e  a i r  change r a t e  i s  c o n s t a n t  t h e  s o l u t i o n  of eq 1 is s imply 

where  C i s  t h e  c o n c e n t r a t i o n  of  t r a c e r  a t  t ime t = o .  
0 

S e v e r a l  p r o c e d u r e s  can  b e  used t o  a n a l y z e  d a t a  r e l a t i n g  c o n c e n t r a t i o n  

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

of t ime u s i n g  semi log  g raph  p a p e r .  

Three  SF d e c a y s ,  t r i a l s  6,  11 and 14  were r e j e c t e d  a f t e r  examining t h e  
6 

g r a p h s .  E i t h e r  non-uniform mix ing ,  non c o n s t a n t  decay r a t e s  o r  i n s t r u m e n t a t i o n  

m a l f u n c t i o n s  caused t h i s  Gehavior .  



EXPERIMENTAL RESULTS 

T a b l e  4  shows t h e  r e s u l t s  of t h e  measurements ,  

A i r  Change R a t e s  
T e s t  N 0  -2- CH, -% Wind S eed 
Number . Rat io*  

( h r  -'> ( h r  -') 

- 
- 

0 . 7 1  ( P )  

0 .76  ( P )  

0 .76  (B) 

-- 
0 . 9 4  (B) 

1.59 ( B )  

*The r a t i o  quoted i s  t h e  a i r  change  r a t e  of SF d i v i d e d  by t h e  a i r  change  r a t e  
6 

of t h e  l i g h t e r  t r a c e r  g a s ,  

**During test 1 2  e t h a n e ,  C2H6, was a l s o  used a s  a  t r a c e r  g a s .  The a i r  exchange 

r a t e  measured was 0.68 h r - l ;  t h i s  y i e l d s  a r a t i o  of  0 . 9 7 .  



The mean v a l u e  of t h e  r a t i o  f o r  a l l  t h e  t e s t s  was 1 . 1 0  - + 0 , 1 0 ,  The mean 

v a l u e  f o r  t h e  compar isons  of SF6 w i t h  N20 was 1 . 0 9  + 0 . 0 9  w h i l e  t h e  v a l u e  f o r  - 
t h e  compar isons  w i t h  CH4 was 1?16 .- + 0 , 0 9 ,  

The J n c e r t a i n t i e s  l i s t e d  w i t h  each of t h e  r a t i o s  i s  t h e  s t a n d a r d  

d e v i a t i o n  of a  s i n g l e  measurement,  The t d i s t r i b u t i o n  w i t h  9 d e g r e e s  of 

freedom was used t o  c a l c u l a t e  t h e  expec ted  r a n g e  of t h e  r a t i o ,  T h i s  r e s u l t  

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

< < 
1 . 0 1  - F - 1,20 

a t  t h e  99% l e v e l  o f  c o n f i d e n c e  [ 9 ] .  The t d i s t r i b u t i o n  assumes sampl ing 

from an i n f i n i t e  sample i n  which t h e  s c a t t e r  of r e s u l t s  i s  o n l y  due t o  

random e f f e c t s .  Our r e s u l t s ,  t h e r e f o r e ,  s u g g e s t  t h a t :  

( a )  S y s t e m a t i c  e r r o r s  e x i s t  i n  t h e  measurement p r o c e d u r e  wh,ich r e s u l t s  

i n  SF c o n c e n t r a t i o n  decays  t h a t  a r e  t o o  l a r g e  o r  N 0  and C H 4  decays  which 6 2  

a r e  t o o  s m a l l ;  o r  

( b )  S u l f u r  h e x a f l o u r i d e  o v e r e s t i m a t e s  t h e  " t rue"  a i r  i n f i l t r a t ! o n  r a t e  

when used a s  a  t r a c e r  g a s .  

"We remind t h e  reader .  t h a t  t h e  r e s u l t s  above r e f e r  t o  two independen t  

s e t s  of measurements of t h e  c o n c e n t r a t i o n  decay  of SF were  made u s i n g  
6  

equipment a t  P r i n c e t o n  and LBL. 

A s o u r c e  of a d d i t i o n a l  i n f o r m a t i o n  t o  h e l p  r e s o l v e  t h i s  problem i s  

c o n t a i n e d  i n  t h e  paper  of Hunt and Burch [8]. As d i s c u s s e d  above,  t h e s e  

a u t h o r s  compared t r a c e r  g a s  measurements of  i n f i l t r a t i o n  r a t e s  u s i n g  SF6 and 

H e .  I f  we i n c l u d e  t h e i r  measurements w i t h  t h e  measurements we have d e s c r i b e d  

we o b t a i n  a  r a t i o  A of 1 , 1 3  + 0.12.  Again i f  we u s e  t h e   SF^'* l i g h t e r  g a s  - 
t-  d i s t r i b u t i o n  w i t h  1 5  d e g r e e s  of  freedom we p r e d i c t  t h a t  t h e  a c t u a l  r a t i o ,  

- 
r ,  w i l l  l i e  w i t h i n  t h e  range  

with 9 9 %  c o n f i d e n c e .  



Adding a d d i t i o n a l  independen t  measurements t o  t h e  sample  of measurements 

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

s e e n  is t h e  r e s u i t  of  s y s t e m a t i c  e r r o r s  i n  t h e  measurements.  Ra the r  they  

suppor  t h y p o t h e s i s  (b)  . 

The r e s u l t s  show t h a t  a  d i f f e r e n c e  e x i s t s  between a i r  exchange r a t e s  

measured u s i n g  SF6 and a i r  exchange r a t e s  measured u s i n g  l i g h t e r  t r a c e r  g a s e s .  

The d i f f e r e n c e ,  however, i s  s m a l l  and r e p r e s e n t s  t h e  r a n g e  of u n c e r t a i n t y  

which we e s t i m a t e  i s  p r e s e n t  i n  any t r a c e r  g a s  measurement (5% t o  1 0 % ) .  An 

example of t h i s  i s  t e s t  1 2  i n  t h e  measurements r e p o r t e d  above,  The a i r  

exchange r a t e s  measured u s i n g  C2H6 ,  SF6 and N20 were  0 .68  hr-1 ,  0 , 6 6  h r - l ,  

and 0 .61  h r - l .  These  v a l u e s  r e p r e s e n t  t h e  r a n g e  of v a l u e s  s e e n  whenever a i r  

exchange r a t e s  a r e  measured;  c o n s e q u e n t l y  t h e  d i f f e r e n c e s  s e e n  i n  t h i s  

i n t e r c o m p a r i s o n  a r e  s c a r c e l y  l a r g e  enough t o  b e  s i g n i f i c a n t ,  

We have examined t h e  measurement p r o c e s s  f o r  p h y s i c a l  e f f e c t s  which 

would b i a s  t h e  d a t a  i n  t h e  d i r e c t i o n  obse rved .  On t h i s  b a s i s  two e f f e c t s ,  

m o l e c u l a r  d i f f u s i o n  and a b s o r p t i o n  of N20 by w a t e r  v a p o r ,  can  be  e l i m i n a t e d  

immedia te ly .  

I f  m o l e c u l a r  d i f f u s i o n  were  i m p o r t a n t  i n  a i r  i n f i l t r a t i o n ,  a i r  change 

r a t e s  measured w i t h  l i g h t  g a s e s  which have  l a r g e r  the rmal  speeds  would b e  

l a r g e r  t h a n  t h o s e  measured w i t h  heavy g a s e s .  Th i s  i s  t h e  o p p o s i t e  of what 

we have o b s e r v e d .  

I f  a  s i g n i f i c a n t  amounc of N20 were absorbed by w a t e r  vapor  i n  t h e  t e s t  

s p a c e ,  a i r  exchange r a t e s  measured w i t h  N20 would tend t o  b e  l a r g e r  than  tliose 

u s i n g  S F 6 .  Again t h e  o p p o s i t e  r e s u l t  was a c t u a l l y  s e e n .  

Another p o s s i b i l i t y  t o  c o n s i d e r  i s  s e t t l i n g  of  t h e  t r a c e r  g a s  i n  t h e  

t e s t  s p a c e .  S i n c e  t h e  t r a c e r  i s  sampled a t  t h e  r e t u r n  d u c t  of t h e  f u r n a c e ,  

which i s  l o c a t e d  on t h e  c e i l i n g  i n  t h e  t e s t  s p a c e ,  s e t t l i n g  of t h e  heavy g a s e s  



d u r i n g  t h e  c o u r s e  of t h e  measurement would appear  t o  i n c r e a s e  t h e  a i r  exchange 

r a t e  measured u s i n g  a heavy t r a c e r  g a s  such  a s  SF6. 

However, a  s i m p l e  c a l c u l a t i o n  w i l l  show t h a t  t h i s  i s  q u i t e  u q l i k e l y .  The 

t r a c e r  g a s e s  were  i n j e c t e d  i n t o  t h e  r e t u r n  d u c t  of a f o r c e d  a i r  h e q f i n g  systerq 

and a r e  w e l l  mixed a f t e r  a  s h o r t  t ime .  Other  r e s u l t s  [ l o ]  all,ow u s  t 9  q u o t e  

a  mixing t ime  of t h e  o r d e r  of 5 minu tes  f o r  t h i s  house ,  T h e r e f o r e  a f t e r  5 

m i n u t e s  t h e  t r a c e r  g a s  i s  w e l l  mixed th roughout  t h e  t e s t  s p a c e  -- and t h i s  

mix ing  c o n t i n u e s  th roughout  t h e  c o n c e n t r a t i o n  decay measurement,  

Buoyancy e f f e c t s  occur  on t h e  macroscop ic ,  n o t  m i c r o s s o p i c ,  l e v e l ,  The 

f r a c t i o n a l  d i f f e r e n c e  i n  d e n s i t y  between a  macroscopic  volume of g a s  c o n t a i n i n g  

a i r  and one c o n t a i n i n g  1 ppb ( p a r t  p e r  b i l l i o n )  SF6 i s  4 x S i n c e  t h e  

a c c e l e r a t i o n  due  t o  buoyant f o r c e s  i s  @P-)g, t h e  e f f e c t i v e  a c c e l e r a t i o n  of o u r  
P 

volume e lement  c o n t a i n i n g  SF6 i s  4 x 10-lO g. It would t a k e  about  3 h o u r s  

f o r  such  a n  e lement  t o  s e t t l e  2 m e t e r s  i n  s t i l l  a i r  under a n  a c c e l e r a t i o n  of 

t h a t  magni tude ,  However, s i n c e  t h e  f u r n a c e  blower moves 6 volumes of house  

a i r  through i t  each h o u r ,  f o r c e d  mixing and c o n v e c t i v e  mixing c e r t a i n l y  

dominate  buoyancy e f f e c t s ,  We conc lude  t h a t  s t r a t i f i c a t i o n  due t o  t h e  heavy 

SF6 molecu le  i s  u n l i k e l y  a f t e r  t h e  g a s  i s  i n i t i a l l y  mixed w i t h  room a i r .  

Other  p o s s i b i l i t i e s  e x i s t .  Ra the r  than  comparing t r a c e r  g a s e s  we may 

i n  f a c t  be comparing i n s t r u m e n t a t i o n  s y s t e m s .  The SF6 i s  d e t e c t e d  w i t h  e l e c t r o n  

c a p t u r e  g a s  chromatograph ic  t e c h n i q u e s  w h i l e  t h e  c o n c e n t r a t i o n s  of t h e  l i g h t e r  

g a s e s  a r e  measured u s i n g  i n f r a r e d  a 5 s o r p t i o n  t e c h n i q u e s  o r  t h e  change i n  the rmal  

c o n d u c t i v i t y  of  h e l i u m - a i r  m i x t u r e s .  

Another p o s s i b i l i t y  may b e  a b s o r p t i o n  of thq  SF6 on some m a t e r i a l  p r e s e n t  

i n  t h e  house ,  A s m a l l  a b s o r p t i o n  r a t e  cou ld  have a s i g n i f i c a n t  e f f e c t  on measure- 

ments i n  t h e  p a r t s  p e r  b i l l i o n  r a n g e  w h i l e  they  would n o t  b e  n o t i c e d  i n  measure- 

ments  of  c o n c e n t r a t i o n s  of p a r t s  p e r  m i l l i o n .  



We must be  c a r e f u l  t o  emphasize ,  a f t e r  t h i s  e x t e n s i v e  d i s c u s s i o n ,  t h a t  

we a r e  s e a r c h i n g  f o r  a n  e x p l a n a t i o n  t o  a  d i s c r e p a n c y  t h a t  i s  t y p i c a l  of 

t h e  u n c e r t a i n t i e s  s e e n  i n  i r l f i l t r a t i o n  measurenen t s .  Whi le  t h e  d i f f e r e n c e  

may be  r e a l ,  i t  shou ld  n o t  p r e c l u d e  u s e  of one g a s  i n  p r e f e r e n c e  f o r  a n o t h e r  
1 
F 

when choos ing  a  t r a c e r  g a s .  

CONCLUSIONS 

A d i r e c t  compar ison of a i r  change r a t e s  measured u s i n g  SF6 and e i t h e r  

N 0 o r  CH shows t h a t  SF g i v e s  a  s l i g h t l y  l a r g e r  v a l u e  t h a n  t h e  l i g h t e r  2 4 6 

g a s e s .  The d i f f e r e n c e  c a n n o t  b e  e x p l a i n e d  u s i n g  i d e a s  of m o l e c u l a r  d i f f u s i o n .  

S t r a t i f i c a t i o n  d u e  t o  t h e  s e t t l i n g  of t h e  h e a v i e r  t r a c e r  g a s  seems t o  be  a n  

u n l i k e l y  c a u s e  of t h e  e f f e c t .  While t h e  d i f f e r e n c e  a p p e a r s  t o  b e  r e a l ,  i t  

i s  s m a l l  enough s o  t h a t  i t  i s  l i k e l y  u n n o t i c e d  i n  t h e  u n c e r t a i n l y  a s s o c i a t e d  

w i t h  a s i n g l e  t r a c e r  g a s  measurement,  
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FIGURE CAPTIQNS 

F i g .  1 P l a n  view of t h e  Walnut Creek Research House and i t s  s u r r o u n d i n g s ,  

F i g ,  2 %'laor p l a n  of t h e  Walnut Creek House,  The r e t u r n  d u c t  is l o c a t e d  

as shown in the h a l l w a y  c e i l i n g ;  t h e  s u p p l y  d u c t  d i f f u s e r s  a r e  

l o c a t e d  on the f l o o r .  
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