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1. Abstract  

A s  p a r t  of a programme t o  develop measurement methods f o r  determining 
t h e  v e n t i l a t i o n  rates of l a r g e  bu i ld ings ,  we performed two series of 
tests i n  a s ing le -ce l l ed  l abo ra to ry  with a volume of  600m3. The 
first series u t i l i s e d  cons t an t  concent ra t ion ,  cons t an t  emission and 
r a t e  of decay t r a c e r  g a s  techniques  t o  determine t h e  c h a r a c t e r i s t i c s  
of  t h e  i n f i l t r a t i o n  p a t t e r n  i n  varying winds and e x t e r n a l  
temperatures.  We used both d i s c r e t e  and cont inuous i n j e c t i o n  and 
sampling methods. P r e s s u r i s a t i o n  techniques  were employed t o  
determine t h e  o v e r a l l  leakage of t h e  bu i ld ing  and t h e  s p a t i a l  
d i s t r i b u t i o n  of t h e  l e a k s  wi th  f low v i s u a l i s a t i o n  methods. The 
bui ld ing  was then  draught  proofed wi th  commonly a v a i l a b l e  m a t e r i a l s  
and techniques  be fo re  f u r t h e r  p r e s s u r i s a t i o n  tests and thorough 
v e n t i l a t i o n  measurements were undertaken. 

The experiment t h u s  provided d e t a i l e d  comparisons of v e n t i l a t i o n  
measurement methods and d e t a i l e d  performance c h a r a c t e r i s t i c s  o f  t h e  
bui ld ing  envelope i n  two states of l eak ines s ,  

The i n t e r a c t i o n  between t h e  changed leakage c h a r a c t e r i s t i c s  and t h e  
measurement methods i s  d iscussed  t o g e t h e r  w i th  a c r i t i c a l  eva lua t ion  
of t h e  measurement methods themselves.  

2, Synopsis 

The c u r r e n t  t r e n d  f o r  t h e  r educ t ion  of a i r  i n f i l t r a t i o n  i n  bu i ld ings  
must n e c e s s a r i l y  have an impact on t h e  i n t e r n a l  environment. If t h e  
i n t e r n a l  environment is t o  be c o n t r o l l e d  t o  maintain a good s tandard  
of a i r  q u a l i t y ,  t h e  reduct ion  o f  a i r  i n f i l t r a t i o n  must a l s o  be 
c o n t r o l l e d ,  p a r t i c u l a r l y  i f  supplementary fanned v e n t i l a t i o n  systems 
are not  included i n  changes of design.  

When cons ider ing  t h e  varying need f o r  v e n t i l a t i o n  wi th in  a bu i ld ing ,  
a minimum uniform v e n t i l a t i o n  rate may no t  be t h e  most e f f i c i e n t  
a l t e r n a t i v e ,  e s p e c i a l l y  i f  t h e r e  a r e  small a r e a s  which r e q u i r e  high 
l o c a l i s e d  v e n t i l a t i o n .  When seeking  t o  determine i n f i l t r a t i o n  r a t e s  
throughout a bu i ld ing ,  t h e  i n t e r a c t i o n  between t h e  v e n t i l a t i o n  
measurement techniques  used and t h e  v e n t i l a t i o n  c h a r a c t e r i s t i c s  must 
no t  be ignored. The e r r o r s  i n  d i f f e r e n t  i n f i l t r a t i o n  measurement 
techniques   SANDB BERG^) vary depending on t h e  type  of bu i ld ing  
considered. This  is l a r g e l y  dependent on t h e  ind iv idua l  n a t u r e  of 
i n f i l t r a t i o n  and mixing, which w i l l  change wi th  bui ld ing  t y p e ,  
experimental  t echnique ,  weather cond i t i ons ,  and t h a t  most f i c k l e  of 
va r i ab l e s ,  human behaviour, 

I n  t h e  p r a c t i c a l  a p p l i c a t i o n  of t h e  measurement of i n f i l t r a t i o n  
t h e r e  a r e  two important  l i n k s  which need t o  be r a t i o n a l i s e d :  

a)  The r e l a t i o n s h i p  between complex r e sea rch  techniques (which 
have by no means mastered t h e  a r t  of a c c u r a t e  i n f i l t r a t i o n  
measurement) and e a s i l y  executed p r a c t i c a l  measurements. This 
l i n k  can  be t y p i f i e d  by t h e  d e s i r e  t o  o b t a i n  adequate 
information from bu i ld ing  envelope p r e s s u r i s a t i o n  t e s t s  
regard ing  i n f i l t r a t i o n  c h a r a c t e r i s t i c s  which cannot y e t  be 
e a s i l y  measured by d i r e c t  i n f i l t r a t i o n  measurement, 



Figure 1 INDUSTRIAL LABORATORY-SEGAS CENTRAL LABORATORIES 
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and b)  t h e  r e l a t i o n s h i p  between t h e  real i n f i l t r a t i o n  and a i r f l o w  
p a t t e r n s  w i th in  a bu i ld ing ,  and t h e  d i s t u r b i n g  in f luence  of 
techniques used t o  measure t h e s e  c h a r a c t e r i s t i c s ,  

The experiments descr ibed  a t tempt  t o  t r y  and l i n k  some of  t h e s e  
f a c t o r s ,  and starts t o  look a t  t h e  in f luence  t h a t  they  have on one 
another .  I n  p a r t i c u l a r  t h e  limits o f  a p p l i c a t i o n  of e x i s t i n g  decay 
measurements a r e  considered,  by comparing t h e  na tu re  of concen t r a t ion  
decay r e s u l t s  i n  d i f f e r e n t  bu i ld ing  cons t ruc t ions .  

3, Methodology 

An i n d u s t r i a l  l abo ra to ry  a t  Segas C e n t r a l  Labora to r i e s  has  been used 
f r equen t ly  t o  test and develop v e n t i l a t i o n  measurement t ech iques  
( s e e  F igure  1). Consequently, a g r e a t  d e a l  of  information h a s  been 
c o l l e c t e d  about  t h e  v e n t i l a t i o n  c h a r a c t e r i s t i c s  of t h e  bu i ld ing ,  
inc luding  t h e  d i s t r i b u t i o n  of " 1 e a k y q b n d  " t igh t "  a r e a s  around t h e  
perimeter  of  its 60m3 volume, The main methods used have been 1 2  
channel  cons t an t  concent ra t ion ,  1 2  channel  decay, and va r ious  
mult ichannel  cons t an t  emission techniques  inc lud ing  cont inuous 
ins tan taneous  and discrete bag sampling methods (FREEMAN et  a12) 
d e t a i l e d  a n a l y s i s  of  t h e  b u i l d i n g ' s  response t o  wind speed, 
d i r e c t i o n ,  and s t a c k  was c o l l e c t e d ,  a long wi th  many i n d i c a t i o n s  of 
primary i n f i l t r a t i o n  sites and f low p a t h s  w i t h i n  t h e  bui ld ing .  The 
v a r i a t i o n  i n  concent ra t ion  of t r a c e r  g a s  i n  decay tests confirmed 
bulk a i r  movement t r ends ,  and t h e  f i n e r  c o n s t a n t  emission methods 
i d e n t i f i e d  s p e c i f i c  a r e a s  o f  h igh  i n f i l t r a t i o n  (FREEMAN et a13). 

A dep res su r i s a t ion  test of t h i s  r e l a t i v e l y  l eaky  bu i ld ing  was then  
performed by connect ing t h e  o u t l e t  of a wind tunne l  t o  t h e  o u t s i d e  
of  t h e  bu i ld ing ,  u s ing  a f a b r i c a t e d  nylon t u b e  connected t o  a false 
door. A l l  t h e  convent iona l  leakage  p o i n t s  were sea l ed  inc lud ing  
leakage through a p a r t i t i o n  w a l l  and e l e c t r i c a l  duc t ing  t o  a n  
ad jo in ing  l a b o r a t o r y ,  doors  and many d isused  f l u e  ven t s  i n  t h e  
roof .  The l a r g e s t  s i n g l e  c o n t r i b u t i o n  t o  t h e  leakage was through 
t h e  c a v i t y  between t h e  breeze  block and meta l  c l a d  wal l ,  which had a 
l oose  f i t t i n g  meta l  cover  on. No draught  proof ing  of t h e  windows 
was performed a s  t hey  were of  a w e l l - f i t t i n g  meta l  cons t ruc t ion ,  
The d e p r e s s u r i s a t i o n  of t h e  b u i l d i n g  (AL-NASSER~) could then  be 
taken t o  -30Pa wi th  r e spec t  t o  ambient,  a t  a much reduced f low 
r a t e ,  (The e x t e n t  of  d e p r e s s u r i s a t i o n  was l i m i t e d  by t h e  equipment 
used).  

During t h e  next  hea t ing  season,  f u r t h e r  e x t e n s i v e  v e n t i l a t i o n  
measurements were performed, mainly us ing  s imple  decay techniques ,  
with a v a r i e t y  of i n j e c t i o n  and mixing methods. 

By us ing  t h i s  series of tests t h e  re levance  of  d i f f e r e n t  measurement 
techniques cap tu r ing  d i f f e r e n t  t y p e s  of v e n t i l a t i o n  d a t a  could  be 
determined, a long wi th  an understanding of  t h e  i n t e r a c t i o n  o f  
d i f f e r e n t  techniques  with t h e  b u i l d i n g ' s  v e n t i l a t i o n  c h a r a c t e r i s t i c s ,  

A l l  t h e  d a t a ,  a p a r t  from t h e  manually analysed cons tan t  emission bag 
samples, were c o l l e c t e d  and summarised by t h e  12 channel sampling 
Segas Autovent ( a  computer c o n t r o l l e d  i n t e g r a t e d  d a t a  logger  and 
c o n t r o l  system) . 
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4. Resul ts  

4.1 Airchange Rates 

The change i n  leakage flow/pressure c h a r a c t e r t i s t i c s  a r e  shown 
i n  Figure 2, The flow r a t e  reduction a f t e r  sea l ing  t h e  
building was cons i s t en t  a t  2.8 (2 0.08):l a t  -10, -15 and 
-20Pa pressure  d i f f e r e n t i a l ,  

Figure 3, below, shows t h e  reduction i n  s e n s i t i v i t y  of t h e  
building t o  temperature d i f f e r e n t i a l  induced ven t i l a t ion .  This 
shows an approximate 2 : l  reduction i n  v e n t i l a t i o n  r a t e  a f t e r  
sea l inq .  

Figure 3 REDUCTION IN BUILDING SENSITIVITY TO TEMPERATURE DIFFERENCE INDUCED 

The s e n s i t i v i t y  of t h e  bui ld ing t o  wind speed was a l s o  very 
much reduced, a s  was t h e  s e n s i t i v i t y  t o  wind speed on exposed 
o r  p a r t i c u l a r l y  leaky f a c e s  of t h e  building.  The po la r  diagram 
i n  Figure  4 shows t h e  reduction i n  a i r  i n f i l t r a t i o n  a t  a  wind 
speed of 3.5ms-I with r e spec t  t o  wind d i rec t ion .  The r a t i o s  
expressed i n  t h e  f i g u r e  show t h e  reduction i n  i n f i l t r a t i o n  t h a t  
sea l ing  ef fec ted  f o r  t h a t  p a r t i c u l a r  wind d i rec t ion .  This  
ranges from 3.8~1 f o r  south e a s t e r l y  winds8 glancing impingement 
on t h e  eas te rn  face  of t h e  bui ld ing ( t h e  souther ly  f a c e  being 
she l t e red  by an adjoining labora tory)  t o  1.8:l south westerly 
winds, which a r e  l i k e l y  t o  be very tu rbu len t  a s  a  r e s u l t  of t h e  
complex a r r a y  of bui ld ings  t o  t h e  windward of t h e  labora tory .  

VENTILATION RATE 

4,2 Leakage Dis t r ibu t ion  

AC/h 

3 - 

2- 

1 - 

In t h e  f i r s t  set of v e n t i l a t i o n  measurements, concentrat ion 
decay tests showed a d i s t i n c t  g rad ien t  ac ross  t h e  labora tory  
with e a s t e r l y  and westerly wind d i rec t ions .  Areas of high 
i n f i l t r a t i o n  could be determined by observing t h e  sample po in t s  
of lower concentration. These tests showed p a r t i c u l a r l y  high 
l o c a l i s e d  i n f i l t r a t i o n  from t h e  doors i n  t h e  north wall ,  and 
t h e  north-eastern corner of t h e  labora tory  i n  e a s t e r l y  and 
nor ther ly  winds, These r e s u l t s  were endorsed by bag sample 
cons tant  emission tests (FREEMAN e t  a13) and 12  o i n t  9 i n j e c t i o n  constant  emission tests (FREEMAN et  a 1  ) which 
could i d e n t i f y  these  sites a s  po in t s  of  predominant 

(Various Wind Directions 
Wind Speed < 2 m/s) 



Figure 4 POLAR DIAGRAM DEPICTING BUILDING SENSlTlVlTY TO 

WIND DIRECTION BEFORE & AFTER SEALING 

I _ _ _ - _ _ _ _ .  Before Sealing, 3.5 m/s , = 3 K" 
-_-a- After Sealing, 3-5 m/s, m= 3 
..*..* .... *a.q-. Stack Effect, m = 3 K V 2  



e x f i l t r a t i o n ,  (along with t h e  roof)  i n  westerly winds. When 
performing t h e s e  tests, no mixing was employed apar t  from a 
small  c e n t r a l  f a n  i n  t h e  cons tant  emission The most e f f e c t i v e  
method of i n j e c t i n g  t r a c e r  g a s  i n t o  t h i s  intermediate s i z e d  
volume without a f f e c t i n g  t h e  n a t u r a l  a i r  flow paths was by 
burs t ing  bal loons f u l l  of t h e  appropr ia te  t r a c e r  gas  
(SANDBERG') . 
When t h e  p ressur i sa t ion  tests were performed, smoke tests 
showed t h a t  most t h e  leakage was a t  a r e l a t i v e l y  high l e v e l .  
The only low l e v e l  leakage was observed from t h e  doors and a 
water d r a i n  i n  t h e  labora tory  f loor .  Leakage was concentrated 
high i n  t h e  bui ld ing around t h e  top  of t h e  cav i ty  between t h e  
metal cladding and breeze block wall,  and from many c racks  and 
holes i n  t h e  roof around f l u e  te rminat ions  and t h e  l o f t  hatch. 
The windows were well f i t t i n g  metal windows which d id  not  
notably con t r ibu te  t o  t h e  leakage under depressur isa t ion .  

Af ter  sea l ing ,  t h e  leakage d i s t r i b u t i o n  over t h e  bui ld ing 
envelope was very much more even, with no p a r t i c u l a r l y  dominant 
leakage sites. 

Vent i la t ion  Measurements 

Before t h e  s e a l i n g  of t h e  labora tory  was performed, decay, 
cons tant  concentrat ion and constant  emission tests a l l  indica ted  
t h e  s p a t i a l  d i s t r i b u t i o n  of predominant leakage sites and a s  
such t h e  ind iv idua l  sample p o i n t s  had a wide range of s tandard 
devia t ion  of t h e  loca t ion  v e n t i l a t i o n  r a t e  from t h e  mean, 
Using concentra t ion  decay tests from a cons tant  concentrat ion 
throughout t h e  labora tory  r e s u l t s  s i m i l a r ,  though less marked, 
were obtained t o  such tests performed previously i n  multi- 
roomed domestic dwellings (ETHERIDGE e t  a15). There, t h e  
loca l i sed  v e n t i l a t i o n  r a t e  is described i n  terms of t h e  a r e a  
underneath t h e  decay curve. When l a r g e r ,  s ingle-cel led 
bui ld ings  a r e  considered, t h e r e  is a smaller va r i a t ion  i n  these  
a reas ,  a s  would be expected, bu t  t h e  v a r i a t i o n s  i n  wind speed 
and d i r e c t i o n  have a g r e a t e r  inf luence  on d i f f e r e n t  a i r  pa ths  
within t h e  volume, much increas ing t h e  e r r o r s  involved i n  
measuring t h e  l o c a l  i n f i l t r a t i o n  r a t e .  (A comparison of a reas  
under decay curves f o r  d i f f e r e n t  bui ld ing types  i s  shown i n  
Table 1 ) .  These e r r o r s  reduce with t h e  s i z e  of t h e  bui ld ing,  
and recen t  tests i n  a very leaky 10,000m3 warehouse 
  AT KIN SON^) c l e a r l y  show t h e  l e a k i e s t  p a r t s  of t h e  bui ld ing 
dominating i ts v e n t i l a t i o n  c h a r a t e r i s t i c s ,  The most d i f f i c u l t  
t a sk  i n  doing measurements i n  t h i s  type  of building is 
obta in ing adequate mixing of t h e  t r a c e r  gas  on in jec t ion .  Even 
t h e  r ap id  evacuation of c y l i n d e r s  of t r a c e r  gas  (DEWSBURY~) 
does not  always produce a good i n i t i a l  d i s t r i b u t i o n  of t r a c e r  
gas i n  these  circumstances. 

When t h e  labora tory  was sea led ,  t h e  a r e a s  of predominant 
i n f i l t r a t ion /ex f i l t r a t ion  were removed, and t h e  non wind 
induced mixing eddies  within t h e  bui ld ing became much more 
dominant, The e f f e c t  of t h i s  was t o  produce much more even and 



TABLE 1 COMPARISON OF VARIATION OF AREAS UNDER DECAY CURVES 
FROM CONSTANT CONCENTRATION FOR FOUR BUILDINGS 

r I I 1 

I 

LOUNGE 0.13 1 1 0.92 

2 STOREY TERRACED HOUSE 
(REFERENCE 5) (DOORS CLOSED) 

LEAKY WAREHOUSE( 10, 000m3 ) 
(REFERENCE 6 ) 

RELATIVE I I LOCAL I RELATIVE 
AREA UNDER SAMPLE DECAY AREA UNDER 

UNSEALED SEGAS LABORATORY 
( 600m3 ) 

POINT RATE DECAY CURVE 
(SAMPLE 10=1) 
DECAY I ((ac/hr) I (SAMPLE 1=1) 

SEALED SEGAS LABORATORY 
( 600m3) 

BED 1 0.33 

BED 2 0.22 0.62 

BED3 0.18 0.74 

LANDING 0,34 0.39 

TOILET 0.26 0.52 

BATH 0.27 0.52 

6 0.91 0,98 

7 0.90 0.93 

8 0,99 0.88 

MEAN 

5 0.83 0.98 

6 0.84 0.98 

7 0-84 0.97 

9 1.05 0.90 

10 0.89 1 

11 0.96 0.93 

S.D. 

8 0.77 0,98 

9 0.97 0.98 

10 0,80 0.97 

11 0.82 0.97 

12 0.83 0.97 

1.12 

0.20 

0.81 



cons i s t en t  l o c a l  concentra t ion  decay curves  and constant  
emission sample concentra t ions ,  and should produce b e t t e r  
c o n t r o l  i n  unmixed constant  concentra t ion  experiments. 
P a r t i c u l a r  a r e a s  of i n f i l t r a t i o n  were no t  i d e n t i f i e d ,  but  t h e  
roof/window a r e a  was still i d e n t i f i e d  a s  t h e  main e x f i l t r a t i o n  
a rea ,  due t o  t h e  f a c t  t h a t  concentra t ion  va r i a t ions  i n  a l l  t h e  
tests reduced a t  high l e v e l ,  showing t h i s  a r e a  t o  conta in  
t r a c e r  gas  with t h e  h ighes t  residence time i n  t h e  building.  

When decay tests were c a r r i e d  ou t  a f t e r  sea l ing ,  t h e  l eng th  of 
time required  t o  achieve an even t r a c e r  gas  d i s t r i b u t i o n  f o r  
t h e  decay d id  not  appear t o  a l t e r  much. I n  tests i n  t h e  leaky 
10,000m3 warehouse, t h e  l eng th  of time t o  reach an even 
t r a c e r  gas  d i s t r i b u t i o n  was considerably increased from 15-20 
minutes f o r  t h e  laboratory t o  g r e a t e r  than 40 minutes i n  t h e  
warehouse. During t h i s  time, a considerable proport ion of the  
t r a c e r  gas  escaped, and an appreciable  over-inject ion of t r a c e r  
gas was required  t o  ob ta in  reasonably c o n s i s t e n t  r a t e s  of decay 
throughout t h e  building. 

Table 1 shows t h e  v a r i a t i o n  i n  standard devia t ion  of t r a c e r  gas 
decays from constant  concentra t ions  i n  f o u r  buildings.  The 
l a r g e  leaky warehouse and t h e  te r raced house, p a r t i t i o n e d  with 
wal ls  and c losed  doors, have s i m i l a r  s tandard dev ia t ions  of 
about 0.2 f o r  t h e  a r e a s  under decay curves  i n  d i f f e r e n t  sample 
pos i t ions .  This  shows t h a t  t h e s e  two bui ld ings  have s i m i l a r  
propor t ional  v a r i a t i o n s  i n  l o c a l  ven t i l a t ion .  The 
c h a r a c t e r i s t i c s  of t h e  bui ld ings  a r e  obviously t o t a l l y  
d i f f e r e n t ,  and t h e  d i f f e r e n t  mixing mechanisms i n  each demand 
due considera t ion  when choosing a method f o r  v e n t i l a t i o n  
measurement, 

The standard devia t ion  i n  t h e  a r e a s  under t h e  curves of  l o c a l  
sample po in t s  f o r  t h e  unsealed and sea led  laboratory shows a 
reduction of 5:l a t  s i m i l a r  mean airchange ra te s .  This is due 
t o  t h e  reducing importance of  wind induced i n f i l t r a t i o n  a i r  
streams, and t h e  increas ing importance of smaller  n a t u r a l  
i n t e r n a l  eddy a i r  flows i n  t h e  sea led  bui ld ing,  thus  
maintaining a more evenly d i s t r i b u t e d  t r a c e r  gas concentrat ion,  

This impl ies  t h a t  i n  p rac t i ce ,  e x t r a c t  f a n s  used t o  exhaust 
l o c a l  a r e a s  of a i r  p o l l u t a n t  a r e  less l i k e l y  t o  have t h e i r  
performance impeded by wind induced a i r  streams. Also 
non-exhausted p o l l u t a n t s  w i l l  mix evenly with t h e  a i r  i n  t h e  
bui ld ing,  r a t h e r  than develop smaller  "clouds" of higher 
concentrat ion which migrate around t h e  bui ld ing whi ls t  slowly 
d i s s ipa t ing .  

5, CONCLUSIONS 

The reduction i n  leakage under a r t i f i c i a l  p ressu r i sa t ion  of t h e  
labora tory  measured of 2 . 8 ~ 1  a t  1 0  t o  20Pa produced a r e d l ~ c t i o n  of 
ven t i l a t ion  s e n s i t i v i t y  t o  s t ack  induced i n f i l t r a t i o n  of 
approximately 2:1, It reduced wind dominated v e n t i l a t i o n  between 
1 . 8 ~ 1  t o  3,8:1, dependant on wind d i rec t ion .  The measurement o f  



mean v e n t i l a t i o n  r a t e s  by t h e  t h r e e  major techniques  a v a i l a b l e  
become e a s i e r  and more r epea t ab le  a f t e r  s e a l i n g  as n a t u r a l  i n t e r n a l  
mixing edd ie s  become dominant under t h e  i n f l u e n c e  of less 
predominant v e n t i l a t i o n  pathways. Decay tests, i n  p a r t i c u l a r ,  
developed much more even concen t r a t ions  throughout t h e  bu i ld ing ,  and 
t h e  i n j e c t i o n  of  t r a c e r  gas  by ba l loon  b u r s t i n g  was very succes s fu l  
i n  providing quick and r e l i a b l e  mixing wi th  t h e  least i n f l u e n c e  on 
t h e  v e n t i l a t i o n  c h a r a c t e r i s t i c s  being measured. 

The s e a l i n g  of t h e  bu i ld ing  and removal of dominant v e n t i l a t i o n  
pa ths  imp l i e s  t h a t  l o c a l i s e d  fanned e x t r a c t  v e n t i l a t i o n  would be 
much more e f f e c t i v e  f o r  t h e  removal of l o c a l l y  produced p o l l u t a n t s  
w i th in  t h e  volume, without  cons ide rab le  d i s p e r s a l  t o  ad j acen t  a r eas ,  
subsequent d i l u t i o n  and high r e s idence  time, 

The degree o f  l e a k i n e s s ,  a s  well a s  t h e  size of  s ing le-ce l led  
bu i ld ings  has  a g r e a t  i n f luence  on t h e  amount of  information t h a t  
can be de r ived  from d i f f e r e n t  v e n t i l a t i o n  measurement techniques.  
It may be u s e f u l  t o  exp res s  t h e  d i f f e r e n t  in format ion  l e v e l s ,  
a v a i l a b l e  from d i f f e r e n t  techniques ,  i n  terms of  t h e  i n f i l t r a t i o n  
volume throughout t hey  can s u c c e s s f u l l y  measure. The l a r g e r  and 
more leaky b u i l d i n g s  become, t h e  less u s e f u l  a r e  cons t an t  emission 
and cons t an t  concen t r a t ion  techniques  without  l a r g e  i n c r e a s e s  i n  t h e  
power and c a p a b i l i t i e s  of  convent iona l  automatic  v e n t i l a t i o n  
measuring instruments .  Using any t r a c e r  g a s  technique,  t h e  l a r g e r  
and l e a k i e r  t h e  bu i ld ing ,  t h e  more information is a v a i l a b l e  about 
r e l a t i v e  l o c a l  v e n t i l a t i o n  rates, and t h e  more d i f f i c u l t  i t  is  t o  
produce mean v e n t i l a t i o n  rate measurements, Mixing f o r  c o n s t a n t  
emission tests becomes excess ive ,  o r  t h e  need f o r  many i n j e c t i o n  and 
sample p o i n t s  i nc reases .  Th i s  a l s o  a p p l i e s  t o  a lesser e x t e n t  f o r  
cons tan t  concen t r a t ion  methods. Decay tests become more d i f f i c u l t  
o r  time consuming and was tefu l  of  tracer gas ,  b u t  f o r  l a r g e r  
bu i ld ings ,  a g r e a t e r  amount of  more r e l i a b l e  d a t a  can  be obta ined  
from s impler  experiments.  (Fu r the r  work t o  i n v e s t i g a t e  t h e  
usefu lness  of  ana lys ing  concen t r a t ion  g r a d i e n t s  i n  decay tests 
performed i n  l a r g e r  leaky  bu i ld ing  is underway). 
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