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SYNOPSIS 

A six channel, computer controlled, t racer  gas detection system 
fo r  the measurement of in f i l t r a t ion  rates  and a i r  movement i n  
large single-cell industrial  buildings has been designed, 
constructed and calibrated. This has been used fo r  over 50 se t s  
of t racer  decay measurements in f ive  single-cell buildings 
ranging in s i ze  from 4000 to  31000 m 3 ,  The buildings included 
a sports ha l l ,  a vehicle maintenance depot, two factory workshops 
and an a i r c r a f t  hanger. Infi 1 t ra t ion  rates  and interzonal flows 
were derived from the t racer  decay curves using methods based on 
multizone theory. The analysis method includes a specially 
developed, constrained leas t  squares technique which gives both 
inf i  1 t ra t ion  r a t e  and internal flow rates.  

The equipment and method of analysis are  br ief ly  described, and 
resul ts  for  each data se t  presented. A comparison of in f i l t r a t ion  
ra tes ,  derived from interzonal flows and from averaged t racer  
decay data i s  a lso given. In addition examples are  given of 
comparisons between measured decay curves and theoretical decay 
curves reconstructed from the measured flow rates .  Finally 
inconsistencies i n  the data and the model a re  discussed, together 
w i t h  suggestions fo r  improvements to  the experimental technique 
and the method of analysis. 

INTRODUCTION AND OBJECTIVES 

Although modern industrial  buildings are  often equipped with 
sophisticated mechanical ventilation systems, many new ones and 
most existing ones s t i l l  rely on a combination of natural 
ventilation, i n f i l t r a t ion  and localised extract  fans fo r  control 
of indoor temperature and a i r  quality.  As with any other type of 
building, the potential fo r  energy saving by reducing in f i l t r a t ion  
must be balanced against the need to  maintain a i r  qual i ty ,  and 
t h i s  balance should be evaluated i f  any building improvement 
actions are t o  be judged. Knowledge of in f i l t r a t ion  rates  and 
internal contaminant concentrations i s  of considerable value in 
determining the need for  such action and i t s  subsequent 
effectiveness. The s ignif icant  character is t ic  of industrial  
buildings i s  t ha t  they consist  of a small number of large spaces, 
or c e l l s ,  within each of which there are  l ike ly  to  be strong 
spatial  variations i n  the effect ive in f i l t r a t ion  ra te  and i n  the 
dis t r ibut ion of contaminated a i r .  Therefore i t  i s  necessary that  
a measurement system should be capable of yielding information 
not only on whole building in f i l t r a t ion  rates  b u t  also on the 
internal a i r  movement patterns which give r i s e  to  the spat ia l  
variations. Furthermore, the distribution of contaminant 
concentrations within industrial  buildings i s  due as much t o  the 
industrial ac t iv i ty  as to  the design of the building. Any 
r e a l i s t i c  assessment must therefore be based on measurements of 
the building i n  use. 



The objective of the study was to  develop equipment and a 
methodology which would enable measurements to  be made on 
industrial  buildings which would give values of whole building 
in f i l t r a t ion  ra tes ,  and in addition information on a i r  movement 
patterns within the building. As i t  was the intention to  conduct 
measurements on buildings in use, acceptabili ty to  the building's 
occupants was an important consideration. A subsidiary objective, 
therefore, was tha t  the technique should cause minimum disturbance 
to  a c t i v i t i e s  within the building, and tha t  i t  should be possible 
t o  conduct measurements and produce the resul ts  within a short 
time span, say, less  than a day. Clearly the complete 
determination of internal a i r  movement patterns requires very 
detailed measurements, and t h i s  i s  incompatible with the aim of 
minimising disturbance t o  the occupant. The approach therefore 
has been t o  adopt procedures which are  acceptable t o  building 
occupiers, and t o  determine the extent t o  which a i r  i n f i l t r a t ion  
rates  and a i r  movement patterns can be obtained from a practical 
number of measurements. 

2 .  THE MEASUREMENT SYSTEM 

A detailed description of the t racer  gas measurement system has 
been given by Waters e t .a l  .l The need t o  measure internal a i r  
movements imposes a l imitation on the choice of t racer  gas method. 
Methods which require some additional imposed s t i r r ing  throughout 
the monitoring period will upset the internal a i r  movements which 
are to  be measured. Therefore the t racer  decay method i s  t o  be 
preferred to  the constant concentration or  constant injection 
methods. Also i t  i s  necessary to  use t racer  gases which are 
unlikely to  be present in industrial  atmospheres, and which, 
because of the large volumes of such buildings, are  detectable a t  
low concentrations. Although there are  advantages in using 
multiple t racer  systems, especially where internal flows are  to  
be measured, i t  was considered simpler to  choose a single t racer ,  
and to  optimise the detection system f o r  tha t  tracer.  Sulphur 
hexafluoride was chosen and has been found to  be ent i rely 
sat isfactory.  The measurement system i s  therefore a t racer  gas 
monitoring device, in which detection i s  achieved by s ix 
independent custom bu i l t  gas chromatograph units.  The use of six 
independent units permits rapid sampling from a t  l eas t  six sample 
points, and the use of pulse modulated electron capture detectors 
within the chromatographs provides both high sens i t iv i ty  and good 
l inear i ty  over a wide range of t racer  concentrations. 
A comprehensive evaluation of the detector behaviour was carried 
out, from which i t  was possible to  optimise the chromatograph 
parameters with respect to  sulphur hexafluoride. Because the 
system uses s ix  separate detector uni ts ,  calibration i s  of 
particular importance. Therefore a special calibration r ig  was 
b u i l t ,  based on the accurate dilution of a sulphur hexafluoride/ 
a i r  mixture. A standard mixture i s  used a t  intervals during 
actual measurements to give a check on the relat ive performance 
of the s ix uni ts ,  



The whole system, complete with calibration gases, data 
acquisition u n i t ,  and control computer, i s  mounted in a small 
covered t r a i l e r ,  which in most cases may be parked w i t h i n  the 
building under investigation. 

3 .  MEASUREMENT NETHODOLOGY 

The theoretical basis of the methodology tha t  has been adopted i s  
t ha t  the large volume of a i r  enclosed by a single-cell building 
can be notionally subdivided, o r  discret ised,  by imaginary 
boundaries into a large number of small volumes, or zones. 
Although the boundaries between the zones a re  hypothetical, i n  
practice many single-cell buildings contain part i t ions screens or 
furniture which give physical r ea l i ty  to  some of the boundaries. 
If each zone i s  small enough the distribution of contaminants, 
including the t racer  gas, w i t h i n  the zone will be suff ic ient ly  
uniform for  the a i r  in the zone to  be considered well mixed. The 
system i s  then identical to  the usual multizone model2 of a i r  
flow within a building, and the interzone flow rates will be a 
measure of the magnitude and direction of the a i r  movement within 
the complete volume. A detailed theoretical analysis of single 
gas t racer  decay in a multizone model has been carried out by 
Waters and Simons3. This showed that  the best seeding strategy i s  
t o  seed a single zone, and tha t  t h i s  should be the zone associated 
w i t h  the smallest component of the dominant eigenvector in the 
solution of the multizone equations. This i s  also the zone which, 
as the t ransients  die out and the process approaches a steady 
decay, exhibits the lowest value of the t racer  concentration. I t  
can therefore be identified by a preliminary measurement. If t h i s  
i s  not convenient, i t  can also be identified as the zone receiving 
the largest  inflow of fresh a i r ,  and i s  therefore l ikely t o  be 
the most exposed zone on the windward side of the building. 
Fortunately, i t  i s  almost as sat isfactory to  seed any single zone, 
provided that  in the subsequent measurements i t  i s  possible to  
detect t racer  gas in a l l  zones i n  the system. Nevertheless the 
analysis also revealed two possible d i f f i cu l t i e s .  One occurs 
w i t h  particular flow patterns,  which give r i s e  to  repeated 
eigenvalues in the multizone solution. The other occurs when 
there are  certain kinds of symmetry in the interzonal flows,which, 
when a particular zone i s  seeded, leads t o  decay curves in which 
the concentration in one zone i s  a constant r a t io  of the 
concentration in another zone. The l a t t e r  leads to l inear  
dependency in the solution for  the inter-zone flows, which because 
of experimental sca t te r  i n  the data,  manifests i t s e l f  as i l l -  
conditioning. Seeding strategy had to  take account of these 
possible d i f f i cu l t i e s .  The actual measurement procedure i s  
conventional. The t r a i l e r  i s  parked e i the r  within the building,or 
immediately outside, so tha t  i t  i s  only necessary to  run tubing 
from the t r a i l e r  to  the sample points. The position of the 
sample points i s  chosen according to  building geometry and the 
extent of internal obstructions. In open buildings with few 
obstructions, the building i s  divided into imaginary zones of 
approximately equal volume, with a sample point a t  the centre of 



each zone. Where internal obstruction are  s ignif icant ,  sample 
points a re  placed to  represent the spaces tha t  obstructions 
delineate. However, in occupied buildings, i t  i s  often necessary 
to  displace the sample point from the desired position to  avoid 
interference with building ac t iv i t i e s .  The sampling heads 
themselves consist  of a small cylindrical manifold from which 
radiate nine 1 cm lengths of copper tubing, in the manner of the 
spokes of a wheel. A t  each sample point, therefore, a i r  i s  
collected from nine equally spaced points around the circumference 
of a 2 m c i r c l e .  This provides some spat ia l  integration of the 
sample collection within each zone. Pure sulphur hexafluoride 
i s  injected into a single zone on the windward side of the 
building, with s t i r r ing  during the injection process, and the 
t racer  decay i s  followed fo r  between one and two hours. 

MEASUREfIENT PROGRAMME 

A total  of 58 se t s  of measurements have been obtained, distributed 
approximately equally between the following f ive buildings: 

1. Abbey School Sports Hal 1 , Keni lworth , Volume 4220 m3 

2. Courtaulds Engineering bJorkshop, Coventry, Volume 14370 m3 

3. Courtaulds Pattern Making Shop, Coventry, Volume 6420 m3 

4. Hangar 5, Coventry Airport, Volume 31300 m3 

5. Brit ish Gas Maintenance Depot, Birmingham, Volume 31020 m3 

Except fo r  the Sports Hall, a l l  the buildings were in use during 
the measurements; in Hangar 5 a l l  measurements were taken w i t h  the 
a i r c r a f t  doors closed. In a l l  cases, s ix  sampling points were 
used, which were positioned to  represent equal volumes, except 
where internal obstructions were s ignif icant ,  in which case they 
were positioned to  represent the spaces that  the obstructions 
created. 

All the buildings were naturally ventilated, b u t  Courtaulds 
Pattern Making Shop and Brit ish Gas Maintenance Depot had fume 
extract  systems a t  s t ra teg ic  positions. Also, the British Gas 
building had an experimental mechanical ventilation and heat 
recovery system which was switched off f o r  a l l  b u t  three of the 
measurements. 

5. ANALYSIS OF RESULTS 

Results f o r  each measurement s e t  were processed in two ways: 



1 .  Readings for  a l l  s ix  sample points were averaged t o  give a 
single overall average t racer  concentration for  the whole 
building. The decay of the average concentration was used 
t o  obtain the fresh a i r  inf i l t ra t ion  ra te  of the whole 
building. 

2. Using multizone theory, a constrained leas t  squares technique 
was used t o  determine the complete s e t  of interzone flow 
rates.  The fresh a i r  inf i l t ra t ion  rate  of the whole building 
was found by summing the flows between individual zones and 
the outside. 

For both methods of analysis, the data s e t  for  each run was s p l i t  
into sections,  and each section analysed separately. These 
sections were: 

1 .  the f i r s t  third of the data i n  the time ser ies  

2. the second third 

3. the l a s t  third 

4. the f i r s t  two thirds 

5. the l a s t  two thirds 

6. the whole data se t .  

Thus for  each method of analysis there were s ix se ts  of resul ts  
for  each run .  

The just i f icat ion for  the f i r s t  method of analysis follows from 
the standard solution to the multizone problem. If c ( t )  i s  the 
vector representing the t racer  concentration in the ii zones of 
a building, then 

where hk and zk are the eigenvalues and the i r  associated 
eigenvectors of the solution, and the a, are the constants 

associated w i t h  the i n i t i a l  condition ( i  .e. the seeding strategy).  
The average concentrationc(t)of the n zones i s ,  i f  the zones are 
of equal s ize ,  given by 

where = ak(xkl + xk2 + . . I .  



The decay of the average concentration i s  therefore governed by 
the same s e t  of eigenvalues. Now Waters and Simons3 have 
demonstrated tha t  as  the internal flow rates  increase, the 
dominant eigenvalue decreases, and approaches the value tha t  would 
apply i f  the whole building were a single fu l ly  mixed zone. A t  
the same time the other eigenvalues also get smaller, approaching 
in the l imi t  -w. The implications - of t h i s  for  the decay of the 
average concentration, ~ ( t )  , are  shown in figure 1, i n  which the 
natural logarithm of c(t) i s  plotted against time. Now the 
gradient of the decay curve fo r  the fu l ly  mixed case gives the 
whole building in f i l t r a t ion  ra te .  

Figure 1. The effect  of mixing on the decay of E ( t )  

I t  can be seen therefore tha t  in a l l  other cases the gradient from 
the early part of the decay will over-estimate the whole building 
ventilation ra te ,  whereas the gradient from the l a t e r  stages where 
the dominant eigenvalue i s  in control will under-estimate i t .  
These two values must give the l imits  within which the whole 
building in f i l t r a t ion  l i e s ,  and the average gradient of the whole 
data s e t  will l i e  close t o  the true value. 

The solution fo r  the individual flows i s  found by d i rec t  
substi tution of measured t racer  concentrations and concentration 
gradients in the fundamental equations. However, the problem i s  
f i r s t  reduced by determining, from building geometry and from 
examination of the decay curves, which of the interzonal flows, 
F a re  zero. Secondly, constraints are  applied. Obviously we 
i j 

must have a l l  F 0 ,  b u t  in addition examination of the decay 
i j 

curves in the seeded zone and zones adjacent to  i t ,  a t  times close 
to  the s t a r t  of the process, provides the possibi l i ty  of including 
further constraints.  If i i s  the seeded zone, and j a zone with 
a flow connection to  i, then i t  may be shown (ref .3)  tha t  a t  time 
t = 0 ,  



6 ( 0 )  
and A- 

Fij ' V j  ~ ~ ( 0 )  

where v ,  i s  the volume of zone i. Using the method described by 
1 

Lawson and Hanson4, these constraints are  applied to  the l eas t  
squares solution. 

6. PRESENTATION AND DISCUSSION OF RESULTS 

Tables 1 t o  5 inclusive give the resul ts  for  the whole building 
in f i l t r a t ion  ra t e ,  calculated by both methods of analysis. For 
each run, the f i r s t  row, marked AC,  gives values computed from 
the average concentration, and the second row, marked IF, gives 
values computed from the interzonal flows. The l a s t  column gives 
the best value of the in f i l t r a t ion  ra te ,  which i s  assumed to  be 
tha t  given by the whole data s e t ,  and the range, which i s  the 
difference between the best value and the extreme values expressed 
as a percentage. Each table also includes a plan diagram of the 
building, with the interzonal flows computed from one of the runs 
superimposed. 

For each r u n ,  the inf i l t ra t ion  rates  obtained from the average 
concentration vary according t o  the data subset from which they 
have been calculated in the expected manner. With very few 
exceptions, the highest value comes from the f i r s t  third of data 
and lowest from the final third.  The range i s  often much greater 
on the positive side than the negative side, This again i s  t o  be 
expected, because the early decay rate  i s  primarily a function of 
the flow rates  out of the seeded zone, which may be very large. 
I t  i s  l ikely,  therefore, tha t  a large value on the positive side 
over-estimates the probable er ror  in the best value. 

If the data s e t  were f ree  from experimental e r ror ,  and i f  the 
assumptions of multizone theory were valid in these buildings, the 
inf i l t ra t ion  rates  computed from interzone flows would be the same 
whichever data subset was used in the analysis. Neither condition 
i s  t rue,  and the resul ts  often show marked variabi l i ty .  Comparing 
the in f i l t r a t ion  rates from the interzone flows with the 'best 
value' from the average concentration suggests that where 
agreement i s  good, variabi l i ty  i s  low, and vice versa. Forexample, 
taking as a measure of the variabi l i ty  of the s ix IF values in any 
run the r a t io  of the standard deviation t o  the mean, the following 
three runs i l l u s t r a t e  the trend: 

Building 1 Best Value IF Value SD/mean 
Run 13 4.15 ach 1.09 ach 0.61 



Building 3 Best Value IF Value SD/mean 
Run 36 2.69 ach 3.05 ach 0.43 

Building 3 Best Value IF Value SD/mean 
Run 39 2.57 ach 2.48 ach 0.30 

One possible explanation for  the var iab i l i ty  i s  that  the length of 
the data se ts  was determined a rb i t a r i ly  by the time available for  
each run. Waters and Simons3 demonstrated tha t  for  single zone 
seeding the decay process i s  close to  uniformity a t  a time of two 
time constants from the s t a r t ,  where the time constant i s  defined 
as the reciprocal of the dominant eigenvalue. The inclusion of 
data beyond t h i s  time may be weighting the l eas t  squares solution 
towards l inear  dependency. Some of the resu l t s  were recalculated 
with the data s e t  res t r ic ted  to  two time constants, where the time 
constant was assumed to  be given with suff ic ient  accuracy by the 
reciprocal of the 'best  value' i n f i l t r a t ion  rate .  In table  6 run13 

TABLE 6 

EFFECT OF RESTRICTING DATA SET TO TWO TIME CONSTANTS 

Infi 1 t ra t ion  r a t e ,  a.ch, from interzonal flows 
Data Subset SD/means 

1 2 3 4 5 6 
Run 13 
Full data 0.72 0.83 0.48 0.63 2.13 1.09 0.61 
2 t 1.48 0.19 0.69 3.98 0.03 0.84 1.21 

Run 36 
Full data 5.71 4.10 1.88 3.35 1.97 3.05 0.43 
2 t 3.09 3.24 4.05 3.72 1.39 1.58 0.39 

the var iab i l i ty  and agreement with the 'best  value' a re  worse, and 
for  r u n  36 there i s  no improvement. The individual interzonal 

flows also show considerable variation between the solutions from 
different  data subsets, and again there i s  a tendency for  the 
var iabi l i ty  to  be less  where agreement fo r  the in f i l t r a t ion  rates 
i s  good. The extreme sens i t iv i ty  of the interzonal flows to  the 
manner in which the data i s  selected and processed has also been 
noted by Afonso et .a l2 who a1 so used a single t racer  gas. 
Nevertheless, they were able to  get reasonable agreement with 
independently measured values of the interzonal flows, b u t  i t  i s  
of in te res t  t o  note tha t  they were using only 2 zones in an 
experimental set-up which was designed to  match the assumptions of 
the multizone model. 

As a fur ther  indicator of the quality of the interzonal flow 
resu l t s ,  theoretical decay curves were computed from the flows, 
and compared with the original measured curves. This i s  a severe 
t e s t ,  and where the flow resul t s  are i n  doubt because the whole 
building in f i l t r a t ion  rates a re  inconsistent, the reconstituted 
curves bear l i t t l e  resemblance to  the measured originals.  However, 
where there i s  some measure of consistency in the in f i l t r a t ion  



ra tes ,  the two se t s  of curves can show a t  l eas t  a reasonable 
similarity.  Figs 2-4 show as an example r u n  36. This r u n  also 
i l l u s t r a t e s  one of the major reasons f o r  the d i f f i cu l t i e s  in 
obtaining good matching. I t  can be seen from the measured curve 
that  there i s  a time lag e f fec t ,  shown by t racer  concentration 
peaks i n  standing above the general trend of the decay. This i s  
not possible on the basis of the normal multizone model. 

7. CONCLUSIONS 

The resul ts  for  in f i l t r a t ion  r a t e  computed from the average 
concentration appear to  be suf f ic ien t ly  consistent t o  be 
considered re l iab le ,  and show tha t  i t  i s  comparatively easy t o  
obtain reasonable values for  buildings in the s ize  range 
considered without recourse t o  elaborate technique or analysis. 
The values fo r  the in f i l t r a t ion  rates were in most cases 
surprisingly high, b u t  a l l  these buildings were very leaky, with 
large badly f i t t i n g  doors, which in some cases were l e f t  open 
during normal working. 

The resul ts  f o r  interzone flows were always plausible, b u t  t h i s  
was due t o  the imposition of constraints on the solution 
technique. In most cases, lack of consistency and poor agreement 
with the in f i l t r a t ion  rates obtained from the averaged data,  
suggest tha t  a t  the present stage of development the interzone 
resul ts  a re  too unreliable t o  be useful. The most probable 
explanations fo r  the poor resu l t s  are: 

1. The s ize of the hypothetical zones was too large t o  give 
adequate discret isat ion of the internal volume of these 
buildings. The choice of s ix  channels for  the measurement 
system was dictated partly by experience from a preceding 
p i lo t  study and partly by available resources. T h u s ,  in 
these buildings, each zone was large enough fo r  there t o  
be spatial  variations within i t .  

2. The2 metrediameter sampling head used in each zone was 
small in relation to  the s i ze  of each zone, and therefore 
may not have given a reasonable measure of the average 
t racer  concentration in tha t  zone. 

3. Because a r t i f i c i a l  mixing of the a i r  in these buildings 
has been deliberately avoided, the normal multizone model 
i s  not s t r i c t l y  applicable, even w i t h  d iscret isat ion into 
small zones. 

Each of these problems can be overcome t o  some degree. The f i r s t  
two could be ameliorated by increasing the number of zones,either 
by adding extra channels to  the equipment, o r  by multiplexing the 
existing channels. A t  the same time, the sampling arrangement 
could be al tered to  give a more representative value of the 
concentration in each zone. Unfortunately, both of these 
possible courses of action wauld increase the disturbance caused 
to  the building occupier. 



The t h i r d  problem has been approached by recons ider ing  t h e  a i r  
f low model o f  t h e  bu i ld ing .  Ins tead  of  cons ider ing  t h e  a i r  
volume a s  an assembly of  p e r f e c t l y  mixed zones,  i t  i s  more 
r e a l i s t i c  t o  c o n s i d e r  i t  a s  a combination o f  pockets of  good 
mixing ( o r  zones)  l i nked  by a i r  s t reams i n  which the a i r  f low 
i s  predominantly i n  one d i r e c t i o n .  These l a t t e r  approximate 
t o  duc t s .  An a l t e r n a t i v e  model i s  t h e r e f o r e ,  an assembly of 
p e r f e c t l y  mixed zones l i nked  by duc t s  i n  which t h e  flow i s  
u n i d i r e c t i o n a l .  The s o l u t i o n  o f  t h i s  a1 t e r n a t i v e  model i s  much 
more d i f f i c u l t .  Nevertheless  a s o l u t i o n  has  been obta ined  f o r  
t h e  c a s e  o f  two zones l inked  by two d u c t s  ( r e f e r e n c e  6 ) .  The 
most s i g n i f i c a n t  f e a t u r e  of  t h e  s o l u t i o n  i s  t h a t  t h e  decay 
curves can e x h i b i t  t h e  time de l ays  and o s c i l l a t o r y  behaviour 
which has o f t e n  been observed i n  our  measured decay curves .  
I t  would be very i n t e r e s t i n g  t o  so lve  a model of s i x  zones 
connected by u n i d i r e c t i o n a l  f low d u c t s ,  b u t  t h i s  has n o t  y e t  
been achieved.  
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Table 1 

BUILDING 1 : ABBEY SCHOOL SPORTS HALL 

Run Wind Analysis - Whole Buildlng Infiltration Rate (ach) 
No Vel Method 

m/ s Data Subset Best Value & 
1 2 3 4 5 6 Range % 

Interzone Flows ins-' , Run 13 Data Subset 6 



Run Wind Arlalysis 
No Vel Method 

m/s 

Table 2 

BUILDING 2 : COVENTRY AIRPORT HANGER 5 

Whole Bulldlnq Infiltration Rate (ach) 
Best ~ a l u e x -  

Data Subset Rancre % 

Interzone Flows ms-4 , Run 28 Data Subset 6 



T a b l a  3  

B U I L D I N G  3  : COURTAULDS FITTING SHOP 

Run Wind A n a l y s i s  Whole B u l l d l n g  Inf l l t r_r l t t lon  R a t e  ( a c h )  
No Vel Method 

m/ s Data  S u b s e t  Bes t  Va lue  & 

- 2 l -  3  4  5 6 Range % 

I n t e r z o n e  Flows ms-' , Run 34 Data  S u b s e t  6 



'Table 4 

BUILDING 4 : COURTAULDS PATTERN SHOP 

Run Wind 
1 Vrl 

m/s 

Analysls 
Met hod 

Whole Bullding Inflltrat>%-Rate (ach) . 

Data Subset Rest Value & 
1 2 3 4 5 Rand% 4. 6 - - - 

Interzone Flows ms-' , Run 49 Data Subset 6 



Table 5 

BUILDING 5 : BRITISH GAS MAINTAINANCE DEPOT 

Whole Bulldinq Inf~ltrat_lon Rate Jach) Run Wlnd Analysls - - 
No Vel Method 

m/s Data Subset Rest Value & 
1 2 3 4 5 6 ----- Range % 

Interzone Flows ms-' , Run 67 Data Subset 6 
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