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ABSTRACT 

Small research e f f o r t s  i n t o  s p e c i f i c  a reas  can sometimes be b e t t e r  served 
with small s p e c i a l  instrumentat ion packages r a the r  than multipurpose un i t s .  
Two such systems have been used t o  support  EPA f i e , ld  test a c t i v i t i e s .  One i s  
f o r  monitoring mul t ip le  pressure  and temperature po in t s  when i n v e s t i g a t i n g  
pressure f i e l d  extensions i n  problem houses. The second is  a small system de- 
signed f o r  long term monitoring of a residence e i t h e r  p r i o r  t o  o r  af ter i n s t a l -  
l a t i o n  of a mi t iga t ion  system. 

The pressure f i e l d  extens ion u n i t  can monitor up t o  12 d i f f e r e n t i a l  pres- 
s u r e s  of +/-I2 Pa sequen t i a l ly ,  flow through the  vacuum system a s  d e l t a  P 
across  a laminar flow element, and four  temperatures. The system has been used 
t o  nap the  pressure f i e l d  extension along th ree  rays from t h e  c e n t r a l  vacuum 
point and t o  locate  a major d i scon t inu i ty  i n  flew propagation under t h e  s lab .  
The speed of da ta  a q u i s i t i o n  allowed t h e  e n t i r e  s l a b  mapping t o  be done i n  
less than 1 day f o r  mul t ip le  vacuum s t rengths .  

The long term da ta  package uses separa te  remote sensors  with d a t a  trans- 
mitted t o  the  da ta  a c q u i s i t i o n  system over t h e  house wiring. Rela t ive ly  low 
transmission r a t e s  using t h e  6 0  Hz AC a s  the  c a r r i e r  allow l i t t l e  i n t e r f e r e n c e  
from normal e l e c t r i c a l  d i r t  found within a house. The c e n t r a l  u n i t  appears t o  
be a large d i g i t a l  clock t o  t h e  r e s iden t s  with no connections o ther  than the  
power cord. Data a r e  saved on a small read only memory (ROM) package cl ipped 
t o  the  a ide  of the  "clock." During long term monitoring, the  ROM can be re- 
t r i eved  by a v i s i t i n g  member of the  research team o r  t h e  res ident  can swap 
t h e  car t r idge  a t  the  same time alpha t rack  d e t e c t o r s  a r e  swapped. 

This paper has been reviewed i n  accordance with t h e  U.S. Environmental 
Protec t ion  Agency's peer and adminis t ra t ive  review p o l i c i e s  and approved f o r  
presenta t ion  and publicat ion.  



I NRODUCT ION 

EPAts research and development program inc ludes  a major development and 
demonstration of radon mi t iga t ion  techniques. By the  end of 1988, o v e r  200 
mi t iga t ion  techniques w i l l  have been i n s t a l l e d  a s  a p a r t  of f i e l d  p r o j e c t s  i n  
9 s t a t e s ,  and a t  l e a s t  100 a d d i t i o n a l  i n s t a l l a t i o n s  a r e  planned f o r  1989. 
These p ro j ec t s  a r e  conducted j o i n t l y  with l o c a l  and state agencies  u s ing  l o c a l  
c o n t r a c t o r s  t o  expand a v a i l a b l e  m i t i g a t i o n  knowledge. Add i t iona l  house have 
been i n t e n s e l y  s tud ied  t o  b e t t e r  understand t h e  processes  p re sen t  when radon 
invades a house. 

A l l  of t hese  p r o j e c t s  cha rac t e r i ze  t h e  houses s u f f i c i e n t l y  f o r  proper  
mi t iga t ion  i n s t a l l a t i o n s  t o  be designed.  The c h a r a c t e r i z a t i o n  process  can 
r e q u i r e  d i f f e r i n g  l e v e l s  of d a t a  c o l l e c t i o n  and measurements which provide t h e  
necessary da t a  f o r  designing a system (1 ,  2).  Much of t h e  d a t a  are 
common among t h e  i n v e s t i g a t o r s ,  b u t  d i f f e r e n t  c o l l e c t i o n  techniques  o r  r a t e s  
make comparisons d i  f f i  c u l t  . 

A core s e t  of measurements has been chosen by .EPA t o  provide a common 
da ta  set f o r  comparisons and f u t u r e  da t a  a n a l y s i s .  These measurements a r e  
t o  be co l l ec t ed  f o r  each i n s t a l l a t i o n  i n  each f i e l d  p r o j e c t  conducted under 
EPA sponsorship t o  a l low a common da ta  base t o  be compiled. Most of t h e s e  
a r e  cu r r en t ly  being c o l l e c t e d  a long  w i t h  a d d i t i o n a l  s i t e  s p e c i f i c  data .  

Most of t h e  d a t a  a r e  c o l l e c t e d  manually from d i r e c t  reading  in s t rumen t s  
used t o  provide t h e  d i agnos t i c i an  on-si te  information whi le  a few of t h e  
instruments  p r i n t  out t h e i r  r e s u l t s .  The d e t a i l e d  house s t u d i e s  r e l y  on 
computer c o l l e c t i o n  of t h e  d a t a  from many soph i s t i ca t ed  s e n s o r s  around t h e  
house. A pro to type  microprocessor-based da ta  a c q u i s i t i o n  system has  been 
developed which may br ing  some of t h e  technology used i n  t h e  r e sea rch  houses 
reasonably t o  t h e  demonstration house. 

CORE MEASUREMENTS 

The core  measurements have been organized by f o u r  m i t i g a t i o n  phases and 
f i v e  mi t iga t ion  ope ra t iona l  p r i n c i p l e s  as described below. The mat r ix  of t h e  
s p e c i f i c  measurements used f o r  a s p e c i f i c  mi t iga t ion  phase and techniques is  
shown i n  Table 1. 

Phase 1 : s c r e e n i n g h e  l e c t i o n  

House screening  determines i f  a house has the  necessary c h a r a c t e r i s t i c s  
t o  be inc luded  i n  t h e  p r o j e c t  (e.g. , radon l e v e l ,  s u b s t r u c t u r e  t ype ) .  F i e l d  
p r o j e c t  houses a r e  screeneed by ana lyz ing  t h e  da t a  a v a i l a b l e  f o r  a g iven  area ,  
by on-si te  examination, o r  by a combination of both. 

S e l e c t i o n  r equ i r e s  on-si te  examination of the  house and t h e  c o l l e c t i o n  of 
necessary da t a  t o  determine i f  t h e  house meets the  needs of t h e  s tudy .  
Base l ine  d a t a  (Phase 2 )  may be c o l l e c t e d  during t h e  house s e l e c t i o n  visit. 



Phase 2: Base l ine  Data 

A complete c h a r a c t e r i z a t i o n  of t h e  house p r i o r  t o  t h e  i n s t a l l a t i o n  of 
mi t i ga t i on  i s  done t o  provide necessary  d i a g n o s t i c  i n fo rma t ion  f o r  t h a t  
des ign  and t o  provide a base f o r  comparing t h e  performance of t h e  system. 

Phase 3: Short-Term Performance 

Following t h e  i n s t a l l a t i o n  of a m i t i g a t i o n  system, a short- term perform- 
ance test i s  conducted f o r  48 t o  96 hours.  These d a t a  are compared t o  t h o s e  
c o l l e c t e d  during t h e  b a s e l i n e  phase t o  a s s e s s  t h e  e f f e c t i v e n e s s  of t h e  system. 

Phase 4: Long-Term Performance 

Once t h e  f i n a l  i n s t a l l a t i o n  is made i n  a house (sometimes more t han  one 
method i s  app l i ed  t o  a house) ,  sys tem performance w i l l  be t e s t e d  f o r  2 t o  
5 years .  This  i s  t h e  real proof of t h e  r educ t ion  of radon exposure t o  t h e  
occupants of t h e  house. 

MITIGATION METHODS 

S o i l  Gas Ven t i l a t i on :  Draws radon-containing s o i l  gas from beneath 
s l a b s  and p l a s t i c  f i l m s  o r  w i t h i n  hol low b lock  w a l l s  and d r a i n  t i l e s  and  
exhaus ts  i t  away from t h e  bu i ld ing .  

S o i l  Gas B a r r i e r :  P reven t s  radon-containing s o i l  ga s  from p e n e t r a t i n g  
t h e  s t r u c t u r e  by s e a l i n g  e n t r y  r o u t e s  o r  by main ta in ing  a p o s i t i v e  p r e s s u r e  
i n  t h e  po r t i on  of t h e  house i n  con tac t  wi th  t h e  s o i l .  

Indoor Air: Increased  v e n t i l a t i o n  r a t e s  o r  a i r  t r ea tmen t  (e.g. a i r  
c l e a n e r s )  removes t h e  radon a l r eady  i n s i d e  t h e  house. 

Well Water: Removes radon from w e l l  water  t o  prevent  i t  from e s c a p i n g  
i n t o  t h e  indoor  a i r .  

Bui ld ing  Ma te r i a l s :  Removes o r  s e a l s  radon-emi t t i n g  b u i l d i n g  
mater ia l s .  

INSTRUMENTATION PACKAGES 

The manual method of d a t a  a c q u i s i t i o n  has  been t h e  mainstay of radon 
mi t iga t ion  e f f o r t s  and h a s  been d e t a i l e d  i n  s e v e r a l  t r a i n i n g  manuals produced 
by va r ious  agenc ies  and m i t i g a t o r s  (3 ). S p e c i a l  measurement and d a t a  a c q u i s i t i o n  
u n i t s  have been assembled by m i t i g a t i o n  teams f o r  s p e c i a l  purposes.  An example 
i s  shown i n  F igure  1. T h i s  system al lowed s e v e r a l  d i f f e r e n t i a l  p r e s s u r e s  
ac ros s  a s l a b  t o  be monitored s e q u e n t i a l l y  t o  determine t h e  e x t e n t  of t h e  
p re s su re  f i e l d  ex t ens ion  which could i n d i c a t e  p o s s i b l e  use  of sub-slab s u c t i o n  
as  a c o n t r o l  s t r a t e g y .  



The i n t e n s i v e l y  monitored research  houses have a p p l i e d  computer technology 
t o  cont inuously acqu i r e  many senso r  i n p u t s  f o r  extended time pe r iods .  These 
systems have been connected w i t h  computers a t  t h e  r e sea rch  l abo ra to ry  a l lowing  
i n v e s t i g a t o r s  "t fol low even t s  without v i s i t i n g  t h e  houses. These i n s t a l l a -  
t i o n s  a r e  few i n  number and expensive,  bu t  produce va luab le  d a t a  t h a t  would 
not be a v a i l a b l e  with less s o p h i s t i c a t e d  da t a  c o l l e c t i o n  schemes. 

It would be d e s i r e a b l e  t o  have a system which could monitor many senso r s  
f o r  a long t ime,  but s t i l l  be reasonable  enough f o r  many houses t o  be followed 
s imultaneously.  The EPA F i e l d  Evalua t ion  Package (FEP) h a s  been des igned  t o  
f i l l  t h a t  need. The system i s  based on a proven i n d u s t r i a l  computer (STD 
280) w i t h  s enso r s  placed near  t h e  measuring p o i n t ,  t r a n s m i t t i n g  t h e i r  d a t a  
over  household wir ing.  The d a t a  c o l l e c t e d  a r e  s t o r e d  on a b a t t e r y  powered 
memory ca rd  which can be r e tu rned  t o  t h e  l abo ra to ry  f o r  a n a l y s i s .  The system 
is shown f u n c t i o n a l l y  i n  F igure  2. 

The system i s  based upon wireless intercoms used i n  many houses f o r  
example t o  monitor s l eep ing  babies  o r  cal l  someone working i n  t h e  garage t o  
dinner .  One intercom i s  l o c a t e d  near  a s enso r  which is  placed a t  t h e  po in t  of 
i n t e r e s t .  This  method e l i m i n a t e s  most of t he  cab l ing  needed f o r  system 
ins t rumenta t ion  and only r e q u i r e s  access  t o  t h e  AC power Line. A l l  t h e  remote 
t ransducers  and the  c o n t r o l  computer must be connected t o  t h e  same AC power 
l i n e ,  a condi t ion  met i n  almost every house. 

The c o n t r o l  computer is used t o  r ece ive  t h e  d a t a  from t h e  remote t r a n s -  
ducers ,  compute averages,  save  t h e  d a t a  i n  permanent memory modules, and permit  
sending t h e  da t a  over  ser ia l  d a t a  l i n e s  t o  a checkout computer o r  over  t h e  
te lephone l i ne s .  The p re sen t  system i s  based on t h e  STD bus and c o n s i s t s  of 
t h e  Cen t r a l  Processing board,  a p a r a l l e l  por t  board,  a s p e c i a l  i n t e r f a c e  
board, and a power supply.  The communications l i n k  t o  t h e  t r ansduce r  i s  
provided by a modified PM Wireless Intercom. 

The remote t ransducer  u n i t  i s  made up of t h e  intercom and an A/D conve r t e r  
and c o n t r o l  board. The system uses  MOS techology t o  l i m i t  power requirements .  
Any type  of t ransducer  which gene ra t e s  a n  adequate  vo l t age  output  can be 
used. Types under cons ide ra t i on  i nc lude  p re s su re ,  t empera ture ,  r e l a t i v e  
humidity,  and radon concent ra t ion .  

System i n s t a l l a t i o n  c o n s i s t s  of p lac ing  t h e  removed t r ansduce r s  i n  t h e  
des i r ed  l oca t ions  and connect ing them t o  t h e  AC power l i n e .  Because t h e  
power requirement is  less than 5 W .  Light du ty  ex t ens ion  cords nay be used 
i f  needed. The c o n t r o l  computer is  placed where a c c e s s  may be gained f o r  
rep lac ing  t h e  memory module and checking out  t h e  i n s t a l l a t i o n ,  y e t  is  secu re  
enough f o r  long term unat tended opera t ion .  Since l o w  frequency r a d i o  s i g n a l s  
a r e  used, some i n t e r f e r e n c e  may be experienced e i t h e r  by t h e  system o r  by 
devices  i n  t h e  house. System checkout i n c l u d e s  de te rmin ing  i f  any ob jec t ion -  
a b l e  i n t e r f e r e n c e  takes  place.  

Opera t ion  of t h e  remote t r ansduce r s  is shown i n  F igu re  3. The remote 
u n i t s  a r e  con t ro l l ed  by t h e  type  2716 PROMS connected a s  "Sequent ia l  S t a t e  
Cont ro l le rs . "  Each PROM has  e i g h t  output  l i n e s  which c o n t r o l  t he  



va r ious  func t ions  i n  t h e  system ( t  r i g g e r  conversion,  t u r n  on t r a n s m i t t e r ,  
reset ,  e t c .  ). The l i n e s  a r e  programmed t o  have the  c o r r e c t  s ta te  f o r  each  
s e q u e n t i a l  add re s s  i n  t h e  PROM. An add re s s  g e n e r a t o r  s t a r t s  a t  l o c a t i o n  0 
and s t e p s  through t h e  permi t ted  va lues  i n  o rde r .  A s  t h e  sys tem s t e p s  th rough 
t h e  addresses ,  t h e  c o n t r o l  l i n e s  cause t h e  c o r r e c t  ope ra t i on  t o  take  place.  
The frequency of t h e  AC on t h e  power l i n e  i s  used t o  pace t h e  system. Each 
zero-crossing of t h e  AC star ts  a  c lock per iod.  These a r e  8.3 msec long 
(frequency i s  120  Hz). Since a l l  t h e  dev ices  see t h e  same f requency ,  t hey  
a r e  synchronized w i t h  each  o the r .  The zero-cross ing  produces a  pu l se  which 
s t e p s  t h e  add re s s  gene ra to r  t o  i t s  next  value.  The c o n t r o l  l i n e s  t hen  produce 
t h e  a c t i o n  which i s  c o r r e c t  f o r  t h a t  s e q u e n t i a l  s t a t e  of t h e  system. 

The vo l t age  s i g n a l  ou tput  by t h e  t r ansduce r  i n  t h e  remote device  i s  
a p p l i e d  t o  a n  A/D conver te r .  The f u l l  s c a l e  va lue  i s  determined by s e l e c t i n g  
a  r e s i s t o r  and can range from 5 mV t o  5 V- Af te r  conversion of t h e  i n p u t  
value,  t h e  d a t a  are presen ted  i n  d i g i t a l  form on 1 2  ou tpu t  l i n e s .  A d i g i t a l  
d a t a  mul t ip lexer  connects  t o  each  d a t a  l i n e  i n  t u r n .  The d a t a  a r e  a p p l i e d  t o  
a n  o s c i l l a t o r  which produces a n  output  of 2 kHz f o r  a  d i g i t a l  "0" and 1 kHz 
f o r  a  d i g i t a l  "I." These tones  a r e  a p p l i e d  t o  t h e  FM w i r e l e s s  i n t e r com and 
s e n t  t o  t h e  c o n t r o l  computer f o r  d e t e c t i o n  and decoding. 

There can be s e v e r a l  remote t r ansduce r s  i n  a sys tem and more than one  
of them can be ready t o  send t h e i r  d a t a  a t  t h e  same time. S p e c i a l  s t e p s  must 
be taken t o  prevent ove r l ap  of d a t a  t ransmiss ion .  When t h e  remote u n i t  h a s  
completed t h e  A/D conversion,  i t  L i s t ens  t o  s e e  i f  any o t h e r  u n i t  i s  
t r ansmi t t i ng .  If none i s ,  i t  sends a  tone  f o r  one c lock  pe r iod  then  l i s t e n s  
a g a i n  f o r  a number of c lock per iods  ass igned  unique ly  t o  i t .  I f  no t one  is  
heard a f t e r  t h e  wa i t i ng  p e r i o d ,  i t  then  begins  t o  t r a n s m i t  i t s  d a t a .  Each 
u n i t  has a  d i f f e r e n t  de l ay  per iod  s o  t h a t  no c o n f l i c t s  should t a k e  place.  The 
d a t a  from each remote u n i t  have an  i d e n t i f i e r  p r e f i x e d  t o  them. When t h e  u n i t  
i s  c l ea red  t o  send, t h e  c o n t r o l  PROM p l a c e s  t h e  d i g i t s  of t h e  i d e n t i f i e r  on to  
t h e  o s c i l l a t o r  i n p u t  l i n e  one a f t e r  ano the r ,  producing t h e  aud io  tones  f o r  
t h e  "0s" and " Is"  which a r e  s e n t  out.  When t h e  complete i d e n t i f i e r  ha s  
been s e n t ,  t he  d a t a  mu l t i p l exe r  connects  each  d i g i t a l  d a t a  l i n e  t o  t h e  
o s c i l l a t o r  i npu t  i n  t u r n  u n t i l  a l l  t h e  d a t a  b i t s  and two p a r i t y  b i t s  have 
been s e n t .  I f  more t han  one t r ansduce r  s h a r e s  t h e  t r a n s m i t t e r  in te rcom,  t h e  
second t r ansduce r  i s  connected t o  t h e  i n p u t  of t h e  A/D conve r t e r ,  convers ion  
is t r i g g e r e d ,  and d a t a  are s e n t .  After t h e  d a t a  have been s e n t  from a 
t ransducer ,  t h e  remote u n i t  e n t e r s  a  wa i t i ng  p e r i o d  of about  17 sec 
before  t r y i n g  t o  send ano the r  d a t a  value. A t  s t a r t - u p ,  a l l  t h e  u n i t s  w i l l  
t r y  t o  send d a t a  a t  t h e  same time. They should a r r ange  themselves  i n  o rde r  
of t h e i r  delay times, and then  should send a l l  t h e  system d a t a  i n  b u r s t s  
spaced 17 s e c  a p a r t .  

The c o n t r o l  computer i n  t h e  c u r r e n t  con f igu ra t i on  c o l l e c t s  t h e  d a t a ,  
computes a p p r o p r i a t e  ave rages ,  and s t o r e s  t h e  d a t a  permanently i n  a  b a t t e r y  
backed-up ROM c a r t r i d g e .  The d a t a  c a r t r i d g e  can be rep laced  e a s i l y  by t h e  
homeowner and t h e  u n i t  r e tu rned  t o  t h e  l a b o r a t o r y  be downloaded t o  a  PC f o r  
ana lys i s .  Three months of d a t a  can e a s i l y  be s t o r e d ,  s o  long term a l p h a  t r a c k s  
and t h e  ROM could be picked up a t  t h e  same time. 



SUMMARY 

EPA has developed a set of core  d i agnos t i c s  which w i l l  produce a common 
da ta  base f o r  system comparison and a n a l y s i s .  To f a c i l i t a t e  t h e  a c q u i s i t i o n  
of Long term d a t a  a n  e a s i l y  i n s t a l l e d  set of s enso r s  and a c o n t r o l  computer 
have been developed. Using 12 A/D conve r t e r s  which provide 0.024% r e s o l u t i o n ,  
t he  sensor  da ta  a r e  t r ansmi t t ed  over  t h e  household w i r ing  us ing  a w i r e l e s s  FM 
intercom. The intercom e l i m i n a t e s  most of t h e  cab l ing  normally a s s o c i a t e d  
with remote sensor  opera t ion .  The da t a  a r e  permanently s t o r e d  i n  a RAM 
c a r t r i d g e  which can be changed by t h e  homeowner and r e tu rned  t o  EPA f o r  
ana lys i s .  
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TABLE 1. CORE MEASUREMENTS. 

1 SOIL VEHT (SUESLAB, FELY, WILL! TILE) 
2 BARRIER (SEALING, PRESSURIZATION) 
3 IMDOOR AIR (VENTILATE, TREAT) 
4 HATER (REMOVE) 
5 BLDG MARS (TREAT, REKOW 

INDOOR SUBSLAB SUBSLAB HOUSE HUKEOSfiNER ENTRY GflW NTER 
PHASE RADON [Pn l  COMMUNICATION DYNAMICS HEATHER SURVEY ROUTES SURVEY (HELL! 

SCREENING1 1 GRAB SAMPLE OPT GRAB SAHP OPT PFE OPT BD,DP QUOL MB STD FORM VISUAL EFT MAP OPT XEAS 
SELECTION 2 GRAB SAKPLE OPT GRRB SAMP NONE OPT BD,DP QUAL MB STD FORM VISUAL ZPT fffiP OPT WAS 

3 GRAB SWFLE NONE NONE OPT BD,GP QUftL HB STD FORM VISUAL OPT ?140 QPT vl:x a ,... .. 
4 GRAB SAMPLE NONE NONE OPT ED, DP QUAI- MB STD FOR14 NONE OPT g$ 
5 GRAB SAMPLE NONE W E  OPT BD,DP QWL nlB STD FORM NONE MAP 0.z pc:: . . 

BASELINE 1 46HR PYLONIATDIML GRAB SAMPLE PFE BD, DP T( I /O)  ,P,QUAL MB ST0 FORM DET V1SL';"i LfiAP HEAS 
2 48HR PYLON, ATD,M GRAB SAMPLE OPT FFE BD,DPJG T(I/O),P,QUAL MB STD FORM DET VISUAL M W  %FA: 

3 46HR PYLOfi, ATD,NL ERA0 SAHPLE NONE BD,DP,TG T d / O l  ,P,QUAL W STD FORM DET VISUAL MAP MEAS 
4 48HR PYLON, ATD,SC GRAB SAMPLE NONE BD, DP T( 1/01 ,P, WL MB STD FORM NONE YAP YEA3 
5 48HR PYLON,ATD,ML GRAB SAMPLE NONE BD,W T ( I l 0 )  ,P,QiAL MB STD FORM NOME MAP WA? 

SKGRT-TERM 1 4SW PYLCiN,ML GRAB SAMPLE, PIPE PFE DP T(I/OÃˆ,P,QUA UB WE OPT : j ~ s ' ~ f i ~  NONE j . i ~ =  

PERFORMANCE 2 4EHR PYLON. ML GRQB SAMPLE OPT PFE DP, TG T(I/O),P,CUALHB NONE VISUAL r i ~ ! < ~  
3 48HR PYLON, I'iL GRAB SAKPLE NONE DP,TG Td!OS,P,QUAL ME MONE OPT VISU~~L ?!o!!E %:!E 
4 48HR PYLON, KL GRAB SAMPLE NONE NONE T(I/O),P,QUALMB NONE NONE MOME W ' S  
5 4SHR ?YLON,ML GRAB SAMPLE NONE NONE Td/Ol,P,QUflL HB NONE MCNE ;fflP :.in;= 

LONG-TERM 1 QUARTEFLY ATD OPT GRAB SAMP NONE HONE OWL MB PROBLEMS OPT VISUAL NOME OPT MEA? 
FREFOWCE 2 QUARTERLY ATD OPT GRAB SAW NONE NONE OWL W PROBLEMS !I ISUAL )3.!~ 2 ~ 7  VE:: 

3 QMRTERLY ATD OPT GRAB SAW NONE NONE DUAL UB PROBLEMS OPT VISUAL NONE G?T MEA; 
4 QUARTERLY STD OPT GRAB SWP M3NE NOt!E QUN MB PROBLEMS NONE Â¥!G; y~;; 
5 QUARTERLY GTD OPT GRAB SAMP NONE NONE QUflL UB PROBLEMS ROME !fflP ay- -E;F 

PTD - ALPHA TRACK DECTECTOR 
BD - BLOWER COOR TEST 
DET - LETAILED 
EP - DELTA PRESSURE BETWEEN FLOORISLAB & SHELLIOUTDOORS, INCL WAC OPERATION & MIND GAU5E (NEED ENTIRE PACKAGE) 
OPT - OPTIONAL 
F - BAROMETRIC PRESSURE 
PFE - PRESSURE FIELD EXTENSION KtRNL METHOD) 
SUAL MB - QUflKTATIVE KEATtiER BUREAU DATA UEHPERATUSE, PRESSUSE, RAIN, ETC. ) 

STO FGRM - STMIDARD FORM, TO BE DEVELOPED 
TG - TRACER GAS 
T f 1/01 - TEMPERATURE, Al L INDOOR LEVELS i: OUTDOORS 
'!ISUftL - VISUAL INSPECTION INCL SMOKE STICKS 
iiL - HORKItlS LEVELS 
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