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1. summy 

A d e t a i l e d  radon m i t i g a t i o n  study i s  i n  progress i n  14 homes i n  the  New 

J e r s e y  Piedmont asea. Three research teams, one each f r o m  Lawrence Berkeley 

Laboratory,  Oak Ridge Natl-onal ZaboratIory, and Princ,eton Un ive r s i ty  a r e  

involved. Seven homes a r e  inves t iga t ed  by Lawrence Berkeley Laboratory.  

Seven homes a r e  i n v e s t i g a t e d  by Oak Ridge National Labs and Princeton 

TJniversity. This i n t e n s i v e  , instrumented study i s  coope ra t ive ly  funded by the 

U . S .  Environmental P ro tec t ion  Agency, the  U . S .  Department o f  Energy, and the 

N e w  J e r s e y  Department o f  Environmental Pro tec t ion .  The pri .ncipa1 g o a l s  a r e  ED- 

improved understanding of  the  physical  parametzers m o s t  important i n  causing 

elevat1ed indoor radon l e v e l s  the  refinement of diagnosti .c measurements for 

s e l e c t i o n  and implementation of mitigati .on systems I and the redriction of 7-adon 

concentrat ions t o  acceptable  l e v e l s  inside the  s tudy houses. 

.-. 

Monitoring s t a t i o n s  were instal-led i n  each home i n  October,  1.986. 

I Instrumented measurements included (I.) basement and u p s t a i r s  radon, 

( 2 )  d i f f e r e n t i a l  pressures  acxoss the baseme.nt/sul,slab ~ bnsernent/upstairs and 

basement/outdoor i n t e r f a c e s ,  (3)  t:emperatures a t  basement, u p s t a . i r s  and 

outdoor loca t ions ,  and ( 4 )  cen. t ra l  air handl.er usage. A wsa.ther s t a t i o n  was 

loca ted  a t  one house., monitoring (1.) wind speed and d i r ecc ioa ,  (2 )  b a r o ~ r ~ e t r i c  

pressure ( 3 )  p r e c i p i t a t i o n ,  ( 4 )  soil  temperature, a n d  (5) outdoor temperature 

and r e l a t i v e  humidity. A time-averaged v d u e  o f  all o f  t he  above parameters 

was recorded every 30 min. Several  addi t i .onal  parmeters  weye monitored 01-1 an 

i n t e r m i t t e n t  b a s i s  i n  a l l  or s e l e c t e d  homes. These include multizoiie a i r  

i n f i l t a t i o n  r a t e s  which have been measured i L i  a l l  homes u s i n g  passive 

perfluorocarbon t r a c e r s  (PFT) and i n  t w o  homes using a cons tan t  concentra t i .on 

' t r a c e r  gas system (CCTG). Tota l  radon progeny, s o i l  gas radon concentrat ion 

and permeabi,lity cha ra , c t e r i s t i c s ,  and gamma r a d i a t i o n  l e v e l s  were a l so  

monitored. p e r i o d i c a l l y  i n  all study homes. 

P re -mi t iga t ion  d iagnos t ic  measures have been evaluated and r e f i n e d  i n  a l l  

seven ORNL/Frinceton s tudy homes. Procedures f o r  measuring and observing 

bu i ld ing  dynamics, bu i ld ing  s t r u c t u r e ,  and so i l /wa te r  c h a r a c t e z i s t i c s  have 

been s t reamlined.  In these  s t u d i e s ,  the p r i n c i p a l  source o f  fndoor  radon w a s  
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House $6 r a d o n  l e v e l s  wnre reduced t o  an average of  2 - 4  pCi/L i n  l a t e  s p r i n g ,  

a f t e r  several  adjustmants i n  the mit tga t ion  system. Eouse  e6 p r o v l  ded the  

g r e a t e s t  d i f f i c v - l t y  becavse o f  a corrtplex substrircture, represeqting severa l  

additions t o  the o r i g i n a l  home. h 

Several compilations and preliminary analyses o f  the experimental data  

have been i n i t i a t e d  and/or completed. A1.1 continuously acquired data obtained 

through A ~ r i . l . ,  1987 ,  have been entered i n t o  data managernertt s y s t s n s  for 

subse.quent proofing , conversion t o  c a l i b r a t e d  engineering un i t s  , and 

s t a t i s t i c a l  analysis .  Weekly sunizry data are presented  i n  t h i s  r e p o r t  i.n 

grzphical and tabular form ~ Fie ld  arid labora.t:ory c a l l b r a t i - o n  daea ta.k-e.n 

through Apri l  , 1987, have been summarized. Preliminary datx relat i i lg  r a d o : ~  iro 

sel.ectsd envi.ronmenta1 parameters a r e  presented ~ For example ~ heaTv2y rail-tfa1.l 

arid reduced barnmetric pressure resulted in temporary 2-3 fold increases i n  

basement radon levels. Tni t ia .1  resu l t s  o f  the time-ave?-- L.aged PFT and the 

cont in tmus  CCTG t r a c e r  gas techniques are discussed. I n  one home, f o r  

example5 the CCTG system quamtified. a 2-3 fold increase Ln a t r  t n f i ~ l t r a t i o n  

i n t o  the  basement with ope ra t ion  o f  the W A C  a i r -hand- le r ,  w h i c h  could t k e n  be 

coinpared against much smal le r  ( i  = e .  , aboiut 2 G % )  measured d.ecr;nses i - n  basemen;: 

r a d o n  concentrat ions ~ Blower door data a.nd soil perrneabi-lity data from .the 

fall. a.nd winter  i:es ts are tabulated. A g e o l o g i c a l  i.rivest-i.gation 05‘ t he  regtor1 

arcwnt2 the t e s t  homes and ground water t e s t i n g  for rc.,don are also discussed .  

Test  homes appear to r e s t  on e i ther  Martinsburg Shale o f  Ordi-vician a g e ,  

und. i f ferent ia ted P r e c a m b r l m  gneissoid granites or ths T r L a s ! ~ j . c  Xrur1i;wick 

formation. Althoiigh homes on the Precambrian grani. tes h a v e  am.Gng the hi.g!lest 

w e l l  w a t e r  concentrat ions of radon, the  w e l l .  w a t e r  i s  only a minor SQUTCZ of 

indoor radon. The results of  peri-odic meassres of soil. radon g a s  and 

permeabi l i ty ,  gamma rad is t i .on ,  resp i rab le  p a r t i c u l a t e s  and t o t 3 1  working l eve l  

measures i s  suqrna-rized . Data ana lys i s  of the seven ORNPq’Prlnceton research 

homes ere  ongoing. Addi t tona l  ariillyses arid dsta w i l l  be presented  i n  the 

fi.nal. p r o j c c t  report. 



... 



This s e c t i o n  provides  t h e  study o b j e c t i v e s  and an overview o f  t h e  p r o j e c t  

irrplemeritation, including a summary of assoc ia t ed  documenation I 

2 . 1  PROJECT OBJECTXVES 

The primary o b j e c t i v e s  of t h i s  r adon  m i t i g a t i o n  study a r e :  

1. an improved understanding o f  t he  phfsPca l  processes  underlying 
e l eva ted  l e v e l s  of radon and radon progeny i n  homes and t h e  impact of 
c o n t r o l  measures on radon e n t r y  processes ,  

2 t he  f i e l d  e v a l u a t i o n  and refinement o f  d i a g n o s t i c  p r o t o c o l s  f o r  
s e l e c t i o n  and implementation o f  effective micigat ion s t r a t e g i e s ,  and 

3 .  development/refinement of c o s t  e f f e c t i v e  c o n ~ r o l  measures while 
sys t ema t i ca l ly  r s i u . c i n g  radon levels i.n s tudy houses.  

T h i s  m i  d-proj  ect r e p o r t  surnnari 7 e s  several o f  our e f f o r t s  in achieving 

t h e s e  goals. Inter im d iagnos t i c  protocols  used i n  the s e l e c t i o n  o f  m i t i g a t i o n  

measures arid d e s c r i p t i o n s  o f  implemented m i t i g a t i o n  measures a r e  r epor t ed .  

Nonitoring and d i agnos t i c  instrumentat ion packages i n  U S P  i n  the s t u d y  lioines 

a r e  descr lbed.  Preliminary r e s u l t s  from cont inuous rnonitorzng packages i n  

p r e - m i t i g a t i o n ,  m i t j  g a t i n n ,  and p o s t -  m i t iga t ion  t i m e  periods are r e p o r t e d ,  

i nc lud ing  extensive summary s t a t i s t i c s .  Nsn-continuous measures including 

house and s i t e  character izat ions, ,  and l abo ra to ry  and f i e l d  c a l i b r a t i o n  da ta  

a r e  summarized. The f l o w  ail6 documentati on o f  experimental  r e s u l t s  between 

the ORNT,/Princeton team and sponsors ,  homeowners, and LBL are reviewed. 

2 . 2  PROJECT IMPLEMENTATION 

2.2.1 House Se lec t ion  

House screening and f i n a l  s e l e c t i o n  w e r e  completed by August, 1986. LBL 

and t h e  New J e r s e y  Department o f  Environinental P ro tec t ion  w e r e  r e spons ib l e  f o r  

developing the d a t a  base of homes from which the f i n a l  s tudy  houses were 

chosen I 
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2 , 2 . 6  Control House Studies 1_- 

The control house (i.e., House #2> will be mitigated on J u l y  22, 1987.  

The extended pre-mitigation dzta set provides for interhouse comparisons and 

the po‘rential for inter-season (e.g,, fall vs winter vs spring) modeling. 

1- 

2 . 3  PROJECT DOCUMENTATION 

The proposal, planning, implementation and reporting of this project have 

involved an extensive f l o w  of documents between the ORNTJPrinceton team, LBL, 

hxneowtiers, and the sponsoring agencies. The status of this documeatation is 

hr i eE ly  summarized in this section. 

2 . 3 . 1  Proposals 

A research proposal  entitled “Jnvestigation of Radon Entry And 

EEfect.iveness of Mitigation Measures” ~ prepared by OWL, outlining the scope 

of research activities to be conducted in New Jersey and the Tennessee Valley 

in FY87-88, has been approved by the U . S .  Environmental Protection Agency, 

U. S ,  Department of Energy and the Tennessee Valley Auth.01-icy. 

2 . 3 . 2  Subcontractual Agreement- with Princeton -_ 

A project work statement, detailing collaboratihe research with Princeton 

University in the study of seven houses in  New Jersey w a s  approved as the 

b a s i s  for a subcontractual agreement between Hartin Karietta Energy Systems, 

I r ic . ,  and Princeton UniversZty. 

2 . 3 . 3  Project Workplan 

A project workplan detailing the technical design and objectives. nf the 

radon-mitigation research in seven N e w  Jersey I?ouses has been approved by EPA, 

T h i s  document was based on a detailed outline that was discussed by Princeton 

University, OWL, and EPA at a meetFng in Research Triangle Park on 8/12/86. 

The Project Workplan f o l l o w s  the general ouLllne of the draft LBL Pro jec t  

PI an I 
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3 . PROJECT INSTRUMENTATION PAC'UGES AND IthTERIALS 

T h i s  s e c t i o n  summarizes  t he  instrumentation axid monitoring packages i n  ... 
use i n  the ORNL/Princeton radon m i t i g a t i o n  s t u d i e s .  

3.3 .  INDOOR MONITORING STATION 

The i n d o o r  and weather s t a t i o n  m o n i t o r i n g  packages c u r r e n t l y  i n  use are 

l i s t e d  i n  Tables 3 . 1  and 3 . 2 ,  r e s p e c t i . v e l y .  These packages are q u i t e  similar 

t o  those o u t l i n e d  i n  t h e  Pro jec t  Workplan. 

3 . 2  WEAT'ilER STATION 

Only one weather sttition was o p e r a t s d  (Eouse #5) due to budgetary 

c o n s t r a i n t s .  A s  a consequence ,  detailed rncdebing of the impac t  o f  v a r i a t i o n  

1 i n  meteowological parameters w i l l  be limited t o  House # 5 .  Under rou t ine  

operati-on, data f rom the w e a t h e r  s t a t f o n  dara logger  i s  downloaded via t he  

indoor  m o d e m .  

3 . 3  HITIGATION DIAGNOSTICS INSTRUMENTATION 

The followlng i s  a l i s t  oE t h e  i n s t r i m e n t a t i o n  and s p e c i a l  tools u s e d  by 
P r i n c e t o n  U n i v e r s i t y  s t a f f  i n  p re -  and p o s t - m i  t i g a t i o n  diagnostics. The l i s t  

includes the p r o d u c t  rime, s p e c i f i c a t i o r r s  I c o s t ,  and a s h o r t  dFscr i .pt ion o f  

t h e  use o f  each of the i n s t r u m e n t s .  The s o i l  permeameter  is descr ibed  i n  

Section 3 . 7 .  

3 . 3 . 1  I n s t r u m e n t a t i m  

3 . 3 . 1 . 1  D w y e r  M i c r o t e c t o r  Electronic  P o i n t  Gage ( $ 3 6 5 )  

This instrument is used to c a l i b r a t e  pressure trarisducess and t o  nieasd~re small 

pressurs d i f f e r e n t i a l s  i n  a range o f  0 to 2 . 0  i n .  w a t e r  aiicl i s  a c c u r a t e  t o  

k0.00025 i n  w a t e r  column. I t  i s  a c c u r a t e  b u t  can be d i f f i e r i l t  t o  use i n  
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be used t o  maintain a constant  dep res su r i za t ion  of t he  basement ( t o  slrnulate 

wLnter cond i t ions )  whils o the r  d i agnos t i c  measurements are being performed. 

3 . 3 . 2  3 e c i a l  Tools 

3 . 3 . 2 . 1  S k l l  Model 732 ROTO-set hammer djr i l ls  ($500) 

This tool i s  used to drill test holes in s o i l ,  cortcrete o r  block w a l l s  and 

concrete  s labs  o r  f l o o r s .  I t  accornodates d r i l l  s i z e s  up t o  1 . 5  j n ~  diameter .  

I t  has very f a s t  d r i l l i n g  capabilities. 

3 . 3 . 2 . 2  Dayton Model. 4Z664A i - n d u s t r i a l  vc?c';iuiii c l e z m r  ($105) 

This device i s  used while d r i l l i n g  holes i n  basements and crawlspaces, It i s  

a l s o  used as a d i agnos t l c  t o o l  i n  combination wit11 presslire a n d  v e l o c i t y  

measuring instrumentat ion t o  check subslab and o r  w a l l  communications. 

The f o l l o w i h g  i s  a l i s t  o f  t he  mnterials used f o r  s e a l i n g  c racks ,  h o l e s ,  and 

p e r i m t e r  d r a i n s  and f o r  C h e  i n s t a l l e d  subslab a n d  w a l l  v e n t i l a t i o n  systems. 

3 . 4 . 1  Sealants 

1. Geoeel  Construct ion 1200 high grade s i l i c o n i z e d  c l e a r - a c r y l i c  

caulk w z s  used f o r  temporary s e a l i n g  purposes ($2.00 pe r  IO o z  

tiibe) = I t  has a water hased solvent- and i s  non-toxic .  I t  

withstands p l u s  o r  minus 1 2 . 5 %  j o i n t  movement and has an i n s t a l l e d  

l i f e t i m e  o f  20 yea r s .  

2 ,  Geocel Construction 2000 copolymer caulk ( $ 2 . 5 0  per  11 oz 

t u b e ) .  This  is a high s t r e t c h ,  s e l f - h e a l i n g  caulk .  During 

curing, over exposure t o  solvent  fumes may cause nausea, headache, 

arid f a t i g u e ,  so adequate v e n t i l a t i o n  m u s t  be supplied. IC I s  not 

s-ecoiimended f o r  u s e  i n  l i v i n g  areas o f  homes and has an i n s t a l l e d  

l i f e t i m e  20 years.  
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3 .  Geocel SPEC, 3000 s i n g l e  corfirr;pa?.nii?nt ure:.lianc?- sealant ($3.00 peK 

11 oz ttibe) . This sealant cures t o  high-grade iii:ethc 

w i t h  excellent: adhesi.on, As wi t:h m o s t  o f  t:tzase products  ~ sk in  

irrita:t- i.on c a n  QCCUX: and pulmonary s e n s i t i z a t i o n  may occur  i n  some 

ind?:vi dua I s 1 e ad i:o g t o a s tlima 2: -i. e spasms . R e s  p i r a t o i~ s w i th organic  

vapox. car::ridges s?l-;.ould be used .  If signiEicant qu imt i t i .es  are 

bei.ng i n s t a l l e d ,  local exhaust should be used to prevent: 

nccumul.ation of  fU.m . Use i rdoor s  should he limi.ted. 

5 .  Tremco TH@ - 900 two p a r t  EZowahle uretl:iatie s e a l a n t  ($49 . I O  p e r  

1 . 5  galloz-ij . 'This seal-ant  i .s used in s0me app'l.ica t ioi is  as TJuik.cn 

sen!.aet. T h i s  n n t e r i . a l  may be rxxed before app l i ca t ion .  It can 

be a p p l i s d  wj.Ct-h a bulk caulking gun or poured i r i to  p lace .  The 

u n i  t cos t  i s  a'riout 20  percent less than. qua r t  ca.r:t;ridges b u t  

c,3reful. calciil.ationis o f  required materi.al m u s t  be d.one because 

once m i x e d ,  the material has ~ K ; I Y  a two hour p o t  l i f e .  A colori .ng 

nt must bc: mixed with the meterial ,  which n l . l o w  matching 

surface c.slo?ra t i o n .  I i a z n r d s  b u l l e t i n s  have n o t  ZIT rived fz-om 

manufa.cturex but product- hazards a y ' e  prnhzbly s i  izilar to 

SPEC, 3000 ,  

6. P o l y c e l  On." e.xpak1diilg faam s e a l a n t  ($5 .00  p e r  16. i n  1 6  7.b 

t.anks). T h i s  sea lan t  i s  used to f i l l  h o l e s  and open:ings w i t i l l  

rIiamt?ters <3 - i n .  It must riot be l e f ~  exposed I n  l.i.ving space 

bec.ause of f IammabiZity , It has e x c e l l e n t  adhesj.cn and void  

f i l l i n g  charm tei-ist ics . 
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Other Mater ia l s  

1. Backer rod.  This  i s  a c losed  c e l l  foam rod a v a i l a b l e  i n  

di.ameters f r o m  1/4 i n .  t o  2 1/2 i n .  I t  i s  used t o  fill l a r g e  

cracks o r  t o  c lose  o f f  perimeter d ra ins  before  applying f lowzble 

urethanes o r  o ther  s e a l i n g  m a t e r i a l s .  

2 .  Tipes.  4 i n .  sewer and d r a i n  ( S  and D j  p ipe wi th  a s s o c i a t e d  

elbows and t e e ' s  w e r e  used f o r  radon mi t iga t ion  p r imar i ly  because 

they  are commonly a v a i l a b l e ,  inexpensive,  and, therefore, r e a d i l y  

a v a i l a b l e  t o  the  pub l i c .  Where more s t r u c t u r a l  s t r e n g t h  w a s  

needed, 4 i n .  PVC p ipe  was used. The p ipes  w e r e  f i t t e d  wi th  

ad jus t ab le  dampers i n  a l l  the  main l i n e s .  

3 .  Fans. Kanal f lak t  ( 6  i n )  c e n t r i f u g a l  duct fans (SILO) were 

used. The p l a s t i c  T2 fans  were i n s t a l l e d  i n  Houses #1, #?, and #7 

and metal K6 fans  were i n s t a l l e d  i n  Houses g h ,  f i 5 ,  arid # G .  W e  

have found t h a t  the plastic f an  gave h igher  a i r  flows i n  4 i n .  

pipe than the metal  f a n s  ~ inore c lose ly  approximating t h e  

Kanialflakt s p e c i f i c a t i o n  o f  200 cfm a t  approximacely 7.00 Pa s t a t i c  

pressure  i.n 6 i n .  p i p e .  

3 .5  CONSTANT CGNCENTMTIGN TRACER GAS SYSTEM 

'The constant  concent ra t ion  t r a c e r  gas (CCTG) system is  used t o  measure 

i n f i l t r a t i o n  r a t e s  i n t o  mul t ip le  zones in s ide  bu i ld ings .  The method cons i s t s  

o f  i n j e c t i n g  a required amount of  the tracer gas ( S F 6 )  i n t o  each monitored 

zone t o  maintain a t a r g e t  concent ra t ion  ( i . e . ,  about 100 ppb) i n  all the 

zones.  By keeping the  concent ra t ion  cons t an t ,  the  a i r  i n f i l t r a t i o n  r a t e  i n t o  

each zone i s  s imply equal t o  the t r a c e r  i n j e c t i o n  r a t e  f o r  the zone d iv ided  by 

the  t a r g e t  concent ra t ion .  The constant  concentrat ion method has t h e  advantage 

of providing a continuous measure o f  i n f i l t r a t i o n  flow r a t e s  i n  a multizone 

bu i ld ing  using OT~PY one t r a c e r  gas.  The number o f  zones i s  only l i m i t e d  by 

the  length of  t i m e  needed to read a sample and the  c a p a b i l i t i e s  o f  t h e  sample 

and i n j e c t i o n  systems. While the  CCTG system normally measures inf i1 t ra t : ion  
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and the  estimated average i n f i l t r a . t i . o n  rate are st:,rred t o  a d i s k  fT1e. Recent. 

modif icat ions t o  the syste.m allow the XSZT Lo i n t e r a c t i v e l y  graph t h i s  data on 

the screen o r  access the data v i a  modem camunica t inns  from a remete 1ocat:ion. 

while continuing the normal ope ra t ion  o f  .the system. In  addition, the system 

reco rds  hourly measures o f  the  concentrat ion o f  a -reference tank to adjus t  f o r  

t he  drift o f  the gas chromatograph. 

3 . 6  PEKFLUOROCLaBON TFL4CER CAS SYSTEM 

The p e r f l u o r a c a r b o n  t r a c e r  (PFT) gas system rreas3ures average air f l o w  

r a t e s  i n  rnulti zone bu i ld ings  I This techniqlre measures both  i n f i l t r a t i o n  znd 

interzone a i r  f l o w  rates usirig pass ivs  sources and samplers. The  governing 

equation for the l e v e l  o f  concentrat ion o f  a t r a c e r  gas (TG) i n  a s i n g l e  

well-mixed zone i s  gPV7en by: 

where : 

V = volclme o f  the zone ( l i ters , 'L)  

C ..= conczntrati.on o f  the Tracer Gas (nI.,,/L> 

F = i - .n f i l t ra t ion  rate (L/h) 

S = tracer gas emission rate (~iL,/h) 

For typical PFT measmemnts ( i . e .  testing periods over a ccuplc? o€ Gays) she 

derivat-jve term becomes small compared to the r i g h t  hand side o f  the  equation 

and S is approximately cons tan t .  Thus, t he  average i i z f i 3  ? r a t i o n  rate i s  

approximately equal t o  the p r o c h c t  of  the source emission rkte  and ehe 

in t eg ra l  of the  triverse o f  the concentratron. 

For t y p i c a l  wincer time sf tuat ions v7hen lar-ge v a r i a t i o n s  dli- to wlndow 

npentngs a r e  n o t  common, the in t eg rn l  of the inverse  of -the concent ra t ion  i s  

-Jell approximated by t he  inverse  o f  the a w r s g e  concentratian m u l t i p L i e 4  by 

the sample  time. 
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N o t e  t h a t  t h i s  approximation does resu1.t i n  a b i a s e d  low es t ima te  of  the 

i n f i l t r a t i o n  rate. The degree o f  th.e error i s  dependent on  lie r e l a t i v e  

magni.txdf: of  t h e  i n f i l t r a t i o n  ra te  f l u c t u a t i o n .  W i t h  t he se  approximations the 

a i r  i n f i l t r a t i 0 . n  ra te  i s  equal t o  t h e  tracer gas emission rate tlivided by the 

average cotxcentration. 

. 

‘The t r a c e r  gas source i s  provided by 1.i.qui.d TG cont:ained i n  a. h u l l e t -  

s i z e d ,  metal  c a n i s t e r  t-hat dtffuses through the  rubber cap of  the! c a n i s t e r .  

The di-ffusion ratre is independent of  t i m e  bu t  e x h i b i t s  a s t rong  temperature 

change of 4-5% pew degree Ce lc ius .  The ernissfon rate i s  a d j u s t e d  froxi i t s  

c n l i b r a t e d  ra te  at a standard temperature using t:he ~nea.sured average 

temperature o f  t h e  zone. The average concen t r a t ion  of  the TG i s  measured 

i n d i r e c t l y  using a small g l a s s  tube containing carbon (Ant1:)ersorb) pe l . l e t s  . 
During sampling, one end o f  the g l a s s  tube is l e f t  open and t h e  o t h e r  c losed .  

The  TG i n  t h e  a i r  s1owl.y d i f f u s e s  i n t o  the tube and is. t r a p p e d  by carbon 

p e l l e t s .  A t  t he  end o f  t h e  sa.mp1.e per iod ,  t he  open end o f  t h e  the g lass  tube 

i s  capped and the  tube brought back t o  t h e  ].ab. The ‘IX trapped on t h e  carbon 

i s  h e a t i n g  t h e  tube and the voI.ume of t h e  TG i s  measured by gas 

chromatography. pe r iod  

i s  comput:ed from the measured volume of  Ti=, the  di-ffusion r a t e ,  and the  sample 

t i m e .  

t h e  

.c 

re1.eased by 

The average con.centration o f  t h e  TG dur?.ng the  sample  

For mul-ti-zone measurements, a d i f f e r e n t  type o f  TG source i s  placed i n  

each zone. The governing equation f o r  each TG i.n each zone is e s t a b l i s h e d  by 

consider.i.ng the convective movement o f  t h e  t r a c e r  gases between the zones and 

t o  the o u t s i d e  with the d e r i v a t i v e  te1:ix ngal.n assumed t o  be i n s i g n i f i c a n t .  

Using t h e s e  equat.:i.ons, those for the conservat ion o f  flow i n t o  and ou t  o f  the 

zones,  arid the measured concen t r a t ion  and source ra te  of  t h e  t r a c e r s ,  the 

i n f i l t r a t i o n ,  e x f i l t r a t i o n ,  and i n t e rzone  a i r  f 3 . 0 ~  rates f o r  each zone are 

computed. For example, t he  fsl.lowing equat ions ai:e f o r  air flows i.n a two- 

zone b u i l d i n g .  
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where : 

F i j  - air  f l o w  from zone i t o  zone j ,  

C c j  = ave rap  conceptrat ions of 7‘Gj i n  zone j ,  

Si - TG emission r a r e  ~f T G i ,  

0 - ou t s ide ,  

1 = basement, 

2 - main f l o o r ,  

D = C l l C 2 2  - c12c21 

,, The Princeton radon group p re sen t ly  has Che c a p & i l i t y  of irsing t h r ~ e  

perf  luo roc arb on  t r a c e r  gases [ p e r f  luol-omethylcycIoperitarte (PMCP) , 
PerEluoromethy’lcyclohexane (PMCH) , and ~erf:uorodi~Bthylcjclohexzne (PDC8-I) 3 
The equipment has been i n s t a l l e d  90 t h a t  each of  tbe seven test: horlqes has  an 

emi t te r  f o r  approximately every 50 cubic rnebers o f  voIu1i’e. PNI:H is placed i n  

the basement, PDCH on the f i r s t  f l o o r ,  and TMCP on  the second f l o o r  ( i f  t h e r e  

i s  one) .  Worise $6 i s  the exception t o  thi-s arrangement. In t h i s  house, the 

basement, crawlspace,  and above ground living space a r e  considered t o  be three 

separa te  zones.  ”here a r e  a minimum o f  two samplers i n  each zone and,  i n  

add i t ion ,  each house has one r e p l i c a t e  and blank. The sampling i s  usual ly  

performed 0777e.r two week per-i-ods . 

3 . 7  SOIL PERMEABILITY LIIEASUREMENT DEVICE 

The following l i s t s  the components o f  the  s o i l  permeameter and i t s  

operat ion.  Figure 3 . 1  d i sp lays  a s i m p l e  schematic o f  the so i l .  permeameter. 
I 

3 , 7 . 1  Components 

1. N o .  3 Cylinder o f  Dry A i r .  

2 .  Matheson model 8-590 regulator. 
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3. Circle Sea l  model nu. MV 92T1-1PP nLcrorncter needle c o n t r o l  valve. 

4 .  Flownieters. 

a. P o r t e r  Floometer  model. PNB-125-10A w i t h  I glass  and 1 stainless 
s t e e l  f l o a t .  

b .  P o r t e r  Fl.ow~eter model PNR-1.25-30 w i t h  1- glass a i d  1 
staimless steel float. 

c ,  P o r t e r  F1.omet:er madel PNB-125-40 wi'.th 1 stainless  sceel and 1 
tantalum f l o a t .  

d.  Giltnonit: Instrument Co . rnodel PNF 3050 shielded micro flowmeter 
w i t t i  PNF 3080A 3tati.c e3 i.rni.natnr and s y n t h e t i c  ruby f l o a t .  

5 .  Davyer Instruments Nagne'nelic Differenti  31 Pressure Gauges 

a. N u d e 1  no.  2000-60 ;  0 - 6 0  P a ,  
b. Model no. 2 0 0 0 - 1 - 2 5 ;  0-125 Pa, 
c. Model no. 2000-500;  0 -500 Pa. 

The f o l l o w i n g  o u t l i n e s  the  procedure used i.n t h i s  s t u d y  f o r  ?:wasimri.ng 

soil .  pe rmeab i l i t y .  CaLctil.ations and experimental  r e s u l t  s a re  p;:cr;.,a~ted i n  

Sect ion 6 .  T h e  47 i n .  long  p ipes  w e r e  l e f f  i n  t-he grourtd and c a p p e d  for the 

dura t ion  of the f l e l d  work. These p tpes  were used both f o r  s o i l  perm?sbi i i ty  

measurements and s o i l  gas grab samp1.e.s I 

1. D r i l l  a 47 i n .  h o l e  using 3 ro t a ry  I i m m t ? r  drill and a 5 f t ,  
modified 0.5 in. d i a w  ttar conc ret< dr i l l .  Check s o i l  
c h a r a c t e r i s t i c s  on d r i 3  1 b i t  at removal .  

2. Insert- a 47 i n .  ~ 0 .25  i n .  gnlvanized p i . p  41 in. i n t o  bo lc  
using a 53 i n ,  h a r r t m e r  shaft i n s i d e  p i p e .  T h i s  leaves 6 .  i n  r;p"ce 
open beneath end of  p i p e .  ( P r o t e c ~  the threaded end o f  p ipe  with 
a p ipe  coupl ing . )  

3 .  Remove the  pipe coupling a:id install a 0.25 i.n. p i p e  t e e .  

4 .  Connect the regula tor  to the  air cyl inder  and the l i n e  b e t w e e n  
regul.ator and flow con t ro l  va.X-ve on pecmeameter paoe.1. Open alr 
c y l i n d e r  and ad j i i s t  regul-ator t o  allso~rt: 15 psi.g. 

4 

J 

5 .  C:koose a fltwnmctxr and c o n w c t  the l i n e  from c o n t r o l  valve t o  
the iniec of the flowmeter. Connest t he  out- le t  of flowmr-ter to one 
l e g  of the tee on the pipe a n d  connt-ct other 149 o f  (lie tee to n 
0-500  P a  gauge (see schematic).  
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6 .  Adjust the  c o n t r o l  valve t o  achieve 250 Pa and read the f l o w  
a n  the flowmeter. Repeat 2 t imes.  Repea t  t h e s e  measures f o r  50 
and 10 P a  cond i t ions .  
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Table 3 . 2 .  Weather Monitoring Package 

Parameter 

Data Logger 

R a i n f a l l  

Baromecric 
P r  e s sure 

Wind 
Direc t ion  

Wind Speed 

Temperature 

Monitor __ 

Campbel.1 Scien.  
2 1x 

Tipping Bucket 

Sierra/Mi.sko 

Campbell Scien. 

Campbell Scien ~ 

RTD Sensor 
RTD Sensor 

Re1 ~ Humidity El.ectronic 

Radon Flux Wrenn Chainhera 

Wrenn chamber inside. i - n v e r t e d  

N o .  S i t e s  
I_---- 

Location(s) 

Outdoor  Station 1 

0 7 i t d O O r  Station 1 

Outdoor Station 1 

Outdoor Stati.on 1 

Outdoor Station 1 

Outdoor S t a t i o n  1' 
S o i l  1 

Outdoor S t a t i o n  1 

Outdoor Station 1 
Si.de o f  House 1 

can with  temperature/RH sensor  and 

, 
p a r t i a l l y  con t ro l l ed  a i r  exchange r a t e  
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4 .  DIAGNOSTIC PROTOCOLS A S 2  MEASUXEMENTS 

One of the principal objectives of the Princeton/O%VL research effort is 

to reduce the costs o f ,  refine, and shorten the d iagnos t i c  p r o t o c o l s  used in 

t he  L3Z. research effort, with the ultimate goal. o f  creating a procedure more 

useful t o  private mitigators. The following section describes our research 

concernfng pre-mitigation, mitigation installation, and post-mitigation 

diagnostic measures ~ 

4.1 PREMITIGATION DIAGXOSTICS 

The initial pre-mitigation diagnostic tests on six of the seven 

Prince?on/OPJ?L houses (excludi-ng the Control House # 2 )  were performed in 

Novembt-r and early December of 2986. Three members of the Princeton ream 

spent a day in November, 1986,  w i t h  the LBL team observing and participating 

< in LBL pre-mitigation diagnostics in one of the IAL test homes. Ar; t 5 a t  time 

ir- was uncertain which measurements were meaningful predictors of the type and 

configuration o f  mitigation system needed. This knowledge has evolved during 

t h e  s tudy  as w e  have evaluated the results From--and usefulness of--each 

measurement. The preliminary Princeton diagnostic protocol of 11/86 (ids., 

Tsble 4.1) is thus a modified version of L R L ' s  initial protocol, w i t l i  some 

measurements deleted o r  modified, and o t h e r s  zdded. Additional streamlining 

of the protocol was made be fo re  our diagnostic visit to the control. house in 

A p r f l ,  1987 (Table 4 . 2 ) .  The preliminary protocol w i l l  be discussed f i r s t .  

It differs from the LRL protocol in the following ways: 

1. The working assumption in our test homes was that the radon 

+:as entering either by soil gas transport o r  possibly from grovnd 

water. Therefore, surface flux measurements to determine if radon 

was emanating from building materials were not performed. 

b 

2. Fewer diagnostic test holes were drilled through the 

substructure than in the LBL homes. Our procedure iterated 

towards  an optimum minimum number which would give information 

sufficient to design a mitigation strategy properly. 
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3 .  Grab samples of  radon were obta:ined a t  s e l e c t e d  test holes 

under ambient condi t ions and under -10 P a  dep res su r i za t ion ;  t hese  

measi.zremeiits were accompanied by measure.s of  p re s su re  d i f f e r e n t i a l  

ac ross - - and  a i r  v e l o c i t y  through--each test ho le .  These combined 

measures gave an i n d i c a t i o n  of the radon fl.uii a t  the s e l e c t e d  t e s t  

ho le s  under: t h e  amhi.ent versus "enhanced s t a c k  e f f e c t "  cond i t ions ,  

( i .  e .  , - 10 Pa  d~pr -e s su r i za t i . on )  . 

. 

4 .  An i n f r a red  scan of  each t e s t  home was performed t u  look  f o r  

leakage p u i n t s  i n  the  b u i l d i n g  shc l l  anti t o  e v a l l i a t e  tbe 

usefulricss o f  t h i s  technique as a d iagnos t i c  t o o l .  

The data form €01: t h e  diagn0sti.c p ro toco l  used during the i n i t i - a l  p re -  

mFi:i.gat:ion d i a g n o s t i c s  on  Princcton/ORNL tes t  Houses #1 # 3 ,  # 4 ,  $5,  #6 and +e7 

during 11/86 - l 2 / 8 6  i s  gi.ven i n  Tab1.e 4 . 1 . "  The procedure f o r  performing mos.t: 

o f  these txsts have been explained by Turk, e t  a l . ,  i n  an In t e r im  Report on I 

D i a g n n s t i  c Procedures f o r  Radori Control ,  '- and w i l l  not  be repented h e r e .  

A b r i e f  descriptxion of  t h e  r a t i o n a l e  behind each !neasuremcnt and 

evaluation of i t s  use fu lness  i n  choosing a mitigat-ion design fo l lows .  'l'he 

d i scuss ion  follows thc. protocol given i n  Table 4 . 1 .  

. 

S o i l  gas radon con ten t  determined from grab samples  and s o i l  gas 

perrneabili-ty were recorded a t  one l o c a t i o n  on e a c h  s i d e  o f  each house.  (See 

S e c t i ~ n  6.2.5 for m o r e  on s o i l  c h a r a c t e r i s t i c s  a t  t he  t e s t  homes and s p e c i f i c s  

on sampling procedure.  1 High s o i l  permeabilicy and high radon gas content  

iKp?.ics an area where radon transport: can be s i g n i f i c a n t  . These measurements 

give infoi-mation on whettier p a r t i c u l a r  s i d e s  o f  ,t:he b u i l d i n g  s t r u c t u r e  m i g h t  

be favored in t h e  t r m i s p o r t  of radon-laden s o i l  gas i n t o  the  bu i ld ing .  

Mi'iigat-ion. syscems such as subslab o r  w a l l  v e n t i l a t i o n  could then be d e s i  gried 

t o  e x e r t  a g r e a t e r  fo rce  on those areas. 

hinbigui t i e s  i n  these measurements ar ise  becaiise the s o i l  c h a r a c t e r i s t i c s  

a t  our  t e s t  h o m e  l o c a t i o n s  a r e  v a r i a b l e  on n s c a l e  o f  f e e t .  B a c k f i l l  ( i . p . ,  

new, f o r e i g n  s o i l )  near  a b u i l d i n g  s t r u c t u r e  can a l s o  complicate the 

i n t c r p r e t a t i o a  of  t h c ~  s o i l  gas measures. I t  w i l l  be inte3-c:sting to compare 
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our d a t a  with the  more extensive soil gas and permeabi l i ty  napping done a t  the 

LBL seven tes t  homes t o  determine t h e  number of measurement l o c a t i o n s  r equ i r ed  

t o  generate  p r e d i c t i o n s  t h a t  a r e  u s e f u l  f o r  m i t i g a t i o n  des ign .  W e  do no t  feel, 

t h e s e  measurements hzve beeil cha rac t e r i zed  o r  undsrstood w e l l  enough t o  

determine success fu l  m i t i g a t i o n  design,  and do n o t  recommend they be nsed by 

p r i v a t e  mi t iga to r s  a t  t h i s  time. The f i n a l  r e p o r t  o n  t h e  Ih-horne s tudy may 

have more information on t h e  use of s o i l  information i n  radon d i a g n o s t i c s ,  bu t  

a t  the moment t h e s e  measuremmts a r e  p r imar i ly  o f  r e sea rch  i n t e r e s t  for 

understanding radon ava i l ab i l i t y  an6 t r a n s p o r t .  IJP are s t i l l  i n  t h e  discovery 

phase of s o i l  c h a r a c t e r i z a t i o n  and i t s  importance i n  e i t h e r  designing 

success fu l  m i t i g a t i o n  or understanding the expected s e v e r j t y  o f  a radon 

problem i n  a b u i l d i n g  near  o r  on t h e  spot  where the s o i l  measurements were 

made I'c i s  suggested t h a t  such s t u d ? e s  could be coxpled with o t h e r  l o c a l i z e d  

geological  i n v e s t i g a t i o n s  ( e . g . ,  ground pene t r a t ing  r ada r )  t o  shed more l i g h t  

on a v a i l a b i l i t y  and t r a n s p o r t .  

The v i s u a l  i n s p e c t i o n  o f  each house using a LBL. q u e s t i - o n n a i r e l  w a s  very 

useful  f o r  s p o t t i n g  obvious poss ib l e  radon entry p o i n t s  such as a sump, 

perimeter d r a i n ,  and c r a c k s ,  and f o r  inspecting t he  duct: system and f inding 

l e a k s  between t h e  s u b s t r u c t u r e  and l i v i n g  a r e a .  These character is t ics  a f f e c t  

t he  design of  a m i t i g a t i o n  system. The questiorinaire i s  be ing  shortened 

considerably and w i l l  be p a r t  of the d i agnos t i c  p ro toco l  form w e  w i l l  submit 

i n  the  f ina l  r e p o r t .  

The n a t u r a l  ( i - e . ,  ambient) cond i t ion  a i r  grab samples of  g r e a t e s t  

u t i l i t y  were t h e  comparisons o f  bathroom a i r  before  and a f t e r  a 1 0  minute hot  

shower ope ra t ion ,  The only house which showed a s i g n i f i c a n t  d i f f e rence  

between the  t w o  w a s  House #4,  which a l s o  w a s  the  house with t h e  h i g h e s t  w e l l  

water radon content  (see Sect ion 6 . 1 ) .  This i s  a u s e f u l  d i a g n o s t i c  t o o l  f o r  

quickly gett i .ng an i n d i c a t i o n  of whether the ground water i s  a p o s s i b l e  source 

of  indoor radon. 

Grab samples of  a i r  from v a r i o u s  rooms under n a t u r a l  cond i t ions  give some 

i n d i c a t i o n  of  the radan d i s t r i b u t i o n  throughout the house and may, i n  spec ia l  

c a s e s ,  t a r g e t  s p e c i f i c  l o c a t i o n s  i n  the bu i ld ing  as being p a r t i c u l a r l y  high i n  

radon concen t r a t ion ,  In general ,  however, one should r e l y  on e i t h e r  



4 . 4  

i n t e g r a t e d  o r  r e a l  - time radon Iiieasu?:einents t o  determine whether a bu i ld ing  has 

a. .cadon problem, !Je know, from t h i s  s tudy and o t h e r s ,  t h a t  the radon 

concei!fration .i.ndonrs can vary considerably on a d a i l y  b a s i s ,  sei?. 

S E X ~ ~ G I I  6 . 5 . 2 ,  so  that  grab sa-miples o f  r c t ~ n  air shoisld only be used w i t h  chis 

cni i t ion in mind. 

T o  map LIW radon concen t r a t ion  t. 'ii.stribution under  and  around the 

sljbstr-ucturt? t e s t  ho les  Trar?re d r i  1 l e d  i n  the f l o o r  and wal l  f o r  .(:akin8 gra'r? 

snrcpl-es . Tha.r;e hol.es slzciul 3 be pluggsd immediate1.y after d r i l l i n g  (with a 

remvab3.e p lug)  and allowed t o  equi. l . ibrate f o r  at: l e a s t  1 hour before  <@-ah 

s a e  ob ta ined .  Itian!l.y, they sho~.iI.d he dr-il!.ed the day becore.  The 

of test holes  needed w i l . l  bsn discussed b e l o w .  

A blower door i s  used to me:chanically d-epresstrrize the  subs t ruc tu re  t o  

-10 P a  to sirnul.ate the  worst o f  wi.nter condi t ions  ( i . e '  , the  s t a c k  e f f e c t ) ,  

Gra.1) ssrslples obtained. under these condi t ions  must al.r;o b e  accompanied b y  

mci3sures of  pressime d i f f e r e n t i a l s  ; I C . I I ~ S S -  -and a i r  velocities through- - t h e  

txs't- 1101~s i n  ord.er t o  c o r r e c t l y  compare with the ambient cclnditicJn grab 

samples. These measurements give an est-irnntion of  the  change .in radon f l u x  

(i.. e.. I radon. concent ra t ion  t:i.nies a i r  ve3.ocity) through each ho le  tinder ambient 

vs depressuTized condi-t ions . Our cIia.gnsstic measurements showed t h a t  t h i s  

=.a due  u si1 a I l y decrease, d w i LIi t ihie dur i ng c cn s t a n  t de p res s u r  i z a t i on p r e sumab l y 
due t o  two mechanisms ~ dep le t ion  and d i l u t i o n .  The r e s e r v o i r  o f  radon-r ich 

s o i l  gas under the s l a b  may be depl.eted during subs t ruc tu re  dep res su r i za t ion .  

A t  t he  aanze t ime,  the increased  pressure  f i e l d  i n  the s o i l  draws on more area 

and thus m o r e  s o i l  gas ,  potentr ia l ly  d i l u t i n g  any concentrated radon sou.rce 

ai-eas ( e . g . ,  t:he r e s e r v o i r  f o r  s o i l  gas under the s l a b ) ,  T h e  blower-d-oor 

):;tic technique may prove useful as a research  tool. f o r  determining the 

opt inr im o p e r a t i o n a l  E'ltrw requirements of a subslab and/or wa1.l v e n t i l a t i o n  

system. W e  &a not  recommend tzhis technique as a m i t i g a t o r ' s  t o o l  a t  t h i s  

I: ime , 

. 

I 

Infrared scanning of i n t e r i o r  su r f aces  i s  a d i agnos t i c  technique used t o  

uncover a i r  1 eakage s i tes  anti ai.r flow p a t t e r n s  wi.t:l-iin t he  bu i ld ing .  Outside 

air i s  normally a d i f f e r e n t  temperature,  co lder  o r  h o t t e r ,  than interior 

surfaces. h%en this ou t s ide  a i r  e n t e r s  t he  bu i ld ing  it a l t e r s  the  l o c a l  
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sur face  temperatures and thus can be dstec-ied with an i n f r a r e d  scanning device 

which i s  s e n s i t i v e  t o  small  changes i n  su r face  temperature .  A i r  flowing 

upward i n  the  home from a cooler  o r  warmer basement environment aga in  r e s u l t s  

i n  a l t e r a t i o n  of  i n t e r i o r  sur face  temperatures.  If the  blower door  i s  used t o  

increase  the  upward a i r  f l o w  (operat ing u p s t a i r s  i n  the  dep res su r i za t ion  mode) 

the a i r  pa th  i s  made even more evident .  Since t h i s  i s  l i k e l y  t o  be a pathway 

for radon t r a n s p o r t ,  t h e  I R  technique can prove useful  i n  i d e n t i f y i n g  such 

radon paths  as wel l  as eva lua t ing  how well separated t h e  l i v i n g  space i s  from 

the basement/crawlspace . This d iagnos t ic  technique would be he1 p f u l  f o r  

designing a basement p re s su r i za t ion  system by pinpoin t ing  area? t h a t  should be 

sea l ed .  T h e  drawback of  this technique i s  t h a t  an i n f r a r e d  sczmier m a y  no t  be 

a v a i l a b l e ,  and it i s  expensive t o  r e n t  or purchase.  

Pressure d i f f e r e n t i a l s  a r e  measured across  the  tes% holes as appl iances  

and a i r  handl ing systems (i .  e .  , with and without f r r r iace  combustion) a.re 

cycled on and o f f .  This i lest  helps  deterrnfne the  con t r ibu t ion  t o  basement 

depressur iza t ion  (and thus enhanced s o i l  gas 9ntr-y) a t t r i b u t a b l e  t o  the 

opera t ion  of each device .  'These nensixeme-nts a r e  'iseful f o r  determining 

whether makeup a i r  suppl led  t o  one of the. combustion z p p l i a m e s  may help  

a l l e v i a t e  the  contr ibut i .on o f  the appliance t o  basement depres su r i za t ion .  

'These measures also h e l p  determine the niini.mum presswe f i e l d  t h a t  t m s t  be 

maintained by a subsl.ab or w a l l  v e n t i l a t i o n  (mi t iga t ion )  system. 

The f i n a l .  measurement i n  our prel iminary di-agnostic p ro toco l ,  

bnsement/subslab and basement/wall air comnunication -becks, i s  o n e  of  the  

most powerful d i agnos t i c  t o o l s  f o r  determining whether subslab o r  wall 

v e n t i l a t i o n  w i l l  work .  During s&sl.ab depres su r i za t ion ,  7.1s i-ng a vacuum 

c leaner  a t tached  t o  a c e n t r a l l y  located L 1/2 inch ho le  d r i l l e d  through the  

s l a b ,  p ressure  d i f f e r e n t i a . l s  and a i r  v e l o c i t i e s  through the  t e s t  ho les  are 

measured. Large d i f f e r e n t i a l  pressures  ac ross - - and  l a r g e  a2r f lows  through-- 

the  t e s t  ho les  i n d i c a t e  good comuni.catian between the suc t ion  p o i n t  and t e s t  

ho le .  'Sf the  pressure.  and a i r  f l o w  field i s  ex tens ive  enough across  the  s l a b  

and wall areas  ( a t  l e a s t  +1- P a  Basement-Exterior pressure  d i f f e r e n c e ) ,  then 

subslab v e n t i l a t i o n  i s  a v i a 3 l e  r n i t i g a t l o n  choice.  if t he  c e n t r a l l y  loca ted  

ho le  does not  communicilte with the  e n t i r e  subs t ruc tu re  a r e a ,  multi.ple 

1. 
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? 

4 2 K I T I G A I I I O N  INSTALLATION DJAGNOS'TIGS 

The pernianent1.y ins  t a l  1 ed m i  t:igsti.osz systems i .n the seven Princeton/ORNL 

hc,mes w e r e  subslab I wal.1, pcrim.et:ciir d r a i n ,  or drainage t i l e  v e n t i l a t i o n  

systems ~ all designed t o  e i t h e r  p re s su r i ze  ~r depressur ize  the a i r / s o i l / r a c k  

zone imnietliately ou t s lde  t h e  bel.ow-grade boundary of the basement or 

crawl.spaee. See Sec t i . un  5 f o r  d i.led d i s c s s s i o n  of the mit igac ian  systems 

epiployed i.n the s tudy  homes. T h e  discussions on roi t igat ion ins  t a l l a t i o r r  and 

pos t-mitiga.t:ioa d i agnos t i c s  which f o l l o w  wi1.l ~ Q C I I S  on these four  types of 

mi. t iga t i  on sys tems .  
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Diagnost ics  performed during m i t i g a t i o n  i n s t a l l a t i o n  focused on 

confirming t h a t  t h e  i n s t a l l e d  system perEormed adequately.  To a i d  i n  the 

refinement of t h e s e  systems, simple dampers were i n s t a l l e d  i n  each independent 

p ipe  and v a r i a b l e  speed con t ro l s  were i n s t a l - l e d  on the f a n s .  The fol lowing 

checks were performed a f t e r  i n s t a l l a t i o n  was completed. 

I, Turn €an on maximum speed. 

2 .  Open all. dampers. 

3 .  Record the a i r  v e l o c i t y  a t  the c e n t e r  of each independent 

p j p e .  If t h e r e  i; flow i n  a l l  p i p e s ,  l eave  the  sys tem i n  t h i s  

conf igu ra t ion  f o r  at l e a s t  1 week t o  check [:he performance. ( I n  

our  case, performance is checked by monitoring all the parameters 

that are being recorded eontinuoiisly.)  If no floss i s  recorded i n  

any one of the  v e n t i l a t i o n  p i p e s ,  adjust dampers until some f l o w  

( a t  l e a s t  0 . 2 5  rn/sec i n  a 4 i n .  pipe)  can be measure3. If 

adjustment of  the dan;pers does no t  so lve  the flow ?roblern, r e c o r d  

t h e  pressure d i f f e rences  between the  basement. o r  crawlspace and 

t h e  i n s i d e  of each independent p i p e ,  and record t h e  performance o f  

t h e  system f o r  one week. 

4 .  Use a t r a c e r  gas ,  ( e . g . ,  f r eon  and a s t anda rd  freon d e t e c t o r  

a v a i l a b l e  i n  XVAC con t r ac to r  s u p p l y  s t o r e s ) ,  t o  check t h a t  no exit 

a i r  is e i t h e r  l eak ing  through any of  the j o i n t s  i n  the pipe o r  

around the  f a n ,  o r  flowing back from t h e  o u t s i d e  i.rrto t he  basement 

o r  crawlspace.  

4 . 3  POST-MITIGATION DTAGNOSTICS 

P o s t - m i t i g a t i  on d i agnos t i c s  were performed throughout the w i n t e r  and 

s p r i n g  of  1987 f o r  t he  purpose o f  optirnizi-ng t h e  e f f i c i e n c y  of tF.e radon 

m i t i g a t i o n  systems, and, i n  t h e  cases of r-louses #I, 5 ,  and 6 ,  t o  improve  the 

e f f e c t i v e n e s s  o f  t he  radon mi t iga t ion  system i t s e l f .  The resul ts  of these 

s t u d i e s  w i l l  be given i n  t h e  f i n a l  r e p o r t .  
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Tatzit.- 4.1. Preliminary Princeton Pre-Mi tigatron Diagnost ics  Protocol (11/56) 

SOILS 

1) [ ] Soil gas grab samples 

2 )  [ ] S o i l  gas p e r m a b i l i t y  

i 

3 )  [ 3 Visual inspection guided by LBL qiiestionnaire 

&) [ ] Natural  condi t ion ,  a i r  grab samples (Lucas cells) 

[ ] X,eve1 2 
[ ] Level 1 
[ ] Basement, each unique zone 
[ ] Outside air sample,  include: [ ]Temp [ ]Windspeed 
[ ] Closed bathroom, LO min. shower operation 

5) [ ] Drill t e s t  holes i.n fl .oor & wall. 

general guidelines: o Wall holes - 1 /2 i n .  D i a  
o F l o o r  holes  - 1/2 in. Dia. 

( n o t e :  p lug  i m n e d i a t e l y  after d r i  lling w i r s h  f l agged  Mortite) 

6 )  [ 3 Lucas cel l  grab samples ~f selected test holes under arnbieii: 
condi t i o n .  Record pressure differenti als and air vel-oci ty . 

7 )  [ ] S t a r t  Da ta  Logging o n  one minuye interval 

[ 1 Synchroniae a l l  clocks 

3 )  [ ] Mechanical depres su r i za t ion  - 10 Yh 

Lucas c e l l  grab samples 

P 

[ 3 F t r r e d  wall cavities 
[ ] Block walls 
[ 3 F l o o r s  
[ 3 Cracks  
[ ] Service openings 
[ ] T e s t  holns 

L 
9 )  [ ] Blower Door  Tests (use M T K  779 std.) 

[ 3 Whole house ( i n t e r i o r  doors  open) 
[ ] Basement/crawlspace, closed oEf 
[ ] I n t e r i s r  breakout (c:osir,g dcors) 
[ ] Basement only (where f e a s l b l e )  
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Table 4.1. Preliminary Princeton Yre-Mitigat i on Diagriosti c s  P r o t o c o l  
(11 /86 ) ,  continued. 

lo) [ ] IR scan of each room 

11) [ ] Appliance cycl ing . substructure: measurements as appliances 
- 

are cycled ON/OFF 

[ ] Exhaust f a n s  .... -.. 

[ ] Furnace: [ 1 Caribustion air only --.--- 

[ I Fan only ll.._l__..____~.~__....____I__ .....- - 

[ ] Both above .......... _____-- -  - 

12) [ 1 Baserncnt/sribslah and hasementjwall comrnunica t- ion using 
vacuum cleaner. Drill central 1 1/2 in. d larne ter  hole and 
and a t t a c h  vacurirn cleaner. 

[ ] Check pressure differentials in test holes 

[ ] Check a i r  velocity through test holes 
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Table 4.2  Princeton Pre-Mit igat ion Diagnostics Protocol  ( A p r i l  9 ,  1 9 8 7 )  

Bui lding S t r u c t u r e  

1) [ ] Visual i n s p e c t i o n  of  i n t e r i o r  and e x t e r i o r  b u i l d i n g  wich 
q u e s t i o n a i r e .  

Buildf ng Dynamics 

2 )  [ ] D r i l l  t e s t  holes i n  f l o o r  and wall. One h o l e  i n t o  subs lak~ 
i n  each corner  1 meter from w a l l  and 1 hole  c e n t r a l l y  l o c a t e d .  One ho le  i n t o  
each i n t e r i o r  of hollow block wa1I.s c e n t r a l l y  loca t ed  on each w a l l ,  o r  30 
f e e t  a p a r t  i f  w a l l  i s  ex tens ive .  

G9neral gu ide l ines :  o Wall ho les  1 / 2  i n .  d i a .  

D r i l l  a f t e r  t e s t  $2 below: o O n e  f l o o r  ho le  1 1/2 i n .  dia. 
o Floor ho le s  l / Z  i n .  d i n .  

N o t e :  Plug immediately a f t e r  d r i l l i n g  wi th  f lagged Mor t i t i . .  i f  p o s s i b l e ,  
d r i l l  all holes except the 1 1 / 2  i n .  ho le  a t  l e a s t  1 day b r f o r c  o t h e r  d i agnos t i c  
t e s t s  t o  a l l o w  subs t ruc tu re  a i r  t o  c o n e  t o  an equi l ibr ium. The l 1 / 2  i n .  
diameter f l o o r  ho le  should be d r i l l e d  i n  the h o t t e s t  area o f  t h e  subslab as 
determined i n  t h e  grab sam?le test-s l i s t e d  nex t .  Af t e r  d r i l l i n g  the 1 1/2 i n .  
h o l e ,  vacutm concrete  dust from h o l e  and visually check for gravel OK air 
gap under s l a b .  

3 )  [ J Grab samples of  t e s t  holes under ax'oient condi t ions ~ 

Note: If EDA-RDA radon d e t e c t o r  i s  used, count samples 15 m.?linutes a f t e r  
c o l l e c t i o n  f o r  2 minutes: pCi/L ( t o  w i th in  10%) = counts PPX 2 minutes 
counted 15 minutes a f t e r  c o l l e c t i n g .  To minimize e r r o r  i n  the above 
approximation, al-ways c o l l e c t  grab samples with E i l t e r  i n  l i n e  co avo id  
contaminating f l a s k  with par t icu- la tes  , and t o  a s su re  sample co l l ec t ed  i s  
p r i m a r i l y  radon gas ,  witA minimum progeny p r e s e n t .  

4 )  [ ] Pressure d i f f e r e n t i a l  measures ac ross  each t e s t  hole. 

[ 3 Determine a i r  flow d i r e c t i o n  using a smoke b o t t l e  a.nd 
v e l o c i t y  using a n  appropriate  instrument such 2s a w a r m  w i r e  axenometer. 

5 )  [ ] Blower door t e s t s :  

[ ] Whole house with basement/crawlspace door open 

[ ] Whole house with basement/crawlspace door closed 

[ ] Basernent/crawlspace only (where f eas ib l c )  . Pressu r i ze  
basement t o  l e v e l  over subslab pressure and c a l c u l a t e  flow rate o f  air i n t o  
basement. T h i s  w i l l  al low c a l c u l a t i o n  of the FJIIIGUT?~ o f  a i r  flow i n t o  the 
basement which i s  necessary f o r  basement p r e s s u r i z a t j o n .  
v a r i a t i o n s  i n  house leakage a r e a  should,  however, be taken i n t o  accoimt 

( a l l  i n t e r i o r  doors open) 

1 (all i n t p r i o r  doors open) .  

S e a s o ~ a l  
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Table A 2 Pr ince ton  Pre-Mi tigation Diagnostics P r o t o c o l  ( A p r i l  3 ,  1 9 S / )  
cont i nucd 

6 )  [ ] Appl i ance  cyc l ing  - Basem.ent/subslab/watl/uijsI zi rs pressure 
diEferet i t i  a1 measurements as appliances ~ 3 x 4  cycled on/of f .  

[ ] clothes dryer  
[ ] exhaust fan 
[ 3 furnace - - - - [ ] cornbustion a i r  only  

[ ] fan only 
[ ] both above. 

7) [ ] Subslab-subslab, sihsiab-wall I and wa? 1 -wall communi c a t i o n  
using vnriable-speed, vacuum cleaner or p o r t a b l e  fati stlcision device. 

[ 3 check press1,ire differentials 
[ ] check a i r  velocities 
[ 3 check for griwol. under s l a b  
[ ] check for h o i l o w  areas under the s l a b  

So i I/Wat:e I- 

S >  [ ] Gx-ah  samp1.e of room air i n  c losed  bathroom nfjses 1.0 a i n u t e s  
o f  shcwer operation. 

9 j  S o i l  gas grab samp1.e~. 

Note: i f  s o i l  has a low permeabi.l.it:y i.t i s  p o s s i b l e  to draw a p a r t ; l a l  vacwm 
i n  t h e  soil pipe apparatus .  If this happens, make very sure there are no 
leaks in the grab sample apparatus (to avoid outtltaot- a i r  ii-ktrwionj and let 
i t  remain i n  place, with the 3i.r 1 i n e  open t o  the s c i n t i l l a t i o n  cell, until. 
the p a r t i a l  vacuwn has d isappeared  and the cell is presrama1:l.y f u l l  of  s o i l  
gas .  

r 

10) [ ] Soil gas permeiahility. 



5. MITIGATION MEASURES ADOPTED IN STUDY HOUSES 

A sumniary o f  t h e  Phase I and I1 m i t i g a t i o n  p l a n s  for t h e  s i x  

GFJL/Princeton homes mi t iga t ed  during the winter  of 1986-1987 i s  given i n  

Table 5 . 1 .  Figures 5 .1  - 5 . 7  show the basement o r  crawlspace s t r u c t u r e  drawn 

t o  s c a l e  with t h e  corifiguratLon o f  t-he f i n a l  m i t i g a t i o n  system. The 

mi t iga t ion  p l an  f o r  t h e  c o n t r o l  home, xhich will be m i t i g a t e d  i n  mid-July,  i s  

shokm i n  Figure 5.2. The numbers included i n  t h e  f i g u r e s  are radon 

concentrat ions (pCi/L) measured via grab samples o f  aFr from the subslab and 

inner  w a l l  c a v i t i e s  under ambient condi t ions during p r e - m i t i g a t i o n  

d i a g n o s t i c s ,  

5.1 PHASE I MITIGATION P h V S  

Following a r e  t h e  individua.1 mi t iga t ion  s t r a t e g i e s  f o r  i n i t i a l  m i t i g a t i o n  

o f  s i x  o f  t he  seven s tudy homes. (T’ne seventh home i s  House # 2 ,  the c o n t r o l  

house,  t h a t  w i l l  b e  mi t iga t ed  i n  , Ju ly . )  These a r e  t h e  same d e s c r i p t i o n s  t h a t  

were c i r c u l a t e d  t o  t h e  sponsors and o the r  members of  t h e  Piedmont s tudy f o r  

t h e i r  approval be fo re  mit-igation began l a s t  December (1Y86) ,  a long with 

sketches of t he  house substruc.tiire including the m i t i g a t i o n  system ( i  , e .  , 
s imi la r  t o  Figures 5 . 1  - 5 . 7 ) .  These Phase I choices were also coordinated 

with t h e  in i . t i . a l  m i t i g a t i o n  plans f o r  the LB:L s i x  homes t o  i nc rease  t h e  

vari .ety o f  systems i n  t h e  combined s tudy.  Homeowners r ece ived  a condensed 

version. of .the m i t i g a t i o n  plans i n  l e t t e r s  that: a r e  included i.n Appendix 9 . 2 .  

Preceeding the  d e s c r i p t i o n  o f  the mit iga t ion  s t r a t e g y  i s  a bri.ef account of 

the f ind ings  during our pre-mit igat i .cn d i agnos t i c  v i s i t  which l e d  t o  each 

m i t i g a t i o n  choice.  

5 . 1 . 1  Xouse #1 . 

Pre -mi t iga t ion  d i agnos t i c s  summary: The subs t ruc tu re  ( see  Figure 5 . 1 )  

c o n s i s t s  o f  a basement with hollow concrete block w a l l s  and a per imeter  d r a i n ,  

weep ho le s  on the  southern w a l l ,  a block d r a i n  system ( i , e > ,  w a l l  block 

Eixtending s e v e r a l  f e e t  below s l a b  l e v e l )  on the nor the rn  w a l l ,  and a sump i n  

t h e  no r theas t  corner .  There i s  a family room and garage on a slab adjacent to 

* 
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5 . 1 . 2  House #3 

Pre -mi t iga t ion  d i agnos t i c s  sunimaryr The subs t ruc tu re  ( see  Figure 5 . 3 )  i s  

a basement wi th  hollow concrete  block w a l l s ,  a per imeter  d r a i n  and a sump i n  

the southeas t  co rne r .  A garage on a sl-ab on grade i s  ad jacent  t o  the  basement 

on the  no r th  s i d e .  Good communication w a s  observed between subs lab  po in t s  

wi th in  the  basement, as wel l  a s  subslab t o  per imeter  d r a i n  ( i . e .  t he  outer  

edge o f  basement f l o o r )  and subslab t o  sump ( i - e . ,  po in t  3180 i n  Figure 5 . 3 )  

communication. Subslab t o  w a l l  communications were not  observed because of 

the in te rvening  per imeter  d r a i n .  A layer of aggregate w a s  Eound under the  

basement s l a b .  The h ighes t  radon ConcentratLons were found under t h e  basement 

f l o o r  s l ab  on t he  s i d e  near  the  basement/garage i n t e r f a c e  ( see  s t a r r e d  da ta  i n  

Figure 5 . 3  taken under -10 P a  depressurized c o n d i t i o n s ) .  All t he  w a l l s  showed 

s i m i l a r  concent ra t ions  with s1ightl:y h igher  l e v e l s  Eound in the nor theas t  

basement wall ( see  po in t  270 i n  Figure 5 . 3 ) .  

Zjlitigation s t r a t e g y  ( i n i t i a l  phase) : The e x c e l l e n t  a i r  flow 

c h a r a c t e r i s t i c s  of the  subslab ( i . e " ,  good commimication) were taken advantage 

of  i n  the design of t he  ml t iga t ion  system. A subslab v e n t i l a t i o n  sys tem was 

i n s t a l l e d  with two pipes  in se r t ed  into the  s l a b  15  f t .  5 i n .  ou t  f r o m  t he  

north and south w a l l s ,  r e spec t ive ly ,  along the  cen te r  o f  t he  basement i n  l i n e  

with the l o l l y  (i.e., support)  colurnns. The t w o  p ipes  coming out  of t he  s l a b  

connect through one elbow and one tee  t o  a pipe running along t h e  c e i l i n g  of 

the 'l'his basement between the  e x i s t i n g  supply and r e t u r n  h e a t e r  duct  system. 

p i p e  e x i t s  t h e  basement through the basement/garage w a l l  and out  t h e  garage 

roof on the  e a s t  s i d e  o f  the cen te r  peak of t he  r o o f .  A l l  p ipes  were 

i n s t a l l e d  wi th  appropr ia te  s lopes  t o  maintain a continuous flow back of 

accumiilated condensation water towards the  subs lab ,  A Kanal f lac t  T2 p l a s t i c  

duct  f an  was i n s t a l l e d  i n  the  garage with a speed c o n t r o l  switch i n s t a l l e d  i n  

the  basement. The f an  w a s  i n s t a l l e d  s o  t h a t  i t  (and the re fo re  the f l o w )  could 

be reversed t o  t e s t  the e f fec t iveness  o f  p re s su r i z ing  v s  depressur iz ing  the  
I. 

subslab.  Standard 4 i n .  S & D pipe was used throughout,  A t  the  p o i n t  where 

the  pipe e n t e r s  t he  basement s l a b ,  a roughly c i r c u l a r  area 1 f t .  in  diameter 

w a s  c l ea red  of all e x i s t i n g  gravel  and o ther  subslab debr i s  t o  i nc rease  the  

amount of open a rea  t o  draw a i r  through. Dampers were i n s t a l l e d  i n  the  pipes  

which a l l o w  each of t he  subslab pipes  t o  be c losed  o f f  completely.  A 



5 . 4 



MTcigation s t r a t e g y  ( i n i t i a l  phase). A siibslab ventilation systarn was 

i n s t a l l e d .  This was accomplished by a t t ach lng  an a i r  suctlon system t o  t h e  

sump (and t h e r e f o r e  tlie drainage t i l e s )  on the south s i d e  of the basement 

(near t he  fu rnace ) .  The sump w a s  covered and a 4 i n .  S & D p i p  exFts  t he  

sump covey, extendirig t o  t he  c e i l i n g  and passes  o u t  of  t he  basement through 

the w e s t  w a l l .  A Kanal f lak t  K6 duct fan  w a s  i n s t a l l e d  i n  the  c e n t e r  o f  t he  

h o r i z o n t a l  pipe be fo re  the  bassment exit p o i n t ,  with ;z v a r i a b l e  speed switch 

i n s t a l l e d  i n  t he  basement. The pipe was i n s t a l l e d  t o  2Zlow a continuous flow 

Sack of  accumulated w a t e r  towards the subslab.  The basement e x i t  was through 

a masonry ho le  i n  the  block w a l l .  The vent  p ipe  an the ou t s ide  of  t h e  borne 

e x i t s  the  subs t ruc tu re  a t  the west s tde  o f  the house,  where t h e r e  a r e  no 

windows, ta avoid back flow i n t o  the  house. The second sun? i r r  the NJ corner 

of  the basement was covered with a sealed shset ze ta1  cover .  80th sumps had a 

subinersible sump pump w Z t h  a check valve installed. 

The north sump, which i s  n o t  the one w e  a r e  p u l l i n g  a i r  through,  has a 

pipe a t tached  t o  it which i s  vented t o  the ou t s ide  about 700 f t .  to tlze f r o n t  

of the house. Despite t h i s ,  our measuremsnts have shown t h a t  t h i s  p a r t i c u l a r  

sump communicates w e l l  with the ad jo in ing  basement w a l l s  and suhs'lab, 

p r imar i ly  through the drainage t i l e  system under the  s u b s t r u c t u r e ,  The 

ou t s ide  vent h a s  been l e f t  open during the operation of  the m i t i g a t i o n  systsm, 
which has remained e f f e c t i v e  i n  reducing the  radon t o  acceptable levels. 

5.1..4 Kouse #5 

Pre-mi t iga t ion  d i agnos t i c s  summary: The subs t ruc tue  ( see  Figure 5 .5)  

c o n s i s t s  of  a basement with hollow concrete block w a l l s ,  a per imeter  drain, 

arid a simp i n  the nor theas t  corner .  There i s  a garage on a slab on grade 

ad jacent  t o  the basement on the north s i d e .  A thick layer  of  aggregate  was 

found under the basement s l a b ,  and good conimtinications were found between 

subslab po in t s  as wel l  a s  between wal l  p o l n t s .  The h i g h e s t  radon 

concent ra t ions  we found were i n  the sump and t h e  l a r g e  crack i n  the cen te r  o f  

the basenent f l o o r  ( see  poin ts  1470 and 280,  r e s p e c t i v e l y ,  Figure 5 . 5 ) .  A l l .  

t he  w a l l s  showed s i m i l a r  concentrat ions with s l i g h t l y  h igher  l e v e l s  found i n  

the  nor th  basement wall. ( see  Figure 5 . 5 . ) .  House #5 was the t i g h t e s t  of  the 

seven houses i n  the  ORNL/Princeton s tudy .  (None were very t i g h t ;  see 
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discuss ion  on blower-door ineasurcments i n  Sect ion 6 . 2 .  ) I : t  was t he re fo re  

dec ided t o  t r y  a basement p re s su r i za t ion  system i n  t h i s  house,  even t:hoi.igh the 

central  a i r  handler  system maintained a. s1,i.gIit dep res su r i za t ion  o f  t he  

baserment. The blower-door measurement showed t h a t ,  wi th the  a i r  handler  off 

a f l c ~  of  200 e f m  would give about a 5 P a  basement pressuriza.t i .on o-ver the  

outs ide  p re s su re .  

Ni t iga t ion .  s t r a t e g y  (J.ni.tia1 phase) : A basement p r e s s u r i z a t i o n  system 

wa,s i n s t a l l e d ,  with t h e  i n t e n t i o n  of maintaining a s l i g h t  p o s i t i v e  pi:e:ssure i n  

 he hiiseinent t o  prevent: t he  radon gas from en te r ing  the  subs t ruc tu re"  The 

simp and per imeter  d r a i n  we.re r iot  sealed i n i t i a l l y .  PA K.analflact K6 fan was 

i n s t a l l e d  on the  basement s ide  o f  t he  block wa l l  between the  basement and 

gnragi:?:, with a v a r i a b l e  speed switch i n  t he  basement. A t  t he  r eques t  o f  the  

homeowner, the mount was on the east s i d e  o f  the garage/basement wal l  as near 

t h e  corner  as p o s s i b l e .  The a i r  in take  i n t o  the basement from the garage was 

a t  the po in t  where the  pipe co~11e.9: i n t o  t.he garage through the block wall. 

(Agai.):], thi.s i s  at the h o m e ~ m e r ~ s  r eques t .  They d i d  no t  want t he  i.ntake a t  

the c e i l i n g  o f  t he  garage because they fe l t :  It would be too ugly and d i d n ' t  

cat:e. izborlt the di.fference between the q u a l i t y  o f  a i r  at t he  bottom o f  t he  

garage v s .  t h e  t o p " )  Canstrrueti.on was with 4 in. S & n p ipe  throughout,  with 

the c e i l t n g  p ipe  s . t ruoture  ins t :a l led  so that it  could be e a s i l y  converted i n t o  

a si . i l~slnb ventilati-on system (phase 2 ,  see  Figure 5 . 5 )  ~ A i r  was piped i n t o  

th ree  d i f f e r e n t  I .ocations i n s i d e  the basement t o  b e t t e r  r egu la t e  the 

p r e s s ~ ~ i r a t i o n  o f  t he  basement Dampers w e r e  i n s t a l l e d  i n  each independent 

p i p e  t o  b e t t e r  c o n t r o l  t he  a i r  d i s t r i b u t i o n .  The c e i l i n g  p i p e ,  which extends 

down the cen te r  of t he  basement, ended between the  fou r th  and f i f t h  l o l l y  

eol-uxm f r o m  the baseme.nt/garage w a l l "  The p r e s s u r i z a t i o n  system f a i l e d  

because the m e t a l  K 6  fan coultl riot: r na in t ah  s u f f i c i e n t  pressiiire d i f f e r e n t i a l  

between the basement and outdoors loca t ions .  (This i n i t i a l  system was 

ful.lowed by extensi ,ve s e a l i n g  arid f i n a l l y  R subslab ven.ti.l.nt:i.on sys txm wi.th a 

perimet-er drain d u c t ,  which wa.5 very e f f e c t i v e  a t  v e n t i l a t i n g  both the  si-rbslab 

and hollow block w a l l  a i r ,  see Figure IS. 1.1) . 

A. 
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5 .1 .5  House g6 

Pre -mi t iga t ion  d i agnos t i c s  summary: The substructllre ( s e e  Figure 5 ~ 6 )  is 

a basement and crawlspace with hollow c inder -b lock  wal l s  s epa ra t ed  by an 

i n t e r i o r  hollow c inder  block wal l  with a s m a l l  doo r  between the  t w o  spaces .  A 

l aye r  of aggregate  was found under the crawlspace s l a b  and aggregate  wi th  some 

dry mud s i l t  i n  it was found under the basement s l a b .  Good communication was 

observed between d i f f e r e n t  po in ts  under the crawlspace s l a b  as wel l  as between 

m o s t  p o i n t s  under the  basement s l ab .  No communication between t h e  basement 

and crawlspace snbslab a reas  was observed. No communication between e i t h e r  

the basement subslab and the  wal ls  o r  the  crawlspace subslab and the wal l s  was 

observed. The h ighes t  radon concent ra t ions  we fouad wers under t h e  basement, 

the connected workroom, and the crawlspace s l a b s ,  with the west s i d e  o f  the  

crawlspace showing the  l a r g e s t  va lues  I The w a l l s  a l l  showed s i m i l a r  

concent ra t ions  with s l i g h t l y  higher va lues  obsewtsd i n  the  no r theas t  basement 

w a l l  nex t  t o  the  garage s l a b  (see Figure 5 . 6 ) .  

r 

Mit iga t ion  s t racegy  ( i n i t i a l  phase) : A subslab v e n t i l a t i o n  system was 

i n s t a l l e d  t o  v e n t i l a t e  the a rea  under both the bzsement and crawlspace slabs. 

The i n i t i a l  i n s t a l l a t i o n  consisted o f  t w o  p i p e  pene t r a t ions  i n t o  t h e  s l a b  i n  

the crawlspace and one pipe pene t r a t ion  i n t o  the s l a b  i n  the bassmerrt. The 

two pipes  i n  the crawlspace were i n s e r t e d  i n t o  Che s l a b  1 9  f t .  L-rom t h e  west 

and e a s t  crawlspace w a l l s ,  and e q u i d i s t a n t  between the  no r th  and south 

crawlspace w a i l s .  An a rea  under the slab a t  t h e  p a i n t  where the p ipe  en te red  

the s l a b  was c l ea red  (approximately 1 f t .  cubed, mushroom shaped) t o  i nc rease  

the amount o f  open  a rea  f o r  the  system t o  draw on. The t w o  4 i n .  S 6: D p ipes  

which pene t r a t e  the crawlspace f l o o r  were connected t o  a 4 i n .  S 6 D pipe 

which e x i t s  the crawlspace area through the c inder  block on the east  wa l l  near 

the furnace ,  and extends across  the basement ce i - l ing  on t o p  o f  t h e  e x i s t i n g  

c e i l i n g  facade .  Schedule 40 PVC, pipe was used on the basement side of  the 

manifolded system f o r  suppor t .  The hole through the c e n t r a l  basement s l a b  was 

made a t  the  l o c a t i o n  l abe led  4900 Ln Figure 5 . 6 .  These p ipes  were connected 

t o  a common pipe which e x i t s  the basement on the  nor th  s i d e  o f  the  e a s t  wall, 

runs behind the  e x i s t i n g  duct along the  c e i l i n g  i n  the entrance room, and 

rhrough another  wal l  i n t o  the storeroom. I t  e x i t s  the storeroom chrough the 

c e i l i n g ,  i n t a  the attic, and o u t  the roof on the  nor th  s i d e  o f  t h e  garage.  

L 
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Mitigati .oo strntcgy (initial phase.) : A subslab ventzilaCi.im system was 

insCa .1  I.ed to v e n t i l a ~ e  botr.13 the: kpnsement: and c rawlspace  sux.bslab and hollow 

wal.1. areas . T h i s  was accomplished by i n s t a l l i n g  a peri.nieter drain dnc-t: system 

(see ~ for example: F i g u r e  5.11) for sach sf the crawl.space aEd hasemant (2rni.n~ 

to a l low for air to f low from the h31,l-a~ wall and the subs1.a.b a2:ez.s to the 
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perimeter duct  d ra in .  Each diain was c q p e d  SO t h a t  they cculd a c t  R.S a 

condui t ,  or duct  system, f o r  the  so i l .  gas t o  flow through. The cap wtis 

constructed from backer rod, c u t  i n  half t o  form a half moon shaped. red ,  and 

placed i n  the  duct  with the  f l a t  s ide  up.  N o t e  t h a t  i n  basements #3 a n d  #7 w e  

cu t  t he  backer rod i n  h a l f  a s  j u s t  descr ibed ,  t o  mzke i: f l a t  surface ~ v e r  

v 

0 which t o  pour the  urethane.  A l aye r  o f  pourable urethane catilk ’i7a.5 used as 

the s e a l a n t .  Ttyo sucti.on pipes  were i n s t a l l e d  i n t o  the d.trct system i n  the  

basement, one i n  the  center  south w a l l .  and anotrher i n t o  the (covered) sump i n  

the n o r t h e a s t  basement corner .  One strctioi? pipe was i n s t a l l e d  i n  the  

cravlspace,  i n t o  the perimeter duct system i n  the c e n t e r  o f  the n o r t h  wa1.l. 

These duct  systems were manifolded t o  a common pipe that exited the 

s u b s t r u c t u r e  through the garage/crawlspace w a l l  The p i p e  e x i t e d  t h e  garage 

through t h e  roof o n  the west sFde of the house. A Kanaff lakt  T2 p1asti.c Esa 

was i n s t a l l e d  i n  the pipe syscern i n  the garage att-. ic t o  p u l l  the a i r ,  or s o i l  

gas, from the gravel  bed and vent it t o  the .outside. Standard 4 i n .  S & n 
c p i p e  w a s  used throu.ghout. All pipes were i n s t a l l e d  wieh appropr i a t e  s l o p e  t o  

maintain a c0ntinuarr.s flow back o f  accumulated w a t e r  towards the s ihs lab .  

Dampers were i n s t a l l e d  i n  each independent pFpe t o  a l l o w  each p l p e  to be 

closed o f f  complete1.y. The fan wzs instal1.e.C so  that it can b2 r e v a r s e d ,  wlt..h 

a speed control.  s w i t c h  i n s t a l l e d  i n  t?ie basement. 

The fo l lowing  is  a list o f  the  order, with da te s ,  t h a t  each !step of  the 

m l t i p t i o n  w i t s  appl ied ‘CO each t e s t  home. F i p r e s  5 . 8  t’nrailgh 5.13 show tbe 

e f f e c t  an the  radon concentrzt ions i n  the  basemexit and oil the fSlrst f l o o r  due. 

to Lnstallation and operation o f  the i n i t i a l  m i  t i  gatlon sysf-em. T e s t  Ho7lses 

#3 and ii-4 r equ i r ed  the least e f f o r t  t o  control. radon l e v e l s  while House #ti 

r equ i r ed  the m c s ~ .  The f i n a l  repor t  w i l l  elaborate on the r e s u l t s  at each 

s t e p  i n  the phased mii7igation systems. 

5 . 2 . 1  House #I -- 

a >  Install subslab v e n t i l z t i o n  through the center  o f  the basement 

s l a b  and wa l l  v e n t i l a t i o n  d i r e c t e d  on ?he w z l l  between the  

basement and family room s lab ,  wlth no s e a l i n g  conpleted.  (The 



5.1.0 

c )  Converz prime-[:e:: drain to a duc.t:, s e a l  sump a n d  weep holes. 

2/13/87 

c )  Reverse fan  for s n h s l n l ~  pressurizat: i .nn.  2/2.& - 2/25/87 

(No te  : the owrit:r compla ined  o f  f a n  noise durEng subs lab  

p r e s s u r i z a t i o n ,  so only 1 riay of  data obt :a lned) .  
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5 . 2 , 4  House #4 

a) i n s t a l l  weeping t i l e  v e n t i l a t i o n .  There i s  only one p i p e  

e x i t i n g  the basement s l a b  from the weeping t i l e  system accessed  

through the  sump, so there  a r e  no dampers t o  ad jusc .  With t h e  fan 

on f u l l ,  acceptable  reduct ions i n  radon a r e  achieved. P r i n c e t o n ' s  

temporary t e s t  system i n s t a l l e d  12/15/86 ( J u l i a n  d a t e  3rC9). A 

p l a s t i c  T2 f a n  was used. See Figure 5 .10 .  

b) I n s t a l l  permanent system (using a metal K 5  fan) 1/15/87 

c )  Reverse fan f o r  subslab p r e s s u r i z a t i o n .  3/5/87 - 3/11/87. 

d)  Cycle fan  on and o f f  thrdughout the  winter and s p r i n g  s e a s o n s .  

e )  I n s t a l l  p l a s t i c  T2 f a n  6/30/87. 

5 . 3 . 5  House *5 

a) Install basement p r e s s u r i z a t i o n .  A t  mos t  only about 1 Pa 

basement p r e s s u r i z a t i o n  was achieved, and 40-50% reduction i n  

radon concent ra t ions ,  due more t o  d i l u t i o n  than t o  success fu l  

b a r r i e r  formation f rom p r e s s u r i z a t i o n .  17/29/86 

b )  Seal  basement/f i rs t  f l o o r  openings. I n s t a l l  backer rod i n  

perimeter d r a i n  without pourable urethane.  Seal  sump. 1 / 7 / 8 7  

e )  Seal perimeter d r a i n  with pourable urethane. 1/19/87 

d) i n s t a l l  subslab v e n t i l a t i o n  with a pene t r a t ion  a t  the sump and 

another one a t  the  opposite corner through the per imeter  d r a i n  

duc t .  2/10/8 7 
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f )  Installed a d d i t i o n a l  2 i n .  p i p e  inco subslab in the basemeEt. 

Install a second fan  i n  line i n  t he  e n t r y  room on 3/12/87 and 

remove on 3/27/87. Permanent i n s t a l l a t i o n  o f  the f i r s t  2 in. SSV 

pipe on 3/17/87. - 

g }  A sncond 2 in .  p i p e  i n t o  the subsiab i n  Lhe baseme.zt w a s  

csmporarfly ins ta l led  on 3 / 2 0 / 8 7 .  The m a i n  4 in. SSV pi?" in the 

cen te r  of t h e  basement was disassembled that day. 

h) Permanent i n s t a l l a t i o n  o f  second 2 i n .  pipe on 3 / 2 & / 8 7 ,  w f t h  

balanci.ng . 

5 . 3 . 7  House #7 

a> I n s t a l l  per imeter  d r a i n  dnct system i n  b o t h  the bzsemer;t znd 

srzwl-space with two p ipe  pene t r a t ions  i n  the basem.ent and one i n  

the craw!.space, with the exLt pipes  manifol.ded ttagether w i  t?i o m  

fan i n s t a l l e d  to v e n t i l a t e  the d ~ o ? _ e  systam, 12/22/86  ( Ju i ian  

date 356)  Sse Figure 5 . 1 3 .  SzbsLab v e n t i l a t i o n  has beer! analyzed 

at: varying fan speeds 

b) Fan off and dampers open to t e s t  n a t u r a l  v e n t i l a t i o n  r a t e .  

2/15 - 2/25/87. 

e) Reverse fan f o r  subslab p res su r i za t ion .  3/26 - 4 / 2 / 3 7 .  

In genera l ,  w e  have had success with subslab depres su r i za t ion  i iqing 

scamlard widely used fans; i n  scme cases, fan speeds a re  ad-eqxrate a t  ss low as  

20% of ~ h p  full speed. We have a l s o  seen very ~EEect - ive  reductions in radoi-i 

l e v e l s  with the fan reversed znd the s i h s 1 a b  pressurized, liuc n o t  qvite as 

good as in t he  depressurization mode, For exzmple, a t  Eo>sp_ 32. we have seen 

basement uaJon  at an average of LO pCi/L befcre mitiga2ion be reduced t o  about 

1 pCi/L with fan i n  the depressurization mode and to sbo:it 3 pCi,/L with the 

fan j n  the p r e s s u r i z a t i o n  mods. These nxnbers a r e  wTth the  basement i n  its 

f ina l  conf igura t ion  of silbslah ventilzc:nn sys tem with p e r i a e t e r  d r a i n  duct  

i n s t a l l e d ,  2 s  noted i n  the summary above. 



5. lr, 

Table 5.1. Summary of mitigation plans for the seven ORNL/Prixiceton l-iornes 

I.D. 

1 

2 .  

3 

4 

5 

6 

7 

System 1 

Sublab depressurization through the 
center o f  the basement s lab .  W a l l  
ventilation directed on the wall 
between basement and -Emily room slnh. % 

Centra 1 subs 1 ab dep re s sur i z at ion sy s t em 
with one penetration. Seal s u m p  .* 
Central. subs lab de pres sur ization sys t e r n  
with two penetrations. Seal perimeter 
drain and sump. * 

Subslab depressurization system by 
ventingweeping tlles through south 
sm..p. t 

Basement pressurization. (Seal 
leaks in basement ceiling. 1 t 

B a s e m ~ n t / c  r a w l  space s u?-> s 1 ab 
ventilation. Heat recovery 
ventilators tested with a n d  
without SI ab ventilation system ‘‘ 
perimeter drain duct system inst-al.led 
to enhance subs 1 ab de p r e s sur i z at i on 
o f  bot:h the basement and crawlspace 
areas, exhause pipes, manifolded 
together and exit throu.gh the garage. 

2% 

Systierr! 2 

S e a l  perimeter drain 
sump weep boles and 
wall between basemenit 
and s l a b .  

Try t w o  po in t  penetration 
f o r  subslab ventilation. 

Reverse fati for siubslab 
p res  si.,r izat ion ~ 

Reverse f a n  for s i b s l a b  
pressurization. 

Seal  perirne cer drai.11 and 
sump. Subslab ventilation 

Additional ventilntlon 
penetrations requ.lred. 
Reverse fan flow and 
pres su r i ze  sr1hsl.a.b area. 

R e v e r s e  fan f l o w  f o r  

Fan installed in garage a t t i c .  * 

t Fan instal led in basement, 
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A bri .ef  geological  iiivestigat:ion of the tesC homes i n  t hc  C l in ton ,  New 

J e r s e y ,  a r e a  w a s  conducted a s  p a r t  o f  our s i t e  c h a r a c t e r i z a t i o n  s t u d i e s .  The 

goal was a coarse geologic and radiological.  CharacterizaLion of  the formations 

underlying the  a reas  surrounding ih: sevcn study homes t o  assess t h e i r  

p o i x n t i a l  as sources o f  environmeniai radon. The complsxity o f  the geology i n  

the Clinton a r e a  prec.ludes any d e f i a i t i v e  remarks about tlie geological  

f e a t u r e s  underlying the study homes from OLIT b r i e f  i n v e s t i g a t i o n .  'There i s  

c l e a r l y  a need fo- r  f u r t h e r  r e sea rch .  

The seven t e s t  homes a r e  loca t ed  a t  the s o u t h p a q t e r n  f l a n k  o f  the s o -  

c a l l e 0  Keading Prong o r  N e w  J e r s e y  Highlands. The region j ,  composed of 

nu~wrocls northeasLerly t r end ing ,  a l t e r n a t i n g  r idges  and valJ p y s  composed o f  

p r i n c i p a l l y  mei arnorphic (metaigncous and metascdimentary) rock.  The geol ogic 

ages o f  formations surroundj ng t he  study homes raiige from T r i a s s i c  t o  

Precambrian ( i . e . ,  180 m i l l i o n  i_o 1 b i l l i o n   LIS years  o l d )  The e x x t  nii&e:- 

and p r e c i s ?  i d e n t i f i c a t i o n  o f  geologic format ions  i n  c l o s e  proximity t o  tlie 

test homes has not been determined The "High Rridge" quadrangle,  f o r  

e x m p l e ,  has no t  been thoroughly mapped by t l ~ e  U .  S .  Geological Survey (USGS)  

due t u  the  complexity o f  t he  geology and the amount o f  overburden covering the 

outcrops contained within the  quadrangle. 

Houses #1 and #5 a r e  i d e n t i f i e d  f rom a geologic overlay of' the N e w  Jersey 

Departnenc o f  bnvironmeni Protect ioi i  ( D E P ) &  as r e s t  i i n g  on Martlnsburg sha lc  o f  

Ordivician age ( i .  e .  , about 500 m i l l i o n  years  01 d) . !lowever, t hese  hoiiics iilay 

be r e s t i n g  on a l i m e s t u n e  bed wi th in  the Mart insburg  Shale Ft>rmation a s  

r epor t ed  by Banino e t  a1 Additional sampling and a n a l y s i s  i-; requ i r ed  i n  

t h i s  area.  

Houses +'+ and #6 are i d e n t i f i e d  on ( I IP  New Je r sey  D k V  geologic overlay'' 

a s  rrsting on u n d i f f p r e n t i a t e d  Erecarnbrian gneissoid Granites Rock outcrops 

surrounding :louse V c  appear t o  coiitain potassium feldspat  (or thocl  ase) a s  t he  

primaiy f e ldspas  wieliin the rock. Rock ouicrops i n  thp v i c i n i t y  of  House CLC 

appear to con ta in  v l ag ioc la se  dspar as thc  primary fe1dc;pa.r w i th in  the 

rock. I n  both cases  the  rock ouicroppines are very heteLogeneous vi+h re spec t  
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o i i s i t ~ - r e p r c ~ c n t a t i v e  and f ror i i  /back yard  s o i l  sawples and ( 3 )  betv~r : ,  var ious  

consti iut ' i i ts  o f  offsic:: precambrian gne jzso id  pranj 1 P S .  Kadium content  o f  

s o i l s  taken from Houses #2 arid 11-7 ( i  e . ,  prcsiilriabiy thc  Triassic  Briinsw4sG 

formarion) a r e  f a i r l y  homoeenous, vsryirig f r o m  1. l~  ((,I 2 . 3  p C i / g  radium These 

resu l  ts are 2 -  *LO 5 - f o l d  h i g h e i  i n  radium c o ~ ~ i e n t  than 0 1  i t e  s a m p l c s  o f  

Triassic  h c k a t o i ~ g  and '?t ockton formations.  

Gaiuina s c i n t - i l l a t i o n  and p o r t a b l e  gamma s p e c t r o m e  t c r  readi-ngs were 

obtained a t  (1) su r face  and subsurCace I .ocations ai; i:he s tudy  ho~iics where 

ho le s  were dug f o r  t.li<: p'd-acement o f  Track Etch cup>: .and ( 2 )  l o c a t i o n s  where 

on/offsite r ep resen ta t ive  samples were taken. 1? VLcf-nreen Thyac II 1 gamtia 

s c i n t i l l . a t o r  and a Geornetrics Expl oranium GKLt lO  po r t ab le  gamma ray 

spectrometer  PJCTC used. 

The  he te rogenei ty  of  soi.1.s a n t i c i p a t e d  f r o m  previous s t u d i e s  by th- 

Deparhnerit of  Energy6 are confirmed by the  f i e l d  gammi. measu'rcrxenti: a s  :+wll a s  

the s o i l  ana lyses .  Two t o  th ree  orders  o f  rnagnitiid;? v a r l a t i o n  ? i i  l-:idiufi 

coi- tent i s  observed ir i  sa~ples o f  s o i l  arid represcni: ~e rnck OU~.L:L-DPS 

(Table 6 .  3 )  . One t o  i:wo orders  of m a g r i i  tude var ia t - i  o l i  i.n t o t a l  garfmia cour i t s  

were a l s o  observed f o r  t h e  &it- s e t  providr  i . r i  TaSle 5 .'. . t"or Hotlsc V I ,  ? O -  

f o l d  v a r i a t i o n  i n  total gamma counts we::~ observed b2i-c 2 n s u r  fac  e me a E u r e c; 

and measures at: 0 .  8 m .  E i g h t - f o l d  variai:i,c)n i n  su r f ace  gariiina counts  wei-e 

observed b e h w e e i i  f r o n t  and baCkyard 1oca::ions and R nearby o f f s i t  P ?Location ai: 

Iiouse ?+6. Vari.aI:ions o f  15-80 K counts and 5-40  K co'unts weinc; observed at 

individual  outcrops o n s i t e  at Eouses :w'j a i d  %6 ~ r.c:i;pet:tively (Table 5 . . ? )  . 
Ii.tcludlilg a r a d t i x i - e n r l c h ~ d  Epler sha1.e s . imple f r o m  the C1 i ri?012 q u n r i y ,  ? C -  

f o l d  var ia r i  ot-~ i n  radiwa/'.tJhuriuln r a t i o s  a r -  observed 

The compl.ex v a r i a b i l i - t y  o f  geological formst ions ii-1 th? Cl in ton ,  N . . l .  , 

areca l i .kely contr jbukes t o  s i g n f i  cant  home - t o - h o i ~ e  var ia t ior t s  i n  indoor t adon 

l eve l s .  Hoiise $6 i s  a s p e c i f i c  exarfiple. Nsj.glibori~ng horncow!ners nhol.ic 

l / L  mile away obt;ii.ned chat-coal canist,<.:- r e s u l t s  oL 3 and 19 pCi./?,. Evei! 

w i th in  one se t  o f  proper;-y l . ines ,  1 to 2 o rders  o f  iaagi-Litudc vnri.atLon:j j i - 1  

so i.1. gas radon coiiceiitraii i . o n s  have heen  c.oi-isi s t-er, t ly ohserved ( s e e  'Inti 1 e 6 . i . 

House ,?2) . PZaiy macro- -and micro- -geologica l  F a c t o r s  coi11.d p l a y  a :.oI.r i n  

t hese  observa t ions .  Foi~ example, there couid be s t r u c t u r a l  t r a p s  for i i r a i r  i t i l l .  
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t;.iin (i. p i  , f o l d s  and anti cli.nes) , : faul t  zones w h e r e  u r a n i ~ a m  has been 

t e d ,  i.gn,eous in t r i i s ior i s  w i t h i n  rock  outcrops  variations i n  d e p t h  t o  

nd ~ ~ 2 t e r l y i n g  Format-ions pathways vii:h varyin-g t r a n s p o r t  veloc:',.cies 

for radon, and zonal  d i s t r i b u t i o n s  of ura.riiirrn coric:entrnt Lori caused by i g n e o u  

01: i, 3rphic processes I F u r t h e r  research i s  ~ K O ~ O S C ~ ~ .  i n  par t ic~r l .a r - ly  t h e  

mierogeologi ca l  ana1ysi.s of s o i l s  and soi l /xack.  n e a r  the t.esi; houses to b e t t e r  

uadeicstand p o i n t - t o - p i n k  v a i - i s t i o n  i f i  r a d o n  m a i 1 a b i l i t : y  and t ranspor t :  into 

the 67j.~:.str1ictuie. 

A m r i e c y  of measurements have been taken per iodi -ca l ly  . These i.ric:lude 

measures of t o ta l  radon progeny, respirable p a r t i  cul.ates , multi-zone constant 

concent ra t ion  t racer  gas analyses I addi t iona l  'nouse dyna:nics measures I soi.1 

charac te r iza t ion  data ,  instrument  calih-t-x!iinn data and pes-fluorocarbon t;racer 

d a t a  ar.id 3x11'. h igh l igh ted  i n  t:he followiiig sect ion.  



T h e  CCTG oeasurenEnts have I-, 1 focused on House #5. i n f i l t r a t i o n  

y,i,:> L c , , , t , r ~ ~ e ~ - i i  <- - 1 s were rccorded hoi.irI.y i n  t w o  %ones o F i:he basement ailti scveri j : i iL l t?S 

o f  t he  l i v i n g  space .  The seven zones c o n s i s t  o f  two bedrooms, the. den., living 

room, d in ing  room, k i  iciirr, and t-hc laundry room. Also s lnco ihi- mi t i.gat<.c-m 

systein wzs i . n s t a l l  ed, tlie c o i ~ c e a t ~ a t  i O R  i- d i .a te ly  docsl?stre=in of the 

i1li.t-i p t i  on fan has heen mon i to rc i l .  ;This messuremeni: p r o v i d e s  information on 

The CCTG s y s t e m  vas ins i . ; i i . l ed  i n  I1o;isa e5 on 0ci:ober 28: 1 9 8 6 ,  arid began 

i l i : > i i ~ ~ ~ ~ t ? l i i e n ~ ~ s  01-1 Novembeu 5 .  It was in place  until January 1 2 ,  1.987. The new 

V S L S ~ O T I  OF t1.e CCTG sys~.<i>m was i n s i x 1  I e d  on  E'cbruary 10, 1 9 8 7 ,  and began 

o p e r a t i o n  on March 1 and has contin1ic.d t u  moniLor uni-ll t:he prehent t i - i n e .  
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A second CCTG system was r e c e n t l y  i n s t a l l e d  i n  House #7 on June 3. and 

began t ak ing  measurements. The system measures i n f i l t r a t i o n  i n  n ine  zones o f  

t:he 't-muse which c o n s i s t  o f  t;he basement, crawlspace, dining zoom, l.i.-t,-hg room, 

k i t chen ,  two f i r s t  f l o o r  bedrooms, and two second floor bedrooms. Similar  to 

Hause #5, the  concentrat ion downstream of the  [ n i t  i g a t i o n  fan i s  being 

monitored t o  study basement a i r  flow i n t o  the mi t iga t ion  system. 

Figure 6.1. g ives  an example of one anal.ysis der ived f r o i ~  use  o f  the CCTG 

sy:;te:n i n  House #5.  The top box p l o t s  the radon concentrat ion i n  the  basement 

( s o l i d  l i n e )  arid u p s t a i r s  (broken l i n e )  f o r  8 days during December, 1986 .  The 

absc i s sa  marks the J i i l i an  day. The second box plot:s the a i r  changes per  hour 

f o r  the b a s m e n t  ( s o l i d  l i n e )  and the u p s l a i r s  (broken l i n e ) ,  T h e  bottom p l o t  

shows the frequency of u s e  of  the C P , n t l K d l  air heatrer fan i n  u n i t s  o f  f r a c t i o n  

o f  time on per  hal€ hour d a t a  po in t .  Then the  f a n  corms on the  basement, 

dep res su r i za t ion  i.s induced and an nssoci-aced increase  i n  basement ACI-I i s  

evi.dent i n  the  da t a .  Associated with t h i s  i s  a consistent-. decrease i n  the 

basement radon concen t r a t ion  due t o  d i l u t i o n  from mixing the basement a i r  with 

the upstairs  a i r  as w e l l  as increas ing  the amount of a i r  i n f i l t r a t i o n  i n t o  the 

basement. T h e  amount of  increase  of a i r  infiltrating the  basement from the 

s o i l  gas versiis che outs ide  a i r  i s  one factor  determining the  r e l a t i v e  change 

i n  basement radon concentrat ion and i s  a s u b j e c t  of f u t u r e  i n v e s t i g a t i o n s .  

Blower door tests supply useful d a t a  on the  gexieral t i g h t n a s s  o f  the  

build{-ng envelope. By p lac ing  the  b1.ower door i n  d i f f e r e n t  e x t e r i o r  doors and 

performing the  bl.ower-door t e s t s  with i n t e r i o r  doors  open versus  c losed ,  

iiifo-cmation an the  d is t r i .bu t i . sn  of  the envelope a i r  leakage can be o b h i n e d ,  

There a r e  s e v e r a l  ways e€ expressing the bu i ld ing  envelope. t i g h t n e s s  ; a i r  

changes per  hour (ACH) ., equivalent  leakage a r e a  ( E M ) ,  o r  s p e c i f i c  leakage 

a rea  ( S I X ) .  

The blower-door t e s t  determines tlic AGH by measuring the r a t e  o f  air flow 

through the h u i 3  ding envelopc over  a range of i n s i d e - o u t s i d e  pressure 

differer ices .  A pressure d i f f e r e n c e  o f  50 Pascals (Pa) or 0 . 2  i n .  o f  water, 

has become one s tandard poin t  oi comparing one b u i l d i n g  t o  another .  This 
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s o i l  p e r m a b i l i t y  i e s t s  a t  a l l  01 thoso t e s t  l o c a t i o n s .  ihe p e r m a b i l i t y  

cons t an t s  r epor t ed  i n  Table 6 . 1 0  a r e  in t h e  same range as those which have 

beeir -valuated by LBL i n  their Piedmoilt s tudy homes, i . e . ,  1 0 x t o  

1.0 x 1 0 - 9  ( p r i v a t e  comrnunicacion, B r a d  ' rurk,  LBL).  

C a l i b r a t i o n  of  Lndi-vidual components of the house monitori.ng packages and 

supporting instrumentat ion have been performed I n  b o t h  l abora to ry  and field 

env.i~:onments. Ca l ib ra t ion  checks have received heavy emphasis during 

i n s t a l . l a t i o n  and QA/QC t r i p s  o-E O P 3 L  personel ta t h e  study homes i n  October, 

January,  and A p r i l ,  a s  wel l  a s  during v i s i t s  t o  t he  t e s i  homes by Princeton 

pe r son i l e l .  A summary o f  q u a n t i t a t i o n  and p r e c i s i o n  analyses  f o r  s e l e c t e d  

parane Lers i s  given i.n Tables 6 . 1 1 .  and 6 . 1 2 .  F i e l d  checks of  d i f f e r e n t i a l  

pi:essuine z e r o s  i n d i c a t e  coe f f i - c i en t s  o f  v a r i a t i o n  o f  t y p i c a l l y  <1% ( i .  e .  , 

about 0.25 P a )  over the eniiire study. Ca l ib ra t ion  ( i . e .  , span) checks 

pei-formed a t  the beginning o f  the study will be repeat:ed when the senso r s  a r e  

remsved Eron t h e  homes. Temperature da ta  s h o w  typical. ly ~- <O . h " C  v a r i a t i o n  on 

averaee i n  mu1t;lple checks a g a i n s t  NBS c a l i b r a t e d  t:'iiermometers. P rec i s ion  

( i .  e .  , c o e f f i c l e n t  o f  v a r i a t i o n )  i s  general.ly < O .  7 ° C .  Re la t ive  humidi.ty da t a  

show approximaL5: 1 LO ./% RI-I abso lu t e  v a r i a t i o n  i n  niul t iple  checks a g a i n s t  

cal  i h r a t e d  hygrometers. Si .mi1a-r  l e v e l s  O K  p rec i s ion  are observed. Thus f a r ,  

these c a l i b r a t i o n  d a t a  a r c  quitxt acceptable .  

Cd l ib ra t ion  d a t a  For the Wrenn chambers arp rhos f a r  very encouraging. 

W t ~ r i n  chambers I l ~ t  have no t  iindergone adverse environmental exposures o r  

r ad ica l  physical /e lect i -onic  r e p n i r s  show gene ra l ly  c o n s i s t e n t  c a l i b r a t i  on 

f a c t o r s  (<.e., +5-15%)  between 10/86 ( i . e . ,  p r i o i  Lo i n s t a l l a t i o n )  and 

s e l e c t i v e  cn! i b r a t i o n  checks from 1 - 5 / 8 7 .  These c a l i b r a t  i o n s  r ep rcsen t  cross 

coiiiparisons betweeti three 1 abora to r i  e s  ir icludi ng OKNL,  DOE'S Environmental 

I toni tur ine Laboratory i n  Manhattan, and EPA's Bas~ern Envirorimenldl Radiation 

F a c i l i t y  i r r  Mcntgornery, Alabama. T h e  check sour re  d a t a  i n d i c a t e  very s m a l l  

changes i n  Wrenn response from 10/86 IX 4 / 8 7 .  I'he average r a t i o  of  

[ 4 / 8 / ] / [ 1 0 / 8 6 ]  d a t a  i s  0 . 9 8  - 3- 0 . 0 6 .  Complete  em, span and check source da t a  

wi l l  be taken following t h e  removal of t he  Wrenn chambers Froin t he  s tudy homes 

an3 re turn  t o  Oak Ridge. 
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? I  l h c !  restnlt ing tal-ibration. c o r r s t a n t s  (CC)  , one each f o r  each m m i  tor ,  were 

a p p l i e d  to the r a w  d a t a  ob ta ined  iis  the c ~ l . i . b t ~ ~ t : i ~ i ~  &amher at EML to y ie1.d 

wosktng lwei.. d a t a  a s  a. fumI:ion o f  t i m e .  T h e  c a l i b r a t e d  d a t a  from t h e  W I N S  

i n  most' cases tlev.i.oa.ted only sl.i.ght:ly frola! k11e EML ~ P ~ S I I T C J ,  o f  the progeny 

1-evels. T h i s  deviation was expressed a s  Chc r a t i o  of the work.i.ng l e v e l  d a t a  

measured with t he  WXMs divi.det1. ?>y the EMS, r e s u l t s  , 7'1-i.L~ ra.t:i.o was t l - i e u i  

a p p l i e d  to the o r i g i n a l  CC cal.culat@d from maasured check s o i - ~ c e  and ni.7 f low 

data t o  refine the  calibration f o r  each monitor to IIIIOTF: accuratef.y r e f 1 . e ~ ~  the 

s t i o i - i  of radon dnughtier levels i n  the  EML Icbade:~-.  B o t h  tire or ig ina l .  

CC and the ' cor rec ted '  CC f o r  e ieh W T M ,  p lu s  the measuret? ail: flows anc!  

count ing e f f i c i e n c i e s ,  are summarized i r i  'Tab1.e 6 . 1 3 .  As a f i n a l  st:ep i n  thc 

calibration process ~ the  flow race (i .  e ~ , L / d  n) I:hrough the Id:[lf.I recorded at: 

EMI, was .fmct:i>l-<?d Q U ~  O K  Lhcl corrcct:ed CC.  As a result ,  flow r a t e s  recorded a t  

p a s t  or future  measurement s k t e s  can be applied t o  i nd iv idua l  data s e t s .  T1ii.s 

s t e p  is necessary becanse the  performar~e of  the WX,M p m p s  ham cieviatetl 

no t iceably  dur ing  t h e  s tucly. T h e  f l o w -  independent cslibration constant 

[ C C '  { (cpm/working level)/(I , /min) ) ] , sunmarized Fr: '1'abl.e 6 . 1 3 ,  c.,m be appli .ed 

iising the fo l lawing  e q u a r i o r i  t o  cofiverrt raw count::; frog: -the 1Sl.p.Z~ i n t o  wsrkirrg 

levels : 



T h r  seasonal  t rends a r e  ev iden t ,  w i t h  ihe out-tioor ;ni n i m m  ternperature 

occiiri  ~ag, in la Le January,  lowered Iiuiiiidity i n  the w i r i t c i  , anti ir- tLreascd I ~ V A C  

us3g.s i n  tl-te w in te r .  i'he installaii .on o f  t h ~  x i t - i ~ g a t l o n  s y s i  :; i . n  a l l  b i i ~  

iAe coi i t rol .  house ( s 2 j  i s  evideii; by the decreased 1~cvel.s o f  radon ai13 l a r g e r  

basemelit - subslab p i e s su re  d i f  rc:i~erices. 

,._ . 





The  teinpt:t-at.tire data shov f a i r l y  consi  sic!:::: citrves f o r  each s tudy  house 

f o r  basement,  u p s t a i r s ,  o i ~ t i k i i ~ ~  i ~ o c a t i o n s ,  Hoiisps s u c h  as and %6 ( s e e  

:'louses D a.:-iti E' in Fig,ures 6 .  19 and 6 .  2.5) have hi &hly candi t ioned basemp:ir:s 

w i t h  t.emperatui,cL; very  s i m i l a r  t o  u p s t a i r s  l e ~ . ~ ? r .  Houses &I. and Y2 ( s e c  

IIousc.s A and E in F i g u r e s  b .  1.i) arid 6 . 1.3) ; iave poorly c o n d i t j  one& b a s m e n t s  
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during w i - n t e r  per iods  , Relative humidity and IiVrX opera t;ii,n show ~..xpei.ted 

seasona i  t ~ e r i n l s  of  decreased RH artd incr.eased IfVil,C duty cycle ( i . ~ .  , clecr 

o f f  time) dur ing  the winter season.  Howeve- i ,  t he  pe.ak HVhC dut;y cycle (i .e., 

weekly average) va?ri.ed greatl .y f f o m  about 2 5 %  i n  House #-I ( s e e  I lmi se  A i.-n 

Figure 6.1.2) t o  &out 8 0 - 9 0 s  on i n  Houses #2 and. ql: ( s e e  :Iousc.s B and D i n  

Figtires 6 . 1 5  and 6 . 2 1 ) .  

A broad range o f  d o w n s t a i z : ~  and u p s t x i r s  pre-r?;i.tigai:irrn radon l e v e l s  a r e  

observed i n  most of  trhe study kouses. %'or e x m p l e ,  i n  :lome # 3  I x T E  Imur 

averages (j.. e .  , p l n t - t e d  minimum and maximum ha l f -hour  a "e values? Ibusa  c ,  
F I g u r ~  6 . 1 7 j  r m g ?  fron a h t i t  20 t :o 180 and 10 to 911 pCi/E in 

upstairs leve1.s respacti.-7ely. Pre.-m-it:igation radon leve'ts i.n i:hc c o n t r o l  

Moxe !$fi are among the l e a s t  var iant  a n d  cons i s t en t  be.&:weeG. be:,sm 

upst;xi.rs Levels ( see  Elouse B ,  Figure 6 .  I&> ~ Weekly average radon l e v e l s  o f  

approximate1.y 2 t o  24. pCi/L a r e  observed i n  both  basemerit and i.ipstijirTs 

l o c s t i n n s  ~ 

The most eE5ective radon mLtigat ion systems are ob.c:erved. i n  ??ou.scs %I ~ 

# 3 ,  $4,  and $7 ( s e e  Houses A ,  C ,  D and G in Figures  5.11.; 6.17, 4 . 2 0 ,  am3 

6. 2 9 ,  respect2ively) particularly towards the end. of  t l r c  -u;eek!.y summliary &ita. 

Weekly mean and (ha1.f hourly)  inaxrimurn basement: a r id  tipsicia irs radml; 1 e ~ ~ e l s  a ~ t :  

tyypi-cally maintained l ~ e l o w  1- 2 pCi/E.. wi.t:h the mit.igation sysf:.ims in operat ion 
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Figure 6.36 shows the apparent  impaci: of  “ r a i n  sp ikes”  on radon l e v z l s  i.n 

three houses (Figures  6.3Sa, 6.36b, 6 . 3 6 ~ ) .  Here, outdoor weather does have a 

pronounced e f f e c t  on basement: radon l eve l s .  Figure 6.36d shows two of the 

weather channels  (barometr ic  p re s su re  and amount: of r a i n )  . The rainstorms o f  

November 18 and 2 0 ,  1986, precede the, r a i n  sp ikes  by a few hours  and a r e  

accompanied by a fal.1. i n  atmospheric p re s su re .  There are several poss ib l e  

con,jecture.s about t’ne cause and e f f e c t  here.  Fur ther  work  w i l l  be needed t o  

c l a r i f y  this inechanisni o f  radon inf low,  s t a r t i n g  wi th  a more syst~einatic 

a n a l y s i s  o f  t h e  data al.ready i n  hand. 

Figure 6.37 shows very r ecen t  da t a  i n  t:hc pos t -mi t iga t ion  pe r iod  f u r  

Ilousc #5 ,  shown previous1.y i n  Figure 6 .35 .  During a f ive-day  s t r e t c h  i n  t h e  

middle o f  the  week d isp layed  h e r e ,  the owners went on vaca t ion  and speed t o  

a l low us t o  s h u t  o f f  t:heir m i t i g a t i o n  system, a subslab v e n t i l a t i - o n  (SSV)  

system. Figure 6.37a shows the basement and 1i.virig area radon concent ra t ions  

and demonstrates t h e  success  o f  the m i t i g a t i o n  system: 1.evels i n  both 

basement and l i v i n g  a r e a  are c lose  t o  z e r o  when the mi t iga t ion  system i s  

 running^ Figure 6.37b shows the suhslab-basement pres..;ure di. Efei:ence during 

t h e  same week. I t :  i s  about - 1 2  P a  when t-he SSV i s  running,  and between +l and 

+2 Pa when t h e  SSV is  o f f .  Throughout this perriod (no t  s’rio\wn) t h e  HVAC i s  

o f f ,  and the di Eference i n  pressure  between subs lab  and basernent shows almost: 

I I O ~  of  t h e  d i u r n a l  behavior  see2 i n  Figure 6 . 3 5 ~ .  The basement radon 

concent ra t ion  ~ however, develops a d i u r n a l  p a t t e r n  reminiscent  o f  

Figure 6 .35a ,  a l though of  reduced ampli tude,  slii.1.J~ pr-aking i.n t h e  morning. 

Somethii-rg ocher than HVAC opera t ion ,  evi.dcntly,  i s  respons ib le  f o r  3 po!- t ion  

o f  t he  c y c l i c  c h a r a c t e r  o f  t he  d r iv ing  mechani-sm fcr t h i s  house.  One can only 

conj ec ture  that the d a i l y  outdoor ternperature (Figure 6 . 3 7 ~ )  couples  izo C h i s  

d r i v i n g  mechanism, i n  view of  i t s  c l o s e  t r ack ing  wi&h t .he  basement radon 

con,centraLion. Note i-n p a r t i c u l a r  A p r i l  1 8 ,  1987, when the t y p i ~ c a l  dai7.y 

temperature cyc1.e was slippressed and the basernmt radon level v.m supprressed 

as wel .1  

F igurc  6 .38 shows radon (Figure G.38a) and c a J o n  progt-ny ( F i g u r ~  5.3Rh) 

concent ra t ions  i n  the  hasrmtxnt. a i r  of House # 3 .  The eqGilibrium r a t i o  i s  

p l o t t e d  i n  F igure  6 38c ( i . e . ,  normalized t o  0 . 0 1  T d i + / ( p C i / l ) 7  Ehe rat i r r  a t  

s e c u l a r  equ i l ib r ium) .  Figure 6 . 3 8 ~  shows t h a t  i h e  pqi*i1 ihriuni rat-io r u h i h i t s  
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I 'abJr  6 . 3 .  SelccLion o r  scirdy, control, and li,lickup h o - u s < > ~  f o r  mi t iga t ion  suinmfii . r > f  

house parameters and preliminary scree? ins ddta  

House 
No .a Sub - S t r u c t u r e  

.___ Xodif  i e r s  

L 

I I-. d 

111 

IV 

V 

':I 

F ' l o a t . S l a h  
D r y  ldel 1 

Cent. F . A . ,  
Gas 

1.3 : 7 3 
U:16 

1s. Y 

Basemme, 
A t t  . G a r .  W/Sl ab 

Sump Cent.  F . A . ,  
Gas,  W/AC 

E :  24 2.7 
u: 16 
A :  i S  

Basement, 
A t t  . G a r .  W/S 1 ab 

C e n t .  F . A . ,  
Oi 1 

, 

.Basement W/Slah , 
A t i r  ,Gar. W/Slah 

2 sumps C e i l i .  F . A . ,  
Oil, L!/AC, 

A E t O  Setback 

Basement, 
A t t  , Gar. W/SI ab 

B:60 3 . 6  
U:25 
U: 36 

Cent. F . A . ,  
Klec. !it i'uirip 
O;! Back, Y/AS 

Bassment W/Crawl 
A t t  . G a r ,  W/Slab  

2 I-It Exc. Cent .  F . A . ,  
sump O i l  , U/P,C , 

h t o  Setback 

B :  57 31. .?, 
u:  i L I  

I?: 21 

S L  
110114~ nuidwring convent ion i s  I - JIII, 1 - 8 ,  ni- A - !I ' R = basement o r  c r a w l s p a c e ,  u - 1st f loo r -  above grade ,  

( p r r l  fmiiiary LKT, data 
d cont ro l  house 
f a l t e r n a t e  house 

A 2nd f l o o r  ahovc grdtir 
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2 3 . 9  9 . 9  .- -1- 1.2 2 5 . 3  d- ... 7 , o  

7 1 5  . .5 1 4 , O  - t 2.1 1 5 . 3  - -4- 1 . 6  

I! 1 2 . 0  13 .4  4-  -. 2 . 0  2 2 . 0  !- 1 . 3  

5 1 2 . 0  12.7 -9- ~ .- 1 . 8  1.5.2 4- ... 1 . 3  

6 

7 

i 2 . 8  

9 . 8  

14.2  __ -+ 3 . 8  

1 0 . 2  f 1 . 5  
I 

1 5 . 6  3 . 9  

1 3 . 8  -1- 1.1. 

r 
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0 .  i 7  50. 70 
0 . 6 8  4 9 .  i o  

0.73 35.65 
1.13 33.70 
C.98 30.60 

f I CI i I i -  y.2 L' d 7 . 3 7 d  2 7 . 9 5  

r e p .  o n s l t e  Undiff. P r e c a m .  Gneiss  8G.30d7" 43.50 
b a  ckya r d 3 . 3 3  2 2 . 0 5  

tr0nLy"'d 1.57 2 8 . 8 5  
backyard / c .  10 28.85 

r c p  s r t s iLz  TJrltLiff. P r s c n a  Gne i s s  40 .35d7C 7 2 . 5 5  

r e p .  o f f s i t e  Q u a r t z o - ~ z l d s p a t ~ ~ i c  Gneiqs 0 . 8 2  8 3 . 3 5  
I - P ~  o f f s i t e  h p h i ' t j o l i t e  10 3Od 3.11.30 
1-ep. offhirs A1hiLo-oligoclase graci. 9 . 1 5  39.55 
rpf D f f s i L e  Albite-oligoci ase 0 . 7 8  '34.50 

? .45 4 1 . 3 5  

1.. 16 
0.92 
0 .  i 9  
0.66 
1. . -i4 
1. 24 

1 . 0 7  
1.1.8 

0 . 9 4  
1.43  
0 * 2 4  

2.17 
1.84 
18.70 

0.67 
2 .  0;l. 
1.. 17  

1 . 1 8  
9 . 9 4  
0 . 2 6  
2 . 4 8  

2 . 2 4  

? S i  hac ky a r d 
-I s3 f ron tya rd  

1 57 ? 8  55 I 8 4  
1. J0 33 75 7 58 

1 43 S 2 . 4 0  1 85 
2.3.6 l .3 .35 1 88 

t j  I r e p  o f f s i i i :  L ' r i a s s i c  S i u c k t u n  fo rm.  0 . 9 1  ? 2 . 8 5  1 . 3 9  
(1 7 r ~ p .  o f f s i t e  T r i n s s i c  Lockatnng f o i - m .  0 . 4 9  20 20 0.43 



6 . 2 3  

T a b l e  6 . 3 .  Average Radium-h226, Potassium-40, Thor iu in-232 (pCi /g)  measured i n  
s o i l  samples taken from the property of s t ady  homes" and rep resen ta t ivc  
rock forinations i n  bo th  oaisite and o f f s i t e  locations ~ cont i nmd. 

D. Samples Taken From Cl in ton  Quarry . 
43 Cl in ton  Quarry Epler  Shale 28.7ed,e*f 5 . & 3  0 . 7 1  
Q ~ L  Cl in ton  Q ~ a r r y  E p l e r  Limestone 0.45 2 15) 0 - 3 5  

S o i l  samples taken from depths of  t y p i c a l l y  0-0.9 [$I .  

Ten ta t i  VF i d e n t i f i c a t i o n  o f  l imestone bed i n  Martinsh?irg shale 
formation. 

Ten ta t ive  zone of  l imestone bed underlying House #I.. 

Radium exceed Ur,snium M i l l -  Ta i l i ngs  R e m e d i a l  Action level. of  5 pCi/g 
for s n r f a c e  Contaminat-EorlL~. 

Radium exceed Uranium M i l l  Ta i l i ngs  Remedial Act ion Level of  15 pCi/g 
for subsurface cont:ami t1i3ti0n4. 

f Uranium ore has been found i n  Mulligan ( i . e . ,  C1.inton) quar ry  
according to the Clinton H i s t o r i c a l  Society.  





l:ou F ;  4 ......- 

I 

3 

I 

1300 + ? C O  

c 

I 
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Table 6 . G .  !Jerking Level Monitor Data F i l e s  as o f  5/22/87 

. J u l  i an  
S t a r t  Date 

795 
295 
295 
309 
309 
303 
311 
311 
311 
316 
3 '+4 
3JcL 
345 
1Y5 

9 
8 
8 

2 :I 
34 
2L. 
2 4 
'35 
35 
35 
35 
[k / 
55 
55 
54 
63 
63 
78 
18 

10s 
105 
1 2  / 
137 
1 2 ?  
1 / 1 1  

1 4 1  
1 L3 
163 
1 6 2  
162  

Eous e 

7 
IC 

5 
6 
3 
1 
i* 
2 
7 
5 
6 

1 
3 

2 
6 
3 
3 
4 
5 
1 
6 
3 
3 
3 
6 
5 
5 
4 
1 
2 
5 
5 
5 
5 
6 
5 
5 
6 
2 
5 
6 
/ 
5 

L 

.... 
3; 

. .Lqc~at?o.?? .... ~ Filename .......... .... ... Durat io!? .... (day_?) g 

Ra n: 
Bas ement 
Basem:lt 

Ba 3 e m  nt 

Bas e,rrc 1:t 

Basement 
Ka sernent 
R n s e m c 1 1 t  

Basement 
Bas eine ri t 
Bas ement 
Basement 
Ra s e n w  in t 
Ba enrn I 

Bas eme-nt 
B a q e w n t  
Basement 
Basement 

Ups cai rs 
Upsta i r s  
Basement 
Bas elnent 
Basement 
Bas e m e  fit 
Ups t a i I' s 
Bas emen i 
Upsta i r s  
Bas e rre n t 
IJpst d i  rs 
Basement 

R a  s emen1 
Basement 
8a s erne n t 
B a s  e m  li t 
B a s em e n t 
Basement 

ups  ea i 1-b 

Upsta i r s  

WlA395.318 
WLJ1295.343 
WX29 5 .348  
w 2 4 3  1.6 . 1 7  7 
WLY316.318 
VTJf316.343 
WLM321.317 
WM1323.318 
WIAY32'3. 343 
IJUf323.3&8 
I.JIS.13 5 3 . 3 1 7 
1JrW353. 318 
WEf353.3;13 
~YrI~Y353. 348 

WTS.01?.31/ 
1Jis.1019. 318 
WLX019.3L.3 
WU4024.317 
!Jj3024. 31 8 

WLM024.348 
~ ~ ~ 0 4 4 . 3 1 7  
WLz.5044.343 
WL,h!04/1 . 348 
',:1J'051 . 3L.8 
WU305S. '31 7 
WIS<Oh3.3/.3 
IJLY062.348 

1 ~ ~ 0 2 ~ .  . 3 4 3  

ur.Mo77 . 3 i  7 
!JL!0/2.343 
WTLM072.348 
T9LY086.343 
VLp2086. 348 
WLM112.317 
WIS4112.343 
ULM138.31l 
WTM138.343 
WhA138, 348 
w r J i 5 4 . 3 1 7  
IJLE1161.343 
WU3161~ 348 
W-LFl170, 327 
YlSa170.343 
VL.Ml7O. 3L8 

168 
168  
168 
168  
168 
168  
168 
168  
168  
168  
144  
144  
1/t/b 
144  

168 
168 
168  
168  
168 
158 
168 
168 
168  
168 
168 
148 
14 4 
144 
144  
168 
168 
168 
168  
168  
168 
168 
168  
168  
168 
168 
168 
168 
168 
168 

.k 
wlm ~ is last- ttirce d i g i t s  o f  fi1.e name 
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1 d in i  ”g roo:” 11/05/86 
1 b t i  :-6 ei?Ien I. 03/i0/87 
3 u p s t a i r s  den 01 / 2 ! 4 / 8  / 

AVe?-s”3gC: 

2 0 . 0  
1 1 . 3  
2’1 . 4 
18.7 - +- 6 , :  

4 u p s t a i r s  W r e n n  11/05/86 
4 u p s t a i r s  Wrenri 0 1/ 2 L c / l i  7 

Average 

5 u p s t a i r s  Wren3 11/12/86 
5 u p s t a t v s  Wr.c,n-) 0 i ,/ 2 4 /  8 7 

Average 

1 1 . 0  
1 5 . 2  
1 3 . 1  

8 . 9  
1 4 . 3  
1 2 . 7  + I” 2 . 8  

4 . 0  
11.0 

7 . 5  Î  .t 5 . 0  

9.0 
8 . 3  
8 . 5  - 4 0 , s  

6 living ~ o o m  11./05/86 9 . 9  

7 upstairs 11/13/86 124.2 



co - crawispace door  open  
nd no d o o r  h e r  eel: ,-.,,!-.pt 

and hoii St 



c 

Front  p .?, '3 k 
. . . . . . , . . . . . . . . . . . . . . 

l L  I 
7 (1 

1 7 1  
35 
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rable 5.1.0. S o i  1 f'criiieabi li i-y Dar.a 

2 '+/11,/8/ S , 1 . 5 m , h ' r o n t  LO 
5s 

2 50 

1 0  7 4/11/87 W,?. Sin, Si& L J  

50 
I00 

I 7 x 10-5 1.1 x 10-6 
1.1 x 10-2 
G . &  x L O - !  

3 . 2  x 1.0-6 
2 . 1  x 10-6 
1..5 x 1.0-6 

7 . 3  2: 1c.6 

6.1 s 10 Pa d a t a  t i n t  
6 . 1  x 1 0 - 9  6.0 x 1c-9 i r i c f .  in avg. 
5 . 9  x 10-4 

6 11/19\87 W ,  3n:. S i d e  2 :Q 

s , I. 5m, Asck ? 5 0  

No f l o w  

No f low 
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Table 6 . 1 0 .  Soil Permeability I?,ata, continued 

f+ 1/5/87 NW,2m,Front 250 No flow CI "y 

5 11/21/86 S,2m, S i d e  1.0 3 . 7  x 3.5 x J.0-7 
50 4 . 3  x 10-7  

250 2 . 9  10-7 

5 11/21/86 E,2rn ,  Front 3 5 . 4  io-s* 5 . 4  1 0 - 5  

5 11/21/86 W , h ,  Back 2 8 . 1  x 10-5'" 8 . 1  x 3 0 - 5  

6 11/25/86 S , I . .  Sm, Front  250 3 . 1  x IO-'' 3 . 1  x me!:cir PI 

6 11/25/86 w, l m , S i c I e  10  1.2 x 1 0 - 6  8 . 4  x 1 0 - 7  
J 50 8.2 si l o - '  

2 5Q 5.0 x 10-1 

6 11/25/86 N,2m9Back 2 50 No f l o w  

7 12/3/86 E,2m33;ck 10,50 No f l D w  

7 12/3/86 N,2rn,Si.de 10 6.7 x 10-8 6 1- x 10-8  Wet cl sy 
50 6.2 x 10-8  

250 5 . 4  x 1 0 - 8  
SO 6.1 x 

7 1 1./17/86 E 2m, Back 250  No f low Clay 

7 11/19/86 N,21a ,Side  10 2.3 x 1.9 ;i 1 0 - 7  c 1  "y 
50 1 8 x 1 0 - 1  

100 1 . 8  x 1 0 - 7  
2 50 1 . 5  1 0 - 7  
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1 
3. 
3 
4 
5 
G 
7 
8 
9 

10  
1 I. 
12 
1 3  
1% 
1 5  
16 
1 7  
3. s 
19 
?O 

0 .67  
0 . 4 9  
0 . 5 G  
0.48  
8.5%3 
0 . L 4  
0 .81  
0. . / ,3  
0 . 7 5  
0 .38  
0 .80  
o.ce 
0.61  
11.5: 
0 . 6 3  
0.59  

0 . 8 5  
o.L.7 

n.53 

- - - -  

- - - -  
I. 322  

L 



6 . 3 4  

Table 6 . 1 3 .  Ca l ib ra t ion  of the Eberl inc Working Level Monitors (WMs) 

A i r  Flow 
Pleasured Corrected Independent 
A i r  Fl.ow Count: ing Cal ib .  Cal ib .  C a1 i b r  a [: i.0 n 

.... WIN . .- (L/min)_ Efficiency!? . . . .. . . ~. Constant!? . . . . . . . . WL?/EMLS __Constaqt.d C o n s t . a r ~ ~ - ~ - . . .  

WLM317 0 . 1 5 5  0 . 2 1 2  5 8 6 . 5  0.981r- 5 7 7 . 2  3 7 2 4  

WLM343 0 . 1 5 4  0 .210  5 1 6 . 1  1 . 0 9 1  6 2 8 . 9  /&08(. 

WSM348 0 . 1 9 0  0.218 / 3 9 . 5  1 . 0 4 5  7 7 2 . 8  4 0 6 7  

WLP1318f 0 . 1 6 0  0 . 2 3 2  6 6 3 . 7  3 . 4 6 0  1 7 9 6 . 5  14353 

a count ing e f f  icienc.y measure& with Thorium check source 

Ca l ib ra t ion  Constant (cpm/T”il,) :.= (F low ( L / m )  -k Eff i c i ezcy )  / 5 .  ~ x I - O - ~  

r a t i o  o f  working 1evcJ. da t a  measured by WUfs ( u s i n g  c a l i b r a t i o n  
cons t antb ) 

c a l i b r a t i o n  constarit co r rec t ed  f o r  YDf/EML r a t i o  

e u n i t s  o f  (counts/[Florking Level ir L ]  ) 

.c 
mechanical problems wirh the  pump o €  bJIN318 have been r ecu r ren t  
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Tab1 e 

Date 

299 

306 

313 

320 

327 

3 34 

341  

348 

355 

362 

4 

1 1  

1 8  

75 

32 

39 

4 6 

53  

60  

67 

/ 4  

81  

88  

95 

102  

109 

116 

9 A .  2 

9 . 1 .  Weekly summary statistics of temperatures f o r  E0use #1. 

Basement Temp. ( " C )  
Mean Min Max S.D. -~ ~. 

1 7 . 5  1 6 . 1  1 8 . 4  0 . 5  

1.7.3 1 5 . 5  1 8 . 1  0 . 6  

1 6 . 8  1 .4 .8  1 8 . 1  0 . 6  

1 5 . 8  1 3 . 9  l i . 2  0 . 8  

1 5 . 6  1.3.1 1 6 . 9  0 . 7  

1 5 . 6  l l t . 4 .  1 6 . 7  0 . 5  

1 5 . 0  J.3.3 1 6 . 6  0 . 7  

1 4 . 6  1 0 . 5  1 6 . 1  1 . 2  

1 4 . 2  1 1 . 8  1 5 . 5  0 . 7  

14 .1  1 1 . 8  1.5.7 0 . 8  
**** .*.k*;k **.** .k.k.k.k 

13.G 1 2 . 0  1 5 . 0  O . /  

1 3 . 8  1 1 . 9  1 5 . 5  0 . 8  

1 2 . 0  9 . 3  1 r 1 . 1  1.1. 

11.1 7 . 5  7.3.4 1 . 3  

1 2 . 6  1 1 . 3  1 4 . 0  0 . 5  

1 1 . 2  7 . 6  1 3 . 9  1 . 3  

3.1.1 7 . 3  1 3 . 2  1 . 0  

12.4 1 1 . 0  1 4 . 1  0 . 8  

1 2 . 9  1 1 . 4  1 5 . 1  0.9 

7.3.1 11.1 1 5 . 5  1 . 0  

1 3 . 6  7.2.1 1 5 . 1  0.7 

1.4.9 1 2 . 8  1 6 . 2  0 . 7  

1 5 . 1  1 3 . 9  1 6 . 8  0 . 6  

1 5 . 4  1 .4 .1  1 7 . 1  0 . 6  

1.5.9 1 4 . ?  17.9 0 . 6  

1 6 . 8  1 5 . 6  1 8 . 6  O . . /  

U p s t i i i r s  'i'emp. ( " C )  
Mean Min Mgz_ 
.I_ . . . . 

2 0 . 0  1 6 . 7  27.3 1 . 3  

2 0 . 0  1 7 . 6  2 1 . 5  0 . 9  

2 0 . 3  1 8 . 1  2 2 . 1  0 . 9  

1 9 . 4  1 6 . 4  2 0 . 8  0 . 9  

1 9 . 8  1 8 . 2  2 2 . 7  0 . 8  

1 9 . 7  l ' i . 3  2 1 . 6  1 . 0  

1 9 . 9  1.7.4 23.0 1 ~ . 0  

1 9 . 9  1 7 . 3  3.2.4 0 . 9  

1 9 . 3  7.7.7 2 0 . 8  0 . 8  

1 9 . 8  1 7 . 5  3 3 . 7  1 . 2  
***.k *.A.k* .p.A..+* 

19.0 1 6 . 8  2 1 . 6  1.1. 

1 9 . 5  1 7 . 4  2 7 . 2  0 . 9  

1 9 . 8  1.7 6 2 3 . 6  1.4 

1 9 . 4  1 6 . 1  2 3 . 4  1 . h  

1 9 . 2  1 7 , b  2 3 . 8  1.1 

1 9 . 8  1 7 . 1  2 3 . 6  1 . 3  

1 8 . 6  1 6 . 9  3 1 . 0  1.1 

1 9 . 4  1 7 . 1  2 3 . 0  1.1 

1 9 . h  1 6 . i  2 2 . 5  1.2 

1.9.2 1 6 . 6  21..6 1.1 

1 9 . 7  1 .7 .1  2 1 . 4  1 . 0  

2 0 . 6  1 7 . 8  2 3 . 0  1.1 

1 9 . 8  1 7 . 7  2 2 . 6  0 . 9  

20.1 1.7.7 22 h 1.1 

2 0 , 5  1 8 . 2  2 & . 4  1 . 4  

2 1 . 3  1 8 . 8  2 5 . 1  1 . 6  

Outdoor Temp. ( " C )  
Mc.m Mia Max S .D. - _- 

1 0 . 6  

9 . 8  

i . 8  

1 . 2  

2.8 

4 . 3  

2 . 1  

0 . /k 
1 . 6  

1 . 5  
**+". 

- 0 . 6  

- 2 . 1  

- 2 . 8  

- 8 . 9  

- 6 . 8  

- 4 . 8  

- 8 . 1  

- 1 3 . 6  

- 8 . 5  

- 8 . 0  
->.2** 

- 0 . 3  - 9 . 4  

1 . 6  - 7 . 1 ~  

- 5 . 8  - 1 1 . 3  

- 3 . 6  - 1 9 . 9  

0 . 2  - 7 . 8  

- / ~ . 3  -17 .1 t  

- 7 . 5  - 1 5 . 3  

i . 4  - 5 . 8  

h . 4  - 7 . 9  

1 . 2  - 1 1 . 0  

lk.3 - 5 . 8  

1 1 . 6  - 1 . 9  

8 . 3  - 3 . 0  

1 0 . 4  1 . G  

ll.! 0 . 6  

1 7 . 1  9 . 3  

7'3 0 

2 1 . 0  

20 .4  

11.:. 

17  8 

1 i . 5  

l P . 0  

1 2 . 0  

6 . 8  

10 0 
$ *+.k 

5 . 8  

5 . 4  

5 . A 

4 . 8 

/c . 6 

4 . 6  

5 . 0  

5 3  

3 . 6  

4 . s 
* ;'r A- >'c 

5 . 8  3 . 6  

11- . 5 

2 . 2  4 . r  

1.0 .1  6 . 0  

1 0 . 2  4 . 7  

7.9 4 . 8  

1 0 . 5  5 . 4  

9 . 7  h . 0  

2 4 . 8  7 . 3  

1 6 . 4  5 . 8  

1 5 . 3  5 . 4  

25.8 5 . 9  

1 8 . 0  5 . 2  

2 7 . 1  6 . 7 ,  

2 8 . 4  5 . 2  

2 8 . 1  5 . 1  

I. 2 , 2 



I)zta ____ 

1 9 9  

306 

313 

330 

377 

33ll 

3 4 I 

348 

3155 

362 
L 

11 

18 

7 5  

32 

39 

4 6  

5 3 

6 0  

4 7  

7 4 

31 

88 

95 

102 

3 04 

R s n t - O i i t  P r e s .  ( p . )  
Xem $* F2?A2 &?rl.-, 

I . J . 7  0 . 1 3  2 . b 2  0 . 4 6  

i . 3 4  0.CO 2 . 7 0  0 . 5 4  

1 .23  0 . 2 9  2 . 6 3  0 .54  

1.59 0.50  3 , 6 5  0 . 7 2  

1.7% -0.15 3 , 9 3  0 . 7 2  

l . 7 5  - 0 . 5 2  2 . 8 0  0 . 5 3  

1 . 5 9  0.26 2 . 8 1  0 .52  

1 , 9 2  0 , 6 3  4.7.6 0.69 

1 . 8 3  0 . 3 6  5.05  O . S @  

1 , 7 8  0 . 1 9  3.07 0 , 5 3  
**e$,. ....L fix** *..+*A. -k*** 

2 . 3 2  0 .23  4 .30  0 . 6 5  

2 . 3 2  0 .38  4 . 6 5  0 . 7 6  

3.17 1.26 4 ~ ? 8  13.67 

2 . 4 4  0 . 5 8  5 . 0 2  0 . 9 2  

2 . 2 6  0 , s o  4 . 8 2  0 7 0  

3 . 1 1  1 . .3$  7 . 2 3  I . 2 1  

2.23 0.38 4 . 8 4  Q.79 

1 . 5 %  0 . 4 1  5 . 0 1  0 .71  
1 . 6 3  - 9 . 5 3  3.35 0 . 7 3  

2.1.7 0 . 6 8  5-21, 0 . 9 7  

1 . 9 4  0 . 6 4  3 . 4 2  0 . 5 3  

1 . 1 9  -0.1.5 2 .97  0 . 5 5  

1 . 8 9  - 0 . 7 9  k .02  0 . 8 4  

1 . 2 8  - S . C ) 9  2 . 6 8  0 . 6 3  

1 . 6 1  O.ih 3 . 4 2  O , G G  

M23.n 

0 . 3 1  

0 . 2 1  

0.25  

0 . 4 1  

0 . 4 0  

0 , 3 7  

0 .  GI 

0 . 4 5  

0 . 4 5  

0 , l r f j  

.a.,t. A li +* 
-13.00 

-13.83 

-13.7r3 

- 1 4  . 4 0 

- 1 4 . 9 5  

- 1(!~. 76 
- 1 . 3 6  

0.31 

1.14 

- 2 1 . 3 4  

- 2 1 . 2 4  

0 . 4 5  

- 10.72 
-17.85 

- 1.9 . OG 

K i l l .  

0 . 0 4  

Q,?O 

0 . 0 9  

0 74 

0 . 7 5  

0 . 2 0  

0 . 3 2  

0 . 2 5  

0 . 3 5  

0.30  

A?!** 

- 3 2 . 3 2  

P r e s .  (p.) 
:oix. S . D .  ............ _.___ 

0 . 7 1  0 . 1 8  

O.[.L2 0 .08  

0.41 0.0:7. 

0.63 0.04 

0 . 5 8  0 . 0 8  

0 . 5 5  0 . 0 8  

0 . 6 0  0.1.0 

0 . 7 5  0 . 0 4  

0 . 6 1  0.0s  

0 . 6 2  0.08 
%t. &. * .,k .& -2 * 
0.31 3 . 7 4  

116 1 . 1 3  - 0 . 2 2  4 . C O  0 . 6 1  - 2 0 . 0 6  - 7 2 . S 2  -16  81 1 . 3 3  

0 . L 3  -22 .5  1 40 i . 2 1  

0.51. 0 . 2 2  1 . 3 5  (1.19 

0 . 6 0  0 .1J  1 /I/! 0 . 1 7  

0 . 8 ’ ~  0 . 3 5  1 . 6 1  0 . 2 i  

0.31 0.&5 1 . 7 3  0.33 

0 . 8 1  0 .47  2.16 9 . 7 6  

0 . 9 5  0 . 5 5  i 10 0 . 2 9  

0 . 9 1  0 . 5 6  Z.?? 0 . ? 5  

1.01- 0 . 5 1  2 . 3 7  0.75 

0 .97  0 . b 5  2.25 0 . 3 1 7  

$, kf,: -A k*>V 4 I IC,, k \ h . V  -L. 

I 36 0.73 1 h 8  0 . 3 9  

1 . 3 0  0.35 0 . 3 8  3.41 

1 53 0 . 8 8  0 .9c  0.L3  

1 7 6  0 . 1 3  1 1 5  O . ! S ?  

1 i 9  0 Cr7 O C / 3  3 . 3 8  

1.21 0 . 7 7  2 .86 0 i.1- 

i 29 O . \ !  3 53 0 30 

0 9 1  0 . 3 0  2 L? 0 . 3 .  

0 . 9 0  0 . 5 0  ’7 39 0 35 

1 . 0 6  o./co 2 LL? 0 . 3 5  

1 C’L 0.61  3 - 2 2  0.30 

0 . 7 1  - 0 . 1 5  2.37 0 18  

0 . 7 6  0 . G b  1 !I/ O . ? S  

0 . 1 3  -0.oj t  7 18 0 . 2 8  

0 . 5 9  1 8!3 0 36  

0 . 5 6  0 . 3 i  1 85 i7 30 
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- Date 

299 

306 
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362 

4 

11 

18 

35 

32 

39 

46 

53 

60 
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81 

88 

95 
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1 0 9  

115 

Weekly summary statisCics o f  radon toric-ritrations L o r  I I o a s ~  ‘’1 

L 3 . 1  

4 . 6  

? 7 . ?  

2 i . 3  

?I 8 

25.1r 

33 8 

21.9 

22.4 

24.3 
.A**%> 

20 4 

1 7 . 2  

9.1 

18.3 

8 . 7  

18.0 

13 3 

lb 8 

15.9 

1 8 . 7  
*->;y* 

5.1 2 . 5  

L L .  5 1.9 

6.3 1.8 

4 . 9  1 6  

I t  . 1 1 . 7  

5.0 2 9  

2.0 0 . 0  

1 . 5  0 . 1  

5.3 0.0 

0.7 0.0 

0 . 2  0 . 0  

i? 0 0 . 0  

4 . 2 0.0 

0.5 -0.1 

0.2 0.0 

0 3  0.0 

7 3 . 1  

59.1 

6 0 .  1 

k 9 , l  

47.1 

3/.9 

38.5 

32. I 

31.1 

33.6 

1 0 . 6  

9.6 

3 Q . 0  

8.2 

5.0 

/ . 8  

6.8 

4 , 8 

1 6  6 

0.5, 

1 1  

29 9 

3 3  6 

4 0 . 3  

1 . 3  

1 . fL 

8 . 3  

9 , 4 

12.6 

5.7 

6 . !  

3.7 

5.1 

3 . ?  

2.7 

3.2 

A>?* 

1 . 7  

1.1 

3 . 3  

1.3 

1 . o  
1.1 

2 . 0  

9.8 

5 b 

0 . ?. 

0 . 7  

II 0 

6 !3 

2.6 

D . 2  

0 . 7  

7 3  1 

21. j 

1 6  8 

17.8 

1 6  3 

16.0 

1 5  6 

15 / 

15 6 

16. / 
-k ;<*>;,< 

iij .8 

70.5 

6.2 

11.0 

6 . 4 
I . 1 

1.0.0 

9 ‘3 

1-1 1 

i. 3 . ? 

9:9<** 



]Sate _- 

299 

306 

313 

3 2 G  

3 3  7 

3 Y c  

34 1 

342  

35: 

3c2 

4 

il 

18 

? >  

3 2  

39 

6 6 

3.3 

60 

6 1  

74 

81  

88 

95 

103  

10'3 

116 

62.4 

63.4 

6 l . 3  

5 4 . 7  

5 2 . 5  

55 .3  

5 0 . 6  

50,o 

L 9 . 6  

4 9 . 5  

.l...* ..' 
h 4Cx.k 

5 9 . 2  

5 6 . 6  

55.1 

4 6 . 8  

S8.3 

50.1 

4 6 . 3  

h 4 . 7  

4 5 . 3  

4 5 . 8  
***.A 

5 5 . 6  

6 7 . 0  

6 9 . 8  

65.8 

55 .8  

S0.6 

59 .0  

5 6 . 4  

54.2 

5 5 . 5  
***A 

1 . 6  

3 . 0  

4 . 2 

5 . 1  

2 . 2  

2 . 3  

3 . 8  

2.9 

2 . 2  

2 . 8  
**A* 

4 5 . 0  4 3 . 0  4 8 . 0  1 . 2  

115.7 41 .7  5 1 . 1  1 . 4  

4 1 . 9  3 5 . 0  45.8  3 . 6  

3 9 . 3  3 2 . 2  4Lc.h 3.7  

42.1  -39.b 4 s . e  1..5 

3 8 . 7  31.0 113.6 3 . 1  

3 3 . 9  30.7 1 7 . 0  1 . 4  

39 .8  3 5 . l ~  52.1 3 . 8  

4 5 . 8  4 2  2 52 0 2 . 3  

39.1  31 .6  4 9 . 7  4.6 

37.0 3 3 . G  4 1 " l  2 1 

65.3  40.6  53.0 3 . 4  

54.0 4 6 . 5  7 1 . 8  5 . 9  

Y>.0 5 0 . 3  58 -3 1 . 9  

57.5 58 .1  6 8 . 5  5 , 2  

5 3 . 9  4 7 . 2  7 0 . 4  5 . 2  

0.936 

0 ~ 440 

0 . 8 9 4  

0 "826 

0 845  

6.876 

0 , 8 3 5  

0.838 

0 ~ 8 2 3  

0.845 

2 &-A ** 
0 . 7 7 1  
0 "  7 8 5  

0 ~ 7h?  

0 . 7 6 9  

0 . 1 3 5  

0.800 

0 , 7 s o  

0 ,801  

0.856 

0 ~ 808 

0 .837  

0 .942  

0.915 

0 913 

0.940 

0 9 6 4  

0.000 

0 1163 

0 . 1 6 3  

0.140 

0 127  

0 . 1 7 7  

0,173 

0 ~ 073 

0 1000 

0.050 
*A&** 

0 000 

0 . 0 0 0  

0 . 0 3 3  

0.000 

0.007 

0.000 

0.000 

0 .  coo 
0.000 

0 .008  

0.000 

0.053 

0.183 

0.120 

0 . 2 9 3  

0.387 

1. 000 

1.00(3 

1.000 

I. 003 

1.030 

1. 009 

I ~ 000 

1. coo 
1. coo 
1.060 
.>-&.A ** 
1 .oo0 

1 I000 

1.000 

1.000 

1 I oca 
1 . 0 0 0  

1.000 

1" 000 

1.003 

1 I aoo 
1 . 0 0 0  

1.000 

L n 008 

1. 000 

1 . 0 0 0  

'I. 000 

0.139 

0.128 

0,139 

0.158 

0 . 1 5 5  

0 ~ 1-32 

0.153 

0 . 3 5 6  

0 .1/4 

0.174 
-k*Jr** 

0 "  194- 

0 ,207  

0 206 

0 . 2 5 1  

0 * 70% 

0 " 2 2 8  

0.309 

0.191 

0.208 

0 .703  

0 . 1 7 4  

0.176 

0.131 

0 . 1 4 4  

0.111 

0.079 



23../r 1.0 

,? 3 . 6 1~ , 0 

22.8 1 . 4  

? $ . I  1 . 6  

2 3 . 6  l . 6  
1 4 . 3  j , &  

2 3 . 3  1 . 3  

2 4 . 9  i . 5  

2 3 i,. 0 . I+ 

2 3 . 0  1.: 
.> *, -.._-_ 

n I\ 
.k 

2 3 . 8  1 . 3  

2 2 . 5  0 . 7  

2 3 . 7  ?.t 

7 4 . 2  2.1. 

23.3 1.6 

1 9 . 9  1 . . 3  

20.0 1.3 

2 0 . 1  I . . ?  

22.9 1 .h  

20.1 1.2 

20.2 1.0 

22.2 1.2 

2 1 . 7  0.9 

22.6 1.0 

?2.5 1..5 

2 3 . 6  1.7 

11.2 -2.-5 23.5 5.8 

1 0 . 3  - I  .5 20.6 5 [I 

i 2  -2.7 ? .Y i  4.5 

2.1 -9.1 13.2 5.2 

3.8 -5.6 1 3 . 9  4 . 7  

3 . 8  - 4 . 5  18.4 5.1 

3.2 -8.0 12.5 k . 8  

11.7 - 3 ? . 6  1 2 ~ 1  5 . 0  

2..3 - 6 . 9  7.8 3 3 

2.5 -6.2 10.0 (4.0 
s: ;: .k*,t* 

0 -3.7 

7.G -7.3 

-2.9 l Q . 2  

-5.9 -19 9 

-2.6 -16.0 

- 3 . 4  - 1 5  3 

1.3 -1.4 

3.5 - 5 . 5  

5.1 - 1 . 1  

1 . 4  - 9 . 9  

7.1 -5.0 

12.5 -0.5 

9.0 -2 9 

11.2 2.7 

11.9 0.1 

13.6 0 . 1  

-1 .L.,.. x , , , k  

6 . L  

12.8 

1.8 

3.9 

7.9 

6 . 4 

9.1 

9.8 

2 3 . i L  

9 . 3  

20.9 

31 8 

18.9 

7 b  9 

24.8 

25 8 

*+-2 

3 5  

( I  . e 
4.1 

5.6 

4 . L  

'c . 9 

3.7 

4 . 1 

8. I 

4.1 

b . @  

5.8 

5.2 

5.8 

l c .  i 

5.6 
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Table 9 . 6 .  Weekly smaa.sy statistics o f  differential pressures f o r  House t13. 

Date __ 

299 

3C6 

313 

321 

328 

335 

342 

349  

3 56 

36'15 

4 

11 

18 

25 

32 

39 

46 

5 3  

61 

69 

75 

83 

'30 

95 

102 

109 

116 

B s r n t - O u t  Pres ~ (pa) 
Mean !& Maxl.:. s.,,g-.- 

1 . 8 2  0 .17  5.05 0.86 

2.27 0 . 3 5  7.68 1 .39  

2 . 6 2  -25.00 7 . 2 2  1 .96  

3.40 1 .20  12.64. 1 .70  

4.08 - 0 . 2 1  12.G9 2 .23  

3 , 4 6  -1 .49  10.09 1 .43  

4.04. 0 . 8 4  11.77 1 .98  

4 .54  1..05 13.18  1 . 9 1  

3.93 1 . 9 3  10.86 1..48 

3.68 1 .36  9 . 0 6  1 .12  
*>i..k.k &%** *A** w c . k *  

4.4.3 2.40 8.13 '1.23 

4 . 1 6  -94.99 7.30 0.84 

5 .35  2 .21  15.58 2 .54  

5 . 9 1  2 .41  10.37 1 .62  

5 . 5 2  -94.99 12.80 2 . 4 5  

4 . 7 3  1.99  11 -08  1 .76  

4 . 4 5  0.90 10 .16  l . 8 8  

3 .15  0 .21  10.04 1 .80  

3.60 -1.36 11 .06  2 .38  

3 . 7 9  0.84 9.93 1 . 9 6  

3.12 -0.54 10,22 1.65  

0 . 7 3  -5 .17 3.42 1 - 5 6  

2 .30  -5.22 1 1 . 7 5  2.94 

2.13 -2.22 6 . 5 6  1 .46  

1 .60  -1.06 5 .51  0 .91  

1 .27  - 5 . 7 8  5 . 3 4  1.49  

Bsmt - Subslab P r e s .  (pa)  
~~~~~~ Mi.11. Max.. s . D I 

0.39  

0 .38  

0.38 - 
0.56 

0.55 

0 . 9 2  

0.58 

0 .39  

0 .35  

0.36 
*>k** 

0 .31  0.56 Q . 0 4  

0 . 2 8  0.56 0.05 

25.00 0 .61  1 .38  

0 . 4 3  0.79  0 . 0 8  

0.40 0 .70  0.05 

0.47 1 .22  0 . 2 1  

0.26 1 . 2 0  0 . 3 2  

0 . 2 7  0.59 0 . 0 6  

0.23  0 ~ 4 4  0 . 0 4  

0.20 0.58 0.06 
***.k **** *-2** 

0.41 0.32 0 . 5 9  0.06  

0.37 -94.99 0 . 5 1  0 .06  

0.39 0 .23  0 . 6 2  0.09 

0 .50  0.31 0 .73  0.10 

2.65 -94.99 5 .85  0.88 

2.68 1 . 5 8  4 .18  0.53 

2.19 -25.00 3.38 1 .80  

1 . 8 3  0 .71  3 .31  0 . 5 8  

2.3.1. 0 .15 5.22 l . 0 2  

2.35 1 .54  3 . 5 9  0.40 

1 .89  0.79 3.54 0.46 

1 - 0 7  -0.42 2.1% 0 . 4 8  

1 . 7 6  -23.77 3 .73  2 .38  

1 .61  -2.95 3 * 0 4  0 . 8 1  

1 , 5 0  0 . 1 6  2 .93  0 .48  

0.34 

0 . 3 1  

0 . 4 2  - 
0.76 

0.76 

0 . 7 1  

0 . 9 1  

0 . 9 7 

0 .99 

0.90 

-0.14 2.19 0 .35  

-0.63 2.65 0.50 

35 .00  2 38 J . . U  

-0 .15  3.47 0 . 7 6  

-0  09 3.15 0 .75  

-0.13 3 . 3 5  0 . 7 2  

-0,12 3 - 3 3  0 . 6 8  

-0 .16 3 .13  0 72 

0 - 0 6  1.59  0.30 

-0 .06 3 10 0 .65  
.k*.g,.> ..p*>I& *-%..,.* k.k.2-k 

1 .02  -0.1.0 2 .95 0 .64  

0.95 -94.99 2 - 3 8  0.47 

1 .16  -0.15 3 .34  8 . 7 8  

1 . 0 0  -0.48 2.92 0 .84  

0.20 -94.99 2.22 0.68 

0.18 - 0 . 7 8  2.06 0.67 

- 0 . 1 1  -25.00 2.19 1 .75  

0 .02  -22.49 2 .41  1..61 

0.02 -5 .61  2 . 1 2  0.57  

-0.02 - 0 . 6 6  1 . 7 8  0.53 

-0 .05  -0.73 2 . 1 7  0 . 5 7  

-0 .22 -0 .73  2 .05  0 .36  

-0.15 -1.22 !..96 0.57 

-0.32 - 8 . 2 3  3 . 9 4  1 , 4 2  

-0.1.4 -0 .78 2.00 0 .40  

1.52 -2.09 3 .31  0 . 6 4  -0 .45 - 4 . 5 7  2.02 0 . 8 6  

c 





5 5 . 4  5 1 . 7  59.Y ? , I  

5 7 . 2  50.0 6O.Y 7 . 9  

5 h .  9 0 . 0  5 3 . 5  4.1 

4 8 . 3  4 2 . 9  5 4 . 9  4 - . l  

4 3 . ~  ~ ~ r , . ; i  5 3 , o  2,n 
50.9 4 5 , 1  5 7 . 9  3 . L  

48 .0  4 4 . 8  5 h . 9  2 . 9  

4 6 . 5  4 2 . 3  5 1 . 0  2 . 2  

4 6 . 4  4 4 . 3  4 9 . 3  1.2 

4 6 . 8  44.1 5 1 " 0  1..9 
22-2 b A 

44 . 4 

4 3 . 3  

4L.1 

7 9 .  I 

4 9 . 7  

38.1 

140.3 

4 3 . 1  

4 3 . 8  

40 .7  

41.7 

4 6 . 9  

**d 

0 . 5  

i) 8 

1 . 8  

1 . 7  

1.5 

1 1  

1 0  

2 . 2  

2 1  

I F ,  

1. i 

% . 5  

0 . 3 1 3  

0 . 0 8 /  

0.0afi  

0 .  oeo 
0 .000  

0. G C i i  

0 . 0 0 0  

0. no0 

0 . 4 5 0  

0. CnO 

0.1j1 

0.158 

n.177 

O . Z i t 9  

0.7311 

0 . 7 3 4  

0.215 

0 .  ?/As2 

0.101 

0 . 2 1 6  
J. I, ._ 1- 43\x h* 

0 . 3 6 6  

0 . 3 3 2  

0.36c3 

0 . 3 5 1  

0.311 

0 . 2 / 4  

0 . 2 6 7  

0 .  ,755 

0 . 7 5 %  

0.3'1') 

0 . 3 3 2  

0.113 

9 5 5 i . O  l k 3 . 3  14.7 1.1 0 . 8 5 8  0.c33 1.coc 0.31  / 

1 0 7  6 2 . 1  44.6 6 8 . 8  5 . 9  0 84?  0 . C C D  1 05,2 0 . 2 0 9  

103 5 2 . 6  5 6 . 1  6 9 . 6  3 . J  0.919 0.10/ 1.ocn O . r z l h  

116  6 7 . 2  5 8 . 5  7 3 . 3  3 . 4  0 . 9 4 9  0 . 7 9 i  1 0C.C 0 .122  



;aLl,Le 

U a t e  

299 

306 

313 

310 

33 / 

33/+  

341 

348 

333 

362 

4 

11 

1 8  

25 

37 

39 

LEI 

53 

60 

6i 

,! 4 

81 

88 

95  

I02  

104 

116 

9 9 . 1 0  

9 . 9 .  Weekly suiimary statistics or tempersiures f o r  Iioiise +3 .  

13 a s e iw n t 'I 
Meail M i 1 1  ____ - 

1 8 . 5  1 7 . 5  

1 8 . 3  0 . 0  

1 8 . 3  1 7 . 6  

1 7 . 6  16.1 

1 /  -'I 1 5 . /  

1 7 . 2  1 5 . 8  

16  9 1 5 . 6  

1 6  5 1 5 . 1  

1 6  0 1 3 . ?  

1 5 . 4  1 2 . 1  

1 5 . :  1 3 . 8  

1 6 . 0  1 5 . 2  

1 6 . f ~  15.1 

1 5 . 4  1 / ~ . 3  

1 5 . 4  1 3 . 5  

1 6 . 5  l b . 3  

1 6 . 1  14.1 

1 5 . 9  1 4 . 2  

1 6 . 5  1 5  5 

1 i . +  16.7 

1 7 . 2  1 6 . 3  

I J . ~  1 4  8 

L / . O  1 h . 8  

j8.2 1 6 . 6  

1 8  3 1 l . 3  

1 8 . 6  1 7 . 4  

1 8 . 6  1 7 . 5  

* -  

'cn1p. ( " C )  
Max S . D  _ _ _  

1 9 , 0  0 . 3  

1 9 . 0  1 . 0  

1 9 . 1  0 . 3  

1 8  L 0 . 5  

1 8 . 8  0 7 

1 8 . 1  0 . 5  

1 7 . 7  0 4 

1 7 . 5  0 . 6  

1 7 . 0  O . /  

1 6 . 8  1 2 

1 7 . 8  0 . 4  

1 6 . 5  0 . 2  

1 7 . 8  0 . 4  

1 6 . 1  0 . 6  

1 6 . 4  0 . 6  

1 8 . 0  0 . 5  

1 7 . 2  0 . 1  

1 6 . 8  0 . 5  

1 7 . 4  0.5 

1 9 . 5  0 . 5  

18.0 0 . 4  

l l . 8  o . /  
18. /c  0 . 5  

1 9 . ?  0 . 5  

1 3 . 2  0 . 3  

1 9 . 3  0 . 4  

1 9 . 5  0 . 5  

21 .6  

31 5 

22 7 

3 1 . 8  

31.6 

31 3 

20.21 

30 7 

20 I 

71 L 

2 1 . 5  

71 5 

2 1 . 7  

? I  /I 

2 2 . 0  

27 1 

22 3 

2 2  2 

22 3 

22 I 

23 0 

33  3 

22 8 

73 1 

2 3 . 3  

2 3 . 2  

73 1 

2 0 . 7  2 2 . 6  0 . 3  

0 . 0  22 .7  1 . 2  

3 l . 0  2 3 . 2  0 . 4  

2 0 . 7  2 2 . 8  0 . h  

2 0 . 5  2 2 . 5  0 . 4  

1 9 . 6  23.1. 0 . 6  

2 0 . 2  2 1 . 6  0 . 3  

19.7 2 1 . 6  0 . 4  

i 8 . 1  21 7 0 . 5  

2 0 . 1  2 2 . 3  0 . 4  

2 0 . 2  2 2 . 6  0 . 4  

2 1 . 0  22.3.  0 . 3  

20.9 ? 2 , h  0 . 4  

20.0 2 2 . 8  0 . 6  

1 9 . 5  2 3 . 2  0 . 6  

2 0 . 3  2 3 . 3  0 . 5  

2 1 . 3  2 3 . 1  0 . 4  

2 2 . 2  2 3 . 1  0 . 5  

1 . 0  2 3 . h  l . ?  

2 l L 3  2 4 . 5  0 . 5  

%1. .5  2 4 . 1  0 . 6  

2 2 . 3  2 4 . 3  0 . 4  

2 1 . 4  1.4.9 0 . 6  

?1..7 2 4 . 7  0 . 6  

2 1 . 2  2 5 . 5  0 . 7  

2 2 . 2  2 5 . 7  0 . 6  

? 1 . 3  2 6 . 5  0 . 9  

Outdoor Temp.  ( " C )  
Mean Mill M a x  S A  __ 

1 2 . 6  2 . 1  2 3 . 0  4 . 9  

1 0 . 1  -1 2 2 1 . 6  5 . 1  

8 . l ~  - 0 . 3  2 0 . 1  5 . 0  

2 . 5  - 7 . 5  ? ?  3 l e . 7  

1 . 5  - 6 . 3  11.6 4 . 3  

4 . 3  - 5 . 8  1 7 . 8  4.5 

3 . 8  - 5 . 7  1 2 . 1  4 . 0  

0 .1  - 1 1 . 7  1 1 . 8  4 . 8  

2 . 3  - 5 . 5  7 . 3  2 . 8  

7 . 6  - 4 . ?  10.0  3 . 3  

1.0 - 7 . 5  1 2  1 3 . 6  

0 . l ~  - 6 . 5  4.3 2 . 1  

2 . 2  - 7 . 9  1 2 . 1  h . 6  

- 5 . 5  - 1 4 . 7  1 . 7  4 . 3  

- 2 . 9  - 1 5 . 9  I? 5 5 . 7  

1 . 7  - 6 . 1  1 2 . 2  3 . 9  

- 3 . 8  - 1 7 . 2  5 6 / ) . I  

- 1 . 5  - 1 5 . 0  1 1 . 9  5 . 3  

1.6 - 5 . 3  8 . 7  3 . 5  

6 . 0  - 5 . 4  2 6 . 0  7 . 7  

1 . 6  - 1 0 . 8  1 7  3 6 . 0  

4 . 8  - 3 . 5  1 5 . 7  !(.I 

1 2 . 8  1 . 6  2 3 . 8  5 . 9  

8 . 7  1 . 7  18 8 5 . 0  

1 1 . 5  ' 1 . 2  28 3 5 . 7  

1 2 . 3  3 . 3  28 3 lA.9 

1 4 . 6  3 . 5  3 0 . 7  6 . 4  



B s m t - h i : .  P r t s  . (pa> 
Ds t e  x e i m  Nil:. Max ~ s . D . __._ ^ 

* 

3.99 2 . 0 2  0 . 3 1  4 . 3 0  0 . 6 ?  

306 2.53 -25.80 4 . f 2  7..67 
t 7:1:3 3 . 3 8  

320 4 . 5 7  

327 4 . 0 6  

334 3.29 

3141 h . 6 9  

348 5 . 2 6  

355 3 . 6 8  

3 6 2  4 . 2 8  

4 5 . 1 0  

7.1 5 . 4 2  

1s 5 . 0 6  

25 6 . 6 5  

32  5 . 4 8  

39 5 .50  

4 6  6.14 

5 3  4.97 

60 4.32 

67 4 . 1 9  

74  4.21 

81, 2.45  

88 1 . 9 5  

95 3 . 5 1  

102 2.72 

109 2.36 

1-16 1 .88  

1..1.9 5.80  1.C):- 

2 . 1 5  8 . 1 2  l . . I I .  

1 . 9 6  8.17 1 . 3 4  

- 1 . 5 9  5 . 8 7  0 , 7 8  

1 . 9 3  10.40 1 .39  

2 - 6 5  9 . 1 6  1.33. 

0 . 2 9  8 .78 1.29 

0 . 4 9  7 . 8 0  1 . 6 2  

2 . 7 9  12.7ri  1 . 3 1  

3 . 5 8  1 2 . 7 4  1.40 

2 . 7 9  1 0 . 9 6  1.56 

3 . 6 0  15.62 2 . 2 1  

3.15 8.14 1 . 0 3  

3 . 5 0  10.16 1 .42  

3.67 1.0.62 1 . 4 1  

3 . 2 9  8 . 1 4  0 , 9 3  

,25.00 8 . 9 7  1..88 

- 2 . 8 1  11.57 1 . 8 7  

l . 3 7  5.17 1. 05  

l.03 s . 3 4  0 . 8 1  

0 . 0 1  5.73 0 .81  

0.18 9 .02  1 .14 i i  

0.18 5 .50  0 . 8 5  

0 . 2 6  4 . 2 5  0 . 8 4  

0.07 3 . 9 0  0 , 9 3  

0 . 5 0  0 . 3 6  

0 .  47 - 2 s 00 

0 . 5 1  0.43 

0 . 7 7  0 . 6 9  

0 . 7 7  0 . 6 3  

0 . 7 5  C).6JL 

0 . 8 3  0 . 6 2  

0 . 9 0  0 .  713 

0 . 5 8  0 . 5 5  

-0.61. -19 .33  

-14.9: - 2 1 . 1 5  

-15.31 -20.22 

- 1.1 .12 - 13  . 17 

-10.35 -12.23 

- 2 . 3 8  -11.34 

- 7 . 7 3  - 1 2 . 7 9  

-10 .52  -12.63 

- 7 . 1 5  - 1 2 . 0 7  

- 0 . 7 i  - 2 5 . 0 0  

-1 .50  - 5 . 9 6  

- 2 . 7 4  -5.1.5 

- 3 . 3 7  - 5 . 0 6  

- 6 . 3 5  -5 .55 

- 2 , 3 6  - 1 3 . 6 9  

- 4 . 5 2  - 6 . 1 8  

- 4 . 5 5  -6.Lkct 

-4.12. - 5 . 4 9  

0 . 6 3  0 07 

0 . l L  1 -36 

0 . 7 6  0 . 0 8  

0 . 9 5  0.oq 

0 . 9 6  0 . 0 9  

0.93 o . o /  
l . 0 6  0 08 

1.13 0 03 

0.89  0.11 

0 . 6 6  4 . 6 4  

- 8 . 2 6  3 . 3 9  

- 8 . 5 6  3.81 

-9.13 0.50 

- 8 . 2 6  0 .89  

1 . 9 4  5 , 4 i  

1.55  5 2 1  

- 8 . 6 9  0 . 8 7  

-2.69 5 . 3 1  

0 . 3 ?  3 7 5  

0.32 1 . 9 3  

- 1 . 2 4  r7 ,80 

- 1 . 3 9  0 70 

- 2 . 8 6  0 59 

1 .35  2 55 

- 2 . 9 7  0 . 6 L  

- 3 . 1 0  0 . 6 8  

- 2  8 '  0 , s s  

0.10 - 0 . 4 0  0,61 0 . 2 3  

0 . 0 3  - 2 5 . 0 3  0 .73  1 . 9 0  

O.2k - 0 . 3 6  1. 0 2  0 . 2 4  

0.34 -0.4Lt 0.76 0 . 2 L  

0.42  - 0 . 5 0  0 . 8 7  0.21, 

0 . 3 4  - 0 . 3 4  0 . 9 7  0.26 

0 . 3 9  - 0 . n  0 ; 1 1  0 . 2 1  

5 .42  - 0 . 1 6  0 .89  0.16  

0 , 4 s  - 0 . 4 3  2 . h 2  0 .39  

0.49 -1.1.3 1 . 2 3  0 . 5 5  

0 , 8 2 .  -0 .13 1.33 0 . 2 1  

0 . 8 3  0.01. 0 . 8 3  0 . 2 0  

0 , 7 9  0 . 2 8  0 . 8 3  0.18 

0 . 8 4  0.21 0 . 8 1  0 . 2 2  
0 . 7 3  -0 .21  0.88 0 . 3 0  

0 . 5 3  - 0 , 2 5  0 . 5 9  0.26 

0 .82  - 0 . 0 8  1 . 2 8  0 . 2 0  

0 . 8 0  0 . 2 0  1.25 0.22 

0 . 5 7  - 2 5 . 0 0  1.08 7 .43 

0.53 - 0 . 2 0  1..7.7 0 . 2 7  

0 . 5 3  - 0 . 1 6  0 .95  0 . 2 4  

0 . 0 5  - 0 . 5 5  0.86, 0 , 3 u  

0.02 -0 . i ih  0 . 8 0  0 . 3 0  

0 . 3 3  - 9 . 2 6  0 . 7 4  0 . 2 3  

0 . 2 7  - 0 - 4 1  0 . 7 6  0 , 2 h  

0.1'3 - 0 . 3 2  0 . 6 3  0 . 2 3  

0 , 0 5  - 0 . h 3  0 . 7 2  0 . 2 5  



33.8 

47 . b  

50.3 

5 9 .  I 

59 3 
6 7  5 

6 4 . 2  

61,. 7 

56 8 

J.2 

0.2 

0 . 2 

0.2 

1 . 2  

22.1 

10 2 

0.5 

. 8 

3 .  i 

"i 

1 '4 

0.6 

0 '? 

5 . 4  

0 . 5 
0 4  

0.4 

1 1 . 3  

13 a 
9 . 0  

(.I 8 

3 3 . 6  

32.1 

i i 2 . 5  

h5 .A 

0 . 0  

0 . 0  

0 . 0  

- 0 . 2  

0 . 0  

3 . 0  

0 . 3  

c . 0  

0 0  

0.0 

\ I  . li 
0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 0 

0 . 0  

- 0 . 1  

1 ! 8 . 5  

6 3  . L A  

66.9 

/ Y  .cl 

53.. :I+ 

9? . :3 

E l .  5 

8 5 . 2  

? .7 . 5 

1 . 1  

1.0 

1.0 

0 . 6  

92.8 

5A.9 

k7 .C  

1.9 

2.0 

1.5t . 7 

3 . 2  

2 . 8  

2.1 

1. . /! 
4 6 . 8  

j . 3 

l.? 

1.3 

-. 

8.0 

9.5 

9 . 7  

8 , '4 

9.8 

12 L 

9 . 0 

7 . 5  

28 ./I 

0 . 3  

0 . 2  

C . ?  

0 . 2  

1 . 3  

3 0 . 6  

16 1 

0.3 

U . 5  

3 . 5  

0 . 7  

0.6 

0.5 

0.3 

10. 7 

0.3 

0.3 

0.3 



X.e.iTi 

-59.5 

53. 1. 

5 6 . 6  

4 6 . 9  

4 5 . 3  

4 8  . i. 

!,T. 2 

G?. 0 

4 3 , 7  

47 .2  

40 . 4 

413.3 

3 9 . 5  

35.3 

3 2 . 5  

3 4 . 3  

30.5  

2 5 .  i 

3 0 . 3  

3 3 . ?  

5 o .  s 
2 7 . 5  

7 9 . 3  

41. . !! 
*-* L . 5 

4 3 . 4  

53.4 

I 7  

;Xin 

5 5 . 3  

0 . 0  

51. f 

41 5 

4 3 . 2  

4 3  7 

f ;2  8 

37.3 

Id) I1 

3 3 . 8  

3 5 . 7  

3 9 . 2  

3 5  7 

28 ii 

2 6 . 3  

30 

3 5  4 

27 5 

7 7 . 9  

?n 0 

7 5  6 

2 3 . 7  

33 (1 

I / . b  

/in, 0 

33. '3 

4 3  a 

s 13. __ 

1.6 
I -  r . J  

3 3  

3 ?  

1 . 8  

2 1  

2 1  

2 5  

2 . 4  

1.9 

1 5  

0 .  / 

1 8  

4 . c* 
3 . 7  

7 8  

3 . 0  

1 1  

2.2 

3 1  

3.7 

3 0  

3 1 )  

7 7  

0 7  

2 . 3  

2 6  



16. I 
7 ,  - J-:+ . !. 

16.5 

1 5 . 4  

11. '5 

1.3.2 

13.0 

l , l c  . 5 

1 3 . 7  

1 3 , Q  

1 ?* 5 

1 3 . 3  

13.3 

12.6 

1.2. 8 

1 3  0 

:? . ;) 
: 1 . 7. 

13.2 

1 3 . 9  

13.9 

15.4 

12.5 

10.3 

1 3 . 0  

13.1 

15.3 

12 I 3 . 8  

l(i -3 0 . 0 
2 0 . 5  - 7 . 2  

6 . h  - 8 . 6  

2 . 2  - 5 . 0  

5.0 -2.3 

? . 7 .  -6.1 

0.9 -11.6 

1. .8  - 4 . 8  

1. 9 - 5 . 9  

-0.6 -6.3 

- 0 . 7  -6.3 

1 .5 -7.9 

- 5 . h  - 1 5 . 7  

- _s . 0 - 1.4 . 5 

:I 7 - 7 . 3  

.-5.0 -38.2 

-2.6 - 1 6 . 7  
(j 'j -5.6 

5.7 - 4 . 8  

0 . 6  -10.3 

3 . 9  - 3 . 5  

12.0 2 . 6  

I . I  - 2  7 

lo . s h . 3 

17 0 2.9 

13.2 3.5 

7 7 

25.9 4.5 

21.8 4.4 

32.8 5 . 7  

22.2 7.1 

12.1 4 . 4  

1 6 . 8  3 . 0  

11.5 l b . 2  

r0.1 4 . 0  

6.2 2.5 

8.6 3.1 

& . 6  2.2 

4 . 6  2 6 

10.9 4 . 5  

1.1 6 . 8  

2.5 G . h  

6 . 4  3 , 6  

3 . 9  h . 8  

1.0.2 5.2 

7.5 3 . 6  

2 ( 4 . /  1 . 2  

1 5 . 3  5 . 8  

I/!. i (1.9 

23.8 5.1 

1.6.0 4 I 

?6.2 5 . 1  

2 : r . g  4.5 

3 6 . 9  5 . 4  

- 
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Table 9 .  I[&. Weekly summary s t a t i s t i c s  o f  d i f f e r e n r i a l  pressures fn i  H W ~ C  # 4 .  

* 

299 0 . 9 3  - 0 . 8 8  3 - 6 5  0 . 9 5  0.33 0.2s  0 .42  0.03 

306 1 .29  -0.1.0 6 . 4 8  1 . 1 0  0.3'7 0 .30 0.56 0.04 

313 2,11 -0 .18 5 . 3 6  1 . 4 2  0 . 4 1  0 . 3 0  0 . 5 3  0 . 0 5  

320 3.33  l . 2 4  8 . 6 6  1 . 4 3  0 .51  0 .37  0.70 0 , 0 6  

3 2 1  2 . 8 3  0 . 6 8  6 . 7 0  1 .49  0 . 5 3  0.4& 0.64 0 . 0 5  

334 1 . 8 4  - 0 . 3 8  5 . O h  1 . 1 3  0 .50  0 . 4 3  0.59  0 . 0 3  

3 4 1  3 . 5 7  0 . 2 7  7.57 1..40 0 . 5 3  -2 .10  0 . 6 8  0 . 2 0  

3 4 8  3 . 9 1  1.17 8 . 7 7  1 . 4 7  0 . 5 8  0 . 4 3  0 , 8 0  0.07 

355 4 .89 1 . 2 1  1.0.113 1 . 6 3  - 1 . 9 9  - 2 . 9 ' 1  0 . 7 &  0.91  

362  4 . 9 9  2 . 5 5  9 . 9 7  1 . 5 6  - 2 . 1 5  - 2 . 8 2  0.1.8 0 , 2 9  

4 5.05  0.913 9 . 2 7  1 . 3 0  - 2 . 1 5  -?..SO - 0 . 6 2  0.1.8 

11 5 .57  3 , 0 7  10.38 1 . 7 4  - 2 . 0 7  - 2 . 5 4  1..2i. O e [ L : !  

18 4.44  -1 .31 .  9 . 4 5  1 . 7 9  -0 .56  - 2 . 6 7  1 . 9 6  l . 7 5  

25 6 . 3 8  2.21  11.68 2.48  -0 .47  -2 .00  1.,85 1 . 1 9  

32 6 . 7 9  3 . 3 8  1.1.38 2 . 0 s  - 1 . 4 8  - 2 . 0 4  - 0 . 7 4  8 . 3 9  

33 4 . 6 8  2 . 4 6  10.10 1..63 - 1 . 7 8  - 2 . 1 9  - I  . 0 3  0,%/+ 

4-6 6 .hO S.53 1.3.12 3 . 2 4 -  -1  .40 -2.01. - 0 . 5 2  0.38  

53 7.81 3 . 4 4  12.20 1 . 3 4  -0 .31  - 1 . 3 7  7 . 0 3  1.!+0 

6 0  5 . 2 0  2 . 1 1  8 . 4 1  1 . 3 6  -1.78 - 2 . 5 6  -1 .28  0 . 2 6  

6.7 3 . 5 2  - 0 . 6 9  9 .43  2 . 7 4  1 . 9 9  -2.3G 6 . 2 8  ' 3 . 6 8  

74 4 . 0 5  -0 .02 7.55 1 . 7 7  2.02 -2.27. 6 - 6 7  3 . 8 7  

81 4.24 2 . 0 2  6 . 6 0  1 - 2 0  - 1 . 9 6  - 2 . 3 5  -1 . .6?.  0 .18 

88 0 .77  - 0 . 8 3  5.58  0 . 9 5  -1.1.1 - 2 . 9 7  0.72  l . 5 5  

95 1 . 5 5  0.24. 6 . 8 1  l . 1 3  0 . 7 1  - 1 . 4 5  1 - 4 6  0 . 2 1  

102 2 . 2 0  -0 .38  8 . 4 8  1 . 5 2  -1.41 -3,13 1.44  1..74 

109 2 . 1 9  0 . 3 9  8 . 1 9  1 . 3 8  -2,159 - 3 . 0 6  - l , 8 8  0 . 2 1  

116 1 . 9 &  0.57 7 . 1 1  0 . 8 6  - 2 - 8 7  -3.1.9 - 2 . 2 1  0.1.6 

0.Y8 

1 . 2 5  

1 . 3 8  - 
1.48  

1.49 

1.. 21 

1.34 

I ~ 7 3  

2.20  

2 . 2 6  

J.. 6 3  

2 . 0 4  

7.. 52 

2 . 2 4  

2 ' 5 2  

1 . .  7 5  

2 72 
I. . l! 0 

1.7'2 

1 , L g  

'1. , S O  

1.33 

0 , 8 S  

0 . 9 4  

1." 1.0 

1 . 1 6  

0 .98  

0.68 ? . / ( A  0 . 6 2  

0.68 5 . 8 9  0.130 

9 . 8 1  27 18 2.21 

0 . 4 3  5 1 0  1 . 0 5  

0 . L 7  ti 05 1.26 

0 5 1  3.32 0 .81  

0 . 3 7  3 1 . 1 6  

n 5 .06  1 . 1 1  

0.27  6 . 9 5  1.51 

0 . 6 2  5 .81  1 . h 2  

0 - 5 2  5 . 5 7  1.77 

0 .47  6 . 5 1  1.73 

9 - 2 2  5 . 3 8  1 . 7 7  

0.30 6.21. 1 . 8 0  

0 . 4 4  h.Ok 1 . S I .  

c) Q q  6 . 3 1  3 . 5 8  

0.50 6 . 5 5  2 30 

0.b7  5 . 3 6  1 , 5 7  

C).'rsr 5 . 3 7  1 . 7 9  

0 . 2 3  5 . g 7  1 37 

0 . 3 1  4 . 7 k  1 05 

0 . 3 4  3 . 5 2  1 0 3  

0 .11  3.19 0 72 

0 . 6 0  5 . 2 2  0 . 7 1  

0 . 6 0  6.39 1 . J b  

0 . 6 6  7.12 1 . 1 7  

0 . 7 1  5.132 0.42 
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:4 :. 1: . . . . . . 

6 3 . 0  

53.1. 

5 3 . 6  

4 8 . 1  

51.5 

5 L .  3 

4 e  . 8  

4 3 . 7  

43.5 

4 2 . 4  

/&I. n 
4 0 . 7  

4.0 . 7 

38.1 

3 7 . 1  

3 & .  8 

25 .8  

24.4 

2 8 . 8  

3 1 , 7  

3 3 . 8  

30.7 

3 7 . 5  

h n .  3 

4,5.7 

L! :i . 6, 

4 3 . 5  

:qa -< -. . . . . . . . 

7 0 .  I. 

/ u . 4  

6 ? . 3  

6 7 . 0  

S 9 . 6  

61.5 

6 0 . 6  

5 6 . 2  

r,? . 1; 

4 8  I TJ 

44 .8  

4 3 . 8  

5 3 . 9  

44.  e 
h l .  9 

4 2 - 1  

4 s  5 

33.4 

4 9 . 5  

l r 5 . 2  

'4 8 . '3 
3 8 . 6  

e!+ I c; 

5 5 . 1  

55.5 

5 2 . 8  

67.9 

- -  

- S . D .  

1.6 

1 . ?  

7 . 6  

5 . 1  

3 . l  

1 9  

1.3 

3 . 2  

1 . A  

1 . 5  

0 . 7  

0 . 6  

2 . 0  

1 . / I  

0 . 7  

6 . 8  

3.: 

2 . 0  

7 . 6  

3 . 8  

3 . 9  

1 . 6  

6 . 0  

1.1 

2.0 

3 . 2  

5 . 1  

0 . 9 3 5  

0 . 9 0 6  

0 . 8 7 5  

0 . 7 3 3  

0 .  /9& 

0. 407. 

0 . 7 '3 0 

0 71.5 

0.733 

0 . 7 3 6  

0. Si,? 

0 . 6 5 5  

0 .  ,596 

0.5.15 

0 .117 

0.57'1 

0. 0iiG 

0 6 4 6  

0 . 7 3 5  

0.71.5 

0 . 7 5 1  

0 . 7 9 8  

0 .  ? 5 2  

0 . 9 0 2  

0.3s.3 

0.9O.i  

, 
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Tab1.e 

Date 

299 

306 

313 

320 

32 7 

334 

3 4  1 

348 

355 

362 

4 

11 

18 

25 

37 

39 

46  

53 

60  

67 

1 

8 1. 

88  

95 

102  

7 09 

116 

9.1/, Weekly sumnary stattstics 01 tempera i ures f o r  Eouse #5. 

Iiasement 'Ieinp. ( " C )  Upstcli  rs Temp I ("C) Outdoor Temp. ("C) 
Mcan Ma& - S . D .  M e a n  Min - _ _  Max S . D  Ke-aA E n  M a x  S n, 

1 8 . 9  

1 9 . 1  

1 9 . 1  

1 8 . 5  

1 8 . 4  

1 8 . 3  

17  7 

l i . 8  

7 7 . 5  

7 7  3 

1 6 . 1  

1 6  6 

1 6 . 8  

IC, 2 

1 5 . 9  

1 6  2 

1 6 . 0  

16  0 

1 6 . 7  

1 6 . 8  

16  6 

1 6 . 7  

1 7  0 

1 1 . 5  

1 7 . 7  

1 7 . 3  

18 3 

1 8 . 2  1 9 . 7  0 . h  

1 5 . 8  2 0 . 3  0 . 1  

1 8 . 2  1 9 . 7  0 . 3  

1 7 . 0  1 9 . 4  0 . 5  

1 7 . 0  1 9 . 8  0 . 5  

1 6 . 1  1 9 . 3  0 . 5  

1 3 . 9  1 8 . 9  0 . 3  

1 6 . 1  1 8 . 8  0 . 5  

16.3 1 9 . 1  0 . 6  

1 5 . 6  1 8 . 1  0 . 5  

0 . 0  1 8 . 5  *A;?- 

15.3 1 8 . 0  0.5 

1 5 . 4  1 f . 7  0 . 6  

1 / ~ . 0  1 8 . 1  0 . 8  

1 4 . 1  1/.0 0 . 7  

1 4 . 8  17 .0  0 . 6  

1 3 . 2  1 7 . 9  0 . 9  

1 3 . 8  1 7  2 0 . 7  

1 5 . 5  1 / . 4  0 6 

1 5 . 6  1 7 . 9  0 . 5  

1 5 . 2  1 7 . 6  0 . 5  

1 5 . 4  11.3 0 . 5  

1 6 . 2  1 7 . 9  0 . 3  

1 6 . 3  1 8 . 6  0 . 5  

1 6 . 8  1 9 . 6  0 . 4  

1 5 . 3  1 9 . 1  1 . 0  

16 5 2 0 . 5  O.? 

2 1 . 8  

3 9 . 7  

22 .8  

? ? . 2  

2 2 . 6  

32 6 

2 2 . 4  

79 4 

2 2 . 1  

21 .8  

2 2 . 9  

2 2 . 1  

2 2 . 5  

3 7 . 2  

22 .L  

2 1 . 9  

2 1 . 6  

2 1 . 5  

2 2 . 1  

?I  1 d 

21.1 

2 1 . 7  

2 9 . 3  

7 1  . 7  

2 2 . 2  

1 9  8 

22 L 

18.9 2 5 . 0  1 . h  

19.5 2 4 . 8  1 . 2  

2 0 . 1  2rc.9 1 . 2  

1 6 . 9  2 6 . 5  1 . 9  

1 8 . 3  2 6 . 1  1 . 6  

1 8 . 9  2 6 . 9  1 . 5  

1 8 . 1  2 5 . 5  1 ~ . 7  

1.7.0 2 5 . 9  1 . 8  

1 8 . 2  2 6 . 5  1 . 9  

17.8 2 6 . 2  2 . 0  

0 . 0  2 6 . 1  *** 
1 7 . 2  2 5 . 8  2 . 1  

1 7 . 3  25.1 7.1 

1 5 . 3  2 6 . 1  2 . 4  

1 5 . 8  2 6 . 4  2.4 

17.5 2 5 . 6  2 . 0  

1 6 . 6  25.15 2 . 1  

1.5.5 2 5 . 8  2 . 1  

17.4 35.5 2 . 0  

1 7 . 5  2 5 . 7  1.7 

1 6 . 2  25.1 2 . 0  

1 7 . 2  2 5 . 6  2 . 0  

1 8 . 8  2 5 . i  1 . 5  

17 .4  2 i 4 . 7  i . 6  

1.9.0 25.5, l . 3  

1 5 . 7  2 6 . 1  3 . 1  

1 8 . h  2 6 . 3  1 . 7  

1 3 . 7  2 . 7  

1 2 . 0  -0.8 

9 . 5  - 0 . 1  

3 . 2  - 7 . 2  

4 . 5  -5.5 

6 . 6  - 1 . 8  

3 . 7  - 5 . 8  

1 . 6  -11 . 8  

3 3 - 5 . 3  

3 . 3  - 5 . 0  

2 0 - 6 . 3  

1 . 5  - 6 . 1  

3 . 5  - 6 . 3  

- 3 . 9  - 1 5 . 5  

- 3 . 2  - 1 5 . 8  

3 0 - 5 . 3  

- 2  6 - 1 6 . 7  

0 1 - 1 4 .  ; 

i 9 - h  . 5  

4 . ' t  - 5 . 8  

L . 6  - 1 0 . 2  

5 . 5  - 2 . 5  

1 2 . 6  1 . 2  

9 . /*  - 1 . 3  

1 2  0 (1.8 

1 2 . 9  3 . 0  

1 5  2 3 . 8  

2 7 . 3  6.1. 

2 5 . 9  5 . 7  

2 l . . 2  5 . 5  

1 6 . 4  5 . 2  

1 6 . 9  4 . 8  

1 8 .  6 h .  7 

1.3.2 Lt.7 

1 3 . 8  5 . 1  

11..5 3 . 4  

1 b . 2  4 . 2  

1 5 . 2 .Yc:<* 

11.7 3 . 3  

1 5 . 2  4 . 8  

4 .0  4 . 9  

1 0 . 2  5 . 4  

i4.5 5 . 3  

1 1 . 0  5 ,2~ 

1 b . 4  6 . 6  

1 4 . 3  4.'.  

2 5 . 1  7 . 7  

3 1 . 3  8 . 5  

1 9 . 1  5 . 5  

3 9 . 5  i.6 

1 9 . 1  5 . 2  

27 .4  5 . 8  

3 0 . 3  5.1 

31.8 6.3 
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399 1 . 1 5  -n.v i  2 . 1 3  0.42 

305 1 . 3 7  - 1 . 8 5  7 . 9 9  0 .5% 

313  1./4 0 . 1 1  6 . 6 9  0 . 8 2  

320 2 . 6 9  0 . 0 3  6 . 3 4  1. 03 

323 7 . 3 2  - 3 . 5 1  5 . 2 7  1 . 0 0  

3 3 4  2 . 2 0  0.19 7 . 1 7  0 . 7 9  

W! 2 . 9 5  - 2 . 0 5  1 1 - 0 7  1'37 

3f'8 3.0'3 0 .49  10  25  1 . 2 2  

'355 2.49 0.13 5 . 6 0  0 8 4  

362 2.51  - 0  35 / A 4  0 . 9 1  

L 7 . 8 3  - 2 5 . 0  8 . 7 3  2.i6 

11 2 . 1 4  -0 .01  8.59 1 4 5  

14 2 . 9 :  0 6 6  8.'19 1.117 

3 5  3.20 0 . 4 3  11 46 1.70 

r 1 2  3 . 0 7  1 . 3 9  5 .32  0.71 

39 3 . 1 3  1.55 1 1 , 7 4  1 . 3 8  

46 h . 0 6  7 0 3  3 . 1 2  1 . 2 1  

53 2 . 9 6  1 ~ 5 8  5 . 8 1  0 . t 1  

60 3 . 9 1  -0  57 5 55 0 . 8 3  

6 1  3 . 5 5  1 37 1 3  37 1 . 6 9  

74 3 3 0  - 0 . 2 9  5 . 4 3  0 . 8 6  

9: 2 1 0% L . 1 3  0 . 5 9  

83 1 32 - 0 . 5 5  3 . 8 1  0 . 7 0  

9 5  1 . / # 3  - 5 . 1 ~ 2  1 0 . 9 /  2 . 7 0  

102 1 7 3  -3 .10 5 . 1 4  0 . 8 8  

103 0 . 9 i  - 0 . 7 9  5 ? 4  13.98 

116 0 . 8 3  - 5 * 6 ?  2 54 1.03 

- 0 . 1 2  

- 0 . 1 3  

- 0  1 7  

- 0  10 

-0 .11 

-0 .10  

-0  08 

-0 .10  

-n*10 

- 0 "  10 

-0 .05 

0,01 

0.18 

0 hO 

0 .  F:c 

0 . 7 2  

- 5 . 0 s  

-1.81 

- 5  53 

-12.09 

- 9  .'c8 

- h .  56 

- 3  9 4  

- I " CJ7 

- 8 . 0 8  

-'i 84 

-10.71 

- 0 . 1 7  -0 .08 0.01 

- 0 . 1 7  - 8 . 0 ;  0.02 

- 0 . 1 6  - 0 . 0 7  0 . 0 2  

-0.i4 - 0  03 0 . 0 2  

- 0 . 1 6  -0.07 0.02 

-0.16 -0.o/+ n 02 

-0.14 0.01 0.03  

-0  1 9  -0 .01  (3 u') 
-0.15 - 0 . 0 3  0 . 0 2  

-0.14 - O . O ?  0 .07  

- 2 5  0:: (-l hd *;,;\?k 

-0.17 0 . 3 1  0 .13  

-0.10 O.F'+ 0.1G 

0 . 1 9  1 . 4 5  "J.lt, 

I 43 1 58  3 . 2 7  

0 .44  1 30 0.18  

- 1 3  O S  1 . 4 3  6 . 3 8  

-13.01 2 20 5 . 6 6  

-114 70 3 1 6  6 . 8 8  

-13 5c 1 2 5  3.8: .  

- 1 4  08 - 5 . 9 5  1 . 8 7  

- 3 . 5 1  I 50 ( r . 0 '3  

- 9 . 1 3  1 i.1 4 . 3 7  

- 1 3  31 ? /1 14.51 

-15  26  1 37 5 . 3 3  

- 1 4  nt-8 1.11 5 . 5 2  

- 1 5  05 0 . 3 6  5 . 7 5  

0 I1 -1.89 

0.02 - 3  0 5  

0.18  - 0 . 3 9  

0 7 1  - 0 . 6 2  

G.?3 - 0 . 9 0  

0.20 -0.45 

0.17 - 2  0 5  

0 7 1  -0.11 

0 . 7 8  - 0  1'2 

0 . 7 5  -1.07 

0.01 -25 ci 

-0.01 -9.16 

n , 1 3  - 0 . 4 1  

-0 19 - 0 . 8 3  

0 . 3 0  - 0 .  5 6  

0.38 -0.18 

6 . 3 3  -0.70 

0 '{I -9.151 

0 ~ ' J I  -1 .03  

0 L42 - 0 . 4 7  

G.39 - 0 . 1 7  

0 . 3 0  -0.11 

0.79 - 0 . 7 1  

0.01 -0.5s 

0.13 -2.15 

0.18 - 0 . 7 h  

0.15  - 1 . 4 0  

0 . 7 3  0 . 1 3  

0 . 8 5  0.112 

0 . 3 8  0 . 2 2  

1 .oo  0 7 6  

0 . 9 2  0 20 

1 .0i 0 . 3 3  

1.03 0.'1,3 

1 .01  0 3 1  

0.98 0 . 7 5  

0 . 9 9  0 . 2 7  

1 .47  < , * < A  

-0 .06 0.2s 

- 0 . m  0 . 3 5  

-0.G'r 0 . 3 3  

- 0 . h R  n / L 1  

- 0 . 0 3  0 . 1 6  

1 . 3 8  0.4'3 

1.92 0.hS 

3.09 0 115 

1 . 9 6  0 5 8  

1.87 n 38 

1 , 5 3  0 5 5  

1 . 2 3  0 . 2 2  

1 10 0 . 3 1  

1 35 0 . 3 3  

1 6 3  0 . 7 6  

2 .  ?'! 0 79 



7 9 3  

306 

31 3 

320 

337 

33/c 

3b1 

31.3 

355 

352 

/I 

11 

18 

25 

3? 

39 

46 

53 

60 

67 

74 

81 

88 

95 

1 O? 

109 

116 
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9.19, Weekly summary s t a t i s t i c s  of radon concentrattoris f o r  House et5 

Basement Radon (pCi/L.> 
l\llClI1 - -  

39.2 

3 4 . 5  

l k 6 . 0  

52.3 

L8.2 

52.6 

4 6 . 2  

'b9.6 

L8.3 

I??.  2 

38.5 

36.6 

39.9 

39.8 

41.6 

45. / 

15.8 

26 7 

2 4 . 0  

1.0 

0.6 

10.7 

20 8 

3 5 . 6  

1 3  "8 

1 1 . 5  

7.1 

1.2 

0 . 4 

0.2 

J ? . l  

0.5 

1 0 . 7  

3.6 

0.1 

34.8 

28.8 

3.6 

9.8 

9.8 

16.3 

18.0 

28.5 

32.i 

0 3  

0 (3 

0 . 0  

0 . 0  

0 . 0  

o c )  

0 . 1  

0. I 

0 . 0 

0 0  

0.0 

M&X . 

68.2 

60.2 

65.0 

68.2 

67.9 

73.3 

71.9 

65 8 

68.7 

67.Y 

64.8 

47. i 

64.8 

1 5 5 . 3  

52 6 

60.8 

71.8 

5 0 . 6  

55.9 

7.1 9 

3.3 

h3.6 

j 2  I t  

5 l A  " L 

92 6 

3L 0 

4 0 . 1  

s D. -- 

: 1 * 7  

??.I 

9.0 

11. I 

10.7 

34.2 

111.7 

7.1 

9.5 

11.13 

7.8 

6.2 

3 . 1 4  

13.5 

6.5 

5.1 

1 2 . 5  

17 1 

21 9 

L e  

0 3  

I'; 1 

l Y . 0  

3'3 8 

19.3 

11 6 

l3.0 

U p s t a i r s  Radon (pCi ,/L) 
Me afi 

8.8 

8.L 

13. 7 

15 4 

14.2 

14.9 

13.3 

1 5 . 6  

15.2 

15.1 

13.5 

13. I 

13.5 

13.6 

13 > 
1 L . 2  

f t  . 9 

8.1 

/.6 

0 . '4 

0 1  

3 ~ 4 

6 . 1  

7 "  
5 I> 

2 . 1  

l e  

Min. . . . . 

0 . 0 
:li , 0 

5.2 

3 . 8  

3.8 

L . 4  

0.1 

10,2 

10.0 

2.8 

4 . 4 

le . 4 

6 . 3  

6 . 8  

9 . 0  

> .9 
1.1 * 0 

0 . 0 

0 . 0 
-0. J~ 

0.0 

0.9 

C! , 0 

(:I . 3 

0.6 

c . 3  

11.0 

:?d": 

1 7  8 

1 I . 1  

1 9 " / 4  

2 1 . 8  

20.0 

23.9 

20.7 

19.9 

7 0  5 

20.6 

30 0 

1! .1  

7 0  0 

7 , ' . 0  

18.0 

18.9 

20 2 

15 6 

18. 5 

L . 7  

0.5 

16, & 

1 7  L1 

16 c: 
19.5 

L 8  

3 I' 

S . D .  .~~ .. 

!<. I f j  

'+ 1 t 
2 . 5  

3.8 

3.1 

3 . 7 
(I . 6 

2.2 

2.3 

3.2 

2 . 4  

2.1 

2.9 

3 . 3  

1.7 

3.2 

6.7 

5 . ,$ 
6.5 

0.8 

0 . 1 

5.3 
c> 7 

il . 3 
- -  

.' ~ i 

I , !  
-, , . .  ._ . .~ 



299 

306 

313 

320  

32  i 

34Lr 

34 1 

3 4 5  

355  

362 

4 

11 

18 

25 

73. 

3 9  

46  

5 3  

6 0  

67 

7 4  

82  

88 

95 

102 

163 

115 

9h. 23. 

9 .  20. Weekly slLnl~narie5 of basement 

Easement RH ( % >  
K@ an 

6 2 . 5  

5 9 . 3  

5 9 . 5  

5 7 . 1  

5 5 . i  

5 4 . 9  

5 1 . 1  

5 0 . 7  

5 0 . 6  

4 9 . 9  

4 7 . 2  

4 6 . 4  

lr7 . 9 

4 5  8 

44.0 

4 6 . 8  

44.8 

k 3 . 3  

44.3 

4 4 . 4  

4-4 . 2 

43 .  '7 

45.0 

50 .7  

4 9 . 8  

49.4 

5 9 . 5  

Kin. 

4 8 . 3  

3 7 . 7  

55.2  

4 6  * 4 

4 5 . 7  

4.5 . 3 

3 9 . 1  

4 7 . 8  

4 7 . 9  

3 3 . 1  

0 . 0  

4 3 ,  s 
44 .0  

4 2 . 2  

4 0 . 3  

4 5 . 6  

41.7 

41.3 

4 2 . 2 

4 3 . 2  

4 2 . 8  

4 2  " 8 

4 4 . 4 

4 8 . 3  

3 8 . 5  

4 7 . 6  

51.. 2 

. Nax . 

6 5 . 8  

5 4 . 9  

6 2 . 5  

61.. 8 

5 7 . 2  

5 6 . 6  

5 5  17 

5 2 . 3  

5 2 . 2  

s1. . 4 

5 1 . 0  

4 7 . 8  

5 0 . 2  

48 ~ 8 

4 6 . 4  

4 7 . 9  

47 .4  

44 .1  

4s ~ 7 

4 6 . 0  

4 6 . 2  

4 5 . 0  

45 * 5 

5 7 . 3  

5 2 . 4  

5 1 . 1  

6 7 . 5  

S.1) .  

2 . 5  

5 . 6  

1 . 3  

2.8 

1 . 7  

1. I 

3 . 6  

0 . 9  

1 .o  
1.9 

-k k* 

0 .  I 

1.1 

J .9  

1.3 

8 . 6  

1.4 

0 . 6  

0 . 5  

8 . 5  

1 .I 
0 . 4  

0 . 2  

1 8  

2 . 4  

0 . 7  

IC. 1 

Me R n  -._I_. ...- 

0.913 

0 , S h :  

0 . 7 8 1  

0.725 

0 .693  

0.764 

0 1672 

0 E 656 

0 , 6 9 0  

0 . 7 1 4  

0 . 6 5 9  

0.662 

0 . 6 7 5  

0.680 

0.690 

0 * 722 

0 . 7 3 0  

0 ~ 7 4 3  

0 * '105 

0 . 7 7 1  

0 . 7 8 2  

0 . 7 5 8  

0 . 9 2 1  

0 ,545  

0 . 8 7 8  

0 . 9 3 2  

0 . 9 2 4  

M h .  II_-_.. 

0.080 

0 000 

0 . O O i z  

0" 000 

0 .  GOO 

0 . 0 0 0  

0 "  000 

0 ~ 080 

0 ,  ooe 
0.000 

0.000 

0.000 

0.000 

0 .  OOQ 

0.000 

0 . 0 0 0  

0.000 

0.000 

0 .000  

0 . 0 0 0  

0 .000 

0 .000 

0.090 

0.000 

0 .  o w  
0 . 0 0 0  

0 .  r:o0 

Max 1 

J.. 000 

1 * c o o  
1 000 

1 D 000 

1.000 

1 " 000 

1 " 600 

1.000 

1.ocIch 

1 .GOO 

1 . 0 0 0  

1.08r2 

1.080 

1 . 0 0 0  

1.000 

I. 000 

1. 000 

L " OQO 

1,000 

1.000 

1.000 

1.000 

1.000 

1. 0i40 

1.000 

1 "088 

1.000 

S.D. _........__.... ~ 

0.213 

0 . 2 7 1  

0 . 2 9 9  

0 * 31.3 

0.341 

0 . 2 8 7  

0 . 3 4 7  

0 .3 '27  

0 .745  

0 . 3 4 2  

-h%-?i.*.?: 

G .  3 4 5  

0 . 3 3 6  

0 . 3 2 4 

0.319 

0 . 3 2 7  

0.305 

0 .318  

0 . 3 2 5  

0.310 

0.335 

0.347 

0 . 2 1 5  

0 .260  

0 . 2 3 2  

0.179 

0 . 1 9 3  



c ;  
? . i.) , 

C) 
:j . 1.: . . . 

Q . 6 

0 . 6 

0.5 

C j  . 5 

0 . 6 

i; , 3 

a 

0.6 

0 , 6 

0.7 

1 

0 . 6 

2 . il 

0 . 5 

0.5 

0 . 6  

0.6 

i! . i 

'I . G 

0.5 

0. e 
0.5 

0.9 

$ 5  

0 . 6 

0.5 

0 . 

1.9 .3  - 2 . 0  

9 . 2  -!L? 

f . 4  - 5 . 2  

13.3 -11.6 

2.1 -9.9 

2.5 - 6 . L  

0.5 - 9 . 9  

-1*o -?.'r.7 

0 . 8  - / . I  

0 . 3  -10.1. 

- 0 . 3  -?0.4 

-0 3 -9.6 

1.5 -1.0.4 

-5.9 -19.6 

-5.5 . 1 9 . 3  

-0.2 -9.2 

-5.1 -18.6 

-2.9 -16.6 

0.5 -7.9 

L; . 8 **+A. 

2 6 .  ;? 

2 3 .  L 
i q  5, 

1 1 . 3  

1 3 . 8  

il. 5 

I ?  . L ,  

Li. 7 

8 . ?  

8 . 0  

7 3 . 3  

5.5 

1 3 . 3  

1.1 

2.4 

1 0 . 9  

8.5 

19. i 

1 . 6 . 2  

3 4  . 8 

E; , :; 
5 . 7  

5 . 8  

5 . 0  

r ; *  , . 4 

li , 6 

4 . 8 

5 . 3  

3 . 9  

4 , 3 

i t  . 2 

3 . 3  

5 . 3  

5 . 3  

5 . 4 
&.E ,  

5.2 

6.6 

5.13 

8.9 

0 . "  - 1 3 . 7  21.3 1.2 

4.1 - 6 . 6  3 3 . 1  7 . 3  

1 ? . 8  -7.8 133 3 9.8 

8 ? - ' ~ . 6  22.5 6 . 6  

1 1 . 0  0.2 3 4  8 8 . 6  

11 0 - 2 . 1  3 7 . 1  7.1 

l 1 t . i  -2.0 38.1 8.8 
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Table 9.22.  TJeek1.y slarrm.-"r'y statistic:; o f  different ia l .  pressures f o r  House #6 

299 7.09 -0 .18  

306 2 4 5  0.31 

311 7 . 6 9  - 0 , 3 5  

120 4 . 0 2  1 42  

327 2 . 9 1  -22.36 

3 3 4  2.75 -13 .71  

3'1.1 1 . 9 4  -19 .63  

348 2.70 -0 .51  

355 2.39 0,02 

3 6 2  2 . 3 3  - 3 . 4 1  

4 2.7/ -0 .30  

11 3 .01  0.67 

18 2 . 2 1  - 0 . 3 0  

25 3.66 1 . 5 9  

32 3.68 1 . 5 3  

39 2 52 0 . 1 3  

46 3.53  0.90 

53 '2 68 - 8 . 1 9  

60 2.12 -25.00 

67 1 .34  -94.99 

7b 2.22 -0 .33  

8 1  J. 70 -0 ,Oh 

813 0 .24  -2.13 

95 1.05 -24.70 

102 0 70 - 3 . 8 4  

1-09 0 .50  -2 .53  

5 . 7 0  1 . 1 8  

6 ~ 1.0 :I.. 1 6  

5 . 9 2  1.32. 

6 . 1 7  1.00 

6 , 2 8  3.71. 

1 0 . 9 4  1 . 8 5  

4.87 2.32 

5.87 1 .22  

4 . 8 6  0.89 

4 . 5 2  0 . 9 3  

5 . 5 2 .i . J. 8 

5 .52 0.92 

5.47. 1.47 

6 . 5 4  l.09 

6.96 1 . 2 1  

4 . 6 7  0.98 

6 - 8 2  1 . 2 7  

7 . 0 4  1 . 2 6  

4 .19 1.71 

3.99 l . 3 9  

4 .61  1 . 0 0  

3.27 0.72 

2 . 7 h  1 . 0 1  

9 . 0 2  2 . 9 6  

2.36 0 .33  

3.13 1 .01  

-0.12 -0 .43  0 .34  0 . 2 4  

- 0 . 2 2  -0 .41 ,  -0 .01  0.09 

-0.22 - 0 . 3 8  -0.01. 0 , 0 8  

-0.25 - 0 . m  -0.10 0.06 

- 0 . 2 2  - 0 . 3 7  0.03 o . 0 6  

-0 '26 - 2 . 0 0  - 0 . 0 3  0 .11  

- 0 . 2 8  - 0 . k 8  -0.1.4 0.06  

- 0 . 2 2  - 0 , 3 3  -0.09 0 .05  

- 0 . 2 2  -0.34 -0.12 0.05 

- 0 . 2 6  - 0 . 4 4  - 0 . 1 2  0 . 0 s  

-4 .43 - 7 . 9 4  0 .05  2 . , 8 8  

-&.]I - 7 . 3 4  -2.5.5 2.57  

- 7 . 4 5  -7 .89 -3.35 0 .35  

-8.27 -9 .98  -7.06 0 .80  

-9.52 -10.25 0 . 3 2  1.36  

-11.19 -21.26 14 .70  9.87 

-14.13 -19.38 -10 .59  2 . 5 3  

-12.69 -13.95 -6.06 0 . 9 6  

-11.53 - 2 5 . 0 0  -7 .83  0 .96  

-7.46 -1l.27 - 2 . 3 4  1 . 7 3  

-14 - .68  - 2 0 . 1 9  - 3 . 7 5  4 . 5 0  

-16.64 -24.70 -8.78 3.1.7 

- 1 5 - 6 6  - 2 0 . 7 9  - 4 . 5 9  2.31  

-16.54- - 1 9 . 9 5  -14.93 0 . 7 2  

-1.5.28 -1.7.57 -13.87 0 . 6 4  

-14.26 -15.79 -12.62 0 . 5 5  

116 0.37 -2 .60  2.85  1 .00  - 1 4 . 5 5  - 1 5 . 8 9  -12.13 0.45 

0 . 3 6  - 0 . 1 6  2.42 0 .50  

0 , 3 5  -0 .20  2.1.6 0 . 5 2  

0 .50 -(7.1.7 2 .08 0.54 

0.50 - 0 , 2 6  1 - 8 6  1:.50 

0 . 5 6  -0 .30  5 . 0 5  0 . 6 5  

1 . 8 5  -1 .81  23.37 501_4 

1 . 9 1  -0 .47 23.02 [1.(+8 

2 . 9 5  -0.06 2 3 - 3 6  5 . 9 9  

1.67 -0 .04  22.1.8 3.60 

2.20 - 0 . 2 2  23.31. 5.01. 

0 . 8 0  - 0 . 6 7  2.18 0 . 5 6  

0 . 9 3  -0 .11  1 .96  0.52 

0.69 - 0 . 4 6  2.06 0.52 

0 . 5 4  -0 .35 1 . 4 5  0.42 

0 .5s  - 0 . 7 7  1 .39  0 .44  

0 .53  -0.25 1 .60  0 . 4 5  

0 . 5 5  - 0 . 2 8  1 .41  0.42 

0.66 -0.97 1 . 9 5  O.h9 

1 .66  - 2 5 . 0  23.1.6 4 .31  

1.11 -0.1.6 2 3 . 2 7  3.08 

0.44 - 0 , 2 9  1 . 6 4  0.39 

0 . 2 4  - 2 1 . 0  l.28 1.68  

0.28  -0 .09  1 , 3 0  0 . 2 8  

1.66  -0.30 2 3 . 1 1  4.52 

0 .23  -0.28 1 , 1 7  0.33 

0.26 -0.22 1 .26  0.36 

0.1.7 -0 .34 1 . 1 5  0 . 3 3  





S.D. -. . S . D .  . . . . . . . . . . . . 

l r Z . 5  3 8 . 1  

4 2 . 8  3 5 , %  

ls!? ~ 9 3 3  . 7 

30 .1  21.7 

2 8 . 3  22.1.  

3 2 . 6  2 4 . 9  

2 7 . 7  2 2 . 3  

2 6 . 1  1 9 . 2  

2 5 . 1  2 0 , o  

2 4 . 2  2 1 . 0  

7 3 . 4  18 .3  

'21.8 1 8 . 8  

2 5 . h  2 2 . 2  

2 4 . 6  2 1 . 1  

2 2 . 5  2 0 . 7  

2 5 .  i. 23.1. 

2 2 . 9  2 8 . 7  

2 1 . 9  1 9 . 7  

2 3 . E  2 2 . 4  

2 7 . 1 %G ,, I; 

2 5 , 5  2 1 . , 8  

2 3 . i  % i . . 7  

30.9 2 5 . 7  

37.1 3 2 . 3  

38 .8  3 6 . 9  

4 0 . 8  3 6 . 6  

5 0 . 5  4 0 , 6  

49 .8  

4 s ~ i+ 

5 9 . 9  

4 3  I 5 

3 L . 4  

6 8 . 0  

3 8 . 2  

3 8 . 0  

3 0 . 4  

3 2 . 7  

3 3 , o  

25 " 4  

3 3 . 0  

2 9  ~ 4. 

2Lc.9 

2 7 . 4  

2 5 . 8  

2 3 . 9  

26.7 
.L....,A..L. .. .% ,* A 

3 4 . 8  

2 5 . 9  

3 9 ; 3  

4 3 . 2  

4 2 . 3  

51. . 7 

5'3.0 

? R  

3 5  

G ?  
- ', :r 

2 . 9  

2.7 

4 . 7  

3 . 9  

7 Q  

2 7  

2 . 1  

1 . 7  

3 3  

1 5  

1 . 2  

1 1  

1.2 

0 . 7  

0 . 9  

9 0  

3 5  

1 1  

3 . 7  

2 . 4  

1 0  

3 . 4  

L.8 

0.227 

0.?3/4 

0 . 2 h 3  

0 . 7 8 1  

0.2/2 

0.312 

0 . 7 8 1  

0 . 2 8 9  

0.7L.9 

0.711 

0 . 7 1 1  

0.216 

0.306 

0 . 7 3 3  

0 . 2 3 4  

0 751 

0 7/16 

0 2 1 :  

(5 ;ILL7 

0 . 2 6 3  

0 257 

0 .24Q 

0 i 8 3  

0 . 2 4 5  

0 706 

0 203 

0 . 1 8 5  



?9?  

3Q6 

31; 

3 ? G  

327 

33Q 

341 

3 L  8 

355  

1 4 ?  

;, 

1 1  

!8 

? 5  

37 

39 

46  

53 

60  

G /  

7fa 

81 

88  

95 

i 02 

109 

116 

9.4.26 

9 . 2 5  Ve-klv suiimary s t d t  i s t i c s  of  t c m p c r s t u r e s  

Rascme?it Temp. ( 
Mear: -. . . . . . . 

2 0 . 2  1 9 . 6  2 1 . 1  

2 O . i  19.& ? 0 . 9  

M ~ - E -  

1 9 . 4  19./!. 2 0 . 4  

1 9 . 6  1 8 . 8  7 0 . 6  

1 9 . 3  1 3 . 3  1 9 . 9  

1 9 . 3  1 8 . 3  2 0 . 2  

1 8 . 9  1 7 . 6  20.0 

1 8 . 9  1 8 . 2  1 9 . 3  

1 9 . 0  1 8 . 4  1 3 . h  

1.8 .3  1 6 . 2  1 8 . 3  

I t? .  I 1.8.0 1 9 . 4  

i 8 . 7  1 8 . 0  1 9 . 1  

7 8 . 7  1 8 . 2  1 9 . 4  

1 8 . 2  1 7 . 1 .  1 9 . 3  

1.7.8 1 6 . 9  1 8 . 4  

1 8 . 2  1 7 . 6  1 9 . 3  

1.8.0 1 7 . 1  1 8 . 6  

1 7 . 8  1 7 . 1  1 8 . 6  

18.2 1 7 . 6  1 8 . 8  

1 8 . 2  1 7 . 5  1 8 . 9  

1 8 . 7  1 7 . 6  1 8 . 8  

1 8 . 2  1 7 . 4  1.8.9 

1.8.5 1 7 . 9  1 9 . 3  

18.4 1 7 . 7  1.9.0 

18.5 1 7 . 8  1 9 . 6  

1 8 . 8  1 8 . 1  1 9 . 8  

1 9 . 2  1.8.6 2 0 . 1  

" C )  
S.D 

0 . 3  

0.2 

O . ?  

0 . '1 

(1 . 3 

0 . 3  

0 . 
0 . 3 

0 . 2  

0 . 6  
-A -kJ 

0 . 2  

O . ?  

0 . 5  

0 . 4  

0 . 2  

0 . 3  

0 . 3  

0 . 2  

0 . 3  

O.? 

0 . 2  

0 . 3  

0 . 3  

0 . 3  

0 . 3  

0 . 3  

Upstaiis l ' o~ i~p .  ( '  
Me.-!n H i n  - Max . 

3 1 . 7  20 .0  2 4 . 4  

21.5 1 9 . 7  24.1 

21.2 1 9 . 9  27.3 

21.0 1.9.6 2 2 . 8  

20.9 1 8 . 1  2 1 . 8  

2 1 . 0  1 3 . 9  22.4 

2 0 . 6  1 8 . 8  2 1 . 4  

2 0 . 6  1 9 . 4  2 1 . 9  

?1..0 1 9 . 6  2 1 . 9  

2 0 . 8  19.1.  2 2 . 0  

2 1 . 0  1 8 . 2  2 2 . 7  

21..0 1 9 . 7  2 1 . 9  

2 1 . 1  1 8 . 2  2 2 . 7  

2 0 . 6  1.9.7 2 2 . 7  

2 0 . 7  1 9 . 7  2 2 . 2  

21..0 1 1 . 9  2 2 . 0  

2 0 . 6  1 9 . 0  7 1 . 9  

2 l . l  1 9 . 6  2 2 . 6  

2 1 . 1  1 9 . 9  2 2 . 4  

21..2 1 .9 .6  2 4 . 0  

21.2 1 9 . 8  2 3 . 8  

21 . . . ?  1.9 .8  2 3 . 8  

2 2 . 0  1 8 . 9  2 4 . 1  

2 1 . 2  1 9 . 6  2 4 . 1  

2 1 . 4  1 9 . 5  2 5 . 0  

2 1 . 5  20.2 2 4 . 4  

21.5 20.1 2 3 . 8  

' e >  
S.P 

0 . 9  

0 . 8  

0 . 5  

0 . 5  

0 . 6  

0 . 5  

0 . 5  

0 . 4  

0 . 4  

0 . 5  

0 . 5  

0 . 4  

0.6 

0 . 7  

0 . 5  

0 . 7  

0 . 5  

0 . 6  

0 . 5  

0 . 8  

0 . 7  

0 . 8  

0 . 9  

0 . 7  

1 . 0  

0 . 8  

0 . 8  

 EO^ :IailsP it:. 

OuLiioor Temp. ( '  
Medn Min- %ax __ 

1 2 . 3  1 3 33 7 

1 1  0 - 0 . 1  1 0  8 

9 . 1  - 0 . 4  72 5 

2 14 - 8 . 3  11 6 

/L.L - 5 . 5  1 ( $ 3  

6 . 1  - 2 . 1  1 8 . 4  

3 . 4  - 6 . 5  1 2 . 8  

1 6 -11 6 1 2 . 6  

2 . 8  - 5  0 8 . 0  

? 7 - 6 . 5  11.1 

1 . 3  - 1 . 7  1 2 . 8  

O . /  - 1 . 3  6 . 9  

3 6 - 7 . 7  1 2 . 8  

- 4 . 0  - 1 5 . 1  ? 4 

- 4 . 9  - 1 9  5 3 . 6  

2 0 - 5 . 5  1 0  4 

- 3 . 6  - 1 5  8 5 . 8  

-1  2 -1lc.8 9 . 6  

2 1 - 6 . 4  13.[+ 

5 . 8  - 5 . 5  3 4 . 0  

1.6 - 9 . 4  1 9  8 

LL.9 - 2 . 9  1 L  1 

1 2 . b  - 0 . 7  22 2 

9 . 1  - 1 . 6  1 8 . 4  

1 1 . 4  3 . 0  71t 9 

11 6 0 . 9  '74 9 

1 2 . L  0 . 8  2 b . 3  

' C )  
- S . D .  

5 . 2  

5 . 0  

5 . 2  

4 . 6  

l r  . 3 

6 . 6  

I C  . 9 

1.9 

3 . 3  

4 . 1  

+:\ k 

3 . 3  

4 . 8  

4 . 8  

5 . 6  

4 . 0  

It . Lt 

5 . 1  

h . 3 

7 . 3  

5 . 0  

4 . 6  

5 . 8  

5 . 1  

5 . 8  

4 . 7  

5 . 0  



Da t :> _ _ _  - 

299 

306 

313 

330 

327 

3 34 

S f : l  

348 

355 

362 

L 

11 

18 

25 

32  

39 

46  

53 

60 

67 

7 [a 

81 

88 

95 

102 

109 

116 

r 

-0:;t: Prcs , (pa;] 
s .0 .  .. .......... _._ Xiz?"  . . 

1 . 7 1  -0.76 7.01. 0.97 

l.76 -0.1.3 4 . 1 0  0 . 7 4  

2.07  - 0 . 2 0  5 . 4 3  G,92" 

3 . 4 1  2 . 9 2  7 . 3 9  1..08 

3 .56  1 .13  1 0 . 7 2  1 . 5 7  

2:lS 0 .25 5.36 0 . 7 7  

3.31 1 .10  7 .38  1 . 0 9  

3 . 6 7  1.74 9.51. 1..24 

3 . 6 3  2.03 10.31 1 .32  

3 . 4 8  - 0 . 0 5  9 . 7 6  1..50 

4.29 1.43 8 . 5 8  1 . 1 0  

4.46 3 . 0 1  8 . 6 5  1..1.3 

3 . 9 7  1..41 8 . 5 9  i . 3 5  

4 . 9 3  2 . 7 4  3.J.. 29 1..48 

5.04 3.05 8 .52  1.19 

3.86 1-97 8.77. 1.1.2 

2.17 -0.02 10 .42  3"08  

8.06 0 . 0 2  0 .11  0.02 

0.02 -0 .02  0 , 0 6  0 . 0 2  

-0 .01 - 0 . 0 5  0.05  0 . 0 2  

-0 .02 - 0 . 0 7  0 . 0 9  0.02 

-0.01. -0 .06 0 .03  0.02. 

0.54  -4 .13  2 . 3 8  0 . 8 7  

2 . 7 6  - 0 . 5 6  6 , 0 5  3.1.8 

l . 9 8  - 1 . 5 3  4 . 8 2  0 . 9 2  

1.79 - 1 . 7 6  4 . 5 9  0.81 

1 . 7 7  - 0 , 4 6  3.55 0.81. 

Bsl3t-::l.lhslab P r e s ,  ( p a )  

0 . 2 5  -0.11. 0 . 9 8  0 . 2 9  

0 .55  0 . 2 5  1.08  0 . 1 1  

0 , 6 L  0.24 1 . 3 3  0.13 

8 .89  -0 .93 1 . 8 0  0.33 

0 ~ 2 1 .  - 2 . 4 0  2 . 8 2  0.8:: 

0 .30  - 2 . 2 2  3 .19  0 . 8 4  

0 . 8 8  0 . 4 3  2 . 0 8  0.?4 

0 . 9 7  0 . 5 5  2 . 2 2  0 . 2 7  

0 , 9 6  0.62 2.40 0 . 2 9  

0 . 2 3  0 . 1 5  1 .05  0.21 

0.1.3 -0  44 0 . 3 7  0 . 0 2  

0.7.3 0.11 0.1.5 0 .01  

0.13 0 . L I  0 .16  0.01- 

0.14  0.10 0 . 1 1  i3.01 

0 , l h  0 . 1 3  0.1.8 3.01 

0.15 0 . 1 2  0 .17  0 . 0 1  

0.1.5 0.12 0,17 0.01. 

0.1.6 0.14 13.3.9 0.0'1. 

0 .25 0.1.3 0 . 2 7  0.01  

0.1G 0 . 1 1  0 , 1 6  0 . 0 2  

0.13  0.1.1 0.1.5 0 .01  

0.13 0.1.1 0 . 1 6  0.01 

1 . 8 7  0 .11  4 . 5 9  I . i i L ;  

1 " 4 P  -7 .4 .2  5.55 2,913 

- 0 , 4 7  - 1 . 9 0  -0.02. 0 . 2 8  

-1.08 - 2 . 2 0  -0./*1 0 . 2 h  

-1 .15  - 2 . 2 2  - 0 . 5 8  0 . 2 5  

pr-r,sures i % < . C ? i j  

3. : . ~ . > . ~ ~ ~ . - ~ . J ~ z C  .% P r e s  (pa )  
xe.3-l K L K .  
~ -I . I___ . 

0.29 -0.21 1 . 5 1  0 .35  

0.18 -0 .11  2 . 9 9  O . G O  

0.36 -0 .53  2 .hG 0 . 4 0  

0 . 5 9  -0 .05  1 . 4 3  0 . 3 3  

0 . 6 2  0 . C 6  2 . 1 1  0 . 3 5  

0 . 4 6  -0 .36 7 . 0 3  0.30 

0 . 5 %  - 0 . 5 6  1 . 2 7  0.?1 

0 . 6 5  0.J-8 1 . 4 3  0.21. 

0 . 6 2  0 . 2 8  1 . 2 2  0 . 1 7  

0.74  - 1 . 2 2  1 . 9 9  0 .57  

0 .92  0 . 2 3  1 . 8 3  0.2.2 

0 . 9 3  0 . 4 4  l . 5 3  0.17 

0 . 8 1  0 .2s  1.54 0 . 2 5  

1 .07 0 . 2 9  2 - 0 8  0.30 

1..07 0 . 3 7  3..85 0 . 2 5  

0 . 8 9  0 . 3 6  4 . 0 7  0.32 

1.09 0 . 2 9  2 . w  0 . 2 8  

0 . 8 9  0 .34  1.54 0 . 2 5  

0 .83  0 .30  1.34 0.7.3. 

0 . 7 8  0.20 2 . 5 7  0.32 

0.83 0.26; 2.60 0 . 3 2  

0.78  0.31. 1 . 6 7  0 . 2 7  

0 . 4 5  -0 .41  5r.22 0 . 5 0  

0.49 0.10  3.07  0.37 

0.4.1 -0 .71  2 . 3 1  0.40 

o.lr4 - 0 : ( 7 3  3 . 5 3  0.35 

0.42 0 .06  2 . 8 2  0 * 3 7  



22.0 

2 1. 4 

22.0 

?' i .  2 

2 l . i  

'7 {! -3 

? 2 . @  

7.3.6 

<. .J . 

'1 '7 /L 

i . 5  

0 . 1  

0.1 

0.1 

0 . 8  

1 3  

[) . .:*. 

0 . G  

0.4 

1 . 5  

5 . 6  

0.1 

0.1 

1 1 . 7  

I . 2 

0.9 

0 . 2  

0.2 

I I. . -,  

10.8 

17.8 

?'! .0 

1 7 

10.9 

1'2. 2 

14.8  

17.6 

L ,  . s  
8.0 

- 0 . 3  

- 0 . 3  

-0 .c .  

0.0 

0 . 0  

0.0 

0.0 

0 . 0  

0 . 4  

0 . 0 

0.0 

0.0 

0.0 

0.0 

- 3 . 2  

0.0 

0.0 

.I -; 

0.- 

3 3 . :  4 . 0  

30 .  I 2% 0 

2 9 .  li .: . 6 

3 3 . c  2.2 

5 7 .  :1 6 . 8  

6.7 1 . 2 .  '? 

7 0 . 5  9 ~ 3  

15.6 2.9 

35. I 3 . 3  

2 . i .  F, I?.'? 

0 !a 0 . 1 

0.2 0 . 1  

0 . G  0 . 1 

46 .,,! & .  3 

12.5 2.5 

1 5  P . 3  

.i . 7 . :I 

2 . 5  0 . h 

2 7  213.6 _1 . 

2.: i& 7 . 0  

3 . 8  8.: 

0 4 0 1  
25.8 9.9 

23. i 6 . 7 

1 6 0 . 4  1 0 . 3  

0 . 8  0 . 1  

'i . 0 0 . 2 

r r  

4.5 

6 . 1  

9.5 

1 3 . 8  

1 7 . 1  

10.3 

12.7 

1 6 . 6  

I.'> . 0 
2,0 

0 . 3  

0 . 3  

0 . 3  

1.1 

1. . 1 
0.3 

0 . 3  

0 . 4  

1 . i  

3 . 8  

(2. 1 

0.1 

0.2 
.kxL->Jc 

4 9 

0.1 

0 . 1  

0 . 1  

0 . 3  

0 . 6  

0 . 1  

1 :  

0. I 

3.0 

3.6 

5.8 

0.0 

0.0 

0.0 

0 , o  

0 . 0 
0.0 

0.0 

0 . 0 
0.0 

( 1  . i: 
0.0 

-0 4 

0 . 0  

-0.1 

- 0 . 6  

- 0 . 6  

- 0  1 

- 0 . 3  

13 L 

17.0 

17.0 

19.5 

18 6 

15.6 

>o 'I 
?0 2 

2 C . 6  

1 8  5 

1 1  

0 . 8  

1 1  

1 2 8 . 7  

8 . 3  

1.1 

1 0  

l . L  

1 0  9 

13. '  

0. / 

0 . 4  

9 . 5  

-0.6 

175.3 

0 . Lr 

0 . 4  

3 . 3  

3 .  i 

4 . 2  

2. i 

1 . 5  

2.9 

3.2 

?.8 

2.9 

4.0 

0.7 

0.2 

0.2 

11.6 

1. . 9 
0 . 2  

0.2 

0.3 

1.6 

f!; . il 
0 , 1. 

0 . 1. 
0.2 

_1..1..?..1 n n , , C  

2 9 . 3  

0 . 1  

0 . 1 





.;.P * -  L / , ' *  15.8 1.7.8 0 . 3  

5.1' 1 6 . 7  15.8 1 6 . 8  0 . 3  

5.G l 5 . i k  1 4 . 9  1 5 . 5  0.2 

5.2 ! .4.3 1 3 . 6  14.9 0 . h  

/ ! .$. 1.3.1 1~2.0 1 3 7  0.5 

L . 5  1.1.3 10.b 12.0 0.5 

t i . ;  1.0.0 9 . 7  10.4 0.2 

k . b  3.1 8.5 9 . 1  0 , 3  

'.+ . :?. 8.1 ?.3 8.5 0 . 3  

3 . z t . 8  E . :  7 . 3  0 . 3  

3 . 5  6.2. 6.1. 6.? 0.0 

'> J . ' 'J  i 5 . 9  5.6 6.2 0 . 2  

5 . 3  5.1 3 . 6  0 . 1  

L .8  5 . 1  5.0 5 . 2  0.1 

6.7 & . - I  4 . 4  5.0 0.2 

I i l  .... ( ? . ?  4.1 &.I$ 0.1 

6 r: '3.3 3 . 8  4.1 0.1. 

/ .:t 7.6 3 . k  '3.8 0.1 

6 . 7 3 . 3  3.1 3 . 4  O " 1  

L 6 3 . 0  2.8 3 . 1  0.1 

8.C 3.0  1 . 8  3 . 5  0 . 2  

I . 8  3 . 9  3.5 4 . 0  0.1 

4 . 3  b . Q  4 . 6  0 . 2  

L? , 2 5 . h  4 . 6  6 . 3  0 . 5  

5 , !!j 6 . 6  6 . 4  !.5 0 . 2  

6 . 6, : . 9  ' ? . 5  8 . 5  0 . 3  

5 , ,-' 3 . 9  8.5 9.7 0.3 

."t Y 10.1 9.7 10.4 0 . 3  

,, .- 
f . 2  

-7 ; 
( . i  
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Da !;e . . . .. . 
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320 
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25 

32 

39 

4 6 
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6 0  

67 

7 4 

8 1. 

88 

95 
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1 0 9  

J . l C  

p rec i  p i t a t i o n  at the Weather S t  s i t i o n  

1 . 0  0.4 2.8 0.5 

1.1 0.4 2.4 0.5 

1.2 0.h 3 . 5  0 .7  

l.1 0 . 1  3 . 9  0 . 8  

1 3  0,4 5.0 0 . ,9  

1 . 9  0.4- 7.1 1,3 

1..6 0.4 4.9 0 . 8  

2.4 0.5 5 - 7  1.3 

2.0 0.5 5.3 1.2 

2 - 4  0.5 9.5 1 . 6  

1.2 0.4 3 . 5  0 , 5  

1 . 9  0.5 S . 8  1.1 

2.5 0.4 7.2 1 . 6  

1 . 6  0.5 5 , 4  1.1 

2.2 0 .4  6 . 7  1 . 5  

1 . 7  0 . 4  5 . 4  1.1 

2 . 3  0.4 6 . 1  1.2 

2.2 0.4 5.9 l .1 

1 . 8  0.4 5 . 1  l . O  

2 , 2  0 . h  6.4 1.4 

1 . 7  0 , 4  4 , 3  0 .8  

1..6 0 . b  3 . 9  0 . 7  

1 . 8  0 . 5  3.7 0.7 

1.7 0 . 4  4.7 1.1 

3 . 7  0 . 5  6.4 1.1 

1.6 0 . h  4.2 0.8 

1 . 7  0 . G  3.8 0 . 9  

1 . 5  0 . 4  3 - 6  0 . 8  

Rnrolrreteri.c .L'.nres. (mbars) 
M i n .  Max. S .D. '1 ...... ._ . . _____ __. . . . _- -. . __- 

1001..0 986.0 1014.0 7.2 

1002.0 9 9 4 . 0  1.009.0 3 . b  

1005.0 990.0 1 0 2 3 . 0  9.7 

1003.0 993 .0  1015.C: 5 . 7  

1007.0 992.0 1021 . O  7.1. 

9 9 7 . 3  980.0 1010,o 8 , 5  

1002.0 985.0 1014.0 5.5 

1.005.0 9 8 0 . 0  1020.0 11.0 

1003.0 990.0 1.023.0 8.7 

999.9  982.0 101-3.0 8 . 4 -  

1004.0 9 9 5 . 0  1.008.0 2.7 

992.2 979.0 1009.0 9.2 

991.4 9 7 3 . 0  1003.3 1 0 . 0  

9 9 6 . 7  9 7 8 . 0  l0il.0 8 . 1  

9 9 2 . 8  962.0 I.CO7.0 10.9 

390.7 3 7 7 . 0  1093.0 7.8 

9 9 1 . 3  ? 7 3 . 0  1011.0 10.7 

993 .4  981.0 1094.0  5 . 1  

9 9 5 . 1  9'78.0 1007.0 6 . 5  

9 9 7 . 5  971.0 1012.0 11.7 

996.5 9 7 8 - 0  1010.0 9.5 

999.4 9 8 9 . 0  1010:O 4.8 

988 .6  981..0 396.6 4.4 

991.9 982 .0  1001.0 3 . 7  

9 8 2 . 2  967.0 991.0  7.4 

990.4 982.0 1004.0 6 . 6  

9 9 3 . 6  386 ,O 1.062.0 4 . 1  

9 9 9 . 0  9 9 2 . 0  1884.0 3 . 5  

( 0 . 0 1  In/30 i n i n )  

p.., 0 -i S .I). r t u ~ i  Nin. . - . . . . . ._ .. . ...~..~ ..__ 

0.1 0.0 9 . 0  0.8 

0.2 0.0 8 . 9  0.9 

0.0 0.0 3 . 0  0.2 

0 . 5  0 . 0  9 . 9  1 . 3  

0.2 0.0 7 . 0  l . 0  

0.7 0 . 0  2 3 . 3  2 . 8  

0 . 5  0 . 0  2 1 . 0  2 . 5  

0.5 0 . 0  2'2.0 2.0 

0.3 0.0 . / . [ I  1.1 

0.7 8 . 0  1.8.0 2.3 

0.0 0 . 0  0.0 0.0 

0.2 9.0 4.0 0: i  

0 . 1  0.0 7.0 0.5 

0 . 3  0.0 9.0 1.1 

0.0 0 , 0  2 . 0  0.1 

0 . 1 ~  0 . 0  4 . 9  0 A  

0 . 0  0 . 0  1 . 0  0.1 

0 . 0  0.0 3 . 0  0.2 

0.2 0,0 1.3.0 1.4 

0.4 0.0 11.0 1 . 4  

0.0 0.0 1 . 0  0.1 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 

0.3 0.0 9 . c  1.0 

0 . 7  0.0 2 5 . 0  '2 .8  

0 . 1  0.0 6.0 0.4 

0.2. 0.0 6 . 0  0:7 

0 . 8  0.0 12.0 2.3 
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Q5.j 27 9 l C " 0  1 7 . 3  

71 I 3 ~ 4 . 3  106.0 19.8 

6 5  0 2 2  3 100.0 2 0 . 0  

5 3  1 34 B 9 9 . 3  1 f . 7  

5 3 , 9  2 3  3 9 8 . 3  1 6 . 7  

C 2  5 3(3 & 9 3 . 8  J 6 . L  

5 1  9 23.1 9 9 . 9  1 7 . 6  

5 5  A 7 7  0 9 7 . 5  1 6 . i  

G S , ?  18.4 ? 6 . 5  ? 7 . 9  

b j . 1  1-1 6 9 Q . 3  20.? 

6 5 . 4  1 3  6 1CS.0 27 0 

5 2 . 3  14.2 43.2 2 4 . 1  

8n 1 ~ o . 1  I C L  o 1 0 . 3  

/ . 3 . ' b  15 4 100.0 2 9 . 3  

.*.*.*.A. 

61.0 

s: ' 7 
4 3 .  I 

5 0 . 7  

43.3. 

50 .7  

4 6 . 3  

50 .4  

4 5 . 9  

&:I . 1. 
5 s .  3 

6 3 . 6. 

S A .  1. 

6 6 .  A 







Pi-oa :  Lynn I1ubbar.j 

3 )  A legend which explains what th-. number:; 01-1 t he  f l o o r  p : a n  izc?an 



i 

Keeping Chese three  f a c t o r s  in niixir?, we have arrived at: a strategy w h i c h  
sbo'.il.i% make progress  t . r ~ w a r d s  re1.ieving c.he radon problem i n  your house. T h e  
fol.l,owi.ng ? s a. curnm~ary of w h a t  we h a ~ e  found. 



Sin r - r r  1 y your.:, 

L y m  X.  Hubbard, P h .  D .  
Kaduii  Pi-oj  o c t  Coordinator  



9 8 . 5  

Dear Nr. and M r s .  Homeowner #3: 

Keeping  these  th ree  f a c t o r s  i n  m i n d ,  we have arrived a t  a s t r a t e g y  which 
s h o u l d  make progress  kowards re l l ’eving the radon problem i n  your house.  The 
following is C‘P summary of  what we have found. 

i Substructure  t y p e :  Basement with perimeter d r a i n  and sump in SE comer. 
Garage. on s l a b  adjacexiL LO basement on north s i d e .  

Subslab t y p e :  Good aggregate w a s  feu-nd under the  basement s l a b .  

Radon en t ry  p o i n t s :  The highest radon concentrat ions w e  found were under the 
basement f l o o r  s lab on the. s i d e  near  the basement/gsrage i n t e r f a c e .  A l l .  the 
walls showed s imi la r  coxieentrations wich s l i g h r l y  h ighe r  l e v e l s  found i n  the 
NE basement w a l l .  (See a t t ached  basement f l o o r  ma 

Subs1 ab communication : W e  observed good comunication ( i .  e .  ~ a i r  flow) 
between subslab p o i n t s  w i t h i n  thc basement, as we71 as subsinb t o  perimeter 
d r a i n  and subslab t o  smnp comunica t ion .  Siibslab t o  wa7 I eamnunicatfons were 
not: ob5erved i n  the basement because o€ the in t e rven ing  perimeter d r a i n .  

Mi t iga t ion  s t r a t e g y :  A subslab v e n t i l a t i o n  sys t~rn  vill be i n s t a l l e d  which 
w i  L L  vc.nt:ilate the area under your basement s l a b .  TIi s will be accompli shed 
by i n s t a l l i n g  two p ipes  i n t o  +_he sl.ab, one a t  2 5 ’ 5 ”  from each of i;he n o r t h  and 
s ~ u t h  w a i l s .  These p ipes  will be manifolded together and e x i t  the basement: 

the rocsf peak, A fan w l l l  be i n s t a l l e d  i n  the  pipe system i n  t h e  garage and 
will p u l l  t h e  a i r ,  o r  s o i l  gas ( inc lud ing  the  radon) ,  from the grwj.el bed arid 
vent it  t o  the  ou ts ide .  

, through the bnsementfgarage w a l l  and o u t  the garage roof on the east  s i d e  o f  

***Con~ki~di .~~g Remarks*** 

I w i l l  be v i s i t i n g  your home during t h e  week o f  December 8 t h  t o  discuss 
t he  d e t a i l s  of  our  m i t i g a t i o n  p l ans  w i t h  you. 

S ince re ly  yours 

IAynn M, Hubbard Ph I D ,  
Radon PrcsjecL Coordinator 



S - ~ n c e r e i y  y o u r s ,  





Keeping these  three f . ic tors  i n  mind, we have a r r i v e d  at a strategy which 
should make progi-ess towards r e l i e v i n g  the  radon prablem i n  your house. 
fullowing i s  a simimary o f  what we h w c  found 

Thp 

Subs:rLiri-ure t-ype: Hasanent and crawl space wi til h o l l o w  c inder  block .sal IS. 1 
q u m p  i n  t he  >:ascnei?t, garagp on s l a b  adjacenL t o  basencnt .  

Radon e n t r y  p o i n t s :  The hi..ghest radon concentrat ions we found were under ihe 
basciiieni: and crawlspace SI.& wi.th t he  wesi: s l d e  O E  the  crawlspace s h ~ ~ i x i g  the  
largest va7.u-s . The w a l l s  al-1. showed s i r n l l a r  concentra%ions 57ith s l - i g h t l y  
l i ighcr va lues  observed i n  the NE basement vall next t o  tlic Earage slab. (See  
at'izched haserne~t /cra?Jlspace f l o o r  map ~ ) 

Subs iab  communicaiion: We ohsor7red goad conununicacion ( i .  E. , ai.r flow) 
between d i€feceEt  poin ts  under the crawlspace s l a b  as well as beiween most 

poi.ilts urider ihe basement slab bu t  iiot between [:he basement: and crawlspace 
subs?.& poi.iIts . There was n o t  good conimunication betTn.cen s i t h e r  the  crawl.- 
s-pace EIL' t he  basement subslab a d  the wal J . s .  There was some wall to wal l  coin- 
nuiiicat,i-an i n  the  basement:. 

Mit iga t ion  s i r a r e g y :  A subs1 ab v i l a :  i o n  system w i l l  be instdij led Lo ven- 
1 i i a t z  the a rea  under  both thc  basciwnt and crawlspace s l a b s  This  w i l l  be 
arconiplished by i n s t d l l i n g  t w o  p i p e s  i c i t c r  the s l a b  i n  ;-he crawlspacc and one 
p i p e  into i he  s l a b  i n  i-he basement The pipes  w ; l l  be srranifoldec? toge the r  aiid 
e x i t  ihe s i  I ucture  through the garage roof  a f t e r  pass ing  through the wall 
hzi-on Che b<*senent and workrum and i he wall between the workroom and 
garage. G KanalflakL K 6  duct  fan  w i l l  be installed i n  tlte duc t  system i n  f ~ h e  
" v.nagcr, v i i l ~  a variabL2 speed switch ins ;  a l l e d  i n  the workroom. 

***Concluding Kem.-xksd** 

I w i l l  be v i s i t i n g  your lioine duri i ig  the w-ek  o f  Decerilber 15211 t o  d iscass  
the  d e t n i l s  o f  our iii;tigat:ion p l ans  wlth you 

S incerc l  p yoii-rs . 

Lynn K. IIubbak-d, Ph. D . 
Radon Pro jec t  Coordinator 



Lynn M. Ilubbzrd, Ph.D. 
Radon P r o j e c t  Cocrdinator  
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