
Volume I Environmental 

Final Environmental Impact Statement on 
New Energy-Efficient Homes Programs 

Assessing Indoor Air Quality Options 

i Power Administration 

August 1988 

DOE/fIS·0127F 





Volume I 
Final Environmental Impact Statement on 
New Energy-Efficient Homes Programs 

Assessing Indoor Air Quality Options 

BPA 
US Department of Energy 
Bonneville Power AdmmistratlOn 

August 1988 

DOEIEIS-0127F 





Respons i b l e Agency: U . S .  Department of Energy , Bonnev i I Ie Power Adm i n i strat i on 
T i t l e  of Proposed Act i on: New Energy-Eff i c i e nt  Homes Programs 
T i t l e  of Document : F i nal Env i ronmental Impact Statement 
States Invo l ved: Oregon , Wash i ngton , Idaho , and western �ontana  

Abstract: BPA has i mplemented market i ng and i ncent i ve programs and is i mplement i ng a surcharge pel i cy to encourage the construct i on of 
new energy-eff i cient homes that comp l y  w i th �odel Conservat i on Standards (�CS) developed by the Northwest Power Plann i n g Counc i I. 
These homes are des i gned to have lower a i r leakage rates than houses bu i It to today's preva i l i ng bu i I d i ng pract i ces ,  wh i ch may i ncrease 
concentrat i ons  of i ndoor a i r pollutants and thereby adversely affect the health of occupants . However ,  �CS also i ncludes measures 
that can i mprove i n door a i r qual i ty ( IAq) . BPA's current and past new homes programs ma i nta i ned vent i lation rates comparabie to those 
found i n  homes bu i It i n  1983 by requ i r i ng central mechan i cal venti lat i on .  BPA now proposes to g i ve bu i Iders and  consumers more 
flex i b i  l i ty by i nc reas i ng the opt i ons  for protect i ng IAq i n  i ts new homes programs. Th i s  proposal i s  the subject of th i s  Env i ronmental 
Impact Statement (EIS) , wh i ch was prepared for  BPA by the Pac i f i c Northwest Laboratory . BPA i s  us i ng th i s  EIS to assess whether other 
techn i ques can ma i nta i n  IAq compara b l e  to that found i n  homes bu i It to 1983 pract i ce .  

Although many pollutants a re potent i al l y  of concern and are assessed qual i tat i vely i n  the EIS , our an alysis focuses o n  the relat i onsh i p  
between vent i l at i on rates a n d  concent rations o f  radon and formaldehyde .  The analys i s  i s  based o n  measurements o f  vent i lat i on and 
concentrat i ons of these pollutants taken i n  homes bu i I t  to 1983 p ract i ce .  Ven t i  lat i on was measured us i ng fan  p ressu r i zat i on tests,  
wh i c h  measure on l y  a i r  l eakage , and  perf l uo roca rbon t race r gas tests,  wh i ch account for vent i l at i on f rom mechan i cal dev i ces and occupant 
behav i or in add i t i on to a i r  l ea k age . These tests y i e l ded a very w i de range of est i m ated vent i lat i on rates. Gu i ded by these est i mates, 
BPA c reated a range and used upper and l ower est i mates f rom w i th i n  that ra nge to estimate pollutant concentrat i ons  and expected l i fet i me 
l ung cancer rates under  the Basel i ne and four alte rnat i ve actions . Unde r al I of these , radon had a much g reate r effect than 

forma l dehyde . 

1 .  Basel i ne: The Base l ine is the start i ng po i nt of the an alys i s ;  i t  rep resents the bu i I d i ng p ract i ces that wou l d  preva i I i n  the 
Northwest absent BPA's new homes prog rams. We used the fol lowing upper and lowe r est i mated va l ues of ven t i  l at i on to desc r i be baseline 
cond i t i on s :  0 . 49 a i r  changes per hour (ACH) and 0 . 35 ACH .  AI I four  of the alternat i ves are assessed relat i ve to both of these Basel i ne 
est i mates . 

2. No Add i t i ona l Action A l te rnat i ve: Th i s  a l ternat i ve consists of BPA's 1985-7 new homes p rog rams , pr i ma r i  Iy m a rket i ng ,  code adopt i o n  
act i v i t i es ,  and  f i nancia l incent i ves . The prog rams a re des i gned to ach i eve at l east the  same IAq  as ach i eved i n  homes bu i It  to 1983 
pract i ce .  As a resu l t  of IAq requirements i n  these p rograms ,  we assume the same vent i lat i on rates as i n  the Basel i ne .  For the same 
reason , expected l ifet i me cancer rates are a l so the same as those under  the Base l i ne .  Because of the ene rgy-eff i c i ent  homes i n  th i s  
a l ternative , there a re estimated regional ene rgy sav i ngs o f  97-104 average megawatts f rom s i ngle-fam i I y  homes , 21-28 average megawatts 
f rom mu l tifam i Iy homes , and about 38 average megawatts from manufactured homes over  the Basel i ne .  

3 .  Proposed Action A l terna t i ve: Th i s  a l te rnat i ve cons i sts of the same p rog rams as the No Add i t i ona l Act i o n ,  but i nc l udes a broad menu 
of opt i ons ,  m ak i ng up 11 pathways ,  to prov i de f l exib i l i ty for  protect i ng IAq (ta rgeted spec i f i cally at control I i ng radon ) .  These 1 1  
pathways result i n  d i fferent vent i lat i on rates , depend i ng on the level o f  inf i  I t rat i on contro l ,  the type o f  mechan i cal ven t i  lat i on 
system , and the l ength of t i me the Mechanical vent i l at i on system i s  ope rated . L i fet i me cancer rates of the 1 1  pathways have a w i de 

range , v a ry i ng from s l i ght l y  l ess than the Basel i ne to f a r  above the Basel i ne. For s i ngle-fam i I y  homes , energy sav i ngs range f rom 74 
to 148 average megawatts ;  fo r  mult i fami I y  hOles , 11 to 39 average legawatts ; and for  manufactured homes , 28 to 41 average megawatts 
over the Base l ine .  

4 .  Prefe rred and Environmenta l ly Prefer red A l ternat i ve :  From the 11 pathways i n  the Proposed Act i on ,  BPA has chosen Pathways 3 ,  5 ,  5 ,  

8 ,  and 1 0  for i ts Preferred A l ternative . Th i s  a l ternative resu l ts i n  a s l i ght l y  lowe r cancer rate than the Base l i ne for a l  I three 

hous i ng types . It results i n  158 to 155 a verage legawatts of energy sav i ngs over the Base l i ne .  Pathway 8 i s  the Env i ronmental l y  

Prefer red A l te rnat i ve ;  th i s  pathway i mproves pub l i c  health and shows the g reatest hea l th benef i ts re l at i ve to the Base l i ne. It also 

resu l ts in lore energy sav i ngs than both the Base l i ne and the Preferred Alternat i ve ,  but at a h i gher cost to BPA and l ess f l ex i b i  l i ty 

for bu i I ders . 

Fo r Add i t i ona l Informat i on Contact : Anthony R. �orre l I 
Asst . to the Adm i n i st rator for Env i ronment 
Bonnevi I Ie Power Adm i n i st rat i on 
P . O .  Box 3521-SJ 
Portland , O regon 972a8 (Sa3) 230-5135 









SUf"MARY 

Bonneville Power Administration (Bonneville) promotes the construction of new 
energy-efficient homes through a variety of programs. These programs include 
such features as marketing and incentive payments to encourage the 
construction of energy-efficient homes, financial assistance to jurisdictions 
that incorporate Model Conservation Standards (MCS) into building codes, and 
implementation of a surcharge policy. The MCS are energy-efficient 
performance standards, which were development by the Northwest Power Planning 
Council (Council), for electrically heated buildings. The purpose of these 
programs is to save energy in new homes in compliance with provisions of the 
Pacific Northwest Electric Power Planning and Conservation Act, (Public Law 
96-501). This law mandates Bonneville to: 

* 

* 

* 

* 

acquire all necessary energy resources to serve Northwest utilities 
choosing to acquire power from the agency (Bonneville serves 
customers in the states of Idaho, Montana, Oregon, and Washington); 

give cost-effective conservation highest priority in responding to 
the demand for electricity; 

promote the Council1s MCS for the construction of energy-efficient 
homes as a means of controlling future electrical load growth though 
conservation; 

levy a rate surcharge on utilities that serve territories where 
reasonable steps are not being taken to save energy from MCS or other 
pro grams acceptable of Bonneville and the Council. 

The primary environmental issue for new energy-efficient homes is whether 
tighter construction increases indoor air pollution, which may in turn 
adversely affect the health of the occupants. To date , Bonneville has 
prevented or reduced this possible effect in energy-efficient homes built 
under its programs by either (1) using mechanical ventilation (MV) systems to 
maintain ventilation rates at levels generally found in homes built when the 
MCS were first adopted (1983 building practice), or (2) requiring monitoring 
and mitigation of formaldehyde and radon levels above 0.1 parts per million 
(ppm) or 5 pico Curies per liters (pCi/l) , respectively . 

Bonneville has prepared this Environmental Impact Statement (EIS) to explore 
whether other approaches will contl�ol indoor air quality (lAQ) and still 
maintain cost-effective energy savings. Its purpose is to provide builders 
and consumers with more flexibility in how they control lAQ in 
energy-efficient homes. Different building techniques and mitigation measures 
are analyzed for their ability to maintain IAQ comparable to that found in 
1983 building practices, or to even improve it. 

THE PATHWAYS 

To give builders and consumers the flexibility mentioned above, a broad menu 
of practical, commercially available methods are combined to make up 11 
p athways. 



A l l of  the  pathways start w i t h  c on s umer i n format i on pac kets ; t he  offer of  
radon mon i tor i n g ;  radon p reparatory c onstruc t i on measu res ( e . g . , s ub  s l ab 
grave l ,  c rawl space vent i l at i on )  or  req u i red mon i to r  and mi t i gat i on ;  exhaust  
fans  i n  k i tchen s , bath , and u t i l i ty rooms ; and  forma l dehyde p roduct  standards 
for part i c l e  board and p l ywood . The proposed p rogram i nc l udes two types of  
energy-eff i c i en t  homes : homes w i t h  advanced a i r l eakage contro l  packages 
( i . e .  a i r barr i ers )  b u i l t  w i th very l ow i n f i l t rat i on rates , an d those wi th  
more standa rd a i r l eakage contro l  measures ( i . e . , we l l - s ea l ed w ith  c a u l k i n g 
and weather  str i p p i n g ) , wh i ch resu l t  i n  h i gher  i n f i l t rat i on rates s t i l l  be l ow 
those  o f  c u rrent p ract i ce .  

The pathways a re structured aroun d  t h ree key vari ab l es :  

1 )  t he  i n f i l t rat i on contro l  app l i ed to  the  house ;  

2 )  t he  mec h an i ca l  vent i l at i on (MV) system wh i ch i nc l udes fou r  c h o i ces : 

* 

* 

* 

no who l e-house  MV system , 

c entra l  mec h an i ca l  vent i l at i on wi th  heat recovery ( e . g . , an  
a i r-to- a i r heat exchanger (AAHX) ) ,  

centra l mec h an i ca l  exhaust  vent i l at i on system wi th  open i n gs for 
outs i de a i r supp l y ,  and ,  

3 )  t he  occupants ' operat i on of the  MV system .  

The  t h ree b as i c  MV systems are s i z ed t o  p rov i de d i fferen t capac i t i es .  

We an a l yz ed two opera t i ng  or  control  opt i on s . A c ont i n uou s l y  opera t i n g  ( 24-
h r )  MV sys tem res u l ts i n  a contro l l ed ,  constant  rate of  a i r exch ange . T he  
other  opt i on i s  i n term i ttent opera t i on and ass umes the  system operates 8 h rs 
per d ay .  The  s econd opt i on acts as a p roxy i n  the  ana lys i s  for control  
tech n o l o g i es t h at are not wi d e l y  ava i l ab l e  and used today but  that  a re l i ke l y  
to  be  commonp l ace i n  new h omes b y  t he  year 2000 . These  con t ro l s wou l d  be  
tr i ggered by  s uc h  t h i ngs  as occ upancy , h um i d i ty ,  and po l l ut i on l eve l s .  The  
pathways are descr i bed be l ow .  

Pathway 1 .  Pathway 1 app l i es to  we l l -sea l ed energy-eff i c i ent  houses  t h at do  
not have  a i r  b a rr i e rs as one of  t he  conservat i on measures . Th i s  p athway h as 
no  centra l  MV system , re l y i n g  on l y  on dehumi d i f i ers and  exh aust  fan s for spot 
vent i l at i on .  S i nce  i n c i d enta l  mech an i ca l  vent i l at i on i s  not i n c l uded i n  t he  
c a l c u l at i on of  t h e  tot a l  vent i l at i on rates , t he  rates are t h e  s ame as t he  
des i gn ven t i l at i on rates of  we l l - sea l ed houses  wi thout a i r barr i ers : ( 0 . 3 5  
and 0 . 28 effec t i ve a i r  c h anges per  h o u r  (ACH ) for upper and  l ower bound  
est i mates , res pect i ve l y ) . 

Pathway 2 .  Pathway 2 a l so  app l i es to  houses  wi th  standa rd i n f i l t rat i on 
contro l , b ut wh o l e-house , b a l anced , mec h an i ca l  vent i l at i on ,  operat i n g 
cont i n uou s l y ,  i s  s i z ed to  g i ve ven t i l at i on l eve l s equ i v a l ent  to , or  g reater 
t h an , cu rren t p ract i ce ( 0 . 5 3 an d 0 . 47 effec t i ve  ACH for upper and l ower bound 
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es t i mates , res pect i ve l y ) . Wa l l - or wi n dow-mounted b a l anced MV dev i ces may be 
used , but  severa l may be needed to ach i eve a "wh o l e-hou s e "  effect . 

Pat hway 3 .  Pathway 3 i s  the  counterpart of Pdthway 2 .  Everyt h i n g i s  t he  
s ame , except t h at t he  MV sys tem operates i nterm i tten t l y , for  a tota l  of  8 h rs 
per d ay i n s tead of 24 . T h i s  i n term i ttent operat i on re su l t s i n  a l owe r 
effec t i ve vent i l at i on rate t h an Pathway 2 ( 0 . 4 1 and 0 . 3 5 effect i ve ACH for 
upper and  l ower bound est i mates , respect i ve l y ) . 

Pathway 4 .  I n  Pathway 4 ,  t h e  stand ard i n f i l trat i on con t ro l  i s  comb i n ed wi th 
a cen t ra l  exh aust  MV system , i n stead of an AAHX , wh i c h i n takes to s upp l y  makeup 
a i r .  T he  system i s  operated cont i n uous l y  and  p rov i des an effect i ve ven t i l at i on 
rate of 0 . 48 and  0 . 40 effec t i ve ACH for upper and l owe r bound  es t i mates , 
respect i ve l y .  

Pat hway 5 .  Pathway 5 i s  i den t i c a l  to Pathway 4 ,  except for i n term i ttent 
operat i on of the MV system . The i ntake  ports prov i de t he  makeup a i r to g i ve 
a p res s u re-ba l anced sy stem ;  t he  a l so prov i de better d i str i but i on of t he  makeup 
a i r because  of  t h e i r  p l acement . Bec ause  of MV sys tem i s  operated on l y  8 h rs 
per day ,  t h i s  pat hway res u l ts i n  l ower vent i l at i on rates ( 0 . 42 and  0 . 3 4  
effec t i ve ACH f o r  upper and  l ower bound est i mates , respect i ve l y ) . 

Pat hway 6 .  Pat hway 6 i s  a vari ant  of Pat hway 5 ;  i t s d i fference i s  t he  absence 
of i n take  vents for makeup a i r  s upp l y ,  wh i c h res u l ts i n  an u nba l anced sys tem 
and vent i l at i on rates of 0 . 38 and 0 . 31 effect i ve ACH for upper and l owe r bound  
es t i mates , respec t i ve l y .  

Pathway 7 .  Pat hway 7 rep resents one  of t he  ext reme opt i on s  but  i s  i n c l uded 
for comp l eteness  of  an a l ys i s .  I t  app l i es to houses  t h at take  t h e  advanced 
approach to  i n f i l t rat i on cont rol by i n sta l l i n g  a con t i n uous  a i r b arri e r ,  but  
t he  h ome i n c l udes no  MV system . Therefore , no  vent i l at i on i s  added  to t he  
natura l  i n f i l t rat i on rate , resu l t i n g i n  the  l owest effect i ve ven t i l at i on :  
0 . 18 and  0 . 156  effect i ve ACH for upper and l ower bound  est i mates , res pect i ve l y .  

Pathway 8 .  Pat hway 8 i nc l udes con t i n uous l y  operat i n g ,  wh o l e-house , b a l anced , 
mec h an i c a l  vent i l at i on i n  energy -eff i c i ent  houses  bu i l t  wi t h  a i r barri ers . 
Even w i t h  t he  a i r  barr i e r ,  t he  cont i n uous l y  ope rat i n g  AAHX p rov i des an 
effect i v e vent i l at i on rate equ i v a l ent  to current pract i ce :  0 . 43 and 0 . 40 
effect i ve ACH for upper and  l ower bound  es t i mates , res pect i v e l y .  

Pat hway 9 .  Pat hway 9 i s  i dent i c a l  to Pathway 8 exc ept t he  AAHX operates 
i n term i tten t l y  and t h i s  re s u l t s i n  s i gn i f i cant l y  l ower ven t i l at i on rates : 
0 . 27 and  0 . 23 effec t i v e  ACH for upper and l owe r bound est i mates , respect i ve l y .  

Pathway 10 . Pat hway 1 0  cons i s ts of advanced a i r l eakage con tro l  and a wh o l e­
house  exhaust  MV system operat i n g con t i nuous l y .  A l t h ough  t he  tec h n o l ogy for 
an automat i c  cont i n uous l y  operat i n g exhaust  sys tem i s  av a i l ab l e  and i s  i n  use  
i n  E u rope , i t  h as not yet  been wi de l y  i n troduced i n  t he  U . S . , but  wi l l  be i n  
t h e  future . Th i s  pathway h a s  effect i ve ven t i l at i on rates o f  0 . 3 4  and  0 . 3 1  
for upper and l ower bound est i mates , respect i ve l y .  

i i i  



Pathway 1 1 . Pathway 1 1  i s  i dent i c a l  to Pathway 1 0  except t h e  exhaust  MV system 
operates on l y  8 h ou rs per day ,  res u l t i ng i n  l ower vent i l at i on rates : 0 . 26 
and 0 . 22 effec t i ve ACH for t he  upper and l ower bound  e s t i mates , res pect i ve l y .  

These  1 1  pathways encompass t h e  ext remes o f  opt i on s  av a i l ab l e for con struct i on 
of new energy -eff i c i ent  h omes i n  th e Pac i f i c  Northwes t .  W h i l e  some pathways 
appear u n reasonab l y  extreme , t hey a l l fa l l wi t h i n  t he  bounds  of rea l i ty and 
comp l ete l y  frame the ran ge  of reason ab l e c h o i ces . 

BAS E L I N E  AND ALTERNAT I VES 

We chose  four a l tern at i ves to assess  and compare env i ronmenta l  effects . The 
a l ternat i ves were determ i ned by th e fundamenta l i s s ue to be exp l ored t h rough  
th e E I S :  ma i nt a i n i ng t h e  current act i on ,  wh i ch rel i es on a l i m i ted approach 
for p rotect i n g IAQ (ma i nta i n i n g  ven t i l at i on l eve l s t h at preva i l ed i n  1 983 
b u i l d i ngs  t h rough  a comb i n ati on of i n f i l trat i on and mechan i ca l  vent i l at i on )  
o r  b roaden i n g  t h at approach  by add i n g other mean s o f  p rotect i n g  IAQ .  T he  
dec i s i on to  be made  i s  wh ether  a l l or some IAQ pat hways i n  t he  Proposea-Act i on 
A l tern ati ve  s hou l d be adopted . An i mportant e l ement  of our  an a l ys i s  of the  
a l tern at i ves i s  B PA ' s forecast of new h ome con struct i on .  The  forecast 
est i mates both  t he  n umber of n ew homes wh i ch wi l l  be  b u i l t  to preva i l i n g 
b u i l d i ng pract i ce and t he  n umber b u i l t  to energy-eff i c i ent  stand ards for the 
p l an n i n g per i od 1 986 t h rough  2006 . These e st i mat es are g i ven i n  the fo l l owi ng 
descr i pt i on of t he  Bas e l i ne and four a l tern at i ves. 

Bas e l i n e :  The Base l i ne i s  deri ved from BPA ' s 1 986 med i um hous i n g forecast 
for t h e  Pac i f i c  Northwest and the assumpt i on t h at no  energy -eff i c i ent new 
homes p rograms are underway . I n  t he  Bas e l i n e we est i mate t h at , from 1 986 
t h rough  2006 , about 2 . 9  m i l l i on peop l e  wi l l  l i ve i n  some 603 , 300 n ew 
e l ectr i c a l ly  heated s i n g l e- fami l y  homes , some 356 , 800 mu l t i fami l y  h omes , and 
247 , 300 man ufactured homes , a l l b u i l t  to preva i l i ng  con structi on pract i ces 
( hereafter refe rred to  as " cu rren t practi ce  homes " ) . 

No  Add i t i on a l  Act i on A l ternat i ve :  The  No  Add i t i on a l  Act i on A l ternat i ve 
rep resents t h e  p rograms BPA h as pursued s i n ce  1 985  to p romote new en ergy ­
effi c i ent  h ome con struct i on .  I n  t h ese programs , B PA h a s  s upp l i ed techn i ca l  
a n d  s a l es tra i n i n g ,  cooperat i ve adverti s i ng fun ds , a reg i on a l  market i ng 
c amp a i gn , f i n an c i a l  i n cen t i ves, and i n formati on about IAQ . There were a l so 
programs a i med at techno l ogy tran s fer and code adopt i on .  An a l ys i s  of th i s  
a l tern at i ve ass umes t he  market i ng p rog ram cont i n ues from 1 986 th rough 2006 . 

By th e year 2006 about 1 . 3 m i l l i on peop l e  are forecast to be  res i d i n g i n  
436 , 600 new s i ng l e-fami l y ,  e l ect ri c a l l y  heated h omes , of wh i ch 270 , 800 wi l l  
be b u i l t  to MCS standards ; some 568 , 800 l i v i n g i n  3 54 , 900 mu l t i fam i l y  h omes, 
of wh i ch 228 , 1 00 are en ergy-eff i c i ent; and 570 , 400 l i v i ng i n  247 , 300 
man ufactu red homes , of  wh i ch 59 , 700 are en ergy -eff i c i ent . 

Proposed Act i on A l tern at i ve :  The Proposed Act i on A l tern ati ve i s  i den t i c a l  to 
t he  No  Add i ti on a l  Act i on A l ternati ve i n  regard to p rog rams, n umber of 
part i c i p ants , and  n umber of cu rrent practi ce and energy-e ff ic i ent h omes b u i l t . 
However , un l i ke th e oth er  a l tern at i ves, th i s  one has  a b road menu of b u i l d i n g 
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tec h n i ques  and  m i t i g at i on measures from wh i ch bu i l ders an d con s umers may c hoose 
to ma i n t a i n  I AQ .  These  meas u res are comb i ned  i nto  a set of 1 1  " pathways " .  

A l l pathways i n  t h e  Proposed Act i on req u i re the radon pac k age , wh i c h i n c l udes 
the offer of radon mon i tori ng  to a l l househo l ds .  I t  a l so i nc l udes t h e  opt i on 
of  i n st all i n g mea s u res ( a  vent i l ated c rawl sp ace and/or a g rav e l  base  under  a 
concrete s l ab f l oor)  wh i c h wou l d  a l l ow more effect i ve m i t i gat i on of radon i f  
t h e  homeown er  c h ooses . Those  h omes for wh i c h  bu i l ders h ave n ot i n sta l l ed 
t h ese  mea s u res  for post -con struct i on source  con t ro l  requ i re mon i tor i ng  fo r 
radon concen t rat i on s . I f  mon i t ori ng  s h ows t h at l eve l s exceed 5 pC i / l , 
m i t i g at i on tec h n i ques  must  be i n sta l l ed and act i v ated . We assume t h ese 
act i on s  reduce concentrat i on s  by 70 percent (%) . 

P referred A l ternat i ve :  Bon n ev i l l e con s i dered a n umber of factors i n  t he 
se l ec t i on of t h e  P referred A l tern at i ve ;  of t h ese  " d ec i s i on factors " ,  h ea l t h 
effects and f l ex i b i l i ty were part i cu l ar l y i mportant . For t h e  f i rst c r i teri on 
we c h ose  pathways for wh i c h h ea l t h  effects were c l ose enough  to t h ose i n  t h e  
Base l i n e  to  b e  wi t h i n  t h e  range of uncert a i nty .  For t h e  second c ri teri on , 
wi t h i n  t h e  to l e rances  a l l owed by t he  uncert a i n ty s urround i n g t h e  hea l t h  effects  
and en ergy sav i n g s , we wi s hed to a l l ow max i mum f l ex i b i l i ty for bu i l ders and 
u t i l i t i es .  Based on t h ese  cr i teri a ,  B PA has c h osen to i nc l ude  Pathways 3 ,  5 ,  
6 ,  8 ,  and 1 0  i n  i t s Preferred A l tern at i ve .  

En v i ronmen t a l ly P referred A l tern at i v e :  T h i s  a l tern at i v e wou l d  res u l t  i n  t he  
g reatest overa l l h ea l t h ben e f i t s  to th e popu l at i on t h rough  reduced i nc i dence 
of l un g  cancer and reduced i mpacts  from a l tern at i ve generat i n g resources  
re l at i ve to  the  Base l i ne .  Pathway 8 of t he  Proposed Act i on rep resents  t h i s  
a l tern at i ve .  

VENT I  LAT ION  

O u r  an a l ys i s  of h ea l th effects  i s  based on e st i mated c h an ges i n  ven t i l at i on 
rates i n  new en ergy-eff i c i ent  homes comp ared to  those  i n  houses  bu i l t  to  1 983 
b u i l d i n g p ract i ce .  We rea l i ze t h e  most i mport ant  factor i n  determi n i n g t h e  
h ea l t h  r i s k  f o r  e a c h  i n d i v i du a l  i s  t h e  actua l  po l l utant  concen t rat i on i n  t h e  
home , wh i ch i s  based o n  t h e  i n teract i on between s t ren gth  of t h e  po l l utant  
source  and the  i n f i l t rat i on of fres h  a i r .  Because po l l utant  source  s t ren gths  
and i n door concent rat i on s  vary wi de l y ,  we dec i ded to u se  average po l l utant  
concen t rat i on s  wi t h  vary i n g vent i l at i on rates to es t i mate h ea l t h  effects . 
I f  one  a s s umes t h at homes b u i l t  under  BPA ' s  p rog ram wou l d  have  been b u i l t  
wi thout  t h e  p rog ram i n  app rox i mate l y  t he  s ame geograp h i c  l ocat i on s  and i n  t h e  
same bas i c  con f i g u rat i on s , t h en c h anges i n  vent i l at i on rates becomes a v a l i d  
p red i ctor of hea l t h  effects . As t he  p u rpose o f  t h i s  E I S  i s  t o  compare i mpacts 
of vari ous  a l tern a t i ves to those est i mated for t he  Base l i n e ,  t h i s  a ssumpt i on 
i s  acceptab l e .  

S i n ce  1 984 B PA h a s  measured vent i l at i on rates i n  newl y con st ructed h omes as 
part of i t s Res i dent i a l Standards Demonstrat i on Prog ram ( RSDP ) . Two 
mea s u rement  techn i ques  were u sed . The  f i rst techn i q ue  u ses a b l ower door and 
re l i es on the p r i nc i p l e  of fan p res s u r i z at i on to meas u re an equ i v a l ent  l eakage 
area ( ELA) , wh i c h can  be  t hought  of as  the s um of a l l the h o l es and  c racks  of 
the bu i l d i n g ' s  en ve l ope o r  exteri or  s he l l .  T he  ELA was comb i n ed wi t h  typ i ca l  
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weather  cond i t i on s  and add i t i on a l  a ssumpt i on s  reg ard i n g  the  home ' s  phys i ca l  
c h aracteri s t i c s  to  e s t i mate a n  average n at u ra l  vent i l at i on rate for the  heat i n g 
season . The  second techn i que  u ses a perfl uorocarbon t racer ( PFT)  gas test , 
wh i ch meas u res a b u i l d i ng's "effect i ve "  ven t i l at i on rate . The  res u l t of the  
PFT test  i n c l udes the  effects of a home ' s  MV  system and of occupant  behav i or 
i n  add i t i on to  the  natura l l y  occurri ng i n f i l trat i on rate . S i mp l y  s t ated , the  
vent i l at i on rate  est i mated by  the  PFT test  is  a tracer " d i l ut i on rate " and i s  
c a l l ed the  " effect i ve vent i l at i on rate . "  

Bas e l i ne :  These  two vent i l at i on measurement techn i ques  have  y i e l ded d i fferent 
res u l ts  w i t h i n  the s ame house . The fan pres s u r i z at i on test general l y  y i e l d s 
h i gher  average res u l ts  t h an the  PFT test and spans  a b roader range of res u l t s .  
Howeve r ,  we be l i eve t h ese two tests  are rep resentat i ve of the  uncert a i nty i n  
res i dent i a l vent i l at i on rates and our  i n ab i l i ty to  accu rate l y  determi ne  the 
rate i n  any part i cu l ar home . I f  we cou l d  acc u rate l y meas u re a home ' s  
vent i l at i on rate , we est i mate the  actua l  rate wou l d  l i e between the  res u l ts  
of t h es e  two tests . G i ven  th i s  u ncerta i n ty and  g u i ded by  the  prev i ou s  test i ng 
exper i ence , BPA e l ected to devel op vent i l at i on rates for the  var i ou s  
a l tern at i ves i n  t h i s  E I S  by estab l i s h i n g upper a n d  l owe r bound  e s t i mates . 
These  est i mates not  on l y  account  for the  u ncert a i n ty but  a l so  prov i de a range 
of en v i ronmenta l  effects wh i ch i s  l i n ked to  the  actu a l  d i st r i b ut i on of 
vent i l at i on rates found  i n  homes . The  va l ues  used for the  Base l i n e and  the  
other a l tern a t i ves  are g i ven in  Tab l es 1 t hrough 3 .  

Note t h at for a l l t hree hous i n g types ( Tab l es 1 -3 )  i dent i c a l  vent i l at i on rates 
are g i ven for the Bas e l i n e and the No Add i t i on a l  Act i on Al tern at i ve .  S i nce 
the  c u rrer: New Energy - Eff i c i ent  Homes Programs , wh i ch compose the  No 
Add i t i on a l  Act i on Al tern at i ve ,  are des i gned to ma i n t a i n  IAQ at l east  
comparab l e  to  1 983 pract i ce ,  we  ass ume the  vent i l at i on rates  are  the  s ame as 
the  Bas e l i n e .  

Proposed Act i on Al tern at i ve :  Vent i l at i on rates for the  Proposed Act i on 
Al tern at i ve depend on the  ch aracter i s t i cs  of each p athway . For examp l e ,  the 
a l ternat i ve i nc l udes two types of energy-eff i c i ent  homes : homes wi th  advanced 
a i r  l ea k age  control  packages ( i . e . , a i r barr i ers ) b u i l t  wi th very l ow 
i n f i l t rat i on rates ( Pathways 7 - 1 1 ) ; and homes w i t h  more standard a i r  l eakage 
control  measures ( i . e . , we l l -sea l ed w i t h  c au l k i n g and  weatherst r i pp i n g ) , wh i ch 
res u l t i n  h i g her  i n f i l trat i on rates but  s t i l l  be l ow those of 1 983 pract i ce 
( Pat hways 1 - 6 ) . 

Th ree vent i l at i on opt i on s  are poss i b l e  fo r both types of houses . That  i s ,  
the f i ve pathways for homes wi th a i r barri ers , and t h u s  very l ow i n f i l trat i on 
rates , i n c l ude  the  s ame ven t i l at i on opt i on s  as the  s i x  pathways for homes 
wi th  standard i n f i l t rat i on control  (wi th  one except i on ) . Those  opt i on s  are : 
1 )  who l e-house  mech an i c a l  vent i l at i on w i t h  heat recovery (AAHX) ; 2 )  a centra l  
mec h an i ca l  exhaust vent i l at i on system (wi th  control l ed open i n gs  for  outs i de 
a i r  s upp l y ) ; or 3 )  no  MV system , but  on l y  spot vent i l at i on wi th  exh aust  fan s . 
Houses  w i t h  the  s t andard i n f i l trat i on control  h ave one oth er  opt i on ,  a 
d i stri buted exh aust  system wi th  a l arge r capac i ty fan but  wi thout  contro l l ed 
open i n gs  for outs i de a i r .  Th i s  p athway req u i res houses  to be  chec ked and  to 
ach i eve a m i n i mum l eakage area . 
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The amount  of vent i l at i on p rov i ded by these  ven t i l at i on systems depen ds  i n  
part on t h e i r frequency of operat i on . They can  operate e i ther  cont i n uous l y  
o r  i nterm i tten t l y  ( up to 8 h r/day ) ; t he  con t i n uou s l y  operated system p rov i des 
more ven t i l at i on t h an one operated i nterm i tten t l y .  

Preferred A l tern at i ve :  Ven t i l at i on rates for th i s  a l tern at i ve come from the  
vari ous  pathways s e l ected to compose th i s  a l ternat i ve .  I n  ev a l u at i ng th i s  
a l tern at i ve ,  we ass ume each p athway i s  rep resented by a perc entage  of a l l new 
energy-eff i c i en t  homes . The  percentages c h ange  over t i me to ref l ect  
i n c reas i ng acceptance and u se  of n ew ly  ava i l ab l e  tec hno l ogy i n  MV  systems . 

Env i ronmen t a l ly  Preferred A l tern at i ve :  T he  vent i l at i on rate for t h i s  
a l tern at i ve i s  t h e  s ame a s  that  e st i mated for pathway 8 of the  Proposed Act i on 
A l ternat i ve .  

INDOOR A I R  QUALITY 

The  p r i mary en v i ronmen t a l  concern for the  New En ergy- Eff i c i en t  Homes Programs 
i s  t h e  effects t h at i nc reased l eve l s of i n door po l l utants  may have  on 
res i den ts ' hea l th . Many factors affect the  l eve l  and  m i x  of po l l utants  found 
i n  a g i ven home , i nc l ud i ng source  strength , house vo l ume , occ upant  beh av i or ,  
and  vent i l at i on rates . Reduc i n g a i r f l ow between i n doors and outdoors i s  an  
effec t i ve way to conserve energy , but  may a l so  cont ri bute  to  the  b u i l d up of 
i ndoor po l l ut ants . 

To determ i ne the  h ea l t h  e ffects of the  Base l i n e  an d t h e  vari ous  a l tern at i ves , 
our  q u ant i tat i ve an a l ys i s  focuses  on radon and  forma l dehyde . We emphas i ze 
t h ese  two po l l utants  for a n umber of reason s . 1 )  T h ese  two po l l utants  are 
common l y  found i n doors and have  effects  rang i n g from s hort-term d i scomfort to 
poss i b l e  i n c i dence of l ung  c ancer . 2)  Occupants have l es s  contro l  over t he  
p resence  of t hese  po l l utants  i n  h omes t h an over  other  po l l utants  because  t he i r 
p resence  i s  affected on l y  i n d i rect l y  by occupant dec i s i on s  and be hav i or and 
more by the p o l l utant  source  term .  Po l l utants  i n h eren t i n  t he  s i te or 
structure of a home are more l i ke l y  to  be affected by c h anges i n  ven t i l at i on 
t h an by occupant behav i o r ;  t h i s  i s  espec i a l l y  t rue  of radon . Exposure to  
ot her  po l l utants  res u l ts  from i n d i v i du a l s '  c ho i ces s uch  as smo k i n g  tobacco , 
u s i ng a wood stove, or p urs u i n g part i cu l ar hob b i es .  3 )  Radon and forma l dehyde 
l eve l s c an be  affected t h rough b u i l ders ' con struct i on dec i s i on s . 4) F i n a l l y ,  
researchers have  devel oped ri s k  factors for these  p o l l u tants , mak i n g i t  
pos s i b l e  t o  q uant i fy l i fe t i me c ancer rates based on concentrat i on l eve l s  over 
l on g  t i me per i ods . Whereas n o  s hort-term or acute hea l t h  symptoms are 
as soc i ated w i t h  radon , s c i en t i sts  have  found t h at forma l dehyde c an cause  
severe , s h ort -term hea l t h  effects ; however , t h ese  effects are not quant i f i ab l e  
and sens i t i v i ty amon g exposed persons d i ffers . 

Other  i n door po l l utants , s uch  as resp i rab l e  s u spended part i cu l ates ( RSP ) , 
comb us t i on gases , househ o l d chem i c a l s ,  mo i stu re , and  m i c roorgan i sms  a l s o  pose 
p rob l ems . Howeve r ,  our  rev i ew of the sc i ent i f i c  l i terature i n d i c ates i n s u f­
f i c i ent  i n forma t i on to accurat e l y  q uant i fy or  to  be  def i n i t i ve about t h e  
hea l th effects of t h e s e  po l l utants . 
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We based our  an a l ys i s  on concentra t i on data  taken from 1 983 s i n g l e - fam i l y  
homes mon i to red as p art of BPA ' s  RSDP . Us i n g measured concentrat i on s  of radon 
and forma l dehyde and es t i mated vent i l at i on rates from these  homes , a l ong  w i t h  
p rototy p i c a l  s i zes  of  s i n g l e-fami l y ,  mu l t i fam i l y ,  an d man u factured h omes , we 
e s t i mated p o l l utant concen t rat i on s  to match d i fferent vent i l at i on rates and 
hous i ng types . 

Base l i ne :  Radon meas u remen ts were d i v i ded i n to two g roups , read i ngs  be l ow 
and  above 5 pC i / l , for t h e  reg i on ' s  t h ree c l i mate zones . T hen med i an v a l ues 
were obta i ned for each g roup by c l i mate z one . For s i n g l e-fam i l y  h omes , t h e  
group be l ow 5 pC i / l  h ad  v a l ues of 0 . 4 1 , 1 . 5 1 ,  an d 2 . 23 pC i / l  f o r  c l i mate zones 
I, 2 ,  and 3 ,  respect i ve l y .  The med i an v a l ues for the g roup above 5 pC i / l  
were 1 0 . 52 ,  9 . 56 ,  and  9 . 7 6 for the  same c l i mate z ones . The n umber o f  homes 
fa l l i ng  i n to the  respec t i ve g roups  was based on the  percen t age  of measurements  
wi th i n  t h e  two g roups  by  c l i mate zone . Forma l dehyde concentrat i on s  i n  s i ng l e­
fami l y  homes were 0 . 09  ppm for a l l t h ree c l i mate zones . 

No  Add i t i on a l  Act i on A l tern at i ve :  S i nce  the  current New Energy- Eff i c i ent  
Homes Prog rams , wh i ch compose t h e  No Add i t i on a l  Act i on A l tern at i ve ,  are 
des i gned to ma i nt a i n I AQ at l east  comparab l e  to  1 983 p ract i ce ,  we ass umed the  
concen t rat i on s  in  t he  var i ous  hou s i n g types are the  s ame as the  Base l i n e .  

Proposed Act i on A l tern at i ve :  Radon and forma l dehyde concentrat i on s  for t h e  
d i fferent  hous i n g types were es t i mated for each p athway by i n c reas i ng o r  
d ecreas i n g t h e  Base l i ne ' s  concent rat i on s  b y  t h e  mag n i tude of c h ange  i n  t he  
ven t i l at i on rate . For  examp l e ,  s i n g l e-fam i l y  h omes i n  Pathway 1 have  
ven t i l at i on rates 7 1  and  7 4% of the  upper  and  l ower est i mates of  t h e  Base l i ne ' s  
ven t i l at i on rates . S i nce  concent rat i on i s  i n verse l y  p roport i on a l  to  
ven t i l at i on rate , t he  concentrat i on s  for P athway 1 wi l l  be 1 . 4 1  a nd  1 . 3 5  t i mes 
those for the upper  and l ower v a l ues  i n  1 983 houses . Us i n g t h i s  appro ach , 
concen t rat i on s  were est i mated for each pathway for each hous i n g type . I f  the  
meas u red  concen t rat i on s  exceeded 5 pCi / l  and  m i t i g at i on measures were 
i mp l emented , we a s sumed concen t rat i on s  were reduced by 70% to account for 
i mp l ementat i on of the radon p ackag e .  Howeve r ,  we ass ume on l y  a sma l l fract i on 
of t h e  h omes w i t h  e st i mated concentrat i on s  above 5 pC i / l  w i l l  i mp l ement t h e  
radon m i t i gat i on measures , t h at i s ,  on l y  t h o s e  h omes w i t h  l arge meas u red radon 
concen t rat i on s . 

P referred A l tern at i ve :  S i nce  t h i s  a l tern at i ve i s  made up  o f  var i ous  p athways 
from the  P roposed Act i on A l tern at i ve ,  concentrat i on s  are t h e  s ame as those  
est i mated for  the  se l ected pathways of t h at a l ternat i ve .  

En v i ronmen t a l l y  P referred A l ternat i ve :  S i nce  Pathway 8 rep resents  t h i s  
a l ternat i ve ,  t he  concent rat i on s  a re t he  same as est i mated for t h at pathway . 

HEALTH EFFECTS 

The  key hea l t h  effect i n  t h i s  E I S  i s  l i fet i me l ung  c ancer from expos u re to 
radon and n a s a l  c ancer from forma l dehyde . We e s t i mated the n umber of  l i fet i me 
cancers t h at may occ u r  per  100 , 00 person s exposed to est i mated concen t rat i ons  
of radon an d forma l dehyde that may be  found i n  en ergy-eff i c i ent homes . We  
based o ur  est i mates of l i fet i me c ancers on the  ass umpt i on of  a " l i near  dose  
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respon s e " : t h at t h e  l i k e l i hood of cont ract�ng c ancer i s  d i rect l y  p roport i on a l  
to  po l l utant  expos ure (doub l i ng t he  exposure doub l es t h e  r i s k ) . W e  ass umed 
t h at c ancers occ u r  at a l l po l l utant  l eve l s and t h at t h ere i s  no t h resh o l d 
be l ow wh i ch po l l utant  l eve l s do not res u l t i n  a r i s k  of  c ancer . We a l so 
ass umed that we c an use  i n format i on about ri s k s  from expo s u re to po l l utants  
at h i gh con cen t rat i on s  to  c a l c u l ate ri s k s  at  l ow concent rat i on s ;  t h i s  
a s s umpt i on i s  k nown as h i g h -to- l ow dose  ext rapo l at i on .  

L i fet i me cancer  rates  for each  of  t he  a l tern at i ves a re l i sted i n  Tab l es 1 
t h rough  3 for s i n g l e - fami l y ,  mu l t i fami l y ,  and man ufactured homes . The  n umbers 
i n  these  t ab l es a re an approx i mat i on of re l at i ve c h anges i n  r i s k  and  do  not 
p red i ct wh at wi l l  actua l l y  occur .  We h ave es t i mated not  the  certa i n  i nc i dence 
of c ancer  for a g i ven i nd i v i du a l , but  rather  the probabll i ty of  l un g  c ancer 
for each  i n d i v i du a l  of  a l arger  popu l at i on at r i s k .  

Base l i ne :  We est i mated 335  l i fet i me c ancers per 100 , 000 persons resu l t  from 
radon expo s u re and 1 0  l i fet i me cancers per 100 , 000 res u l t from forma l dehyde 
i n  s i n g l e - fam i l y  h omes . I n  manufact u red homes , a rate of  4 1 3  l i fet i me c ancers 
per 100 , 000 persons  i s  est i mated fo r exposure to radon and  1 2  for 
forma l dehyde. I n  mu l t i fami l y  homes t he  c ancer rate from radon i s  306  per 
100 , 000  and  12  for forma l dehyde . 

No  Add i t i on a l  Act i on Al tern at i ve :  There i s  no  i nc rease i n  c ancer  rates from 
th i s  A l ternat i ve because  vent i l at i on rates are i den t i c a l  to t h e  Base l i nes ' s  
vent i l at i on rates . 

Proposed Act i on Al ternat i ve :  We est i mated the  hea l t h  effects  for each  p athway 
of t h e  Proposed Act i on by u s i ng both  t h e  upper  and l ower est i mates of 
vent i l at i on and  by a s s um i n g  t h at a l l new energy -eff i c i ent  h omes wou l d  fo l l ow 
t h at p athway . T he  est i mated l i fet i me c ancer rates g i ven i n  Tab l es 1 t h rough 
3 a l l s how the  s ame p attern : as  ven t i l at i on rates dec re ase , c ancer  rates 
i n c rease . For s i n g l e-fam i l y  homes , t he  l owest  l i fet i me c ancer rate from radon 
i s  2 7 7 - 293 for Pathway 2 ,  wh i ch h as t h e  h i ghest  vent i l at i on rate . The h i ghest  
l i fet i me c ancer  rate i s  60 1 -629 for P athway 7 ,  wh i ch h as t he  l owest  
ven t i l at i on rate . An other  p attern i s  more c l ear ly  i l l u strated i n  F i g u re 1 :  
w i t h  t h e  except i on of P athways 1 ,  7 ,  9 ,  and 1 1 ,  the  hea l t h  effects  of t he  
var i o u s  p athways are not  very d i fferent  from one  anoth e r ,  nor  from the  
Base l i n e .  

T o  h e l p  put  the  r i s k  est i mates o f  l i fet i me l ung  c an cers i n  context , t he  
fo l l owi n g  r i s k  compari sons  can  be made . For each  compar i son we  a s s ume 
expos u re occu rs over a l i fet i me . Expos u re to 1 pCi / l  of radon i s  equ i va l ent 
to the  r i s k  of contract i ng l ung  c ancer  from smok i n g 1 / 4  or l es s  of a c i garette 
per d ay .  Expos u re to 5 pC i / l  i s  equ i v a l ent to t he  ri s k  from smo k i n g  about 1 
c i garette per d ay .  

F i n a l l y ,  t h e  re l at i ve d i fferences between the  e st i mates are much more 
i mportant t h an the  abs o l ute  n umbers for compar i n g  t he  h ea l t h  effects of  t he  
a l tern a t i ves  t o  the  Base l i ne .  These n umbers may not rep resent  abso l ute or  
" t rue " effect s ,  b u t  t hey do  con vey the  re l at i ve consequen ces o f  the  v a ri ous  
a l tern a t i ves so  B PA i s  ab l e  to  se l ect among a l ternat i ve act i on s  to  make a 
po l i cy dec i s i on .  
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TABLE 1 .  Env i ronmenta l Impacts o f  the A l ternat i ve Act i ons Assoc i ated w i th S i ng l e-fam i I y  Dwel l i ngs 

New Vent i l at i on Rate , ACH Rn-Induced HCHO-Induced Energy 
Energy- Tota l Energy- 1983 L i fet i lRe L i fet i me Sav i ngs, 

Eff ic i ent EI ect r  i c  Affected Eff ic i ent Pract i ce Cancers/ Cancers/  Average 
A l terna t i ve Homes (a) Add i tions(a) Popu l at i on Homes Homes 188 , 888 Personsb 188 , 888 Persons Megawatts ----

Base l i ne 
Upper 8 683 , 337 1 , 799, 281 8 . 45 335 18 8 
Lowe r 8 683 , 337 1 , 799 , 281 8 . 35 335 18 8 

No Add i t i ona l Act i on 
Upper 278 , 888 436 , 638 1 , 385, 489 8 . 45 8 . 45 335 18 184 
Lower 278 , 888 436 , 638 1 , 385, 489 8 . 35 8 . 35 335 18 97 

x Proposed Action: 

Pathway 
Uppe r 278 , 888 436 , 638 1 , 385, 489 8 . 32 8 . 45 396 12 113  
Lower 278, 888 436 , 638 1 , 385 , 489 8 . 26 8 . 35 385 12 187 

Pathway 2 
Upper 278, 888 436, 638 1 , 385 , 489 8 . 52 8.45 293 9 187 
Lower 278, 888 436 , 638 1 , 385 , 489 8 . 45 8.35 277 8 87 

Pathway 3 
Upper 278, 888 436, 638 1 , 385, 489 8 . 37 8 . 45 368 11 115  
Lower 278 , 888 436 , 638 1 , 385 , 489 8 . 31 8.35 343 11 95 

Pathway 4 
Upper 278 , 888 436 , 638 1 , 385 , 489 8.45 8.45 319 18 78 
Lower 278 , 888 436 , 638 1 , 385 , 489 8 . 38 8 . 35 384 9 74 

Pathway 5 
Upper 278 , 888 436 , 638 1 , 385 , 489 8.38 8.45 354 11 97 
Lower 278 , 888 436 , 638 1 , 385, 489 8 . 31 8 . 35 343 11 93 

Pathway 6 
Upper 278, 888 436, 638 1 , 385 , 489 8 . 35 8.45 373 12 185 
Lower 278 , 888 436 , 638 1 , 385, 489 8 . 29 8.35 358 1 1  99 



x 

TABLE l. (Cont i nued) 

New Ven t i  lat i on Rate , ACH Rn-Induced HCHO-Induced Energy 
Energy- Total Energy- 1983 L i fet i me L i fet i me Sav i ngs , 

Eff i c  i ent Elec t r i c  Affected Eff ic i ent Pract i ce Cancers/ Cancers/ Average 
A l ternat i ve Homes(a) Add i t i ons(a) Popu l at i on Homes Homes 1Ill'),I')I')I') Pe rsonsb 11')1') , 1')1')1') Personsc Megawatts 

Pathway 7 
Upper 27"' , 8"'8 436 , 63'" 1 , 31')5 , 41')9 1') . 17 1') . 45 629 21') 148 
Lower 27"', 8"'8 436 , 631') 1 , 31')5 , 41')9 1') . 14 1') . 35 61')1 19 134 

Pathway 8 
Upper 271') , 81')8 436 , 631') 1 , 31')5 , 41')9 1') . 43 1') . 45 328 11') 134 
Lower 271') , 8"'8 436 , 631') 1 , 31')5 , 41')9 1') . 41') 1') . 35 295 9 114 

Pathway 9 
Uppe r 27"' , 8"'8 436 , 631') 1 , 31')5 , 41')9 1') . 21 1') . 45 537 17 141') 
Lower 27"' , 8"'8 436 , 63'" 1 , 31')5 , 41')9 1') . 18 1') . 35 499 16 120 

Pathway 1'" 
Upper 27"', 8"'8 436 , 630 1 , 31')5 , 41')9 1') . 34 1') . 45 381 12 113 
Lower 27"', 8"'8 436, 63'" 1 , 31')5 , 41')9 1') . 31') 1') . 35 351 11 99 

Pathway 11 
Upper 27"', 8"'8 436 , 631') 1 , 31')5 , 41')9 1').24 1') . 45 486 15 131 
Lower 27"', 8"'8 436 , 631') 1 , 31')5 , 41')9 1') . 21') 1') . 35 462 14 1 19 

Prefe rred Alternat i ve 
Upper 271') , 81')8 436 , 63'" 1 , 31')5 , 41')9 N/A N/A 352 11 111  
Lower 27"', 81')8 436 , 631') 1 , 31')5 , 41')9 N/A N/A 352 11') 11')1') 

Env i ronmentally Preferred Alte rnat i ve 
Upper 271') , 8"'8 436 , 63'" 1 , 31')5 , 41')9 1') . 43 1') . 45 328 11') 134 
Lower 271') , 8"'8 436 , 63'" 1 , 31')5 , 41')9 1') . 41') 1') . 35 295 9 114 

(a) Tota l number of single-fam i I y  homes p rojected th rough 21')1')6 . 
(b) L i fet i me cancer rates i nclude both energy-eff i c i ent and base l i ne homes . The net effect of BPA's act i v i t i es can be est i mated by 

subtract i ng the I i fet i me cancer rate of the Base l i ne f rom those of the a l ternat i ves . 
(c) HCHO=fo rmaldehyde 



TABLE 2 .  Env i ronmental Impacts of the A l ternat i ve Act i ons Assoc i ated w i th Mu l t i fam i I y  Dwel l ings 

New Vent i l at i on Rate, ACH Rn-Induced HCHO-Induced Energy 
Energy- Tota l Energy- 1983 Lifetillie L i fet i llie Sav i ngs , 

Eff i c i ent E l ect r i c  Affected Eff ic i ent Practice Cancers/ Cancers/ Average 
A l ternat i ve HOles(a) Add i t i ons(a) Popul ation Homes Homes 100 , 000 Personsb 100 , 000 Persons Megawatts 

Base l i ne 
Upper 0 356 , 889 573 , 395 0.30 306 12 0 
Lower 0 356 , 889 573 , 395 0 . 20 306 12 0 

No Add i t i on a l Act i on 
Upper 228 , 159 353 , 991 568 , 819 0 . 30 0.30 306 12  28 
Lower 228 , 159 353 , 991 568 , 819 0 . 20 0 . 20 306 12 21 

Proposed Act i on :  

x 
Pathway 
Upper 228 , 159 . 353 , 991 568 , 819 0 . 19 0 . 30 419 16 36 
Lower 228 , 159 353 , 991 568 , 819 0 . 15 0 . 20 371 15 27 

Pathway 2 
Upper 228 , 159 353 , 991 568 , 819 0 . 45 0 . 30 240 9 32 
Lower 228 , 159 353 , 991 568 , 819 0 . 40 0 . 20 208 8 21 

Pathway 3 
Upper 228 , 159 353 , 991 568 , 819 0 . 24 0 . 30 355 14 35 
Lower 228 , 159 353 , 991 568 , 819 0 . 20 0 . 20 306 12  24 

Pathway 4 
Upper 228 , 159 353 , 991 568 , 819 0 . 47 0 . 30 235 9 16 
Lower 228 , 159 353 , 991 568 , 819 0 . 42 0 . 20 203 8 11 

Pathway 5 
Upper 228 , 159 353 , 991 568 , 819 0 . 29 0 . 30 312 12  28 
Lower 228 , 159 353 , 991 568 , 819 0 . 24 0.20 273 11 21 

Pathway 6 
Upper 228 , 159 353 , 991 568 , 819 0 . 24 0.30 355 14 29 
Lower 228 , 159 353 , 991 568 , 819 0 . 19 0.20 316 12 24 



x 

New 
Energy- Total 

Eff i c i ent EI ectr i c Affected 
Alternat ive Homes (a) Add i t i ons(a) Popu l at i on 

Pathway 7 
Upper 228 , 159 353 , 991  568 , 819 
Lower 228 , 159 353 , 991 568 , 819 

Pathway 8 
Upper 228 , 159 353 , 991 568 , 819 
Lower 228 , 159 353 , 991 568 , 819 

Pathway 9 
Upper 228 , 159 353 , 991 568 , 819 
Lower 228 , 159 353 , 991 568 , 819 

Pathway 10 
Upper 228 , 159 353 , 991 568 , 819 
Lower 228 , 159 353 , 991 568 , 819 

Pathway 11 
Upper 228 , 159 353 , 991 568 , 819 
Lower 228 , 159 353 , 991 568 , 819 

Preferred Alte rnat i ve 
Upper 228 , 159 353, 991 568 , 819 
Lower 228 , 159 353, 991 568 , 819 

Env i ronlental ly  Preferred Alternat i ve 
Upper 228 , 159 353 , 991 568 , 819 
Lower 228 , 159 353 , 991 568, 819 

(a) Tota l numbe r  of mult i fam i Iy homes p rojected th rough 2006. 

TABLE 2 .  (Cont i nued) 

Vent i lat i on Rate ,  ACH Rn-Induced HCHO-Induced Energy 
Energy- 1983 L i fet i me  L i fet i me  Sav i ngs, 

Eff i c i ent Pract i ce Cancers/ Cancers/ Average 
HOllies HOlies le0 , 000 Personsb le0 , 000 Persons Megawatts 

0.12 0.30 599 24 39 
0.11 0.20 466 18 29 

0 . 37 0.30 268 11 36 
0.36 0.20 218 9 25 

0.15 0.30 502 20 39 
0 . 14 0 . 20 390 15 28 

0 . 41 0 . 30 253 10 22 
0 . 40 0 . 20 208 8 13 

0.21 0 . 30 390 15 33 
0 . 19 0 . 20 316 12 23 

N/A N/A 304 12 30 
N/A N/A 260 10 24 

0.37 0 . 30 268 11 36 
0 . 36 0.20 218 9 25 

(b) L i fet i me  cancer  rates i nc l ude both energy-eff i c i ent and base l i ne homes . The net effect of BPA's act i v i t i es can be est i lated by 
subtract i ng the l i fet i me cancer  rate of the Base l i ne fro. those of the a l ternat i ves . 



TABLE 3 .  Env i ronmenta l Impacts o f  the A l terna t i ve Act i ons Assoc i ated w i th Manufactured Ho.es 

New Vent i l at i on Rate,  ACH Rn-Induced HCHO-Induced Energy 
Energy- Tota l Energy- 1983 L i fet i me  L i fet i .e  Sav i ngs, 

Eff ic i ent E l ectr i c  Affected Eff i c i ent Pract i ce Cancers/ Cancers/ Average 
Al ternat i ve Homes (a) Add i t i ons (a) Popu l at i on HOllies HOlies 188, 888 Personsb 188 , 888 Pe rsons Wegawatts 

Base l i ne 
Upper 8 247 , 293 578 , 418 8 . 41 413 12 8 
Lower 8 247 , 293 578, 418 8 . 41 413 12 8 

No Addit i ona l Action 
Uppe r 59 , 687 247 , 293 578 , 418 8 . 41 8.41 413 12 39 
Lower 59 , 687 247 , 293 578, 418 8 . 41 8 . 41 413 12 37 

Proposed Act i on :  

>< Pathway 
< Uppe r 59, 687 247 , 293 578 , 418 8 . 31 8 . 41 432 13 37 

Lower 59 , 687 247 , 293 578 , 418 8 . 29 8 . 41 448 13 36 

Pathway 2 
Upper 59, 687 247 , 293 578 , 418 8 . 53 8 . 41 384 11 35 
Lower 59, 687 247 , 293 578 , 418 8 . 5'" 8 . 41 388 11 34 

Pathway 3 
Upper 59 , 687 247 , 293 578, 418 8 . 36 8 . 41 416 12 35 
Lower 59 , 687 247 , 293 578 , 418 8 . 34 8 . 41 422 12 33 

Pathway 4 
Upper 59 , 687 247 , 293 578 , 418 8 . 46 8 . 41 394 11 37 
Lower 59 , 687 247 , 293 678 , 418 8 . 43 8.41 399 12 35 

Pathway 5 
Uppe r 59 , 687 247 , 293 578 , 418 8.38 8 . 41 411 12 29 
Lowe r 59, 687 247, 293 578 , 418 "'.35 8 . 41 419 12 28 

Pathway 6 
Upper 59 , 687 247 , 293 578, 418 8 . 35 8 . 41 419 12 32 
Lower 59 , 687 247 , 293 578, 418 8 . 32 8 . 41 428 13 31 



>< 
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TABLE 3 .  (Continued) 

New Venti l a tion Rate , ACH Rn-Induced HCHO-Induced Energy 
Energy- Tota l Energy- 1983 Lifetime L i fetille Savings , 

Efficient E I  ect r  i c Affected Eff i cient Practice Cance rs/ Cancers/ Average 
A l ternative Homes(a) Add i tions(a) Popu l ation Homes Homes 11l1l , 1l1l1l Personsb 11l1l , 1l1l1l Persons Wegawatts 

Pathway 7 
Uppe r 59 , 687 247 , 293 571l , 411l 1l . 16 1l . 41 539 16 33 
Lower 59 , 687 247 , 293 571l , 411l 1l . 13 1l . 41 578 18 32 

Pathway 8 
Upper 59 , 687 247 , 293 571l, 411l 1l . 42 1l.41 4111 12 41 
Lower 59 , 687 247 , 293 571l , 411l 1l . 39 1l . 41 4118 12 41l 

Pathway 9 
Uppe r 59 , 687 247 , 293 571l , 411l 1l . 21l 1l . 41 495 15  41l 
Lower 59 , 687 247 , 293 571l , 411l 1l . 17 1l . 41 526 16 38 

Pathway 11l 
Upper 59,687 247 , 293 571l , 411l 1l . 34 1l.41 422 12 41l 
Lower 59 , 687 247 , 293 571l , 411l 1l . 31l 1l . 41 436 13 39 

Pathway 11 
Upper 59 , 687 247 , 293 571l , 411l 1l . 23 1l . 41 473 14 35 
Lower 59 , 687 247 , 293 571l , 411l 1l . 19 1l . 41 5114 15 34 

Prefer red A l ternat i ve 
Upper 59 , 687 247 , 293 571l , 411l N/A N/A 419 12  34 

Lower 59 , 687 247 , 293 571l , 411l N/A N/A 411l 12 35 

Environmenta l l y Prefer red A l ternative 
Upper 59 , 687 247 , 293 571l , 411l 1l . 42 1l . 41 4111 12 41 

Lowe r 59 , 687 247 , 293 571l , 411l 1l . 39 1l . 41 41l1l 12 41l 

(a) Total numbe r of manufactu red homes p rojected th rough 21l1l6 . 
(b) Lifetime cancer rates inc l ude both energy-efficient and  base l ine homes . The net effect of BPA's act i v i t i es can be est i lated by 

subtracting the I ifetime cancer rate of the Base l i ne f ro. those of the a l ternat i ves . 
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P refe rred A l tern at i ve :  The  est i mated n umbe r  of l i fet i me cancers due  to 
expo s u re to radon i s  s i m i l ar to the va l ues est i mated fo r the Base l i n e .  
E s t i mates for s i n g l e-fam i l y  homes i s  s l i g ht l y  h i g h e r ,  wh i l e  est i mates for 
mu l t i fam i l y  and  man u factured homes are s l i g h t l y  l ower .  

En v i ronment a l l y  P referred A l ternat i ve :  The est i mated n umber o f  l i fet i me 
can cers i s  l ower t h an est i mates fo r t he  Base l i ne .  Th i s  i s  con s i stent wi t h  
t he  Pathway ' s  ( 8 )  h i g her  ven t i l at i on rates . 
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PATHWAYS 
PA = Preferred Alternative 

F i gu re 1 .  Hea l t h Effects Associ ated wi th  Pat hways 

SOCI AL AND ECONOM I C  IMPACTS 

The  pr i mary soc i a l  and  econom i c  i mpacts a re i n  t he  areas o f  fue l c h o i ce  and 
energy s av i n g s . F ue l  c h o i ce refers to t he  dec i s i on made by con s umers 
reg ard i n g wh i ch fue l  ( e l ectri c i ty or  oth er  fue l s ) they w i l l  u s e  to heat t he i r 
home . I f  new e l ectr i c a l l y  heated homes are requ i red to be  b u i l t  to energy­
effi c i ent stan dards wh i l e  h omes wi t h  other  fue l  types are not so requ i red , 
t hen homes us i n g other  fue l s cou l d  have  a l owe r p u rchase  p r i ce  t h an 
e l ect r i c a l l y  heated homes . However ,  energy-eff i c i ent  homes wi l l  h ave l owe r 
ene rgy costs  over t he  l i fe of t he  struct u re , l ead i ng  to  l ower l i fe-cyc l e  

xv i  



costs . St i l l , t he  g reater f i rst - t i me costs�may i n duce some cons ume rs to 
c h oose natura l  gas  or  o i l ,  i n stead of e l ectr i c i ty ,  to heat new homes . 

Base l i n e :  We ass umed n o  energy s av i n g s  for t h e  Bas�l i n e .  T h i s  i s  con s i stent 
wi t h  the a s sumpt i on t h at , wi t hout New Energy - Eff i c i ent  Homes Programs , homes 
i n  t h e  future are const ructed to p reva i l i n g  b u i l d i ng p ract i ces . 

No Add i t i on a l  Act i on A l tern at i ve :  Programs form i n g  t h i s  a l ternat i ve are 
e s t i mated to res u l t  i n  en ergy sav i ngs  of 1 5 5  to  1 7 1  average megawatts at a 
cost  of $233  m i l l i on .  

T he  n umber of househo l ds c h oos i ng a fue l  other  t h an e l ectri c i ty because  of an 
energy -eff i c i ency standard for e l ectr i ca l l y-heated new homes i s  g i ven i n  B PA ' s  
1 986 med i um g rowth forecast of new h omes . T he  n umber of new s i ng l e- fami l y  
and mu l t i fami l y  h omes b u i l t  from 1 986 th rough  2006 th at c hoose  a n  a l tern at i ve 
fuel  i n s tead of u s i ng e l ectr i c space  h eat i s  1 69 , 60 5 , or 1 8% of the Base l i ne .  
Pay i n g  i ncen t i ves dampens  t h e  effect of wh at wou l d  otherwi se  occ ur  wi th  on l y  
a n  energy eff i c i ency standard and n o  i ncen t i v e .  

Proposed Act i on A l tern at i ve :  For t h i s  a l ternat i ve ,  e s t i mated energy s av i ngs  
range  from a l ow of 1 1 3 average megawatts to a h i gh of 228 average megawatts . 
Costs ran ge  from approx i mate l y  $229 m i l l i on to about $522 m i l l i on .  These  
f i gures vary wi t h  each  of t h e  p athways . See  F i gures 2 and  3 and  Tab l es 1 
t h rough  4 .  

Preferred A l ternat i ve :  For t h i s  a l te rnat i ve ,  e s t i mated energy sav i n gs range 
from 1 58 to 165 average megawatts depen d i n g  on wheth er  the upper o r  l ower 
bound  of t h e  ven t i l at i on e st i mate i s  u sed . Expend i tures for t h i s  a l ternat i ve 
are app rox i mate l y  $ 3 79 m i l l i on .  

Env i ronmen t a l l y Preferred A l tern at i ve :  For t h i s  a l ternat i v e ,  est i mated energy 
sav i ngs  range from 1 79 to 2 1 1  average megawatts , depen d i ng on wheth er t h e  
upper or l ower b o u n d  of t h e  ven t i l at i on est i mate i s  used , at a c o s t  of $522 
m i l l i on .  

AVO I DED IMPACTS 

Avo i ded i mpacts  refer to  en v i ronment a l  conseq uences t h at are av o i ded because  
e l ect r i c generat i ng resou rces are not req u i red to s upp l y  t h e  energy t h at i s  
b e i n g  supp l i ed t h rough  i mp l ementat i on of t h e  New En ergy- Eff i c i ent Homes 
p rog rams . Both t h e  Counc i l ' s resou rce  portfo l i o  and BPA ' s  1 986 resou rce 
strategy i n d i c ate  t h at sma l l hydropower wou l d be  the next resource  to be 
deve l oped i f  t h e  conservat i on resource  were not acq u i red . Other  poten t i a l  
resources i nc l ude cogenerat i on ,  combust i on t u rb i ne generators , and  coa l - f i red 
generators . Some of t h e  avo i ded i mpacts of not deve l op i ng t h ese  oth e r  
resources are s ummari zed i n  Tab l e  5 .  

x v i i 
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TABLE 4 .  Reg i on a l  Expend i tu res of t h e  A l ternat i ves 

Expend i t u res 
A l tern at i ve (1 986 M i l l i on $ )  

No  Add i t i on a l  Act i on 233 

Proposed Act i on Pathways 
1 229 
2 497 
3 497 
4 268 
5 268 
6 326  
7 3 5 1  
8 522 
9 522 

10 390 
1 1  390 

Preferred A l tern at i ve 379  

En v i ronment a l l y  Preferred A l tern at i ve 522 
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No Add i t i ona l Act i on 
Pub l i c  lorta l i ty 
Pub l i c  i n j u ry a nd  
m o rb i d i ty 

So l i d  waste (tons) 
A i r em i ss i ons  (tons)  
Water u se/consumpt i o n  
Land u se (ac res) 

Proposed Act i on 
Pathway 4 

Pub l i c mo rta l i ty 
Pub l i c i n j u ry and  

morb i d i ty 
Sol i d  waste (tons)  
A i r el i ss i ons (tons) 
Wate r use/consumpt i on 
Land use (ac res) 

Proposed Act i on 
Pathway 7 
Pub l i c  1I0rtai i ty 
Pub l i c i nj u ry and 

morb i d i ty 
So l i d waste (tons) 
A i r el i ss i ons (tons) 
Wate r  use/consumpt i on 
Land use (ac res) 

TABLE 5. Tota l Avo i ded Impacts of A l te rnat i ve Act i ons(a) 

Mun i c i pa l  
So l i d-Waste Combust i on 

Sma I I  Hyd ropowe r Cogene rat i on Turb i ne Coa I -F i red P I ant 

77 (b) 0 . 40 

.40 3.4 
0 (c) Neg Ii g i b I e 470 , 000 
Neg l i g i b l e  7 , 330 2 , 176 4 , 810  
2.6 M a c re-ft 280 M ga l 504 ac re-ft 1 , 168 M ga l 
9 , 050 137 25 229 

54 (b ) 0 .30 

. 30 2.5 
0 (c) Neg l i g i b l e 345 , 000 
Neg l i g i b l e 5 , 292 1 , 477 3 , 446 
2 . 0  M ac re-ft 209 M ga l 357 ac re-ft 825 M ga l 
8 , 523 96 17 160 

104 (b) 0 . 55 

.55 4 . 7  
0 (c) Neg Ii g i b I e 628 , 000 
Neg l i g i b l e  9 , 939 2 , 930 6 , 487 
3.7 M ac re-ft 390 M ga l 670 ac re-ft 1 , 570 M ga l 
12 , 555 188 35 314 

(a) Base l i n e  not i nc l uded because no energy sav i ngs a re assumed . Est i .ates based on energy 
sav i ngs of s i te-bu i l t homes on l y .  

(b) Mo rta l i ty a n d  �orb i d i ty a re cOlb i ned ,  based o n  l i ne a r  dose response. 
(c) Bu rn i ng so l i d waste as fue l resu l ts i n  net reduct i on of so l i d waste requ i r i ng d i sposa l .  
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1 . 0 PURPOSE AND N E ED FOR ACT I O N  

T he  Bonnev i l l e Powe r Admi n i s t rat i on ( BPA) proposes to g i ve b u i l ders and 
cons ume rs con s i derab l y  more f l ex i b i l i ty i n  i t s New En ergy- Eff i c i en t  Homes 
Prog rams by i n c reas i n g t h e  opt i on s  fo r contro l l i n g t he  q u a l i ty of i n door a i r .  
I n  do i n g so , t he  agency i s  respond i n g to the  under l y i n g need to ma i nt a i n 
i n doo r a i r q u a l i ty ( I AQ )  i n  new energy-eff i c i en t  homes t h at i s  at l east  
comparab l e  to t h at found i n  new h omes b u i l t  to 1 983 1 s  prev a i l i n g con s t ruc t i on 
p ract i ces . T h u s  fa r ,  t he  Prog ram h as re l i ed p r i mar i l y  on mec h an i c a l  
ven t i l at i on (MV )  sys tems wi t h  heat  rec overy ,  s u c h  a s  a i r-to - a i r heat  
exc h angers (AAHX) . Howev e r ,  t h i s  po l i cy re l i es on a f a i r ly  res t r i cted 
approac h , and  t h rough  i t s Proposed Act i on BPA s uggests  t h a t  t hese  sys tems may 
not  a l ways be  t he  best  or most p ract i c a l  means  of protect i n g I AQ .  

T here i s  con s i derab l e  debate  over t hese systems , i n c l u d i n g  t h e i r costs , t he i r 
ease of i n s t a l l at i on ,  and  u l t i mate l y  t h e i r s u i t a b i l i ty for spec i f i c  h o u ses 
and  c l i mate zones . In  t h i s  Env i ronmenta l  Impact St atement ( E I S )  add i t i on a l  
approaches and  m i t i g at i on meas u res a re exam i ned t o  see h ow we l l  t h ey wi l l  
cont ro l  I AQ and  s t i l l  ma i nt a i n  cos t-effect i v e energy s av i ngs . 

1 . 1  BAC KG ROUND  

The  p roposed New Energy - Eff i c i en t  Homes Prog rams wi l l  offer a cost-effect i v e 
means for BPA to meet i t s ob l i g at i on to furn i s h t he  Pac i f i c  Nort hwest  wi t h  an 
adequate , re l i ab l e ,  econom i c a l , and  effi c i ent  e l ectr i c a l  energy s upp l y . I n  
1 980 t h e  Pac i f i c  Nort hwe st  E l ectr i c Powe r P l ann i ng and  Con servat i on Act , 
Pub l i c  Law 96-50 1 ( t he  Act ) , g ave BPA the  respons i b i l i ty of acqu i r i n g a l l 
neces s a ry energy resources to serve Northwest u t i l i t i es c hoos i n g to p u rc h ase 
wh o l es a l e e l ectr i c i ty from the agency . BPA was d i rected to g i v e cos t ­
effec t i v e conserv at i on h i g hest  p ri or i ty i n  respon d i n g  to the  demand for 
e l ectr i c i ty .  

The  Act a l so l ed to t he  c reat i on of t he  Nort hwest  Powe r P l ann i n g Coun c i l ( t h e  
Counc i l ) , comp osed of two members from eac h  of the  Pac i f i c  Nort hwes t  states 
of I d aho , Mon t an a ,  O regon , and  Was h i n gton . One  of the Coun c i l ' s p r i ma ry 
respon s i b i l i t i e s was to deve l op a l on g - term p l an for meet i n g t he  e l ectr i c a l  
needs of t he  Nort hwest  t h rough  t he  i den t i f i c at i on a n d  acq u i s i t i on of cos t ­
effect i v e energy re sources . Mode l  Conservat i on Standards  (MC S )  f o r  t he  
construc t i on of new energy -eff i c i en t  h omes we re among t he  resources  to be  
i nc l uded i n  i t s p l an ,  as spec i f i ed by t he  Act . The  Act  a l so a l l ows t h at a 
s u rc h a rge be l ev i ed ag a i n s t  ut i l i t i es or l oc a l  j u r i sd i ct i on s  t h a t  h ave fa i l ed 
to i mp l ement  a p rog ram to  g a i n  t he  energy s av i ngs  from MCS or  comp arab l e  
s av i n g s  from another  p rog ram . U t i l i t i es not i mp l emen t i n g  a BPA-approved 
opt i on by 1 February 1 988 wi l l  be s ubj ect to a 1 0% s u rc h a rge on t he i r 
res i dent i a l l oad . 

I n  dev e l op i n g t h e  1 983 and  1 985 Nort hwest  Con serv at i on and  E l ect r i c Powe r 
P l ans  ( t he  P l an ) , t he  Counc i l  determ i ned t h at t he  reg i on cou l d  s ave energy at 
a s ubstant i a l l y  l ower cost t h rough  the con s t ruct i on of new en ergy-eff i c i en t  
homes t h an i t  cou l d  t h rough  acqu i r i n g s i m i l a r amounts  of powe r from ot her  
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resources . The  Counc i l  further noted t h at new en ergy-eff i c i en t  homes wi l l  
red uce fut ure l oad g rowt h i n  the  res i dent i a l secto r ;  t h at l o ad g rowt h occ u rs 
l arg e l y  because popu l at i on growt h req u i res add i t i on a l  hous i n g .  I f  new hous i n g 
i s  des i gned and b u i l t  to be en ergy -eff i c i ent , t here wi l l  be l ess  l oad g rowt h 
t h an i f  t he  hous i n g i s  b u i l t  to p revai l i n g  pract i ces , wh i c h does not  
i n corporate as many energy con servat i on meas ures . The  Coun c i l a l so noted 
t h at energy-sav i n g features de l i neated in the MCS w i l l  be muc h more d i ff i c u l t ,  
and t h us mo re expens i ve ,  to i n s ta l l after a home i s  b u i l t .  

By p romot i n g new energy-eff i c i en t  homes now ,  i t  i s  expected t h at , i n  t he  
future , t hese  homes wi l l  rep resent  stan dard p ract i ce .  Th i s  i s  a n  i mport ant  
con s i derat i on , g i ven t he  current  e l ectr i c i ty s urp l us  and t he  p roj ected l oad 
g rowt h and demand for t he  reg i on . 

As t he  Counc i l  recommended , BPA i s  cu rren t l y  promot i n g the  con st ruct i on of  
en ergy -eff i c i en t  homes t h rough  var i ous mean s . T hese  i n c l ude a market i n g 
program ,  i n cent i ve p ayments , f i n anc i a l as s i s tance to  j u r i s d i ct i on s  t h at 
i n corpo rate t he  MCS i n to t he i r b u i l d i ng codes , and i mp l ementat i on of a 
s u rch arge p o l i cy .  One poten t i a l  en v i ronmenta l  effect i n  t h ese homes i s  an 
i n c reased l eve l  of i n door a i r  po l l utants  due to red uced ven t i l at i on rates . 
To date , BPA h as avo i ded or  m i n i m i zed t h i s  potent i a l effect i n  en ergy ­
eff i c i en t  homes i n  i t s p rog rams by ma i n t a i n i ng vent i l at i on rates found  i n  
homes b u i l t  t o  1 983 p ract i ce t h rough  the  use of AAHXs o r  other  MV systems . 
When  homes have  not  been ma i nt a i ned at 1 983 vent i l at i on rates , BPA h as 
req u i red radon and fo rma l dehyde mon i tor i n g . I f  radon and  fo rma l dehyde l eve l s 
exceeded g u i de l i ne concent rat i ons  of 5 p i coc u r i es per  l i ter  ( pC i / l ) and 0 . 1  
part per  m i l l i on ( ppm) , respect i ve l y ,  AAHXs we re i n s ta l l ed .  

1 . 2 P ROGRAM GOALS AND PURPOSES 

The  go a l s and pu rposes of the  New En ergy - Eff i c i en t  Homes Prog rams are : 

o 

o 

o 

o 

to  ach i eve con s i s tency w i t h  t h e  Act t h rough the  red uc t i on of fut u re 
e l ec t r i c a l  l o ad g rowt h by add i ng cost - effect i ve ene rgy conservat i on 
features i n  new homes 

to de l i ver t h e  p rog rams t h rough ex i s t i ng netwo rks of b u i l ders , u t i l i t i es ,  
l oc a l  j u r i s d i ct i on s , and code off i c i a l s  

to m i n i m i z e  poten t i a l  hea l t h  effects  from energy-sav i n g feat ures b u i l t  
i n to new energy-eff i c i en t  homes 

to  i n c l ude i n  the P rog rams a l l pract i c a l , comme rc i a l l y  ava i l ab l e  methods 
t h at wi l l  p rotect and poss i b l y  enhance  I AQ i n  new en ergy-eff i c i en t  homes . 
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2 . 0  ALTERNAT I VES I NCLUD I NG THE  PROPOSED ACT I O N  

Th i s  c h apter descr i bes a n d  compares t h e  vari ous a l tern at i ves , i nc l ud i ng t he  
Proposed Ac t i on ,  con s i dered by BPA for i ts New En ergy-Eff i c i ent  Homes 
Programs . The en v i ronmenta l  effects  of each a l ternat i ve are a l so descr i bed 
and comp ared . The  framework for an a l yz i n g the i mpacts assoc i ated wi th  each 
a l ternat i ve i s  based on t h e  mos t cr i t i ca l  en v i ronmenta l  i s sue  re l ated to new 
en ergy -eff i c i en t  houses - - i ndoor a i r  qua l i ty ( I AQ ) . 

The  a l tern a t i ves were determ i ned by t he  fundamen ta l  dec i s i on to be exp l ored 
t h rough  t h i s  EI S :  whet h e r  to ma i n t a i n the  current act i on ,  wh i ch rel i es on a 
l i m i ted approach  for p rotect i n g IAQ [ i  . e . , en s u r i n g  0 . 49 a i r c h an ges per hour  
(ACH )  t h rough  both  n at u ra l  and mec h an i c al  ven t i l at i on ] , or to b roaden t he  
approach an d add  ot her  means  of p rotec t i n g  I AQ i n  new energy -eff i c i en t  h ouses . 
Because  I AQ i s  t he  pr i n c i pa l  i s s ue for th i s  E I S ,  t he  i n f i l trat i on and 
vent i l at i on c h aracteri s t i c s of the hous i n g  assoc i ated wi t h  each a l tern at i ve 
are g i ven i n  t h e  descri pt i on s  of the  a l tern at i ves , wh i c h i n c l ude : 

o 

o 

o 

o 

o 

Basel i n e ( n o  BPA act i on s  to acq u i re t he  new h omes resource )  

No  Add i t i on a l  Act i on ( BPA ' s  1 986-87 new homes act i v i t i es )  

Proposed Act i on ( s ame a s  t h e  N o  Addi t i on a l  Ac t i on b u t  w i t h  t h e  add i t i on 
of opt i on s  to p rov i de f l ex i b i l i ty for dea l i n g wi t h  I AQ ) . 

Preferred A l ternat i v e ( a  comb i n at i on of se l ected opt i on s  from the  
P roposed Ac t i on )  

En v i ronmen ta l l y  Preferred A l tern a t i ve ( opt i on from Proposed Act i on wi th  
t h e  most  bene f i c i a l  e n v i ronmenta l  effec ts ) .  

These  a l ternat i ves are not  necessar i l y  exc l us i ve of each  other  because more 
t h an one cou l d be i mp l emented . Quest i on s  of cumu l at i ve effects of t he  
i nc rementa l  act i on s  may be pert i nent  to any dec i s i on i mp l emented , and  are 
addres sed  i n  t he  an a l ys i s .  

I n  t he  course of des cri b i n g the  an a l ys i s ,  we refe r not  on l y  to t he  new 
appen d i xes ( A  t h rough  M )  c reated for t h i s  F i n a l  EI S ,  but  a l so to  t he-to u r  
appen d i xes i n  Vo l . I I  o f  t he  DE I S  ( B PA 1987 a ) , wh i c h serve a s  background  
i n format i on for t h i s  documen t . Because  t he  i n format i on in  the  four appen d i xes 
i n  the D E I S  are s t i l l  cu rrent and req u i red no  rev i s i on of s u bs tance , and i n  
order t o  save government  rep rod uct i on costs , t hose appen d i xes a re not 
rep rod uced i n  t h i s  F i n a l  EI S .  Reference to t hem wi l l  a l ways by accompan i ed 
by " DEI S "  to d i s t i n g u i s h  t hem from t he  appen d i xes i n  Vol . I I  of t h i s  F i n a l  EI S .  

2 . 1  BASEL I NE 

The  Base l i ne i s  an art i f i c i a l const ruct fo r t he  an a l ys i s :  i t  i s  based on t he  
1986 med i um hous i n g forecast ( B PA 1986 a )  a nd  a n  assumpt i on t h at t h e  MCS do  
not  ex i s t .  I t  t h u s  ass umes n o  BPA act i on s  t o  p romote energy-eff i c i en t  homes . 
Th i s  con d i t i on dr i ves a l l t he  ass umpt i ons  for t he  Base l i n e .  For examp l e ,  
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wi thout  any MCS p rog rams , t he  penetrat i on rate of en ergy-eff i c i en t  homes i s  
assumed to b e  zero . Because  t he  key concern i s  I AQ ,  we must  con s i der  how to 
ref l ect  a i r exc h ange rates under  t h i s  cond i t i on .  

There i s  an  act u a l  frequency d i str i but i on of a i r c h ange  rates per hour  for 
hous i n g b u i l t  to today ' s  p reva i l i n g  b u i l d i ng p ract i ces ( h ereafter c a l l ed 
" c u rren t p rac t i ce , " )  but  i t  i s  not known w i t h  cert a i n ty .  Us i n g two d i fferen t 
measu remen t  tec h n i ques , BPA h a s  been engaged i n  s t ud i es to est i mate t h at 
u n k n own d i st r i but i on . I t  appears from t he  l i terat u re and from BPA ' s  wo rk i n  
t he  Res i dent i a l Stan dards Demon strat i on Prog ram ( RSDP )  t h at t h ese two 
tec h n i ques res u l t i n  est i mates t h at probab l y  bound  t he  ac t u a l  d i s tr i but i on . 

One  tec h n i que , k nown as fan p ress u r i zat i on test i n g ,  uses  a b l owe r door to 
measure an equ i va l en t  l ea kage area (ELA) i n  the b u i l d i n g ,  wh i c h can be t hought  
of as t he  sum of a l l t he  h o l es and c racks  of the  b u i l d i ng ' s  enve l ope . Th i s  
ELA i s  comb i n ed w i t h  typ i c a l  weat her  cond i t i on s  and add i t i on a l  a s sumpt i on s  
reg ard i n g t he  homes ' p hys i c a l  c h aracteri s t i c s  t o  e s t i mate a n  ave rage n atura l  
ven t i l at i on rate  for  t he  heat i n g season . T h i s  test  i s  done i n  an empty house  
and does not  account  for  effects of occupancy or  mec h an i c a l  ven t i l at i on . 
Bonnev i l l e performed t h i s  test  i n  some 450 houses  rep resentat i ve of 1 983 
b u i l d i n g p ract i c e .  

Bonnev i l l e retested some of  these  same homes w i t h  another  tec h n i q ue t hat  uses 
perf l uoroc arbon t racer ( P FT )  gas  to est i mate total  vent i l at i on rates . Th i s  
tes t , wh i c h was deve l oped by Brookh aven Nat i on a l  Laboratory ,  i s  conducted 
over a l onger  per i od of t i me and wi th  peop l e  i n  t he  house . Bec ause  i t  i s  a 
l on g - term i n teg rated average measuremen t ,  i t  i nc l udes t he  effects  of occupants 
u s i n g the house ' s  MV systems , open i n g doors and  wi n dows , and the  i n f l uence of 
ac t u a l  weather  con d i t i on s , as  we l l  as the i n f i l t rat i on rate . Howeve r ,  the 
resu l t  i s  l i m i ted by the fac t t h at i t  i s  v a l i d  on l y  for the t i me peri od and 
spec i f i c  weat her  cond i t i on s  experi enced dur i n g  the test i n g peri od . I n  
add i t i on ,  t h e  tec h n i que re l i es o n  measu r i n g  t h e  quant i ty o f  t racer gas  i n  
t h e  house  as  a con sequence o f  ven t i l at i on . The  amount  of tracer co l l ected 
dur i n g  the test i n  i n vers e l y  p roport i on a l  to the act u a l  a i r c h ange  rate . 
T hus , t he  vent i l at i on rate est i mated by t he  PFT test  i s  a t racer " d i l u t i on 
rate " ;  we c a l l t h i s  t he  " effect i ve "  vent i l at i on rate , de scr i bed more fu l l y 
l ater  i n  t h i s  sec t i on . 

These  two tec h n i q ues y i e l ded d i fferent res u l ts  wi t h i n  t he  same house . Fan 
p ressur i z at i on tests  i n d i cated an average vent i l at i on rate of 0 . 49 ACH , 
a l t ho ug h , i n  fact , t he  l eve l s of  a i r exc h ange measured i n  t hese homes var i ed 
w i de l y ,  ran g i ng from near  zero to 2 . 0  ACH . The  PFT tests  y i e l ded an average 
es t i mate of 0 . 3 5  ACH and a l so var i ed wi de l y ,  t hough  not as wi de l y  as the fan 
pres s u r i z a t i on res u l t s . 

The res u l ts are d i fferent  because t he tests  measure d i fferent  t h i ngs . The  
fan  pressur i z at i on ,  or  b l owe r doo r ,  test i s  p red i ct i ve ;  i t  est i mates l eakage 
on l y  and pred i ct s  from t h at ELA the  a i r  exc h ange  rate over some other  weather 
cond i t i on s . The  PFT test  est i mates the  tota l  vent i l at i on rate  t h at occu rred 
over the  tes t i n g  per i od ;  i t  es t i mates what the  a i r c h an ge was . The  
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F i gu re 2 . 1 .  D i str i but i on of A i r Exc h ange Rates 

tec h n i ques  are b i ased i n  a narrow range , w i t h  PFT genera l l y  y i e l d i n g l ower 
est i mates and fan pressur i z at i on tests  g i v i n g h i g her  est i mates and  span n i n g a 
b roader range ( F i g u re 2 . 1 ) . Howeve r ,  BPA b e l i eves t h ese two tests  are 
rep resen tat i ve of t h e  uncert a i nty of res i dent i a l vent i l at i on rat es and t he  
i n ab i l i ty to  accurat e l y  determ i n e the  rate i n  any part i c u l ar home . 

The  u n certa i n ty refl ected by t hese d i fferent test i n g res u l t s  was compounded 
by t he  amount  of scatter i n  t he  d at a , wh i c h , toget her , prec l uded t he  
app l i c at i on of  c l ass i c a l  s tat i s t i ca l  tec h n i ques . F urt h e r ,  res u l t s  from t hese 
test s , as  we l l  as  resu l t s from other expe r i ments  and  s t ud i es ,  i n d i c ated t he  
u n l i ke l i h ood of  measur i n g  t he  act ua l  vent i l at i on rate w i t h  any certa i n ty .  
Howeve r ,  we a l so  be l i eve t h at i f  we cou l d  accu rate l y  measure a home ' s  
vent i l at i on rate , t he  res u l t  wou l d  l i e between t he  res u l t s  of t hese  two test s . 

I n  t h e  face of t h i s  uncert a i n ty ,  BPA dec i ded to  be g u i ded by t he  prev i ous  
tes t i n g  experi ences and deve l op upper and  l ower bound  est i mates t h at most 
l i ke l y  defi ne the range of vent i l at i on rates i n  base l i n e h omes as we l l a s  for 
the  a l ternat i ves ( see Append i x  A for a fu l l d i scus s i on ) . These two est i mates 
not  on l y  re f l ect the uncert a i n ty i n  determ i n i n g vent i l at i on rates 
but a l s o prov i de a ran ge of env i ronmenta l  effects  t h at  i s  l i n ked to  the actua l  
d i s t r i b ut i on of  ven t i l at i on rates found i n  h omes. 

The Base l i n e t herefore i s  rep resented by a se l ected upper and l ower 
vent i l at i on rate est i mate ag a i nst  wh i c h to compare a l tern at i ves . A l t hough  i t  
i s  l i ke l y  t h at b u i l d i n g pract i ce wi l l  i mprove over t i me and houses  wi l l  become 
more en ergy-eff i c i en t , t here i s  not  enough  i n format i on to re l i ab l y  es t i mate 
h ow much ven t i l at i on rates are l i ke l y  to decrease or over what per i od of t i me. 
For p urposes  of our  an a l ys i s ,  we h ave t herefore assumed con st an t  ven t i l at i on 
rat es fo r t he  fu l l  20-year p l an n i n g peri od. The  average upper bound  fo r 
s i n g l e -fam i l y  h omes i s  assumed to be 0.49 ACH ; t he  average l owe r bound  i s  
g i ven at 0.38 ACH. 
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I n  add i t i on to t h e  average vent i l at i on rates , wh i ch are a meas u re of t h e  
average tot a l  amount  of a i r mov i n g  t h rough the  b u i l d i n g  as a resu l t  of bot h 
n atura l  forces and  mech an i ca l  systems , BPA ca l c u l ated " effec t i v e "  ven t i l at i on 
rates ( s ee Appen d i x  A ) . The  average ven t i l at i on rate i s  used  to c a l cu l ate 
h eat l os s  due  to  i n f i l t rat i on and i s  t h u s  i mportant  for asses s i n g  the energy 
s av i n g s  for each  of t he  a l tern at i ves . Howeve r ,  i t  does not suff i c i ent l y  
account for t h e  beD av i or of po l l utants  over t i me , a n d  th i s  i s  what i s  
i mport ant  i n  est i mat i ng the  hea l t h  effects  of i ndoor a i r  po l l utants . The  
effect i ve ven t i l at i on rates rep resent a more acc u rate meas u re of t h e  amount 
of ven t i l at i on t h at i s  effect i ve for d i l ut i ng po l l utan t s ;  t hey a l so better 
account  for the fa i r l y  stand ard t heoret i c a l  expectat i on t h at , for a part i cu l ar 
source  term ,  t h e  po l l utant  concent rat i on wi l l  be i n verse l y  p roport i on a l  to 
the n umber of a i r c h anges  per h ou r .  Th i s  i n verse re l at i on s h i p  exp l a i n s  why 
t h e  effec t i ve vent i l at i on rates are a l ways s l i gh t l y  l ower t h an t h e  average 
vent i l at i on rate ( s ee Tab l e  2 . 1 ) . 

2 . 2  NO ADD I T IONAL  ACT ION  A LTERNAT I VE 

The  No Add i t i on a l  Act i on A l tern at i ve con s i sts  pr i mari l y  of BPA ' s  1 986 
act i v i t i es to p romote energy-eff i c i ent  n ew homes ( BPA 1 986b ) .  Th ree maj o r  
p rog rams were estab l i s h ed to  p romote such  houses : Super  GOOD CENTS ( SGC ) , 
Ear l y Adopters to  encou rage code adopt i on of t h e  MCS , and a research and 
demon st rat i on p rog ram to encou rage t he  u se  of advan ced en ergy-eff i c i ent  
construct i on tec hn i q ues ( BPA 1 986b ) . For  an a l ys i s  of t h i s  a l ternat i ve ,  BPA 
has ass umed t h at by 2006 a 75% penet rat i on rate for MCS houses  h as been 
ach i eved ; t h at i s ,  75%  of n ew e l ect r i ca l l y  heated h ouses  wou l d  meet MCS . 

Super  GOOD CENTS ( SGC )  i s  b ased on a n at i onw i d e  u t i l i ty p romot i on p rogram for 
energy-effi c i ent  new h omes . BPA bought  t h e  r i ghts  to  t h i s  p rogram and made 
i t  a va i l ab l e  to u t i l i t i es ,  who work wi t h  b u i l de rs , rea l tors , l enders , and 
code offi c i a l s to  ac h i eve the con struct i on ,  cert i f i c at i on ,  an d s a l e of MCS 
homes i n  t he i r respect i ve serv i ce areas . BPA supp l i es techn i ca l  and s a l es 
trai n i n g ,  cooperat i ve advert i s i n g funds , a reg i on a l  market i n g  c ampa i gn ,  and 
i n format i on on I AQ and the steps bu i l ders and occupants m i g h t  t a ke to  p rotect 
i t .  T he  p rog ram a l so i n c l udes f i nanc i a l i ncent i ves , dec l i n i n g over t i me , to 
enc ou rage g reater part i c i p at i on and to  red uce b u i l de r  costs assoc i ated wi t h  
l earn i n g to con s t ruct h ouses  t h at meet the  MCS . The  goa l  i s  to  b r i n g  c u rrent 
reg i on a l  b u i l d i n g p rac t i ces  up to  MCS l eve l s  so  t h at energy-eff i c i ent  codes 
c an be  en acted t h roughout  t he  reg i on .  

That goa l  i s  a l so  ref l ected i n  t h e  Res i den t i a l  Con s t ruct i on Demonstrat i on 
Proj ect , a p roj ect to  test i nn ov at i ve con struct i on met h ods  and p roducts . 
Du r i ng each  cyc l e of t h e  p roj ect , houses  b u i l t  to SGC spec i f i c at i on s  wi l l  
h ave i n corporated at l east one spec i f i ed i nnovat i on to test the i r rel i ab i l i ty ,  
cost-effect i v en ess , and marketab i l i ty .  B u i l ders are e l i g i b l e  for tec h n i c a l  
a n d  f i n anc i a l as s i stance  under t h i s  proj ect . 
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TABLE 2 . 1 .  P athways  f o r  S i n g l e -Fam i l y Homes  

I n f i l t r a t i o n R a n g e  of  I n f i l t r a t i o n MV �V 
Tota l Ven t i  l a t i o n 

R ate , ACH  
Pathway Con  t r 0 I ( a ) __ --'-'R..:,a..:.t e::.,:s:..J'l..-'-'A..:.C.:.:,H __ _ O p e r a t i o n ( d ) R a t e ,  ACH  Ef fect i v e 

S t a n d a rd 

2 S t a n d a rd 

3 Sta n d a rd 

4 S t a n d a rd 

5 S t a n d a rd 

6 S t a n d a rd 

7 Ad v a nced  

8 Ad v a nced  

9 Ad v a nced  

H I  Ad v a nced  

1 1  Ad v a nced  

Up p e r  
Lowe r 

U p p e r  
Lowe r 

Uppe r 
Lowe r 

U p p e r  
Lowe r 

Uppe r 
Lowe r 

Uppe r 
Lowe r 

Upper  
Lowe r 

Uppe r 
Lowe r 

Uppe r 
Lowe r 

Up p e r  
Lowe r 

Uppe r 
Lowe r 

. 32 
. 3 2 

. 32 

. 3 2 

. 32 

. 32 

. 3 5 

. 2 5 

. 3 5 

. 2 5 

. 3 2 

. 3 2 

. 17 

. 1 7 

. 1 7 

. 17 

. 17 

. 17 

. 2 1 

. 21 

. 2 1  

. 21 

None  NA 

MVHR ( c )  Co n t i n u ous 

�VHR (c )  I n te rm i ttent  

Ex h a ust  Co n t i n u o u s  

Ex h a u s t  I n t e rm i ttent  

Ex h a u s t  I n t e rm i tt e n t  

None  NA  

MVHR ( c )  Cont i n u o u s  

MVHR (c )  I n te rm i ttent  

Ex h a ust  Co nt i n u ous  

Ex h a ust  I n t e r m i t tent  

. IHI  

. I!J I!J 

. 19 
. 1 9 

. 1!J 5 

. 1!J 5 

. 1 1!J 

. 1 1!J 

. 1!J3 

. 1!J3 

. 1!J3 

. 1!J3 

. I!J I!J 

. I!J I!J 

. 2 6 

. 26 

. 1!J4 

. 1!J4 

. 13 

. 13 

. 1!J3 

. 1!J3 

. 3 5 

. 28 

. 53 

. 47 

. 41 

. 3 5 

. 4 8 

. 4 1!J 

. 42 

. 34 

. 3 8 ( e )  

. 3 1 

. 18 

. 15 

. 4 3 

. 4 1!J 

. 27 

. 23 

. 34 

. 31 

. 26 

. 22 

( a )  St a n d a rd = M i n i m u m  MCS c o n st r u c t i o n f o r  a i r  l e a k a g e  c o n t r o l ;  a d v a nced  = c o n t i n u o u s  a i r  b a r r i e r .  

. 3 2 

. 26 

. 5 2 

. 4 5 

. 37 
. 3 1  

. 4 5 ( b )  

. 38 

. 38 ( b )  

. 3 1 

. 3 5 ( b )  

. 29 

. 1 7 

. 14 

. 43 

. 4 1!J 

. 2 1 

. 1 8 

. 3 4 ( b )  

. 3 1!J 

. 2 4 ( b )  

. 2 1!J 

( b  Bec a u s e  t h e  b u i l d i n g b e h a v es d i f f e rent l y  w i th a n  e x h a ust ven t i l a t i o n system t h a n  w i th a n  AAHX , n a t u r a l a n d  
� ec h a n i c a l v e n t i l a t i o n d o  n o t  sum  d i rect l y  f o r  a tota l e f f ect i v e v e n t i l a t i o n r a t e . 

( c )  MVHR  = Mec h a n i c a l v e n t i l a t i o n system w i t h h e a t  recov e ry , o r  a i r - t o - a i r  h e a t  e xc h a n ge r .  
(d )  C o n t i n u o u s  = 24 h o u rs/d ay ; i n t e r m i ttent  = 8 h o u rs/ d a y . 
( e )  P athway  6 does  not  i n c l u de  po rts ; t h e ref o re t h e  vent i l a t i o n r a te i s  d i f f e re n t  f rom  P athway  5 .  
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The  Ear l y  Adopter  Prog ram , des i gned to encourage t h e  adopt i on ,  i mp l emen tat i on ,  
and en forcement  of  t he  MCS as code , i s  a i med at deve l op i n g t h e  s k i l l s needed 
to i mp l ement t h at obj ect i ve .  Under t h i s  p rogram , f i n an c i a l comm i tmen ts h ave 
been a l l ocated for ass i stance  and f i nanc i a l i n cen t i ves to t hose j u r i s d i ct i on s  
t h at adopt t h e  MCS , e i t her  a s  b u i l d i n g codes or  a s  l ega l l y  enforceab l e  u t i l i ty 
serv i ce req u i rements . To offset t h e  h i g her  con struct i on costs  of MCS homes , 
BPA wi l l  a l so con t i n ue to p rov i de i ncen t i ve payments to  bu i l ders or  h ome buyers 
i n  t h ese  j u r i s d i ct i on s  for each house  b u i l t .  

The  No Add i t i on a l  Act i on A l tern at i ve i s  a comb i n at i on of two of t h e  opt i on s  
u n d e r  t h e  Proposed Act i on ( Pat hways 5 and  8 ,  wh i c h a re descr i bed be l ow) . I t  
was t hought  t h at i mp l emen t at i on o f  t hese  two pathways wou l d  p rov i de IAQ 
equ i va l ent  to , o r  better t h an , I AQ i n  base l i ne homes . T he  p rem i se  of t h i s  
A l tern at i ve h as been to obta i n  energy s av i ngs  from new homes but  avo i d  any 
i nc rease i n  adverse h ea l t h  effects re l at i ve to 1 983 b u i l d i n g  p ract i ce .  T he  
i mp l ementat i on s t rateg i es for  t he  p rograms i n  t h i s  A l tern at i ve wou l d  e nsure 
t h at I AQ and hea l t h  effects  are not worse t han  wh at t h ey wou l d  be  under  t h e  
Base l i n e .  T h at h a s  a l ways been t h e  i nten t i on of t he  p rograms compos i n g t h i s  
A l tern at i ve and  i s  re f l ected i n  the  I AQ opt i ons  perm i tted i n  t hese  p rog rams . 

A l l homes wi l l  h ave  some form of who l e -house mec h an i ca l  vent i l at i on to 
i n c rease t he  l i ke l i h ood t h at homes wi l l  not  h ave vent i l at i on rates be l ow the 
average targeted rate . A l l homes wi l l  h ave a m i n i mum l eve l  of vent i l at i on to 
h an d l e  mo i s t u re ,  odors , and st a l e a i r ;  t h at l eve l  i s  1 0  cub i c  feet of  out s i de 
a i r per  m i n ute ( c fm ) for each bedroom and  one cen tra l  area . Examp l es of 
i mp l emen t at i on of  the non  heat recovery opt i on s  are descri bed and i l l u s trated 
i n  Appen d i x  M. Houses wi t h  con t i n uous a i r  barr i e rs wi l l  a l so h ave cen t ra l  
h eat recovery ven t i l at i on ,  typ i ca l ly  a n  AAHX . I n  a l l c ases , t he  p rog rams ' 
components  are des i gned to ach i eve t he  s ame average a i r c h anges as homes b u i l t  
t o  1 983 p ract i ce .  T hus , t h i s  a l tern at i ve was an a l yzed wi t h  average a i r 
exc h ange rates for energy-eff i c i ent  houses t h at are t h e  s ame as t he  Base l i n e :  
an upper bound  o f  0 . 49 ACH and  l ower bound o f  0 . 38 ACH . 

2 . 3  PROPOSED ACT ION  

U nder  t h e  Proposed Act i on ,  BPA wou l d  con t i n ue a l l of i t s  new homes p rograms 
as des i gned  i n  1 986 ( No Add i t i on a l  Act i on ) ; t h u s , t he  pen et rat i on rate and  
resu l t i n g  est i mate of MCS  homes b u i l t  wi l l  be t h e  s ame as t h at for t he  No  
Ad d i t i on a l  Act i on .  However ,  a b road men u  of opt i on s , o r  pat hways , to p rov i de 
some f l ex i b i l i ty for dea l i ng wi t h  I AQ i s  proposed . 

Mec h an i c a l  vent i l at i on wi t h  heat recovery ( e . g . , an AAHX)  may not  a l ways be 
the  best  or  most p ract i ca l  s o l ut i on for contro l l i n g  I AQ in  energy-eff i c i en t  
hou ses ; o t h e r  con t ro l  dev i ces or  m i t i gat i on s trateg i es may be equa l l y  
effect i ve ,  as  we l l  a s  l e ss  expen s i ve ,  i n  certa i n  s i t u at i ons . T hus , BPA 
proposes to add a l l p rac t i c a l , comme rc i a l ly  ava i l ab l e  met hods to ma i n ta i n  
acceptab l e  I AQ and  s t i l l  obta i n energy s a v i ngs  i n  i t s  New En ergy -Eff i c i ent  
Homes Prog rams , g i v i ng b u i l ders and consumers con s i derab ly  more f l ex i b i l i ty .  

A n umber o f  s t rateg i es were de l i neated to form pathway s ( Tab l e  2 . 1 ) t h at m i ght  
meet t hese  c r i teri a .  Referri n g  to F i g ure 2 . 2 ,  note t h at a l l pathways s h a re 
t h e  fo l l owi ng  m i n i mum req u i remen ts : con s umer i n format i on on I AQ ;  exh aust  
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fans for k i tchen and bat h rooms ; outs i de a i r supp l y  for combust i on app l i ances ; 
HUD  p roduct standa rds  to  reduce formal dehyde ; and  a radon package . T he  h ea l th  
b enef i ts  deri ved from th i s  standard pac kage of  I AQ req u i rements  accrue to a l l 
of t h e  pat hways . Beyond th i s  common set of req u i remen ts , each pathway has  
d i fferent compon ents and  therefore d i fferent ven t i l at i on rates . 

The  radon package  a l l ows a b u i l der  on e of two b as i c  approach es ( F i g ure 2 . 3 ) : 
1 )  e i t her  t he  b u i l der  con s t ructs  t he  house  to i n c l ude certa i n  p reconstruct i on 
sourc e  contro l  meas u res ( i . e . , a vent i l ated c rawl space andlor  a l ayer of 
g rave l  under  the concrete s l ab )  and the  occupant  has  the opt i on of mon i tor i n g , 
o r  2 )  t h e  b u i l der  forgoes i n sta l l i n g  those  measures u s ed to reduce  radon 
l eve l s an d i s  t h en requ i red to mon i tor  radon l eve l s .  I f  mon i tor i n g  s hows 
t h at radon l eve l s exceed 5 pC i l l , t hen the  b u i l der wi l l  be req u i red to retrof i t  
t h e  house  wi t h  t h e  appropr i ate m i t i g at i on meas u re , and  act i vate t h e  measure 
to  reduce  the  concentrat i on s . For p urposes of  an a l ys i s  we assume that s uc h  
m i t i g at i on wi l l  reduce radon concentrat i on s  by  70% . F rom a reg i on a l  
perspec t i v e  a 70% reduct i on wi l l  l ower radon concen t rat i on s  t o  5 pC i l l  o r  
l es s  i n  a l l b u t  about 3 %  o f  t h e  homes i n  t h e  Northwest  ( BPA 1 986c ) . T h e  radon 
package i s  more fu l l y descr i bed i n  Append i x  H .  Bon nev i l l e  i s  u s i n g 5 pCi l l  
for an act i on l eve l  as a res u l t o f  t he  BPA Expan ded Weather i z at i on 
En v i ronmen t a l  Impact Statemen t .  Documen tat i on c an b e  found i n  t h e  Record of 
Dec i s i on for t h at documen t . 

The  p athways a re s t ructured around  t h ree key v ari ab l es :  t he  i n f i l t rat i on 
contro l  app l i ed to the  hous e ;  t he  MV system ;  and the  occupants ' operat i on of 
the MV system . The res i dences an a l yzed i n  the p athways are of two types 
depen d i ng on t h e i r app roac h  to i n f i l t rat i on con t ro l . There i s  the standard 
approac h , wh i ch i nc l udes hou ses t h at a re we l l - sea l ed w i t h  c au l k i ng and  
weatherst r i pp i ng ;  o r  b u i l ders may take  a more advanced app roach to  a i r l eakage 
contro l  by i n sta l l i n g  a con t i nuous  a i r  barr i e r .  These  res i dences h ave  
con s i derab l y  l ower average a i r l ea kage rates ( 0 . 1 7 ACH  versus  0 . 32 ACH for  
s i n g l e fam i l y  h o uses  wi th  standard i n f i l t rat i on con t ro l ) .  

There are four b as i c  c h o i ces regard i ng MV systems . A house  can  be  wi thout  a 
who l e- house  MV system ; a house  can  have  centra l  mech an i ca l  ven t i l at i on wi th  
heat recovery ( e . g . ,  an  AAHX ) ; i t  can have a central  mech an i ca l  exh aust  
vent i l at i on system with  open i ngs  for  outs i de a i r s upp l y ;  and it  c an have  a 
centra l  mech an i c a l  exh au s t  system wi thout  open i ngs for outs i de a i r ( th i s  
c h o i ce i s  not a l l owed for houses  wi th  advanced a i r  i n f i l t rat i on contro l ) .  
T he  t h ree b as i c  MV systems a re s i zed to p rov i de d i fferent capac i t i es .  A more 
thorough  d i sc us s i on of these  and other  MV systems and m i t i g at i on techno l og i es 
i s  i nc l uded i n  t he  DEI S ,  Vo l . I I ,  Appen d i x  C ( BPA 1 987a )  an d i n  Appen d i x  M to 
t h i s  F i n a l  E I S ( Vo l . I I ) . 

Two operat i n g o r  contro l  opt i on s  t h at rep resent the  amount  of t i me the  MV 
system operates are an a l yzed . A cont i n uou s l y  operat i n g ( 24 h r) MV system 
rep res ents t h e  i de a l  s i tu at i on t h at res u l ts  i n  a contro l l ed ,  constant rate of 
a i r exc h ange . The other opt i on i s  i nterm i ttent operat i on and assumes t h e  
system operates 8 h r/day .  Bes i des t h e  i nterm i tten t control  dev i ces  used  
today , the  second  opt i on acts  as a p roxy in  t he  an a l ys i s  for contro l  
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The Radon Package 

I Radon Information and Monitoring I 
I 

I Capability to Preassess High/Low Radon Areas Prior to Construction 

No 

I 
Subslab Gravel 

Crawl Space 
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I 
(Present Situation) 

I 
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I 

I 
Above 5 pCili I Below 5pCili l Subslab Gravel 

and PVC Pipe 

Builder Crawl Space 
Mitigate on Ventilation 
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Incentive 

Monitoring 
Offered 
to First 

Homeowner 

F i gure 2 . 3 .  Radon Package 

Yes (Future) 

� 

Monitoring 
Offered 
to First 

Homeowner 

tec h n o l og i es t h at are not wi d e l y  ava i l ab l e and  used  today but  t h at are l i ke l y  
t o  b e  common p l ace i n  new homes wi th i n  t h e  p l an n i ng peri od covered by t h i s  
document ( 1 986-2006 ) ;  t h ese  contro l s wou l d  be t r i ggered by s uc h  t h i ngs  as 
outdoor temp erat u re and  i ndoor po l l utant l eve l s .  

These  t h ree key var i ab l es were exami ned i n  comb i n at i on to deve l op ven t i l at i on 
rates . A l l of t h e  m i t i g at i on s trateg i es are embod i ed i n  t h ese  vent i l at i on 
rates , and  comb i n e i n to 1 1  d i s t i nct p athways wh i c h  compr i se t h e  Proposed 
Act i on A l tern at i v e ,  p resented i n  deta i l  i n  Tab l e 2 . 1 .  As s hown i n  t h e  tab l e ,  
t h ere are average upper and  l ower bound  ven t i l at i on rates for each pathway . 
Tab l es 2 . 2  and  2 . 3 s h ow t h e  same i n format i on for mu l t i fam i l y  and  manufactured 
homes . These  vent i l at i on rates are t h e  dr i v i ng var i ab l e for t h e  a na l yses of 
t he  1 1  p athways , wh i ch are summa r i z ed be l ow .  These  desc r i p t i on s  of t he  
pathways are gen era l i n  n ature a nd  do not i nc l ude det a i l ed spec i f i c  st rateg i es 
or costs  for i mp l ement i n g t he  var i ous p athways . The  E I S  does not deve l op 
spec i f i c at i on s  for i mp l ement i n g t h e  pathways i n  order to ma i nt a i n  t he  
f l exi b i l i ty of  a l l owi n g  new tech n o l og i es wh i c h  meet cr i teri a con s i dered i n  
t h i s  E I S . 

Referri ng to F i g u re 2 . 2  ( and  Tab l e  2 . 1 ) wi l l  h e l p the  reader  to d i s t i n g u i s h  
among t h e  pathways a n d  better fo l l ow t h i s  desc ri pt i on of pathways . For 
examp l e ,  the f i g ure i l l u st rates obv i ous pa i r i ngs  between Pathways 2 and  3 ;  
between 4 and  5 ;  between 8 and  9 ;  and between 1 0  and 1 1 .  I t  a l so c l ear l y 
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Pathway  

2 

3 

4 

5 

6 

7 

B 

9 

1 3  

1 1  

I n f i I t r a t i o n  
Cont ro l ( a )  

S t a n d a rd 

St a n d a rd 

S t a n d a r d  

S t a n d a rd 

S t a n d a rd  

S t a n d a rd  

Ad v a n c e d  

A d v a n c e d  

A d v a n c ed 

Ad v a nced  

A d v a nc e d  

TABLE 2. 2 .  Pathways  f o r  t,l u l t i Fa m i I y  HOllies 

Range of  I n f i I t r a t i o n t,lV t,lV 
Ope r a t i o n ( d )  R ates ,  ACH System  

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

U p p e r  
Lowe r 

. 23 

. 23 

. 2 3 

. 2 3 

. 23 

. 23 

. 2 5 

. 25 

. 2 5 
. 2 5 

. 23 

. 23 

. 1 2 

. 1 2 

. 1 2 

. 1 2 

. 1 2 

. 1 2 

. 1 7 

. 1 7 

. 1 7 

. 1 7 

N o n e  N A  

t,lVHR ( c )  Con t i n u o u s  

t,lVHR ( c )  I n te rm i t t e n t  

Ex h a u st Con t i n u o u s  

Ex h a ust  I n t e r m i t tent  

Ex h a ust I n te rm i tte n t  

None NA 

t,lVHR ( c )  Co nt i n u o u s  

t,lVHR ( c )  I n te rm i ttent  

Ex h a u st Co nt i n u o u s  

Ex h a u st I n t e r m i t t e n t  

t,lV 
R a t e ,  A C H  

. 33 

. 33 

. 26 
. 26 

. 3 5 

. 35 

. 23 
. 23 

. 3 5 
. 3 5 

. 3 5 
. 3 5 

. 26 

. 26 

. 34 

. 34 

. 2 5 
. 25 

. 34 

. 34 

Tota I Ve n t  i l a t i o n 
Rate , ACH 

Ave r age 

. 2 1 
. 1 6 

. 46 
. 4 1 

. 29 

. 24 

. 48 

. 42 

. 34 
. 27 

. 29 
. 23 

. 1 3 

. 1 2 

. 38 

. 37 

. 2 1 

. 23 

. 42 

. 43 

. 2 6 

. 2 4 

Ef f ec t i v e 

. 19 

. 1 5 

. 45 

. 43 

. 24 

. 2 3 

. 47 ( b )  

. 42 

. 29 ( b )  

. 24 

. 24 ( b )  

. 19 

. 1 2 

. 1 1 

. 37 

. 36 

. 1 5 

. 1 4 

. 4 1 (c )  

. 43 

. 2 1 ( c )  

. 19 

( a )  Sta n d a rd = t,l i n i m u m  t,lCS c o n st r u c t i o n f o r  a i r  l e a k a ge c o n t ro l ;  a d v a n c e d  = con t i n u o u s  a i r  b a r r i e r .  
( b  Bec a use t h e b u i l d i n g b e h a v e s  d i f f e ren t l y  w i t h a n  e x h a u st ven t i l a t i o n system  t h a n  w i t h a n  AAH X ,  n a t u ra l 

a n d  m e c h a n i c a l v e nt i l a t i o n do n o t  sum  d i rect l y  f o r  a tota l e f f ec t i v e v en t i  l a t i o n r a te . 
( c )  t,lVHR  = t,lec h a n i c a l v e n t i l a t i o n system  w i t h he a t  rec o v e ry , o r  a i r -to-a i r  h e a t  e x c h a n ge r .  
( d )  Cont i n u ous  = 24 ho u rs / d a y ;  i n t e r m i tt e n t  = 8 h o u rs/ d a y . 

2 . 1 3 



Pathway 

2 

3 

4 

5 

6 

7 

8 

9 

1 1  

I n f i I t r a t i o n 
Co n t ro I ( a )  

S t a n d a rd 

St a n d a rd 

S t a n d a rd 

S t a n d a rd 

St a n d a rd 

St a n d a rd 

Ad v a nced  

A d v a nced  

A d v a nced  

A d v a nced  

A d v a nced  

TABLE  2 . 3 .  P a t hways for  Ma n u f ac t u red  Homes  

R a n ge o f  I n f i I t r a t i o n MV 
Rates ,  ACH  System 

U p p e r  
Lowe r 

U p p e r  
Low e r  

U p p e r  
Low e r  

U p p e r  
Low e r  

U p p e r  
Lowe r 

U p p e r  
Low e r  

Uppe r  
Lowe r 

Uppe r  
Lowe r 

U p p e r  
Low e r  

U p p e r  
Low e r  

U p p e r  
Low e r  

. 29 

. 29 

. 29 

. 29 

. 29 

. 29 

. 3 2 

. 3 2 

. 3 2 

. 3 2 

. 29 

. 29 

. 1 3 

. 1 3 

. 1 3 

. 1 3 

. 1 3 

. 13 

. 16 

. 16 

. 16 

. 16 

None  

MVHR ( c )  

MVHR ( c )  

Ex h a ust  

Ex h a ust 

Ex h a u st 

None  

MVHR (c )  

MVHR (c )  

Ex h a ust 

Ex h a ust 

MV MV 
Ope r a t i o n ( d )  Rate,  ACH 

NA 

Cont i n u o u s  

I n t e r m i ttent  

Cont i n u o u s  

I n t e rm i ttent  

I n t e rill i t te nt  

NA 

Cont i n uous  

I n te rm i ttent  

Co n t i n u ous 

I n t e r � i ttent  

. IHI  

. 00 

. 2 1 

. 2 1 

. 05 

. 05 

. 1 2 

. 1 2 

. 03 

. 03 

. 03 

. 03 

. 00 

. 00 

. 26 

. 26 

. 04 

. 04 

. 1 4 

. 1 4 

. 03 

. 03 

Tot a l Vent i l a t i o n 
Rate , ACH 

A v e r a ge Ef f ect i v e 

. 3 5 

. 3 2 

. 5 5 

. 5 1 

. 43 

. 39 

. 49 

. 46 

. 42 

. 39 

. 39 

. 36 

. 1 8 

. 1 5 

. 4 2  

. 40 

. 27 

. 23 

. 3 5 

. 3 1  

. 26 

. 23 

. 3 1 

. 29 

. 53 

. 50 

. 36 

. 34 

. 46 (b )  

. 43 

. 38 ( b )  

. 35 

. 3 5 (b )  

. 3 2 

. 16 

. 13 

. 4 2 

. 39 

. 20 

. 17 

. 34 ( b )  

. 30 

. 23 (b )  

. 1 9 

( a )  St a n d a rd = M i n i m u m  MCS const r uc t i o n f o r  a i r  l e a k a g e  c o n t ro l ;  a d v a nced  = c o n t i n u o u s  a i r  b a r r i e r .  
( b  Bec a u se t h e  bu i l d i n g b e h a v e s  d i f f e re n t l y  w i t h a n  e x h a ust v e n t i l a t i o n system t h a n  w i th a n  AAH X ,  n a t u r a l 

a n d  m e c h a n i c a l  vent i l a t i o n do not  s u m  d i rect l y  f o r  a tot a l effect i ve v e nt i l a t i o n r a te . 

( c )  MVHR = Mech a n i c a l v e n t i l a t i o n system w i t h h eat  reco v e ry , o r  a i r -to-a i r  h e a t  e x c h a n ge r .  
( d )  Cont i n u o u s  = 24 h o u rs/d ay ; i n t e rm i t tent  = 8 h o u rs/d ay . 
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s h ows t h e  f i rs t d i v i s i on of d i s t i nct i on :  t h e  f i rs t s i x  pathways a l l h ave 
the st andard i n f i l t rat i on con t ro l  p ackage ; the l ast f i ve a l l re l y  on the 
advanced approach ( con t i n uous a i r barri er ) . 

o 

o 

o 

o 

o 

o 

Pat hway 1 :  Th i s  pathway app l i es to we l l - sea l ed ,  energy-eff i c i ent  houses  
t h at do  not h ave a i r  barri ers as one of the  con servat i on measures . Th i s  
standa rd approach  refers to m i n i mum MCS con struct i on standa rds for a i r  
l eakage contral . L i ke t h e  ori g i n a l  " Pac kage A "  h ome i n  t h e  Counc i l ' s 
1983 P l an ( NWPPC 1983 , v o l . I I ,  Append i x  J ,  p . J - 5 1 ) , t h i s  p athway h as n o  
centra l  M V  system , re l y i n g on l y  o n  exh aust  fan s for spot ven t i l at i on . 
S i nce  i nc i denta l  mech an i ca l  ven t i l at i on i s  not i n c l uded i n  t h e  
c a l c u l at i on of t he  tot a l  ven t i l at i on rates , t h e  average rates are t h e  
s ame as the  des i gn vent i l at i on rates of we l l - sea l ed h o u s e s  wi t hout a i r 
barri ers : 0 . 3 5 ACH for upper bound and 0 . 28 ACH for l ower bound . 

Pat hway 2 :  Th i s  p athway a l so app l i es to houses w i t h  standard 
i n f i l t rat i on contro l , b ut wh o l e-house , b a l anced mec han i c a l  vent i l at i on ,  
operat i n g cont i n uous l y ,  i s  s i zed to g i ve average ven t i l at i on l eve l s 
equ i va l ent to , or  greater t h an , 1 983 p ract i ce ( 0 . 53 and 0 . 47 ACH for 
upper an d l ower va l ues , respect i ve l y ) . Wa l l - or  wi n dow-mounted b a l anced 
MV dev i ces may be  used , but  severa l may be  needed to ach i eve  a 
" who  1 e-hou s e "  effect . Th  i s represents t he  houses  bu  i I t  i n  t he  RSDP. 

Pat hway 3 :  Th i s  i s  t he  counterpart to Pathway 2 .  Everyt h i n g i s  t h e  
same , except t h at t h e  M V  system operates i n term i ttent l y ,  fo r a tot a l  o f  
8 h r  p e r  d ay i n stead of 24 . Th i s  i nterm i ttent operat i on resu l ts i n  
l ower average vent i l at i on rates t h an Pathway 2 ( 0 . 4 1 and  0 . 3 5  ACH for 
upper an d l ower v a l ues , respect i ve l y ) . 

Pat hway 4 :  I n  t h i s  p athway , t h e  standard i n f i l t rat i on contro l  i s  
comb i ned w i t h  a centra l exh aust . MV system , i n stead of an AAHX , wi t h  
i ntakes  to supp l y  makeup a i r .  The  system i s  operated cont i n uous l y  an d 
p rov i des  average ven t i l at i on rates of 0 . 48 ACH and 0 . 40 ACH . 

Pat hway 5 :  Th i s  pathway rep resents t he  1 987 SGC bas i c  h ome and t h e  
i l l u s trat i ve p rescr i pt i ve p a t h  f o r  the  Counc i l ' s  1 987 MCS . I t  i s  
i dent i c a l  to  Pat hway 4 ,  except for i nterm i ttent operat i on of t h e  MV 
system . T he  i ntake  ports p rov i de t he  makeup a i r to g i ve a p res s u re­
b a l anced system ;  t h ey a l so p rov i de better d i str i but i on of t h e  makeup a i r  
because  of t he i r p l ac ement . Because  t he  MV system i s  operated on l y  8 
h r/day ,  t h i s  pat hway res u l ts  i n  l ower vent i l at i on rates ( 0 . 42 ACH for 
upper bound an d 0 . 3 4  for the l ower bound ) . 

Pat hway 6 :  Th i s  pat hway i s  a var i ant of Pathway 5 ;  i t s pr i mary 
d i fference i s  the  absence of i n take ports  for makeup a i r supp l y ,  wh i c h 
res u l t s i n  an u n ba l anced system and ven t i l at i on v a l ues of  0 . 38 and 0 . 3 1  
ACH for upper and  l owe r boun ds . The  fan requ i red for t h i s  pathway wou l d  
have  a h i g her  capac i ty t h an t h at requ i red i n  Pat hway 5 ,  because t he  
ex h aust  s i d e wi l l  requ i re duct i ng to  at  l east fou r po i nts  from wh i c h to 
d raw a i r .  Bec ause  ports are not requ i red i n  t h i s  pathway , a d i agnos t i c  
b l owe r door test wi l l  b e  requ i red for every house b u i l t  un der t h i s  
p athway to ve r i fy t h at a m i n i mum ELA i s  obta i ned . I f  t he  test  i n d i c ates 
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o 

o 

o 

t h at t he  house ' s  ELA i s  be l ow wh at wou l d be  necess ary for t h e  fan ' s  
capac i ty ,  t h en ports wou l d  be added to prov i de t h e  requ i s i te makeup a i r  
c apac i ty .  

Pat hway 7 :  Th i s  pathway app l i es t o  houses  t h at t a ke t h e  advan ced 
approach  to i n f i l t rat i on contro l  by i n s ta l l i n g  a cont i n uous a i r barri er  
but  do not  i nc l ude MV  systems . T herefore , no ven t i l at i on i s  added to 
the n atura l  i n f i l trat i on rate , resu l t i ng i n  the l owest  ven t i l at i on rates­
-upper  v a l ue  of 0 . 18 ACH and l ower v a l ue  of  0 . 1 5 ACH . 

Pathway 8 :  T h i s  p at hway i nc l udes cont i n uou s l y  operat i n g ,  who l e- house , 
b a l anced mec h an i c a l  ven t i l at i on i n  energy-eff i c i en t  houses  b u i l t  w i t h  
a i r barri e rs . Th i s  p at hway rep resen t s  t h e  ori g i n a l  Pac kage  B h ome i n  
t h e  Counc i l ' s  1983 P l an ( NWPPC 1983 , vo l . I I ,  Appen d i x  J ,  p . J - 5 1 ) ; i t  i s  
a l so i n c l uded i n  t h e  No Add i t i on a l  Act i on A l ternat i ve i n  t h i s  F i n a l  EI S .  
Even wi t h  t h e  a i r barr i er ,  t h e  cont i n uous l y  operat i ng AAHX p rov i des 
vent i l at i on equ i v a l ent to the Base l i ne- -upper and l ower v a l ues of 0 . 43 
an d 0 . 40 ACH respect i ve l y .  

Pathway 9 :  T h i s  p at hway i s  i dent i c a l  t o  Pathway 8 except t h e  AAHX 
operates i nterm i ttent l y  and t h u s  res u l t s  i n  s i gn i f i c an t l y  l ower 
vent i l at i on rates - -0 . 27 and 0 . 23 ACH . 

Pat hway 1 0 : Pathway 10  con s i sts  of adv anced a i r  l eakage  contro l  and a 
wh o l e - house  exh aust  MV system operat i ng cont i n uou s l y .  A l t hough  t h e  
tec h n o l ogy f o r  a n  automat i c  con t i n uous l y  operat i n g exh aust  system i s  
ava i l ab l e  and  i s  i n  u s e  i n  Eu rope , i t  h as not yet been wi d e l y  i n t roduced 
i n  t h e  U . S . , but  may be  i n  t h e  future . T he  p at hway t h u s  rep resen t s  an 
opt i on for t h e  future t h at i s  encomp assed by t h e  20 -year p l an n i n g  per i od . 
I t s  ven t i l at i on rates range from 0 . 34 to 0 . 3 1  ACH . 

Pathway 1 1 :  T h i s  i s  i dent i c a l  to Pathway 10  except t h e  exh aust  MV system 
operates on l y  8 h r/day ,  resu l t i ng i n  l ower vent i l at i on rates , wh i ch range  
from 0 . 26 to 0 . 22 ACH . 

Bon nev i l l e h as c h osen to  p resent t he  ext remes as we l l  as t h e  opt i on s  more 
typ i c a l  of t h e  norm i n  order to bound  t he  range  of potent i a l i mpacts . Wh i l e 
some p athways appear ext reme , t hey a l l fa l l wi t h i n  t h e  bounds  of rea l i ty and  
comp l et e l y  frame the  range  of reason ab l e  pos s i b i l i t i es .  T he  ass umpt i on s  and 
c a l c u l at i on s  assoc i ated  wi t h  the 1 1  p athways are g i ven i n  Ch apter 4 and 
Appen d i x  A .  

2 . 4  S UMMARY O F  ENV I RONMENTAL I MPACTS 

The  a l ternat i ves  descr i bed above and an a l yzed for t h i s  EI S h ave  i mpacts  
re l ated to  h ea l t h , reg i on a l  soc i oeconomi cs , energy sav i ng s , and  " avo i ded " 
i mpact s . T he  v a r i o u s  a l tern at i ves c an usefu l l y  be ranged  ag a i n s t  base l i ne 
cond i t i on s  to better compare t he  i mpacts  of each  a l tern at i ve ,  wh i c h are 
s ummari zed h ere and  g i ven i n  greater det a i l i n  Ch apter 4 .  
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Note t h at  these are comparat i ve effects . Th i s  i s  a part i c u l a r l y  i mportan t 
d i s t i nct i on g i ven t he  uncert a i n ty t h at su rrounds most of the  i s sues ana l yzed 
i n  t h i s  EI S .  Th i s  was part i c u l a r l y  ev i dent when t ry i n g  to determ i n e 
vent i l at i on rates i n  ex i s t i ng houses  ( as d i sc ussed i n  sect i on 2 . 1 ) . Bec ause 
the con f i dence i n terv a l  fo r any ven t i l at i on est i mate i s  a l ready l a rge , then  
t he  i n terv a l  wi l l  a l so be l arge i n  the  e s t i mated or  p red i cted va l ues for  
houses  b u i l t  i n  t he  future , as i n  our  e s t i mates for  the  pat hways . Anot her  
source of  uncert a i n ty i n  t he  an a l ys i s  i s  i n  t he  mod e l  to es t i mate t he  
i n c i dence of l un g  cancer  due to dec reased vent i l at i on rates . Eac h v a l ue used 
i n  t he  mode l  h as a marg i n  of  uncert a i n ty assoc i ated w i t h  i t ;  t he  cumu l at i v e 
effect may reduce t he  accu racy of i ts resu l t s .  

Thus , t he  n umbers i n  t he  tab l es s hou l d  be regarded as re l at i ve ,  not ab so l ute. 
We can ascert a i n the re l at i v e con sequences of the var i ous a l ternat i ves and 
ran k t hem. And , a l t hough  the uncerta i n ty s u rroun d i n g the var i ous i n puts  i n to 
t he  a na l ys i s  makes i t  d i ff i cu l t  to quant i fy how much better one pathway i s  
t h an anot h e r ,  t here i s  enough  i n format i on t h at even when some of t he  
con t i ngenc i es p l ay t hemse l ves out  a nd  t h u s  c hange t he  abso l ute n umbers , t he  
ran k i ng of t he  a l tern a t i ves and  pat hways wi l l  be t he  s ame . For more 
i n format i on on un certa i n ty i n  reported d at a ,  see Appen d i x  L i n  Vo l . I I .  

2 . 4 . 1  Vent i l at i on and Concent rat i o ns  

The most  i mport ant poten t i a l  env i ronmenta l  effect b rought  about  by  the  
Propo sed Act i on i s  red uced vent i l at i on rates i n  new homes , and  t he  poss i b l e  
accompany i n g i n c reased l eve l s o f  i n door a i r po l l utants . T he  p r i m ary concern 
i dent i f i ed for the New En ergy-Eff i c i ent  Homes Programs i s  t h e  effec t of t hese 
po l l utant  l eve l s on t he  hea l t h of t he  occupants . Such  po l l utants  i nc l ude 
radon , fo rma l dehyde , combu s t i on gases , resp i rab l e  s u spended part i c u l ates ( RSP )  
such  a s  from tobacco smoke , househo l d  c hemi c a l s ,  a n d  mo i s ture . We  foc us on 
these  po l l utants  because t hey are common l y  found  i n doors , and t hey h ave effects  
ran g i n g from s h ort -term d i scomfort to poss i b l e  occu rrence from l un g  c ancer . 

The assessmen t t reats some of t he  po l l utants quan t i tat i v e l y  and  some 
q ua l i t at i v e l y .  Radon and forma l dehyde are t reated q uan t i t at i ve l y  because 
t here are estab l i s hed r i s k  factors fo r t h em , ma k i n g i t  poss i b l e  to quan t i fy 
the  i n c i dence of  l i fet i me cancer rates (per  1 00 , 000 persons ) .  O ur  an a l ys i s  
of t hese hea l t h  effec ts  i s  based on the  i n verse re l at i onsh i p  between 
vent i l at i on and  po l l utant  l eve l s ( see Sect i on 4 . 1 . 2 ) . Th i s  re l at i on s h i p  
genera l l y  h o l ds t rue for mo st  po l l utants , but  not for radon ; radon 
concen t rat i ons depend on a more comp l ex set of fac tors . These i n c l ude t he  
so i l gas  concentrat i on ,  s o i l permeab i l i ty ,  t he  effect i ve permeab i l i ty of the  
i n te rfac e between t he h ouse and so i l , t he p ress ure d i fference between t he  
i n s i de and  out s i de of t he  house , t he  d i s tr i but i on of t h e  l ea kage pat h s  i n  the  
house , and  t he  d i l ut i on rate ( v en t i l at i on )  i n  t he  house . More d i scuss i on of 
the  spec i f i c  re l at i on of radon concen t rat i on s  to ven t i l at i on ,  and why our  
an a l ys i s  does  n ot i ncorporate t h i s  comp l ex set of factors , i s  g i ven i n  
Appen d i x  B .  

We rec ogn i z e t h at , for radon , t he  key i s s ue i s  en t ry i n to the  res i dence and 
not j u st  ven t i l at i on and  t h at the radon gas ' source  s t rength  can overwh e l m  
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ven t i l at i on .  Howeve r ,  for an i nd i v i d ua l  house , once radon has  entered i t ,  
vent i l at i on becomes a key var i ab l e  i n  remov i n g i t  or  d i l ut i n g i t s effect , as 
exp l a i ned i n  Append i x  B .  The fact that  ven t i l at i on var ies  over t i me ,  as 
i l l u st rated i n  F i gure 2 . 4a ,  h as been factored i n to our es t i mates of 
" effec t i ve "  vent i l at i on rates ( see Append i x  A ) , wh i c h are used to assess  the  
hea l th  effects of t he  Bas e l i ne and a l ternat i ves . T hat asses sment i s  b ased on 
t he re l at i on s h i p  between po l l utant concent rat i on and vent i l at i on rate as 
i l l ust rated in F i gure 2 . 4b . 

2 . 4 . 2  Hea l t h  Effects From Radon and Forma l dehyde 

U s i n g  a ran ge representat i ve of t he ac tua l  d i str i but i on of vent i l at i on rates , 
poten t i a l  l i fet i me cancers from exposure to radon and forma l dehyde were 
es t i mated for both  t he upper and l owe r v a l ues of t h at ran ge , and compared for 
the Base l i n e  and a l tern at i ves . The i mpacts of the Base l i ne ,  wh i c h assumes 
a l l homes are b u i l t  to 1 983 p ract i ce through 2006 , are compared to i mpacts  of 
t he  a l ternat i ves i n  Tab l e s 2 . 4 ,  2 . 5 ,  2 . 6 ,  for s i n g l e- fam i l y ,  m u l t i fami l y ,  
and manu fact ured homes , respec t i ve l y .  Est i mated c ancer rates from exposure 
to radon range from 277  l i fet i me c ancers per 100 , 000 persons ( l ower bound of 
Pat hway 2)  in  s i n g l e - fam i l y  houses to 629 l i fe t i me c ancers per 100 , 000 persons 
( upper bound of Pathway 7 ) . These va l ues co rrespond to a prog ram in  wh i c h  
a l l homes e i ther  h ave on l y  standard i n f i l trat i on contro l measures and a 
cont i n uous  exhaust  MV system or  have a i r b arri ers and no mec h an i c a l  
ven t i l at i on .  T h e  cancer rate per 1 00 , 000 persons ranges from 203 to 599 i n  
mu l t i fam i l y  homes , and from 384 to 578 i n  manufact ured homes . T h e  t ab l es 
a l so i l l u s trate t hat the  hea l t h effects from forma l dehyde ( HCHO)  are m i nor  
compared to radon . 

Th i s  i n format i on i s  a l so grap h i c a l l y  d i s p l ayed i n  F i gu re 2 . 5 ,  i n  wh i c h  i mp acts 
are norma l i z ed and the Base l i ne h as a v a l ue of  1 . 0 .  For examp l e ,  the  c ancer 
rate for Pat hway 4 i s  0 . 9 ,  or  90% , of the  Base l i n e ' s  va l ue .  Th i s  means t h at 
I AQ meas u res  h ave reduced the est i mated c ancer rate to a v a l ue be l ow t h at 
es t i mated to occ u r  i n  t he absence of BPA ' s New En ergy-Effi c i en t  Homes Programs . 

I t  i s  i n struc t i ve to compare these  est i mates of r i s k  of contract i ng l ung 
c ancer from expos u re to radon to other ri s ks . For examp l e ,  a s sum i n g exposure 
occ urs over a l i fet i me ,  exposure to 5 pC i / l  of radon i s  eq u i va l ent  to t he  
ri s k  of  deve l op i n g l ung  c ancer from smo k i ng a l i tt l e  more t h an one  c i g arette 
per d ay for about 50 years ; or  equ i v a l ent to the r i s k  of a fat a l  acc i dent 
from d r i v i ng 625 , 000 m i l es in  an automob i l e .  

2 . 4 . 3 .  Other  Hea l t h Effects 

Short -term or  acute hea l t h  effects h ave not been i dent i f i ed for radon . Th i s  
may b e  because  short-term i mpacts  from rad i o l og i c a l  sources are the resu l t  of 
very l a rge amo unts  of rad i at i on exposure over very short peri ods of t i me .  
S i nce  the  l eve l of radon found i n  most homes i s  very l ow ,  these  types of 
effects wou l d  not be expected . 
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T A B L E  2 . 4 .  E n v i r o n . e n t a l I . p a c t s  o f  t h e  A l t e r n a t i v e A c t i o n s  
A s s o c i a t e d  w i t h S i n g l e - F a m i I y  D w e l l i n g s  

E n e r g y  
R n  C a n c e r s /  H C H O  C a n c e r s /  S a v i n g s , 

A l t e r n a t i v e  1 1l1l , 1lIl "  P e r s o n s  III " , IlIl " P e r s o n s  A v g . toI W  

B a s e l i n e 
U p p e r 3 3 5  III " 

L o w e r 3 3 5  1 " " 

N o  A d d i t i o n a l A c t i o n  
U p p e r 3 3 5  1 " lIl 4  

L o w e r 3 3 5  III 9 7  

P r o p o s e d  A c t i o n  
P a t h w a y  1 

U p p e r 3 9 6  1 2  1 1 3 

L o w e r 3 8 5  1 2  1 " 7  

P a t h w a y  2 
U p p e r 2 9 3  9 lIl 7  

L o w e r 2 7 7  8 8 7  
P a t h w a y  3 

U p p e r 3 8 "  1 1  1 1  5 

L o w e r  3 4 3  1 1  9 5  
P a t h w a y  4 

U p p e r  3 1 9  III 7 8  
L o w e r  3 Il 4 9 7 4  

P a t h w a y  5 
U p p e r 3 5 4  1 1  9 7  
L o w e r 3 4 3  1 1  9 3  

P a t h w a y  8 
U p p e r 3 7 3  1 2  lIl 5  
L o w e r 3 5 8  1 1  9 9  

P a t h w a y  7 
U p p e r 6 2 9  2 "  1 4 8  

L o w e r 8 " 1  1 9  1 3 4  

P a t h w a y  8 
U p p e r 3 2 8  III 1 3 4  

L o w e r  2 9 5  9 1 1 4  

P a t h w a y  9 
U p p e r 5 3 7  1 7  1 H  

L o w e r 4 9 9  1 6  1 2 "  

P a t h w a y  III 
U p p e r 3 8 1  1 2  1 1 3  

L o w e r  3 5 1  1 1  9 9  

P a t h w a y  1 1  
U p p e r 4 8 6  1 5  1 3  1 

L o w e r 4 8  2 1 4  1 1 9  

P r e f e r r e d  A l t e r n a t i v e 

U p p e r 3 5 2  1 1  1 1 1 

L o w e r 3 3 2  1 " lIl "  

E n v i r o n . e n t a l I y P r e f e r r e d  A l t e r n a t i v e 

U p p e r 3 2 8  1 " 1 3 4  

L o w e r  2 9 5  9 1 1 4  
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T A B L E  2 . 5 .  E n v i r o n l e n t a l I � p a c t s o f  t h e  A l t e r n a t i v e A c t i o n s  
A s s o c i a t e d  w i t h M u l t i f a m i l y D w e l l i n g s  

E n e r g y  
R n  C a n c e r s /  H C H O  C a n c e r s /  S a v i n g s ,  

A l t e r n a t i v e U " "  " " "  P e r s o n s  1 " " , " " " P e r s o n s  A v g . M W  

B a s e l i n e  
U p p e r 3 " 6  1 2  " 
L o w e r 3 " 6  1 2  " 

N o  A d d i t i o n a l A c t i o n 
U p p e r  3 " 6  1 2  2 8  
L o w e r 3 " 6  1 2  2 1  

P r o p o s e d  A c t i o n  
P a t h w a y  1 

U p p e r  4 1 9  1 6  3 6  
L o w e r 3 7 1  1 5  2 7  

P a t h w a y  2 
U p p e r  2 4 i!  9 3 2  
L o w e r 2 " 8  8 2 1  

P a t h w a y  3 
U p p e r  3 5 5  1 4  3 5  
L o w e r 3 " 6  1 2  2 4  

P a t h w a y  4 
U p p e r  2 3 6  9 1 6  
L o w e r 2 " 3  8 1 1  

P a t h w a y  5 
U p p e r  3 1 2  1 2  2 8  
L o w e r 2 7 3  1 1  2 1  

P a t h w a y  6 
U p p e r  3 5 5  1 4  2 9  
L o w e r 3 1 6  1 2  2 4  

P a t h w a y  7 
U p  p e r  5 9 9  2 4  3 9  
L o w e r 4 6 6  1 8  2 9  

P a t h w a y  8 
U p p e r  2 6 8  1 1  3 6  
L o w e r 2 1 8  9 2 5  

P a t h w a y  9 
U p  p e r  5 " 2  2i! 3 9  
L o w e r 3 9 "  1 5 2 6  

P a t h w a y  1i! 
U p p e r  2 5 3  1i! 2 2  
L o w e r 2 " 6  6 1 3  

P a t h w a y  1 1  
U p p e r  3 9 "  1 5 3 3  
L o w e r 3 1 6  1 2  2 3  

P r e f e r r e d  A l t e r n a t i v e 
U p  p e r  3 " 4  1 2  3 "  

L o w e r 2 6 "  1i! 2 4  
E n v i r o n m e n t a  I I y  P r e f e r r e d  A l t e r n a t i v e 

U p p e r  2 6 8  1 1  3 6  
L o w e r 2 1 8 9 2 5  

2 . 1 8  



T A B L E  2 . 6 .  E n v i r o n . e n t a l I m p a c t s  o f  t h e  A l t e r n a t i v e A c t i o n s  
A s s o c i a t e d  w i t h M a n u f a c t u r e d  H o u s i n g 

E n e r g y  
R n  C a n c e r s /  H C H O  C a n c e r s /  S a v i n g s ,  

A l t e r n a t i v e � 0 0  P e r s o n s  1 0 0  , 0 0 0  P e r s o n s  A v g . M W  

B a s e l i n e 
U p p e r 4 1 3  1 2  0 

L o w e r 4 1 3  1 2  0 

N o  A d d i t i o n a l A c t i o n 
U p p e r  4 1 3  1 2  3 9  

L o w e r 4 1 3  1 2  3 7  

P r o p o s e d  A c t i o n  
P a t h w a y  1 

U p p e r 4 3 2  1 3  3 7  

L o w e r 4 4 0  1 3  3 6  

P a t h w a y  2 
U p p e r 3 8 4  1 1  3 5  

L o w e r 3 8 8  1 1  3 4  
P a t h w a y  3 

U p p e r  4 1 6  1 2  3 5  

L o w e r 4 2  2 1 2  3 3  

P a t h w a y  4 
U p p e r  3 9 4  1 1  3 7  

L o w e r 3 9 9  1 2  3 5  

P a t h w a y  5 
U p p e r 4 1 1  1 2  2 9  

L o w e r 4 1 9  1 2  2 8  

P a t h w a y  6 
U p p e r 4 1 9 1 2  3 2  

L o w e r 4 2 8  1 3  3 1  

P a t h w a y  7 
U p p e r 5 3 9  1 6  3 3  

L o w e r 5 7 8  1 8  3 2  

P a t h w a y  8 
U p p e r  4 0 1  1 2  4 1  

L o w e r 4 0 8  1 2  4 0  

P a t h w a y  9 
U p p e r  4 9 5  1 5  4 0  

L o w e r 5 2 6  1 6  3 8  

P a t h w a y  1 0  
U p p e r  4 2 2  1 2  4 0  

L o w e r 4 3 6  1 3  3 9  

P a t h w a y  1 1  
U p p e r  4 7 3  1 4  3 5  

L o w e r 5 0 4  1 5  3 4  

P r e f e r r e d  A l t e r n a t i v e 

U p p e r 4 1 9  1 2  3 4  

L o w e r 4 1 0 1 2  3 5  

E n v i r o n m e n t a l I y  P r e f e r r e d  A l t e r n a t i v e 

U p p e r  4 0 1  1 2  4 1  

L o w e r 4 0 0  1 2  4 0  
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F i gu re 2 . 5 .  Hea l t h  Effect s  Assoc i ated wi t h  Pat hways 

Short -term ,  acute  effects have  been i dent i f i ed for formal dehyde , part i cu l ar l y 
as  an i rri tant  of t h e  eyes , s k i n ,  and res p i ratory t ract . W i t h i n  t h e  ran ge  of  
0 . 1  to  0 . 3  ppm , most  peop l e  experi ence  i rr i tat i on to  t h e  eyes , nose , and  
t h roat . Between 1 0  and  20 ppm , symptoms are  severe and  b reat h i ng becomes 
d i ff i c u l t .  Sen s i t i ve peop l e ,  however ,  may experi ence symptoms at l ower 
concent rat i on s  ( l es s  t h a n  1 0  ppm) . 

Other  po l l u tants  assoc i ated w i t h  hea l th  effects were a l so c on s i dered , s uc h  as 
m i c roorgan i sms and vo l at i l e  o rg an i c  c hem i c a l s ,  but v a l i d  ri s k  factors do not  
yet ex i s t for t hem , and our rev i ew i n d i c ated t h at t he  body of  knowl edge was 
i n s u ffi c i en t  to c red i b l y  determ i n e  t he i r i mpacts on h uman hea l th .  Wh i l e t hey 
h ave not  been quan t i f i ed ,  i n  genera l , t he  l eve l  of t h ese effects  c h ange  as 
vent i l at i on rates c h ange , as  i l l u strated i n  F i gure 2 . 4 .  They a re rev i ewed i n  
C hapter  4 and  s ummari z ed here . 

Part i c u l ates a re composed of many compounds  t hat , at e l evated l eve l s ,  can 
i rr i tate  eyes an d mucous  memb ranes . Dust  i s  an i rr i tant  and  c an a l so  c arry 
g ases  or ot h e r  s ubstances  i n to t he  l ungs . Resp i ratory i l l n es ses , espec i a l l y  
c h ron i c  i l l nesses  l i ke b ron c h i t i s  and emp hysema , are l i n ked to  expos u re to 
part i c u l ates ( D i amond  and  Gr imsrud 1 984) . 

Part i c u l ates from c i g arette smo k i ng c an i rr i t ate t he  eyes , nose , and t hroat , 
and cause  coug h i n g and headaches , espec i a l l y  for non smokers . But  t hese 
effects  a re s hort - term and  genera l l y  d i s appear wh en the offen se  i s  removed . 
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More i n format i on on the  hea l th effects re l ated to smok i n g can be found  i n  
sect i on 3 . 7 . 3 and Appen d i x  K (Vo l . I I ) to t h i s  F i n a l  E I S .  

Because  carbon monox i de comb i n es w i t h  hemog l ob i n  i n  t he  b l ood 220 to 250 t i mes 
more read i l y  t h an oxygen , i t  i nterferes wi t h  the de l i very of oxygen t h rou ghout  
t he  body . At  concentrat i on s  of 1 0 -20 ppm , m i l d  oxygen de f i c i enc i es can  affect 
v i s i on and bra i n  funct i on .  Con d i t i on s  such as headaches and i rreg u l a r 
heartbeat c an occur  i f  concentrat i on s  reach  100  ppm . At h i g her  concentrat i ons , 
n ausea , we akness , confus i on ,  and  poss i b l y  death can occ u r .  Poss i b l e  s h ort -
term hea l th effects for var i ous concen trat i on l eve l s of carbon monox i de are 
g i ven i n  sec t i on 3 . 7 . 4 .  

Expos ure to n i t rogen ox i des and n i t rogen d i ox i de can  i rr i tate s k i n ,  eyes , and 
mucous membran es . Depend i n g  on the  l eve l and durat i on of expos u re ,  
res p i ratory effects range from s l i g ht  i rr i t at i on , to burn i ng and  p a i n  i n  t he  
c hest , to v i o l ent  coug h i n g and s h ortness  of  breath ( B PA 1 984) . Bot h 
compounds , l i ke carbon monox i de ,  reduce t he  oxygen -c arry i n g cap ac i ty of  t he  
b l ood . Howeve r ,  t he  p hys i o l og i c a l  effects of n i trogen ox i de at 3 ppm are 
s i m i l a r to t hose of  carbon monox i de at 1 0  to 1 5  ppm . 

I n  h e a l t hy h uman s , res p i ratory funct i on s  genera l l y  are not  affected at 
n i t rogen d i ox i de l eve l s of 1 .5 ppm or be l ow .  But sen s i t i v e i n d i v i d u a l s can 
experi ence res p i ratory tract i rri tat i on at l eve l s of  0 . 5  ppm or be l ow .  
Ch i l dren and persons  wi t h  asthma , c h ron i c  bronch i t i s ,  and emp hysema appear to 
be the most  sens i t i ve .  I n  add i t i on ,  persons  wi t h  h ay feve r ,  o r  l i ve r ,  
hemato l og i c a l , or  hormona l  d i sorders may b e  affected . 

Househ o l d c hem i c a l s con t a i n  s uch  a wi de vari ety of organ i c  compounds  t h at 
both  s h ort- and l ong -term hea l t h  effects are d i ff i c u l t  to as se ss . Eac h 
compound  h as d i fferent effec ts an d ,  when products are comb i n ed , t h ey may 
i nteract and p roduce s t i l l  other hea l th effects . Some compounds  are 
i rr i tants , wh i l e  oth ers are c arc i nogen i c .  Some affec t t he  centra l  nervous 
system , and some i nterfere wi th  met abo l i c  processes . Sect i on 3 . 7 . 5  prov i des 
more i n format i on on th i s  s u bj ect . 

Mo i s ture . A l t houg h  water i s  not norma l l y  con s i dered a po l l utant , poor 
mo i sture contro l  i n  b u i l d i n gs  can  l ead to both hea l t h and struct ura l  effects . 
For h ea l t h  and comfort , re l at i ve h umi d i ty s ho u l d  be ma i n t a i ned at 30  to 50%. 
I f  t he  bu i l d i n g  i s  too d ry ,  occupants can exper i ence i rri tated mucous  
memb ranes , wh i c h can  make the  occupant more su scept i b l e to i n fect i ous  v i ruses . 
I f  t he  b u i l d i n g i s  too h um i d ,  mo l d s and m i l dew grow , wh i c h can  exacerbate 
a l l e rg i e s .  S i nce  i n door h um i d i ty depen ds on outdoor cond i t i on s  and  mo i s t u re­
generat i n g ac t i v i t i es ( e . g . , bat h i n g ) , an MV  system wh i c h operates i n  res ponse 
to h um i d i ty prov i des t he  best  contro l  or m i t i g at i on of hea l t h effects from 
mo i s ture prob l ems . Con t i n uous ven t i l at i on does not offer enough  contro l  and 
c an l ead to  a house t h at i s  too dry .  No mec h an i c a l  vent i l at i on can  l ead to 
more severe effects  because  i n door h um i d i ty l eve l s  can  become too h i g h w i t h  
n o  eff i c i ent means  of red uc i n g  those  l eve l s .  Cont i n uous  a i r/vapor barri ers 
are a l so  thought  to a l l ev i ate mo i sture prob l ems by e l i m i nat i n g  convec t i v e 
mo i s tu re t ran s fer  ( W i l fert et a l . 1 986 ) .  T hus , Pathways 9 and  1 1  wou l d  prov i de 
the  best contro l  of hea l t h effects from moi sture , fo l l owed by Pathways 3 and  
5 .  Pat hways 8 and  1 0 , because  of  cont i n uous  ven t i l at i on ,  wou l d  be l ess  

2 . 2 1 



effect i v e ,  a s  wou l d  Pathway s 2 and  4 .  Pathways 1 and  7 wou l d  resu l t  i n  t he  
g reatest hea l t h  p rob l ems due to mo i sture . 

Excess  i n door mo i sture c an damage t he  s tructura l  i n tegri ty of  a house ;  t h u s , 
for s tructura l  con s i derat i on s , l ower mo i s ture content  i s  preferab l e .  I n  most  
parts  of t he  Pac i f i c  Nort hwest , t he  outdoor  abso l ute h um i d i ty i s  l es s  t h an 
t he  moi sture i n doors . G i ven t h i s  s i t uat i on ,  exhaust  MV systems are more 
s u i ted to con t ro l  hum i d i ty and t h u s  the  pos s i b i l i ty of structura l  d amage . 
Exh aust  vent i l at i on systems br i ng  i n  the  re l at i v e l y  d ry outdoor a i r  as i t  
exhausts  the  moi ster  i n door a i r ,  wh i ch keeps t he  wood structura l  members at a 
l owe r mo i sture conten t . Based on t hese cr i teri a ,  Pat hway 1 0 , wi t h  a vapor/a i r 
barr i e r  and an exhaust  MV system , i s  ran ked h i ghest , fo l l owed by , i n  order ,  
Pathways 1 1 ,  4 ,  5 ,  8 ,  2 ,  9 ,  3 ,  7 ,  and 1 .  

Standard Pac kage of I AQ Meas u res : I n door a i r q ua l i ty ( I AQ )  i s  en h an ced i n  
both  t he  No Add i t i on a l  Act i on and Proposed Act i on A l tern a t i ves  ( a l l pat hways )  
because  of a standard pac kage of m i n i mum I AQ requ i rements . The  adverse 
i mpacts  that wou l d  res u l t  i f  t h ose measures were not i nc l uded a re s ummari zed 
be l ow .  

Con s umer i n format i on o n  I AQ .  I f  occupants are n o t  aware of how to  operate 
t h e i r en ergy-eff i c i ent  homes , t hey m i g h t  not  tu rn on the MV sys tem as 
frequen t l y  as t hey s h o u l d .  Th i s  wou l d  mean l es s  fres h  a i r i n  the house and 
t h u s  mo re b u i l d up  of ex i s t i ng po l l utants . Or ,  t hey wou l d  be u n aware of  t he  
req u i red ma i ntenance act i v i t i es , so over  t i me t he  system wou l d  not  ope rate as 
des i gned and not p rov i de adequate ven t i l at i on .  Th i s  wou l d  resu l t  i n  i mpacts  
descr i bed under  a l l of  t he  i tems l i s ted be l ow .  The  deg ree to wh i ch t h ose 
effects wou l d  i n c rease i s  not  kn own because of  the i n ab i l i ty to p red i ct 
con s umer response  to i n format i on .  A l so ,  wi thout  t he  I AQ i n format i on packet s , 
occupan t s  wou l d  not  know about t he  radon pac k age and t he  offer of  mon i tor i n g  
or  t h e  need to i mp l ement radon m i t i gat i on measures . The effects wou l d  be t he  
s ame as t hose descr i bed u nder  t he  radon package . 

Exh aust  fan s . I f  t he  house  h as no exhaust  fan s ,  t here wou l d  be more mo i sture ,  
wi t h  res u l t i n g h ea l t h  effects  (e . g . , mo l ds ,  m i l dew , and a l l erg i c  react i on ) . 
I n  add i t i on ,  t h ere wou l d  be a greater bu i l dup  of odors , smo ke and  carc i nogen i c  
org an i c  s ubstances from coo k i n g , and vo l at i l e  compounds  from aeroso l  c l eaners 
and other  s ub stances . El ev ated l eve l s  of t h ese po l l utants  cou l d resu l t  i n  
hea l t h  effect s  ran g i n g  from resp i ratory i rr i t at i on , headaches , and fat i gue , 
to damage to t h e  l i ve r ,  k i dney ,  and nervous  sys tem . A l t hough  stud i es h ave 
s hown exh aust  fan s to be effect i ve at remov i n g po l l utants  from po i nt sources 
( e . g  . .  , s tove top ) , i n suff i c i en t  data  ex i st to est i mate the pos i t i ve effect 
on the hea l t h  of  occupants . 

Vent i ng for comb u s t i on appl i ances . I f  combust i on app l i ances are not p roperly 
vented , t h ere wou l d  be i n creases of  some unknown amount  i n  the  l eve l s  of 
carbon monox i de ,  carbon d i ox i d e ,  and n i t rogen d i ox i de ,  and other resp i rab l e  
a i rborne  part i cu l ates . Res i dents  may experi ence m i l d  oxygen defi c i enc i es , 
wh i c h  can affect v i s i on and b ra i n  funct i on ;  d i z z i ness  and  n ausea ; and 
re s p i ratory p rob l ems . 
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HUD  s t andards for forma l dehyde . Forma l dehyde i s  a ub i q u i tous product i n  new 
homes ( part i c l e board and p l ywood ) . W i thout  t he  product standard , re s i dents 
wi l l  be more l i ke l y  to exper i ence s hort-term i rr i t at i on of s k i n ,  eyes , muc ous 
memb ranes , and res p i ratory trac k ,  and perhaps , i n  the l ong -term , n asa l  cancer . 

Radon pac kage . The  radon pac kage i n vo l ves both  mon i tor i ng  and m i t i gat i on . 
Mon i to r i n g  wou l d  h ave l i tt l e  d i rect effect on hea l t h because  i t  on l y  g i ves 
i n format i on .  M i t i gat i on does have a s i gn i f i c ant  effect on radon reduct i on i n  
an i n d i v i d u a l  house  ( 70%) ; but i t  i s  ass umed t hat  on l y  about 2 1 /2% o f  new 
househo l d s wi l l  actua l l y  take  m i t i gat i v e act i on .  For t h at 2 1 /2% of 
househ o l d s , t h ere may be a s i gn i f i c ant effec t on hea l t h because  t h at 2 1 /2% 
wi l l  be from homes wi t h  t he  h i g her  l eve l s of radon concent rat i ons  and t h u s  
greater expos u re .  We  c an t h u s  expect an  i nc rease i n  t h e  i n c i dence  of  l i fet i me 
l ung  cancers from radon exposure wi t h out t h i s  l AO measure . The  i nc rease ranges 
from 10 to 40 l i fet i me c ancers per 100 , 000 persons l i v i n g i n  s i n g l e-fam i l y  
and mu l t i fam i l y  homes , and 1 t o  1 2  add i t i ona l  canc ers p e r  100 , 000 persons i n  
man ufact ured homes . 

2 . 4 . 4  Soc i a l and Econom i c  Impac ts  

T he  pr i mary soc i oeconom i c  effects are  in  t he  areas of  fuel  c h o i c e and en ergy 
sav i ngs . We ass umed no energy s a v i ngs i n  t he  Bas e l i ne .  Under t h e  No 
Add i t i on a l  Act i on A l ternat i v e ,  en ergy sav i ngs wou l d  ran ge  from 97 to 1 04 
average megawatts for s i n g l e-fam i l y  homes , 2 1  to 28 av erage megawatts for 
mu l t i fami l y  homes , and about 37  to 39 average megawatts for manufact u red 
homes . Reg i on a l  expen d i tu res under t h i s  A l ternat i v e are es t i mated to be 233 
m i l l i on do l l ars . T he  ass umpt i ons  and methodo l ogy t h at y i e l d  t h ese  res u l t s 
are g i ven i n  Appen d i xes E and G of Vo l . l l .  

Because  t h e  p rog ram s t ruct u re and i ncen t i ves are t he  same for t h e  Proposed 
Ac t i on and t he  No Add i t i on a l  Act i on A l ternat i v e ,  t h e  number of new en ergy­
eff i c i en t  homes b u i l t  d u r i n g the prog ram i s  a l so the same . Howev e r ,  t he  
average ven t i l at i on rates for t he  pat hways i n  t he  Propos ed Ac t i on ch ange 
depend i n g on the i n f i l trat i on and ven t i l at i on c h aracteri s t i c s  assoc i ated wi th  
t he  spec i f i c  pat hway . Th erefore , the  en ergy sav i n gs for the  var i ous pathways 
are bas i c a l l y  p roport i on a l  to t he  i ncreas e ,  or dec reas e ,  of t he  pathway ' s  
vent i l at i on rate rel at i v e  to t he  Bas e l i n e ' s  ( F i g ure 2 . 6 ) . The  an a l ys i s  
i nd i cates  t h at t he  cont i n uous  a i r  barri er and t h e  AAHX (wi t h  i t s heat 
recovery )  are t h e  two i mportant fac tors fo r ene rgy sav i n gs  ( s ee Tab l es 2 . 1  
and 2 . 4 ) . T h i s  i s  d i scussed more fu l l y i n  sec t i on 4 . 3 .  

Reg i on a l  expen d i tures range from 229 to 522 m i l l i on do l l ars ( F i g ure 2 . 7 ) . 
T hese  n umbers ref l ect t h e  cost  of b u i l d i n g  t he  hou s e ;  t hey do not i nc l ude t he  
prog ram ' s  adm i n i s t rat i v e cos ts , wh i c h h ave not  yet  been determ i ned . As 
expected , Pathway 1 i s  t h e  l eas t expen s i v e as i t  i nc l udes no mec h an i c a l  
ven t i l at i on a t  a l l a n d  on l y  t he  s tandard i n s u l at i on a n d  cau l k i n g a n d  other 
weat h er i z at i on meas ures . Pathways 4 and 5 cost s l i g h t l y  more because  t h ey 
i nco rporate centra l  ex h aust  systems ; Pat hway 6 costs  an add i t i on a l  xxx m i l l i on 
do l l ars to accoun t fo r the  b l ower door tests and t h e  i n sta l l at i on of ports i n  
some percen tage o f  t h e  houses ; Pathways 8 and 9 are t h e  most  expens i ve ,  
account i ng for both  an a i r b arr i er and a cen t ra l  AAHX sys tem . 
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Fue l  c h o i ce refe rs to  t he  dec i s i on made by cons ume rs to use  e l ectri c i ty or  
a l tern at i ve fue l s for space h eat i ng . I f ,  for examp l e ,  g a s - heated h omes are 
not constructed to a req u i red standard s i m i l ar to MCS , t hey cou l d  h ave a 
f i rst-cost advantage over new e l ect r i c a l l y  heated homes b u i l t  to such  a 
standa rd . Th i s  may res u l t  i n  con s umers favori ng  gas , o i l ,  or wood over 
e l ectr i c i ty .  

The  n umber of consumers c hoos i n g anot her  fue l over e l ect r i c i ty for space 
heat i n g because of  a standa rd for e l ectri c a l l y-heated homes i s  g i ven i n  BPA ' s  
1 986 med i um g rowt h forecast ( BPA 1 986a ) of new h omes . The  add i t i on of 
i n cent i ve payments  d ampen s  t h i s  effect . The  n umber of new e l ectri c a l l y­
heated , s i n g l e - fam i l y  homes b u i l t  from 1986 t h rough  2006 i s  603 , 33 7  for t he  
Base l i n e and  436 , 630  for both  t he  No Addi t i on a l  Act i on and  Proposed Act i on 
A l tern at i ves . The  d i fference between these  f i g u res , 1 66 , 707  homes , i s  
attr i buted to a c h o i ce  of a l tern at i ve fue l s .  Th i s  f i g u re rep resents  28% of 
t he  n umber of homes forecast to be b u i l t  under  the  Base l i n e .  Under t he  same 
forec ast , 2 , 898 mu l t i fami l y  househo l ds ,  or about 1% of t he  Base l i n e ' s  356 , 889 
h omes , wou l d  choose an a l tern at i ve fue l for space heat i n g . The  forecast d i d  
n ot con s i der  these  effects for man ufactured h omes . 

" Avo i ded i mpact s "  refer to t h ose env i ronment a l  consequences avo i ded t h rough  
t he  energy con serv at i on effect of bu i l d i n g MCS  homes , because  oth e r ,  
a l tern at i ve generat i ng resources are not req u i red an d t h u s  not deve l oped . 
BPA ' s 1 986 resource  st rategy i nd i cates t h at sma l l hydropower wou l d be t he  
next resource  to be deve l oped i f  t he  con servat i on resource were not captured 
an d i f  deman d warranted i t .  Cogen erat i on ,  combust i on t urb i nes , and coa l  
p l ants  (on l y  under  h i gh l oad  ob l i gat i on s ) wou l d  be t he  next generat i n g 
fac i l i t i es deve l oped i f  deman d exceeded wh at cou l d be supp l i ed by sma l l 
hydropowe r .  We c a l c u l ated i mp acts avo i ded from the  deve l opment  of t h ese 
add i t i on a l  resources for t he  No  Add i t i on a l  Act i on A l tern at i ve and  Pathways 4 
an d 7 .  The  v a l ues  are obt a i ned  by sca l i n g from i mp acts  est i mated for typ i c a l  
p l ant s i zes  ( 500 MWe ) ; t h u s  some of t he  examp l es may g i ve un rea l i st i c  i mp acts . 

The  No  Add i t i on a l  Act i on s aves  132  average meg awatts  ( exc l u s i ve of  
manu fact u red homes ) . I f  t h at amount of energy h ad to  gen erated by a sma l l 
hydropower fac i l i ty ,  2 . 6  m i l l i on acre- ft of water  and  9050 acres of l an d  wou l d  
be requ i red to  deve l op a fac i l i ty of  t h at s i ze (Tab l e  2 . 7 ) . The  avo i ded 
i mpacts  are d i rect l y  p roport i on a l  to the energy s av i n g s ; t h u s , the a l tern at i ve 
t h at ach i eves t h e  h i g h est energy s av i ngs  wi l l  a l so res u l t  i n  h i g h est avo i ded 
i mp acts  from de l ay i n g  con struct i on of gene rat i n g resources . For examp l e ,  
Pat hway 4 s aves  l es s  energy t h an t he  N o  Add i t i on a l  Act i on A l ternat i ve ,  so t he  
i mp acts  are l es s  ( Tab l e  2 . 8 ) ; Pathway 7 s aves mo re energy , so t h e  i mp acts a re 
greater (Tab l e 2 . 9 ) . Pathway 7 i s  t he  worst opt i on for i ndoor a i r q ua l i ty ,  
b ut because  i t  ach i eves  t he  h i g hest energy s av i ngs , i t  avo i ds more other  
env i ronmen ta l  effects by  reduc i ng  the  need for gene rat i n g resources ; t h at i s ,  
to  rep l ace th i s  amount  of energy wou l d  requ i re the  l argest a l ternat i ve 
gene rat i on fac i l i ty and t h u s  resu l t  i n  the g reatest i mpacts  on the outdoor 
en v i ronment . 
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TABLE 2 . 7 .  S umma ry of Impacts of Avo i ded ( �Qwer Generat i on - No  
Add i t i on a l  Act i on A l tern at i ve ) 

Env i ronmen t a l  
I mpact 

Pub 1 i c morta 1 i ty 

Pub l i c  l nJ ur i es 
an d morb i d i ty 

So l i d  waste , 
tons  

A i r emi s s i on s , 
tons 

Water use  

Water  consumpt i on 

Land u s e ,  ac res 

Sma l l 
Hyd ropower 

Not reported 
i n  references 

Not reported 
i n  references 

o 

Neg l i g i b l e  

2 . 6  m i l l i on 
acre-ft 

o 

9 , 0 50 

Mun i c i pa l  
So l i d  Waste­

F i red 
Cotenerat i on 
7 7  b) 

Not reported 
i n  references 

( c )  

7 , 330  

17  . 0  m i l l  i on 
g a  1 

263 . 0  m i l l i on 
g a  1 

1 3 7  

N at u ra 1 
G a s - F i red 

Combust i on 
T urb i n e 

o 

. 40 

Neg l i g i b l e  

2 , 1 7 6  

504 
acre-ft 

Not reported 

25 

(a)  Assumed l oad reduct i on of 1 32  average megawatts . 
( b )  Mort a l i ty/morb i d i ty c omb i ned . 

Coa l - F i red 
Generator 

. 40 

3 . 4 

470 , 000 

4 , 8 10  

607 . 0  m i l l i on 
g a  1 

56 1 m i l l i on 
g a  1 

229 

( c )  B u rn i ng s o l i d  waste  as fuel  res u l t s  in a net reduct i on i n  s o l i d  waste  
req u i r i ng d i spos a l . 

2 . 5  THE PREFERRED ALTERNAT I VE 

Bon nev i l l e we i ghed a number of factors i n  i t s  dec i s i on for the  P referred 
A l tern at i ve .  These " dec i s i on factors " i nc l uded s uch  th i ngs  as BPA l s  statutory 
m i s s i on under  the  Act to  acqu i re the  conservat i on reso u rce , t he  adm i n i st rat i ve 
p ract i ca l i ty of  i mp l ement i ng the  p rog ram , cost , energy s av i ngs , a nd  con s i stency 
wi th  BPA l s en v i ronmen ta l  po l i cy to p rotect the  human en v i ronment . Of  the  
many dec i s i on factors , hea l th  effects and  f l ex i b i l i ty were p a rt i c u l a r l y  
i mportant i n  deve l op i n g  the  P referred A l tern at i ve .  For the  f i rst c r i ter i on 
we chose  those  pathways for wh i ch hea l th effects were c l ose  enough to the  
Base l i ne to be  wi t h i n  t h e  range of  uncerta i nty .  F i n a l l y ,  wi t h i n  t he  to l erances 
a l l owed by the uncerta i n ty s ur round i ng the  hea l th  effects and  energy s av i n g s , 
we w i shed  to  a l l ow max i mum freedom and f l ex i b i l i ty for b u i l ders an d con sumers . 
Once c on s i dered , these  c r i ter i a  determ i ned wh i c h  pathways were c hosen an d 
wh i ch we re de l eted from further con s i derat i on .  Based on these  c r i teri a ,  B PA 
has  chosen  to i nc l ude Pat hways 3 ,  5 ,  6 ,  8 and  1 0  i n  i t s  Preferred A l tern at i ve .  
These  are descr i bed be l ow i n  t he  order o f  the  l owest  to h i ghest  est i mated 
cancer rate . 
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TABLE 2 . 8 .  Summary of Impacts of Avo i ded Power Generat i on for Pat hway 4 ( a ) 

En v i  ronment a  1 
Impact 

Pub l i c  mo rt a l  i ty 

P u b l i c  i nj ur i es 
and morb i d i ty 

Sma 1 1  
H�d ropower 

Not reported 
i n  references 

Not reported 
i n  references 

So l i d  was te , 0 
tons  

A i r em i s s i ons , Neg l i g i b l e  
tons 

Water use 2 . 0 m i l l i on 
acre-ft  

Water  con s umpt i on 0 

Land u se , acres 6 , 523 

Mun i c i p a l  Natura l  
So l i d  Waste- Gas - F i red 

F i red Combust i on 
Cogenerat i on Turb i n e 

54 ( b )  0 

Not reported . 30 
i n  references 

( c )  Neg l i g i b l e  

5 , 292 1 , 47 7  

1 2  m i l l i on 357  
g a  1 acre- ft 

197  m i l l  i on Not reported 
ga 1 i n  references 

96 1 7  

(a) Ass umed l oad reduct i on of  94  average megawatts . 
( b )  Morta l i ty/morb i d i ty comb i ned . 

Coa l - F i red 
Generator 

. 30 

2 . 5  

345 , 000 

3 , 446 

43 1 m i l l i on 
g a  1 

394  m i l l i on 
g a l  

1 6 0  

( c )  Burn i ng so l i d  waste as fue l res u l t s i n  a n e t  red uct i on i n  s o l i d  waste 
requ i r i ng d i spos a l . 

The percentages of  new h omes ass umed to be b u i l t  to each se l ected pathway ' s  
spec i f i cat i ons  are ref l ected i n  the  penet rat i on rates ( Tab l e  2 . 10 )  used  to  
e st i mate t he  effects of the  Preferred A l tern at i ve .  The d i str i b ut i on of 
percen t ages re f l ects the  movement toward more advanced b u i l d i ng des i g n s  over 
t i me .  Other a s s ump t i on s  and  the  met hod for est i mat i ng the  hea l t h  effect s ,  
cost s , and  en ergy s av i n g s  from t h i s  comb i n at i on of p athways are descr i bed i n  
Appen d i xes C ,  E ,  and G respect i ve l y .  

P athway 8 rep resents  a departure from b u i l d i ng pract i ces o f  t h e  past  i n  t h at 
i t  i nc l udes  the  most u p -to-date appro ach  and techno l ogy t h at are wi de l y  
ava i l ab l e  for both  c ontro l l i ng i n f i l t rat i on and  prov i d i n g mec h an i c a l  
ven t i l at i on .  I t  g i ves t he  occupant max i mum c ontrol  over t he  re s i dence ' s  
env i ronment . Th i s  pat hway con s t i tutes an opt i on under  MCS and  SGC i n  1987 . 
Because  of the con t i n uous l y  operated MV system , t h i s  p athway y i e l ds a 
vent i l at i on rate t h at i s  equ i va l ent to  or exceeds t h e  Base l i ne ;  t h u s  i t s 
i mpact i s  to act u a l l y  i mp rove l AO and hea l t h . I t  i s  one of t he  more expen s i ve 
p athways because  of  t he  a i r  b arri er  and heat recovery MV sys tem , but  a l so 
resu l t s i n  more energy s av i n g s  because  of those s ame feat u res . 

2 . 27  



TABL E  2 . 9 .  S ummary of  Impacts of Avo i ded Power Generat i on for Pathway 7 ( a )  

En v i ronment a l  
Impact 

Pub l i c  mort a l i ty 

Pub 1 i c  i nj ur i es 
and morb i d i ty 

So l i d  waste , 
tons 

A i r  emi s s i on s , 
tons 

Water u se  

Sma 1 1  
Hyd ropower 

Not reported 
i n  references 

Not reported 
i n  references 

o 

Neg l i g i b l e  

3 . 7 m i  1 1  i on 
acre - ft 

Water consumpt i on 0 

Land u se , ac res 1 2 , 555  

Mun i c i pa l  
So l i d  Waste­

F i red 
Cogenerat i on 

Not reported 
i n  references 

( c )  

9 , 939  

24 m i l l i on 
g a  1 

366  m i  1 1  i on 
g a  1 

188 

o 

Natura l  
G a s - F i red 
Combust i on 

Turb i ne 

. 55 

Neg l i g i b l e  

2 , 930 

670 
acre-ft 

Coa l - F i red 
Gen erator 

. 55 

4 . 7  

628 , 000 

6 , 487 

806 mi l l i on 
g a l  

N o t  reported 764  m i l l i on 
i n  references g a l  

3 5  3 1 4  

( a) Ass umed l oad reduct i on of 187 average megawatts . 
( b )  Morta l i ty/morb i d i ty comb i n ed .  
( c )  Burn i n g  so l i d waste  as fue l res u l ts i n  a net reduc t i on i n  so l i d  waste 

req u i r i n g  d i spos a l . 

TABLE  2 . 10 .  D i s tr i but i on For Preferred A l tern at i ve 

Percent  Penet rat i on 
Pathway 1 987 - 1992 1 993 - 2002 2003 - 2006 

3 30  10  5 

5 45  50  20  

6 5 10 5 

8 20 25 40 

10  0 5 30 
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Pathway 5 rep resents  the  Counc i l ' s 1 987  MCS and t he  SGC base  home . I ts 
cen t ra l  exhaust  MV system i s  a l so operated i nterm i ttent l y ,  yet p rov i des enough  
vent i l at i on t h at i ts tota l  rate i s  wi th i n  t he  uncert a i nty range of the 
Base l i n e .  The  u se  of  vents  (or  ports)  i s  an i nexpen s i ve means  of p rov i d i ng 
more contro l l ed vent i l at i on and a b a l ance between a i r i n f l ow and outf l ow .  
These i ntake  vents  a re sma l l and strateg i ca l l y  p l aced t o  permi t b etter a i r 
m i x i n g wi th  the  warm r i s i ng a i r ( t h u s  avo i d i ng d raft s )  and better d i str i b ut i on 
of t h e  fresh a i r t h roug hout  the  dwe l l i n g .  Howeve r ,  t h i s  pathway does not 
ach i eve t h e  energy s av i n g s  t h at wou l d  be deri ved from the  a i r  barr i er  and AAHX . 

Pathway 3 ' s  energy s av i ngs  ref l ect t he  benef i t s  of heat recovery t h rough  the  
AAHX . I t  a l so  rep resents  a real i st i c  opt i on because t h e  i nterm i ttent  
operat i on of the  MV system more c l ose l y  approx i mates how occupants  genera l l y  
tend t o  run t h e  system . I ntermi ttent operat i on of t h e  system a l so  uses  l ess  
energy t h an con t i nuous  operat i on and t h u s  contr i butes  to energy s av i n g s . The  
resu l t i ng vent i l a t i on rates are c l ose enough  to those  of 1 983 p ract i ce t h at 
i t  s h ou l d not i nc rease adverse  hea l th  effects re l at i ve to t h e  Base l i ne .  

Pat hway 1 0  i s  i nc l uded as an opt i on to be i mp l emented i n  t he  future wh en the  
technol ogy for  cont i n uous operat i on of an exh aust  fan-contro l l ed system i s  
more wi de l y  accepted i n  t h i s  country ,  as  i t  now i s  i n  Europe . The  con t i nuous  
operat i on wi l l  g i ve a ven t i l at i on rate wi th i n  t he  uncert a i n ty range  of t he  
Bas e l i ne ,  even w i t h  i t s  very t i g ht  con struct i on ;  the  advanced con s t ruct i on 
adds more to t h e  cost but  wi l l  a l l ow for some en ergy s av i ngs  (800- 1 1 30  more 
kwh per house t han  i t s  counterpart i n  Pathway 4) desp i te the l ac k  of heat 
recove ry i n  i ts MV system . 

Pathway 6 h as an i n term i tten t l y  operated exh aust  system , but  wi thout  t he  
makeup a i r ports , u n l ess  t he  requ i red b l owe r door test  i n d i c ates  a need for 
them . A scenar i o i n  wh i c h no  houses  are retrof i t  wi t h  ports y i e l d s t he  
h i g h est  ca ncer  rate poss i b l e-for t h i s  p at hway ; even t hough  i t  i s  not  t he  most 
l i ke l y  scenar i o ,  our hea l t h  effects an a l y s i s  uses th i s  a s sumpt i on in order to 
determ i ne  t he  max i mum effect of t he  p athway . The  res u l t  i s  s l i g h t l y  more 
c ancers , s l i g h t l y  more energy sav i ng s , and a h i g h e r  cost t h an Pathway 5 .  The 
p athway offers more f l ex i b i l i ty to b u i l ders but  l es s  contro l  over vent i l at i on 
d i str i b ut i on to the  h omeown e r .  

T h e  ot her  p athways were exc l uded from the  Preferred A l ternat i ve e i t her  because  
they h ad vent i l at i on rates  that  were too l ow i n  compar i son to p reva i l i n g  
b u i l d i n g p ract i ce ( Pathways 1 ,  7 ,  9 ,  a n d  1 1 )  a n d  wou l d  t h u s  res u l t  i n  
un accept ab l e hea l th  effects , or because too much energy i s  l ost  to h i g her  
vent i l at i on rates ( Pat hways 2 and  4 ) . 

2 . 6  THE  E NV I RONMENTALLY PREFERRED ALTERNAT I V E  

I n  Pat hway 8 ,  t h e  Env i ronmen t a l l y  Preferred A l ternat i ve ,  l i fet i me c ancer  rates 
from radon expos u re act u a l l y  decrease re l at i ve to the Base l i n e .  Th i s  i s  due  
to p r i mari l y  the  p rog rammat i c  requ i rement for mec h an i ca l  vent i l at i on i n  t i g h t  
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homes . The  add i t i on a l  mec h an i ca l  vent i l at i on requ i red i n  t i ght homes res u l ts ,  
on average , i n  a h i gher  total  effect i ve vent i l at i on rate t h an i s  ach i eved i n  
base l i ne homes , and t h u s  l ower po l l ut ant concent rat i on s  and reduced c ancer 
rates . A l so ,  because  of  the  energy s av i ngs  ach i eved t h rough th i s  pat hway , i t  
avo i d s  other  en v i ronment a l  effects  that wou l d  b e  i nc u rred by a generat i ng 
fac i l i ty devel oped to p rov i de the  energy acq u i red t h rough  th i s  con servat i on 
resource . 
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3 . 0 DESCR I PT I ON O F  THE  AFFECTED  ENV I RONMENT 

The  New Ene rgy-Eff i c i en t  Homes Prog rams are des i gned  to  encourage the 
add i t i on of  energy -eff i c i en t  bu i l d i n g featu res i n  n ew homes . To th i s  en d ,  
t he p rog rams must  n eces sar i l y  operate i n  t he  context s u rrou n d i n g n ew home 
const ruct i on .  T hat context comp ri ses  the s h e l ter  i ndust ry ,  t he hou s i n g 
market , b u i l d i n g p ract i ces , hous i n g forecast s ,  the  affected popu l at i on ,  and 
t he q u a l i ty of a i r i n s i de homes , wh i ch are the  s ubj ect of th i s  c h apter . 

3 . 1  S H ELTER I ND USTRY 

The s h e l ter  i n d u s t ry con s i sts  of a d i verse  g roup  that comp r i ses  t he b u i l d i n g 
t rades , man ufac t u r i ng  sectors , an d f i n anc i a l and  market i n g sectors . I n dustry 
g roups  i n c l ude  des i gn p rofes s i on a l s ,  b u i l ders , cont ractors , an d deve l opers ; 
man ufacturers of  con s t ruct i on materi a l s and systems ; and  l en ders , apprai sers 
and  rea l tors . The most  str i k i ng ch aracteri st i c  of t h i s  i ndust ry i s  i t s very 
d i vers i ty ,  n eces s i t ated by t he many actors who have a stake i n  b u i l d i n g 
new homes . 

Des i gn p rofes s i on a l s an d arc h i tects i n teract wi th  b u i l d i ng c l i en t s , 
f i n a n c i e rs , b u i l ders , eng i neers , rea l tors , and mater i a l  manufact u rers to 
coord i n ate  the p roduct i on of  b u i l d i ngs , from t he se l ect i on of the s i te 
t h rough  occup ancy of t he  n ew house . G i ven st ate an d l oc a l  energy codes 
an d vo l u ntary s tan d ards s uch  as the Amer i c an Soc i ety of Heat i n g , Refri ger­
at i n g , an d A i r Con d i t i on i n g Eng i n eers (ASHRAE )  Stan d ard 90 , des i gners , 
p art i cu l ar l y arch i tect s an d mechan i ca l  an d e l ect r i c a l  eng i n eers , req u i re a 
fa i r l y  good understan d i n g of energy u se  i n  b u i l d i n g s  and  i ts re l at i on s h i p  to 
b u i l d i n g des i gn .  

The con s t ruct i on p rofes s i on s - -bu i l ders , con tractors , an d deve l opers - - are 
respon s i b l e for most res i dent i a l con struct i on ,  a l t hough  they a l so become 
i n vo l ved wi th  t he  des i gn an d con struct i on of many other b u i l d i n g types . They 
genera l l y  u s e  b u i l d i n g p l an s  an d techn i ca l  i n format i on s u p p l i ed by 
a rch i tect s , t rade magaz i nes , home b u i l der  assoc i at i on s , an d materi a l s 
man ufacturers . Th i s  i n d u s t ry tends  to be l oc a l l y  or i ented , sen s i t i v e to both 
market an d cost , and s ubj ect to season a l  var i at i on s  i n  b u i l d i n g con struct i on .  
Numerous bu i l d i n g and  con s t ruct i on organ i z at i on s  ( e . g . ,  N at i on a l  Assoc i at i on 
of Home Bu i l ders , Assoc i ated Gen era l  Cont ractors ) p rov i de news l etters , 
j ou rn a l s ,  meet i n g s , an d works hops to acqu a i n t  t he  con s t ruct i on t rades wi th  
n ew st an dards , materi a l s ,  and techn i ques . G i ven t he  d i vers i ty of b u i l d i n g 
proj ects , t he  i n d u stry ' s  mode of operat i on ,  and the  var i ous spec i a l i z at i on s  
wi th i n  t he  g roup , i t  i s  d i ff i c u l t t o  make any other genera l i z at i on s  reg ard i ng 
th i s  i n du s try an d what i t s respon se  i s  l i ke l y  to be  to any p rogram for 
energy -eff i c i en t  n ew homes ( DOE  1 980 ) . 

I mp l emen tat i on of energy-eff i c i en t  standards may affect some man u fact u rers of 
components  and bu i l d i n g materi a l s .  For examp l e ,  n ew const ruct i on s a l es  may 
expan d i n  t he  i n s u l at i on i n d ustry ( for R-38 and abov e ) . Man ufacturers of 
2 - i n .  x 6 - i n .  boards , dou b l e-g l az ed w i ndows w i t h  therma l  b reaks , and AAHXs 
may a l so  be  affected . S i nce  some radon m i t i g at i on techn i ques  requ i re the use  
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of  PVC p i pe and var i ous  fan s , s upp l i ers of  p l umb i n g an d e l ect r i c a l  app l i ance  
may a l so  be  affected . 

The  home b u i l d i ng i nd u stry--t h e  f i rms actua l l y  p rod uc i n g f i n i shed  hous i n g - - i s  
comp l ex and u n s t ab l e ,  wi th a g reat n umber  o f  sma l l f i rms an d h i g h rates of  
ent ry and ex i t .  I t  i s  a l so ch aracter i z ed by " fragmentat i on of the  p rod uct i on 
p roces s , "  operat i n g t h rough  ad hoc a rran gements  among a var i ety of s u b ­
cont ractors . Of  the  e i ght  maj or  home bu i l d i ng operat i on s  ( e l ectr i c a l  work ; 
frami n g ;  grad i n g the  l ot ;  heat i n g ,  vent i l at i on ,  and a i r cond i t i on i n g ;  
i n s u l at i on ;  l andscap i n g ;  p l umb i ng ;  and market i n g an d s a l es ) , on l y  fram i n g  and 
market i n g and  s a l es a re u s u a l l y  done by a home b u i l d i n g f i rm ' s own emp l oyees , 
re l y i n g  on s ubcont ractors for the  other work . Thus , s ubcont racto rs make many 
of the  dec i s i on s  an d con t ro l  many of  the p rocedu res i mportant  to the  
con s t ruct i on of energy- eff i c i ent  houses ( see Econom i c  and Soc i a l Effects of  
the  Mode l  Con servat i on Standards , Append i x  0 i n  Vol . I I  of  the  DE I S) . 

The n at u re of  the  i nd u s t ry ,  i n  wh i c h a s i ng l e con st ruct i on p roj ect i n vo l ves 
n umerous , re l at i ve l y  autonomous  actors , has  much to do wi th the p l ace of  
i nnovat i on in  t he  i n d u s t ry .  I n  genera l , the  i nd u s t ry reacts s l ow ly  to any  
c h ange : p art i a l l y  because  of i ts f ragmentat i on ;  part i a l l y  because  of i t s  use  
of  i n expen s i ve l abor , wh i c h c an be  effect i ve perform i n g  the  s ame tas k over 
an d over , but  i n effect i ve do i n g  t h i ngs  d i fferent l y ;  and p art i a l l y  because  of  
the  r i s k  taken by  the  b u i l der  for do i n g  anyt h i ng other t h an i n  t he  norma l l y  
accepted way . Con st ruct i on o f  energy-eff i c i ent , a n d  radon - res i stant houses , 
req u i res deve l opment or  use  of  new mater i a l s ( e . g . ,  vapor b a rr i ers ) , 
mod i f i cat i on of p roced u res and techn i ques , an d adj ustments  i n  t h e  
i nteract i on s  among p a rt i c i p ants  i n  the  system ( e . g . ,  tra i n i n g contractors and 
cont ractors teach i ng each of the i r s ubcontractors ) .  For these  reason s ,  
l arge- sca l e  b u i l ders have  p roved to be more res i stant  to the  mod i f i ca t i on s 
necessary to b u i l d  energy-eff i c i ent homes . Cont ractors who b u i l d  a sma l l 
n umber of homes per  year a re more l i ke l y  to take  the  t i me for the  t ra i n i n g 
neces s a ry to l ea rn new theori es and cons t ruct i on p ract i ces , be ons i te more of 
the  t i me ,  and  estab l i sh a netwo rk of subcont ractors who have l ea rned to b u i l d  
to energy-eff i c i ent standards . These are the  bu i l ders an d cont racto rs most 
l i ke l y  to we l come i nnovat i on and be advoc ates of  the  p rog ram . 

3 . 2  HOU S I NG CHARACT ER I ST ICS 

To determ i ne the  en v i ronmen ta l  effects of BPA ' s New En ergy - Eff i c i ent Homes 
Prog ram , i t  i s  neces s a ry to compare the c h aracter i st i cs of energy-effi c i ent  
homes w ith  those  of houses  b u i l t  u s i ng base l i ne p ract i ces . The  d i fferences 
i n  d es i gn ,  th erma l perfo rmance , and ven t i l at i on rate form the bas i s  for 
c a l c u l at i n g potent i a l energy sav i ngs , hea l t h effects , cos ts , an d other  
i mpacts  of  the  a l tern at i ves . These  d i fferences are d i s c u ss ed here . 

3 . 2 . 1  Des i gn Character i st i cs 

To compa re and  an a l yz e  energy sav i ngs  and costs , we used  s i x  b u i l d i ng 
prototypes : t h ree  s i ng l e-fam i l y  bu i l d i ng s , one mu l t i fam i l y b u i l d i ng ,  and  two 
man ufact u red houses . The  ch aracteri st i cs  and d i mens i ons of these  s i x  
p rototypes a re det a i l ed i n  New Homes Con servat i on Resou rce , Append i x  A i n  
Vol . I I  of the  D E I S .  The def i n i t i ons  o f  the  s tructures are a s  fo l l ows : 
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o 

o 

o 

s i ng l e-fam i l y  dwe l l i ng  - a s tructure con s i st i n g  of four or  fewer 
res i dent i a l un i t s , des i gned to be permanen t l y  l oc ated at one  s i te ;  may 
be  s i te-bu i l t ,  modu l ar ,  or  p refabri cated 

mu l t i fami l y  dwe l l i ng  - a structure cons i st i ng of more t h an fou r  
res i dent i a l un i t s ,  w i t h  a common wa l l  a n d  foundat i on ,  d es i gned t o  b e  
permanent l y  l oc ated at o n e  s i te 

manufactured home - s omet i mes referred to as  a mob i l e  home ; 
t rans portab l e i n  one o r  more sect i ons ; b u i l t  on a permanent  chass i s ,  and 
des i gned to be  used as a dwe l l i ng ; not req u i red to meet l oc a l  code 
req u i rements  but  must  meet standa rds  p romu l gated by the  U . S .  Dep artment 
of Hous i ng and U rb an Deve l opment ( HUD ) . 

3 . 2 . 2  Therma l  Eff i c i ency 

Bu i l d i ng p ract i ces a l so  d i ffer for var i ous c l i mate zones as b u i l ders h ave  
adj usted to d i fferent c l i mat i c  cond i t i ons . As  part of the  spec i f i c at i on s  and  
s t and ards estab l i shed  for energy-eff i c i ent homes , BPA and the  Counc i l  h ave  
estab l i s h ed c l i mate zones t h roughout the  Northwest ( F i g u re 3 . 1 ) b ased on the  
n umber  of heat i ng degree d ays ( HDD) , as  fol l ows : 

o 

o 

o 

Zone 1 - Fewer than 6 , 000 HDD , found i n  t he  m i l d  mar i t i me c l i mate west 
of the  Cascad e  Mount a i n s  and other temperate areas 

Zone 2 - 6 , 000 to 8 , 000 HDD , found i n  t he  h ars her , eastern part s of the 
reg i on 

Zon e 3 - More t h an 8 , 000 HDD , found i n  western Mon t an a  and h i gher  
e l evat i on s  th roughout the  reg i on . 

To def i n e  the  ch anges be i ng  p romoted by the  MCS , we f i rst exam i ned  the  
Base l i ne from wh i ch those  c h anges are be i ng made . Base l i n e con st ruct i on 
prac t i ces have  res u l ted i n  the  therma l  c h aracter i s t i c s  s hown i n  Tab l e 3 . 1 .  
The  n umbers i n  Tab l e 3 . 1  are b ased on su rveys of bu i l d i ng p ract i ces  conducted 
for BPA , s urveys of  state energy agenc i es ,  and ex i st i ng code requ i rement s .  
The  new l y  rev i sed  Wash i ngton and Oregon codes are refl ected i n  Tab l e 3 . 2 .  

Energy-eff i c i ent homes can  be  constructed i n  many d i fferent s h apes an d c an 
i ncorporate many d i fferent feat u res . The spec i f i c  s h ape and features a 
b u i l der  chooses wi l l  depen d on such  factors as cost , c l i mate , con s umer 
p reference , and l oc a l  b u i l d i ng codes . Energy-eff i c i ent homes t h at meet BPA ' s  
stand ards h ave  a target energy con s ump t i on l eve l . As l ong  as t h e  f i n a l  
des i gn meet s the  target , wh i ch wi l l  v ary from house  to house , b u i l ders may 
se l ect from among a var i ety of energy - s av i ng featu res . For compar i son w i t h  
t h e  t herma l c h aracteri st i cs shown i n  Tab l e  3 . 1  for a 1 983 p ract i ce home . the  
ch aracter i st i cs s hown i n  Tab l e 3 . 3 are  those t h at meet the  MCS ta rgets for 
each of  the  c l i mate zones . The therma l  c h aracteri s t i cs  l i sted i n  a l l t h ree 
t ab l es are , except for wi n dows , expres sed i n  R-va l ues , wh i ch refer to a 
materi a l  I S  ab i l i ty to res i st heat f l ow .  The  h i gher  i t s R-va l ue , t he  more 
effect i ve a mater i a l  funct i on s  as an i n s u l ator . 
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F I GURE 3 . 1 .  C l i mate Zone Map 
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TABL E  3 . 1 .  Therma l Characteri st i cs of New Homes 
Bu i l t  to  1 983 Pract i ce 

Bu i l d i ng Type Component  C l i mate Zone  1 

R-30 

C l i mate Zone 2 C l i mate Zone 3 

S i n g l e - fam i l y  Ce i l i ng/roof 
Wa l l s 
Underf l oor 
G l az i n g 

Mu l t i fami l y  

Manu fact u red 
hous i n g 

Ce i l i ng/roof 
Wa l l s 
Underf l oor 
G l az i ng 

Ce i l i ng/roof 
Wa l l s 
Underf l oor 
G l az i ng 

Source : NWPPC 1 986 ; BPA 1 987b . 

R- l l  
R- l l / 19 
Doub l e- g l azed 
( U - . 90 )  

R-30 
R- l l  
R- l l / 1 9  
Doub l e -g l azed 
( U - . 90 )  

R-9 . 1  
R- 1 5 . 8  
R- 1 4 . 4  
Doub l e -g l azed 
( U - . 50 )  

R-30 
R- l l  
R - 19  
Doub l e -g l azed 
( U - . 90 )  

R-30 
R- l l 
R - 19  
Doub l e- g l azed 
( U - . 90 )  

R-9 . 1  
R- 1 5 . 8  
R- 1 4 . 4  
Doub l e -g l azed 
( U - . 50 )  

R-38 
R- 1 9  
R- 1 9  
Doub l e - g l azed 
( U - . 65 )  

R-30 
R- l l  
R - 19  
Doub l e -g l azed 
( U - . 65 )  

R-9 . 1  
R- 1 5 . 8 
R- 1 4 . 4  
Doub l e -g l azed 
( U - . 50 )  

Anot her  term descr i b i n g i n s u l at i n g qua l i t i es i s  U - v a l ue , wh i c h  refers to  
a materi a l ' s  ab i l i ty to  conduct  h eat . Mat hemat i c a l l y ,  U - v a l ues are  
i nverse l y  p roport i on a l  to  R-va l ues . If  a materi a l  has  a h i g h res i stance 
( R-va l ue )  to  h eat f l ow ,  i t s conduct i v i ty ( U -va l ue )  i s  l ow ;  i f  i t s 
cond uct i v i ty i s  h i gh ,  i ts res i stance  i s  l ow .  U - va l ues are used to  
c a l cu l ate  the  overa l l therma l eff i c i ency of a b u i l d i n g s h e l l .  These  
c a l cu l at i on s  take  i n to account the  area  an d U - v a l ue for each  component of 
a b u i l d i n g such as w i ndows , doors , wa l l s ,  ce i l i n gs , an d f l oors and  res u l t 
i n  an overa l l v a l ue for the  en t i re area of a struct u re rep resen ted by UA . 
The  l ower the  UA for a b u i l d i n g ,  the  more therma l l y  eff i c i ent i t  i s .  The  
UA va l ues  for en ergy-eff i c i ent and base l i ne homes are s h own i n  Tab l es 3 . 4  
and  3 . 5 for both  upper and  l ower bounds  of  vent i l at i on rates . 

3 . 2 . 3  A i r Exch ange Rates 

A i r exch ange  i s  another  i mportant  determi n ant of a home ' s  en ergy 
eff i c i ency , and  can be e i t her  contro l l ed or  uncontro l l ed .  A i r l eakage i s  
t h e  uncontro l l ed pass age of a i r ,  or i n f i l t rat i on ,  t h rough  t h e  s h e l l of a 
h ome . I n door a i r  i s  rep l aced t h rough  e i ther  pass i ve o r  act i ve 
ven t i l at i on ( a l so termed n at u ra l  or mec h an i ca l ) .  Preva i l i n g  b u i l d i n g 
p ract i ces  usu a l l y  re l y  on natura l  ven t i l at i on for t h e  exc h ange  of i ndoor 
and  outdoor a i r .  Natura l  vent i l at i on i nc l udes operab l e  w i ndows and doors 
and  i n f i l t rat i on .  Mec h an i c a l  ven t i l at i on i s  c h aracter i z ed by mechan i c a l  
d ev i ces des i gned to  move a i r t h roughout a structure o r  i n  a l i m i ted area 
wi th  l oc a l i z ed concentrat i on s  of po l l utants . 
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State  

Was h i ngton 

Oregon 

TABLE  3 . 2 .  Therma l Ch aracteri st i cs of New Homes Bu i l t  to 
Wash i ngton and Oregon State  Codes 

C l  i mate C l  i mate 
B u i l d i ng Type Component Zone 1 Zone 2 

S i ng l e - fami l y  Ce i l i ng/Roof R-38 R-38 
Wa l l s  R- 1 9  R - 1 9  
Underf l oor R- 1 9  R-25 
G l az i ng ( U - . 60 )  ( U - . 60 )  

Mu I t  i f am i 1 Y Cei l i ng/Roof R-38 R-38 
Wa l l s R- 1 9  R- 1 9  
Underf l oor R- 1 9  R-25 
G l az i ng ( U - . 60 )  ( U - . 60 )  

S i n  g 1 e -f am i l  y Ce i l i n g/Roof R-38 R-38 
Wa l l s  R- 1 9  R - 1 9  
Underf l oor R- 1 9  R - 1 9  
G l az i n g  ( U - . 7 5 )  ( U - . 7 5 )  

M u  I t  i f a m  i 1 Y Cei l i ng/Roof R-38 R-38 
Wa l l s  R - 1 9  R- 1 9  
Un derfl oor R - 1 9  R- 1 9  
G l az i n g  ( U - . 7 5 )  ( U - . 7 5 )  

Source : Oregon 1 986 ; Wash i n gton 1 986 . 

Vent i l at i on rates are u s u a l l y  g i ven as ave rage a i r ch anges per  hour  ( ACH ) , 
wh i ch refers to the  rat e at wh i ch a i r  i n s i de the  home i s  rep l aced by outs i de 
a i r .  The more t i gh t l y  con st ructed a res i dence i s ,  the  l ower i t s a i r c h an ge 
rate w i l l  be , u n l es s  an MV system i s  u sed . 

Natura l  Ven t i l at i on 

A i r l ea kage and occupant  behav i or con t ri bute  to n at u ra l  ven t i l at i on .  S i tes 
of a i r l ea kage i n  homes b u i l t  u s i n g  c u rren t con struct i on p ract i ces a re 
i n d i c ated i n  F i g u re 3 . 2 .  The a i r i n f i l t rat i on i n  b u i l d i n g s  i s  caused by two 
p r i ma ry ,  i n terdependent factors : the  l oc a l  w i nd  f i e l d and the  i n door-outdoor 
tempe rature d i fference , wh i ch cause a p ressure d i fferent i a l to be exerted on 
the b u i l d i ng ' s  enve l ope . In add i t i on ,  the use of combust i on app l i ances  
con tr i butes  to these  p ressure d i fferences . As these forces c h an ge , 
i n f i l t rat i on rates c h an ge accord i n g l y . These t h ree dr i v i n g  forces  are 
i l l u s trated i n  F i g u re 3 . 3  and  exp l a i ned be l ow .  

o W i n d p u s hes  outdoor a i r through  l eaks  on the  wi ndward s i de of  b u i l d i ngs , 
as  i l l ust rated i n  F i g u re 3 . 3 a . And wi nd  pass i n g  a round  a b u i l d i n g 
c reates l owe r pres s u re on the  l eewa rd s i de ,  wh i c h  p u l l s  i n door a i r out . 
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TABLE 3 . 3 .  Therma l  Ch aracteri st i cs of Homes B u i l t  To The MCS 

Component 

S i ng l e-fami l y  

Ce i l i n g  
Att i c  
Vau l ts 

Wa l l s 

C l i mate Zone 1 

R-38 ( U-0 . 03 2 )  
R-38 ( U-0 . 028)  

Above grade 
Be l ow g rade 

R - 1 9  ( U-O . 05 7 )  
( i nteri or ) R - 1 9  

Underfl oors 
Crawl s paces an d 

peri meters 
S l ab f l oor per i meters 

G l az i ng 

Max i mum g l azed area 
(%  f l oor area ) 

Exter i or doors 

Mu l t  i fami l y 

R-30 ( U -0 . 03 )  

R - 1 0 ( U-0 . 45 5 )  

R-2 . 5 ( U -0 . 40 )  

1 5% 

R-5 ( U-0 . 19 )  

Cei l i ng  R-38 ( U -0 . 03 2 )  

Wa l l s  R - 1 9 ( U-0 . 05 7 )  

Be l ow-g rade wa l l  R - 1 9 ( U -0 . 7 5 )  

Underfl oors 
F l oor over uncon - R-30 ( U-0 . 0 3 )  
d i t i oned space  

S l ab f l oor peri meters R- 1 0 ( U -0 . 45 5 )  

G l az i n g R-2 . 5 ( U-0 . 40 )  

Max i mum g l azed area 1 5% 
(% f l oor area ) 

Exteri or doors R-5 ( U-0 . 1 9 )  

Sou rce : BPA 1 987c . 

C l i mate Zone 2 

R-38 ( U -0 . 03 2 )  
R-38 ( U-0 . 028)  

R-24 ( U - 0 . 043 ) 
R - 1 9  

R-30 ( U-0 . 0 3 )  

R - 1 0 ( U-0 . 45 5 )  

R-2 . 5 ( U -0 . 40 )  

1 5% 

R-5 ( U-0 . 1 9 )  

R-38 ( U -0 . 03 2 )  

R-24 ( U-0 . 043 ) 

R - 1 9 ( U -0 . 7 5 )  

R-30 ( U -0 . 0 3 )  

R - 10 ( U -0 . 45 5 )  

R-2 . 5 ( U -0 . 40 )  

1 5% 

R-5 ( U-0 . 1 9 )  

C l  i mate Zon e 3 

R-49 ( U -0 . 02 1 )  
R-38 ( U-0 . 028)  

R-26 ( U-0 . 03 9 )  
R- 1 9  

R-30 ( U-0 . 03 )  

R - 1 0 ( U-0 . 45 5 )  

R-2 . 5 ( U-0 . 40 )  

1 5% 

R-5 ( U-0 . 1 9 )  

R-49 ( U -0 . 03 2 )  

R-26 ( U-0 . 03 9 )  

R- 1 9 ( U -0 . 7 5 )  

R-30 ( U -0 . 0 3 )  

R - 1 0 ( U-0 . 45 5 )  

R-2 . 5 ( U -0 . 40 )  

1 5% 

R-5 ( U -0 . 1 9 )  

o The stack  effect ( or ch i mney effect ) i s  t h e  tendency o f  wa rm i nteri or  
a i r to r i se  and escape t h rough l eaks  near the  ce i l i n g , a s  i l l u s trated i n  
F i g u re 3 . 3 b . As th i s  h appen s , outdoor a i r enters t h rough open i n gs near  
the  f l oor , a nd  s o i l gas  conta i n i ng radon c an enter t hrough  crac k s  and  
ho l es i n  found at i on s  and  s l abs . The temperat u re d i fferen ce  between 
i ndoors and  outdoors determ i nes  the  rate of l ea k age  due  to t h e  stack  
effect . The  stack  effect i s  more pronounced i n  t a l l er b u i l d i ngs , be i n g  
more prom i nent  i n  mu l t i story homes t h an i n  s i ng l e-story homes . 
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TABLE  3 . 4 .  Compar i son of UA Va l ues i n  1 983 Pract i ce and Energy-
Eff i c i ent Prototypes ( Upper Bou n d )  

C l i mate Zone 1 C l i mate Zone 2 C l i mate Zone 3 
1983 OR WA Energy - 1983 WA/OR to Energy- 1983 Energy-

Pract i ce Code Code Eff i c i ent Pract i ce Code Code Eff i c i ent Pract i ce Eff i c i ent 

Prototype UA UA UA UA UA UA UA UA UA UA 

S i ng l e-fami l y  

1344  ft2 48 1 426 382 308 464 389 382 292 382 273 
1848 ft2 593 521  468 3 78 5 76  463  468 3 50 468 336  
2352 ft2 762 687 649 449 754  530  555  435  545  4 1 6  

M u  I t  i fam i l y  2358 2053 1836 1 602  2308 1855 1836 1 492 1836 1 429 

Manufactu red 
w hous i ng 

. 
co S i ng l e-

sect i on 3 7 7  226 3 7 7  223 3 7 7  2 1 6  
M u  I t  i -
sect i on 472  277  472  273  472  265  



TABL E  3 . 5 .  Compar i s on of  UA Va l ues i n  1 983 P rac t i c e  and 
Energy - Eff i c i ent Prototypes ( Lower Bound ) 

C l i mate Zone 1 C l i mate Zone 2 C l i mate Zone 3 
Cu rrent OR WA Ene rgy- Cu rrent WAf OR to Energy- Curren t Energy-
Pract i ce Code Code Eff i c i ent  Pract i ce Code Code Eff i c i ent  Pract i ce Eff i c i ent  

P rototype UA UA UA UA UA UA UA UA UA UA 

S i ng l e- fami l y  

1 3 44 ft2 460 404 3 6 1  292 442 367  3 6 1  277  3 6 1  257 
1848 ft2 563  492 439 3 56  547  4 34  439 329 439  3 1 5  
2352 ft2 724  650  6 1 2  422 7 1 7  493 5 18 408 508 389 

Mu I t  i f am i l  y 2 1 76 187 1 1 654  1 486 2 1 2 7  1 673  1 6 54  1 3 76  1 6 54  1 3 1 3  

w Man ufactured . 

' D  hous i n g 

S i ng l e-
sect i on 3 7 5  222 3 7 5  2 1 9  3 7 5  2 1 2  

Mu l t  i -
sect i on 470 2 7 1  470  268 470  2 59 
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F I GURE  3 . 2 .  A i r Leakage i n  Con vent i on a l  Houses 
( BPA 1 985 )  

Combust i on app l i ances s uch  as wood stoves  req u i re l arge amounts  of  a i r 
to s upport the  b u rn i ng of fue l  and to c reate a p roper d ra ft i n  t he  f l ue .  
As f l ue  gases  escape , a i r i s  d rawn t h rough  open i n gs i n  t he  bu i l d i n g 
s h e l l ( Zerb a  and Parker 1 985 ; D i amond  and G r i ms rud  1 984 ) . An a i r- t i ght 
woodstove d raws about 20 c ub i c  feet of  a i r  per  m i nute  ( C FM) , and an open 
f i rep l ace  may d raw as  much as 400 C FM .  The effects are s hown i n  F i g u re 
3 . 3c . Mech an i ca l  vent i l at i on dev i ces s uch  as exhaust  fans that  force 
a i r out of  a b u i l d i n g but do not use fans to p u l l i n  an equ a l  amount of 
a i r  a l so  cause  a p re s s u re d i fference  between a house ' s  i n ter i or  and 
exter i o r .  

B l oc k i n g t h e  a i r p athways a round  wi ndows a n d  doors a n d  t h rough  j o i n ts and  
c rac ks  can  p revent 25 to 40% of  a tot a l  b u i l d i n g ' s  heat l os s  ( D i amond and  
G r i ms rud  1 984 ) . I n  energy-eff i c i ent  homes , i n f i l t rat i on i s  con t ro l l ed by 
b l oc k i n g  a i r routes  w i t h  c au l k i n g ,  weathe rst r i p p i n g , and  other  sea l ants or by 
i n sta l l i ng  cont i n uous  a i r barr i ers . The barri ers con s i st of mate r i a l s t h at 
b l oc k  a i r movemen t ,  c arefu l l y  i n sta l l ed to be cont i n uous  a round  the  en t i re 
s he l l of the  home . Spec i a l c are i s  t aken at j o i n t s  i n  the  mater i a l , at 
penet rat i on s  for wi r i n g  an d p l umb i n g ,  and at i n tersec t i on s  b etween wa l l s ,  
f l oors , and  c e i l i n gs to sea l  l eaks  and  ma i n t a i n cont i n u i ty .  Mater i a l s used  
i n  ma k i n g a i r  barr i e rs i n c l ude 6-mi l po l yethy l ene p l ast i c  s heets , r i g i d  
i n s u l at i on board , an d d rywa l l .  
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A. Wind 

C. Combust ion Applia nces 
and Exhaust Fans 

B .  Stack Effect 

( + )  Posit ive Pressure 
( - )  Negat Ive Pressure 

F I G URE  3 . 3 .  Dr i v i n g Forces of I n f i l t rat i on 
( BPA 1 985 ) 
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The act i v i t i es of the  b u i l d i ng ' s  occupants a l s o i n f l uence  natura l  
vent i l at i on .  For examp l e , when occupants  c l ose  up  a home i n  t he  wi nter , t he  
a i r c h ange  rate  c an be  l ower t h an d ur i ng  the  s ummer wh en doors and wi ndows 
rema i n  open . I n  s um ,  w i nd  speed , temperat u re , t i me of yea r ,  and  occ upant  
l i v i n g p attern s comb i n e to affect how much a i r comes from p as s i v e 
ven t i l at i on .  The  range of a i r c h ange  rat es from pas s i ve ven t i l at i on i s  s hown 
i n  F i g u res 3 . 4 and  3 . 5 .  I n  these  examp l es of  homes i n  Bend , Oregon , and 
Vancouver , Was h i n gton , t he  ven t i l at i on rate var i ed from l es s  t h an 0 . 2  ACH to 
over 0 . 7  ACH i n  the Vancouver home and from about 0 . 2  ACH to over 1 . 0 ACH i n  
t he  Bend home ( Zerba and Parker 1 985 ) . The  average a i r exc h ange  rates were 
0 . 27 and 0 . 22 ACH , respect i ve l y . 

Mech an i ca l  Vent i l at i on 

Mec h an i c a l  vent i l at i on refers to the  a i r  i n ten t i on a l l y  supp l i ed by mechan i ca l  
dev i ces such  a s  fan s , ducts  and motors t h at ma i nta i n  a steady l ev e l  of 
vent i l at i on .  The  equ i pmen t c an be  s i zed to d e l i ver any des i red l eve l  
of ven t i l at i on .  

Eq u i pmen t des i gned  to c i rc u l ate  a i r  t hroughout an en t i re struct u re i s  c a l l ed 
"wh o l e-house  ven t i l at i on . "  The  fan s that push  the  a i r  are often centra l l y  
l oc ated , a n d  a i r  i s  moved a n d  d e l i vered v i a  a system of  ducts , j u st as w i t h  
cen t ra l  forced - a i r heat i ng systems . These systems may be  coup l ed wi th a 
dev i c e s uch as an AAHX or  a heat pump to c apture some of  the  heat l ost i n  
outgo i n g a i r .  

Mec h an i c a l  vent i l at i on c an a l so b e  used to remove a i r from l i m i ted areas 
such as k i tchens , b ath rooms , or  home works hops w i t h  h i gh l ev e l s of 
po l l utants  or  mo i st ure . I n  these  app l i c at i on s  the  systems are often c a l l ed 
" s pot ven t i l at i on . "  

Mec h an i c a l  vent i l at i on systems c an be e i ther  b a l anced or  u n b a l anced . 
B a l anced systems u se  fan s , or contro l l ed open i ngs , to rep l ace  a i r  removed 
from i ndoors w i t h  a i r  from the outdoors . Unba l anced systems e i ther  s upp l y  or  
exhau st a i r ,  but  do not act i ve l y  do both . These systems are c a l l ed 
u n b a l anced bec ause  a i r  i s  mec han i c a l l y  moved predom i nant l y  i n  on l y  one 
d i rect i on ,  e i t her i n to or  out of  the  house , resu l t i ng i n  a press ure 
d i fference  between i n s i de the  home and out s i d e .  For examp l e ,  i f  a n  exh aust  
fan  i s  u sed , i n door a i r i s  p u l l ed to the  outdoors , resu l t i n g i n  l es s  
( n egat i ve )  p res s u re i n s i de the  home than outs i de .  The  pressure d i fference 
forces outs i de a i r  to enter the  home t hrough c racks  and j o i nts  or  
t hrough vents spec i f i c a l l y  for t h at p urpose .  Pol l utants  or i g i nat i ng 
outdoors , s uch  as radon , may be  drawn i n to a home a l ong wi th  outdoor a i r  
under  these  c i rc umst ances . 

Meas u red Vent i l at i on Rates 

As descr i bed i n  Chapter 2 ,  BPA used both fan pres s u r i z at i on tests and PFT 
tests to measure ven t i l at i on rates i n  the  RSDP homes . Fan pres su r i z at i on , 
or " b l ower door" , tests  measure the  effect i ve l eakage  areas ( E LA ) of 
structures by us i n g a fan to p res s u r i ze  or dep res s u r i z e  a s t ructure to a 
g i ven l eve l . The  p ressure d i fference between i ndoors an d out doors i s  t hen 
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F I GURE  3 . 4 .  Measured A i r Exch an ge Rate , W i nd Speed , and I n s i de-Outs i de 
Temperat u re i n  a Vancouver Res i dence ( 1 /30/82 -2/6/82 ) 
(Zerba and Parker 1 985 , F i g ure 1 )  
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F I GURE  3 . 5 .  Measured A i r Exchange  Rate , W i nd Speed , and  I n s i de-Out s i de 
Temperat u re i n  a Bend Res i dence ( 3 / 19/82-3/23/8 2 )  
(Zerba and  Parker 1 985 , F i g ure 5 )  
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mea s u red and u sed to e s t i mate a i r l eakage . Th i s  met hod mea s u res on l y  the  
f l ow rates g i ven a spec i f i c  p ress u re d i fference . 

Fan pressur i z at i on tests  i n  a samp l e of typ i ca l  new homes b u i l t  under  the  
RSDP  found a med i an a i r  l eakage rate of  about 0 . 5 1  ACH , wi th  a range of from 
l es s  t h an 0 . 1  to more t h an 1 . 0 .  ACH . Energy-eff i c i ent  homes , compa rab l e  i n  
sty l e and  l oc at i on , were found to have a med i an of about 0 . 20 ACH , wi th  a 
range of f rom 0 . 02 to 0 . 9  ACH ( BPA 1 986d ; Harri s 1 986 ) . The  mea s u rements of 
a i r  l eakage  i n  energy-eff i c i en t  homes do not i nc l ude contr i but i on s  from 
mechan i ca l  v ent i l at i on .  

Perfl uorocarbon t racer ( P FT)  gas  tests meas u re a i r  exc h ange  rates i n  a 
b u i l d i ng by re l eas i ng a known quant i ty of a t racer gas  t h roughout the  
ven t i l ated s p ace  and mon i to r i n g  c h anges i n  g as concen t rat i on over  t i me .  Th i s  
method accounts for contr i b ut i ons  to vent i l at i on f rom a i r  l eakage , occupant 
behav i or ,  and  mec han i ca l  dev i ces . 

Res u l ts f rom t h e  PFT tests s howed vent i l at i on rates of about 0 . 28 ACH i n  
homes b u i l t  to 1 983 p ract i ce ,  and  about 0 . 26 ACH i n  energy- eff i c i ent homes . 
These  a re i n teg rated rates taken over a 3 -month  heat i ng season per i od and 
rep resent an l I effect i ve ll vent i l at i on rate . The PFT res u l ts and fan 
p res s u r i z at i on res u l ts  are shown i n  Tab l e  3 . 6 .  

Unde r B PA ' s  Energy- Eff i c i ent  Homes P rog rams descr i bed i n  t he  No Add i t i on a l  
Act i on A l ternat i ve ,  t i g h t  energy-eff i c i ent  homes a re requ i red to s up p l ement  
i n f i l t rat i on w i t h  mec h an i ca l  vent i l at i on .  These systems must  p rov i de a 
b a l anced f l ow of outdoor and  i ndoor a i r ,  and  a re des i gned to br i ng  
vent i l at i on rates up  to l eve l s  found i n  1 983 p ract i ce .  T hese  systems a re 
descr i bed i n  I n door A i r Qu a l i ty Mi t i gat i on Techno l ogi es , Append i x  C ,  Vo l . I I  
to the  D E I S , and updated i n  Append i x  M to th i s  F i n a l  E I S .  

Based on the  U A  data  l i s ted i n  Tab l es 3 . 4  and 3 . 5 ,  d i fferences i n  a i r l eakage 
between 1 983 p ract i ce and en ergy-eff i c i ent homes , and  other  c ha racter i st i cs 
such  as i ntern a l  heat g a i ns , we c a l c u l ated the  energy s av i ngs  p resented i n  
Tab l e  3 . 7  for p rototyp i ca l  energy-eff i c i ent homes . The  ass umpt i on s  and 
sens i t i v i ty ana l yses u sed i n  the c a l c u l at i on a re p rov i ded in the DE I S ,  Vo l . 
I I ,  Appen d i x  A .  

TABL E  3 . 6 .  Med i an Measu red Vent i l at i on Rates i n  New Northwest  
S i ng l e -Fam i l y  Houses 

House  Type 

1 983 p ract i ce 

Energy-eff i c i ent  wi th  
a i r  barri e r  

Source : Harri s 1 986 . 

Fan P res s u ri z at i on 
Test Resu l ts ,  ACH 

3 . 1 4 

0 . 5 1  

0 . 20 

PFT  Test 
Res u l ts , ACH 

0 . 28 

0 . 26 



3 . 3  

TABL E  3 . 7 .  Annua l  Energy Sav i ngs  by C l i mate Zone for Prototyp i ca l  
Energy-Eff i c i ent  Homes ( Pathway 5 )  

Sav i ngs Qer Un i t ,  k i l owatt -hours { kWh}  
Protot�Qe C l i mate Zone 1 C l i mate Zone 2 C l i mate Zone 3 

S i ng l e- fami l y  Upper Lower Upper Lower Upper Lower 
Bound Bound Bound Bound Bound Bound 

1 , 34 4  ft2 3684 3 523 4683 4452 4903 4636 
1 , 848 ft2 4689 4460 5894 5575  6040 5670 
2 , 3 52  ft2 7 407  7378 6654  6248 5826 5358 

Mu I t  i f am i l  y (per  un i t )  1 100 860 1 6 1 5  1304  1 46 1  1 1 4 1  

Man ufactu red hous i ng 

S i ng l e- sect i on 
924 ft2 3397  3 459 5481 5578 6732  6846 

Mu I t  i sect i on 
1 3 44 ft2 4753 4850 7350 7495 8985 9 1 56 

HOUS I NG COSTS 

The i nc rement a l  c onstruct i on cost of  add i n g  energy-eff i c i ent  featu res to  a 
new 1848 sq . ft . home ranges from $ 1 567  i n  c l i mate z one  1 to $2727  i n  c l i mate 
z one  3 ,  where more energy-eff i c i ent  measu res are needed to  accommod ate  the  
co l der  c l i mate . The costs  for  a l l t he  p rototypes an a l yz ed are  s hown i n  Tab l e  
3 . 8 .  These  f i g u res t ran s l ate i nto  an add i t i on a l  $ . 56 to  $ 1 . 48 per  square 
foot , and c over  the  costs  of the add i t i on a l  i n s u l at i on ,  w i n dow t reatments , 
and  mech an i ca l  vent i l at i on requ i red to  meet m i n i mum MCS l eve l s .  They do  not 
i nc l ude the costs  of  var i ous  m i t i g at i on measures such as are found in t he  
radon pac kage . Those  costs  are g i ven i n  Append i x  E ,  wh i ch t reats the  costs  
of the  d i fferent a l ternat i ves . 

3 . 4  FORECASTS O F  N EW HOME CONSTRUCT I O N  

Bonnev i l l e ' s  1 986 forecasts  of  n ew home construct i on i n  t he  reg i on p rov i de 
the  b as i s  for p red i ct i ng the  n umber of new homes t h at wi l l  be b u i l t  d u r i n g  
the  1986 -2006 t i me frame . The forecasts  were made by Bonnev i l l e ' s  Econom i c  
Forecast i ng Sect i on o f  t h e  D i v i s i on of  Power Forec as t i ng , u s i ng a reg i on a l / 
emp l oyment mode l  ( B PA 1 986a ) . These forecasts  are s ummari zed i n  Tab l es 3 . 9  
t h rough  3 . 1 1 .  I n  Tab l e  3 . 9 ,  the  n umber  and types of new e l ectr i c a l l y  heated 
h omes forec ast to  be b u i l t  under the Base l i ne are s hown . Forec asts  of  
con struct i on a re s h own i n  Tab l es 3 . 10 and 3 . 1 1 for  t h e  No  Add i t i on a l  Act i on 
A l ternat i ve .  The  tot a l  n umber of e l ectri c a l l y  h eated homes var i es from 

3 . 1 5 



TABL E  3 . 8 .  I n c remen ta l  Con struct i on Costs  of Prototyp i ca l  New 
Energy - Eff i c i ent  Homes by C l i mate Zone ( Pat hway 5 )  

Prototype 

S i n g l e-fam i l y  
1 , 3 44 ft2 
1 , 848 ft2 
2 , 3 52 ft2 

Mu l t i fami l y  ( per  un i t )  

Manufactured  hous i ng ( a )  
S i n g l e-sect i on 
924 ft2 
Mu l t i sect i on 
1 , 3 44  ft2 

I n c rement a l  Cost of Con st ruct i on ,  $ 
C l i mate Zone 1 C l i mate Zone 2 C l i mate Zone 3 

1 , 3 1 9  
1 , 567 
1 , 4 18 

641  

1 , 1 53 

1 , 898 

1 , 643 
2 , 1 7 5  
1 , 280 

788 

1 , 1 53 

1 , 898 

2 , 207  
2 , 727  
1 , 3 19  

925 

1 , 1 53 

1 , 898 

(a) Man u factured hou s i ng costs  are net d i saggregated by c l i mate zone i n  BPA 
1 987 b . 
Source : BPA 1 986e . 

the  Base l i n e to the  No Add i t i on a l  Act i on A l ternat i ve because of fue l c ho i ce  
dec i s i on s ;  i . e . , the  forecasts  a s s umed that  some percentage of new home buyers 
wou l d choose to heat the i r homes w i t h  a fue l other t h an e l ectr i c i ty ,  regard l ess  
of  the  i ncen t i ves  offered from 1986 t hrough 1988 . 

Changes  are made i n  the  forecasts  from year to year to ref l ect c h anges  i n  t he  
reg i on a l  econ omy . The  mos t i mportan t c h ange  between the  1 985 and 1 986 
forecasts  has been the adopt i on of new b u i l d i ng codes by t h e  O regon and  
Was h i n gton l eg i s l atures . The res u l t of  th i s  c h ange  i s  that  fewer con s umers are 
forecasted to c hoose e l ect r i c  space  heat for the i r new homes . 

Other  c h anges  i n c l ude a s ubstant i a l reduc t i on i n  foss i l  fue l p r i ces  and 
proj ect i on of s l ower popu l at i on growth . A l l to l d ,  t he  cumu l at i ve tota l  for new 
s i n g l e - fami l y  e l ectr i c  construct i on i s  about 1 2% l owe r for the  1 986 forecast 
than  for the  1 985  forecast  (Otstot 1 986 ) . 

3 . 5  PO PULAT ION  

T he  n umber of peop l e l i ke l y  to  be  affected by  the  New Energy - Effi c i en t  Homes 
Prog rams i s  b ased  on the  data  i n  Tab l es 3 . 9 t h rough 3 . 1 1  mu l t i p l i ed by the  
n umber  of peop l e per  home per  year  s hown i n  Tab l e  3 . 1 2 .  The  affected reg i on a l  
popu l at i on i s  d i sp l ayed i n  Tab l e 3 . 13 .  

3 . 1 6 
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Yea r  

1986 
1987 
1988 
1989 
199'" 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2"''''''' 
2"'''' 1 
2"''''2 
2"''''3 
2"''''4 
2"''''5 
2"''''6 

TOTAL 

TABLE 3 . 9 .  New E l ectr i ca l l y Heated Homes Construct i on Forecast for the Base l i ne 

S i ng l e­
Fam i I y  

22 , 845 
27, 575 
26, 31'" 
32, 522 
29 , "'53 
29 , 999 
27 , 424 
27 , 723 
29 , 158 
28 , 215 
28, 477 
28 , 463 
29 , "'22 
28 , 364 
28, 663 
29 , 183 
3"' , 933 
29 , 61'" 
29 , 527 
29 , 768 
3"' , 5"'4 

6"'3 , 337 

Reg i ona l Tota l 
Mu l t i ­
Fam i I y  

13 , 629 
16, 655 
15 , 844 
2"' , 2"'2 
17 , 147 
17 , 7"'5 
1 5 , 793 
15 , 924 
16 ,835 
16, 191 
16 , 5"'2 
16 , 487 
16 , 941 
16 , 525 
16 , 838 
17 , 1 14 
18 ,365 
17 , 634 
17 , 731 
18 ,"'78 
18 ,749 

356 , 889 

Manu­
factured 

9 , 178 
1"', 563 
1"', 21'" 
11 , 893 
11 , "'96 
1 1 , 42'" 
1"' , 894 
11 , "'78 
11 , 541 
11 , 43'" 
1 1 , 586 
1 1 , 678 
11 , 9 1 1  
11 , 861 
12 , 117 
12 , 531 
13 , 138 
12 , 876 
13, "'31 
13 , 369 
13 , 892 

247 , 293 

S i ng l e­
Fam i I y  

14 , 5"'6 
17 , 51'" 
16 , 7"'7 
2"' , 651  
18 , 449 
19, "'49 
17, 414 
17 , 6"'4 
18, 515  
17 , 916 
18, "'83 
18, "'74 

C I  i mate Zone 1 
Mu l t i - Manu-
Fam i I y  f actu red 

1"' , 2"'8 
1 2 , 475 
11, 867 
15 , 131 
12 , 843 
13, 261 
11 , 829 
1 1 , 927 
1 2 , 6"'9 
1 2 , 127 
12 , 36'" 
12 , 349 

5 , 663 
6 , 517 
6 , 3"'''' 
7 , 338 
6 , 846 
7 , "'46 
6 , 722 
6 , 835 
7 , 121 
7 , "'52 
7 , 149 
7 , 2"'5 

18 , 429 12 , 689 7 , 349 
18 ,"'11  12 , 377 7 , 318 
18, 2"'1 12 , 611  7 , 476 
18, 531 12 , 818 7 , 732 
19, 643 13, 755 8 , 1"'6 
1 8 , 8"'2 13, 2"'8 7 , 944 
18 , 749 13, 281 8 , "'4'" 
18, 9"'3 13, 54'" 8 , 249 
19, 37'" 14 ,"'43 8 , 572 

383 , 119 267, 31'" 152 , 58'" 

C I i mate Zone 2 
S i ng l e- Mu l t i - Manu-
Fam i I y  Fam i  I y  factu red 

7 , 333 
8 , 851 
8 , 446 

1"', 439 
9 , 326 
9 , 63'" 
8 , 8"'3 
8 , 899 
9 , 36'" 
9 , "'57 
9 , 141 
9 , 137 
9 , 316 
9 , 1"'5 
9 , 2"'1 
9 , 368 
9 , 93'" 
9 , 5"'5 
9 , 478 
9 , 556 
9 , 792 

193 , 671 

3 , 1"'7 
3 , 797 
3 , 612 
4 , 6"'6 
3 ,9"'9 
4 , "'37 
3 , 6"'1 
3 , 631 
3 , 838 
3 , 692 
3 , 762 
3 , 759 
3 , 863 
3 , 768 
3 , 839 
3 , 9"'2 
4 , 187 
4 , "'21  
4 , "'43 
4 , 122 
4 , 275 

8 1 , 371 

3 , "'84 
3 , 549 
3 , 431 
3 , 996 
3 , 728 
3 , 837 
3 , 661 
3 , 722 
3 , 878 
3 , 841  
3 , 893 
3 , 924 
4 , "''''2 
3 , 985 
4 , "'71  
4 , 211 
4 , 414 
4 , 326 
4 , 378 
4 , 492 
4 , 668 

83 , "'91  

S i ng l e­
Fall i I y  

1 , "''''5 
1 , 213 
1 , 158 
1 , 431 
1 , 278 
1 , 32'" 
1 , 2"'7 
1 , 22'" 
1 , 283 
1 , 241 
1 , 253 
1 , 252 
1 , 277 
1 , 248 
1 , 261 
1 , 284 
1 , 361  
1 , 3"'3 
1 , 299 
1 , 31'" 
1 , 342 

26 , 547 

C I  i mate Zone 3 
Mu l t i - Manu-
Fam i  Iy factu red 

3"'''' 
366 
349 
444 
377 
39'" 
347 
35'" 
37'" 
356 
363 
363 
373 
364 
37'" 
377 
4"'4 
388 
39'" 
398 
412 

7 , 852 

422 
486 
47'" 
547 
5l1'J 
525 
5"'1 
51'" 
531 
526 
533 
537 
548 
546 
557 
576 
6"'4 
592 
599 
615 
639 

11, 375 



w 

co 

Year 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

TOTAL 

S i ng l e­
Fam i Iy 

25 , 133 
30 , 183 
26, 989 
25 , 655 
21 , 345 
2 1 , 471 
19 , 122 
18 , 834 
19, 233 
18, 029 
18, 276 
18, 361 
18 , 761 
18 ,384 
18 , 645 
19 , 064 
20 , 331 
19 , 550 
19, 505 
19 , 641 
20 , 118 

436 , 630 

Tab l e  3 . 10 .  New E l ect r i c a l l y Heated Homes Construct i on Forecast for the No Add i t i ona l Act i on A l te rnat i ve 

Reg i ona l Tota l 
t.lu l t i ­
Fall! i I y  

13 , 693 
16, 754 
15 , 908 
20, 087 
17 , 015  
17 , 558 
1 5 , 642 
1 5 , 756 
16, 659 
16 , 000 
16, 310 
16 , 297 
16, 757 
16, 350 
16, 662 
16, 934 
18, 172 
17 , 450 
17 , 546 
17, 889 
18, 552 

353 , 991 

t.lanu­
factu red 

9178 
10563 
10210 
1 1893 
1 1096 
1 1420 
10894 
1 1078 
1 1541 
1 1430 
1 1586 
1 1678 
11911 
1 1861 
12117 
12531 
13138 
12876 
13031 
13369 
13892 

247, 293 

C I  i mate Zone 1 
S i ng l e- t.lu l t i - t.lanu-
Fam i Iy 

15 , 959 
19, 166 
17, 138 
16, 291 
13 , 554 
13 , 634 
1 2 , 142 
1 1 , 960 
12 , 213 
1 1 , 448 
1 1 , 605 
1 1 , 659 
1 1 , 913 
1 1 , 674 
1 1 , 839 
12 , 106 
12 , 910 
12 , 414 
1 2 , 385 
1 2 , 472 
1 2 , 775 

Fam i Iy factured 

10 , 25 
1 2 , 548 
1 1 , 915 
1 5 , 045 
1 2 , 744 
13 , 15 1  
1 1 , 716 
1 1 , 801  
1 2 , 477 
1 1 , 984 
12 , 216 
12 , 207 
1 2 , 551 
12 , 246 
1 2 , 480 
1 2 , 684 
13 , 6 1 1  
13 , 070 
13, 142 
13 , 399 
13 , 896 

5 , 663 
6 , 517 
6 , 300 
7 , 338 
6 , 846 
7 , 046 
6 , 722 
6 , 835 
7 , 121 
7 , 052 
7 , 149 
7 , 205 
7 , 349 
7 , 318 
7 , 476 
7 , 732 
8 , 106 
7 , 944 
8 , 040 
8 , 249 
8 , 572 

277 , 260 265 , 139 152 , 580 

C I  i lll ate Zone 2 
S i ng l e- t.lu l t i - t.lanu-
Fam i l y Fam i l y factured 

8 , 068 
9 , 689 
8 , 663 
8 , 235 
6 , 852 
6 , 892 
6 , 138 
6 , 046 
6 , 174 
5 , 787 
5 , 867 
5 , 894 
6 , 022 
5 , 901 
5 , 985 
6 , 120 
6 , 526 
6 , 275 
6 , 261 
6 , 305 
6 , 458 

140 , 158 

3 , 122 
3 , 820 
3 , 627 
4 , 580 
3 , 879 
4 , 003 
3 , 566 
3 , 592 
3 , 798 
3 , 648 
3 , 719 
3 , 716 
3 , 821 
3 , 728 
3 , 799 
3 , 861 
4 , 143 
3 , 979 
4 , 000 
4 , 079 
4 , 230 

80 , 710 

3 , 084 
3 , 549 
3 , 431 
3 , 996 
3 , 728 
3 , 837 
3 , 661 
3 , 722 
3 , 878 
3 , 841 
3 , 893 
3 , 924 
4 , 002 
3 , 985 
4 , 071 
4 , 21 1  
4 , 414 
4 , 326 
4 , 378 
4 , 492 
4 , 668 

83, 091 

C I i ute Zone 3 
S i ng l e- t.lu l t i - t.lanu-
Fa. i Iy 

1 , 106 
1 , 328 
1 , 188 
1 , 1 29 

939 
945 
841 
829 
846 
793 
804 
808 
825 
809 
820 
839 
895 
860 
858 
864 
885 

19 , 212  

Fam i Iy  factured 

301 
369 
350 
442 
374 
386 
344 
347 
366 
352 
359 
359 
369 
360 
367 
373 
400 
384 
386 
394 
408 

7 , 788 

422 
486 
470 
547 
510 
525 
501 
510 
531 
526 
533 
537 
548 
546 
557 
576 
604 
592 
599 
615 
639 

1 1 , 375 
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Yea r  

1986 
1987 
1988 
1989 
1991l 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
21l1l1l 
21l1l1 
21l1l2 
21l1l3 
21l1l4 
21l1l5 
21l1l6 

TOTAL 

TABlE 3 . 1 1 .  New Energy-Eff i c i ent Homes Construct i on Forecast for the No Add i t i ona l Act ion  A l te rnat i ve 

Penetrat i on Rates 
S i ng l e- Mu l t i - Manu-
Fa. i Iy 

1l . 15 
1l . 35 
1l . 45 
1l . 51l 
1l . 61l 
1l . 61l 
1l . 61l 
1l . 61l 
1l . 61l 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 

Fam i I y  

1l . 15 
1l . 35 
1l . 45 
1l . 51l 
1l . 61l 
1l . 61l 
1l . 61l 
1l . 61l 
1l . 61l 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 
1l . 75 

factu red 

1l . 1l1 
1l . 1l1 
1l . 1l 1  
1l . 1l 1  
1l . 1l1 
1l . 1l5 
1l . 1l8 
1l . 1 1 
1l . 14 
1l . 17 
1l . 2 1  
1l . 25 
1l . 29 
1l . 34 
1l . 38 
1l . 41l 
1l . 42 
1l . 44 
1l . 46 
1l . 48 
1l . 51l 

C l i m ate Zone 1 
S i ng l e- Mu l t i - Manu-
Falll i I y  Fam i I y  factured 

2 , 394 
6 , 71l8 
7 , 712 
8 , 145 
8 , 132 
8 , 181l 
7 , 285 
7 , 176 
7 , 328 
8 , 586 
8 , 71l4 
8 , 744 
8 , 935 
8 , 756 
8 , 881l 
9 , Il79 
9 , 683 
9 , 311l 
9 , 289 
9 , 354 
9 , 581  

1 , 538 
4 , 392 
5 , 362 
7 , 522 
7 , 647 
7 , 891 
7 , Il29 
7 , Il81 
7 , 486 
8 , 988 
9 , 162 
9 , 155 
9 , 413 
9 , 185 
9 , 361l 
9 , 513 

11l , 21l8 
9 , 81l3 
9 , 856 

11l , Il49 
11l , 422 

171 , 963 171 , Il62 

57 
65 
63 
73 
68 

352 
538 
752 
997 

1 , 199 
l , 51l1 
l , 81l1 
2 , 131 
2 , 488 
2 , 841 
3 , Il93 
3 , 41l5 
3 , 495 
3 , 698 
3 , 959 
4 , 286 

36, 864 

C I i m ate Zone 2 
S i ng l e- Mu l t i - Manu-
Fall i l y Fal i l y f actured 

l , 211l 
3 , 391 
3 , 899 
4 , 118 
4 , 1 1 1  
4 , 135 
3 , 683 
3 , 627 
3 , 71l4 
4 , 341l 
4 , 41l1l 
4 , 421l 
4 , 517 
4 , 426 
4 , 489 
4 , 591l 
4 , 895 
4 , 71l7 
4 , 696 
4 , 729 
4 , 843 

86, 929 

468 
1 , 337 
1 , 632 
2 , 291l 
2 , 328 
2 , 41l2 
2 , 141l 
2 , 155 
2 , 279 
2 , 736 
2 , 789 
2 , 787 
2 , 865 
2 , 796 
2 , 849 
2 , 896 
3 , l1l7 
2 , 984 
3 , Illlil 
3 , Il59 
3 , 172 

52 , 1l72 

31 
35 
34 
41l 
37 

192 
293 
4119 
543 
653 
818 
981 

1 , 161 
1 , 355 
1 , 547 
1 , 684 
1 , 854 
l , 91l4 
2 , Il14 
2 , 156 
2 , 334 

21l, Il75 

C I  i mate Zone 3 
S i ng l e- Mu l t i - Manu-
Fam i l y Fam i l y factured 

166 
465 
534 
564 
564 
567 
5115 
497 
5118 
595 
6113 
6116 
619 
6117 
615 
629 
671 
645 
644 
648 
664 

1 1 , 916 

45 
129 
157 
221 
225 
232 
206 
2118 
221l 
264 
269 
269 
276 
271l 
275 
279 
31l1l 
288 
291l 
295 
3116 

5 , Il25 

4 
5 
5 
5 
5 

26 
41l 
56 
74 
89 

112  
134 
159 
186 
212 
231 
254 
261 
276 
295 
321l 

2 , 748 



S o u r c e : 

T A B L E  3 . 1 2 .  N U l b e r  o f  O c c u p a n t s  p e r  O w e l I i n g T y p e  p e r  Y e a r  

Y e a r  S i n g l e - F 3III i I y  M u l t i f a m i l y M a n u f a c t u r e d  H o u s i n g 

1 9 8 6  3 .  l e "  1 . 7 " "  2 .  H "  
1 9 8 7 3 .  l e "  1 .  H "  2 . H " 
1 9 8 8 3 .  l e "  1 .  H "  2 . H "  
1 9 8 9 3 .  l e "  1 .  H "  2 .  H "  
1 9 9 "  3 .  l e "  1 . 6 " "  2 . 4 " "  
1 9 9 1  3 . " " "  1 . 6 " "  2 . H " 
1 9 9 2 3 . " " "  1 . 6 " " 2 . 4 " "  
1 9 9 3 3 . " " "  1 . 6 " "  2 .  3 B "  
1 9 9 4  3 . " " "  1 . 6  " 2 . 3 " "  
1 9 9 5  3 . " "  1 . 6 " 2 . 3 B 
1 9 9 6  3 . " " 1 . 6  " 2 . 3 " 
1 9 9 7  3 . " "  1 . 6  " 2 . 3 B  
1 9 9 8  2 . 9 " 1 . 6  " 2 . 3 B 
1 9 9 9  2 . 9 " 1 . 6  " 2 . 3 B 
2 " " "  2 . 9 " 1 . 6  " 2 . 3 B 
2 " "  1 2 . 9 " 1 . 6  " 2 . 3 B  
2 " " 2  2 . 9 " 1 . 6  " 2 . 3 B 
2 " " 3  2 . 9 " 1 . 6  " 2 . 2 " 
2 " " 4  2 . 9 " 1 . 6  " 2 . 2 " 
2 " " 5  2 . 9 " 1 . 5 " 2 . 2 " 
2 B "  6 2 . 9 " 1 . 5  " 2 . 2 " 

B P A  1 9 8 6  a 

3 . 6  I N DOOR A I R  QUA L I TY 

There are many i n door po l l utants  and many potent i a l sources of t h ese  
p o l l utant s . Every home cont a i n s  po l l utants  t h at affect t h e  q u a l i ty of t he  
i n door a i r .  Some of t h e  maj or po l l utants  are gases  and part i c l es generated 
when peop l e  use wood stoves and gas  ranges  or when t h ey smoke . Some 
po l l u tan t s  s uch  as forma l dehyde and other organ i c  compounds  are em i tted by 
cert a i n  b u i l d i ng materi a l s ,  home furn i s h i ng s , c l ean i n g agent s ,  and  
pest i c i des . Po l l utants  i n  t he  outdoor a i r c an a l so  cont r i bute  to  poor I AQ .  
For examp l e ,  c arbon monox i de and n i trogen d i ox i de from automob i l e  and 
i n d u st r i a l  emi s s i on s  c an m i g rate i n doo rs , as  c an radon from under l y i ng so i l . 

Many factors affect t h e  l eve l  and m i x of p o l l utants  found  i n  a g i ven home . 
Among t hese  are source  s trength , house  vo l ume , occ upant  h ab i ts , and  
vent i l at i on rates . One  of these  factors , vent i l at i on rates , i s  a l s o re l ated 
to a b u i l d i n g ' s  energy eff i c i ency . B l oc k i n g  t he  pat hways t h rough  wh i c h warm 
a i r l eaves a home and co l d a i r  en ters i s  an effect i ve way to  conserve en ergy . 
Howeve r ,  reduc i n g the  a i r f l ow between i ndoors and outdoors can a l so 
con t r i bute  to t h e  b u i l d up  of i ndoor po l l utant  l eve l s .  B u i l d i ng energy ­
eff i c i en t  homes wi th  reduced ven t i l at i on does not cause  i n door a i r po l l ut i on .  
Resu l t i n g p o l l utant  l eve l s depend on po l l utant  em i s s i on s  i n s i de t he  h ome or 

3 . 20 



T A B L E  3 . 1 3  . A f f e c t e d  R e g i o n a l P o p u l a t i o n  

C l i m a t e  Z o n e  C l i m a t e  Z o n e  C l i u t e  Z o n e  
1 2 3 T o t a l 

S i n g l e - F u i I l  

B a s e l i n e 
1 9 8 3  P r a c t i c e  1 , 1 4 1 , 2 6 9  5 7 6 , 9 3 3  7 9 , 0 7 8  1 , 7 9 7 , 2 8 1  

N o  A d d i t i o n a l A c t i o n 
a n d  P r o p o s e d  A c t i o n  

1 9 8 3  P r a c t i c e 3 1 8 , 0 2 8  1 6 0 , 7 6 6  2 2 ,  0 3 3  5 0 0 , 8 2 6  
E n e r g y - E f f  i c  i e n t  5 1 0 , 9 0 5  2 5 8 , 2 7 4  3 5 ,  . 0 3  8 0 . , 5 8 2  
T o t a l 8 2 8 , 9 3 3  . 1 9 ,  0 . 0  5 7 , . 3 6  1 , 3 0 5 , . 0 9  

U u l t i f a m i l l 

B a s e l i n e  
1 9 8 3  P r a c t i c e . 2 9 , 9 0 3  1 3 0 , 8 6 6  1 2 , 6 2 6  5 7 3 , 3 9 5  

N o  A d d i t i o n a l A c t i o n 
a n d  P r o p o s e d  A c t i o n 

1 9 8 3  P r a c t i c e 1 5 2 , 9 3 6  . 6 , 5 5 7  . , . 9 6  2 0 3 , 9 8 9  
E n e r g y - E f f i c i e n t  2 7 3 , 5 3 3  8 3 , 2 6 3  8 , 0 3 .  3 6 . , 8 3 0  
T o t  a I . 2 6 , 4 6 9  1 2 9 , 8 2 0  1 2 ,  5 3 0  5 6 8 , 8 1 9  

U a n u f a c t u r e d  H o u s i n g 

B a s e l i n e 
1 9 8 3  P r a c t  i c e  3 6 2 , 2 9 7  1 9 1 , 8 5 1  2 6 , 2 6 2  5 7 0 , . 1 0  

N o  A d d i t i o n a l A c t i o n 
a n d  P r o p o s e d  A c t i o n 

1 9 8 3  P r a c t i c e 2 6 8 , 9 3 6  1 4 6 , 4 5 3  2 0 , 0 4 5  . 3 5 , 4 3 5  
E n e  r g y  - E f f  i c i e n t  8 3 , 3 6 0  4 5 , 3 9 8  6 ,  2 1 6  1 3 4 , 9 7 4  
T o t a l 3 5 2 , 2 9 6  1 9 1 , 8 5 1  2 6 , 2 6 1  5 7 0 , . 1 0  

the  rates at wh i ch out s i d e po l l utants  enter t he  h ome ( e . g . , t h rough  s o i l , 
a i r ) . I n  fact , some of t he  en ergy con servat i on meas ures may actua l l y  reduce 
po l l ut i on concen t rat i on s . For examp l e ,  app l i ed to t he  unders i d e of t he  
hou se , a correct l y  i n s ta l l ed meas ure c an reduce radon entry .  Overa l l house  
t i ghten i n g  can  a l s o potent i a l l y  reduce  radon en t ry i f  i t  reduces  the  stack  
effect . But  red uced a i r f l ows can  t rap po l l utants  p resent  i n  t he  home , 
a l l owi n g  t hem to  b u i l d  u p  i n stead of be i ng  d i l u ted and  d i spersed to  
the  out doors . 

I n  most homes , po l l utant  l eve l s norma l l y  exper i enc ed are not dan gerous or 
even not i ceab l e .  Howeve r ,  i n  some homes , po l l utants  b u i l d  up  or come from 
s t rong sources and  may pose a hazard . Peop l e spend a l arge fract i on of t i me 
i n  t h e i r homes , a nd  l on g -t erm exposure to po l l ut i on may affect t he i r hea l t h . 
F urt h e r ,  i f  peop l e  are espec i a l l y  sens i t i ve ,  even l ow l eve l s of po l l u t i on may 
cause  some i mmed i ate  phys i ca l  react i on .  There i s  s u ff i c i en t  t heoret i c a l  and  
exper i menta l  e v i dence ( b ased on  i n d i v i du a l  homes ) that  reduct i on s  i n  a i r  
exc h ange  rates cause  i nc reased i n door concen t rat i ons of po l l u t ants  for BPA to 
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conc l ude  t h at th i s  i s  an i mportant e nv i ronmen t a l  concern of i ts New Energy­
Effi c i ent  Homes P rog rams . 

The d i s c us s i on of  I AQ i s  presented i n  two p arts . Background  i n format i on on 
factors s uc h  as s ou rce  s trength , ven t i l at i on , house  vo l ume , an d hea l t h 
effects  i s  p resen ted i n  Sect i on 3 . 6 .  How these  factors i nteract w i t h  
spec i f i c  po l l utants  s uch  as radon a n d  forma l dehyde i s  d i scus sed i n  Sect i on 
3 . 7 ,  Po l l u tant  Characteri st i c s .  

3 . 6 . 1  I n door A i r Qua l i ty Dyn am i c s  

Pol l utant  concentrat i on s  i n  homes are determi n ed b y  th ree key var i ab l es :  
house  vo l ume , po l l utant  source  s trength , and  vent i l at i on rates ( or  other 
remova l mech an i sm rates ) .  Wh i l e  house  vo l ume i s  a stab l e  var i ab l e  i n  t h at i t  
does not c h ange from one momen t  to the  next , po l l utant  source  s trength and  
ven t i l at i on rates are  i n f l uenced by  many i nteract i ng factors . 

S tructure Vo l ume 

The vo l ume of a s tructure i s  an i mport ant  determ i nant  of po l l utant  
concentrat i on s . W i t h  a g i ven pol l utant  source  s trength and vent i l at i on rate , 
a l arge-vo l ume house  wi l l  h ave a l ower po l l utant concen trat i on t h an a 
sma l l er-vo l ume house . The fo l l ow i n g  prototyp i ca l  vo l umes were a s s umed for 
houses  i n  the reg i on :  

o 

o 

o 

s i ng l e-fami l y  homes : 1 1 , 200 c ub i c  feet 
mu l t i fami l y  homes : 6720 c ub i c  feet per u n i t  
man ufactured homes : 9360 c ub i c  feet 

A l though  the actu a l  range  of  house  vo l umes i s  l arge ,  these  es t i mates g i ve a 
f i xed reference  p o i nt , wh i ch i s  usefu l  for study i n g  the  rel at i ons h i p  between 
ven t i l at i on rates and po l l utant source s trength . 

Source  Strength 

Sources may em i t  po l l utants  at a h i gh  or  l ow rat e ;  t h u s  the source  s trength 
c an vary .  Depend i ng on the  nat u re of  the  source , emi s s i on rate can  be 
i n f l uenced by temperature ,  h um i d i ty ,  q uant i ty of  the  po l l utant  p resent , and 
i n sta l l at i on and ma i ntenance o f  app l i ances s uch  as gas  stoves . Factors that 
i n f l uence sourc e  s trength are d i scussed for spec i f i c  po l l utants  i n  Sect i on 
3 . 7 ,  Po l l utant  Characteri st i cs . 

Ven t i l at i on 

I n door a i r  po l l utants  and vent i l at i on i n teract i n  s uch  a way t h at when the  
source  s trength of  po l l utants  and other factors are constant , wh i ch i s  rare l y  
t h e  case , a dec rease i n  vent i l at i on wi l l  i n c rease t h e  concen t rat i on of 
po l l utants  p roport i on ate l y .  I n  t h i s  i n verse re l at i on s h i p ,  a 50% decrease  i n  
ven t i l at i on l eads to the  doub l i n g o f  pol l ut i on l ev e l s .  At l ower ven t i l at i on 
rates , po l l ut i on l evel s wi l l  i n c rease dramat i ca l l y  wi th even sma l l d rops i n  
ven t i l at i on rates . Th i s  re l at i on s h i p  i s  i l l u s t rated i n  F i gu re 2 . 4b . Th i s  
one-to-one rat i o  may n ot h o l d true for radon , for a var i ety of  reason s ;  e . g . , 
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the  t i g h tness  of energy-eff i c i ent  h omes may actua l l y  b l oc k  aven ues for t h e  
ent ry of  radon . Th i s  i s  d i scu ssed i n  more det a i l i n  Appen d i x  B .  

I t  i s  i mportant to  understand t h at a i r exc h ange  rates i n  t he  s ame house  may 
vary en ormous l y  from d ay to  day and hour  to  hour ;  a house  rare l y  h a s  a s i n g l e 
i nf i l t rat i on rate because  weather cond i t i on s  are rare l y  stat i c .  S i m i l ar l y ,  
t he  con cen trat i on o f  a po l l utant  c h anges over t i me because  both  t h e  emi s s i on 
and remova l  rate of  a po l l utan t var i es over t i me and  from house  t o  house . 

3 . 6 . 2  Hea l t h  Effects 

The concern i s  t h at t h es e  i n c reased po l l utan t l eve l s  may adverse l y  a ffect t he  
hea l t h  of exposed res i den ts . Expos u re i s  t he  amount  of t i me a person i s  
s ubj ected to  a spec i f i c  po l l utant  l eve l . Po l l utan t exposure can  l ead to  both  
near-term and de l ayed , l on g -term hea l t h effects . Both c an be  produced by the 
s ame p o l l u tan t . 

Ear l y Hea l t h  Effects 

Even br i ef  exposure to h i g h concentrat i on s  of certa i n  po l l utan t s - -c arbon 
monox i de ,  n i t rogen ox i de ,  and forma l dehyde , for examp l e- -c an cause  eye ,  nose , 
and t h roat i rr i tat i on and res p i ratory p rob l ems . Peop l e  may exper i ence 
headaches , d i z z i ness , or  n a u sea . They may have  d i ff i c u l ty b re at h i ng  or  f i n d  
t hey t i re eas i l y .  Symptoms vary ,  depend i ng o n  sens i t i v i ty to  a part i c u l ar 
po l l utant  an d the  l eve l  of exposu re . Genera l l y ,  the g reater the l eve l of 
exposure , t he  g reater the effect . Often these effects d i s appear when the 
source  of the po l l utan t  i s  removed . 

Long-Term Hea l th  Effects 

Del ayed hea l th  effects from expos u re to  l ow po l l utant  l eve l s  over l ong  t i me 
per i ods  i s  a l so  of  concern . Howeve r ,  very l i tt l e  i s  now kn own about the  
effects of l on g -term expos u re to  l ow l eve l s of po l l utants  found  i n  homes . 
The  p i cture i s  further  comp l i cated by t he  fact t h at peop l e are exposed to  
many po l l utants , so  i t  i s  d i ff i c u l t to  i s o l ate  and an a l yz e  the  effect of any 
s i ng l e p o l l u tan t . 

Most  of wh at i s  known about l ong -term hea l th  effects  of po l l utants  comes from 
stud i es of workers exposed to h i g h l eve l s of po l l utants  on t h e  j ob .  These 
workers deve l oped a range of med i c a l  p rob l ems i nc l ud i n g res p i ratory p rob l ems 
and c ancer . But  p o l l utant  l eve l s i n  the  workp l ace  were many t i mes h i gher  
t h an those  found  i n  most  h omes . 

For t h e  p u rpose of th i s  E I S  we refer to l ong-term hea l t h  effects as  t he  
e st i mated i nc rease i n  l i fet i me c ancer  rates . Based  on cu rren t l y  acceptab l e  
data , we are ab l e  to  c a l c u l ate l i fet i me c ancer  rates for on l y  two of t he  
i ndoor po l l utan ts  common l y  found  i n  h omes : radon and  forma l dehyde . The r i s k  
fac tors we used  for these  two po l l utants  are p resented i n  Sect i on 3 . 7 .  

We a s s ume t here i s  a r i s k  of deve l op i n g cancer  from l ong-term expos u re to  a l l 
l eve l s  of radon ( l un g )  and forma l dehyde ( n as a l ) .  There i s  n o  acceptab l e  
t h res h o l d for expos u re to  e i ther  po l l utan t . A l t h ough l i t t l e i s  kn own about 
the actua l  h ea l th  effec ts  of l ong-term expos u re to  l ow l eve l s  of these  
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po l l utant s ,  r i s k s  of hea l t h  effects at h i gh concent rat i on s  c an be  u sed to  
est i mate r i s k s  at l ow concen t rat i on s . Th i s  p roced u re req u i res mak i n g an  
a s sumpt i on about the  ext rapo l at i on of data  from h i gher  expos u re l eve l s to 
l ower l eve l s .  A l t h ough  other extrapo l at i on techn i q ues have a l so  been 
p roposed for est i mat i ng c ancer rates from exposure to carc i nogen s ,  we use a 
l i n ear extrapo l at i on tec h n i que  for e s t i mat i ng cancer rates from radon and 
forma l d ehyd e ,  wh i c h  i s  i l l u strated i n  F i g ure 3 . 6 .  R i s k assessment  mode l s are 
desc r i bed i n  t h e  DE I S ,  Vo l . I I ,  Appen d i x  B .  

Wh i l e  l i n ear ext rapo l at i on i s  a common l y  used met hod to est i mate the  ri s k  of 
l i fe t i me c ancer , such  factors as var i at i on s  i n  i n door po l l utant  l eve l s ,  tot a l  
amounts  o f  exposure , a n d  h uman responses to  po l l utan t exposure make hea l t h  
effects  d i ff i c u l t  to  est i mate . Because  there are l arge amounts  of exper i ­
men t a l  data  for radon , s c i en t i sts  have  been ab l e  to devel op a common l y  
accepted r i s k  factor ,  wh i c h  i s  con s i dered conservat i ve b u t  wh i c h i s  we i g hted 
toward a v a l ue  rep resentat i ve of average cond i t i on s . L i tt l e exper imen t a l  
d a t a  ex i st f o r  forma l dehyde , so  we a l so  u se  a conservat i ve e st i mated r i s k  
factor t o  est i mate t h e  i nc i dence o f  n asa l  c ancer  from th i s  po l l utan t . 
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3 . 7  POLLUTANT CHARACTER I S T I CS 

I n fo rmat i on about spec i f i c  po l l utants  common l y  found  i n  homes i s  g i ven i n  
t h i s  sect i on .  Radon and forma l dehyde rece i ve the  most atten t i on because  we 
can  est i mate l i fe t i me cancer  rates for these p o l l utants  i n  res i dent i a l 
sett i n gs .  Potent i a l s h o rt-term hea l t h effects are q u a l i t at i ve l y  d i scussed 
for a l l p o l l utants  i nc l uded i n  t h i s  sect i on , except radon , for wh i c h  there i s  
n o  ev i dence  of  s hort -term i mpacts . A l though  f i ber  g l ass  h as not been t reated 
i n  t h i s  sect i on , i n fo rmat i on on the hea l th effects of  f i ber  g l a s s  i s  i n c l uded 
i n  Appen d i x  J .  

3 . 7 . 1  Radon 

Radon i s  an odorl ess , c o l or l ess  gas that  comes from rad i um ,  a natura l l y  
occ u rr i ng  t race e l ement i n  s o i l and roc k .  A l l roc k and so i l s  ho l d  t he  base  
e l ement , u ran i um-238 , wh i ch decays to  rad i um ,  wh i c h , i n  t urn , decays to  
gaseous radon . The  amount  of radon gas p resent in  t he  so i l and t h e  amount  
re l eased by  the  so i l  vary wi de l y .  Radon gas qu i c k l y  b reaks  down , or  decays , 
i nto  severa l rad i oact i v e e l ements , c a l l ed radon daug hters or  p rogeny . 
Breat h ed i n  e i t her  d i rect l y  or  attac h ed to  dust  spec k s , these  p rogeny can  
adhe re to  the  l u ng t i s s u e , wh ere they wi l l  emi t rad i oact i ve part i c l es wh i c h 
c an g i v e r i s e  to  l ung  cance r .  

Measu rements  

Concentrat i on s  of radon gas  are  u s ua l l y  expressed  i n  p i cocur i es  per l i ter  
( pC i / l ) .  The c u ri e ( n amed after P i erre and Mar i e Cur i e ,  t h e  d i scoverers of 
rad i um )  i s  a meas u re of  rad i at i on .  A p i cocu r i e  i s  one-tr i l l i onth  of  a c ur i e .  
A meas u rement o f  1 pCi / l  i n d i cates t h e  presence o f  one  p i cocu r i e of  
rad i oac t i ve mater i a l  i n  one  l i te r  of a i r .  

W h i l e  l eve l s of radon g a s  a re expressed i n  pC i / l , concen t rat i ons  of  t h e  radon 
decay p roducts are genera l l y  expressed i n  work i n g l eve l s ( WL ) , wh i ch are 
un i ts des i gned for occupat i ona l  exposure and rep resent t h e  amount  of a l p ha  
rad i at i on re l eased from t h e  radon progeny to  wh i ch an i n d i v i d u a l  i s  exposed . 
A radon con cen t rat i on of  1 pC i / l  i s  genera l l y  equ i va l en t  to 0 . 005 WL , 
a s sum i n g  t h at rad i oact i ve radon p rogeny amount  to  approx i mate l y  50% of radon 
gas . The c umu l at i ve expos u re over t i me i s  expressed i n  terms of work i ng  
l eve l  mon t h s  (WLM)  , wh i ch rep resents  the  expos u re to  1 WL  over  t h e  course  of  
an average work i ng-mon t h  ( 1 70 hours ) . 

Sou rces  

I n  t he  Northwest , most  radon found  i n doors comes from the  so i l  ben eat h t h e  
foundat i on s  of b u i l d i n gs . Because i t  i s  a gas , radon i s  read i l y  t ransported 
t h rough  cracks  and ho l es i n  foundat i ons . It a l so d i ffuses , a l t hough  more 
s l owl y ,  t h rough  concrete . As radon t rave l s upward , i t  enters b u i l d i n g s  
t h rough  c racks  a nd  open i n gs  i n  wa l l s  a nd  f l oors . However ,  t h e  p rec i s e means  
by wh i ch radon t rav e l s t h rough  the  so i l  and enters s t ructures i s  not  
we l l  u nderstood . 
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Sc i en t i sts  es t i mate t h at average so i l  cont a i n s  about 1 pC i  of  rad i um per  g ram 
of so i l ( see Potent i a l Hea l t h  Effects of Cert a i n  I n door A i r  Po l l utants , 
Append i x  B i n  Vo l ume I I  of  the  DE I S) . Th i s  s u pports  an average so i l s u rface 
emanat i on rate of  about 0 . 5  pCi per square meter  per second . Th i s  p roduces a 
steady-state  outdoor concent rat i on of  about 0 . 2  pC i / l . I ndoors , wh ere t h e  
gas  i s  con f i ned rat h e r  t h an d i l uted , concent rat i on s  a re about fou r  t i mes 
h i gh e r ,  o r  an average of  about 0 . 8 pC i / l , a l though  measu red concent rat i on s  
v ary wi de l y .  

We l l water  may a l so  b e  a sourc e  of  radon . Un l i ke mun i c i pa l  water ,  we l l  water 
i s  u s u a l l y  not exposed to  the a i r before i t  i s  used i ndoors . When a faucet 
i s  t u rned  on i n s i de a home , radon i n  the water  passes i n to the a i r .  Natura l  
gas , a l though  i t  i s  con s i dered a m i nor source , may a l so p i c k  up  radon in  the  
g round  an d c arry i t  i nto  a h ome . 

To some extent , b u i l d i ng mat er i a l s such  as br i c k  and phosphat e  s l ag may 
conta i n  rad i um ,  wh i c h  may decay to radon . Phosphate  s l ag was used  i n  
i n s u l at i on i n  res i dences i n  Was h i ngton . I t  was a l so wi de l y  used between 1 962 
and 1 9 7 7  in  the concrete foundat i ons  of  homes b u i l t  in  southeaste rn I daho  
( D i amond and  G r i ms rud  1984 ) . Earthen homes and so l ar-heated s t ructures wi th  
roc k  h eat storage may a l so  have  h i g h  radon l eve l s  because  o f  the  add i t i on a l  
earth a n d  roc k u s ed i n  t he i r  con struct i on .  Sources  of radon a n d  p athways 
i nto  a h ome a re i l l ust rated i n  F i gu re 3 . 7 .  

Solar 
Heat 
Storage 
System 

Soil ----1� 

Phosphate S l ag 

Nat u ral Gas B ricks or 
Roc k  Walls 

F I GURE  3 . 7 .  Radon Sources  and En t ry Pat h s  

3 . 26 



Standard s  

T o  d ate , no  s i n g l e standard for i ndoor radon h a s  been estab l i shed  for 
res i dent i a l hous i n g t h roughout  the  Un i ted States . G u i de l i nes have been set 
for some l i m i ted c i rcumstances , and others h ave  been p roposed by v a ri ous  
organ i z a t i ons , as  s h own i n  Tab l e  3 . 1 4 .  Occupat i on a l  gu i de l i nes  are i nc l uded 
for compar i son . 

I n  a recent report to  Con gress  ( EPA 1 987a ) , EPA i nd i c ated t h at t h ey p l an to  
ac h i eve  t he i r i n door a i r  po l i cy goa l s t h rough non-reg u l atory approaches  
i nc l ud i n g  researc h  and devel opmen t , i n format i on d i s sem i n at i on ,  and  techn i ca l  
ass i s tance an d tra i n i n g .  Th i s  d ec i s i on i n d i c ates t h at r i s k  i n fo rmat i on 
devel oped by EPA for exposure to  radon i n  t he  i ndoor en v i ronmen t wi l l  be  u sed 
on l y  i n  t he  p rocess  of sett i n g pr i or i t i es wi th  reg ard to  t he i r exten s i ve 
act i v i t i es .  I t  a l s o  i n d i c ates t h at r i s k  i n format i on wi l l  not be u sed for 
act i v i t i es re l ated to  sett i n g pr i ori t i es for statutory req u i rements  or  i n  t he  
des i gn of reg u l at i on s . For these  act i v i t i es ,  ri s k  assessments  a re reg arded 
on l y  as  p rov i d i n g for con s i stency and  order ly  dec i s i on -mak i ng ( Trav i s  et 
a l . 1 987 ) . 

Hea l t h  Effects 

P ro l onged expos u re to  radon p rogeny i nc reases t h e  r i s k  of  dev e l op i n g l ung  
cance r .  I n i t i a l concern over i n c reased p u b l i c  expos u re to  radon emerged from 
stud i es of u ran i um m i n ers work i n g for many years i n  h i gh l eve l s of radon . 
These  m i n ers deve l oped l ung  c ancer  at a con s i derab l y  h i gher  rate t h an t h at of 
the general  popu l at i on .  

Researchers a re c aut i ou s  about genera l i z i ng t h ese  r i s k s  to  the  en t i re 
pop u l at i on .  The  m i n ers stud i ed were genera l l y  exposed to  l eve l s many t i mes 
h i gher  t h an those  found i n  t h e  average home . Furt h e r ,  t h ese m i n e rs , mos t l y  
adu l t ma l es a n d  c i garette smokers , do  not rep resen t a typ i ca l  c ross  sect i on 
of  t h e  genera l  popu l at i on .  I n  add i t i on ,  t he  m i nes  were genera l l y  dusty , 
u nven t i l ated en v i ronmen ts  wi th  many a i rborne part i c l es ,  so  i t  i s  poss i b l e  
t h at t h e  comb i ned effects o f  dust  i n h a l at i on ,  smok i n g ,  an d radon expos u re , 
rather  t h an j us t  exposure to  radon a l on e ,  l ed to  t h e  h i gher  i nc i dence of l ung 
c ancer . I n  t he i r ana lyses , s c i e n t i sts  have  attempted to  correct for 
d i fferences between m i n ers an d the general  pop u l at i on ,  but much uncert a i n ty 
rema i n s , and  c are must  be  t aken to  avo i d  comb i n i ng sma l l conj ectu red r i s k s  
wi t h  we l l -demon s t rated acute ri s k s . 

Because  env i ronment a l  expo s u res u s u a l l y  have  been at l ow dose rates , experts 
do  not  agree on the approp ri ate extrapo l at i on s  from mi ner  data to  en v i ron ­
men t a l  r i s k .  I n  p art i c u l a r ,  t h e  s c i en t i f i c  commun i ty i s  not  cert a i n  t h at 
there i s  a p roport i onate  ri s k  of l ung  c ancer at very l ow l eve l s of  exposure . 
Howeve r ,  desp i te the  uncert a i n t i es and as s umpt i on s , no better data  base  
ex i sts  for i n fe rr i ng  popu l at i on ri s k s . I n  add i t i on ,  data  from stud i es us i n g 
an i ma l s exposed to  radon s upport l i neari ty between r i s ks of cancer  from 
expo s u re t o  h i gh radon concent rat i on s  an d ri s k s  at l ow concent rat i on s . For 
c a l c u l at i n g r i s k ,  the sc i ent i f i c  commun i ty ass umes t h at a l i n ear re l at i on s h i p  
w i t hout  t h res h o l d ex i s t s  between radon exposure an d t h e  p robab i l i ty of l ung  
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TABLE 3 . 1 4 .  Radon Standards  and  Gu i de l i n es 

O rgan i z at i on Level  ( a ) 

State  of  Pennsy l v an i a  0 . 02 WL  4 pC i / l  

0 . 1  WL  

0 . 5  WL  

1 . 0 WL  

20 pCi / l  

100 pCi / l  

200 pCi / l  

>5 . 00 W L  >1000 pC i / l  

Amer i c an Soc i ety o f  0 . 0 1  W L  2 . 0  pC i / l  
Heat i n g , Refr i gerat i n g 
and  A i r Con d i t i on i n g 
Eng  i neers 

U . S .  En v i ronment a l  
Protect i on 
Agency 

Bonnev i 1 1  e Powe r 
Admi n i s t rat i on 

I n ternat i on a l  
Commi s s i on on 
Rad i o l og i ca l  
P rotect i on ( I CRP )  

0 . 02 W L  4 pC i / l  

0 . 025  W L  5 pCi / l  

0 . 054  W L  10 . 8  pC i / l  

0 . 027  W L  5 . 4 pC i / l  

U . S .  M i n e  S afety and  0 . 08 WL  1 6  pC i / l  
Hea l th Adm i n i s t rat i on 

Comments  

Least  cr i t i c a l  s uggested 
remed i a l act i on l eve l  

T a ke  act i on i n  3 weeks  to  
3 months  

Take  act i on wi t h  i n  2 weeks  

Take  act i on wi th  i n 1 week  

Take  act i on ( re l ocate)  wi t h i n  
2 t o  3 d ays 

Recommended i ndoor radon l eve l  

Leve l  recommended for a l l 
homes . 

I ndoor radon act i on l eve l  for 
res i dent i a l conservat i on 
programs 

Pen d i ng recommended l eve l  i n  
ex i s t i n g houses  

Pend i n g recommended l eve l  i n  
new houses  

Regu l at i on for mi nes  

(a) WL  converted to  pCi / l  a ssum i ng  a 50% eq u i l i b r i um between radon p rogeny 
and radon concen t rat i on .  

Sources : D i amond and G r i ms rud  1984 ;  DE I S ,  Vo l . I I ,  Appen d i x  B .  
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cance r .  T h i s  typ e of  re l at i o n s h i p ,  d i agrammed i n  F i g u re 3 . 6 ,  was descr i bed 
i n  Sect i on 3 . 6 .  

The  l i fet i me ab so l ute  ri s k  t h at app l i es to general  pop u l at i on s  i s  . 002 1  l ung  
cancers per  pC i / l . Th i s  i s  t he  same ri s k  coeffi c i ent used  i n  t h e  BPA Expan ded 
Weat h er i z at i on F i n a l  En v i ronmen t a l  I mpact St atement and  con s i stent wi t h  t he  
ICRP  and  NCR P .  Th i s  r i s k  coeff i c i ent accounts  for  t he  age  of  occupants  at  
expos u re to  i nc reased l eve l s of i n door radon and  t he  i n c reased mob i l i ty of 
popu l at i on s . T he  p robab i l i ty t h at an i nd i v i du a l  wi l l  spend  a l i fet i me i n  a 
p art i c u l a r  ho u se  i s  very sma l l .  A 75% occupancy factor i s  ass umed ; t he  
rema i n der  of t h e  t i me a person i s  outdoors o r  i n  oth e r  b u i l d i n gs . 

Recen t l y ,  t he  EPA p rodu ced a doc umen t ( EPA 1 986 ) t h at p rov i des i n format i on on 
the re l at i ve r i s k ,  or range of  expected r i s k  factors , of radon and i s  based 
on ass umpt i on s  made regard i n g the amount  of  t i me a person wou l d  be exposed to 
radon and the var i ety of  the pop u l at i on t h at may be exposed . However , EPA ' s  
bas i c  s t ance  i s  t h at r i s k  asses sments do  n ot g i ve cert a i n ty i n  t he  s c i en t i f i c  
sen se , nor  c an t hey be used  t o  estab l i s h p rec i se n umbers o f  pe rson s who wi l l  
be s tr i cken wi th  some d i seas e .  Quan t i f i cat i on i s  usefu l i n  ri s k  assessment 
to  approx i mat e the mag n i tude of an effect , to set pr i or i t i es ,  or  to  make 
compar i sons  ( Ru s s e l l and G ruber  1 987 ) . 

A l t h oug h  i t  i s  n ot cu rren t l y  poss i b l e  to  assess  t he  accu racy of r i s k  
p roj ect i ons  for en v i ronmenta l  exposure t o  radon , t he  sc i ent i f i c  commun i ty i s  
i n  genera l  ag reement about t h e  ab so l ute ri s k  coeffi c i ent  for expos u re t o  radon 
daugh ters as advocated by NCRP and I CRP . BPA h a s  e l ected to adopt t h i s  
app roach  and  h as based t h e  h ea l t h  effects an a l ys i s  on t he  ab so l ute ri s k  
coeff i c i ents . Appen d i x  0 p rov i des a n  expanded d i scu s s i on o f  r i s k  assessment . 

Radon Leve l s i n  Homes 

The amount  of radon t h at reaches  the l i v i n g sp ace of a h ome depends  part l y  on 
the h ome ' s  c h a racteri s t i c s . I f  t here i s  a ven t i l ated c rawl space between t he  
g round  and the  l i v i n g area , some of t he  radon wi l l  escape outdoors . I f  t he  
h ome ' s  foundat i on o r  basement i s  f l u s h  wi t h , or  be l ow ,  g round  l eve l , radon 
may pass  read i l y  t h rough  c racks  and h o l es and enter the l i v i n g  s p ace . W i th i n  
an i n d i v i d u a l  h ome radon l eve l s c an vary depen d i ng on t h e  l oc at i on of radon ' s  
po i nt of entry and  t he  ven t i l at i on rat e .  

T o  i n vest i g ate  radon l eve l s i n  new h omes i n  t h e  Northwest , BPA mon i tored radon 
concent rat i on s  i n  approx i mate l y  400 h omes b u i l t  to 1 983 p ract i ce and 400 
energy-effi c i ent  h omes . The mon i tor i ng  res u l t s are s ummari zed i n  Tab l e 3 . 1 5 ,  
an d t h ese  res u l t s re f l ect 1 2  months  of dat a .  A s ub set of these  h omes was 
a l so  an a l yzed by s c i ent i st s  from Lawrence Berkel ey Laboratory ( LBL ) . Both 
s t ud i es con c l u ded t h at , i n  genera l , b u i l d i n g l oc at i on was a more i mportant 
determ i n ant  of radon concentrat i on t h an was the ene rgy eff i c i ency of the house  
( B PA 1 986c ; G r i ms rud  et  a l . 1 986 ) . I t  s hou l d  be noted t h at t he  
energy-eff i c i ent  dwe l l i n gs  we re mec h an i c a l l y  ven t i l ated u s i ng  AAHXs an d h ad 
a i r exc h ange  rates s i m i l ar to  those  of the  1 983 houses . 
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TABL E  3 . 1 5 .  Measured Radon Concent rat i ons  i n  RSOP  Homes 

pC i / l  
Owe 1 1  i ng Type 

A l l 

Energy-eff i c i ent  

1 983 p ract i ce 

Zone 1 ,  energy­
eff i c i ent 

Zone 1 ,  1983 
prac t i ce 

Zone 2 ,  energy­
eff i c i ent 

Zone 2 ,  1983 
prac t i ce 

Zone 3 ,  energy­
eff i c i ent 

Zone 3 ,  1983 
p rac t i ce 

Sourc e :  B PA 1 988a . 

S ampl e S i ze 

803 

3 98 

405 

255  

283 

7 4  

5 1  

6 9  

7 1  

Mean Med i an 

1 . 86 . 70 

1 . 85 . 62 

1 . 88 . 73 

. 8 1  . 40 

. 90 . 44 

3 . 12 1 . 62 

3 . 39 1 . 88 

4 . 36 3 . 06 

4 . 7 1  2 . 99  

M i  n .  Max . 

. 02 

. 03 

. 02 

. 03 

. 02 

. 20 

. 08 

. 3 1  

. 2 1  

29 . 73 

29 . 73 

28 . 65 

1 1 . 50 

1 9 . 80 

29 . 73 

2 1 . 3 4  

2 1 .  7 1  

28 . 65 

N>5 pC i / l  

7 2  

39  

33  

5 

5 

13  

10  

2 1  

18 

The s tudy s howed t h at the average radon l eve l  of  a l l homes was 1 . 86 pC i / l , 
wi th  a med i an o f  0 . 70 pC i / l . For  compar i son , t he  mean of  energy-eff i c i ent  
homes was  1 . 85  pC i / l  and 1 . 88 pC i / l  for 1 983 homes . On ly  7 2  homes out  of  
803 , about 9% , had  l eve l s h i gher  than 5 pC i / l . The  d i str i but i on of  
concent rat i on s  based  on the  study i s  shown i n  F i g u re 3 . 8 .  

3 . 7 . 2  Forma l dehyde 

As an i nd oo r  a i r po l l utant , formal dehyde i s  a co l or l ess , wate r-so l ub l e  gas  
t h at h as been  l i n ked wi th  ma l ad i es rang i n g from mi nor  i rr i tat i on to  nas a l  
c ancer . Forma l dehyde i s  a l so a l ow-cost and versat i l e  compound w i t h  
exce l l ent bond i ng ch a racteri st i cs , attri b utes t h a t  make i t  popu l ar wi th  
manufacture rs o f  b u i l d i n g p roducts , text i l es ,  cosmet i cs ,  to i l etr i es �  and  
p rese rvat i ves . Over  t h e  l ast 30 years , forma l dehyde p rod uc t i on and u se  has  
i nc reased s i x fo l d  i n  t he  Un i ted States , f rom 1 b i l l i on pounds  to about 6 
b i l l i on pounds , but  has  l eve l ed off  over the  l ast few years . About 50% of  
the  compound  goes  to  man u factu re u rea  and pheno l  res i n s u sed i n  p roduc i ng 
b u i l d i n g mater i a l s such  as part i c l e  board , p l ywood , and f i berboard . 
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F I GURE  3 . 8 .  D i str i b ut i on of Radon Con cen t rat i ons  i n  RSDP Homes 
( BPA 1 986c)  

Forma l dehyde l ev e l s i n  a i r are often g i ven as p arts per  m i l l i on ( ppm) . A 
meas u rement of 1 ppm wo u l d  i nd i cate t h e  p resence of on e un i t  of  forma l dehyde 
i n  on e m i l l i on un i ts of a i r .  Leve l s a re a l so reported a s  m i c rog rams per 
cub i c  meter (#g /m3 ) ,  wh i c h i nd i cates t he  amount  of  forma l dehyde ( i n  
m i c rograms ) p resent i n  on e cub i c  meter of a i r .  T he  convers i on from on e un i t  
to  t h e  other  i s  1 ppm = 1 200 #g/m3 . 

Sou rces 

Part i c l e board , p l ywood , f i berboard , furn i t u re ,  d rap�s , and carpet i n g a re t he  
p ri mary sources of  forma l dehyde i n  n ew homes . Some forma l d ehyde i s  a l so  
p roduced dur i n g  combust i on ,  a l though  gas  stoves , wood stoves , and tobacco 
smoke  a re m i nor  sources . 

The  rate at  wh i c h forma l dehyde i s  re l eas ed from materi a l s var i es . As 
p roducts  cont a i n i n g forma l dehyde age and cure , t hey emi t  l es s  fo rma l dehyde . 
Though  t h e  rate i s  not we l l  def i ned , i t  appears t hat  h a l f of  t he  forma l dehyde 
con t a i ned  i n  most materi a l s i s  re l eased i n  2 to  5 years ( Hawt horn e , Matthews , 
and G ammage 1 985 ) . Forma l dehyde em i s s i on s  a l so i n crease  wi t h  h i g h er 
temperatu res and h um i d i ty .  Rel at i ve l y  h i gh l eve l s  of forma l d ehyde are l i ke l y  
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to  be  found i n  new h omes , where materi a l s h ave  not  h ad t i me to  rel ease  
much  gas . 

Forma l dehyde emi s s i on s  from a g i ven source  a re a l so  sen s i t i ve to l eve l s 
p resent  i n  t h e  a i r .  For examp l e ,  i f  a new p i ece of furn i t ure t h at em i ts 
forma l dehyde i s  b rought  i n to  a h ome t h at a l ready h as h i gh forma l dehyde 
concen t rat i on s , the new potent i a l source  wi l l  em i t  l es s  gas , but over a 
l onger  peri od of  t i me , t h an i f  i t  were b rought  i n to  a h ome wi t h  l ow 
c oncentrat i on s . Converse l y ,  i f  i n c reased ven t i l at i on rates exh aust  
forma l dehyde gas  from a s t ruct u re , l eve l s  may not  decrease as expected . 
Because t h e  po l l utant  becomes l ess  c oncen t rated i n  t he  i n door a i r ,  sources 
may em i t  more gas  to c ompen sate  (Matthews et a l . 1 983 ; F i g l ey 1 985 ) . 

Matt hews et a l . ( 1 983 ) and  Hawthorne , Matthews , and  G ammage ( 1 985 ) mode l ed 
t h e  potent i a l  contri b ut i on from i n d i v i du a l  sources of i ndoor forma l dehyde to  
concen t rat i on s  i n  a s i n g l e - fami l y  h ouse . A l t h ough  t h e  source  s t rength  of any 
cont r i butor depen ds on many vari ab l es t h at c h ange wi th  t i me and  l oc at i on ,  t he  
e st i mates p resented i n  Tab l e  3 . 16 offer a b as i s  for  compar i son  i n  a 
l aboratory s i t u at i on . The  e st i mates are based on a g i ven a rea  for eac h 
sou rce , and  t h e  sources a re categor i zed as t h ose  wi t h  d i rect expos u re to  t he  
a i r  a nd  t hose  covered wi t h  a n  effec t i ve barri e r .  For comp ari son , t h e  tested 
em i s s i on rates of  se l ected p roducts are s h own i n  Tab l e  3 . 1 7 .  

Stan dards  

The c urrent  HUD  c ode for  forma l dehyde requ i res t h at l eve l s not exceed a 0 . 4  
ppm t arget i n  pos t - 1 984 HUD  man u factured h omes at  an a i r exch ange  rate of  0 . 5  
ACH , i nter i or temperature of 7 7 ° F ,  and re l at i ve h um i d i ty o f  50% ( HUD 1 984 ) . 
T he  spec i f i c  emi s s i on standa rds for part i c l e  board were set at 0 . 3 ppm and 
for i nter i or  p l ywood at 0 . 2  ppm , as  measured by a spec i f i ed a i r c h amber test 
met hod . No  stand ard h as been estab l i sh ed for forma l dehyde concen t rat i on s  i n  
� res i den ces . Howeve r ,  t h e  Ameri c an Soc i ety o f  Heat i ng , Refr i gerat i n g ,  and  
A i r Cond i t i on i n g En g i n ee rs (ASHRAE 1 981 ) h as recommended 0 . 1  ppm as the  
maxi mum concentrat i on for cont i n uous  i n door exposure . Forma l dehyde 
standards , g u i de l i nes , an d recommen d at i on s  a re l i sted i n  Tab l e  3 . 18 .  

Hea l t h Effects 

In 1 984 , a Consensus  Workshop on forma l dehyde convened sc i ent i sts  from 
academ i a ,  governmen t , i n dustry ,  and pub l i c  i nterest g roups  to address  t h e  
h ea l t h  e ffects  of forma l dehyde . L i s ted be l ow are examp l es of  data  rev i ewed 
at t h e  works hop . A more comp l ete d i scuss i on of  h ea l t h  effects and  r i s k  
factors assoc i ated wi t h  forma l dehyde i s  found i n  Potent i a l Hea l t h  Effects of 
Cert a i n  I n door A i r Po l l utants , Appen d i x  B i n  Vo l . I I  of  the  D E I S . 

° Forma l dehyde gas  i s  c arc i nogen i c  for rats and p rob ab l y  for mi ce , 
p rod uc i ng n a s a l  t umors fo l l owi ng  i n h a l at i on expos u re .  I n  rats t he  
carc i nogen i c  response  appears non l i n ear ,  be i n g d i s p roport i on ate l y  h i gher  
at h i gh e r  concen t rat i on s  ( 1 4  ppm ) . 
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TAB LE  3 . 1 6 .  Potent i a l Contr i b u t i on of So l i d  Sources of Forma l dehyde 
to  I ndoor A i r i n  a Detached House 

Product 

Text i l es 
Non - apparel  

App are l 

Carpet i n g 

Ce i l  i ng t i l es 

Res i l i ent "  f l oor i n g  

Furn i t u re ( uncovered board )  
I n d u s tr i a l  p art i c l e board 

Med i um-den s i ty 
f i berboard 

Decorat i ve pane l i ng 
Pri nt  overl ay 
Paper overl ay 
Domest i c  veneer overl ay 

U rea forma l dehyde 
foam i n s u l a t i on 

Part i c l e board 
Underl ayment 

Softwood p l ywood 
S ubf l oor i ng 

Carpet cush i on 

F i brous  g l ass  
ce i l i ng i ns u l at i on 

F i b rous  g l ass  
wa l l i n s u l at i on 

Barri er  

None  

None  

None 

None 

None 

None 

None 
Carpet & cush i on 
T i l e  

Part i c l e board 
Underl ayment 

Carpet 

Gyp s um board 

Gyps um board 

Source : Hawthorne , Matthews , and Gammage 1985 . 
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2 
Area (m ) 

5 
2 5  

5 
2 5  

1 6  

1 6  

1 . 0 
5 . 0  

1 . 0 
5 . 0  

10  
10  
10  

14  

16  
16  
16  

16  

1 6  

1 6  

1 4  

Cont r i b ut i on ,  ppm 

<0 . 0 1  
0 . 0 1  

<0 . 0 1 

<0 . 0 1  

<0 . 0 1  

0 . 0 1  
0 . 06 

0 . 06 
0 . 25 

0 . 1 1 
0 . 05 
0 . 05  

0 . 1 4 

0 . 1 6 
0 . 08 

<0 . 0 1  

<0 . 0 1  

<0 . 0 1  

>0 . 0 1  

>0 . 0 1  



o 

o 

o 

o 

TAB L E  3 . 1 7 .  Forma l dehyde Emi s s i on s  from Se l ected Products  

Emi s s i on Rate 
Product {�g/ g/ d a�d 

Part i c l e  board 0 . 4  to  8 . 1  
P l ywood 0 . 03 to  9 . 2  
Panel i ng 0 . 84 to  2 . 1  
F i berg l ass  i n s u l at i on s  0 . 3  to  2 . 3 
C l ot h i ng 0 . 2  to  4 . 9  
Drapery NO to  3 . 0  
Paper p roducts 0 . 03 to  0 . 3 6 
Carpet NO to  0 . 06 

N O  = n ot detectab l e .  

Source : Gupt a ,  U l s ame r ,  and Preus s  1 982 . 

A s ubstant i a l excess of h uman deaths  from cancer of the  b ra i n i s  noted 
among  t h ree g roups  of  profes s i on a l  workers who u se  forma l dehyde on the  
j ob :  emb a l mers , anatomi sts , and  p atho l og i sts . 

Forma l dehyde i s  genotox i c  i n  a n umber of a s says and i s  wea k l y  mutagen i c  i n  
h uman ce l l s  i n  c u l t ure as we l l as  i n  other mamma l i an ce l l s ,  Drosoph i l a , 
fung i , and  b acteri a .  

Many reports state  t h at forma l dehyde vapor expos u re causes d i rect 
i rr i t at i on of the s k i n and resp i ratory t ract . W i t h i n  the ran ge  of  0 . 1  to 
0 . 3 ppm , most  p eop l e experi ence i rr i t at i on of  the eyes , nose , and t h roat . 
Between 10  and  20 ppm , symptoms are severe and b reath i n g becomes 
d i ff i c u l t .  

Exper iments i n  an i ma l s show t h at ce l l u l ar d amage and i n f l ammat i on i s  
i nd uced w i t h  i n c reas i n g sever i ty at  concentrat i on s  of 1 to  1 5  ppm . 

As noted , s t ud i es have s hown t h at forma l dehyde can  p roduce na sa l  cancer i n  
an i ma l s .  Wh i l e t here i s  n o  d i rect ev i dence that  forma l dehyde causes  cancer 
in  h uman s , a new r i s k  assessment by EPA , b ased on n i n e  stud i es ,  h a s  c h arac­
teri z ed forma l dehyde as a " probab l e  h uman carc i nogen " ( EPA 1 987 b ) . The  R i s k  
Est i mat i on Pane l  of  t h e  Con sensus  Workshop tr i ed t o  determ i n e  how t o  u s e  
ava i l ab l e  d at a  to  make reason ab l e  r i s k  est i mates f o r  h uman s exposed to  
var i ous  l eve l s of forma l dehyde . Wh i l e t he  pane l  d i d  not  offer  potent i a l 
q u an t i f i cat i on for any effect , i t  d i d  endorse data  from a rat i n h a l at i on 
chron i c  b i oas s ay experi ment  conducted by the  Chemi c a l  I n d u st ry I n st i tute  
of Tox i co l ogy ( C I I T )  as  s u i tab l e  for mode l i n g the  h uman dose-
respon se  re l at i on s h i p .  

I n  Bon n e v i l l e ' s  1 984 Ex anded Weatheri z at i on Pro ram F i n a l  E I S ,  c a l c u l at i on 
of an n u a l  and l i fet i me r i s k  was b ased on the  C I I T  rat data  Cohn 198 1 , 1 985 ) . 
Cohn used  a l i n ear no-thresh o l d dose  response  mode l  to  est i mate t he  cancer  
r i s k s . The  mode l  i s  as  fo l l ows : 
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TABL E  3 . 18 .  Forma l dehyde Standards , G u i de l i nes , and Recommendat i ons  

App l i c ab l e  
En v i ronment 

Outdoor 

I n door  
Occupat i on a l  a i r 

Non i ndustr i a l  

Man u factu red 
h ou s i n g 

Maxi mum 
Forma l dehyde 

Leve l , ppm 

0 . 1  

0 . 1  

3 . 0 

2 . 0  

1 . 0 

0 . 4  

0 . 3  

0 . 2  

0 . 1  

0 . 5  

<0 . 4  

O rgan i z at i on 

Amer i c an I nd u s t ri a l  
Hyg i ene  Assoc i at i on 
U . S .  Env i ronmenta l  
P rotect i on Agency 

Occupat i ona l  Safety and  
Hea l th Adm i n i strat i on 

Nat i on a l  I n s t i tute  of 
Occupat i on a l  Safety and 
Hea l th  
Nat i on a l  I n s t i t ute of 
Occupat i ona l  Safety and  
Hea l th  
W i scons i n  

M i nnesota  

M i nn esota 

Amer i c an Soc i ety of  Heat ­
i ng ,  Refr i gerat i on and A i r 
Cond i t i on i n g En g i neers 
Ca l i forn i a  

U . S .  Department  of Hous i n g 
and  U rb an Deve l opment  

Comment 

Recommended 

Recommen ded 

Stan d a rd (8-hr  
t i me-we i gh ted 
average) . 
Recommend ed 
( t h res ho l d 
l i m i t v a l ue ) . 
Recommended 
( 30-mi  n 
max i mum) . 
A i r q ua l  i ty 
stand ard i n  
l i t i g at i on . 
Part i c l e  board 
used i n  h ome 
con s t ruct i on 
standards . 
P l ywood used 
i n  h ome 
construc t i on 
s t andard . 
G u i de l i n e .  

Recommended 
( Dept . of Hea l t h  
Serv i ces ) . ( a ) 

(a) When u sed i n  manufactu red hous i ng ,  p l ywood i s  not to exceed 0 . 2  ppm and 
part i c l e  board 0 . 3  p pm ,  as meas u red by a spec i f i ed a i r c h amber test  
method . These p roduct  standards  are t a rgeted to p rov i de an amb i ent  
l eve l of 0 . 4  ppm or  l es s  i n  manufactured ho us i n g .  

Sources : Sexton 1 985 ; HUD  1 984 . 

3 . 35 



Upper v a l ue of  human l i fet i me r i s k  of cont ract i ng c ancer  = 

0 . 00 109  x exposure ( average concentrat i on [ppm] i n  res i dence)  

For comp l et i ng the  an a l ys i s  in  t he  1 984 E I S  we ass umed max i mum i n d i v i du a l  
l i fet i me expos u re to  forma l dehyde : a 9 -ye a r ,  1 6 -hour  per  d ay expos u re for an 
average l i fet i me of 70  years . 

For our  ana lys i s  here , we aga i n  use  Cohn ' s  1 98 1  mode l , and the  s ame 
assumpt i ons , to est i mate the  l i fet i me c ancer  r i s k  from exposure to  
forma l dehyde . Severa l d i fferent mode l s h ave been app l i ed to  r i s k  assessments  
of  p otent i a l  c arc i nogen s , t he  most wi de ly  used be i ng the  l i near  mu l t i stage  
p roced u res . Var i ous e st i mates of c ancer r i s k  factors , obt a i ned from the  
l i terat u re , are  p resented i n  Tab l e  3 . 3  of  Append i x  B t o  the  D E I S . These 
est i mates h ave been der i ved u s i ng the  mu l t i stage and other  mode l s .  The  r i s k  
factors vary bec ause  of  the  l arge uncert a i nt i es i n herent i n  r i s k  asses sments . 
Even th ough  these  mod e l s are b ased on the  s ame C I I T  rat d at a ,  t hey vary 
accord i ng t o  a s s umpt i ons  u sed , such  as an i ma l  expos ure concent rat i on s , 
mat hemat i ca l  techn i q ues , and extrapo l at i on of  an i ma l  d ata  t o  human r i s k .  
Furthermore , t here are n o  sc i ent i f i c  c r i ter i a  for ch oos i ng one mode l  over 
another , and th ere i s  no  b as i s  for dec l ar i ng t h at one mode l  i s  better t h an 
the  next . We ch ose  Cohn ' s  1 98 1  mode l  because  ( 1 )  i t  perm i t s  comp arab i l i ty 
wi th  BPA ' s  1 984 Expand ed Weat heri z at i on Program F i n a l  E I S ,  and ( 2 )  i t  y i e l ds 
conserv at i ve resu l ts ,  t h at i s ,  h i gher  c ancer rates , and i s  t h us  more 
appropr i ate for a p l ann i n g document .  

S hort - term hea l th effects assoc i ated wi th  formal dehyde are desc r i bed 
qua l i t at i ve l y  i n  Tab l e  3 . 1 9 .  I n suff i c i ent i n format i on i s  av a i l ab l e  to 
q uant i fy these  effects , part l y  due to  d i fferences i n  i nd i v i du a l  sens i t i v i ty 
to the  p o l l utant . 

Forma l dehyde Leve l s  i n  Homes 

Bec ause  of the  range of av a i l ab l e  p roducts conta i n i ng forma l dehyde , i t  i s  
i mposs i b l e  to  p red i ct what l eve l  of forma l dehyde wou l d  be  found i n  a g i ven 
home . On s i te measu rements wou l d  be  neces sary .  I f  a home has  a h i gh  l eve l  of 
forma l dehyde , the occupants are l i ke l y  to be  aware of  i t .  Mos t  peop l e  not i ce 
the  s trong  odor of  fo rma l dehyde at about 1 ppm . Some peop l e  c an sme l l 
forma l dehyde at much l ower concentrat i on s . 

As part o f  the  RSDP , Bonnev i l l e mon i tored forma l dehyde concent rat i ons  i n  
homes b u i l t  t o  1 983 p ract i ce and i n  energy-effi c i ent homes . I n  1 984-85 , 573  
homes were mon i tored ; i n  1 985-86 , 63 1 homes . The average c oncent rat i ons  of  
forma l dehyde i n  these  homes are  g i ven i n  Tab l e  3 . 20 . The  d i st r i b ut i on of  
fo rma l dehyde concent rat i on s  based on the  study i s  s hown i n  F i g u re 3 . 9 .  

I n  a re l ated expe r i ment , BPA took measu rements i n  a s ub samp l e  of  these  homes , 
a l l l es s  than  5 years o l d ,  to  i n ves t i gate the  effect of  t i me ,  or  dwe l l i ng 
age , on forma l dehyde l eve l s .  Two sets of  meas u rements were taken i n  3 4 1  
s i ng l e-fami l y  homes . The  f i rst measu rements  were t aken i n  t he  wi nter of  
1984 - 1 985 ; the  s ame houses  were mon i tored ag a i n  a year  l ater . The  resu l t s 
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TABLE 3 . 1 9 .  S h o r t - T e r m  H e a l t h Eff e c t s  Ass o c i a ted  w i t h F o rm a l d e h y d e  
Ex p o s u res  i n  Res i d e n t i a l  a n d  O c c u p a t i o n a l S t u d i es 

Fo rill a i d e h y d e  
C o n c e n t r a t i o n ,  ppm 

1l . 9  to 1 9  

9 . 9 2 t o  4 . 1 5 

9 . 99 t o  5 . 6  

9 . 3  t o  2 . 7 ,  Av 9 . 68 
Ij e d i a n  9 . 4  

9 . 1 3 t o  9 . 4 5 

9 . 2  t o  9 . 4 5 
Av 9 . 36 

9 . 1 3 , 9 . 57 ,  a nd 9 . 4 4 

9 . 83 

9 . 9  t o  1 . 6  

9 . 9  t 0 2 . 7  

Un k n o w n  

1 . 3  t o  3 . 8  

Hea l t h Ef f e c t s  

N a u se a ; e y e , n o s e , a n d  t h r o a t  i r r i t a t i on ;  h e a d a c h e s ; 
v o m i t i n g ;  s t o m a c h  c r a m p s  

D i a r r h e a , eye  a n d  u p p e r resp i r a t o ry t ra c t  i r r i t a t i o n ,  
h e a d a c h e s , n a u s e a , v o m i t i n g 

B u r n i n g o f  e y e s  a n d  n o s e ; s n e e z i n g ,  c o u g h i n g a n d  h e a d ­
a c h es ; 3 o f  7 s u f f e r e d  f rom  a s t h l a  o r  s i n u s  p ro b l em s  

A n n o y i n g o d o r ,  c o n s t a n t  p r i c k i n g o f  I U C O U S  l e m b r a n e s , 
d i st u r b e d  s l ee p ,  t h i r s t , h e a v y  t e a r i n g 

B u rn i n g a n d  s t i n g i n g o f  eyes , n o s e , a n d  t h r o a t , 
h e a d a c h e s  

I r r i t a t i o n o f  e y e s  a n d  u p p e r  r e s p i r a t o r y  t ra c t ,  
d rows i n e s s , h e a d a c h e s ,  a n d  l e n s t r u a l i r re g u l a r i t i es 

He a d a c h e s , c o n c e n t r a t i o n p ro b l em s ,  d i z z i n e s s , n a u se a , 
c o u g h i n g ,  i n c r e a s e s  i n  r e c u r r i n g i n f e c t i o n s  o f  t h e  
u p p e r r e s p i r a t o ry t ra c t , a n d  i r r i t a t i o n o f  e y e s , n o s e , 
a n d  t h r o a t  

L o s s  o f  o l f a c t o ry s e n s e , i n c r e a s e d  u p pe r r e s p i r a t o ry 
d i se a s e , s u b a t r o p h i c  a n d  h y pe r t r o p h i c  a l te ra t i o n s  i n  
n o se a n d  t h ro a t ,  c i l i o s t a t i s  o f  n a s a l l u c o s a , 
i n c r e a s ed  a d so rpt i v e f u n c t i o n of n a s a l l u c o s a  

I t c h i n g  e y e s , d ry a n d  s o r e  t h ro a t , d i st u r be d  s l e e p ,  
u n u s u a l t h i r s t  u p o n  a w a k e n i n g i n  t h e  l o r n i n g 

Te a r i n g o f  ey e s , i r r i t a t i o n o f  n o s e  a n d  t h r o a t  

C h ro n i c  a i rway  o b s t r u c t i o n ,  resp i r a t o ry t r a c t  a n d  e y e  
i r r i t a t i o n ,  s m a l I d e c re a s e  i n  p u l � o n a ry f u n c t i o n 
d u r i n g w o r k  d a y  a n d  wo r k  week  

Ij e n s t r u a l  d i so r d e rs , p re g n a ncy  c o m p l i c a t i o n s ,  l ow 
b i r t h  w e i g h t  o f  o f f s p r i n g 

S o u r c e : G a � l a g e  a n d  G u p t a  1 9 8 4 ;  G a m m a g e , W h i te a n d  G u p t a  1 98 4 .  
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O c c u p a t i o n a l 

O c c u p a t i o n a l 

O c c u p a t i o n a l 

S c h o o l s  

O c c u p a t i o n a l 
( g r e a t e r t :l a n  
5 y e a rs t o  l ess  
t h a n  1 9  y e a r s )  

O c c u p a t i o n a l 

O c c u p a t i on a l 

O c c u p a t i o n a l  

O c c u p a t i o n a l 



T A B L E  3 . 2 8 .  W e a n  V a l u e s  f o r  F o r . a l d e h y d e  C o n c e n t r a t i o n s  
W e a s u r e d  i n  R S D P  H O l e s  

1 9 8 4 - 8 5  1 9 8 5 - 8 6  

D w e l l i n g T y p e  

N U l b e r  
o f  

O b s e r v a t i o n s  

W e a n  
C o n c e n t r a t i o n ,  

p p .  

N U l b e r 
o f  

O b s e r v a t i o n s  

W e a n  
C o n c e n t r a t i o n ,  

p p .  

A l l h O l e s  

A l l e n e r g y ­
e f f i c i e n t  

A l l 1 9 8 3  
p r a c t i c e 

Z o n e  I ,  e n e r g y ­
e f f i c i e n t  

Z o n e  I ,  1 9 8 3  
p r a c t i c e  

Z o n e  2 ,  e n e r g y ­
e f f i c i e n t  

Z o n e  2 ,  1 9 8 3  
p r a c t i c e  

Z o n e  3 ,  e n e r g y ­
e f f i c i e n t  

Z o n e  3 ,  1 9 8 3  
p r a c t i c e  

S o u r c e : B P A  1 9 8 8 a .  

5 7 7  

2 8 7  

3 1 8  

1 8 3 

2 5 4  

4 1  

4 7  

6 3  

6 9  

. 1 8 6 4 8  . 8 9 

· 1 1  3 9 5  . 8 8 

. 8 9 2 4 5  . 8 9 

· 1 1  2 6 2  . 8 9 

. 8 9 1 7 3  . 8 9 

. 1 8 7 2  . 8 7 

. 8 8 3 4  . 8 9 

· 1 2  6 1  . 8 9 

. 1 8 3 8  . 8 8 

are s hown i n  Tab l e  3 . 2 1 . Of  t h ese homes , 1 6 7  were new energy-eff i c i ent  
houses . The  rema i n i ng 1 74 were con t ro l  houses  b u i l t  u s i n g  1 983 p ract i ces . 

The med i an forma l dehyde concent rat i on across a l l dwe l l i ng types t h e  f i rst 
year was 0 . 103  ppm , j ust  s l i gh t l y  greater t h an the  ASHRAE recommendat i on of 
0 . 1  p pm ,  and 0 . 082 the  second yea r .  I n  1 984-85 , t he  med i an l eve l  measu red i n  
control  homes was 0 . 102 ppm , and 0 . 104  i n  energy-eff i c i ent homes , not a 
stat i s t i c a l l y  s i gn i f i c ant  d i fference . Leve l s d ropped to  0 . 084 ppm i n  control  
houses  and  to  0 . 07 9  i n  en ergy-eff i c i ent houses  i n  1 985 -86 . Th i s  represents  a 
20% decrease i n  forma l dehyde concen t rat i on s  i n  both types of  houses . These 
res u l t s  i nd i c ate  that  the  age of a house  i s  t he  pr i mary factor contro l l i n g  
forma l dehyde concentrat i on s  i n  both houses  b u i l t  u s i n g 1 983 c on s t ruct i on 
prac t i ces and energy -eff i c i ent  homes . 
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Forma l dehyde was a l so  meas u red i n  f i ve demon s t rat i on man ufact u red  homes i n  
spr i ng  1 986 , on l y  8 to 9 weeks  after con struct i on .  Each h ome h a s  l ow 
forma l dehyde-emi t t i ng p roducts  exact l y  as wou l d  be i nc l uded i n  a typ i c a l  
post - 1 984 HUD  manu factu red  h ome . Forma l dehyde l eve l s  were c a l c u l ated for t h e  
t i me t h e  AAHX was operat i n g , a l ong wi th  the  average a i r  exc h ange  rate , 
average i nteri or  temperat u re , an d average rel at i ve h um i d i ty ( B PA 1 986h ) ;  
Parker and  On i s ko  1 986 ) . The  measu remen ts are g i ven be l ow . 

Forma l dehyd e :  
A i r Exch ange  Rate : 
Rel a t i ve  Humi d i ty :  
I nter i or  Temperature : 

0 . 076  ± 0 . 02 ppm 
0 . 52 ± 0 . 1 2 ACH 
52% 
83 ° F 

The  a i r  exch ange  rate and  i n ter i or hum i d i ty l eve l s were n ear  t hose  used  by 
HUD  i n  t h e i r gu i de l i nes . The  i nter i or temperature was e l evated and cou l d  
cause  some , though  not s i gn i f i cant , e l evat i on i n  l eve l s of forma l dehyde . The  
effect of occupancy ( e . g . , furn i tu re , smok i ng )  i s  est i mated to add , on 
average , an add i t i ona l  1 0 -25% to the  measured forma l dehyde l eve l s (Wa l s h , 
Dudney , a nd  Coen haver  1 984 ) . Howeve r ,  most  of t h i s  i nc rease contr i buted by 
occupancy cou l d  be offset by the  materi a l s i n  t h e  home ( pane l i n g ,  part i c l e  
board , c arpet an d d raper i es)  h av i n g aged by the  t i me of  the  tests . 
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( BPA 1 986f)  
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TAB LE  3 . 2 1 . Measu red Forma l dehyde Concent rat i on s  i n  
S ubsamp l e of RSDP Homes 

1984-85 

Number of Med i an 

1 985 -86 

Med i an 
Dwe l l i ng Type Observat i on s  Concent rat i on ,  ppm Concent rat i on ,  

A l l homes 3 4 1  . 103 . 082 

Ene rgy-eff i c i en t  1 6 7  . 1 04 . 079  

1 983 pract i ce 1 74 . 102 . 084  

Zone 1 ,  en ergy- 8 1  . 102 . 087  
effi c i ent  

Zone  1 ,  1983 1 1 6 . 104  . 087  
pract i ce 

Zone 2 ,  en ergy- 3 5  . 095  . 066  
eff i c i ent  

Zone  2 ,  1 983 23 . 087  . 084 
prac t i ce 

Zone 3 ,  en ergy- 5 1  . 1 1 6  . 080 
eff i c i en t  

Zone 3 ,  1 983 35 . 104  . 080 
p ract i ce 

Source : BPA 1 988a . 

3 . 7 . 3 Respi rab l e  Su spen ded Part i c u l ates 

ppm 

Resp i rab l e  s u s pended part i cu l ates ( RS P )  are the  sma l l est part i c l es or  f i bers 
s u spen ded i n  t he  a i r .  Common t h res ho l ds  for defi n i t i on are g i ven at l es s  
t h an 10  m i c rometers i n  d i ameter . When i n h a l ed ,  these  part i c l es c an l odge i n  
t he  deepest p arts of  the  l ungs . Part i c l es of a l l s i zes  s u spended i n  t he  a i r 
are referred to  as tot a l  s u spen ded part i cu l ates ( TS P ) . Tobacco smoke , benzo­
[aJ pyrene  ( BaP ) , and asbestos are examp l es of c ompounds  t h at may make up  RS P .  

Meas urement s  

Measu remen ts  of  RS P are g i ven as m i c rograms ( one-mi l l i onth  of a gram) per 
cub i c  meter (�g/m3 ) .  Ben z o [aJ pyrene ( BaP )  i s  meas u red i n  n anograms 
( one- b i l l i ont h  of a gram) per cub i c  meter ( n g/m3 ) .  
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Sources  

S i nc e  exposure to asbestos i s  u n l i ke l y  to occu r  in  new h omes , we  p rov i de on l y  
a b r i ef desc r i pt i on o f  t h i s  po l l utant . Asbestos i s  a m i nera l  f i ber  used  
p r i mar i l y  before t h e  m i d - 1 970s i n  a var i ety of construct i on materi a l s .  W h i l e  
c h ron i c  expos u re to  asbestos h as l ed to  res p i ratory d i seases and c ancer  i n  
workers , expos u re t o  asbestos i n  t h e  h ome occ u rs on l y  when asbestos materi a l s 
a re d i s t u rbed and t h e  f i bers are re l eased i nto  t he  a i r .  The  EPA , t h e  
Con s umer Product  Safety Comm i ss i on ,  a n d  man u fact u re rs have  t a ken steps to  
reduce  expo s u re to  asbestos . I n  t h e  m i d - 1 970s t hese  g roups  p roh i b i ted or  
v o l untar i l y  stopped u s i ng asbestos i n  sp rayed -on i n s u l at i on ,  f i re p rotect i on ,  
sound-proof i ng ,  p i pe cover i ngs  t h at eas i l y  c rumb l e ,  art i f i c i a l l og s , p atc h i ng 
compounds , and h an d - h e l d  h a i r d ryers . 

Tobacco smo ke c onta i n s about 3800 compounds and i s  t h e  s o urce  of  most RSPs  i n  
h omes w i t h  peop l e who smoke . Wood smoke , u nvented gas  app l i ances , and 
kerosene space h eaters a l so p roduce RS P .  Wood and c i garette smoke  are t h e  
maj or so urces of BaP . 

Wood stoves and  f i rep l aces are l i ke l y  to  emi t  p o l l utan ts , s u c h  as Ba P ,  u nder  
t h e  fo l l owi ng  cond i t i on s : i mp roper stove i n sta l l at i on ( e . g . , i n s uff i c i ent  
stac k h e i g ht , poor f l ue f i tt i ngs , o r  l eaky doors ) ; wh en t h e  f i re i s  stoked or  
fue l  i s  added ; d u r i n g  acc i dents ( e . g . , a l og rol l s  out  of  t he  f i rep l ace ) ; 
when t h e  f i re i s  a l l owed to  smo l der ;  o r  wh en negat i ve i n door a i r p res s u re 
res u l t s i n  backd raft . 

Stan d a rd s  

Current l y ,  t here i :.  no  standard f o r  RS P ,  a l t h oug h  EPA h a s  a stan dard f o r  TSP  
i n  out door a i r .  The  TSP  i n c l ude  l arge r  part i c l es as we l l  as  RS P .  Because  
l arger  p a rt i c l es appear  to  be  f i l tered out  by  t h e  nasa l  passages rat her  t h an 
becom i n g  l odged i n  t h e  l ungs , t h ey are b e l i eved to not pose  as s er i o u s  a 
h ea l t h  p rob l em .  T he  EPA standard for t h e  max i mum a l l owab l e  a n n u a l  average 
l eve l  of  TSP  i n  outdoor a i r i s  7 5  �g/m3 . J apan has  set an i n door , non­
occupat i on a l  standard for TSP  of 1 50 �g/m3 . 

Hea l t h  Effects 

Part i cu l ates a re composed of many compounds  t h at , at e l evated l eve l s ,  can 
i rr i t ate  eyes and mucous memb ran es . Dust  i s  an i rr i tant  and can  a l so carry 
gases  o r  ot h e r  s ub stances i n to t he  l ungs . Res p i ratory i l l ne s ses , espec i a l l y  
c h ron i c  i l l nes ses  l i ke b ronc h i t i s  and  emphysema , a re l i n ked t o  expos u re to  
part i c u l ates ( D i amond  and G r i ms rud  1984) . 

C i ga rette smo k i n g  i s  b e l i eved to cause  l ung  cancer , emp hysema , a nd  heart 
d i sease . Accord i ng to  recent s t ud i es ,  tobacco smoke  may affect t h e  h ea l t h  of  
non smokers as we l l .  Howeve r ,  i t  i s  n ot poss i b l e  to d i rect l y  ext rapo l ate from 
the  h ea l t h effects  of act i ve to t hose of pass i ve smok i n g .  
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I n  a room where c i g arettes are smoked , s i destream smo ke i n h a l ed by non smokers 
c an i rr i t ate  the eyes , nose an d throat , and cause  coug h i ng and headaches . 
But these  effects are s ho rt-term an d genera l l y  d i s appear when the  offen se  
i s  removed . 

Of  g re ater concern t h an these  n u i s ance  an d tran s i ent effects are potent i a l l y  
more ser i ous  c h ron i c  hea l th  effects . For examp l e ,  some researc h ers have  
observed a h i gher  i nc i dence of res p i ratory i l l ness  i n  c h i l d ren whose  p arents 
smoke . S i destre am smo ke may a l so  cause  resp i ratory i n fect i on s  and c an 
agg ravate the  con d i t i on of peop l e who have  a l l erg i es or  heart or  l ung  
d i sease . Stud i es have  a l so  found resp i ratory cancer i n  non smokers marr i ed to  
smokers , but  t h ese  stud i es are  controvers i a l and c u rren t l y  i nconc l us i ve .  
G i ven t h at 60% of the  popu l at i on i s  c h ron i c a l l y  exposed to p as s i ve smo k i ng , 
t h i s  i s sue  wi l l  c on t i n u e  to  be  an i mportant s ubj ect for i nvest i g at i on .  
However , i t  i s  not  n ow poss i b l e  to  mean i ngfu l l y  assess  the  r i s k  assoc i ated 
wi th  exposure to  p as s i ve smoke . Appen d i x  K rev i ews the more recent 
l i t erat u re on en v i ronment a l  tobacco smoke , i nc l u d i ng the Surg eon General ' s  
1 986 report on i n vo l untary smo k i ng . 

Ben zo [a] pyren e ,  a combus t i on by-product , i s  a t arry ,  organ i c  RSP generated by 
i nc omp l ete comb ust i on . I n  BPA ' s Expanded Weat her i z at i on FE I S ,  a n a l ysts  
ass umed t h at the  poten t i a l carc i nogen i c i ty of  comp l ex mi xt u res , i nc l u d i ng  
c i g arette smo ke and woodburn i ng app l i ance  emi s s i ons , c ou l d be  es t i mated on  
the  b as i s  of the  m i xt u res ' BaP  content . The carc i n og en i c i ty of BaP i n  
m i xtures  was ass umed t o  b e  s i m i l ar to t h at o f  BaP i n  i ts p ure form . Recen t 
ev i dence suggests  t h at these  a s sumpt i on s  are no l onger  v a l i d .  

A rev i ew o f  ava i l ab l e i n format i on s uggests the  fol l owi ng conc l us i on s  about 
the hea l th  effects of BaP : 

o 

o 

o 

o 

o 

Ben zo [ a] pyrene i s  a procarc i nogen . 

Benz o [a] pyrene and i ts met abo l i tes and  deri v at i ves c an range from b e i ng  
b i o l og i c a l l y  i n act i ve to h i gh l y  act i ve and c arc i nogen i c .  

The  more comp l ex the  mi xture contai n i ng B a P ,  t he  more l i ke l y  t h at i ts 
c arc i nogen i c i ty wi l l  be mas ked or  i n h i b i ted . 

The  carc i nogen i c i ty o f  m i xtures conta i n i ng BaP does not vary d i rect l y  
wi th  BaP  content . 

The  b i o l og i c a l  act i v i ty of BaP can  vary g reat l y  i n  stra i n s  of  the  s ame 
spec i e s  an d from person to person . 

Benzo [ a] pyrene i s  an i mportant an d common po l l utant i n  i ndoor a i r .  However ,  
sc i ent i f i c  knowl edge about  the  rel at i onsh i p  between BaP exposure and i nc reased 
n umbe rs of  h uman c ancers i s  i mprec i s e .  G i ven the  uncerta i nty and  var i at i on 
as soc i ated w i t h  the  hea l th  effects of BaP , i t  wou l d  be s i mp l i st i c  to u se  a 
s i ng l e dose-response  mode l  to  es t i mate l i fet i me cancer r i s k  from BaP . 
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Resp i rab l e  Suspen ded Part i cu l ate  Leve l s i n  Homes 

Concent rat i on s  of RSP i n  homes where there are no smokers are l i ke l y  to  be 
about the s ame as outdoor l eve l s :  20 �g/m3 ( NRC 198 1 ) . Mon t h l y  
concent rat i on s  of R S P  i n  a h ome w i th o n e  smo ker  h a v e  been mea s u red a t  about 
40 �g/m3 ( NRC 198 1 ) . I n  t h e  s ame st udy , w i t h  two or  more smo kers , an average 
month l y  concentrat i on of  RSP was meas u red at 75  �g/m3 , equal  to  the E PA 
outdoor stand a rd for a l l part i cu l ates . C i garettes a re made up  of  about 3800 
compounds , ma k i ng t he i r smoke a comp l ex mi xture of i n teract i ng po l l utants . 
Concentrat i on s  of  some of the  const i t uents of tobacco smoke are p resented i n  
Tab l e 3 . 22 . 

3 . 7 . 4  Combust i on G ases : Carbon Monox i de and N i trogen Ox i des 

Carbon monox i de i s  a co l or l ess , odorl ess  gas . I t  i s  a p roduct of  i ncomp l ete 
comb u st i on when natural  gas , o i l , wood , coa l , tobacco , and other materi a l s 
are b urned . Carbon monox i de i nc reases when t h ere i s  an i n adequate supp l y  of 
comb ust i on a i r ,  as  i s  often found i n  i mproperl y ma i n ta i ned wood stoves , gas  
stoves , o i l stoves , and  f urn aces . T he  n i t rogen oxi des and n i t rogen d i ox i de 
are gases  formed d u r i ng combu st i on . 

Meas u remen ts  

Carbon monox i de meas u rements  are often g i ven i n  parts  per mi l l i on ( ppm) . A 
meas u remen t of 1 ppm wou l d  i n d i cate t h e  p resence of one  u n i t of carbon 
monox i de i n  one m i l l i on u n i ts  of a i r .  

Ox i des o f  n i t rogen measu rements  are a l so often g i ven a s  ppm . Under  
cond i t i ons , n i t rogen ox i de qu i c k l y  ox i d i zes  to  n i t rogen d i ox i de ,  so  
standa rds  for  n i t rogen ox i des a re often g i ven as n i t rogen d i ox i de .  
t he  ox i dat i on p rocess of n i t rogen ox i de to  n i t rogen d i ox i de i s  s l ow 
e l ev ated n i t rogen ox i de l eve l s occu r .  

Sources 

amb i ent 
the 
Because  
i n doors , 

Unven ted kerosene  space heaters , wood stoves , gas  stoves , and tobacco smoke  
a re maj o r  sources of  carbon monox i de .  Fau l ty furn aces an d exhaust  fumes from 
garages attached to h omes may a l so contri b ute  s i gn i f i c ant  amounts  of carbon 
monox i de to i n door a i r .  

The  maj or  sources  o f  n i t rogen ox i de and n i t rogen d i ox i de a re unvented gas  
stoves  an d kerosene  space  h eaters . H i gh outdoor  l eve l s of n i t rogen d i ox i d e ,  
found i n  h i gh l y  i nd u stri a l i zed areas , can a l so affect i n door l ev e l s .  

Stan dards 

No  federal  or  state s t an dards ex i s t for carbon monox i de i n  res i dences . 
J ap an , t he  on l y  country wi th  a standard for carbon monox i de i n  
non -occupat i on a l  i ndoor en v i ronmen ts , has  set a l i m i t of 10  ppm for 
con t i n uous  expos u re .  The EPA ( 1 979 )  standa rd for max i mum a l l owab l e  l eve l  of 
c arbon monox i de i n  outdoor a i r i s  9 ppm , averaged over 8 h o u rs , and 3 5  ppm 
for a I -hour  average expos u re .  Th i s  standa rd h as a s afety marg i n  b u i l t  i n  to 
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TABLE 3 . 22 .  Concentrat i ons o f  Tobacco Smoke Const i tuents Under Expe r i menta l and 
Natura l Cond i t i ons (DEIS.  Vo l .  I I .  App . B. Tab l e  5 . 9) 

Const i tuent Locat i on ACH Tobacco Burned 

Ex�er i menta I Cond i t i ons 
Ca rbon monox i de 813-1713 m3 rooms 

N i cot i ne 

Tota l pa rt i cu l ate 
matter 

D i methy l n i trosam i ne 

Acro l e i n  

Aceta l dehyde 

Forma l dehyde 

N i t r i c  ox i de 

N i t rogen d i o x i de 

Ca rbon lIonox i de 

N i cot i ne 

Tota l pa rt i c u l ate 
lII atter 

Pa rt i c l es 

Benzopy rene 

Sma l I c a r .  25 .3 

chamber 

57-813 .3 rooills 

38-1713 1113 

15-425 .3 homes 
25 .3 chambe r 

4-113 box .  213 113 

rooll 

313-1713 m3 rooms 

38-1713 1113 rooms 

313 113 box 

313 .3 box 

313 m3 box 

Off i ce .  restaurant 
c l ub .  tavern . a rena 

Subma r i ne .  boat . 
autos . bus . a i rp l ane 

Subm a r i ne .  terl i n a l .  
restau rant 

Tavern . a rena 

House 

Arena 

D i methy l n i trosam i ne Ba r 

Resp i ra b l e  p a rt i cu- Restau rants .  sports 

6 . 4-2 . 3  

None 

6 . 4-8 . 2  

None 

1-3 
None 

None 

None-2 . 4  

None-2 . 4  

None 

None 

None 

None-2e 

None-6 

l a te !latte r a rena . bow l i ng a l l ey 

46-1131 c i ga rettes 

4-9 c i ga rettes 

42 c i ga rettes . 
9 c i ga rs 

113 c i ga rettes. 
9 c i ga rs 

7-35 c i garettes 
4-24 c i ga rettes 

113-11313 c i ga rettes 

5-1513 c i garettes 

5-1513 c i ga rettes 

5-113 c i ga rettes 

5-113 c i ga rettes 

5-113 c i ga rettes 

Natu ra l Cond i t i ons 

4-1513 c i ga rettes 

Up to 1513 c i ga­
rettes 

c i ga r  
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Concent rat i on 

4 . 5-75 ppm 

12-1113 ppm 

(13 . 1-13 . 42 mg/m3 

13 . 13- 1 . 134 IIIg/1II3 

1 . 1-3 . 13  IIIg/m3 

2 . 28-16 . 65 mg/m3 

13 . 23-2 . 9  J.IIJ/m3 

13 . 132-13 . 29 ppm 

13 . 136-13 . 56 ppm 

13 . 23-13 . 46 ppm 

13 . 19-13 . 36 ppm 

13 . 132-13 . 134 ppm 

2 . 5-28 pplll 

3-33 ppll 

-35 IIg/m3 

13 . 15-13 . 98 IIIg/1113 

48 x 1136 part i ­
c l es/1II3 

13 . 11-13 . 24 J.IIJ/ra3 

11313-71313 J.IIJ/ra3 



p rotect peop l e w i t h  an g i n a ( NRC 1 981 ) . These  peop l e h ave  i n adequate b l ood 
and oxygen f l ow to  t h e  heart , so t hey are espec i a l l y  sens i t i ve to any 
i nterference  w i t h  t h e  body ' s  ab i l i ty to absorb or d i str i bute  oxygen . 

The  U . S .  Occupat i on a l  S afety and Hea l t h  Adm i n i strat i on ( OSHA)  h a s  set 
workp l ac e  standa rds  of 5 ppm for n i t rogen d i ox i de and 25  ppm for n i t rogen 
ox i de for average expos u re over 8 hours . The  EPA s t an d ard for maxi mum 
a l l owab l e  concent rat i on o f  n i t rogen d i ox i de i n  outdoor a i r  i s  0 . 056 ppm 
averaged over 1 year . 

Hea l th  Effects 

Bec ause  carbon monox i de comb i nes wi th  hemog l ob i n  i n  the b l ood 220 to 250 
t i mes more read i l y t h an oxygen , i t  i n terferes w i th t h e  d e l i very of oxygen 
t h roughout  the body . M i l d  oxygen def i c i enc i es c an affect v i s i on and b ra i n  
funct i on . Exposure to concentrat i on s  of c arbon monox i de 10  to  20 t i mes 
g reater t h an t h at genera l l y  found i n  h omes c an cause headaches  and  i rreg u l ar  
heartbeat . H i g h er concent rat i on s  can cause  nausea , weakness , confus i on , and  
death . Carbon monox i de po i son i ngs  from fau l ty o i l and gas furnaces  and  from 
c ars l eft runn i n g i n  attached garages cause  several  deaths  each year 
( Span g l e r  and Sexton 1983 ) . 

Un born ch i l d ren , anem i c  peop l e ,  and those  w i t h  resp i ratory p rob l ems are 
espec i a l l y  endangered by expos u re to c arbon monox i d e .  The  acute  hea l th  
effects  of carbon monox i de exposure a re s ummari z ed i n  Tab l e  3 . 23 . 

N i t rogen ox i de and  n i t rogen d i ox i de c an i rr i t ate s k i n ,  eyes , and mucous 
memb ran es . Depend i ng on the  l eve l  and d urat i on of exposure , resp i ratory 
effects range from s l i ght i rr i t at i on , to b urn i ng  and p a i n i n  t he  c h est , to 
v i o l ent cough i n g and s hortness  of b reath ( B PA 1984) . Both compounds a l so 
reduce  the  oxygen -carry i n g c apac i ty of b l ood . The phys i o l og i c a l  effects of 
n i t rogen ox i de at 3 ppm a re s i m i l ar to those of c arbon monox i de at 10 to  
1 5  ppm . 

Ox i d es of  n i t rogen c an cause  acute and  c h ron i c  c h anges i n  t h e  sma l l a i rways 
and l ungs . I n  h e a l thy human s ,  res p i rato ry funct i on s  genera l l y  are not 
affected at l eve l s of 1 . 5 ppm n i t rogen d i ox i de or b e l ow .  But  sens i t i ve 
i n d i v i du a l s can  experi ence resp i ratory t ract i rri t at i on at 0 . 5  ppm n i t rogen 
d i ox i de .  C h i l d ren and persons  w i t h  asthma , c h ron i c  b ronch i t i s ,  an d emphys ema 
appear to be t h e  most sen s i t i ve .  Persons wi th  h ay fev e r ,  or  l i ve r ,  
hemato l og i ca l , o r  hormo n a l  d i so rders c an a l so be  affected by l ow l eve l s ,  but  
data  are too s p arse for recommen d i ng expos u re l i m i t s . An overv i ew of the 
effects  of s hort -term expos u re to n i t rogen d i ox i de is  g i ven in  F i g ure 3 . 1 0 .  

Carbon Monox i de Leve l s i n  Homes 

The average c a rbon monox i de concentrat i on i n  homes typ i c a l l y  var i es between 
0 . 5  and 5 ppm ( NRC 198 1 ) . Cook i ng  over a gas stove c an add 5 to  10  ppm to 
the  ex i s t i ng l eve l  ( S pang l er and Sexton 1983 ) . Concent rat i on s  of 22 ppm and 
39 ppm h ave  been meas u red for poor l y adj usted  gas stoves (Meyer 1 983 ) . 
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TABL E  3 . 2 3 . Acute Hea l th  Effects of Carbon Monox i de Exposure 

Atmospher i c 
ca l ��m 

10  to  30  

50  

100 

2 50 

500 

1 , 000 

10 , 000 

Sou rce : Forbes 

Carboxyhemog l ob i n ,  
Concent rat i on s l  � 0 

2 . 5  to  5 

7 to  8 

1 2  to  1 5  

2 5  

45  

50  to  60  

9 5  

1972 . 

Pr i n c i pa l  Symptoms 

Encroachment of funct i on a l  reserve 
of heart and b ra i n  

S l i ght  headache i n  some 

Moderate headache and d i z z i ness  

Severe headache  and d i z z i ness  

Nausea , headache , poss i b l e  c o l l apse  

Coma 

Death  

Un vented  gas or  kerosene heaters c an emi t  h i gh l eve l s  of c arbon monox i de .  I n  
l aboratory tests , a convect i ve kerosene heater p roduced carbon monox i de 
l eve l s of  50 ppm after 45  m i n utes , even though  the  l aboratory a i r c h ange  rate 
was twi ce  t h at found in a typ i ca l  house ( D i amond and G r i ms rud  1 984 ) . Several  
states  have  b anned res i den t i a l  use  of kerosene heaters . 

N i t rogen Ox i des  Leve l s  Found i n  Homes 

N i t rogen d i ox i de concen t rat i ons  equa l  to or g reater t h an t h e  EPA s t andard for 
outdoor a i r ( 0 . 0 5  ppm) a re fa i r ly  common i n  k i tchens  where gas i s  u s ed for 
cook i ng ( NRC 1 98 1 ) . Measu rements i nd i cate t h at typ i c a l  l eve l s i n  k i tchens  
w i t h  gas  s toves range  from 0 . 02 5  to  0 . 08 ppm ( Qu ac kenboss  et a l . 1 982 ) . 
Concentrat i on s  i n  homes wi thout  gas app l i ances wou l d be  about the  s ame as  the  
o utdoor l eve l . I n  the  Northwes t ,  t he  typ i c a l  o utdoor l eve l  of  n i trogen 
d i ox i de i s  0 . 03 ppm , though  l eve l s vary wi th  l oc at i on ( B PA 1 984 ) . 

N i t rogen d i ox i de i n  t h e  o utdoor a i r i s  l arge l y  t h e  res u l t  of motor  veh i c l e  
and i nd u stri a l  emi s s i ons . I n  a s tudy of 6 1  e l ectri c a l l y  heated Northwest  
res i dences , ox i des of n i t rogen concent rat i on s  ranged from 0 . 4  to  6 . 8  ppb . 

Unven ted s p ace  heaters a re maj or  sources of  n i t rogen d i ox i d e .  I n  l aboratory 
tests , n i t rogen d i ox i de concentrat i on from a convect i ve kerosene  space  heater 
reached 1 ppm after 4 5  mi nutes- - about 20 t i mes the  EPA stand ard for outdoor 
a i r  ( D i amon d and G r i ms rud  1984) . 
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3 . 7 . 5  Househo l d  Chemi c a l s 

Many of the  c h em i c a l s used  i n  househo l d  c l eaners , pest i c i des , and mater i a l s 
cont a i n  t ox i c  substances . Many of these  chemi c a l s are org an i c  compounds  
cont a i n i ng carbon as t h e i r pr i mary e l ement . The po l l utan ts  c an ex i st as 
gases , v apors , or part i c u l ates . 

Sources 

Many potent i a l l y  h az ardous c h em i c a l  compounds  are used i n  house construct i on ,  
home ma i ntenance , and person a l  hyg i en e .  More than 3 50 org an i c  compounds  h ave 
been found i n  concentrat i on s  over 0 . 00 1  ppm i n  i ndoor a i r  ( Sterl i ng 1984 ) . 
These compounds  are part of a l most  a l l mater i a l s and products i n  use , a s  
i l l u st rated by  the  fo l l owi ng  examp l es :  

o 

o 

o 

o 

o 

Synthet i c  mater i a l s u sed i n  c arpet i ng ,  wa l l  coveri ng , l i n o l eum , fabri cs , 
rubbe r ,  an d p l ast i c  emi t  org an i c  compounds as  they age and deter i orate . 

Adhes i ves , c l ean i ng agents , p a i nts , person a l  hyg i ene  p roducts , and waxes 
con t a i n s o l vents  t h at ev aporate i nto the  a i r .  

N at u ra l  gas , tobacco , wood , and other mater i a l s emi t  org an i c  g ases  and 
part i c l es d u r i n g  combust i on . 

Pest i c i des , i nsect i c i des , and herb i c i des conta i n  a var i ety of tox i c  
chem i c a l s .  

Aeroso l  sprays conta i n  prope l l ant g ases , such  as propan e ,  butan e ,  and  
n i trous ox i de .  

Norma l h uman and pet b i o l og i ca l  processes res u l t  i n  t he  emi s s i on of organ i cs 
c a l l ed b i oeff l uents . Preva l ent among  them are methano l ,  ethano l , acetone , 
and b u tyr i c  a c i d .  I n  stud i es of students i n  c l ass rooms , some of these  
emi s s i on s  i nc reased marked l y  d ur i ng  t i mes of stress  s uch  as exam i nat i on s . 

Standards  

Examp l es of organ i c  compounds  regu l ated i n  workp l ace  sett i n gs  but  often found 
i n  househo l ds  are g i ven  i n  Tab l e 3 . 24 .  

Hea l th Effects 

Househo l d  c h em i c a l s conta i n  such a w i d e  var i ety of org an i c  compounds  t h at 
hea l th effects are d i ff i c u l t to  asses s . Each compound has  d i fferent effects 
and ,  when p roducts are comb i n ed ,  t hey may i n teract and prod uce s t i l l  other 
hea l t h  effects . Some compounds  are i rri t ants ; others are carc i n og en i c .  Some 
affect t he  centra l  ne rvous  sys tem , and some i nterfere wi t h  metabo l i c  
processes . Hea l t h  effects of some org an i cs common l y  found i n  i n door a i r  are 
s hown i n  Tab l e  3 . 25 . 
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TAB L E  3 . 24 .  Occupat i on a l  Expos u re L i m i t s o f  Jrgan i c s That  May Be 
Found i n  Homes 

C hem i c a l  

Acetone  

Ammon i a  

Ben z ene  

Carbon t et rach l or i de 
c l eaner 

C h l or i ne  

Met h ano l  

Tr i c h l o roet h ane  

Methy l ene  c h l or i de  

Tr i c h l o roethy l ene 

Turpent i ne 

Xy l ene  

To l uene 

nY -TWA , ( a ) 
mg/m3 , � 

1 780 ( 750 )  

18 ( 25 )  

30  ( 10 )  

30  ( 5 )  

3 ( 1 )  

260 ( 200 ) 

1 900 ( 3 50 )  

3 5 0  ( 100 ) 

270 ( 50 )  

560 ( 100 ) 

435  ( 100)  

375 ( 100)  

nV -Ste l , ( b )  
mg/m3 , p�_ 

23 7 5  ( 1000 ) 

27  ( 3 5 )  

7 5  ( 2 5 )  

1 2 5  ( 2 0 )  

9 ( 3 )  

3 10 ( 250 )  

2450  ( 450 )  

1 7 40 ( 500 ) 

805 ( 1 50 )  

840  ( 1 50 ) 

655  ( 1 50 )  

560 ( 1 50 )  

Source ._--

Lacquer so l vent 

C l eaner 

Adhes i ve ,  spot  c l eaner , 
p a i nt  remover 

Spot c l eaner , d ry 

C l eaner 

Pa i n t ,  spot  c l eaner 

C l ean i n g f l u i d  

P a i nt  remover 

Dry-c l ean i n g agent 

Pa i nt ,  f i n i s h  

So l vent , p a i nt  c arri e r ,  
shoe  dye 

So l v en t , p a i n t  c arri e r ,  
d ry c l ean i n g 

(a) Lon g -term average max i mum expos u re l i m i t ;  TLV=t i me l i m i t i n g v a l ue ; TWA= 
t i me-we i g hted average . 
(b ) Short - term max i mum expos u re l i m i t .  
Source : ACG I H  ( 1 983 )  

Concentrat i on s  Fou nd  i n  Homes 

Concentrat i on s  of spec i f i c  organ i c  compounds i n  h omes a re genera l l y  we l l  
be l ow occupat i on a l  expos u re l eve l s estab l i s hed by OSHA , b ut  a re often we l l  
above l eve l s fou n d  outdoors . The OSHA standards were des i gned for i ndustr i a l  
sett i n gs where workers are exposed to  h i gh l eve l s of s i n g l e  compounds . I n  
homes , peop l e  are l i ke l y  to  be  exposed t o  l ow concent rat i on s  of  several  
compounds  at  the  s ame t i me . As yet , researchers know very l i t t l e about the  
c omb i n ed effects of organ i c  compounds  o r  the  effects of  l ow- l eve l  expos u re 
over l ong  t i me per i ods . 
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T A B L E  3 . 2 5 .  

C o m p o u n d  

F o r . a l d e h y d e  a n d  
o t. h e r  a l d e h y d e s  

B e n z e n e  

X y l e n e  

T o l u e n e  

S t. y r e n e  

T r i c h l o r o e t. h a n e  

T r i c h l o r o e t. h y  l e n e  

E t. h y l b e n z e n e  

C h  1 0  r o b e n z e n e s  

P o l y c h l o r i n a t. e d  
b i p h e n y l s  ( P C B )  

P e s t. i c i d e s  

S o u r c e s , U s e s , a n d  P o t. e n t. i a l  H e a l t. h E f f e c t. s  o f  O r g a n i c s 
C O l l o n l y  F o u n d  i n  I n d o o r  A i r 

S o u r c e s  a n d  U s e s  

O u t. g a s s i n g f r o l  b u i I d i n g l a t. e r i a l s 
( p a r t. i c l e  b o a r d , p l y w o o d  a n d  u r e a ­
f o r l a l d e h y d e  i n s u l a t. i o n  f o a l ) ; 
a l s o  f r o l  c o o k i n g a n d  s l o k i n g .  
P l a s t. i c  a n d  r u b b e r s o l v e n t. s ; f r o l  
c i g a r e t. t. e  s l o k i n g ;  i n  p a i n t. s  a n d  
v a r n i s h e s ,  i n c l u d i n g p u t. t. y , 
f i  I l e r ,  s t. a i n s a n d  f i n i s h e s . 
S o l v e n t.  f o r  r e s i n s ,  e n a l e l s ,  e t. c . 
i n  n o n - l e a d  a u t. o . o b i I e  f u e l s  a n d  
i n  l a n u f a c t. u r e  o f  p e s t. i c i d e s ,  
d y e s , p h a r l a c e u t. i c a l s .  

S o l v e n t. s ; b y - p r o d u c t.  o f  o r g a n i c  
c O l p o u n d s  u s e d  I n  s e v e r a l h o u s e ­
h o l d  p r o d u c t. s . 
W i d e s p r e a d  u s e  I n  l a n u f a c t. u r e o f  
p l a s t. i c s ,  s y n t. h e t. i c  r u b b e r ,  a n d  
r e s i n s .  

A e r o s o l p r o p e l l a n t. , p e s t. i c i d e ,  
c l e a n i n g s o l v e n t. s . 

O i l a n d  w a x  s o l v e n t. , c l e a n i n g 
c o . p o u n d s , v a p o r  d e g r e a s i n g  
p r o d u c t. s , d r y - c l e a n i n g o p e r a t. i o n s ;  
a l s o a s  a n  a n e s t. h e t. i c .  
S o l v e n t. s , i n  s t. y r e n e - r e l a t. e d  
p r o d u c t. s . 
I n  p r o d u c t. i o n o f  p a i n t. ,  v a r n i s h ,  
p e s t. i c i d e s  a n d  v a r i o u s  o r g a n i c  
s o l v e n t. s . 
I n  v a r i o u s  e l e c t. r i c a l c O l p o n e n t. s ; 
i n  w a s t. e  o i l s u p p l i e s a n d  I n  
p l a s t. i c  a n d  p a p e r  p r o d u c t. s  i n  
w h i c h  P C B  a r e u s e d  a s  p l a s t. i c i z e r s .  
I n s e c t.  c o n t. r o l . 

P o t. e n t. i a l  H e a l t. h E f f e c t s  

E y e a n d  r e s p i r a t. o r y i r r i ­
t. a t. i o n ;  p o s s i b l y l o r e 
s e r i o u s  l o n g - t. e r l  h e a l t. h 
e f f e c t. s . 
R e s p i r a t. o r y i r r i t. a t. i o n ;  
r e c o g n i z e d  c a r c i n o g e n . 

N a r c o t. i c ;  i r r i t. a t. i n g ;  I n  
h i g h c o n c e n t. r a t. i o n s ,  p o s ­
s i b l y i n j u r i o u s  t. o  h e a r t. ,  
I i v e r ,  k i d n e y  a n d  n e r v o u s  
s y s t. e l . 
N a r c o t. i c ;  l a y  c a u s e  
a n e l i a .  

N a r c o t. i c ;  c a n  c a u s e  h e a d ­
a c h e , f a t. i g u e , s t. u p o r ,  
d e p r e s s i o n ,  i n c o o r ­
d i n a t. i o n a n d  p o s s i b l e  e y e  
i n j u r y .  
S u b j e c t.  o f  O c c u p a t. i o n a l 
S a f e t. y a n d  H e a l t. h 
A d l i n i s t. r a t. i o n 
c a r c i n o g e n e s i s  i n q u i r y .  
A n i l a l  c a r c i n o g e n ; 
s u b j e c t.  o f  O S H A 
c a r c i n o g e n e s i s  i n q u i r y .  

S e v e r e i r r i t. a t. i o n  t. o  e y e s  
a n d  r e s p i r a t. o r y s y s t. e l . 
S t. r o n g  n a r c o t. i c ,  p o s s i b l e  
l u n g , I i v e r  a n d  k i d n e y  
d a l a g e . 
S u s p e c t. e d  c a r c i n o g e n s . 

S u s p e c t. e d  c a r c i n o g e n s . 

S o u r c e : H o i l o w e l I a n d  M i k s c h  ( 1 9 8 1 ) . 
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3 . 7 . 6  Mo i st ure 

Mo i st ure , a p roduct of everyday l i fe ,  i s  u s u a l l y  not con s i dered a po l l utant . 
Howeve r ,  when i t  becomes exces s i ve i t  may l ead to  b u i l d i ng s t ructura l  d amage 
and hea l th  effects . 

Meas u rement  

Mo i st u re in  t he  a i r i s  often  measured as re l at i ve h umi d i ty ( RH ) . The amount  
of mo i s t u re a i r can  ho l d  depen ds on i ts temperature . Coo l e r  a i r cannot  ho l d  
as muc h water vapor as warmer a i r .  When a i r  ho l ds a l l of  the  mo i stu re t h at 
i t  can  at a g i ven t emperat u re ,  i t  becomes saturated and  h as a re l at i ve 
h umi d i ty of 100% . Because  warm a i r c an h o l d more water  v apor t h an c an coo l 
a i r ,  t he  rel at i ve h umi d i ty of t he  a i r i nc reases  as i ts temperature decreases . 
I f  t h e  a i r coo l s to  the  po i nt  t h at i t  becomes satu rated , part of t he  mo i s t u re 
i s  g i ven up  as c onden s at i on .  

Sources 

Mo i st u re found  i n  homes comes from a var i ety of  sources , most  of  wh i ch are 
typ i ca l  househo l d act i v i t i es .  The  amount  of  mo i st u re p roduced by a typ i c a l  
fam i l y  of four a n d  t he  common sources of t h a t  mo i stu re a re s h own i n  Tab l e 
3 . 26 . Sources s uc h  as i n door saunas , spas , and hot tubs  c an d ramat i ca l l y  
i nc rease t h e  amount  of  mo i sture i n  a h ome . 

Mo i st u re c an a l s o  enter the  home from outs i de .  As much as 20 g a l l on s  of  
water  per  day wi l l  evaporate from mo i s t s o i l u nder  a l , 400-square - foot c rawl 
space  ( R i c ketts 1 980) . How muc h of t h i s  mo i sture en ters a h ome depends on 
the meas u res t a ken to  b l oc k  i ts en t ry .  Other sources i nc l ude l eaks  i n  
ce i l i ngs  and wa l l s .  

Hea l t h  Effects  

Rel at i v e h umi d i ty l ev e l s from 30  to 60% are i mportant to  ma i nt a i n i ng a 
comfort ab l e i n door en v i ronment ( B PA 1 984 ) . The  hea l t h  effects of h i g h  
mo i s tu re l eve l s a re not  c l earl y understood o r  q uan t i f i ed .  Mo i st u re-re l ated 

TABLE  3 . 26 .  Mo i st u re Produced by a Fam i l y  of Fou r  

Act i v i ty 

Coo k i n g  ( 3  mea l s per d ay )  
D i s hwas h i n g  ( 3  mea l s per day )  
Bath i ng ,  s h oweri n g 
C l othes was h i ng ( per  week )  
C l ot h es d ry i n g  i n doors o r  wi th  vented d ryer 
F l oor mop p i n g  ( p e r  100 square feet ) 
Occupants  ( fami l y  of  4 per d ay )  
House  p l ants  

Sou rce : EBA 1 984 ; Hansen  1 985 . 

3 . 5 1  

Quant i ty Produced 

1 quart 
1 p i nt 
1 p i n t 
1 / 2  g a l l on 
3 g a l l on s  
1 / 3  g a l l on 
1 - 1 /2 g a l l on s  
1 p i nt 



m i c roorg an i sms s uc h  as spores , mo l d ,  m i l dew ,  fung i , m i tes , b acteri a ,  and 
v i ru ses may mu l t i p l y  where t here i s  h i gh h umi d i ty or  t rapped mo i sture ( Bu rge 
1 984 ; Koz ak  et a l . 1 984 ) . 

Be l ow 30% re l at i ve h um i d i ty ,  prob l ems such  as stat i c  e l ectri c i ty and na sa l  
d i scomfort c aused by  i rr i t ated mucous memb ranes occu r .  I rr i t ated mucous 
memb ranes a l so  i nc rease h uman s ' s u scept i b i l i ty to  i n fect i ous  v i ru ses and 
m i c roorg an i sms . Mo i st u re a l so  affects hea l t h  by act i ng as  a so l vent for 
other po l l utants  (Meye r  1 983 ) . For examp l e ,  products  made wi th  u rea­
forma l dehyde res i n s wi l l  emi t  h i g h er  l eve l s  of  forma l dehyde gas  as re l at i ve 
hum i d i ty i nc reases . 

3 . 7 . 7  M i c roorgan i sms 

A i rborn e  m i c roorgan i sms a re made up  of a b road c o l l ect i on of a l g ae , b acteri a ,  
fun g i , p rotoz oa , m i tes , p o l l en ,  and  v i ruses . Most of t hese  come from 
outdoors . I n door b u i l d - up occ u rs from e i t her  d i rect con tami n at i on or  from 
g rowt h on i n teri o r  s u rfaces after contami nat i on .  A l l t h at i s  n eeded to  
encou rage g rowt h i s  a c arbon b ase , s uch  as  ce l l u l ose , p l ast i cs , soaps , and  
s k i n ,  and  a more or  l es s  con s i stent source  of mo i sture . Re l at i ve h umi d i ty 
l eve l s  above 70% appear opt i ma l  for funga l  spore g rowt h ( Bu rg e  1 984 ) . Un l ess  
re l at i ve hum i d i ty i s  very h i gh  ( above 7 5%) , most  s u rfaces such  as pa i n t ,  
t i l e ,  wood , and  paper do  not support g rowth . But an area exposed to  a sma l l 
l ea k ,  a s u rface often wet from condensat i on ,  or  t he  reservo i r  of an app l i ance 
may s upport g rowth . Ot her  factors contri but i n g  to i n door m i c roorgan i sms 
i n c l ude c l i mat i c  con d i t i on s , t he  amount of s h ade near a home , and o rgan i c  
deb r i s l eve l s  outs i de of homes . 

Bacter i a ,  fung i , i n sects , or  other b i o l og i c a l  parti c l es u s ua l l y  l ead to  i l l  
h ea l th  on l y  when t h ey become a i rborn e and are i n h a l ed .  A part i c u l ar ly  b ad 
s i tuat i on deve l ops when s u rface m i c roorgan i sms g row i n s i de ven t i l at i on 
systems o r  forced a i r heat i ng/coo l i ng systems . I n  t hese  c i rcums tances , t he  
g rowt h i s  s he l tered from detect i on ,  and  mec h an i c a l l y  c i rc u l ated a i r s p reads 
the  contami nants . There has been some concern t h at conden s at i on may co l l ect  
in  t h e  un i t s of MV  systems with  h eat recovery , a l l owi ng  m i c roorgan i sms to 
g row and  t h en be  b l own i nto  the a i r ,  a l t hough  cu rren t l y  t h ere i s  no  ev i dence 
t h at t h i s  occ u rs . 

M i c rob i a l f l o ra and fauna  a re norma l  e l ements  of  t h e  h uman en v i ronment . Th i s  
assemb l age i s  n ot on l y  u s u a l l y  safe for peop l e t o  b e  around ,  b ut  a l so 
contri butes  e ssen t i a l  b i o l og i c a l  funct i on s . Howeve r ,  i n  u n u s u a l  c ond i t i on s , 
wh en m i c rob i a l  g rowth i s  unchec ked and  a s u scept i b l e host  i s  p resent , 
expo s u re may l ead to  a l l erg i c  react i on ,  ast hma , or  t h e  spread of pathogen ­
based d i seas e .  One examp l e  was t h e  outbreak  of a mysteri ous  res p i rat ory 
d i sease  t h at l ed to  t h e  d eath  and i l l  hea l t h  of several  part i c i pants  at an 
Ameri can Leg i on Convent i on i n  1976 . The ven t i l at i on system at t h e  convent i on 
s i te was i mp l i c ated i n  spread i n g t he  organ i sm i dent i f i ed as Leg i one l l a  
pneumop h i l a ,  wh i c h  causes  Leg i on n a i res ' d i sease . 

L i tt l e  research h a s  been conducted to i dent i fy m i c roorg an i sms i n  h omes . 
Accord i ng to B u rge  ( 1 984 ) , " T h e  a i rborne  b i of l ora i s  i n heren t l y  comp l ex and 
vari ab l e  to the po i nt t h at def i es quant i f i cat i on . "  Bu rge observed t h at up to 
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four s amp l i n g moda l i t i es may, be  neces s a ry to  accu rat e l y  assess  t h e  b i o l og i c a l  
p art i c l es from a s i ng l e room i n  a " c l ean " house  because i t  con t a i n s  h undreds 
of d i fferent k i n d s , an d tec h n o l ogy does not  ex i st  to q uant i fy a l l of  them . 

3 . 8 POLLUTANT M I T IGAT I O N  T ECH N I QU ES 

Act i on s  to red uc e  i ndoor a i r po l l utant l eve l s can  be  g rouped i nto  two genera l  
c ategori es : t h ose  t h at contro l  po l l utants  at  t h e i r source  o r  b l oc k  t h e i r 
en t ry , a nd  those  t h at remove po l l utan ts  after t hey enter  t h e  i n door a i r .  
Actua l  i mp l emen t at i on o f  these  tech n i q ues i s  depen dent  o n  t h e  b u i l der  o r  
consume r .  T o  h e l p  e n s u re t h at m i t i g at i on tec h n i ques a re p roperl y c hosen , 
i n s t a l l ed ,  an d operated , a t h i rd type  of act i on s hou l d be added : i n format i on 
and t ra i n i n g to  s u pport b u i l ders and cons ume rs . These  act i on s  a re s ummari zed 
be l ow .  More det a i l ed i n fo rmat i on about mi t i gat i on tech n i q ues i s  ava i l ab l e  i n  
I ndoor A i r Qua l i ty M i t i gat i on Tech n o l ogi es , Append i x  C i n  Vo l . I I  of  t h e  
DE I S ,  wi t h  more recent i n fo rmat i on i nc l uded i n  Append i x  M to  t h i s  F i n a l  E I S .  

3 . 8 . 1 I n format i on and  Tra i n i ng 

D i s sem i n at i ng i n format i on wi l l  h e l p  peop l e choose b u i l d i ng materi a l s and  
b u i l d i n g p roducts , an d p roper ly  i n sta l l m i t i gat i on dev i ces whe re needed to 
red uce p o l l utant  l eve l s .  Th i s  type of general i n fo rmat i on i n c l udes  boo k l ets 
to h omeown e rs , l abe l s  attached to b u i l d i n gs , t ra i n i n g and cert i f i c at i on of 
b u i l ders and code off i c i a l s ,  an d mass ma i l i n gs of i n format i on .  I n format i on 
about p o l l utant l eve l s i n  spec i f i c  h omes can  a l so  be  made av a i l ab l e  to 
b u i l ders and cons umers by mon i tor i ng  p o l l utant  c oncentrat i on s . Mon i to rs are 
av a i l ab l e  for radon , forma l dehyde , n i trogen d i ox i d e ,  p art i c u l ates an d smoke , 
h um i d i ty ,  an d some organ i cs .  

I n fo rmat i on gathered from research  and  demonstrat i on p roj ects i nc l udes t h e  
i dent i f i cat i on of  geograp h i c ,  geol o g i c ,  and  c l i mat i c  factors t h at affect 
po l l utant  l eve l s .  An examp l e  of t h i s  i s  mapp i ng the d i s tr i b ut i on of radon . 
When t h i s  i n fo rmat i on i s  ava i l ab l e ,  i t  may be poss i b l e  to  e st i mate 
concentrat i on s  i n  g i ven l oc at i on s  and take app rop ri ate measures . 

3 . 8 . 2  Source  Cont ro l  

Perh aps the  eas i est  way to  i mp rove I AQ i s  t o  n o t  po l l ute i t  i n  t he  f i rst 
p l ace by i so l at i n g  po l l utants , b l oc k i n g po l l utant  entry i nto  b u i l d i n gs , and 
mod i fy i n g sources to  l i m i t em i s s i on s . Source  avo i d ance i s  u s ua l l y  a one-t i me 
meas u re t h at enta i l s  l i tt l e  ma i ntenance  or  operat i n g  costs . 

For examp l e ,  contro l l i n g sources of formal dehyde i nc l ude us i n g mater i a l s t h at 
meet HUD  stan da rd s  for forma l dehyde emi s s i on s  from part i c l e board and p l ywood 
u s ed i n  manufactured h ous i n g .  Another  appro ach  i s  to sea l  sources of 
forma l dehyde wi th  a t h i c k  l i q u i d - app l i ed coat i n g or so l i d  s heet t h at forms a 
cont i n uous  b arri e r  to t he  t ran sport of water vapor (Matthews et a l . 1 983 ) . 

Sou rce  c ontro l  t echn i ques for radon i nc l ude t h e  u se  of  mon o l i th i c  s l abs , 
vent i l ated c rawl s p aces , h i g h -den s i ty ,  l ow-permeab i l i ty con c rete , exter i or  
sea l ants , an d s ubs l ab dep res s u ri z at i on .  Oth er  tech n i q ues i n c l ude avo i d i n g 
materi a l  s uch  as c i nder b l oc k  for foundat i on s . 
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3 . 8 . 3  Po l l utant  Remov a l  

Vent i l at i on i s  o n e  method of remov i ng a l l types of  po l l utants . As descr i bed 
i n  sect i on 3 . 2 . 3 ,  vent i l at i on c an be  e i ther  act i ve (mec han i c a l ) or  p as s i v e 
( n atura l ) .  Pas s i ve vent i l at i on i nc l udes open i ng wi ndows , i n f i l t rat i on ,  
man u a l l y  adj usted open i ngs , pas s i ve stac ks , and w i nd-act i v ated roof vents . 
Act i ve vent i l at i on i nc l udes spot vent i l at i on and who l e-house  vent i l at i on .  
Spot vent i l at i on c i rc u l ates a i r  i n  a l i m i ted area s uch  as over a cook i ng 
app l i ance , i n  a bathroom , or  i n  a hobby area . Who l e-house  vent i l at i on 
c i rc u l ates a i r  t h roughout  a struct u re . 

Po l l utants  may a l so  be  d i l uted somewh at by us i ng c l ean a i r  tech n o l og i es such  
as mec h an i ca l  f i l t rat i on ,  e l ectrost at i c  f i l t rat i on ,  adsorpt i on ,  absorpt i on ,  
and a i r c i rc u l at i on ,  a l though  the  effi cacy of these  tech n i ques  i s  l es s  
certa i n  a n d  d i ff i cu l t  to  est i mate . These  terms are more fu l l y descri bed 
i n  I n door A i r Qua l i ty M i t i gat i on Techno l og i es , Append i x  C i n  Vo l . I I  of  
the  DE I S .  

3 . 8 . 4  M i t igat i on Techn i qu e  Effec t i veness 

Cr i ter i a used  to  eva l u ate  m i t i gat i on methods i n c l ude av a i l ab i l i ty of 
techn o l ogy , effec t i veness  of method , cost of i n sta l l at i on and operat i on ,  and 
ease  of operat i on . I n  Tab l e 3 . 27 ,  t he  var i ous  m i t i gat i on st rateg i es are 
rated for the i r  effec t i veness at  remov i n g radon and radon p rogeny , 
forma l dehyde , combu st i on p roducts , and resp i rab l e  part i cu l ates . Methods  
b ased on i n c reased ven t i l at i on wi l l  reduce the  concent rat i on of  a l l of the  
po l l utants . The other mi t i g at i on met hods have  more spec i f i c  t argets : 
adsorpt i on and  absorpt i on are effect i ve met hods for c ontro l l i ng forma l dehyde 
emi s s i ons , wh i l e  f i l t rat i on c an control  resp i rab l e part i cu l ates . 

I n  Tab l e 3 . 28 we s how the  mat ur i ty of  each m i t i gat i on method . A matur i ty of 
1 . 0 means  t h at the p roduct or  system i s  c u rren t l y  ava i l ab l e and i n sta l l ed 
systems perform to  des i gn spec i f i cat i on s . A matu r i ty rat i ng c l ose  to  a 
s i gn i f i e s  t h at the  method i s  s t i l l  i n  t he  des i gn phase . Met hods ran ked 
nearest  1 . 0 i nc l ude f i l t rat i on and spot vent i l at i on bec ause  these  are we l l  
understood an d w i d e l y  used . Mechan i ca l  vent i l at i on wi th a recuperat i v e heat 
exc h anger  i s  ran ked near 0 . 7 5 because  AAHXs are curren t l y  av a i l ab l e  but  often 
do  not perfo rm to  des i gn spec i f i cat i ons . Mech an i ca l  exhaust  vent i l at i on wi th 
energy recovery i s  ran ked near 0 . 5  because  the  technol ogy i s  not  wi de ly  
av a i l ab l e i n  t he  U n i ted States and  there are not  enough  i n sta l l at i on s  to  know 
how we l l  i t  performs to  des i gn spec i f i cat i ons . 

Method Sens i t i v i ty 

I n  Tab l e 3 . 29 we t ry to  q uan t i fy the  sens i t i v i ty of  m i t i gat i on techno l og i es 
to p roper i n s t a l l at i on .  Mech an i c a l  vent i l at i on wi th  a recuperat i ve heat 
exc h anger  i s  h i g h l y  dependent on proper i n s t a l l at i on ,  b a l anced a i r  f l ow rates 
i n  the i ntake  and exhaust  a i r f l ows , and the p roper l oc at i on of  a i r  i n l ets  
and o ut l ets . For  t h i s  reason , t h i s  system i s  rated at 1 . 0 ,  h i gh l y  sens i t i ve .  
Mec han i ca l  exh aust  ven t i l at i on w i t h  energy recovery and  regen erat i ve p rocess 
AAHX systems a re l es s  dependent on proper i n sta l l at i on and  s o  are ran ked 
c l oser to  0 ,  the l es s  sens i t i ve s i de of  the sca l e .  
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TAB LE  3 . 27 .  Effec t i veness of  M i t i gat i on St rateg i es 

Radon and Comb u s t i on 
St rategy Daughters HCHO Products  RSP  Mo i sture 

Source  Control  
Exc l us i on EFF  EFF  EFF  EFF  EFF  
Source  mod i f i c at i on EFF  EFF  EFF  EFF  EFF  
Source  sea l i ng EFF  EFF  NA  NA NA 
Subs l ab ven t i l at i on EFF  NA NA NA NA 
Crawl s p ace  vent i l at i on EFF  NA  NA NA NA 

A i r C l e an i ng 
Mec h an i ca l  f i l t rat i on EFF  NA EFF  EFF  NA 
E l ectrost at i c  f i l t rat i on EFF  NA EFF  EFF  NA  
Adsorpt i on NA EFF  NA NA I NCON 
Absorpt i on NA EFF NA NA E FF  
A i r c i rc u l at i on I NCON NA NA I NCON I NCON 

I n c reased Vent i l at i on 
N atu ral  i n f i l t rat i on EFF  ( a) EFF  EFF  EFF  EFF  
MVHX EFF ( a ) EFF  EFF  EFF  EFF  
MV ER  EFF  ( a) EFF  EFF  E FF  EFF  
RHX EFF ( a) EFF  EFF  EFF  EFF  
Spot vent i l at i on EFF ( a ) EFF  EFF  EFF  EFF  

( a) Structure depres s u r i z at i on c aused  by vent i l at i on may i nc rease  the  l eve l  
of radon i n  res i dence . 

EFF  = effec t i ve  (mi t i g at i on has  potent i a l for control  of  th i s  
po l l u tan t )  . 

I NCON = i nc onc l us i ve .  
NA = not app l i c ab l e  (mi t i g at i on wi l l  not control  t h i s  po l l utant ) . 

MVHX = Mec h an i c a l  Vent i l at i on wi th  Recuperat i ve Heat Exch anger 
( e . g . , an a i r-to-a i r heat exc h anger) . 

MVER  Mec h an i c a l  Exhaust  Vent i l at i on wi th  Energy Recovery .  
RHX = Regene rat i ve Process A i r-to-Ai r Exc h anger .  

HCHO = Forma l dehyde 
RSP  = resp i rab l e  s uspended part i c l es 

Sourc e :  I ndoor A i r Qua l i ty M i t i gat i on Tec hno l ogi es ( Tab l e 6 . 1 ) , Append i x  C 
i n  Vo l . I I  of the  DE I S . 
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TABLE 3 . 28 . Maturi ty of M i t i g at i on St rateg i es 

Sou rce  Cont rol  
Exc l us i on 
Source  mod i f i c at i on 
Sourc e  sea l i ng 
Subs l ab vent i l at i on 
Crawl space  vent i l at i on 

A i r C l ean i ng 
Mec h an i c a l  f i l t rat i on 
E l ectros t at i c  f i l trat i on 
Adsorpt i on 
Absorp t i on 
A i r c i rc u l a t i on 

I n c reased Vent i l at i on 
Natura l  i n f i l t rat i on 
MVHX 
MVER  
RHX  
Spot vent i l at i on 

0 . 0  0 . 5  1 . 0 
i mmat u re - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -matu re 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * *  

* * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * *  

* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

i mmatu re - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -mature 
0 . 0  0 . 5  1 . 0 

MVHX Mec h an i c a l  Vent i l at i on wi th  Recuperat i ve Heat Exc h anger  
( e . g . ,  an a i r-to- a i r heat exc h anger) . 

MVE R  = Mec h an i ca l  Exhaust  Vent i l at i on wi th  Energy Recovery .  
RHX = Regenerat i v e Process  A i r-to-Ai r Heat Exch anger . 

Sourc e :  I n door A i r Qua l i ty M i t i gat i on Techno l og i es (Tab l e  6 . 2 ) , Append i x  C i n  
Vo l . I I  o f  the  D E I S . 
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TABLE  3 . 29 . Sens i t i v i ty of M i t i g at i on Strategy Performance to I n s t a l l at i on 

Source Control  
Exc l us i on 
Source mod i f i cat i on 
Source sea l i n g 
Subs l ab ven t i l at i on 
Crawl s p ace vent i l at i on 

A i r C l ean i ng 
Mec han i ca l  f i l t rat i on 
E l ectros t at i c  f i l t rat i on 
Adsorpt i on 
A i r c i rc u l at i on 

I n creased Vent i l at i on 
N atura  1 i n f i  l t rat i on 
MVHX 
MVER 
RHX 
Spot vent  i l  at  i on 

0 . 0  0 . 5  1 . 0 
i nsens i t i ve- - - - - - - - - - - - - - - - - - - - - - - h i gh l y  sen s i t i ve 

* * * * * * * * * * *  

* * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * *  

* * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* * * * * * * * * * *  

i n sens i t i ve - - - - - - - - - - - - - - - - - - - - - - - h i gh l y  sen s i t i ve 
0 . 0  0 . 5  1 . 0 

MVHX = Mec h an i c a l  Vent i l at i on wi t h  Recuperat i ve Heat Exch an ger 
( e . g . , an a i r-to-a i r heat exchanger) . 

MV ER  = Mec h an i c a l  Exhaust  Vent i l at i on wi th  Energy Recovery .  
RHX = Regenerat i ve Process  A i r-to-A i r Heat Exch anger . 

Source : I ndoor A i r Qua l i ty M i t i gat i on Techno l ogi es ( Tab l e  6 . 3 ) , Appen d i x  C i n  
Vo l . I I  o f  the  D E I S . 
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4 . 0  ENV I RONMENTAL CONSEQU ENCES 

In  t h i s  c h apter we descr i be  and , where poss i b l e ,  quan t i fy en v i ronmenta l  
c h anges  res u l t i n g  from each  of the  a l tern at i ves  and t he  var i ous  pathways of 
the  Proposed Act i on A l tern at i ve .  The  chapter i s  organ i zed around the e l emen ts  
of  t h e  en v i ronment  t h at a re affected . F i rst , vent i l at i on rates and  p o l l utant  
concentrat i on s  are d i s c u s sed , fo l l owed by hea l th  effects , soc i oeconom i c  
effect s ,  and  secon dary effects . T o  put  t h e  New En ergy- Eff i c i en t  Homes Prog rams 
i n  t h e  context of other  BPA acqu i s i t i on p rog rams� we comp a re i t  w i t h  t h e  
acqu i s i t i on of o t h e r  energy resources . F i n a l l y ,  t here i s  a d i scu s s i on o f  
e n v i ronmenta l  con s u l tat i on ,  rev i ew ,  a nd  perm i t  requ i remen ts . 

The  an a l ys i s  of  en v i ronmenta l  effects i s  des i gned to  ascert a i n t h e  re l at i v e ,  
n ot abso l ute , con seq uences  o f  t h e  var i ous a l tern at i ves so  t h at BPA c an make 
p rog rammat i c  dec i s i on s . I t  i s  poss i b l e  to  ran k the  a l tern a t i ves  wi thout 
quan t i fy i ng how much better one pathway i s  t h an anothe r .  Even wi th  the  
uncert a i n t i es i n herent  i n  t h e  an a l ys i s ,  t he  an a l ys i s  p rov i des enough  
i n format i on t h at t h e  l ac k  of p rec i s i on i n  t h e  abso l ute n umbers d oes not  
p rec l ude  the  usefu l ness  of the  assessment for  t h e  e n v i ronment a l  dec i s i onma k i n g  
p roces s .  

4 . 1 I N DOOR A I R  QUAL ITY  

To d ate , BPA h a s  p revented adverse  hea l th  effects i n  i t s New Homes Prog rams 
by requ i ri ng t h at b a l anced mech an i ca l  vent i l at i on ,  s i z ed to  exc h an g e  a i r 
t h roughout  a s t ructure , b e  i n st a l l ed i n  t i g h t  energy-eff i c i ent  h omes . I n  
homes b u i l t  u nder  BPA p rograms wi thout  these  dev i ces , radon a n d  formal dehyde 
l eve l s were mon i tored to  ensure t h at they d i d  n ot exceed 5 pC i / l  and 0 . 1 ppm , 
respect i ve l y .  The  a i m  o f  th i s  E I S  i s  t o  assess  t h e  effect s  o f  u s i n g other  
m i t i g at i on tech n i ques  i n  add i t i on to  these . O ur  assessment i s  b ased on  
e s t i m at i n g  the  tot a l  n umber of potent i a l l i fet i me c an cers from exposure to  
radon  and  forma l dehyde t h at may occur  wi th  each of t h e  a l tern a t i ves  and  each  
of  the  p at hways i n  t he  Proposed Act i on A l ternat i ve .  

4 . 1 . 1  Po l l utants  An a l yz ed 

The  p r i m ary env i ronmenta l  concern i dent i f i ed for t he  N ew En ergy- Eff i c i en t  
Homes Prog rams i s  t he  poten t i a l  effect that  i nc reased l eve l s of i n door 
po l l utants  may h ave  on occupants ' hea l t h . The two po l l utants  for wh i ch hea l th 
effects a re es t i mated a re radon and  forma l dehyde because  of t h e  range  of hea l th 
effects assoc i ated wi th  t h em ,  and  because r i s k  factors h ave been estab l i shed  
to  ca l c u l ate l i fet i me cancer rates . ( a ) 

These  two po l l utants  are a l so  i mportant  because occupants  h ave l i tt l e  con t ro l  
over expos u re to  t h em .  Radon i s  a g a s  t h at cannot  be  sen sed wi t hout  mon i tors 

( a )  Wh i l e  n o  s hort-term or  acute h ea l th  effects a re l i n ked w i t h  radon , 
s c i en t i s t s  have  found  t h at forma l dehyde may cause  s h ort -term effects ; 
h owever ,  i t  i s  n ot yet poss i b l e  to accurat e l y  q u an t i fy t hem on a reg i on a l  
b as i s  bec ause  of t h e  var i ab i l i ty i n  h uman respon se . 
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and i s  emi tted i n to Northwest homes a l most ent i re l y  from so i l .  A l t hough  
con s umers can  con t ro l  forma l dehyde l eve l s s omewhat by  t h e i r c h o i ce  of 
f urn i s h i ngs  after a house i s  b u i l t ,  t hey usua l l y  have  l i tt l e  con t ro l  over 
forma l dehyde-em i tt i ng materi a l s  used to b u i l d  t he  hous e .  

I n  i t s F i n a l  E I S  o n  the  Exp anded Res i dent i a l Weat heri z at i on Prog ram BPA 
t reated ben z o [aJ pyrene ( BaP )  as  a c arc i nogen w i t h  quant i f i ab l e  i mpacts ( B PA 
1 984) ; t h at an a l ys i s  a s sumed t h at the  poten t i a l  c arc i nogen i c i ty of comp l ex 
m i xtures s uch  as wood and tobacco smoke cou l d  be  est i mated on the  b as i s  of  
BaP  content . Mo reove r ,  t he  carc i nogen i c i ty of  BaP  i n  t h ese mi xtures was 
a s sumed to be  s i m i l ar to  BaP ' s  carc i nogen i c i ty i n  p u re form . As d i scus sed i n  
Sect i on 3 . 7 . 3 ,  these  ass umpt i on s  are n o  l onger  va l i d .  Based on new data  now 
av a i l ab l e ,  we now recogn i z e that t here i s  not enough  i n format i on to  quan t i fy 
the  h ea l t h effects of  wood smoke and tobacco smoke . 

We a l so found t h at there i s  not enough i n fo rmat i on to quant i fy t h e  l on g -term 
hea l t h  effects of  resp i rab l e  part i c u l ates , comb u s t i on g ases , mo i s ture ,  
m i c roorg an i sms , o r  househo l d ' c h em i c a l s .  Th i s  does not i mp l y  t h at these  
po l l utants  do  not affect h uman hea l t h . There i s  j ust not  enough  i n fo rmat i on 
to p red i ct how d i fferent peop l e  wi l l  respond to  l ow l eve l s  of  these  po l l utants  
over l ong  peri ods of  t i me . There i s  a l so con s i derab l e uncert a i n ty concern i n g 
the  l eve l s of some of these  po l l utants  found  i n  homes . And f i n a l l y ,  there i s  
u ncert a i nty about how t h ese po l l utants  react and i n teract i n  i ndoor a i r to 
form d i fferent compounds  t h at c an res u l t  i n  d i fferent hea l t h  effect s .  Thus , 
wh i l e  t h ere i s  qua l i ta t i ve ev i dence of ri s k ,  we c annot formu l ate po l i cy o r  
management s t rateg i es b ased o n  t h at body of  ev i dence-- and ,  t h e  E I S  i s  a 
p l ann i n g document an d the  b as i s  for p o l i cy dec i s i on s . 

The  hea l t h  effects of  i nd oor  po l l utants are d i scussed i n  more det a i l i n  t he  
D E I S , Vo l . I I ,  Append i x  B .  There are a l so two new append i xes t o  t h i s  F i n a l  
E I S ,  on e o n  man -made man u factured f i bers s u c h  a s  f i ber  g l ass  i n s u l at i on 
(Appen d i x  J )  a nd  one on en v i ronmenta l  tobacco smoke (Append i x  K ) . 

4 . 1 . 2 Met hodo l ogy 

The b as i c  mode l  u sed to est i mate l i fet i me cancers from c h anges  i n  I AQ i s  as 
fo l l ows : (Po l l u tant ) ( N umber of peoP l e) ( Forecast number) x (Measured or  SCa l ed ) 

ri s k  factor x l i v i ng i n  h omes x of homes po l l utant 
concen t rat i on 

= 
N umber of  poten t i a l  i nc i dents of  l i fet i me c ancers 
i n  a g i ven house  type at a g i ven po l l utant  concen t rat i on .  

I nd i v i d u a l  ri s k  factors , d i scussed i n  Sect i on s  3 . 7 . 1  and 3 . 7 . 2 ,  were app l i ed 
to severa l s ubsets of  t h e  affected popu l at i on ,  an d the  res u l t s summed to 
determ i n e  the tot a l  reg i ona l  i mpact . The  s ubsets were d i st i n g u i s h ed by 
hous i n g type , po l l utant  type , and po l l utant l eve l  ( radon on l y ) , and the  mod e l  
app l i ed to  the  b a s e l i n e .  The  var i ab l es used i n  t h e  mode l  are s ummari z ed i n  
t h i s  sect i on .  
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Each v a l ue  u sed i n  t h e  mode l  has  a marg i n  of uncert a i nty assoc i ated wi th  i t ,  
t h e  c umu l at i ve effect of wh i ch may contri bute to  a reduct i on i n  t h e  accu racy 
of the  reported res u l ts .  For a d i scuss i on of  uncert a i nty i n  reported d at a ,  
see  Appen d i x  L .  Add i t i on a l  i n format i on on t h e  mode l  i s  i n  Append i x  C t o  th i s  
F i n a l  E I S  ( Vo l . I I ) , as  we l l  as i n  the  D E I S , Vo l . I I ,  Append i x  B .  

Po l l utant  R i s k  Factor 

Based on a rev i ew of the l i terat u re on the  hea l th  effects of radon and 
forma l dehyde , t he  fo l l owi ng  i nd i v i du a l  ri s k  factors are most  app l i c ab l e  to 
the res i dent i a l  env i ronmen t :  

o 

o 

radon r i s k  factor = 0 . 002 1  est i mated l i fe t i me cancers per  1 pC i / l  of 
radon (or 2 . 1  l i fet i me cancers per 100 peop l e ) 

forma l dehyde r i s k  factor = 0 . 00 1 09 est i mated l i fet i me nasa l  cancers 
per 1 ppm of forma l dehyde  ( o r  1 . 09 l i fe t i me 
c ancers per 100 peop l e ) . 

The  r i s k  of un derta k i n g act i v i t i es s uch  as dr i v i n g an automob i l e  i s  compa red 
w i t h  t h at of expos u re to radon i n  Sect i on 4 . 2 . 3  and i n  Appen d i x  D .  More 
i n format i on on po l l utant  r i s k  factors i s  av a i l ab l e  i n  Chapter 3 .  

Popu l at i on Den s i ty 

The n umber of occupants  per  res i dence i s  constant  across  each of the  
a l tern a t i ves  and  was  s h own i n  Tab l e 3 . 1 2 .  

Hou s i ng Forecasts  

We u sed BPA ' s  1 986 med i um case  forecast  ( the D E I S  u sed the  1 985 forecast )  for  
the  c on s t ruct i on of new e l ectri ca l l y  heated homes i n  the  reg i on .  Proj ect i on s  
f o r  t h e  th ree hous i n g types under con s i derat i on were p resented i n  Tab l es 3 . 9 
t hrough  3 . 1 1 for the  Base l i ne and  No  Add i t i on a l  Act i on A l tern at i v e .  

Po l l utant  Concent rat i on s  

W e  u s e d  measu rements  of radon an d forma l dehyde concen t rat i on s  t aken as p art 
of the  RS D P .  The  hea l th  effects an a l ys i s  i s  b ased on data  t aken i n  houses 
b u i l t  to 1 983 p ract i ce ;  t h at data p rov i ded the  best  rep resentat i on to est i mate 
the effect of  house  t i ghten i ng on po l l utant  concen t rat i on s , wh i c h i s  wh at we 
are t ry i n g to mode l . U s i n g these  data , a l ong wi th p rototyp i c a l  v o l umes of 
s i n g l e - fami l y ,  mu l t i fami l y ,  and  man u factu red homes , we were ab l e  to e st i mate , 
or sca l e ,  po l l u tant  concen t rat i ons  to match  d i fferen t vent i l at i on rates and 
hous i n g types . Formal dehyde concentrat i on s  for man ufactured and  s i ng l e- fami l y  
homes were b ased o n  measured data  and are con s i dered fa i r l y  rel i ab l e ;  however ,  
t he  concentrat i on s  e st i mated for  mu l t i fami l y  hous i ng were ext rap o l ated from 
the s i n g l e- fami l y  mea s urements , and therefore cont a i n a h i gher l eve l  of 
uncerta i n ty . 

Ven t i l at i on rates and s t ruct u re vo l ume a re i mportant  determi nants  i n  
estab l i s h i n g p o l l utant l eve l s i n  homes . G i ven a constant  vo l ume and source  
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of po l l ut i on for i nd i v i du a l  hous i ng types , po l l utant l eve l s w i l l  dec rease as 
ven t i l at i on rates i nc rease . Based on th i s  steady-state  mode l , the 
rel at i on s h i p  between vent i l at i on and po l l utant l eve l s i s  such  t h at , for every 
doub l i ng of ven t i l at i on ,  po l l utant l eve l s decrease by h a l f .  And for every 
h a l v i n g of vent i l at i on ,  po l l utant l eve l s doub l e .  Assumi ng th i s  i nverse 
re l at i onsh i p ,  and u s i n g measu red po l l utant l eve l s and vent i l at i on rates as 
start i ng po i nts , we are ab l e  to  est i mate , o r  s ca l e ,  po l l utant  c oncent rat i ons  
at  d i fferent vent i l at i on rates . Th i s  rel at i ons h i p  i s  expressed  by  the  
fo l l owi ng equat i on :  

S C = VI 

where C = p o l l utant  concen t rat i on 
source  emi s s i on S = 

V vo l ume 
I = effect i ve vent i l at i on rate . 

As noted i n  Sect i on 3 . 7 . 2 ,  the  benef i c i a l effects  of  vent i l at i n g forma l dehyde 
may be  offset s omewh at by an i nc rease i n  emi s s i on s  from po l l utant sources . 
Thus , t he  mode l  may overp red i ct the  reduct i on i n  forma l dehyde l eve l s  due  to  
ven t i l at i on .  However ,  ven t i l at i on does  effect i ve l y  m i t i gate the  po l l utant , 
an d deve l op i ng a separate , more comp l ex mode l  for forma l dehyde wou l d  be  an 
expen s i ve and comp l ex add i t i on to  the an a l ys i s ;  the cost of  th i s  wou l d  not be 
comme n s u rate wi th  the va l ue  of the i n format i on ga i ned . 

The  fo l l owi ng dwe l l i ng vo l umes are assumed i n  our  c a l c u l at i on of  po l l utant 
l eve l s  and rema i n  constant across  c l i mate zones and a l ternat i ves : 

o 

o 

o 

s i ng l e - fami l y :  
mu l t i fam i l y : 
man u factured hous i n g :  

1 1 , 200 c ub i c  feet 
6 , 720 c ub i c  feet per un i t  
9 , 360 c ub i c  feet . 

Ven t i l at i on Rates for the  A l ternat i ves 

The most i mport ant var i ab l e  i n  our an a l ys i s  of  the  New Energy - Eff i c i ent  Homes 
Prog rams i s  t he  d i fference i n  vent i l at i on rates between 1983 p ract i ce and new 
energy-eff i c i ent  homes . We est i mated th i s  d i fference and i t s i mp act on i ndoor 
po l l utant l ev e l s to  e st i mat e hea l t h effects t h at may res u l t  from the  p rograms . 
F i rst i t  was neces s a ry to estab l i s h t he  start i n g  po i nt ,  or  base l i ne cond i t i on s , 
to wh i ch we comp are energy-eff i c i ent homes . 

Bonnev i l l e est i mated both average and effect i ve vent i l at i on rat es i n  homes 
b u i l t  to  1983 p rac t i ce and energy-eff i c i ent  homes for each of the  
a l ternat i ves . To est i mate both the  average and effect i ve vent i l at i on rates , 
BPA used  the  a i r i n f i l trat i on mod e l  deve l oped by LBL  to comp ute a i r c h ange  
�ates  an d equ i v a l ent po l l utant  concent rat i on s  ( i . e . , t he  i n verse of  the  a i r  
c h ange rate ) on a n  hou r l y  b as i s .  Both q uant i t i es were then averaged , and  t he  
i n verse of  average po l l utant  concent rat i on s  was t aken as  the  effect i ve a i r  
c h ange  rate . The effect i ve ven t i l at i on rate better rep resents  the  amount  of 
t i me an occupant  i s  exposed to a g i ven l eve l  of  po l l utant concen t rat i on .  The 
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l ower the  exposure -we i ghted ACH , t he  more exposure to po l l utants . S i nce  t h e  
hea l th effects an a l ys i s  rel i es o n  the  effec t i ve  vent i l at i on rate , t h i s  rate 
i s  the v a l ue  c i ted be l ow i n  the s ummary of a l tern at i ves . The  ass umpt i on s  and 
methodo l ogy for these  es t i mates are exp l a i ned i n  Append i x  A .  

o 

o 

o 

Base l i ne - I n  the  RS DP , BPA stud i ed the  vent i l at i on rates of some 450 
new homes b u i l t  to  1 983 p ract i ce .  Res u l ts from the stud i es i n d i c ated so 
much  uncert a i nty i n  determi n i n g the vent i l at i on rate for the Base l i n e ,  
t h at BPA c reated a ran ge  based on t h ese  res u l ts  t h at best represents  the  
bounds  of ven t i l at i on rates in  base l i n e h omes , wi t h  an  upper bound of 
0 . 45 ACH an d a l ower bound of 0 . 3 5 ACH across a l l t h ree c l i mate zones . 
We ass ume t h at no  en ergy-eff i c i ent  h omes are b u i l t  i n  t h e  Base l i ne .  

No  Add i t i on a l  Act i on A l tern at i ve - The No  Add i t i on a l  Act i on A l tern a t i ve 
cons i st s  of p rograms wh i ch wi l l  p roduce t i g hter ,  energy-eff i c i en t  houses . 
Howeve r ,  these  p rograms have components des i gned spec i f i c a l l y  to  ma i n ta i n  
vent i l at i on rates p rev a i l i ng i n  1 983 b u i l d i ng p ract i ce .  Th i s  a l tern at i ve 
i s  t h us  an a l yzed wi th  the  s ame effect i ve vent i l at i on rates found i n  the  
Base l i ne .  

Proposed Act i on A l tern a t i ve - To assess t he  effec t i venes s of vari ous  
tec h n i q ues at mai n ta i n i ng the  q ua l i ty of i ndoor a i r ,  t h i s  a l tern at i ve i s  
s u bd i v i ded i nto a seri es of p athways . The mos t  i mportant v a r i ab l e  i n  
t h e  assessment  o f  the  p athways i s  t he  effect i ve vent i l at i on rates 
ac h i eved i n  energy-eff i c i ent  homes . Most of the  p athways re l y  on some 
form of mec h an i c a l  vent i l at i on to  reduce po l l utant l eve l s ,  a l t h ough  two 
h ave no s uc h  requ i rement . We assess  the  p athways for the i r i mp act  on 
p o l l utant concen t rat i on s  and  res u l t i n g hea l t h  effects b ased on both the  
upper and l ower bounds  of each  p athway ' s  effec t i ve vent i l at i on rate . I n  
our  mode l , t h e  Base l i ne has  the  s ame po l l utant concentrat i on regard l ess  
of the  vent i l at i on rate . S i nce everyth i n g e l se i s  he l d  con s tant  ( e . g . , 
dwe l l i ng type , hou s i ng forec ast ,  c l i mate z one ) , i t  i s  pos s i b l e  to  assess  
the  effect  of ch ang i ng the  a i r exch ange rate  by  exam i n i ng t he  rat i o  of 
the  p athway ' s  a i r exch ange rates to the  Base l i ne ' s  a i r exch ange rates . 

The p athways are d i st i ng u i shed  by the i r l eve l  of  i n f i l trat i on ,  t h e  type of MV 
sys tem , and the  l ength  of t i me t h at MV system operates ( F i g u re 2 . 1 ) . For 
examp l e ,  one p athway has  a cont i nuous  a i r  barri er  and MVHR sys tem wh i ch 
operates 8 hr/day ( to  account for contro l s or  occ upant behav i or t h at may l i m i t 
the  operat i ng t i me ) . Hence , t h e  overa l l vent i l at i on rate i n  t h i s  pathway i s  
a comb i n at i on of natura l  and  mec h an i ca l  vent i l at i on .  These p athway components 
y i e l d  t he  average vent i l at i on rates , wh i ch are then used to c a l c u l ate the 
effect i ve vent i l at i on rate ( see C hapter 2 and Append i x  A ) . 

As descr i bed i n  Chapter 2 ,  some houses  i n  Pathway 6 may be  retrof i t  wi t h  ports 
i f  a d i agnost i c  b l ower door test i nd i cates the need . Howeve r ,  bec ause  we 
c annot p red i ct t h e  number of houses  t h at mi g ht  need ports , our  h ea l t h  effects 
an a l ys i s  adopts the a s sumpt i on t h at no  houses  are ret rof i t  wi t h  port s . Thus , 
the  vent i l at i on rate used  to  an a l yz e  the  p athway i s  t he  s ame as or i g i n a l l y  
ca l cu l ated . Th i s  has  the  effect of overes t i mat i ng the  cancer  rate for the  
p athway , because  i t  i s  l i ke l y  t hat  some n umber of houses  wi l l  i n sta l l ports . 
For those  houses  rece i v i n g ports , t he  vent i l at i on rate wou l d  i n c rease to  t h at 
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e s t i mated for Pathway 5 ,  wi th  a correspond i ng dec rease i n  t he  i nc i dence of  
cancer .  For the  p l ann i ng p urposes of  th i s  document , we  have  e l ected to  
ove rest i mate rather  than underest i mate the  adverse  hea l th e ffects . The  
vent i l at i on rates  ac h i eved under each of  the  pathways a re s hown in  Tab l e  4 . 1 ,  
wh i ch summari zes  the  bas i c  e l ements  of  the  pathways . For more i n fo rmat i on on 
the  pathways , see Chapter 2 .  

E st i mated Po l l utant  Concen t rat i on s  

W e  determ i ned i ndoor radon a n d  formal dehyde concentrat i ons  for each hous i ng 
type i n  e ac h  c l i mate zone for the  Base l i ne ( BPA 1 986g ) . O ur  method , b ased on 
the  fa i r l y  stand ard approach t h at reduct i on s  i n  a i r exc hange rates res u l t  i n  
i nc re ased i n door concentrat i ons  o f  the  po l l utant i n  rough p roport i on a l i ty to  
the  source  term ,  i s  s ummari zed be l ow .  

o 

o 

o 

For radon we c a l c u l ated med i an concentrat i on s  for homes wi th  i ndoor 
concent rat i on s  g reater t h an 5 pC i / l  ( h i gh l eve l ) and for homes wi th  
l eve l s  l es s  t h an or  equa l  to 5 pCi / l  ( l ow l eve l ) .  Because  the  data  were 
s o  c l ose l y  spaced , forma l dehyde concentrat i on s  were not d i v i ded i nto  
h i gh and l ow concen t rat i on s . These are arb i t rary d i s t i nct i on s  but  are 
usefu l i n  d i fferent i at i ng between homes w i t h  l ower ri s k  and those  at 
g reatest r i s k .  They a l so  better contro l  for out l i e rs i n  t he  data  set , 
wh i ch are more p rev a l ent wi th  radon . The 5 pC i / l  l eve l  for radon i s  
based on Bonnev i l l e ' s  act i on l eve l  for i ts weatheri z at i on p rogram ( BPA 
1 984 ) . The  data  used to  c a l c u l ate radon and forma l dehyde c oncentrat i ons  
are p resented in  Append i x  C .  The p roport i on of homes w i t h  h i gh 
concentrat i on s  to  homes wi th  l ow concent rat i ons  i s  then t aken i nto  
account  in  e s t i mat i ng the  tot a l  n umber of l i fet i me c ancers . The  
perc entages of  structures wi th h i gh and l ow concen t rat i on s  for each 
c l i mate z one are s hown i n  Tab l e  4 . 2 .  Note t h at on l y  a sma l l percentage 
of homes i n  the reg i on exceed 5 pC i / l , and of  those , 98% are l oc ated i n  
c l i mate z ones  2 and 3 .  

For radon , t he  med i an concentrat i ons  for both energy-eff i c i ent homes and 
those  b u i l t  to 1 983 p ract i ce i n  each of the c l i mate z ones  a re b ased  on 
meas u red data  taken from s i ng l e- fami l y  control  homes i n  the RSD P . The  
base l i ne concent rat i ons  are b ased on l y  on  s i n g l e - fami l y  contro l  homes ; 
t h ese  are s i mp l y  sca l ed to est i mate concent rat i ons  for mu l t i fam i l y  and 
manufactured homes . Tab l e 4 . 3  shows the  concent rat i on for the  Base l i ne ,  
for a l l t h ree hous i ng types i n  a l l th ree c l i mate z ones . For 
fo rma l dehyd e ,  we c a l c u l ated mean concen t rat i on s  based on meas u red  d ata  
t aken from both s i ng l e- fami l y  and man u factured  homes . S i ng l e - fam i l y  
c oncen t rat i on s  were sca l ed to  der i ve est i mates f o r  mu l t i fam i l y  homes . 

We then sca l ed the  po l l utant concent rat i ons  to match the  vary i ng vo l umes 
of the  d i fferent  hous i ng p rototypes and the  vary i n g  effect i ve vent i l at i on 
rates of  the  p athways as devel oped i n  Appen d i x  A ,  and g i ven i n  Tab l e  4 . 1 . 
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TABLE 4 . 1 .  Summary of Pathways I Effec t i ve  Vent i l at i on Rates 

Range of  Effec t i ve Vent i l at i on Rates 
I n f i l t rat i on MV MV Si n g l e - M u  It i - Manufac-

Pathway Control  ( a )  System Operat i on ( b )  Fami 11: Fami l y  tu red 

1 Standard None NA Upper . 32 . 1 9 . 3 1  
Lower . 26 . 1 5 . 29 

2 Standa rd MVH R ( C ) Con t i nuous  Upper . 52 . 45 . 53 
Lower . 45 . 40 . 50 

3 Stand ard MVH R ( C ) I ntermi ttent Upper . 3 7  . 24 . 3 6  
Lower . 3 1  . 20 . 3 4  

4 Standard Exhaust  Cont i n uous Upper . 45 . 47 . 46 
Lower . 38 . 42 . 43 

5 Standard Exh aust  I ntermi ttent Upper . 38 . 29 . 38 
Lower . 3 1  . 24 . 35 

.r:::> 6 Standard Exhaust  I ntermi  ttent Upper . 3 5  . 24 . 3 5  • 
-...J Lower . 29 . 1 9 . 32 

7 Adv anced None NA Upper . 1 7 . 1 2 . 1 6 
Lower . 1 4 . 1 1 . 13 

8 Advanced MVHR (C ) Cont i n uous Upper . 43 . 37 . 42 
Lower . 40 . 36 . 39 

9 Advanced MVHR ( C ) I ntermi ttent Upper . 2 1  . 1 5 . 20 
Lower . 18 . 1 4 . 1 7 

10  Adv anced Ex haust  Cont i nuous  Upper . 34 . 4 1  . 34 
Lower . 30 . 40 . 30 

1 1  Advanced Exhaust  I ntermi ttent Upper . 24 . 2 1  . 23 
Lower . 20 . 1 9 . 1 9 

(a) Standard - Mi n i mum MCS construc t i on for a i r l ea k age  contro l ; advanced = c on t i nuous  a i r  b arr i e r .  
( b )  Cont i n uous  = 24  hours/day ;  i ntermi ttent = 8 hours/day . 
( c )  MVHR = Mec han i ca l  vent i l at i on system wi th heat recovery , o r  a i r-to- a i r heat exchange r .  



TABL E  4 . 2 .  Percentages of S i ng l e- Fami l y  and Mu l t i fami l y  Homes W i th 
H i gh and Low Po l l utant Concen trat i ons  by C l i mate Zone 

S i n  9 1 e - F am i l  y Homes Mu l t i fam i l y  Homes 

Low Radon H i gh Radon Low Radon H i gh Radon 
Cl i mate Zone Concent rat i on Concentrat i on Concent rat i on Concent rat i on 

1 
2 
3 

TABL E  4 . 3 . Radon 

C l i mate Zone 1 

S i n g l e - fam i l y  
Mu I t  i fami l y  
Manufactu red  Homes ( C ) 

C l i mate Zone 2 

S i n  g 1 e - f am i l  y 
Mu I t  i fami l y  
Manufactured Homes ( C ) 

C l i mate Z one  3 

S i n g l e- fami l y  
Mu I t  i fami l y  
Man ufactured Homes ( C ) 

98% 2% 100% 
78% 22% 100% 
7 5% 25% 100% 

and Forma l dehyde Concent rat i on s  i n  

Rn Concent rat i ons  
�5pCi / l  

0 . 4 1 ( a ) 
1 . 49 
0 . 49 

1 . 5 1 ( a )  
1 . 35  
1 . 81  

2 . 23 ( a ) 
1 . 35  
2 . 67 

>5pC i / l  

10 . 52 ( a ) 

1 2 . 59 

9 . 56 ( a ) 

1 1 . 44 

9 . 76 ( a ) 

1 1 . 68 

Cancer Rate 
From Radonb 

1 18 
3 13 
1 4 1  

692 
284 
829 

857 
283 

1 , 026  

(a)  Med i an concen trat i on s  

a 
a 
a 

Base l i ne Homes 

Ave rage HCHO 
Concent rat i on s , ppm 

. 09 

. 1 1 

. 1 1 

. 09 

. 1 1 

. 1 1 

. 09 

. 1 1 

. 1 1 

( b )  Tota l  l i fe t i me l ung  cancers per 100 , 000 persons  
( c )  Radon concentrat i on s  are med i an s  sca l ed from concen trat i on s  in  s i n g l e ­

fami l y  homes ; forma l dehyde concent rat i on s  are means  sca l ed from s i n g l e­
fami l y  homes . 

4 . 8 



To assess  radon m i t i gat i on tec h n i q ues i nc l uded i n  t he  radon p ac k age  for use  i n  
homes wi t h  l eve l s above 5 pC i / l , we a s sumed t h at t h e  m i t i gat i on wi l l  reduce 
concent rat i on s  by 70% i n  those homes where mi t i gat i on measures a re act i v ated . 
Th i s  a s s umpt i on i s  based on mon i tori ng  data  taken from 1 5  h omes tested for radon 
red u c t i on tec h n i ques  ( Turk  et a l . 1986 ; Thor 1987 ) . Howeve r ,  t h e  tot a l  reg i ona l  
effect of  t h e  radon p ac k age  i s  very s l i gh t  because  i t  i s  ass umed t o  affect a 
very sma l l percentage of h omes as s h own i n  Tab l e 4 . 4 .  The  mi t i g at i on measures 
i nc l uded i n  t he  radon p ac k age  are descri bed i n  Append i x  H .  

4 . 2  EST IMATED H EALTH EFFECTS 

Us i ng t h e  mode l  presented i n  Sec t i on 4 . 1 ,  we e st imated t h e  n umber of potent i a l 
l i fet i me c ancers res u l t i ng from exposure to  radon and  forma l dehyde from each 
a l ternat i ve and  each of the  pathways of the Proposed Act i on A l ternat i ve based 
on each vent i l at i on rate . For examp l e ,  for each pathway , we c a l c u l ated t h e  
l i fet i me c ancer rate f o r  t h e  percentage o f  both 1983 p ract i ce and  energy­
effi c i en t  h omes , t h en agg regated t hem to  g i ve t h e  tot a l  c ancer rate for the  
pathway . We  c an t h en d i rect l y  compare t h e  effect of t h e  pathway to  t h at of t he  
Base l i ne .  These  es t i mates are presented i n  Sect i on 4 . 2 . 1 .  I n  Sect i on 4 . 2 . 3  we 
compare the  radon f i nd i ngs  wi th  ri s k s  of other act i v i t i es s uc h  as dr i v i ng a car 
and smo k i ng tobacco . Th i s  compari son as s umes t h at the  i n c i dence of  l un g  c ancer 
res u l ts in  death , a l t h ough  th i s  a s sumpt i on i s  not un i vers a l l y  accepted . 

R i s k  a s ses sments are an i mportant  component i n  t he  dec i s i onma k i n g  proces s . 
Howeve r ,  t here are sources of uncert a i nty and error i n  r i s k  assessment s ,  and i t  
i s  i mport ant t o  unders t and  the  l i m i t at i ons  on the  q uan t i tat i ve res u l ts .  As a 
res u l t  of the  uncert a i nty i n herent i n  the  ri s k  assessment , t h e  c a l c u l ated r i s ks  
s hou l d be regarded as max i mum es t i mates s i nce  our  errors wi l l  be  ove rpred i c ­
t i ons . I t  i s  a l s o  i mportant  to u nderstand t h at t he  n umbers g i ven i n  t he  
fo l l owi ng  t ab l es est i mate re l at i ve c h anges i n  ri s k  and do  not p red i c t  wh at wi l l  
act u a l l y  h appen . The  an a l ys i s  i s  foc used on eva l u at i ng not t h e  cert a i n 
occu rrence of c ancer for a spec i f i c  i nd i v i d ua l  but  rather t h e  i nc reas e or  

TABLE  4 . 4 .  Radon Pac kage Adopt i on Ass umpt i on s  

Radon Range , 
pC i / l  

% of Houses ( a ) 
i n  t h e  Range x 

% of Peop l e ( b )  
Tak i ng Act i on = % Reduct i on ( c )  

0 - 5 
5 - 1 0  

1 0 -20 
20+ 

Tot a l  % 
Ass umed 

Tot a l  

90 
5 
4 
1 

of houses  t ak i ng act i on 
fract i on a l  reduct i on of Rn 
reg i on a l  reduct i on 

o 
10  
30 
7 5  

o 
. 5  

1 . 2 
. 7 5 

2 . 45 
x . 7  

1 .  7% 

(a)  Based on RDS P data  for 1 983 p rac t i ce  h omes , b ut  for 
i l l u s trat i ve p urposes , we a s sume t he  l i sted percentages . 

( b )  Best j udgement b ased o n  BPA ' s expe ri ence wi t h  t h e  Weath er i z at i on 
Prog ram . 

( c )  As s um i ng  the  percentages i n  Co l umn 2 .  
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decrease i n  t h e  p robab i l i ty of l i fet i me l ung  d i sease  for each i nd i v i du a l  member 
of a l arger popu l at i on at ri s k  ( Dunford et a l . 1 986 ) . I n  v i ew of  the  many 
uncerta i nt i es assoc i ated wi th est i mat i n g  c ancer rates , t he  d i fferences between 
the  e s t i mat es of l i fet i me c ancers for the  vari ous  a l ternat i ves and p athways a l'e 
more i mportant  t h an the  numbers themse l ves . 

4 . 2 . 1  L i fet i me Cancer Rates 

It i s  d i ff i c u l t  to  d i rec t l y  c ompare the number  of l i fet i me c ancers est i mated 
for each a l t ernat i ve because  the s i ze of the affected popu l at i on c h anges from 
a l ternat i ve to a l tern at i ve and i s  a key vari ab l e  i n  est i mat i ng t h e  n umber of 
l i fet i me cancers . The  d i fference i n  popu l at i on s i ze i s  demon st rated by 
compar i ng the tot a l  affected popu l at i on of  the Base l i ne ,  1 , 797 , 28 1  person s , ar d 
t h at of  the  No  Add i t i on a l  Act i on A l ternat i ve ,  1 , 305 , 409 persons . The  l arger 
popu l at i on of the  Base l i ne l eads to a l arger n umber  of l i fet i me c ancers even 
though we ass ume i n  the Base l i n e  that  there are no  en ergy-eff i c i ent  houses . 

The  d i fferences i n  popu l at i on s i ze  among a l ternat i ves i s  t aken i n to account 
wh en we est i mate the  poten t i a l l i fet i me c an c er rat e of a g i ven exposed 
popu l at i on of 100 , 000 person s . L i fet i me c ancers per 100 , 000 persons i s  the  
n umber of  cancers pred i cted to occur  i n  a popu l at i on of  100 , 000 persons  over  a 
g i ven n umber  of  years of exposure . Th i s  norma l i zed potent i a l cancer rate i s  
s hown for each o f  the  a l tern at i ves and each p athway o f  the  Proposed Act i on 
A l tern at i ve i n  Tab l es 4 . 5  t hrough 4 . 10 .  

The  cancer rate d oes not ch ange from the  Base l i ne to  the  No  Add i t i on a l  Act i on 
A l tern at i ve because  the  p rog rams t h at comp r i se  that a l tern a t i ve have been 
des i gned to resu l t  i n  I AQ and hea l th effects  that are equ i va l ent  to , or  better 
t h an , those  resu l t i n g from the Base l i ne .  

The  mos t  not i ceab l e p attern i n  t he  t ab l es o f  hea l th effects i s  t he  one we wou l d  
expec t : as  vent i l at i on rates d rop , the  cancer rate i nc reases . For 
i l l u strat i on , l oo k  at the l ower bound va l ues in Tab l e 4 . 5 ,  wh ere the  c ancer 
rate from radon i n  s i ng l e- fami l y  homes ranges from 277  c ancers per 100 , 000 
assoc i ated w i t h  . 45 ACH to  601 c ancers per 100 , 000 when the vent i l at i on rate i s  
decreased to . 1 4 ACH . Th i s  p attern a l so  ho l ds for the  other two hou s i n g types . 

The other not i ceab l e  p attern seen i n  Tab l e  4 . 5  i s  how l i tt l e  d i fference there 
i s  among the  pathways . W i t h  the  except i on of Pathways 7 ,  9 ,  and  1 1 ,  there i s  
l i tt l e  d i fference from one p athway t o  the  next . Nor are th e i r  hea l t h effects 
dramat i c a l l y  d i fferen t from those resu l t i ng from the Base l i ne ( 3 3 5 ) ; i n  effect , 
they fa l l w i th i n  t h e  ran ge  of the  Base l i n e .  The  conc l us i on wou l d  seem t o  be  
t h at a l arge c h ange  in  t he  tot a l  effect i ve vent i l at i on rate  i s  requ i red to  
effect a rea l  c h ange  in  t he  c ancer rate . For the  most  part , t he  c h anges  i n  the  
ven t i l at i on rates t h at occur  due  to the  p roposed pat hways are too s l i g ht  to  
res u l t  i n  hea l th effects that are g reat l y  d i fferent  from the  Base l i ne .  On l y  
when the  a i r  exch ange rate i s  reduced by near ly  43% ( from 0 . 3 5  ACH to  0 . 20 ACH 
i n  Pat hway 1 1 )  do c h anges i n  hea l th effects  become apparent . 

The  decreased number  of c ancers under  Pat hway 8 ( upper bound ) , even though i t  
has  a l ower ven t i l at i on rate , i s  exp l a i ned by the  req u i red i mp l ementat i on of 
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TAB L E  4 . 5 .  Hea l th  Effects  from Radon i n  
S i n g l e- Fami l y  Homes 

Canc ers {UQQer Bound} Cancers { Lower Bound} 
1 983 Energy- Pathway 1 983 Energy- Pathway 

A l tern at i yes Pract i ce Eff i c i ent  Tot a l  Pract i c e Eff i c i en t  Total  

Base l i ne 

No . of Cancers 60 1 9  60 1 9  
Rate/ lOO , OOO 335  335  

No  Add i t i on a l  Act i on 
No . of Cancers 60 1 9  60 1 9  
Rate/ lOO , OOO 335  335  

Proposed Act i on Pathways 

1 No . of Cancers 1 6 7 7  3496 5 1 73 1 6 7 7  3346  5023 
Rate/ lOO , OOO 335  434  396  335  4 1 6  385 

2 No . of  Can cers 1 6 7 7  2 1 5 1  3828 1 6 7 7  1933  36 1 1  
Rate/ lOO , OOO 335  267  293 335 240 277  

3 No . of  Cancers 1 6 7 7  3023 4700 1 6 7 7  2807 4484 
Rate/ lOO , OOO 335  376  360  335  349  343  

4 No . of  Cancers 1 6 772  2486 4 1 63  1 6 7 7  2290 3967  
Rate/ lOO , OOO 335  309  3 1 9  335  285 304 

5 No . of  Cancers 1 6 7 7  2944 4621  1 6 7 7  2807 4484 
Rate/ lOO , OOO 335  366  354  335  349  343 

6 No . of Cancers 1 6 7 7  3 1 96 4873 1 6 7 7  3000 4677  
Rate/ lOO , OOO 335  397  373  335  373  3 58 

7 No . of Can cers 1 67 7  6534 82 1 1  1 6 7 7  6 1 7 1  7848 
Rate/ lOO , OOO 335  8 1 2  629 335  767  601  

8 No . of  Cancers 1 6 7 7  260 1 4279 1 6 7 7  2 1 7 5  3852 
Rate/ lOO , OOO 335  323  3 28 335  270  295  

9 N o . of Can cers 1 6 7 7  5327 7004 1 6 7 7  4834 65 1 1  
Rate/ lOO , OOO 335  662 537  335  60 1 499 

10 No . of  Cancers 1 6 7 7  3 290 4967 1 6 7 7  2900 4577  
Rate/ 100 , 000 335  409 381 335  360  35 1  

1 1  N o . of  Cancers 1 6 7 7  4661  6338 1 6 7 7  4350 6027 
Rate/ lOO , OOO 335  579  486 335  54 1 462 
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TABLE  4 . 6 .  Hea l th Effects from Radon i n  Mu l t i fami l y  Homes 

Cancers (UQQer Bound} Cancers (Lower Bound} 
1 983 Ene rgy- Pathway 1 983 Energy- Pathway 

A l te rn at i yes  Pract i ce Effi c i ent  Tot a l  Pract i ce Effi c i ent Tot a l  

Base l i ne 

No . of  Cancers 1 752 1 752  
Rate/ lOO , OOO 306 306 

No  Add i t i on a l  Act i on 
No . o f  Cancers 1 7 52 1 752 
Rate/ lOO / 000 306 306 

Proposed Act i on Pathways 

1 No . o f  Cancers 623 1 760 2383 623 1 486 2 1 10 
Rate/ lOO / 000 306 482 4 1 9  306 407 3 7 1  

2 No . of  Cancers 623 7 43 1366  623  . 557  1 18 1  
Rate/ lOO , OOO 306 204 240 306 153 208 

3 No . of  Cancers 623  1393  2017  623  1 1 1 5 1 738 
Rate/ 100 , 000 306 382 355  306 306 306 

4 No . of  Cancers 623 7 1 2  1 33 5  623  53 1 1 1 54  
Rate/ lOO / 000 306 195  235  306  145  203 

5 No . o f  Cancers 623 1 1 53  1 7 76 623  929 1552  
Rate/ lOO / 000 306 3 1 6 3 1 2 306 255 273 

6 No . o f  Cancers 623 1 393 20 1 7  623  1 1 7 3  1 797 
Rate/ lOO / 000 306 382 3 5 5  306 322 3 1 6  

7 No . o f  Cancers 623 2787 34 10  623 2027 2650 
Rate/ 100 , 000 306 764 599 306 556  466 

8 No . of  Cancers 623 904 1527  623 6 19 1 243 
Rate/ lOO / 000 306 248 268 306 1 70  2 18 

9 No . o f  Cancers 623 2229 2853 623 1 592 22 1 6  
Rate/ 100 , 000 306 6 1 1  502 306 436  3 90 

10  No . o f  Cancers 623 8 1 6  1439 623  557  1 181  
Rate/ lOO , OOO 306 224 253 306 1 5 3  208 

1 1  N o . o f  Cancers 623 1 592 22 16  623 1 1 73 1 797 
Rate/ lOO / 000 306 436  3 90 306 322 3 16 
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TABL E  4 . 7 .  Hea l t h  Effect s  from Radon i n  Man ufactured Homes 

Cancers {UQQer Bound} Cancers {Lower Bound} 
1 983 Energy- Pathway 1983 . Energy- Pathway 

A l tern at i yes  Pract i ce Effi c i ent Tot a l  Pract i ce Effi c i ent  Tot a l  

Base l i n e 

No . of  Cancers 2356  2356 
Rate/ lOO / 000 4 1 3  4 1 3  

No  Add i t i on a l  Act i on 
No . of  Cancers 2356 2356 
Rate/ lOO / 000 4 1 3  4 1 3  

Proposed Act i on Pathways 

1 No . of  Cancers 1 799 666 2465 1 799 7 1 2  25 10  
Rate/ lOO , OOO 4 1 3  493 432 4 1 3  527 440 

2 No . of  Cancers 1 799 3 90 2 188 1 799 4 1 3  22 1 1  
Rate/ lOO / 000 4 1 3  289 384 4 1 3  306 388 

3 No . of  Cancers 1 799 574 2372  1 799 607 2406 
Rate/ lOO , OOO 4 1 3  425 4 1 6  4 1 3  450 422 

4 No . of  Cancers 1 799 449 2247 1 799 480 2279 
Rate/100 , 000 4 1 3  333  394  4 13 3 56 399 

5 No . of  Cancers 1 799 543 2342 1 799 590 2388 
Rate/ lOO / 000 4 1 3  403 4 1 1  4 1 3  437  4 1 9  

6 No . of  Cancers 1 799 590 2388 1799  645  2444 
Rate/ lOO / 000 4 1 3  437 4 1 9  4 1 3  478 428 

7 No . o f  Cancers 1 7 99 1279  3077  1 799 1 5 0 1  3299 
Rate/ lOO , OOO 4 1 3  9 4 7  539 4 1 3  1 1 1 2 578 

8 No . of  Cancers 1 799 492 2290 1 799 529 2328 
Rate/ 100 / 000 4 1 3  364 40 1 4 1 3  392 408 

9 No . of  Cancers 1 799 1023 2822 1 799 1 204 3002 
Rate/ lOO / 000 4 1 3  7 58 495 4 1 3  892 526 

10 No . of  Canc ers 1 799 607 2406 1 799 688 2487  
Rate/  100 / 000 4 1 3  450 422 4 1 3  5 1 0  436  

1 1  No . o f  Canc ers 1 799 898 2696 1 799 1077  287 5  
Rate/ lOO / 000 4 1 3  665  473 4 1 3  798 504 
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TABLE  4 . 8 .  Hea l th  Effects from Forma l dehyde i n  
S i n g l e - Fam i l y  Homes 

Cancers (UQQer Bound}  Cancers (Lower Bound}  
1 983 Energy- Pathway 1 983 En ergy- Pathway 

A l ternat  i yes Pract i ce Eff i c i ent  Tot a l  Pract i ce Eff i c i en t  Tota l  

Base l i ne 

N o .  of  Cancers 1 7 6  1 7 6  
Rate/ lOO / 000 10 10 

No  Add i t i on a l  Act i on 
N o . o f  Cancers 1 76  1 7 6  
Rate/ lOO / 000 10 10 

Proposed Act i on Pathways 

1 No . of  Cancers 49 1 1 1  160  49  1 06 1 5 5  
Rate/ lOO / 000 10 1 4  1 2  10  1 3  1 2  

2 No . of  Cancers 49 68 1 1 7 49 6 1  1 1 1  
Rate/ 1 00 , 000 10 8 9 10  8 8 

3 N o .  of  Cancers 49 96 145 49 89 138 
Rate/ lOO / 000 10  12  1 1  10  1 1  1 1  

4 No . of  Cancers 49 79 1 28 49 73 1 22 
Rate/ lOa / 000 1 0  10  10  10  9 9 

5 No . of Cancers 49 93 1 43 49 89 1 38 
Rate/ 100 , 000 10 12 1 1  10 1 1  1 1  

6 N o . of  Cancers 49 1 0 1  1 5 1  49 95 144  
Rate/ 100 , 000 10 1 3  1 2  10  1 2  1 1  

7 N o . of  Cancers 49 209 258 49 197  246  
Rate/ lOO , OOO 10  26 20 10  25  1 9  

8 No . o f  Cancers 49 83 1 32  49 69 1 18 
Rate/ 100 , 000 10 10 10 10 9 9 

9 No . o f  Canc ers 49 169  2 18 49 153  203 
Rate/ lOO , OOO 10  2 1  1 7  10  19  1 6  

10  No . of  Cancers 49 104 154 49 92 1 4 1  
Rate/ lOO , OOO 1 0  13  12  10  1 1  1 1  

1 1  N o .  o f  Cancers 49 1 48 1 9 7  49  1 38 187 
Rate/ lOO / 000 10 18 1 5  1 0  1 7  1 4  
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TABL E  4 . 9 .  Hea l th  Effects  from Formal dehyde i n  
Mu l t i fami l y  Homes 

Cancers (UQQer Bound} Cancers (Lower Bound} 
1 983 Energy- Pathway 1 983 Energy- Pathway 

A l tern at i yes Prac t i ce Eff i c i ent  Tot a l  Prac t i ce Effi c i ent  Tot a l  

Base l i n e 

No . of Cancers 69 69 
Rate/ lOO , 000 1 2  1 2  

No Add i t i on a l  Act i on 
No . of  Cancers 69 69  
Rate/ lOO , 000 1 2  1 2  

Proposed Act i on Pathways 

1 No . of Cancers 24  69 94  24  58 83 
Rate/ lOO , OOO 1 2  1 9  1 6  1 2  1 6  1 5  

2 No . of  Cancers 24  29 54  24  22 46 
Rate/ lOO , OOO 1 2  8 9 1 2  6 8 

3 N o . of Cancers 24  55  79  24 44  68 
Rate/ lOO , 000 1 2  1 5  1 4  1 2  1 2  1 2  

4 No . of Cancers 24  28 52 24  21  45  
Rate/ lOO , 000 1 2  8 9 1 2  6 8 

5 No . of Cancers 24 45  70  24  36 6 1  
Rate/lOO , 000 1 2  1 2  1 2  1 2  10  1 1  

6 No . of Cancers 24  55  79  24  43 7 1  
Rate/ lOO , OOO 1 2  1 5  1 4  1 2  1 3  12  

7 N o . of  Cancers 24  109 1 3 4  2 4  80 104  
Rate/ lOO , 000 1 2  3 0  24  1 2  2 2  1 8  

8 No . of  Cancers 24  3 5  60 24 24 49 
Rate/ 100 , 000 1 2  10  1 1  1 2  7 9 

9 No . of  Cancers 24  87 1 1 2  24  62 87 
Rate/ lOO , OOO 1 2  24 20 12 1 7  1 5  

1 0  No . of  Cancers 24  32  56 24 22 46 
Rate/ lOO , OOO 1 2  9 10 12 6 8 

1 1  N o . o f  Cancers 24  62 87  24  46 7 1  
Rate/ lOO , OOO 1 2  1 7  1 5  1 2  1 3  1 2  
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TABLE  4 . 10 .  Hea l th  Effects  From Forma l dehyde i n  
Manufactured Homes 

Cancers {UQQer Bound} Cancers {Lower Bound} 
1 983 Energy- Pathway 1 983 Energy- Pathway 

A l tern at i ves Pract i ce Eff i c i ent  Tota l  Pract i ce Eff i c i ent  Tota l  

Base l i ne 

N o .  of  Cancers 67  67  
Rate/ lOO , OOO 1 2  1 2  

N o  Add i t i on a l  Act i on 
N o .  of  Cancers 67  6 7  
Rate/ lOO , OOO 1 2  12  

Proposed Act i on Pathways 

1 No . of  Cancers 5 1  2 1  7 2  5 1  2 2  7 4  
Rate/ l00 , 000 1 2  1 6  13  1 2  1 7  13  

2 No . o f  Cancers 5 1  1 2  63 5 1  1 3  64  
Rate/ l 00 , 000 1 2  9 1 1  1 2  10  1 1  

3 No . o f  Cancers 5 1  18 69 5 1  19  70  
Rate/  100 I 000 12 13 12 12 1 4  1 2  

4 No . o f  Cancers 5 1  1 4  6 5  5 1  1 5  6 6  
Rate/ 100 I 000 1 2  1 0  1 1  1 2  1 1  1 2  

5 No . o f  Cancers 5 1  1 7  68 5 1  19  70  
Rate/ lOO , OOO 12  1 3  12  1 2  1 4  1 2  

6 No . o f  Cancers 5 1  1 9  70 5 1  20 7 1  
Rate/ l00 , 000 12 1 4  1 2  1 2  1 5  13  

7 N o .  of  Cancers 5 1  4 1  92 5 1  50 1 0 1  
Rate/ lOO , OOO 1 2  3 0  1 6  1 2  3 7  18 

8 No . o f  Cancers 5 1  1 5  67  51  17  68 
Rate/ l00 , 000 12 1 1  12  12  1 2  12  

9 No . o f  Cancers 5 1  3 2  84 5 1  38 89 
Rate/ 100 I 000 12 24 1 5  1 2  28 1 6  

1 0  N o .  o f  Cancers 5 1  1 9  70 5 1  22 73 
Rate/ lOO , OOO 12  1 4  12  12  16  13  

1 1  No . o f  Cancers 51  28 79 5 1  3 4  8 5  
Rate/ lOO , OOO 12  21  14  12  25  15  
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the  radon p ac k age  for houses i n  t h e  Proposed Act i on A l t ern at i v e .  Wh i l e  h omes 
i n  t he  Base l i ne rece i ve no m i t i g at i on , some of the  homes wi th  radon l eve l s  
exceed i ng 5 pC i / l  are assumed to have  radon concentrat i on s  cut  by 70% by t h e  
radon p ac kage i n  t he  Proposed Act i on .  So , wh i l e  t he  vent i l at i on rates are 
s i m i l ar ,  redu ced p o l l utant  source  strengths  res u l t  i n  l ower concen t rat i on s  
a n d  fewer est i mated can cers . 

The  effect of the  radon p ac k age i s  p racti c a l l y  i mpercept i b l e at th i s  l eve l  of 
aggregat i on ,  and i s  most e as i l y d i scerned i n  Pathways 4 and 8 for the  upper 
bound  v a l ues . Pathway 4 h as the  s ame effec t i v e  vent i l at i on rate as the  
Base l i ne ,  yet Pathway 4 res u l ts i n  a l ower c ancer rate t h an t h e  Base l i ne .  
And , not on l y  does Pathway 4 have  a l ower c ancer rate t h an t h e  Base l i ne ,  but  
the  d i fference between the  two i s  greater t h an wh at wou l d be  expected based 
on t h e  n umer i c a l  rel at i on s h i p s between c ancer rate and vent i l at i on rate that  
p rev a i l i n  the  other p athways . Pathway 8 ' s  vent i l at i on rate  i s  0 . 02 ACH  l es s  
t h a n  t h e  Base l i ne (0 . 43 vers u s  0 . 45 ACH) ; yet i t  a l so res u l ts  i n  a l ower 
c ancer  rate . Because  everyth i ng e l se i s  h e l d near l y  constant  at these  very 
sma l l d i fferences ( 0  to 0 . 02 )  i n  vent i l at i on rates , t he  effect of the  radon 
pac kage i s  the domi nant  d i fference and thus  becomes v i s i b l e ; wh en other 
var i ab l es a re chang i ng ,  t he  radon p ac kage i s  no  l onger  the  dom i n ant  effect 
and i s  l es s  perc ept i b l e .  

As vent i l at i on rates d rop further i n  t he  energy-eff i c i ent  homes of Pathways 
7 ,  9 and I I ,  the  l i fet i me cancer rate i s  g reater t han t h at of the  Base l i n e .  
The c ancer  rate i nc reases i n  these  pathways , desp i te the  radon package , 
because  the  radon p ac kage app l i es on l y  to a sma l l fract i on of homes i n  t he  
p at hways - -those  t h at exceed 5 pC i / l  and  where occupants choose to  take  
m i t i g at i ve act i on .  I n  t he  much l arger fract i on of homes , a l t hough  reduced 
vent i l at i on l eads to  h i g her  radon concentrat i on s , t h ey are s t i l l  be l ow 
the  act i on l eve l  of 5 pC i / l . The  fo l l owi ng  examp l e  wi l l  he l p  exp l a i n  
t h i s  s i tu at i on : 

o 

o 

o 

o 

Us i ng Pathway 6 as the  examp l e ,  t he  d i fference i n  ( u pper bound )  
vent i l at i on rates between the  1 983 prac t i ce homes of t he  Base l i ne 
( 0 . 45 ACH)  and  t he  en ergy-eff i c i ent  homes of Pathway 6 (0 . 3 5 ACH ) i s  
about 0 . 1  ACH , four- f i fth s  ( 4 /5 )  the  ven t i l at i on rate of base l i ne 
homes . 

I n  our  an a l ys i s  we assume t hat , i n  homes where vo l ume and po l l utant  
source  s t rength rema i n  constant , the  po l l utant  concent rat i on i s  
i n ve rse l y  p roport i on a l  to vent i l at i on rates . 

I f  the  vent i l at i on rate i n  an energy-eff i c i en t  h ome i s  fou r-f i fths  
t h at of a c u rren t  prac t i ce  home , t hen po l l utant  concen t rat i ons  wi l l  
be  25% g re ater ( t he  i nverse of 4/5  i s  5/4  o r  1 . 25 ) . I f  vent i l at i on 
i s  d i v i ded by two--a  50% decrease--then  po l l utant  concentrat i on s  are 
doub l ed .  

I n  our  c a l c u l at i on , i f  a home wi th  a vent i l at i on rate of 0 . 45 ACH has  
a radon concent rat i on of 1 pC i / l , the  radon l eve l  wi l l  i nc rease to  
1 . 25 pC i / l  when  vent i l at i on decreases to  0 . 3 5 ACH . 
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o 

o 

o 

Us i n g th i s  s ame reason i n g ,  a home wi th a vent i l at i on rate of 0 . 45 ACH 
must h ave  a radon l eve l  greater than  4 . 0  pC i / l  before a reduct i on i n  
vent i l at i on to 0 . 3 5  ACH wi l l  resu l t  i n  radon l eve l s  exceed i n g 5 pC i / l  
( 4 . 0  pC i / l  x 1 . 2 5  = 5 . 0 pC i / l ) .  

Data from the  mon i to r i n g  of 27 , 000 homes part i c i pat i n g i n  Bonnev i l l e ' s  
Res i dent i a l  Weather i z at i on Prog ram demon s t rate t h at on l y about 6 . 4% 
of the  homes i n  t he  Northwest  exceed 3 pC i / l  ( BPA 1 988b ) . 

Many peop l e w i t h  l ower radon concen t rat i on s  rece i ve  a sma l l i nc rease 
in  r i s k  wh i l e  t he  few wi th  the  h i ghest concent rat i on s  have  th e i r  r i s k  
reduced t h rough t h e  radon packag e .  These smal l i nc reases  i n  r i s k  to 
many peop l e add up  to push the  l i fet i me c ancer  rate above t h at of the  
base l i ne a l though  the  radon package reduces the  r i s k  to  the  i n d i v i du a l  
whe re i t  i s  g reatest . 

Th i s  s i tuat i on a l so  app l i es to Pathway 7 ,  but  the  ven t i l at i on rates i n  th i s  
pat hway a re much l ower .  The vent i l at i on rate i n  energy-eff i c i ent  homes i s  
l es s  t h an 0 . 2 ACH , l ead i n g to the  g reatest est i mated l i fet i me cancer  rates of 
any of the  a l ternat i ves and pathways . 

The  examp l e  of  Pat hway 6 a l so presen ts  anot her  i mportant  con s i derat i on .  I n  
t h i s  pathway some n umber of  househo l d s wou l d  i n sta l l ports  ( fo l l ow i n g  a b l ower 
door test )  wh i ch ,  when comb i ned wi th a l l t he  homes i n  the  pat hway , wou l d  resu l t  
i n  a h i gher  vent i l at i on rate and thus  l ower cancer  rate . But , a s  exp l a i ned 
ear l i er ,  we do  not mode l  that assumpt i on in the  E I S .  

4 . 2 . 2  Sh ort-Term Hea l th Effects 

Sho rt -term o r  acute hea l t h effects have not been i den t i f i ed for radon . 
However , as  d i scus sed i n  Sect i on 3 . 8 ,  forma l dehyde i s  an  i rr i tant  of  the  eyes , 
s k i n ,  and res p i ratory t ract . W i t h i n  the  ran ge of  0 . 1  to  0 . 3  ppm ,  most peop l e  
experi ence  i rr i t at i on t o  the  eyes , nose , and t h roat . Between 1 0  and 20 ppm ,  
symptoms a re severe and  b reat h i ng  becomes d i ff i c u l t .  Sen s i t i ve peop l e may 
exper i ence symptoms at l ower concentrat i on s . 

Forma l dehyde l eve l s  meas u red for energy-eff i c i en t  homes range  from 0 . 02 1  to  
0 . 3 7 6  ppm , w ith  a mean l eve l of 0 . 09 ppm .  Th i s  mean  i s  very c l ose  to the  
ASHRAE-recommen ded l eve l  of  0 . 1  ppm , b ut  we l l  be l ow the  target l eve l o f  0 . 4  
ppm set by HUD  fo r man ufactured hous i n g .  At the  l eve l s measured we expect 
that some sens i t i ve peop l e  may experi ence d i ff i c u l ty ,  but i t  i s  not n ow 
pos s i b l e  to ant i c i pate spec i f i c  adverse hea l t h effect s .  

4 . 2 . 3  Compa ri son  of R i s k  

A l l soc i et i es and  i nd i v i du a l s recogn i ze exposure to person a l  r i s k  as a normal 
p art of  l i fe . Tab l e 4 . 1 1 sets the  ri s ks  of con t ract i n g cancer from expos u re 
to radon aga i n s t  other  forms of  ri s k  from vo l u ntary act i v i t i es .  I n  Tab l e 
4 . 1 1 ,  t he  r i s k s  c a l c u l ated for d i fferent a l ternat i ves are compared  wi th  other 
act i v i t i es resu l t i ng in  a common degree of  ri s k ,  i . e . , one  i n c i dent in  a 
popu l at i on of  100 , 000 person s over some spec i f i ed peri od of  t i me or  l ength  of 
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TABL E  4 . 1 1 .  Vo l untary Act i v i t i es t h at Carry a R i s k  of One I n c i dent 
for Each  100 , 000 Persons Part i c i p at i ng 

Act i v i ty 

Breath i ng 0 . 00 48 pC i / L  radon for l i fe 

Trave l i ng 7000 mi l es by a i r 

Trave l i ng 600 mi l es by automob i l e  

L i v i n g  for 2 years i n  Den ver 

Work i n g for 15  weeks  i n  a typ i c a l  
factory 

Work i ng for 30  hours i n  a coa l  m i n e 

Smo k i ng from 10  t o  30 c i garettes 

Rock c l i mb i ng for 15 m i n utes 

Sourc es : BPA 1984 ; Upton 1982 . 

I n c i dence  

Lung c ancer 

Acc i denta l death  

Acc i denta l  death 

Cancer from cosm i c  rays 

Acc i den t a l  death 

Acc i dent a l  death 

Cancer , heart - l ung  d i sease  

Acc i den t a l  death  

act i v i ty .  More i n format i on on  accep t i ng  and c a l c u l at i ng ri s k  i s  pres ented i n  
Appen d i x  D .  

4 . 3  ECONOMI C  AND SOC I A L  EF FECTS 

Economi c effects are def i ned as changes i n  key economi c var i ab l es such  as 
pr i ce , cost , i nc ome , and emp l oymen t .  We an a l yzed soc i a l  effects by deter­
mi n i ng c n anges i n  commun i ty resources , soc i a l organ i zat i on s , and we l l be i ng . 
Much of the  i n format i on for t h i s  sect i on comes from Economi c and Soc i a l 
Effects  of  Mode l  Con servat i on Standards , Appen d i x  D i n  Vo l . I I  of the  O E I S . 

4 . 3 . 1  Energy Sav i ngs 

We e s t i mated the  energy s av i ngs  of each of the  a l tern a t i ves  and the  p athways 
of t h e  Proposed Act i on A l tern at i ve u s i ng the  methodo l ogy documen ted i n  
Append i x  A ,  Vo l . I I  o f  the  D E I S .  Changes made s i n ce  the  D E I S  are doc umen ted 
in Appen d i x  G to th i s  F i n a l  E I S .  No  en ergy sav i ngs  are l i sted for t he  
Base l i n e because  we a s sume t hat  no  en ergy-eff i c i ent  homes are  b u i l t .  En ergy 
s av i ngs  were c a l c u l ated us i ng the  average ven t i l at i on rates devel oped by BPA 
( i n  Appen d i x  A )  and  l i sted i n  Append i x  G ,  Tab l e G . 1 .  

The  f i rst step i n  est i m at i n g en ergy s a v i ngs  was to mode l  energy use  i n  energy­
effi c i en t  homes and i n  h omes b u i l t  to  1983 p ract i ce .  Then sav i n gs  were 
c a l cu l ated by subtract i n g the proj ected energy use of a p rototyp i ca l  energy­
eff i c i ent  h ome from t h at of  a 1983 p ract i ce home . Res u l t i n g est i mated ann u a l  
energy sav i ngs  of  p rototyp i c a l  dwe l l i ngs are g i ven i n  Tab l e 3 . 7 .  

Us i n g these  energy s av i n g f i gures , we est i mated en ergy s av i ngs  on a reg i on a l  
b as i s  for each of  t h e  a l ternat i ves . W e  c a l c u l ated reg i on a l  s a v i ngs  as  t h e  
d i fference between : ( 1 )  energy u s age  of  a l l new e l ectr i c a l l y  space- heated 
homes a s s umed to  be  b u i l t  to  1983 prac t i ce and ( 2 )  energy u s age  of a l l t he  
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homes ass umed to  be b u i l t  i n  accordance wi th  each of  the  a l tern at i ves and  
p athways . The  e l ectri c a l l y  heated homes of the  a l tern at i ves  i nc l ude a 
we i ghted m i xture (based  on BPA ' s  1986 med i um forecast ) of  both 1983 p ract i ce 
and energy -eff i c i ent  homes . Another  way of expres s i ng the  ca l c u l at i on i s  as  
fo l l ows : 

RS 
where : 

RS = 

ESB 
ESA 

ESB- ESA 

Reg i on a l  energy sav i ngs  for the  g i ven a l tern at i ve 
En ergy use  a s sum i ng a l l homes are b u i l t  to  1 983 p ract i ce 
Energy use  of  t he  g i ven a l tern a t i ve  or  pathway 

Th i s  c a l c u l at i on takes  i n to  account the  decreased en ergy req u i rements  of 
en ergy-eff i c i ent  homes as  we l l as  account i n g for the  n umber of e l ect r i ca l l y  
space- heated homes p roj ected for each a l ternat i v e .  

Energy sav i ngs  for the  N o  Add i t i on a l  Act i on A l tern at i ve i s  b as ed o n  the  s ame 
ven t i l at i on rate as i n  t he  Base l i n e ,  but  i n  t h i s  a l tern a t i ve  the  a i r exc h ange  
rate  i s  ach i eved by  the  tech no l og i es foun d  in  Pathways 5 and  8 (the  cu rren t 
opt i on s  for MCS ) . To get from the  ven t i l at i on rate to  energy c on s umpt i on ,  we 
n eed  to add the  n umber of homes . Thus  we made an a s sumpt i on about the  
percentage of  the  forecast  to be  i n  each  p athway : i n  c l i mate z one  I, 1 00% of 
homes are i n  Pathway 5 ;  in  c l i mate zone 3 ,  1 00% are i n  Pat hway 8;  and i n  
C l i mate Zone 2 ,  65% are i n  Pathway 5 ,  and  3 5% Pathway 8 .  Tab l e 4 . 1 2 g i ves 
the reg i on a l  energy sav i ngs  to  be deri ved from the No  Add i t i on a l  Act i on 
A l tern at i v e .  

TAB LE  4 . 1 2 .  Potent i a l Energy Sav i ngs  of the  No 
Add i t i on a l  Act i on A l ternat i ve ,  1 986-2006 

Average Megawatts 
Dwe l l i ng Type Upper Bound Lower Boun d 

S i ng l e - Fami l y  
Mu l t i fam i l y  
Manufactured  Homes 
Tot a l  

1 04  
28 
39  

1 7 1  

97  
21  
37  

1 55 

The p at hways of the  Proposed Act i on A l ternat i ve were h a nd l ed d i fferen t l y .  
Each p at hway was eva l u ated as i f  a l l energy-eff i c i en t  homes fo l l owed t h at 
pathway . More i n fo rmat i on about th i s  techn i que  i s  p resented i n  Append i x  G .  
The  energy s a v i ngs  es t i mated for each pathway a re s hown i n  Tab l e 4 . 1 3 for 
s i n g l e - fam i l y ,  mu l t i fam i l y ,  and man u factured  homes . 

I t  i s  fa i rl y  c l ear  from Tab l e  4 . 13 t hat t he  cont i n uous  a i r barr i er  i s  t he  
b i ggest  factor for energy sav i ngs . Pat hway 3 i s  t he  on l y  p athway wi thout  the  
a i r b arr i er  t h at app rox i mates the  energy sav i ngs  seen  i n  Pat hways 7 t h rough  
II, a l l of  wh i ch have  the  a i r  barr i e r .  The fact  t hat Pathway 3 i s  t he  on e 
wi th  energy s av i n g s  i n  t he  range  of those  wi th  h i gher  sav i n g s  revea l s  the  
other  d om i n an t  component  for energy s av i ng s ;  that  i s  t he  heat recovery 
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TABLE  4 . 1 3 .  Reg i on a l  Energy S av i ngs  by Hou s i ng Type  for the  Proposed Act i on 
Pathways ( Average Megawatts ) , 1 986-2006 

S i ngl e-F ami l�  Mu l t i fami l �  Man ufactu red Hou s i ng 
Upper  Lower Upper Lower Upper Lower 

Pathway Bou n d  Bound Bound Bound Bound Bound  

1 1 1 7 107 36 29  37  36  
2 1 08 87 32 22  3 5  3 4  
3 1 1 6 95  35  26  3 5  3 3  
4 80 7 4  1 6  1 1  3 7  3 5  
5 99  93 28 23 29 28 
6 102 99  29 25 32 3 1  
7 142  134  39  3 1  3 3  3 2  

�'::, 8 1 30 1 1 4  3 6  27  41  40 
. 

N 9 1 3 9  1 20 39  30  40 38 
10  1 1 5  99 22  1 3  40 3 9  
1 1  1 3 4  1 1 9  3 3  2 5  3 5  3 4  



component  of the  AAHX . Note t h at Pathway 3 ,  w i th  MVHR , s aves  some 1 7  MW , or  
1 7% more energy t h an Pathway 5 ,  wh i ch has  a mec h an i ca l  exh aust  system i n stead 
of an AAHX , but i s  otherwi se  i dent i c a l  to Pathway 3 .  And , Pathway 8 ,  wh i ch 
h a s  an AAHX , s aves  some 1 5  MW , o r  1 3% more en ergy t h an Pathway 10 , wh i ch a l so 
d i ffers on l y  by h av i ng a mechan i ca l  exh aust  system i n stead of an AAHX . 

I t  a l s o  appears t h at t h e  heat recovery aspect of t he  AAHX i s  a factor i n  
l essen i n g  t h e  effect o f  t he  d i fference between operat i n g  t h e  MV system 
con t i nuou s l y  or i n termi tten t l y  (8 h r/day ) . That  d i fference res u l ts i n  a l os s  
of some 19  MW wi t h  a n  ex haust  system ( Pat hway 4 to  5 or  Pat hway 10  to  1 1 ) , 
b ut  on l y  1 2  MW a re l ost  from Pat hway 2 to 3 ,  and on l y  9 MW a re l ost from 
Pat hway 8 to Pathway 9 .  Thus  t he  pen a l ty attached to cont i nuous  mech an i ca l  
vent i l at i on i s  about 2 t i mes more wi t h  a n  exh aust  system t h an wi t h  a n  AAHX . 
Energy s av i n g s  for Pat hway 6 a re s l i gh t l y  overest i mated because  we do  not 
account  for the  i n sta l l at i on of ports  i n  any n umber of hou ses . 

4 . 3 . 2  Costs 

We e s t i mated the  i nc remen t a l  costs  of add i n g  energy-eff i c i ent  features to new 
s i n g l e -fam i l y ,  mu l t i fam i l y ,  and manufactured homes to those  p resented i n  Tab l e  
3 . 8 .  Costs o f  t h e  N o  Add i t i on a l  Act i on an d each o f  t he  pat hways i n  t h e  
Proposed Act i on were an a l yzed t h rough  a compar i son between t h e  pathway and  
the  base l i ne h ome . The  cost  of each pat hway i s  con structed by  add i ng the  
costs  of energy -eff i c i en t  feat u res , the  appropr i ate ven t i l at i on feat u res and 
t h e i r i n sta l l at i on req u i rements , radon sou rce  control  meas u res , and  radon 
mon i tori n g  to the base l i ne home . 

The  i n s u l at i on package mak i n g a home energy-eff i c i en t  i s  a key factor t h at 
d i s t i n g u i shes  the  a l tern a t i ves from the  Bas e l i ne .  The  an a l ys i s  ass umed t h at 
the  average res i dent i a l un i t  i s  1 400 sq . ft . For other  as s ump t i ons  u sed i n  
t h e  an a l ys i s ,  as  we l l as  a descri pt i on of t h e  method o l ogy and t h e  costs  of 
the var i ous  measures , see Appen d i x  E .  

Each o f  t h e  components  of t he  pathways was exam i ned i nd i v i du a l l y .  The  
p urc h ase  and  ma i ntenance costs  for both ret rof i t  an d sou rc e  con t ro l  
con s t ruct i on cases  were we i ghted by t h e  n umber  of houses  i n  each  c ategory 
over the  20 -year  peri od to f i nd t h e  cost stream assoc i ated wi t h  each  
componen t .  The  p resent va l ue  of t h i s  cost stream was found u s i ng a d i scount  
rate  of  3% . There was  one  except i on to th i s  p roced u re :  t he  i n s u l at i on 
p ac k age . The  i n s u l at i on i s  needed for each of the  pat hways s i nce  t h ey are 
a l l based on a mo re energy-eff i c i en t  house  t h an homes b u i l t  to 1 983 p ract i ce .  

The  res u l t i ng costs  are s hown i n  Tab l e  4 . 1 4 .  The  most expen s i ve pat hways are 
8 and  9 ,  fo l l owed c l ose l y  by Pathways 2 and 3 .  These  p athways are a l l $522 
to  $497  m i l l i on do l l ars . Pat hways 10  and 1 1  are about $ 1 00 m i l l i on l es s  
expen s i ve .  The  n ext s e t  of pat hways , 4 ,  5 ,  an d 6 ,  i s  aga i n  a l i tt l e  more 
t h an $ 100 m i l l i on l es s  t h an t he  second g roup , a l though  Pat hway 6 costs  mo re . 
Pat hway 6 i s  mo re expen s i ve because of t h e  req u i red b l ower door test , t h e  
add i t i on a l  i n sta l l at i on req u i remen t s  o f  a l arge r  fan an d accomp any i ng 
ductwo rk , and  t he  a s s umpt i on t hat 30% of t he  houses  w i l l  be ret rof i t w i t h  an 
average of  fou r  ports . The cheapest pathway , as  m i g h t  be  expected , i s  
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TABlE 4 . 14 .  Reg i ona l Cost o f  the A l ternat i ves (1986 M i  I l i ons S) 

Proposed Act i on A l ternat i ve 

No Add i t i ona l Pathway Pathway Pathway Pathway Pathway Pathway Pathway Pathway Pathway Pathway Pathway Preferred 

Measu re Act i on 1 2 3 4 5 6 7 8 9 1 III 1 1  A l te rnat i ve 

La rge AAHX Sill S268 S268 Sill Sill Sill Sill Sill Sill Sill SfIl 

Sill a I I  AAHX 8 h r Sill Sill Sill Sill Sill Sill Sill S171 1171 Sill Sill 

Exhaust Fan w i th ports 24 h r  Sill Sill Sill S14 Sill Sill Sill Sill Sill 1 14 Sill 

Exhaust Fan w i th ports 8 h r  Sill Sill Sill Sill 1 14 Sill Sill Sill Sill Sill S 14 

A i  r Ba r r i e r  Sill Sill Sill Sill Sill Sill 1122 S122 S122 S122 S122 

Exhaust Fan W i th duct i ng Sill Sill Sill Sill Sill S63 Sill Sill Sill Sill Sill 

Vent i l ated Craw l space S4 S4 S4 14 14 14 14 14 14 14 14 
.po Grave l S21 S21 S21 S21 S21 S21 S21 S21 S21 S21 S21 
N Won i tor i ng 14 14 S4 S4 14 14 S4 S4 14 14 14 w 

Insu l at i on Package S211l1ll S211l1ll S211l1ll S211l1ll S211l1ll S211l1ll S211l1ll S211l1ll S211l1ll S2f1llll S211l1ll 

B l ower door test Sill Sill Sill Sill Sill S26 Sill Sill Sill Sill Sill 

Ports Sill Sill Sill S25 S25 S8 Sill Sill Sill S25 S25 

Reg i ona l Expend i ture S233 S229 1497 S497 S268 S268 S326 S351 S522 S522 S3911l S3911l S379 



Pat hway 1 ,  w i th a reg i on a l  cost of $229 mi l l i on .  These costs  do  n ot ref l ect 
the p rogram ' s  admi n i st rat i ve costs . 

4 . 3 . 3  F ue l  Cho i ce 

Fue l  c h o i c e  refers to the  dec i s i on made by new home b u i l ders , b uyers , or  
ren ters reg ard i ng the  se l ect i on of e l ectri c i ty or  a l tern at i ve fue l s for  
space  heat i ng . From an econom i c  standpo i n t , two con s i derat i on s  i n f l uence  
th i s  dec i s i on .  

On one h and , b u i l d i ng to  energy-eff i c i en t  standards  i s  expected to ra i se the  
pr i ce  of  new e l ectri c a l l y  heated homes from $ . 56 to  $ 1 . 48 per sq . ft . over  
the  pr i c e  of a standa rd home . The s a l e pr i ce  of a 1 , 848-sq . ft . house  i s  
expected to i n c rease by $ 1 , 567  to $ 2 , 727 . I f  homes wi th  other  heat i n g  fue l s 
are not b u i l t  to  en ergy-eff i c i ent  standards , t hey wi l l  have  a f i rst - t i me cost 
advantage over en ergy-eff i c i ent , e l ect ri c a l l y  heated homes . Th i s  may res u l t 
i n  peop l e  c h oos i ng fue l  types other than e l ectri c i ty .  On the  other  hand , 
b u i l d i n g an energy-eff i c i ent  home i s  est i mated to reduce e l ectri c i ty u se  by 
26% to  58% for s i n g l e- fami l y  and by 10% to 27% for mu l t i fami l y  homes . Th i s  
wou l d  reduce operat i ng costs . Hence , t he  f i rst - t i me s a l e pr i c e  i n c rease of 
an en ergy-eff i c i ent  house must be  we i ghed aga i n st  the  decrease i n  operat i n g  
costs . I f  t h e  fa l l i n  t he  net  p resent v a l ue  o f  l i fe -cyc l e operat i n g costs  i s  
g reater t h an the  i n c rease i n  t he  s a l e pr i ce ,  and cons umers can  afford the  
h i g h er f i rst - t i me costs , then i n formed cons umers may choose e l ectr i c heat i n g  
over a l tern at i ve fue l s ,  i f  the  a l tern at i ve fue l s a re i n  homes t h at are not 
en ergy-eff i c i ent . 

I f  i ncen t i ves  are pa$ to b u i l ders or  b uyers of  new energy- eff i c i ent 
e l ectri c a l l y  heated homes , the  f i rst-t i me costs  a re effect i ve l y  l owered . I f  
a p ayment  i s  offered t h at i s  equa l  t o  o r  g re ater t h an the  r i se  i n  t h e  s a l e  
pr i ce ,  i t  wou l d  c reate an i ncent i ve to choose e l ectri c i ty over other fue l 
types . I n  BPA ' s  1 986 med i um forecast , t he  l eve l  of i ncen t i ve at wh i ch no  
fue l swi tch i n g occurs i s  e st i mated to be between $ 1 , 000 and $ 1 , 500 . At th i s  
i ncent i ve l ev e l , t he  reduced energy costs of en ergy-eff i c i ent feat u res b a l ance 
the i nc reased f i rst cost  of i n sta l l i ng  the feat u res . 

Anot her  factor i s  peopl e ' s  percept i on s  of  energy-eff i c i ent  homes . S urveys 
foc u s i ng on home se l ect i on an d att i t udes toward conserv at i on have  genera l l y  
not i den t i f i ed concern s about I AQ or  effects  o n  hea l t h an d safety as a factor 
in dec i s i on s  o r  att i tudes . But  shou l d  con s umers beg i n  to assoc i ate these  
p rob l ems w ith  energy-eff i c i ent  MCS houses , there cou l d  be some s h i ft of 
cons umers to  choose l es s  energy-eff i c i ent  houses t h at u se  a l tern at i ve fue l s .  

The  n umber of  cons umers choos i ng another fue l  fo r space heat i n g  becau se  of  
energy-eff i c i ent  standards  for  e l ectri ca l l y  heated homes i s  s hown i n  BPA ' s  
1 986 med i um fo recast  of new home add i t i on s . The  est i mated numbe r  of  new 
e l ectri c a l l y  heated s i n g l e-fami l y  and mu l t i fam i l y  homes b u i l t  from 1 986 
t h rough  2006 i s :  

o Base l i ne ( n o  en ergy-eff i c i ent homes p rograms )  - 960 , 226 homes 
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o No  Add i t i on a l  and  Proposed Act i on A l ternat i ve ( energy-eff i c i ent  standards 
wi th  i ncent i ves ) - 790 , 62 1  h omes 

The d i fferences among  these  f i gures are attri b uted to  con s umers c h oos i n g 
another  fue l  i n stead of  e l ectr i c i ty .  Mov i n g  from no  p rogram to  a p rog ram 
wi th  i nc ent i ves res u l ts i n  169 , 605  s i ng l e-fam i l y  and  mu l t i fam i l y  dwel l i ngs , 
or  c l ose  to  18% of t he  Base l i ne ,  that  otherwi se  wou l d  h ave c h osen e l ectri c i ty ,  
c hoos i ng anot her  fue l . 

Heat i ng a home w i t h  e l ectri c i ty req u i res generat i ng e l ectr i c i ty at a power 
p l ant . The  effects of u s i ng fue l  at a generat i ng p l ant to  p roduce e l ectri c i ty 
a re c ompared  w i t h  t h e  effects of b urn i ng fue l o i l an d natura l  gas  i n  h omes i n  
Tab l e 4 . 1 5 .  I n  t h i s  tab l e  a l l t he  i mpacts of e l ectri c i ty p roduct i on ,  except 
rad i a t i on expos u re ,  wh i c h  i s  assoc i ated wi th n u c l ear power p l ants , are 
assoc i ated w i t h  coa l - f i red generat i on p l ants . I t  i s  i mportant to  note t h at 
coa l - f i red p l ants  are c u rren t l y  con s i dered f i fth i n  t he  l i ne  of generat i on 
resou rces t h at may be  used  i f  t he  e l ectri c a l  l oad reduct i on from 

TAB L E  4 . 1 5 .  En v i ronmen t a l  I mp act  Coeff i c i ents of Us i ng E l ectri c i ty ,  O i l ,  
o r  Natura l  Gas  to Heat Res i dences T h at Swi tch  Fue l s Under  
the  No  Add i t i on a l  Act i on A l tern at i ve ( 1 69 , 605  Dwe l l i n g s )  

(a) 

Sector and I mpact 

Part i c u l ates 
( t h ous and ton s )  

N i t rogen ox i des 
( thousand  ton s )  

S u l fur  d i ox i des 
( t housand  ton s )  

Hydroca rbons 
( t h o u s and  ton s )  

So l i d  waste  
( t h ou s and  ac res ) 

Land  u se  
( t h ou s and ac res ) 

Rad i at i on exposure 
( t housand  man - rems ) 

Occupat i on a l  
i nj ur i es ( person s )  

E l ectri c i ty (a) 

0 . 236  

3 . 7 1 7  

2 . 065  

0 . 059 

53 1 . 0 

5 . 3 1  

0 . 30 1  

3 . 48 1  

O i l 

0 . 1 7 7  

0 . 4 1 3  

0 . 7 67 

0 . 1 7 7  

0 . 0 

2 . 36 

0 . 0 

0 . 059 

N at u ra 1 Gas 

0 . 0 

0 . 767 

0 . 0  

0 . 0  

0 . 0 

0 . 59 

0 . 0  

0 . 1 18 

A l l i mpacts  of e l ectri c i ty p roduct i on ,  except rad i at i on expos u re ,  
a re a s soc i ated w i t h  coa l - f i red generat i on p l an t s . Rad i at i on 
expos u re i s  assoc i ated wi t h  n u c l ear power p l ants . 
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new energy -eff i c i ent  homes i s  not real i z ed .  Resources that  wou l d  be  u sed 
f i rst i nc l ude other  conserv at i on ,  t hen combust i on t urb i ne g enerators , sma l l 
hydroe l ectr i c  p roj ects , and  cogenerat i on p l ants . Impacts of  these  resources 
a re g i ven i n  Sect i on 4 . 5 .  

Tab l e 4 . 1 5 compares reg i on a l  env i ronment a l  i mp acts  of  the  con s umpt i on of 
e l ectri c i ty wi th  i mp acts  from consumpt i on of fue l  o i l and natura l  gas . The  
i mp act  c oeff i c i ents  were or i g i n a l l y  c a l c u l ated by  Char l es R i ver  Assoc i ates 
( 1978 )  by a rb i t rari l y  reduc i ng the  con s ump t i on of  each of th ree energy forms 
and comp ut i ng the  res u l t i ng c h ange  i n  i mp act per t r i l l i on B r i t i s h therma l 
un i ts ( Bt u ) . Swi tch i ng from a fue l  w i t h  a h i gher  coeff i c i ent  to  one wi th  a 
l ower c oeff i c i ent for a g i ven i mpact wou l d ,  on average , reduce  the  amount  of 
that  part i c u l a r  i mpact . 

Rat her  than  s howi ng i mp acts  per  t ri l l i on Btu , we adj usted the  coeff i c i ents  to 
matc h the en ergy req u i rements  of the hou ses p roj ected to  switch fue l s under  
the  No  Add i t i on a l  Act i on A l tern at i ve .  The coeff i c i en t s  shown i n  Tab l e 4 . 1 5 
a re for l I i mpacts  per  5 . 9 t ri l l i on Bt u , " wh i c h  i s  t he  energy needed to heat 
the  homes forecasted to choose other fue l s under the  No  Add i t i on a l  Act i on 
A l tern at i ve ( 1 69 , 605 homes ) ,  a s sum i ng that  an average home req u i res about 35  
m i l l i on Btu  per year for heat ( NWPPC 1986 ) . 

Space heat i n g w i t h  o i l o r  natura l  gas  general l y  res u l ts i n  l ess  i mp act  ( fewer 
po l l utan t s )  t h an does e l ectri c i ty ,  assum i ng  i t  i s  generated at  a coa l - f i red 
p l an t , b u t  t h e  po l l utants  from burn i ng foss i l  fue l s i n  homes w i l l  be  nearer  
to popu l at i on c enters rather  t h an at mo re remote  central  e l ectr i c generat i n g 
p l ants . I n  add i t i on to  the  i mp acts s hown , the  use  of foss i l  fue l s cou l d  c ause  
other  effects . Add i t i on a l  conven t i on a l  o nsho re exp l o rat i on and ext ract i on of 
o i l o r  n atura l  g as may cause fract u re of  underground  a q u i fers , s o i l e ros i on ,  
decreased so i l  fert i l i ty .  and poss i b l e  s tream sed i mentat i on ( BPA 1 983 ) . There 
i s  a l so  the poss i b i l i ty of  s p i l l s  from d r i l l i ng and t ransport i ng o i l .  

4 . 3 . 4  Hous i ng Affordab i l i ty 

Add i n g energy -eff i c i ent feat ures to new homes i nc reases the  f i rs t cost  th at 
cons umers must p ay for t h at home . An energy-eff i c i en t  s i n g l e-fam i l y  home i s  
expected t o  cost  approx i mat e l y  $ . 56 to $ 1 . 48 more per square foot of heated 
space  t h an a c u rrent prac t i ce home . Th i s  i s  rough l y  a 1 . 3% to 3 . 3% i nc rease 
over the  med i an con s umer p r i ce of  $44 . 45 per squ are foot ( exc l ud i ng l an d )  for 
homes con s t ructed i n  1 984 i n  the western Un i ted States ( a ) . 

( a )  I n  a person a l  commu n i cat i on o n  September 4 ,  1 986 , Tom Ec kman of t h e  
Nort hwes t  Power P l ann i ng Counc i l  s taff g ave a q u a l i t at i ve p rofes s i on a l  
est i mate of  between $40 a n d  $ 4 5  p e r  square foot a s  t h e  med i an cons umer 
pr i c e  of new homes bu i l t  to  1 983 pract i ce i n  t he  Northwest . Accord i n g 
to  50 Federal  Regi ster 30659 , J u l y  26 , 1 985 , t he  med i an con s umer pr i ce  
per  s q u are foot for homes constructed i n  1 984 in  t he  western Un i ted 
States  ( exc l ud i n g l an d )  was $44 . 45 ( Bu reau of the  Cen s u s  1985 , Tab l e 
20 ) . For more i n format i on s ee Econom i c  and Soc i a l Effect s  of  Mode l  
Cons ervat i on Standards , Append i x  0 i n  Vo l . I I  of t he  D E I S .  
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Th i s  i nc reased cost  over t h at of cu rrent p rac t i ce  h omes i nc l udes t h e  cost  of 
i n sta l l i ng  i nc reased i n s u l at i on ,  more energy�eff i c i en t  w i n dows , and  mech an i ca l  
exh au st  sys tems , as  spec i f i ed for t h e  MCS . Th i s  cost  does n o t  cover  t h e  
opt i on a l  approach a l l owab l e under  t he  No  Add i t i on a l  Act i on ( a i r b arri e r  an d 
AAHX ) . The  cost  for the  Proposed Act i on A l ternat i ve vari es because  of t he  
d i fferent i n f i l t rat i on an d vent i l at i on systems wh i ch compose the  pathways . 
Some of the  costs  wi l l  be  g reater because who l e-house  mechan i c a l  vent i l at i on 
wi th  heat recovery i s  spec i f i ed .  I n  other cases , t he  costs  w i l l  be much l es s  
because  no  mec han i ca l  vent i l at i on i s  req u i red . T h e  e st i mated c o s t s  o f  the  
a l tern a t i ves  a re g i ven i n  Sect i on 4 . 3 . 2 .  

The i mpact  of th i s  added cost  i s  l i ke l y  to be  g reatest on f i rst - t i me home 
b uyers wh o a re at or near  the  marg i n  of q ua l i fy i n g  for f i n an c i n g to p u rch ase  
a new home . However , several  factors wi l l  m i n i m i ze  th i s  effect . F i rst , most  
b uyers of new homes are not  f i rst - t i me buyers ; therefore , t he  g roup most 
l i ke l y  to  feel  the b runt  of i nc reased cos t s  i s  re l at i ve l y  sma l l .  Accord i ng 
to t h e  Nat i on a l  Assoc i at i on of  Home Bu i l ders , on l y  about 26% of n ew ly  
constructed h omes i n  t he  western Un i ted States so l d between J u l y  1 978 an d 
J une 1979  were p urch ased by f i rst - t i me buyers , a l though  th i s  was a n at i on a l  
s u rvey and i s  n o t  d i rect l y  app l i cab l e  to  t h e  Northwest . However , a s u rvey of 
e l even maj or  metropo l i t an a reas s howed t h at i n  1 985 on l y  1 6 . 5% of new homes 
i n  the Seatt l e area were p u rch ased by entry- l eve l  b uyers ( Pf i ster  1 986 ) . The  
rema i n der  were p resumab l y  p urch ased by  buyers ab l e  to  app l y  equ i ty from 
p rev i ous l y  own ed homes to t he  p urch ase of n ew ones . 

A second  mi t i g at i ng factor i s  t h at many l en ders are re l ax i ng th e i r l oan 
underwr i t i n g s t andards  for buyers of energy-eff i c i ent  homes . Both t h e  Federal  
Home Loan Mortgage Corporat i on and Federal  N at i on a l  Mortgage Assoc i at i on ,  two 
l ead i n g ser.on dary market p u rc h asers of h ome l oan s ,  have  re l axed t he i r 
underwri t i n g g u i de l i nes for energy-eff i c i ent  dwe l l i ngs . The expectat i on i s  
t h at b uyers of these  h omes wi l l  h ave l ower u t i l i ty costs  an d ,  con s equen t l y ,  
more i nc ome ava i l ab l e t o  p ay t he i r mortgage debt . 

The  Federal  Home Loan Mortgage Corporat i on h as endorsed Super  GOOD CENTS ( SGC )  
homes , t h e  type of energy-eff i c i ent  homes p romoted by  BPA , and wi l l  accept 
l oans  i n  t h e  secondary mortgage market wi t h  h i gher debt to  i ncome rat i os for 
these  homes ( BPA 1 986b ) . Prev i ou s  BPA stud i es h ave found t hat when l en ders 
are ab l e  to  i dent i fy energy-eff i c i ent  homes , t h ey have somet i mes been wi l l i n g 
to  rel ax l oan / i ncome rat i os for b uyers by 2 to  4% ( Bon ner  
1 984 , 1 985 ) . 

A t h i rd factor t h at wi l l  offset the  add i t i on a l  cost  of energy-eff i c i en t  
featu res i s  i ncent i ve p ayments . Payments offered to  encou rage construct i on 
of energy-eff i c i ent  homes w i l l  effect i ve l y  l ower the  p u rc h ase  pr i ce  of n ew 
homes and make i t  eas i er for new home buyers to  q u a l i fy for f i nanc i n g .  Our  
ana l ys i s  a s s umes t h at BPA i s  offeri ng  payments for the  con s t ruct i on of s i n g l e­
fam i l y  and  mu l t i fami l y  SGC homes for the  peri od from J a n u ary 1 986 t h rough  
1988 . The  l eve l s of i ncen t i ves are out l i n ed i n  Tab l e  4 . 1 6 .  I n cen t i ves a re 
not  offered for man ufactured h omes . 

F i n a l l y ,  t he  cost  of b u i l d i n g energy-effi c i en t  homes i s  expected to  d rop as 
b u i l ders g a i n more expert i s e in  i n s ta l l i ng  an d u s i n g spec i a l  featu res and  
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TAB L E  4 . 1 6 .  B u i l der  I ncent i ve Leve l s ( a ) for the  Con s t ruct i on 
of  Super GOOD CENTS Homes ( 1 986 - 1 988 ) 

C l i mate C l i mate C l i mate 
Hous i ng Type Zone 1 Zone 2 Zone 3 

S i n g l e - Fam i l y  (wi thout AAHX) $ 1 , 000 $ 1 , 250 $ 1 , 500 
AAHX opt i on per  un i t  500 500 500 

Mu l t i fami l y  
F i rs t un i t  1 , 000 1 , 250 1 , 500 
Per add i t i on a l  un i t  250 250 250 
AAHX opt i on per un i t  500 500 500 

(a)  Prog ram i ncen t i ve l eve l s  a re subj ect to change . 

techn i ques , and  as the  market for spec i a l  p roducts becomes better estab l i s hed 
and more compet i t i ve .  

Renters c an a l so expect to pay more for a dwe l l i ng b u i l t  to  energy-effi c i ent 
standards . However , most  ren ters wi l l  a l so  d i rect l y  rea l i ze the  ben ef i ts  of  
s uch  standards  t h rough  reduced u t i l i ty b i l l s .  I n  t he  Northwest , 88% o f  
tenants  i n  b u i l d i ngs  w i t h  f i ve or  more un i ts p ay t he i r own e l ectri c b i l l s .  
Th i s  percen t age  i s  l i ke l y  to be  even h i gher  i n  new l y  b u i l t  energy-eff i c i ent  
mu l t i fami l y  s t ructu res . 

I n  sp i te of  m i t i gat i ng factors , some p rospec t i ve home b uyers wi l l  be  u nab l e  
t o  p u rch ase  the  energy-eff i c i en t  homes they des i re .  However ,  t hey wi l l  not 
be  p rec l uded from buy i ng a home . Several opt i on s  a re ava i l ab l e  to  them .  One 
opt i on i s  to  b uy an ex i s t i ng home not b u i l t  to energy-effi c i ent  standards . 
Another opt i on i s  to  buy a home heated w i t h  an a l tern at i ve fue l  i n  commun i t i es 
whe re these  homes are not b u i l t  to energy-eff i c i ent  standards . A t h i rd opt i on 
i s  to  t rade off another des i red amen i ty for i nc reased energy eff i c i ency . The 
l i s t  of  poss i b l e  t radeoffs i s  l ong and  i nc l udes such th i ngs  as a s l i gh t l y  
sma l l er home o r  a l ower-pr i ced l ot .  Prospec t i ve ren ters affected by h i gher  
rents  have  s i m i l ar opt i ons . 

The i nc re ased costs  of  b u i l d i ng energy-eff i c i ent  man u fact u red homes a re not  
as we l l  stud i ed as those  fo r s i ng l e- and mu l t i fam i l y  homes . B ut  i n c reased 
costs  shou l d  have  s i m i l ar effect s .  However ,  u n l i ke s i te-b u i l t  homes , wh i ch 
meet l oc a l  codes , man u factured homes are b u i l t  to meet a nat i ona l  code 
p romu l gated by HUD . 

As p art of t he  des i gn p rocess under  the  HUD  code , b u i l ders must  cert i fy that 
t he i r des i g n s  for man u fac t u red homes meet m i n i mum req u i remen ts . A 
man u fact ure r ' s cost  of  h av i ng mod i f i cat i on s  to ex i st i n g des i gn s  checked ranges 
from $ 100 to  $250 , an d i f  tota l l y  new des i gn s  are checked , the cost i s  between 
$ 700 and  $ 1 200 ( Ba l i stocky , Lee , an d On i s ko 1986 ) . These costs wi l l  be 
i nc u rred under a l l of the  a l ternat i ves except the  Bas e l i ne .  The  costs  wi l l  
be passed on to con s umers but  may be spread over many un i ts w i t h  m i n i m a l  
i mpact  o n  any one  p urch aser . And , as  des i gn s  change  over t i me to match 
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con s umer taste , energy i mp rovements  may be  made con curren t l y  wi t h  other 
changes . Under  these  c i rcumstances the  costs of t h e  des i gn check  may be  the  
same regard l ess  of the  p resence of energy-eff i c i ency i mp rovement s .  

4 . 3 . 5  Empl oyment 

Summari zed be l ow a re f i ve general  means by wh i ch a con servat i on p rog ram i s  
l i ke l y  to  affect emp l oyment  l eve l s :  

o 

o 

o 

o 

o 

D i rect emp l oyment i s  t he  most obv i ous  effect . B u i l d i n g n ew homes to  
more s t ri ngent standards  req u i res more l abor hours , res u l t i ng i n  
i n c reased demand for construct i on l abor .  And ,  as  demand for reg i on a l l y  
p roduced  b u i l d i ng mater i a l s to meet the  standards i n creases , demand for 
l abor to p roduce those  materi a l s wi l l  i nc rease .  

I n d i rect emp l oyment res u l t s from i n c reased output i n  i ndustr i es that  
s u pp l y  p roducers of bu i l d i n g materi a l s .  

I n duced emp l oyment effects occur as i n come earned v i a  t he  d i rect and  
i nd i rect effects i s  spent  on reg i on a l l y  p roduced goods and serv i ces . 
Imp l ement i ng energy-eff i c i ent standards  may a l so  i n c rease emp l oyment 
because  of  i n spect i on and en forcement requ i rements . 

F i n a l l y ,  i mp l ement i n g energy-eff i c i ent  standards  may affect d i sposab l e 
i n come both pos i t i ve l y  and n egat i ve l y ,  wh i ch ,  i n  t u rn , affects reg i on a l  
emp l oymen t .  Negat i ve i n come effect s resu l t  from i n creased costs  of 
b uy i n g energy-eff i c i ent  homes and  the  overa l l costs  of p rog ram 
admi n i s t rat i on and e nforcement .  Pos i t i ve effects on i n come ar i se  from 
the  l ower l i fe -cyc l e cost of an energy-eff i c i ent  s t ructure compa red to 
t h at of one  b u i l t  to cu rrent p ract i c e .  

A st udy conducted by S i ms ( 1 984 )  for the  Nort hwest Conservat i on Act Coal i t i on 
found  t h at avo i d i ng future l oad growth by i n s t i tut i ng the  MCS wou l d have  a 
more pos i t i ve i mp act on reg i on a l  emp l oyment t h an gene rat i n g an  equ i va l ent  
amount  of e l ectri c i ty wi th  a coa l  p l an t .  The st udy d rew on a method o l ogy 
deve l oped by Char l es R i ver  As soc i ates ( 1 984 )  for BPA to assess  the  econom i c  
effects of weatheri z i ng ex i st i ng homes . We used S i ms ' st udy t o  est i mate 
q u a l i t at i ve l y  how e ach  of the a l tern at i ve act i on s  wou l d  affect emp l oyment . 

However ,  two c aveats must be recogn i zed i n  i nterp ret i n g S i ms ' mode l . F i rst , 
t he  f i gu res app l y  on l y  to the  peri od from 1 992 to 2002 . S i ms d i d  not count  
i nc reased emp l oyment from 1 986 to  1 992 / nor  d i d  S i ms count  g a i n s  from 2002 to  
2005 . T hus , t h e  f i gures understate  potent i a l emp l oyment ga i n s . Second ,  t he  
ca l c u l at i on s  were p red i c ated on a 90% penetrat i on rate of energy-eff i c i ent  
features i n  n ew e l ect ri c a l l y  heated homes . For comp ari son , t he  energy sav i ngs  
an d hea l th  effects  an a l yzed i n  t h i s  E IS  are p red i c ated on  a penet rat i on rate 
of 7 5% . Hence , S i ms ' ass umed penet rat i on rate i s  opt i m i s t i c  and overstates 
the  emp l oyment  effect s .  G i ven  these two con s i derat i on s ,  wh i ch are not eas i l y  
eva l u ated one t o  t h e  other ,  a l ong wi th  other ch aracter i s t i c s  o f  S i ms ' mode l , 
we cou l d not q u ant i fy the  emp l oyment effects  of the  a l tern at i ves . More 
i n format i on about o u r  an a l ys i s  i s  g i ven  i n  Append i x  F .  
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S i ms · conc l u s i ons  may be  s ummar i zed as fol l ows : 

o 

o 

More emp l oyment i s  p roduced by the  buy i n g of  goods an d serv i ces than  by 
the  p u rc h ase  of  energy resources ( both conservat i on and  generat i on ) . 

A s s um i n g  t h at e l ect r i c l oad g rows , l es s  emp l oyment wou l d  be l ost by 
p urchas i n g MCS to  reduce l oad g rowt h t h an by b u i l d i ng a coa l p l ant  to  
generate e l ectri c i ty to serve  l oad g rowth . 

S i ms · an a l ys i s  d oes n et account for the  i n s t a l l at i on of  mechan i c a l  vent i l at i on 
w i t h  heat recovery such  as AAHXs . But i f  mechan i ca l  vent i l at i on i s  requ i red , 
as  i t  i s  for the  most p art i n  the  No  Add i t i on a l  Act i on and i n  some of  the  
p athways of t h e  Proposed Act i on ,  t h e  cost  of  bu i l d i ng energy -eff i c i ent homes 
i s  g reater .  Th i s  added cost reduces t he  d i sposab l e i n come ava i l ab l e for oth er' 
goods and  serv i ces  and  l eads to  a g reater n egat i ve effect on emp l oyment l eve 1 5 .  
Th i s  re l at i on s h i p  between i nc reased cost of  t h e  MCS , wh i ch res u l ts  i n  i n c reased 
effects  on emp l oyment , i s  u sed to ran k the a l ternat i ve act i on s . These are 
s ummar i zed i n  Tab l e  4 . 1 7 .  

4 . 3 . 6  S h e l ter  I n d u s t ry 

The  d i scuss i on on t h e  s h e l ter i ndust ry i s  d i v i ded i nto  two parts , one dea l i n g 
wi t h  s i te-bu i l t  homes and one  wi th manufact u red , or  factory -b u i l t ,  h omes that 
are t ran spo rted to  t h e  s i te . L i ke t h e  c h anges i n  emp l oyment descri bed i n  
Sect i on 4 . 3 . 5 ,  t h e re i s  not enough i n fo rmat i on ava i l ab l e  to q u ant i fy effects 
on the s he l ter  i ndustry ;  t h u s , t h i s  i s  a q ua l i tat i ve d i scuss i on .  

A l ternat i ve Act i on s  

O t h e r  than  t h e  Bas e l i n e ,  wh i ch rep resents ex i st i n g con d i t i on s ,  each of  t h e  
a l ternat i ves h a s  essent i a l l y  t h e  s ame effect on t h e  s h e l ter i nd u s t ry i n  t hat 
energy-eff i c i ent features  are i ncorporated i n to b u i l d i n g p ract i ces . The 
one factor t h at c h anges  among a l tern at i ves  i s  the f l ex i b i l i ty p rov i ded by the 
Proposed Act i on of  c h oos i n g opt i ons  for ma i nt a i n i n g I AQ .  A l t h ough  each  of 
the a l ternat i ves req u i res t h at b u i l de rs fo l l ow some req u i rements  to p rotect 
I AQ , some opt i ons  a re more sen s i t i ve to i n s t a l l at i on t h an oth ers . The  
sens i t i v i ty of  I AQ m i t i g at i on tech n i ques to  i n sta l l at i on was  p resen ted i n  
Tab l e  3 . 29 ;  for examp l e ,  mec h an i ca l  vent i l at i on w i t h  heat recovery , s uch  as 
t h at w i t h  an AAHX , i s  s h own as h i gh l y  sens i t i ve .  Th i s  i s  an  opt i on in  the No 
Add i t i on a l  Act i on an d i n  some of  the pathways under the Proposed Act i on .  
Howeve r ,  other  pathways a l l ow opt i on s  wh i c h  are l es s  sen s i t i ve ,  an d t hus  are 
l es s  l i ke l y  to  req u i re n ew tech n i c a l  s k i l l s .  

S i ngl e - Fam i l y  and  Mu l t i fam i l y  Homes 

The h ome b u i l d i ng i ndus try i s  a comp l ex assortment of general  contractors , 
subcontractors , a rc h i tects/des i gners , man u facture rs , reg u l ators , f i n an c i ers , 
marketers , and buyers . Such  comp l ex i ty i nd i cates t h at comp l emen tary c h anges 
by a l arge n umber of  o rg an i z at i on s  and i n d i v i du a l s are needed to  ach i eve  
i mp rovement  i n  res i dent i a l energy con servat i on .  Howeve r ,  t h e  New Energy­
Eff i c i en t  Homes Prog rams do not appear l i ke l y  to c a u s e  maj o r  c h anges i n  t he  
structure of th i s  system . No  maj o r new part i c i pants  are needed , and none  of 
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TAB LE  4 . 1 7 .  Emp l oyment Effects o f  Var i ous  A l tern at i ves 

A l tern at i ve/ Pathway Impact 

Base l i ne None 

No Add i t i on a l  Act i on A l ternat i ve 
Exhaust  System w i t h  Ports 

AAHX w i t h  A i r  Barr i e r  

Proposed Act i on A l ternat i ves 

Pat hway 1 

Pathways 2 and  3 

Pat hways 4 and  5 

Pat hway 6 

Pathway 7 

Pat hways 8 and  9 

Pat hways 1 0  and  1 1  

Red uced emp l oyment  under both energy 
s u rp l us  and defi c i t  because e l ec tr i c  
b i l l s  are h i gher  t h an i n  t h e  base l i ne ;  
t h u s  cons umers spend l es s  on other  
goods  and serv i ces , 

Larger net negat i ve emp l oyment  comp ared 
w i t h  exh aust  system because  AAHXs cost  
more ; t h erefore , i t  wi l l  h ave  g reater 
effect on e l ect r i c b i l l s and consumers · 
ab i l i ty to  spend on other  goods and 
serv i ces as l arger n umber o f  AAHX systems 
are i n sta l l ed .  

Emp l oyment red uc t i ons  are l es s  t h an under 
No  Add i t i ona l  Act i on because  mec h an i c a l  
ven t i l at i on i s  n o t  req u i red ; t h u s , costs  
are l ower ,  b i l l s  a re l ower ,  and  the  reduc­
t i on i n  spend i ng on goods  and serv i ces 
i s  l es s . 

S i m i l ar to  AAHX system opt i on under No  
Add i t i on a l  Act i on ,  but  s i nce  there i s  no  a i r 
barr i e r ,  net negat i ve effects  wou l d  be  l ess . 

S i m i l ar to  the  exhaust  system opt i on under 
No  Add i t i ona l  Act i on .  

S i m i l ar to  Pathway 5 ,  w i t h  s l i gh t l y  l es s  
unemp l oyment  because  of  b l ower door tests . 

More unemp l oyment  t h an Pat hway 1 because  of 
req u i rement  for a i r  barr i e r ,  wh i ch i nc reases 
costs  and b i l l s ,  and t hus  decreases  
expend i tu res on goods  and serv i ces . 

S i m i l ar to the  AAHX opt i on under No  
Add i t i on a l  Act i on .  

S i m i l ar to Pathways 4 and  5 but  g reater 
because of  the  costs  of  the a i r  b arri e r .  
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the  ex i s t i n g part i c i pants are l i ke l y  to be e l i m i n ated . However ,  p art i c i p ants  
wi l l  need  to  adj ust  t he i r pract i ces and  poss i b l y  l earn to  work wi th new 
mater i a l s to meet energy-effi c i ent standards . 

The  n ature of t h e  s h e l ter i ndu stry ,  i n  wh i ch a s i n g l e  con s t ruct i on p roj ect 
i n vo l ves many rel at i ve l y  autonomou s  actors , rai ses  quest i ons  about the i mpact 
an  energy-eff i c i ent homes p rogram may h ave on the  o rg an i z at i on of  t he 
i nd u stry .  B u i l ders i nd i c ate  t h at con s t ruct i on of  h i gh l y  en ergy-eff i c i ent  
b u i l d i n g s  req u i res more c arefu l  p l ann i n g , sequenc i ng ,  and  coord i n at i on of the  
p roduct i on p roces s .  At  l east d u r i n g  the  " l earn i n g peri od , "  con s t ruct i on of 
energy -eff i c i ent  homes a l so requ i res g reater superv i s i on of  emp l oyees and  
subcontractors . Th i s  suggests  mod i f i cat i on of  the  t rad i t i on a l  d i v i s i on of 
author i ty and  respons i b i l i ty i n  t he  home b u i l d i n g i nd u stry ,  i n  wh i ch general  
con t ractors h ave l i m i ted manager i a l  i n f l uence and  s ubcont ractors make many of  
the  dec i s i on s  an d contro l  many of the  p rocedures i mportant  i n  con s t ruct i ng 
energy -eff i c i ent  b u i l d i ngs . 

However ,  t he  re l at i on s h i p  among  part i c i p ants  i n  t he  home b u i l d i ng i nd u stry i s  
genera l l y  f l ex i b l e .  Workers typ i c a l ly  demon strate a wi l l i n gness  an d ab i l i ty 
to  adj ust  tasks  an d respons i b i l i t i es to accommod ate the  req u i rements  of 
energy-eff i c i ent b u i l d i n g techn i ques . Th i s  f l ex i b i l i ty ,  and  the  p o i nt t h at 
accommodat i on s  a re req u i red of near ly  a l l part i c i p ants  i n  t he  p roces s , con fers 
a res i l i ence  on the  i nd u stry .  Bec ause  of i t s  res i l i ency , i f  adequate tra i n i n 9 
and i n format i on are g i ven to  spec i a l ty t rades and con t ractors , t he  s h e l ter 
i ndu stry s hou l d  be  ab l e  to  accommod ate  the  c h anges needed to b u i l d  energy­
eff i c i ent  homes wi thout s ubstant i a l reorgan i zat i on .  However ,  c h anges requ i red 
to meet the standards and  the fragmented nature of the  i nd u stry s uggest t h at 
the  l ea rn i n g per i od d ur i n g  wh i ch effect i ve materi a l s ,  techn i ques , and 
p rocedures a re estab l i s hed may be  l ong . 

Man u fact u red Homes 

Manufact u red h omes are b u i l t  at a factory and t ran sported to the  dwe l l i ng 
s i te .  Because  a l l p h ases  of construct i on occu r  at a factory , i t  i s  eas i er to 
cont ro l  the  man u factur i n g  p rocess and  accommod ate  c h anges i n  t he phys i ca l  
c h aracter of  the  s t ructures  when the  changes  app l y  t o  a l a rge n umber of  homes 
be i ng produced . BPA has  spons ored l i m i ted stud i es and found  t h at man u factured 
homes c an be  b u i l t  to energy -eff i c i ent  standards  wi thout maj o r  c h anges i n  
c urren t con s t ruct i on p ract i ces ( Levy 1986 ) . 

However ,  i n  f i ve  energy-effi c i ent  manufactured homes t hat BPA had  b u i l t  for 
researc h  purposes , t he  who l e-house  AAHXs were not we l l  i ntegrated i n to the  
home des i gn ,  were i mp roper ly  s i zed , and not  opt i ma l l y  i n sta l l ed ( a ) . For  
examp l e ,  t he  heat exc h angers were a l l l oc ated on the  f l oor of  a bed room 
c l oset , the  vents  l oc ated i n  the  f l oor , and  a l l duct work run under  the  home . 
The added f l oor i n s u l at i on prevented the  use  of  ri g i d  meta l  duct  work i n  the  
f l oor j o i st c hanne l s  and n eces s i tated the  use  of i n s u l ated p l a st i c  f l ex i b l e  
duct i ng mounted on the  exter i or  o f  the  mo i s ture barri er  memb rane . 

( a )  Te l ephon e convers at i on w i t h  G . B .  Parker of PN L ,  October 9 ,  1 986 . 
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Bu i l ders of manufactured  homes are req u i red to  offer mec h an i ca l  vent i l at i on 
opt i on s  wi th e ach  home ( HUD  1 984) . Most offer an AAHX as one of s everal  
vent i l at i on opt i on s , but most of the  AAHX i n sta l l at i on s  are s i ng l e  wa l l ­
mounted un i t s  s i nce  the  requ i red vent i l at i on i s  a m i n i mum of 40 cfm fresh 
a i r .  A typ i c a l  wa l l -mounted un i t  wi l l  de l i ver  50 -80 cfm .  A who l e-house  AAHX 
typ i c a l l y  de l i vers more t h an 100 cfm ,  twi ce  as much as req u i red an d at a much  
g reater con s umer cost . For these  reason s , few who l e-house  AAHX systems are 
offered  or  i n sta l l ed i n  n ew man ufactured homes . B u i l ders thus  have  l es s  
exper i ence i n  the  des i gn a n d  i n sta l l at i on of a who l e- h ouse  AAHX of the  s i ze 
( 100 cfm)  u sed i n  t he  BPA s t udy .  Th i s  suggests  that  more tra i n i ng ,  
i n sta l l a t i on experi ence , and i mproved who l e-house  AAHXs , spec i f i ca l l y  for 
energy-eff i c i en t  manufactu red homes , are needed to  better i ntegrate them i n to 
new homes . 

L i ab i l  i ty 

B u i l ders have  as ked about the  l i ab i l i ty wh i ch m i ght  res u l t  from meet i n g 
energy-eff i c i ent  standards . The quest i on of l ega l  l i ab i l i ty i s  not  an 
" e n v i ronmenta l  effec t "  of the new energy-eff i c i ent homes propos a l . B PA cannot 
prov i de l eg a l  adv i ce to  b u i l ders and b u i l d i ng mater i a l s producers . Four 
references c u rren t l y  are a va i l ab l e  on th i s  s ubj ect : ( 1 )  " Loc a l  Government 
L i ab i l i ty an d the  Model  Conservat i on Standards i n  Was h i ngton State , "  
Assoc i at i on of  Was h i ngton C i t i es ,  Was h i ngton State Assoc i at i on of Coun t i es , 
February 1 985 ; ( 2 )  Oregon Attorney General ' s  op i n i on ,  J u n e  25 , 1 984 ; ( 3 )  
" L i ab i l i ty Aspects o f  House  Energy Rat i ng Systems , "  Pac i f i c  Northwest 
Laboratory , prepared  for the U . S .  Department of Energy and av a i l ab l e  from the  
N at i ona l  Tech n i ca l  I n format i on Serv i ce ,  U . S .  Department of Commerce , 5285 
Port Roya l  Road , Sp r i n g f i e l d ,  VA 22 1 6 1 ;  an d ,  ( 4 )  " Poten t i a l  L i ab i l i ty for 
I ndoor Po l l ut i on , "  Earon S .  Dav i s  ( 1 986 ) , p resented at the 79th An n u a l  Meet i n g 
of the  A i r Pol l ut i on Control  Assoc i at i on (APCA) , ava i l ab l e  from APCA for $2 . 50 
at P . O .  Box 286 1 , P i ttsburgh , Penn sy l v an i a  1 5230 . 

Des p i te ques t i on s  about l i ab i l i ty ,  some b u i l ders are a l ready construct i ng MCS 
homes . Dur i ng  the  l ast  3 years , approx i mate l y  2400 s i n g l e-fami l y  dwe l l i ngs  
and 4770  mu l t i fam i l y  un i ts h ave been b u i l t  t h rough  BPA programs for  p romot i n g 
con s t ruct i on of  MCS homes . I t  i s  t h us  reason ab l e  to  i n fer t h at some b u i l ders 
are wi l l i ng to  b u i l d  accord i ng to  energy- eff i c i ent standards even though  
some h ave  expressed concern about poss i b l e  i n creased l i ab i l i ty .  Th i s  concern 
may ref l ect as much fear of  the unfam i l i ar and un tr i ed as i t  does gen u i ne 
concern about l i ab i l i ty .  BPA hypothes i z es ,  b ased on s t ud i es of percept i on of 
ri s k ,  t h at after a few years ' experi ence , b u i l ders who cu rren t l y  express 
concern about l i ab i l i ty un der MCS wi l l  be much l es s  concerned (A l l man 1 985 ; 
A l vord and Eaton 1 9 79 ) . 

4 . 3 . 7  Beh av i oral  Ch anges 

S u rveys have s hown t h at home buyers are aware of en ergy-eff i c i en t  
ch a racter i s t i c s  i n  homes and t h at res i dents o f  t h e  Nort hwes t general l y  v i ew 
conserv at i on favo rab l y .  H owev er , h o u s e h o l d s are c omp l ex l i v i n g e n v i ronmen t s , 
and t h e  ac h i e v emen t  of e n e rgy- eff i c i ency may requ i re adj u s tmen t s  i n  b e h a v i o r 
and l i fe s ty l e  by res i den t s . A l t h o u g h  l i t t l e  i n fo rmat i on i s  a v a i l ab l e a b o u t  
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behav i or mod i f i cat i on i n  en ergy-eff i c i ent  homes , several  feat u res t h at may 
req u i re adj ustments have  been i dent i f i ed .  

Res i dents  i n  homes w i th l ow vent i l at i on rates may need to be more aware of 
poten t i a l  p o l l ut i on -produc i ng act i v i t i es .  Low ven t i l at i on rates i nc rease the 
poten t i a l  of cert a i n  househo l d  act i v i t i es ,  such  as bath i ng ,  cook i n g ,  c l ean i n g ,  
an d keep i n g p l an ts , to ra i se h umi d i ty above des i rab l e  l eve l s .  Househo l d  
act i v i t i es s uch  as  cook i ng ,  smok i n g  tobacco , work i n g  on hobb i es , an d burn i n g 
wood may a l so  c reate h i gh po l l utant  concent rat i ons . 

Howeve r ,  ven t i l at i on rates are not en t i re l y  t i ed to energy effi c i ency 
features . A l l homes are l i ke l y  to h ave peri ods of l ow vent i l at i on because of 
l ow wi nd speed and moderate temperatu re d i fferences between i ndoors and 
outdoors . B u i l ders may construct t i ght  homes i n  the  absence of  BPA p rog rams . 

Furthermore , wh i l e  vent i l at i on i s  a factor i n  determ i n i n g p o l l u tant l eve l s ,  
other factors , s uch  as the  source strength of  po l l utants , a l so  h ave a ro l e  to 
p l ay .  50 / wh i l e  res i dents  of t i ght  homes need to be cogn i z ant  of potent i a l 
sources  of  p o l l ut i on ,  so  do  other con sumers , and  i nc reased awareness  i s  needec 
across  a l l of the a l ternat i ves , i nc l u d i n g  the Base l i n e .  To he l p  foster th i s  
awarenes s ,  BPA req u i res that home buyers part i c i pat i n g i n  i t s new homes 
p rog rams ( No Add i t i on a l  Act i on and Proposed Act i on A l tern at i ve s )  rec e i ve 
ed ucat i ona l  boo k l ets desc r i b i n g the  dyn am i c s  of  I AQ , t he  so urces  of 
po l l utants , and ways of m i t i gat i n g  d i fferent types of  p o l l utants . 

I n  homes wi th  MV systems , res i dents may need to be mo re d i l i gent about us i ng 
fan s and vents  and  p ay more atten t i on to ma i n ta i n i ng and serv i c i n g equ i pmen t .  
Howeve r ,  these  i s s ues  a re not l i m i ted to energy-eff i c i ent  homes and are 
beg i n n i ng to be  addressed by automat i c  contro l s s uch  as h umi d i stats . 
Vent i l at i on dev i ces are not req u i red i n  base l i n e homes , but spot vent i l at i on 
s uch  as  k i tchen and bath room exh aust  fans  are often i n sta l l ed ,  and the  
con s umer must  ope rate and  ma i nt a i n them .  However , th i s  type of equ i pment i s  
genera l l y  not as comp l ex as  the  wh o l e-house  MV systems req u i red under the  No 
Add i t i on a l  Act i on and some pathways i n  the Proposed Act i on . 

Under the  No Add i t i ona l  Act i on ,  vent i l at i on dev i ces are req u i red i n  t i ght  
homes . I n  those  c ases  where the  dev i ces must operate cont i n uous l y ,  cons umers 
need not worry about t u rn i n g the dev i ces on and off un l ess  they choose tO r 
a l though they need to ma i n t a i n  the  equ i pment for p roper operat i on .  Wh ere the 
MV system i s  ope rated i n term i ttent l y ,  occupants must  make a consc i ou s  effort 
to t u rn on the system . 

The p urpose of the  Proposed Act i on A l ternat i ve i s  to  a l l ow more f l ex i b i l i ty 
for b u i l ders and con s umers i n  c hoos i n g  ways to protect the  q u a l i ty of i ndoor 
a i r .  Th i s  A l tern at i ve i nc l udes opt i on s  for not i n sta l l i ng  mech an i c a l  
ven t i l at i on and , where they are i n sta l l ed ,  more f l ex i b i l i ty i n  th e i r  operat i on 
i s  a l l owed . The  i n tent of th i s  act i on i s  to a l l ow b u i l ders and cons ume rs to 
choose  p athways wi th wh i ch they fee l the most comfortab l e .  

The most  that c an be s a i d  at th i s  stage i s  t hat there i s  a potent i a l for 
energy-eff i c i ent  construct i on to affect res i dents ' behav i o r ,  but the effects 
are not we l l  understood . Offsett i n g these chan ges are pos i t i ve contri b u t i ons 
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to  res i den ts ' we l l -be i n g  such  as more control  over t h e i r e n v i ronmen t ,  
i nc reased comfort res u l t i n g from l es s  d raft , and l ower u t i l i ty b i l l s .  

4 . 3 . 8 I n s t i tut i on a l  Effects  

I mp l ementat i on of  the  Energy-eff i c i ent  Homes Prog rams as def i ned under  the  No  
Add i t i on a l  Act i on and  Proposed Act i on A l ternat i ves  wi l l  req u i re i n spect i on s  
t o  en s u re that  standards a re be i ng  met . Th i s  w i l l  add n ew regu l at i on s  and 
req u i rements  t h at w i l l  i nc rease the  s i ze ,  p resence , a nd  control  of government 
at the l oc a l  and reg i on a l  l eve l s .  The i mpos i t i on of standards may a l so  
i nc rease  the  b ureauc rat i z at i on of ut i l i t i es and/or  l oc a l  governments i n  
t he  regi on . 

4 . 4  H EALTH AND SAFETY I SSUES  UNRELATED TO I N DOOR A I R  QUA L I TY 

Th i s  s ect i on descri bes other  i mp acts  on hea l th and  safety wh i ch m i ght  res u l t  
from the  construct i on of energy-eff i c i ent homes . The  sect i on focuses  on 
i mp acts  of  manufacturi ng and u s i n g  materi a l s  needed to  i mp l ement t h e  New 
Energy - Eff i c i en t  Homes Programs ; these  materi a l s  i nc l ude i n s u l at i on ,  
add i t i on a l  wi ndow g l as s , and fram i n g .  I n  our  d i scu s s i on of heat p ump s , we 
address both no i se po l l ut i on and the  effect on the  ozone l ayer of the  
mater i a l s u sed as refri gerants  i n  the  heat p umps . 

4 . 4 . 1 I n c reased I n s u l at i on and Potent i a l F i re Haz ards 

In pub l i c  meet i n gs  to  determi ne  the scope of th i s  E I S ,  some peop l e  expressed 
concern t h at i nc reased i n s u l at i on i n  energy-effi c i ent homes may c ont ri bute  
chem i c a l ly  hazardous  fue l  to  f i res . No  i nc reased r i s k  of  home f i res has  been 
assoc i ated w i t h  energy-eff i c i ent construct i on ,  accord i n g to  rep resentat i ves 
of t h ree i n s u rance compan i es ,  Underwri ters Laboratory ,  t he  N at i on a l  F i re 
Protect i on Assoc i at i on ,  and the  K i ng  County F i re Mars h a l l ' s Off i c e .  

Ce l l u l ose  i n s u l at i on h a s  been i den t i f i ed a s  a potent i a l f i re haz ard , even 
when t reated w i t h  f i re ret a rd ant chemi ca l s .  E v i dence of potent i a l  deg radat i on 
i n  f i re ret ard ant performance t hrough  s ub l i mat i on of  the  f i re retardant 
add i t i ves  has  been observed i n  ce l l u l ose  i n s u l at i on wh i c h has  been s ubj ected 
to  en v i ronment a l  cyc l i n g .  Some sett l i n g out o f  the  d ry f i re ret ard ant s a l t s  
h a s  a l so  been observed a l though  t h i s  phenomenon h a s  not been l i n ked to  an 
i nc reased f i re haz ard i n  ce l l u l ose i n s u l at i on . Tests performed by U . S .  Borax 
of t h e  perman ency of  borate f i re ret ardant add i t i ves seem to i nd i c ate  adequate , 
l on g -term f i re res i stance  shou l d  be ma i nt a i ned i n  i n s u l at i on wh i ch conforms 
to federa l i n s u l at i on f l ammab i l i ty standards . Care must be  ta ken w i th  
ce l l u l ose , as  w i t h  any other  type of i n su l at i on mater i a l , to  p revent excess i ve 
accumu l at i on of  heat i n  i n s u l at i on s u rround i n g heat sources by i n spect i n g  for 
overl oaded wi r i ng , and  by ma i n ta i n i n g adeq uate c l earance around  recessed 
l i gh t i n g , f i rep l ac e  f l ues , and other poten t i a l  sourc es of heat . Properl y 
i n sta l l ed ce l l u l ose  i n s u l at i on wh i ch c on forms to  federal  standa rd s  rema i n s  a 
s afe and  effec t i ve i n s u l at i on .  

Po l y u rethan e i n s u l at i on h a s  been i dent i f i ed as a potent i a l sourc e  of h i gh l y 
tox i c  fumes d u r i n g  f i res . Howeve r ,  t he  smoke from po l yurethane i s  s i m i l ar to  
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smoke from the  b urn i ng  of f l ex i b l e  ureth anes  used i n  c ha i r  c u sh i on s , 
mattresses , couches , and other home furn i s h i n gs . 

As a source  of  add i t i on a l  fue l , i n s u l at i on shou l d  be  inconseq uent i a l . I n  a 
typ i ca l  res i dent i a l sett i n g there are 3 to  8 l b  of  fue l  per sq . ft from the  
house  struct u re and furn i s h i n gs ( Fang and Breese 1 980 ) . As s um i n g 5 l b  per 
sq . ft , a 1 , 600 - s q . ft res i dence has  8 , 000 l b  of comb ust i b l e  mater i a l wi thout 
count i n g i n s u l at i on . I nc reased i n s u l at i on needed to  meet the  energy ­
eff i c i ent standards of  the  No Add i t i on a l  Act i on an d Proposed Act i on 
A l tern at i ves  wi l l  add a sma l l i nc rement to  ex i st i n g  combust i b l es ;  these  
i n s u l at i on materi a l s are  a l ready be i ng  u sed i n  c u rren t pract i ce homes bu i l t  
under  the  Base l i ne .  

The  q u est i on of  i n s u l at i on p roduc i n g nox i ou s  fumes i s  uncert a i n .  Lev i n  and 
Pu rdom ( 1 983 ) rev i ewed the  hea l t h effects of mater i a l s u sed in  home i n s u l at i on 
and n oted t h at some of these  materi a l s  may p resent h az ards to  i n st a l l ers , 
f i remen , and ma i ntenance and repa i r  personne l .  Asbestos , ce l l u l ose , an d 
p o l y u rethane were i dent i f i ed as haz ardou s .  Ce l l u l ose  was i den t i f i ed as a 
poten t i a l  f i re haz ard , even when tre ated w i t h  f i re ret ardants , and p o l yurethane  
was  i dent i f i ed as h av i n g poten t i a l  to prod uce  h i gh l y  tox i c  mater i a l d ur i ng  
therma l  decompos i t i on .  I f  s uch  h az ardous  materi a l s are not used , however , 
there i s  no i n d i c at i on t h at the  MCS wou l d  i nc rease the  r i s k  of  home f i res . 
Other i n format i on ( H ad l ey 1 986 ) refutes the  st atement t h at p o l yuret h ane  has  
the  poten t i a l  to  produce  h i gh l y tox i c  mater i a l s dur i ng  therma l  decompos i t i on .  
Accord i n g to Had l ey ,  work  done at the  U n i vers i ty of P i ttsburgh i nd i c ates t h at 
the  toxi c i t i es of the  var i ous  forms of po lyurethane are s i m i l ar to  those  for 
Doug l as f i r and natura l  wood . 

4 . 4 . 2  R i gi d Foam Po l yuret hane  I n s u l at i on 

C l osed ce l l p o l y u rethane foam i n s u l at i on i s  made wi th  the  compound  
tr i c h l orof l uorethane  ( F- l l ) , a compound  thought  to  contr i bute  to  reduc i n g the  
ozon e l ayer in  t he  atmosphere . The  ozone  l ayer s h i e lds  the  earth from the  
u l trav i o l et rad i at i on be i ng  cont i n uou s l y  em i tted from the  sun . Dep l et i n g 
atmos pher i c ozon e may l ead to  g l ob a l  warm i ng  and  i nc reased f l ood i ng from 
me l t i n g of the  po l ar i ce c aps due  to the  g reen house  effect , and  to i nc reased 
cases  of s k i n  c ancer from exposure to u l trav i o l et rad i at i on .  

Kh a l i l  and Rasmu ssen  ( 1 986 ) suggest that F- l l  em i s s i on s  from r i g i d  c l osed 
ce l l po lyurethane  foam (CCPUF ) i n s u l at i on may g reat l y  i nc rease i n  t he  fut u re 
as a res u l t  of b u i l d i n g new en ergy -effi c i ent  b u i l d i n gs . Em i s s i on s  occ u r  
i n i t i a l l y  as s heets of  the  materi a l  are cut  i nto  sma l l er p i eces , re l eas i ng 
gas  t rapped i n  t he  foam . After i n sta l l at i on ,  emi s s i on s  occ ur  at a muc h s l ower  
rate as the  mater i a l ages . However ,  i t  i s  not  poss i b l e  at th i s  t i me to  
quant i fy how much of an i mpact F- l l  from CCPUF  h a s  on the  ozone l ayer . 

CCPUF i n s u l at i on acts as a l ong -term reservo i r  and  source  of F - l l  after t h e  
i n s u l at i on i s  i n sta l l ed .  I t  i s  uncerta i n how l ong  CC PUF  i n s u l at i on wi l l  
rema i n  i n  u se  after i n sta l l at i on ,  but  i t  cou l d  be  up  to  80 years ( Rand 1 980 ) . 
Once removed from u se , a l l rema i n i ng F- l l  t hat has  not been em i tted to the  
atmosph ere i s  re l eased i f  t he  foam i s  b u rned or dest royed . I f  t h e  foam i s  
bur i ed , F- l l  wi l l  cont i n ue to l eak s l ow ly  from t h e  foam . 
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There are a l tern at i ves to  u s i n g F - 1 1  i n  man u fact ur i ng  ri g i d  p o l y u ret h an e  foam 
i n s u l at i on ,  and at l east one man u facturer i s  u s i n g an a l tern at i ve compound . 
Howeve r ,  we are un s u re wh at t he  subst i t ute compound  i s  made of , an d wh at i t s 
en v i ronment a l  effects may be . At p resent , t h ere i s  a g reat dea l  of 
uncert a i nty about the effect i veness and potent i a l e nv i ronmenta l  i mp acts  of 
pos s i b l e a l ternat i ves to ozon e-dep l et i n g compounds  ( Don i ger and W i rth  1 986 ) . 

T h e  en v i ronmen ta l  effects of  each of t h e  a l tern at i ves a re not q u an t i f i ab l e ,  
but  s h ou l d  b e  essent i a l l y  t h e  s ame for any g i ven home , s i nce  i n su l at i on 
req u i remen ts  are i dent i ca l . However , as  t h e  n umber of energy -eff i c i ent  h omes 
c h an ges among t h e  a l ternat i ves , t he  i mp acts  wi l l  c h ange  accord i n g l y .  

4 . 4 . 3  M i n eral  and Woo l I n s u l at i on 

Under t h e  Base l i n e ,  no  add i t i on a l  q uan t i t i es of  i n s u l at i on are requ i red above 
the norma l  demand for res i den ces b u i l t  to ex i s t i ng b u i l d i ng cod e ;  therefore , 
n o  add i t i on a l  po l l utants  are emi tted to t h e  atmosp h ere ,  an d n o  add i t i on a l  
i mp acts  to  t he  amb i ent  a i r q u a l i ty l eve l s a re expected . 

Under  t h e  No  Add i t i on a l  Act i on A l tern at i ve ,  add i t i on a l  q u ant i t i es of  
i n s u l at i on wi l l  be requ i red i n  h omes b u i l t  to  MCS . T he  amount  of add i t i on a l  
i n s u l at i on needed i s  con s i d ered to  b e  d i rect l y  p roport i on a l  to  t h e  max i mum 
amount  of energy acq u i red ( 1 32  MW ) , wh i c h i s  d i rect l y  rel ated to  t h e  n umber 
of energy-eff i c i ent  s i n g l e- and mu l t i fam i l y  h omes b u i l t  to  MCS . The amount 
of po l l utant  em i tted to  the atmosphere i s  d i rect l y  re l ated to  the amount  of 
i n s u l at i on mater i a l  produced mu l t i p l i ed by an em i s s i on factor t h at i s  b ased 
on the p rocess u sed to p roduce the materi a l . For purposes of  t h i s  as sessmen t ,  
we con s i de r  f i ber g l as s , roc k woo l , or  ce l l u l ose as i n s u l at i on materi a l . Of  
these  c h o i ces , em i s s i on factors h ave been deve l oped for t h e  p roduct i on of 
f i ber g l a s s  and  roc k woo l . Dur i ng  product i on of both of these i n s u l at i on 
mater i a l s ,  t h e  p ri mary po l l utant em i tted to  t h e  atmosp here i s  p art i cu l ates . 
I f  we ass ume t h e  amount  of i n s u l at i on mat er i a l  i s  e i t her  a l l c e l l u l ose  or  a l l 
roc k woo l , t h e  amount of tot a l  s u spended p art i cu l ates ( TSP ) em i tted to  t h e  
atmosph ere wou l d  be 93 . 5  ton s or  18 . 2  ton s , respect i ve l y .  T h e s e  amounts  
rep resent 0 . 0000322 and 0 . 000008% i nc reases in  t h e  tot a l  est i mated energy­
re l ated p art i c u l ate em i s s i on s  for t h e  20-year peri od i f  we assume emi s s i on 
dat a  from 1986 i s  rep resen t at i ve of each year . 

Under t h e  Proposed Act i on ,  t he  amount  of t he  en ergy res ource  acqu i red wou l d  
depend on t h e  p athway c h osen  under t h i s  a l tern at i ve (96 to  18 1  MW ) . U s i ng  
t h e  s ame approach  as  used  for  t h e  N o  Add i t i on a l Act i on ,  t h e  amount  of 
part i c u l ate emi tt ed to t he  atmosphere ran ges from 63 to  1 1 6 ton s  i f  ce l l u l ose 
i s  p roduced to  meet t h e  add i t i ona l  demand i n  i n s u l at i on . I f  on l y  roc k woo l  
i s  p roduced t o  s u p p l y  t h e  add i t i on a l  i n s u l at i on need , t h e  amount  of  
part i cu l ates em i tted to  t h e  atmosphere wou l d  be  1 5 . 9  to  29 . 3  ton s . These  
amounts  rep resent an i nc rease of from 0 . 000008 to 0 . 000033% i n  the  tot a l  
est i mated energy-re l ated part i cu l ate em i s s i ons  b ased o n  1986 , t h e  l ast year 
for wh i c h  data are ava i l ab l e .  

I n  t h e  Preferred A l tern at i ve ,  t h e  amount  of t h e  energy resourc e  acq u i red wou l d  
depend on whet h e r  t h e  upper  or  l ower est i mate of ven t i l at i on rate was most 
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app rop ri ate ( 1 40 to 1 24 MW ) . U s i n g t he  s ame app roach as  u s ed for t h e  No  
Add i t i on a l  Act i on ,  the  amount  of part i c u l ate matter  em i tted to the  atmosphere 
wou l d be  99 . 2  tons  i f  c e l l u l os e  was produced to meet t h e  add i t i on a l  demand i n  
i n s u l at i on .  I f  on l y  roc k  woo l  was p roduced to supp l y  the  add i t i on a l  
i n s u l at i on need , t h e  amount  o f  part i cu l ates emi tted t o  t he  atmosph ere wou l d  
be  1 7 . 1  ton s . These  amoun t s  rep resent i nc reases  from 0 . 000034 to 0 . 00000 75% 
i n  t h e  tota l  e st i mated energy- re l ated part i c u l ate em i s s i on s  over t he  per i od 
of t h e  p rogram . 

4 . 4 . 4  Pass i ve So l ar Materi a l s 

The  p a s s i ve s o l ar  features  i ncorporated i n  Bonn ev i l l e ' s  new homes p rograms 
( BPA 1 985 )  requ i re n e i t h e r  un i que bu i l d i ng components  nor  spec i a l des i gn 
con s i derat i on s  t h at wou l d  pose hea l t h  or safety p rob l ems . The  s o l ar opt i on 
i s  met by i n s t a l l i n g  spec i f i ed amounts  of sout h - fac i n g g l az i n g ,  and matc h i n g 
t he  g l az i n g wi t h  an approp r i ate amount of t herma l mas s . T he  extra g l a s s  
a l l ows heat from t he  s un to en ter ;  t he  t hermal  ma s s  s tores  t he  heat a nd  
m i n i m i z es  wi de tempe rat u re swi ngs . The  s o l ar  opt i on does not  i nc l ude any 
p rov i s i on or  g i ve any c red i t  for feat ures  s uch  as  s o l ar  co l l ectors . 

For t he  most p art , g l az i n g u sed for the  s o l ar opt i on i s  i dent i c a l  to other  
g l az i n g u sed i n  t he  new homes programs and must  meet the  s ame c r i teri a .  Th i s  
i s  t rue  even i n  t h e  case  of opaque wa l l s ,  wh ere t he  g l az i n g covers and t he  
t h erma l  mass  are comb i n ed as  p art of the  wa l l ,  a n d  t h e  g l az i n g i s  not  u sed  a s  
a "w i ndow . " As e i t her  a typ i ca l  south -fac i ng wi ndow , or  as part of a n  opaque 
wa l l ,  the g l az i n g does n ot advers e l y  affect the h uman env i ronment . The  so l ar  
g l az i n g  c reates no  more a h az ard t h an any  other wi ndow i n  a home b u i l t  to the  
en ergy-eff i c i ent  spec i f i c at i on s . L i ke any other wi ndows , s o l ar  g l az i n g must  
be i n st a l l ed to meet l oc a l  b u i l d i ng codes . 

The  other  un i que  feature of the  p a s s i ve s o l ar  opt i on i s  t he  requ i rement for 
t hermal  mass . Materi a l s t h at may be u sed for t h i s  p urpose i nc l ude h ard ­
s u rface s l ab f l oors , mas onry wal l s ,  gyp s um board p l aster wal l s  and ce i l i ng s , 
and water wa l l s .  O f  t h ese mate ri a l s ,  on l y  water wal l s  are not  l i ke l y  to be 
found i n  typ i c a l  new homes . Water wa l l s  con s i st of a s t ruct u re to ho l d water 
s uch  as tubes  or custom d e s i gned conta i n ers . Water wa l l s  t h at are p art of 
the  h ou se  s t ruct u re must  meet l oc a l  b u i l d i n g codes , and are l i ke l y  to be b u i l t  
out of common mater i a l s s uch  as acry l i c ,  f i ber g l as s , or  met a l . 

Typ i c a l  b u i l d i n g materi a l s can be used to meet s o l ar g l az i n g and t herma l  mass  
req u i remen t s . Where b u i l ders e l ect more c u s tomi z ed app roaches  s uc h  as  opaque 
wa l l s  or water  wa l l s ,  l oc a l  bu i l d i n g codes des i gned to p rotect p ub l i c  he a l t h 
must  be met . T he  components  of t h ese feat ures  are l i ke l y  to be common 
materi a l s .  Therefore , t he  use  of so l ar  opt i on s  wi l l  not  res u l t  i n  any adverse 
en v i ronmenta l  effect s . 

Some members of t he  p ub l i c  exp ressed concern t h at reduced wi ndow area  cou l d 
potent i a l ly  b l oc k  escape  dur i n g  a f i re .  Energy-eff i c i en t  s t and ard s  are 
des i gned to coex i st a l ong w i t h  the  U n i form B u i l d i ng Codes ( UBC ) , wh i c h spec i fy 
m i n i mum wi ndow s i zes  t h at c an be i n st a l l ed and s t i l l  serve as a means  of ex i t .  
The  UBC a l so  spec i f i es h ow many ex i t s are requ i red . Homes now be i ng b u i l t  i n  
t he  Northwest  t hat  fo l l ow UBC s afety req u i rements  h ave wi ndow a reas  eq u a l i n g 
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8 to  1 0% of f l oor area . BPA ' s c u rrent energy-eff i c i ent standards a l l ow g l az i ng 
to equa l  up to 1 5% of f l oor area . S i nce a l l UBC safety req u i rements  reg ard i n g 
the  n umber and s i ze of ex i ts must  be met , ex i t  from homes bu i l t  under the  No 
Add i t i ona l  Act i on and  Proposed Act i on A l ternat i ves shou l d  be no more d i ff i cu l t  
t han from base l i n e homes meet i n g c urren t code req u i rements . 

4 . 4 . 5  W i n dow G l a s s  and  Frames 

For p urposes  of asses s i n g the  i mpact of wi ndow product i on on outdoor a i r ,  we 
assume t h at a l l i mproved wi ndow therma l eff i c i ency i s  ach i eved by i n sta l l i n g  
tr i p l e -pane g l ass  i n  a l um i n um frames ,  an d t h at tot a l  a l l owed g l ass  area wi t h i n  
a structure i nc reases from 1 0% under base l i ne cond i t i ons to 1 5% under  BPA ' s 
p rog rams . 

Under t h e  Base l i ne ,  no add i t i ona l  g l ass  beyond norma l requ i rements wou l d  be 
p roduced . The  tot a l  amount  of g l ass  area wi th i n  a structure i s  typ i c a l l y  10% 
of t h e  f l oor area . Under t h i s  a l tern at i ve ,  a max i mum of 3 1 4 , 1 90 tons of g l ass  
wou l d be p roduced , i n creas i ng the  amount  of TSP  now em i tted to  the  amb i ent 
a i r .  The amount  o f  TSP  est i mated t o  b e  em i tted t o  t h e  a i r over t h e  l i fe of 
t he  p rog ram wou l d  rep resen t a 0 . 0000086% i n crement i n  t he  amount now es t i mated 
to  be em i tted an n u a l l y  to the atmosphere i n  t he  Un i ted States . Compar i n g  
these  em i s s i ons t o  em i s s i on s  from t h e  reg i on i s  not appropr i ate , a s  most U . S .  
g l ass  p roduct i on occurs outs i de the  Northwest . 

The manu factur i ng  of g l ass  w i n dows req u i res t he  man ufacture of a l umi num for 
the wi ndow frames . I t  i s  est i mated t h at 5 1 , 1 59  tons of a l umi num wou l d  be 
req u i red over the 20-year peri od . Product i on of t h i s  amount of a l um i n um wi l l  
c reate 0 . 26 tons  of part i c l es t h at wou l d  be rel eased to  the  atmosphere on an 
ann u a l  b as i s ,  a s sum i n g  an em i ss i on rate of 0 . 2  l b/ton of a l umi num ( EPA 1 973 ) . 
Most  of the  a l um i n um i s  expected to  be produced i n  t he  reg i on .  

I f  t h e  No Add i t i on a l  Act i on or Proposed Act i on A l ternat i ve i s  c h osen , 
add i t i on a l  g l ass  may be p roduced , con s i der i ng  t h at the  tota l  amount  of 
a l l owab l e g l ass  a rea  wi t h i n  a structure may i nc rease to  approx i mate l y  1 5% of 
t he  f l oor area . I f  t h i s  does occu r ,  a max i mum of 73 , 020 ton s of add i t i ona l  
g l ass  may be p roduced and  wou l d i nc rease the  amount  of TSP  em i tted to  t he  
amb i en t  a i r .  The  amoun t o f  TSP  est i mated t o  b e  em i tted t o  t h e  a i r  wou l d  
rep resent a 0 . 00000204% i nc rement i n  t he  amount est i mated to be emi tted 
a n n u a l l y  to  the atmosphere i n  the  U n i ted States . 

The  add i t i on a l  g l a s s  w i n dows manufactu red under  t hese a l ternat i ves  wi l l  
requ i re an est i mated 2 1 , 473 tons  of a l um i n um manufact u red for the  wi ndow 
frames . Prod uct i on of t h i s  amount  of a l um i n um wi l l  c reate 0 . 1 1 tons  of 
part i c l es t h at wou l d  be rel eased to  t he  atmosphere on an annua l  b as i s ,  
a ssum i n g  an emi s s i on rate of 0 . 2 l b /ton of a l um i n um ( EPA 1973 ) . Most of t h i s  
add i t i on a l  a l umi n um may be p roduced i n  the  reg i on .  
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4 . 4 . 6  Res i dent i a l Heat Pumps 

Bu i l ders may a l so c h oose to i n sta l l heat pumps i n  energy-eff i c i ent homes 
as a t rade-off  for l es s  s t ri n gent t hermal  req u i rements . Res i dent i a l h eat 
pumps a re one of  the most en ergy-effi c i ent  space  cond i t i on i n g app l i ances  
ava i l ab l e ,  and may cost-effec t i ve ly  contr i bute  to  red u c i ng a customer ' s  
overa l l en ergy req u i rement .  Howeve r ,  h eat pump s h ave been assoc i ated wi th  
potent i a l e n v i ronment a l  i mpacts : t he  p resence of  poss i b l y  annoy i ng acoust i c  
em i s s i on l eve l s ,  and potent i a l d amage to t h e  earth ' s  ozon e l ayer from 
f l uorocarbon refri geran ts . 

No i se em i s s i on l eve l s  from res i dent i a l heat pumps vary wi de ly  amon g 
man u factu rers , and  are dependent on t he  un i t  s i z e ,  fan s i z e and  type , 
comp ressor n o i s e ,  end  v i b rat i on t ran sm i s s i on to  t h e  heat  p ump case . Wh i l e  
manu fact u re rs t ry to  en s u re t h at t he i r  un i t s  operate as q u i et l y  as pos s i b l e ,  
h eat pumps c u rren t l y  ava i l ab l e  a re genera l ly  qu i te no i sy ,  reg i ster i n g  acoust i c  
emi s s i on l eve l s from approx i mate ly  60 adj usted dec i be l s ( d BA )  to  over 70 d BA 
at t h e  source . Was h i n gton state l aw ,  as  we l l  as  mun i c i p a l  o rd i n ances  i n  
severa l Northwest  c i t i es outs i de of Was h i n gton ( i n c l ud i ng Port l and ) , requ i re 
n i ghtt i me no i se l eve l s  not to  exceed 45 d BA at t h e  p roperty l i ne . Fort unate l y ,  
means  are av a i l ab l e  t o  effect i ve l y  reduce h eat pump no i se t o  acceptab l e  l eve l s .  

One  of  t he  s i mp l est  and most  effec t i ve no i se  con tro l  meas u res i s  to  i n sta l l 
t he  h eat p ump i n  a p roper l oc at i on .  P l ac i n g  t he  heat pump as  far as poss i b l e  
from p roperty l i nes , open w i ndows , and refl ect i ve barri ers or  acoust i c  
en c l osures o ften y i e l d s s at i s fac tory no i se con t ro l . Con struct i on o f  sound  
barr i ers or  acou st i c  en c l o sures may a l so  be  emp l oyed to  further  atten uate  
n o i se  l eve l s i f  necessary .  F i berg l ass  i n s u l at i on wrapped around  the  heat 
p ump c ompres sor  to  muff l e  compressor  no i se  may a l so be  a s i mp l e  mean s of 
red uc i n g h eat p ump no i se .  One  or  more of  these  met hods  i s  u s u a l l y  s u ff i c i ent  
to  red uce  heat pump n o i se  em i s s i on s  to  accept ab l e  l eve l s .  

T he  c h l o rof l uorocarbon ( CFC) refri gerants u sed as t he  p r i ma ry h eat t ran s fer  
med i um in  res i dent i a l  h eat pumps are thought  to  potent i a l ly  affect the  
concent rat i on of  the  earth ' s  p rotect i ve ozon e l ayer .  Th i s  theory has  been 
s ubj ect to  some debate . Even a l l ow i ng  for the poten t i a l dep l et i on effect of 
f l uoroc a rbons on t he  ozon e l ayer , i t  i s  ev i dent t h at the sma l l amount  of  
add i t i on a l  f l uorocarbons t h at may be  re l eased i nto  the  atmosphere by 
add i t i on a l  res i den t i a l  heat pumps wi l l  have  a n eg l i g i b l e  effect on ozon e 
dep l et i on i n  re l at i on to t he  overa l l amount  of  f l uorocarbon s re l eased each 
year worl d -wi de  from refri gerators , a i r  c ond i t i on ers , cert a i n  types of  p l ast i c  
con t a i ners , and i ndustr i a l  process i ng ,  as we l l  as t he  dep l et i on caused by 
h i g h  a l t i tude  a i rc raft . A l though  a l tern at i ve heat t ransfe r  
med i a  are ava i l ab l e  a n d  may be used i n  p l ace of  f l uorocarbon refr i geran ts , 
they e ac h  h ave t h e i r own i n herent d i sadvantages and  a re not wi de ly  u sed 
at p resen t . 

The en ergy conservat i on benef i ts  ava i l ab l e  from an i nc reased u se  of heat p umps 
h ave been we l l  estab l i s hed . Wh i l e some env i ronmen t a l  i s sues  have  been ra i sed  
regard i n g heat pump u s age , t hese  appear  to  be re l at i v e l y  m i nor  concern s  at  
p re s en t . A s s um i n g  t h at f l uorocarbon s do affect the  ozone l aye r ,  h owev e r ,  B PA 
i s  not i n  a pos i t i on to  regu l at e  f l uorocarbon p roduct i on .  The  i s s ue i s  wo r l d -
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wi de  i n  scope , and must be addressed on a g l oba l  s ca l e (We i s b u rd 1 986 ; Barnett 
1 986 ) . Bonnev i l l e con t i nues  to use  heat pumps wi th  CFC i n  i ts new homes 
p rog rams but wi l l  req u i re more ben i gn heat t ran s fer  f l u i ds when they become 
read i l y  av a i l ab l e .  

Adverse hea l th  effects from heat pump usage  s hou l d not  occ u r .  Under  BPA ' s 
p rograms , h eat p ump s must  be  i nsta l l ed accord i ng to l oc a l  code requ i rements , 
an d these  are des i gned to  p rotect p ub l i c  hea l th  and s hou l d avo i d any potent i a l 
hea l t h  effects to  cons umers . 

4 . 5  AVO I D ED IMPACTS O F  REPLACEMENT EN ERGY RESOU RCES 

If the conserv at i on ant i c i p ated from new energy-eff i c i ent  homes i s  not 
rea l i zed , and e l ectr i c demand warrants  rep l ac i ng i t ,  the  e l ectr i c i ty may need 
to  be  obt a i ned from other resources . Both the  Counc i l ' s resource  portfo l i o  
and BPA ' s 1 986 resource  st rategy i nd i c ated t h at sma l l hydropowe r ,  then 
cogene rat i on wou l d  be the  next resources  to  be deve l oped , i f  needed , t o  meet 
l ow l oad  ob l i gat i on s . For med i um l oad ob l i gat i ons BPA wi l l  add  c ombust i on 
t urb i nes , and for h i gh l oad ob l i gat i ons  i t  wi l l  add coa l  p l ants  ( Fo l ey and 
W i l fert 1 986 ) . These  new resources c arry wi th  them env i ronment a l  i mpacts . 
I n  t h i s  sect i on ,  t he  i mp acts  of u s i ng the  four resources to  generate 
e l ectri c i ty i n stead of acq u i r i ng the conservat i on resou rce are s ummar i zed . 

Because  i t  i s  beyond the  scope of th i s  doc ument to  p roj ect the  mi x an d 
capac i t i es of  generat i ng resou rces , we assume that each of  the  rep l acement  
resou rces generate 100% of  the  energy needed to  rep l ace the  energy s av i ngs  of 
each of the a l tern at i ves . Thus , the  i mpacts are sca l ed  or  p roport i oned to  
match the  tot a l  reg i on a l  energy s av i ngs  an t i c i p ated from each  of the  
a l tern at i ves . For the  Proposed Act i on A l tern at i ve two p athways are s h own to 
boun d the range of poten t i a l  s av i ngs  from conservat i on ,  and t hus  the  i mpacts 
of u s i ng generat i on i n stead of conservat i on .  For th i s  an a l ys i s  we ass ume a 
l i near  rel at i on s h i p  between the  generat i n g  capac i ty of  rep l acement resources 
an d the res u l t i ng env i ronmenta l  effects . Thus , as  resource capac i t i es are 
mu l t i p l i ed or  red uced , t he i r env i ronmenta l  i mpacts are p roport i on a l l y  
i nc reased o r  decreased . These  i mpacts were c a l c u l ated by mu l t i p l y i n g the  
n umbers i n  T ab l e 4 . 18 by  the  energy sav i ngs  deri ved from the  N o  Add i t i on a l  
Act i on a n d  Pathways 4 a n d  7 .  The n umbers i n  Tab l e  4 . 18 rep resent t h e  i mpacts 
per megawatt  of generat i on est i mated for  a typ i c a l  500  MW  coa l  p l ant  ( Baech l er 
1 986) . So , to  c a l c u l ate i mp acts  avo i ded from the other  pathways , s i mp l y  
mu l t i p l y  the  n umbers i n  Tab l e 4 . 18 by the energy s av i n g s  for the  other 
pathways (Tab l e  4 . 1 3 ) . The  avo i ded env i ronmenta l  i mp acts  of  the  th ree 
rep resentat i ve a l tern a t i ves  are s hown i n  Tab l es 4 . 1 9 t h rough  4 . 2 1 . These  are 
i mpacts  wh i ch do  not occur  because we obt a i n  the  ene rgy from con servat i on and  
so d o  not need the  generat i ng resou rce . These  tab l es i nd i c ate the  p u b l i c  
morb i d i ty from b u i l d i ng these  p l ants . We h ave not  est i mated hea l th effects 
from the en v i ronmenta l  i n su l ts ( e . g . , 4200 tons of  a i r em i s s i on s )  res u l t i n g 
from these  d i fferent  p l ants , p r i mari l y  because  these  p l ants  are s i te ­
spec i f i c ;  t h u s , t h e  p u b l i c  hea l th  i mpacts wou l d  b e  determ i n ed by where the 
p l ant  i s  s i ted . 
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TABLE  4 . 18 .  I mpacts Per Megawatt  o f  Generat i on for Fou r  
Generat i on Resources 

En v i r o n l e n t a l 
I m p a c t  

Desc r i pt i o n  

P u b l i c  l o r t a l i ty ( a )  

P u b l i c  i n l u r i es a n d  
m o rb i d i ty ( a )  

O c c u pa t i o n a l s a f e ty a n d  
h e a l th 

l o r t a l i ty 
i n j u r i es 
t i l e l os t  

P e r so n n e l 
c o n s t r u ct i o n 

( wo r k e rs/y  r )  
o p e r a t i o n / l a i n t e n a n ce 

( w o r k e rs/y r )  

S o l i d w a s t e  ( t o n s )  

A i r e l i ss i o n s  ( to n s )  

V i s i b i l i ty i l p a i r l e n t  
( k l - p e r s o n -y rs )  

W a te r  e l i ss i o n s  ( t o n s )  

W a t e r u s e  ( a c r e - f t  
u n l e ss  o t h e r w i s e  n o t e d )  

W a te r c o n s u li Pt i o n  ( a c r e ­
f t  u n l ess  o t h e r w i s e 
n o t e d  

F i s he r i es i _ p a c t s  

L a n d  u s e  ( a c r e s )  

T h e rl a l d i sc h a rg e  ( B t u )  

Su I I  
Hyd ropowe r 

R u n  o f  r i ve r  o r  
sto ra g e ­
o p e r a t i o n 

N R  

N R  

N R  
N R  
. B B 7  wo r k e r  y r  

5 . 3  ( 3  y r )  

. B 5 

B 

N e g  I i g i b I e 

N R  

N e g l i g i b l e  

. B 2 l i l l i o n  

B 

Yes 

6 7 . 3  

N R  

N R  - No t r e p o rted I n  refe r e n c e s . 

Coge n e r a t i o n 

t.f u n i c i p a l  s o l i d 
w a s t e  f i red ( a )  

. 5 7 ( b )  

N R  

N R  
N R  
N R  

N R  

N R  

( c )  

5 5  

N R  

N R  

. 1 3 l i l l i o n  
g a  I .  

2 1 i l l i o n  
g a  I .  

N R  

1 8 9  b i l l i o n  

C O ll b u s t i o n 
Tu r b i n e 

F r e d e r i c k s o n  
n a t u r a  I g a s ­
f i r e d  t u r b i n e 
a n d  g e n e r i c ,  
i n c l u d e s  t r a n s­
p o r t  a n d  e x t r a c ­
t i o n  e f f e c t s  

B 

. B B3 

. BB B B 3  

. BB3  
1 .  49  w o r k e r 

2 . 6 5 ( 4  Y r )  

. 1 4 

N e g l i g i b l e 

1 6 . 1  

1 1 1 . 5 

2 . 75 

3 . 75 

N R  

N R  

. 1 9 

29 b i l l i o n  

d a y s  

C o a l -F i r e d  
Ge n e r a t o r  

B o a r d u n  C o a  I 
P l a n t  a n d  
g e n e r i c ,  7 " "  
l o a d  f a ct o r ,  
i n c l u d e s  l i n i n g 
a n d  t r a n s p o rt 
e f f e c t s  

. BB3  

. B 26  

. BB B B 7  

. BB 4  
4 . 87 wo r k e r d a y s  
. 44 wo r k e r d a y s  
c o n s t r u c t i o n 

N R  

. 27 

. "" 3 5  l i l l i o n  

3 5 . 49 

1 .  2 1  

N R  

4 . 5  l i l l i o n g a  I .  

4 . 2  l i l l i o n g a  I .  

Yes 

1 . 7  

4 2  b i  I I i o n 

( a )  B a s e d  o n  l i ne a r d o s e  r e sp o n se l o d e l .  I f  EPA A i r  Q u a l i ty S t a n d a rd s  a re a s s u l e d  t o  b e  a t h r e s h o l d ,  
n o  h e a l t h e f f e c ts r e s u l t .  

( b )  t.fo r t a  I i tY / l o r b i d i ty c Oll b i n e d . 
( c )  B u r n i n g s o l i d w a s t e  a s  f u e l r e s u l ts i n  n e t  r e d u c t i o n  i n  s o l i d w a s t e  r e q u i r i n g d i s p o s a l .  
S o u r c e s : I NT A S A ,  I n c . ( 1 9 8 1 ) ; ECO N o r t h we s t ,  Ltd . ,  S h a p i ro a n d  Asso c i a t e s ,  I nc . ,  a n d  S e to n , J o h n so n ,  

a n d  O de l l ,  I n c . ( 1 9 8 6 ) ; F a s sb e n d e r ,  t.fo o re ,  a n d  Ea k i n  ( 19 8 2 ) ; ECO N o r t h we s t  ( 1 983 , 1 9 8 4 ) ; 
B a t t e l l e Co l u ll b u s  L a b o r a t o r i es ( 1 9 8 2 ) ; D O E  ( 1 9 8 3 ) ; B a ec h l e r ( 1 9 8 6 ) . 
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TABLE 4 . 19 .  Tot a l  Avo i dftd Impacts of the No  Add i t i on a l  Act i on 
A l ternat i ve  t a )  

E n v i ro n ill e n t a l 
I m p a c t  

Desc r i pt i o n 

P u b l i c  l o rt a l i ty 

Pu b l i c  i n j u r i e s a n d  
m o r b i d i ty 

O c c u p a t i o n a l s a f ety  a n d  
h e a l t h 

1II 0 rt a i i ty 
i n j u r i es 
t i l e l o s t  

Pe rso n n e l 
c o n s t r u c t i o n 

(wo r k e r s / y r )  
o p e r a t i o n / m a i n t e n a n ce 

(wo r k e  r s / y  r )  

S o l i d w a s t e  ( t o n s )  

A i r el i ss i o n s  ( t o n s )  

V i s i b i  I i ty i l p a i r l e n t  
( k l - pe rs o n - y r )  

W a t e r  e m i ss i o n s  ( t o n s )  

W a t e r u se ( a c re - f t  
u n l es s  o t h e rw i se n o t e d )  

W a t e r  c o n s u m p t i o n 

F i sh e r i es i m p a c t s  

L a n d  u s e  ( a c r e s )  

T h e r l a l d i sc h a rge  ( B t u )  

S II3 I I 
Hyd ropowe r 

Ru n 0 f r i v e  r 0 r 
sto r a g e ­
o p e r a t i o n 

N R  

N R  

N R  
N R  
. 9 4 w o r k e r  y r  

7 1 0  (3 y r ) 

6 . 9  

o 
N e g l i g i b l e 

N R  

N e g l i g i b l e  

2 . 6  11\ i I I i o n 

Y e s  

9 , 0 50  

N R  

Cogen e r a t i o n 

Mu n i c i p a  I so l i d 
w a s t e  f i r e d ( b )  

77  ( c )  

N R  

NR  
N R  
N R  

N R  

N R  

( d )  

7 , 330  

N R  

N R  

1 7  l i l l i o n  g a l .  

263 1 i l l i o n 
g a  I .  

NR  

1 3 7  

1 4 , 888 b i  I I  i o n 

C O l b u s t i o n 
T u r b i n e 

F r e d e r i c k s o n  
n a t u  r a  I g a s ­
f i re d  t u r b i n e 
a n d  g e n e r i c ,  
i n c l u d e s  t r a n s ­
po r t  a n d  e x t r a c ­
t i o n  e f f e c t s  

o 
. 4 0 

. 0004  

. 40 
1 9 5  wo r k e r d a y s  

3 5 5  ( 4  y r ) 

1 8  

N e g  I i g i b I e  

2 , 176  

1 4 , 888 

367  

504 

NR  

NR  

25  

3 , 894  b i l l i o n 

C o a l -F i r e d  
Ge n e r a to r  

B o a r d u n  C o a  I 
P l a n t  a n d  
g e n e r i c ,  7 " "  
l o a d  f a c t o r 
i n c l u d e s  l i n i n g 
a n d  t r a n s p o r t  
e f f e c t s  

. 4 0 

3 . 4  

. 0094 

. 54 
6 5 3  w o r k e r  d a y s  
6 0  wo r k e r d a y s  

N R  

3 7  

470 , 000  

4 , 8 1 0  

1 6 0  

N R  

c o n s t r u ct i o n 

607  l i l l i o n g a l .  

5 6 1  Al i l l i o n  g a l .  

Yes  

229  

5 , 6 1 2  b i l l i o n  

N R  - N o t  r e p o r t ed I n  refe r e n c e s . 
( a )  A s s u m e d  l o a d  r e d u c t i o n o f  1 3 2  a v e r a g e  m e g a w a tts , b a sed  o n  u p p e r  b o u n d  e s t i m a t e . 
( b )  B a s e d  o n  I i n e a r  d o s e  r e s p o n s e  l o d e l .  I f  EPA A i r  q u a l i ty S t a n d a r d s  a re a s s u m e d  to  b e  a t h r e s h o l d ,  

n o  h e a l t h e f f e c t s  r e s u l t .  
( c )  Mo r t a l i ty / m o r b i d i ty c O l b i n e d . 
( d ) B u r n i n g s o l i d w a s t e  a s  f u e l r e s u l ts i n  n e t  r e d u c t i o n i n  s o l i d w a s t e  r e q u i r i n g d i s p o s a l .  
S o u r c e s : I N TASA , I n c . ( 1 9 8 1 ) ; EC O N o r t h we s t , Ltd . ,  S h a p i ro a n d  Asso c i a t e s , I n c . , a n d  S e t o n , J o h n son , 

a n d  O d e l l ,  I n c . ( 1 9 8 6 ) ; F a s s be n d e r ,  Moo r e ,  a n d  E a k i n  ( 1 9 8 2 ) ; EC O N o r t h we s t  ( 1 983 , 1 9 8 4 ) ; 
B a t t e l l e C o l u m b u s  L a b o r a to r i es ( 1 9 8 2 ) ; D O E  ( 1 9 8 3 ) ; B a e c h l e r  ( 1 9 8 6 ) . 
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TAB L E  4 . 20 . Tot a l  Avoi ded Impacts of  Pat hway 4 ( a )  

En v i r o n . e nt a l 
hpa c t  

Desc r i pt i o n  

Pu b l  i c  l o r t a l i ty 

P u b l i c i n j u r i es a n d  
l o r b i d i ty 

O c c u p a t i o n a l s a f et y  a n d  
h e a l t h 

l o rt a l i t y  
i n j u r i es 
t i l e  l os t  

c o n s t r u c t i o n 

Pe r s o n n e l 
c o n s t r u c t i o n 

(wo r k e rs / y r )  
o p e r a t i o n /l a i n t e n a n c e  

( w o r k e r s /y r )  

So l i d w a s t e  ( t o n s )  

A i r  el i ss i o n s  ( t o n s )  

V i s i b i l i ty i l pa i r l e n t  
( k l - pe r s o n - y r s )  

W a t e r  e l i s s i o n s  ( t o n s )  

W a t e r  u s e  ( a c r e - f t  
u n l ess  o t h e rw i se n o t e d )  

W a te r c o n s u l Pt i o n ( a c r e ­
f t  u n l e ss  o t h e rw i s e 
n o t ed 

F i s h e r i es i l p a c t s  

L a n d  u s e  ( a c r e s )  

Th e rl a l d i s c h a rg e  ( B t u )  

Su I I  
Hy d r opowe r 

R u n  o f  r i v e r  o r  
s t o r a g e ­
o p e r a t i o n 

N R  

N R  

N R  
N R  
. 68 wo r k e r  y r  

5 8 5  (3  Y r )  

4 . 9  

8 

N e g l i g i b l e 

N R  

N e g l i g i b l e 

2 . 8  I i I I  i o n 

8 

Yes 

6 , 5 2 3  

N R  

N R  - N o t  r e p o r t ed I n  refe r e n ces . 

Coge n e r a t i o n 

Mu n i c i p a l  s o l i d 
w a s t e  f i re d  ( b )  

N R  
N R  
N R  

N R  

N R  

( d )  

5 , 2 9 2  

N R  

N R  

1 2  I i  I I  i o n g a l .  

1 9 7 1 i l l i o n  
g a  I .  

N R  

96  

1 8 , 4 6 2  b i l l  i o n 

COl b u s t i o n 
Tu r b i n e 

F re d e  r i c k s o n  
n a t u r a  I g a s ­
f i re d  t u r b i n e 
a n d  g e ne r i c ,  
i n c l u d e s  t r a n s ­
p o r t  a n d  e x t r a c ­
t i o n  e f f e c t s  

8 

. 38 

. 8""3  

. 3 8 
1 4 8  wo r k e r d a y s  

246  ( 4  Y r )  

1 4  

Neg l i g i b l e 

1 , 47 7  

1 8 , 585  

2 7 1  

3 5 7  

N R  

N R  

1 7  

2 , 83 1  b i l l  i o n 

C o a l -F i r e d  
Ge n e r a t o r  

Bo a r d l a n  C o a  I 
P l a n t  a n d  
g e n e r i c ,  7 U  
l o a d  f a c t o r  
i nc l u d e s  l i n i n g 
a n d  t r a n s po rt 
e f f e c t s  

. 38 

2 . 5  

. 8 1 

. 38 
468  wo r k e r  d a y s  
43  wo r k e r  d a y s  

N R  

27  

3 4 5 , 8 " "  

3 , 446  

1 1 7  

N R  

4 3 1  I i I I  i o n g a  I .  

394  I i I I  i o n g a  I . 

Yes 

168 

3 , 938  b i l l  i o n  

( a )  Ass u l e d  l o a d  r e d u c t i on o f  9 6  t o t a l a ve r a g e  l e g a w a t t s  o f  P a t h w a y  4 ,  b a s e d  o n  u p p e r  b o u n d  e s t i m a te . 
( b )  B a s e d  o n  l i n e a r  d ose  r e s p o n s e  l o d e l . I f  EPA A i r  q u a l i ty  S t a n d a r d s  a re a s s u m e d  to be a t h r e s h o  d ,  

n o  h e a l t h e f f e c t s  r e s u l t .  
( c )  Mo r t a l i tY / l o r b i d i ty c om b i ne d . 
( d )  B u r n i n g s o l i d w a s t e  a s  f u e l r e s u l ts i n  n e t  r e d u c t i o n  i n  s o l i d w a s t e  r e q u I r I n g d i s p o s a l .  
S o u r c e s : I N TAS A ,  I n c . ( 1 9 8 1 ) ; ECO  No r t h we s t , Lt d . , S h a p i ro a n d  Asso c i a t e s ,  I n c . , a n d  S e t o n , J o h n so r , 

a n d  O d e l l ,  I n c . ( 1 9 6 6 ) ; F a s s be n d e r ,  Moo re , a n d  Eak i n  ( 1 9 6 2 ) ; ECO No r t h we s t  ( 1 963 , 1 98 4 ) ; 
B a t t e l l e  C o l um bus  L a b o r a t o r i es ( 1 9 6 2 ) ; D O E  ( 1 9 6 3 ) ; B a ec h l e r ( 1 9 8 6 ) . 
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TAB LE  4 . 2 1 . Tota l  Avoi ded Imp acts of  Pathway 7 ( a )  

En v i r o n m e n t a l 
I m p a c t  

Des c r i pt i o n  

P u b l i c m o rt a l i ty  

P u b l i c i n j u r i es a n d  
� o rb i d i ty 

O c c u p a t i o n a l s a f ety  a n d  
h e a l t h 

1I 0 r t a i i ty  
i n j u r i e s 
t i l e l os t  

c o n s t r u c t i o n 

Pe r s o n n e l 
c o n s t r u c t i o n 

(wo r k e r s / y r )  
o p e r a t i o n / l a i n t e n a n c e  

(wo r k e rs / y r )  

S o  l i d w a s t e  ( t o n s )  

A i r e l i s s i o n s  ( t o n s )  

V i s i b i  I i ty i l p a i  r l e n t  
( k ill - p e rso n - y r )  

W a t e r  e m i s s i o n s  ( t o n s )  

W a t e r  u s e  ( a c r e - f t  
u n l e ss o t h e rw i s e n o t e d )  

W a t e r  c o n s u m pt i o n ( a c r e ­
f t  u n l ess o t h e rw i s e  
n o t e d  

F i s h e r i es i lll p a c t s  

L a n d  u s e  ( a c r e s )  

T h e rm a l d i sc h a rge  ( B t u )  

S m a  I I  
Hyd r opow e r  

R u n  o f  r i v e r  o r  
s t o r a g e ­
o p e r a t i o n 

N R  

N R  

N R  
N R  
1 . 3  wo r k e r y r  

9 6 3  (3  y r )  

9 . 1  

Il 

N e g l i g i b l e  

N R  

N e g  I i g i b I e 

3 . 7  III i I I  i o n 

Il 

Yes  

1 2 , 5 5 5  

N R  

Coge n e r a t i o n 

W u n i c i p a l  s o l i d 
w a s t e  f i r e d ( b )  

H l 4  ( c )  

N R  

N R  
N R  
N R  

N R  

N R  

( d )  

9 , 939  

N R  

N R  

2 4  lII i l l i o n  g a l .  

366  III i I I i o n 
g a  I . 

N R  

1 8 8  

1 9 , 8 79 b i l l i o n  

C o m b u s t i o n 
T u r b i n e 

F re d e r  i c k s o n  
n a t u  r a  I g a s ­
f i r e d  t u r b i n e 
a n d  g e n e r i c ,  
i n c l u d e s  t r a n s ­
p o r t  a n d  e x t r a c ­
t i o n  e f f e c ts 

Il 

. 5 5 

. 1l 1  

. 5 5 
2 7 2  w o r k e r d a y s  

4 8 1  (4  Y r )  

2 5  

N e g  I i g i b I e 

2 , 931l  

1 9 , 879  

492  

671l 

NR  

NR  

35  

5 , 23 1  b i l l i o n  

C o a l - F i r e d  
G e n e r a t o r 

B o a rd m a n  C o a l 
P l a n t  a n d  
g e n e r i c ,  7""  
l o a d  f a c t o r ,  
i n c l u d e s  lII i n i n g 
a n d  t r a n s p o rt 
e f f e c t s  

. 5 5 

4 . 7  

. 1l 1 

. 7 2 
889  wo r k e r  d a y s  
81l  wo r k e r d a y s  

N R  

4 8  

6 2 8 , Il ll il  

6 , 487 

2 2 1l  

N R  

8 11 6  m i l l i o n g a  I . 

764 III i I I i o n g a  I . 

Yes 

3 1 4  

7 , 638 b i l l i o n  

NR - Not r e p o r ted I n  refe r e n c e s . 
( a )  A s s u ll e d  l o a d  r e d u c t i o n o f  1 8 1  t o t a l l e g a w a t t s  of P a t h w a y  7 ,  b a se d  o n  u p p e r b o u n d  e s t i m a t e . 
( b )  B a s e d  o n  l i n e a r d o s e  r e s p o n s e  m o d e l .  I f  EPA A i r  q u a l i ty  S t a n d a r d s  a re a s s u m e d  to be a t h r e s h o l d ,  

n o  h e a l t h e f f e c t s  r e s u l t .  
( c )  Wo r t a l i tY / l o r b i d i ty c Olll b i n e d . 
( d )  B u r n i n g s o l i d w a s t e  a s  f u e l r e s u l ts i n  n e t  r e d u c t i o n i n  so l i d w a s t e  re q u i r i n g d i s p o s a l .  
S o u r c e s : I NTAS A ,  I n c . ( 1 98 1 ) ;  EC O N o r t h w e s t , L td . ,  S h a p i ro a n d  Assoc i a tes , I n c . ,  a n d  S e to n , J o h n s o n , 

a n d  O d e l l ,  I n c . ( 1 9 8 6 ) ; F a s s b e n d e r ,  Woo re , a n d  Ea k i n  ( 1 98 2 ) ; EC O N o r t h we s t  ( 1 983 , 1 9 8 4 ) ; 
B a t t e l l e C o l u l b u s  L a b o r a t o r i es ( 1 98 2 ) ; D O E  ( 1 9 83 ) ; B a ec h l e r  ( 1 9 8 6 ) . 
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4 . 6  CONSU LTAT I O N , REV I EW ,  AND PERM I T  REQU I R EMENTS 

The federal  government and the states have estab l i s hed  a n umber of 
en v i ronmenta l  statutes and reg u l at i ons t h at p l ace req u i remen ts for rev i ew ,  
con s u l t at i on , and perm i t s  on  act i ons  proposed by agenc i es such  a s  BPA .  The  
Nat i on a l  En v i ronmenta l  Po l i cy Act  ( N EPA) and Coun c i l on En v i ronmenta l  Q ua l i ty 
( C EQ )  regu l at i on s  st i p u l ate t h at an E I S  state how comp l i ance  wi t h  
e n v i ronmen t a l  l aws and po l i c i es occurs [40 CFR 1 502 . 2 ( e ) ] ; N EPA a l so 
p rescr i bes t h at rev i ew and con s u l tat i on req u i rements for a proposed act i on be 
i n teg rated i n to an E I S  [40 CFR 1 500 . 4 ( k ) ] . In t h i s  sect i on ,  we exam i ne  
e n v i ronmenta l req u i rements  app l i cab l e  to BPA ' s  p roposed New Energy- Eff i c i ent  
Homes Programs and d i scuss  how these req u i rements  wi l l  be met . T hese  statutes 
and reg u l at i on s  are g rouped based on the  en v i ronmenta l  featu res t hey are 
des i gned  to p rotect . 

4 . 6 . 1  F i s h , W i l d l i fe ,  and Hab i t at 

Federa l po l i c i es and procedures for protec t i ng endangered spec i es of f i s h , 
wi l d l i fe ,  and p l ants were estab l i s h ed by t he  Endangered Spec i es Act and 
regu l at i ons  i s s ued pursuant to t he  Act . I n  add i t i on ,  t he  F i s h and W i l d l i fe 
Coord i nat i on Act req u i res federa l  agenc i es underta k i n g proj ects affect i n g 
water resources to cons u l t  wi t h  t he  U . S .  F i sh and W i l d l i fe Serv i ce i n  order 
to cons erve or  i mprove wi l d l i fe resources . 

The  Proposed Act i on wi l l  not affect endangered or t h reatened spec i es ,  c reate 
l and  use c hanges , or  affect cr i t i ca l  wi l d l i fe hab i tat . The i ncen t i ves offered 
under  t he  Proposed Act i on are not l arge enough to encourage t he  con struct i on 
of new homes t h at ot herwi se wou l d  not be b u i l t .  I n  add i t i on ,  new h omes b u i l t  
under  t he  p rog rams must comp l y  wi th  l oc a l  b u i l d i n g codes 
and  perm i t  req u i rements . Pres umab l y ,  b u i l d i n g perm i t s are i s sued  on l y  i n  
accordance  w i t h  l oc a l  l and  use  p l ans . The Proposed Act i on w i l l  on l y  encourage 
energy effi c i ency and i n door a i r  q ua l i ty m i t i gat i on feat ures i n  
new h omes . These  act i ons  wi l l  not adverse l y  affect endangered or  
t h reatened spec i es .  

The  manufacture , i n sta l l at i on ,  and  operat i on of energy-eff i c i ent  and 
m i t i gat i on meas u res p roposed i n  t he  New Energy - Eff i c i ent  Homes Prog rams wi l l  
not h ave d i rect effects on f i s h  and wi l d l i fe conservat i on because  the  mea sures 
do not mod i fy bod i es of water . The Proposed Act i on cou l d  h ave i nd i rect 
pos i t i ve effects on f i s h  and wi l d l i fe t h rough  i t s e l ect r i c a l  energy sav i n gs . 
I f  t hese s a v i ngs  red uce t he  need for hyd ropowe r p roduct i on ,  s uch  reduct i on 
wi l l  a l l ow more f l ex i b i l i ty for opera t i n g  Northwest  dams to encourage f i s h  
and  wi l d l i fe cons ervat i on .  Th i s  i nd i rect effect o n  ex i s t i ng hyd ropower 
operat i ons cannot now be quant i f i ed because the  methodo l ogy 
for convert i n g a n nua l  energy sav i n g s  i nto season a l  and  24-hour  cyc l e  
sav i ngs  i s  not deve l oped . These s hort-term cyc l es are i mportant  i n  manag i n g 
f i s h  res ources . 
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4 . 6 . 2  Her i t age Con servat i on 

Severa l federa l  l aws and regu l at i on s  h ave been p romu l gated to  p rotect the  
n at i on ' s  h i stori c a l , c u l t ura l , and p reh i stori c resources . T hese  i nc l ude the  
N at i ona l  H i stori c Preservat i on Act , t he  Archeo l og i c a l  and H i stor i c  
Preservat i on Act ,  t h e  Archeo l og i c a l  Resources Protect i on Act , t h e  Ameri c an 
I nd i an Rel i g i ou s  Freedom Act , t h e  Nat i ona l  N atura l  Landmarks Prog ram , and the  
Worl d Heri t age  L i st . T he  goa l  of these  acts  i s  to  preserve t he  country ' s  
c u l tura l  resources and to  g i v e Ameri c ans  an understand i ng and apprec i at i on of 
t h e i r or i g i ns and h i story .  

Potent i a l env i ronmental  i mp acts  of t he  Proposed Act i on are l i m i ted to new 
h omes wh i ch mus t  be  b u i l t  i n  comp l i ance wi th  state and l oc a l  b u i l d i ng codes , 
l and  u se  p l an s , z ones , and p rograms . Because  on l y  new s tructu res are 
affected , h i stori c b u i l d i ngs  wi l l  not be  affected . 

A l so , t h e  Proposed Act i on wi l l  not affect oth er  c u l tura l  resources . 
I ncen t i ves  offered under t h e  Proposed Act i on are not l arge enough to  encourage 
the construct i on of new h omes t h at wou l d  not oth erwi se  be  b u i l t .  Therefore , 
new construct i on t h at may affect c u l tura l  resources wou l d  occu r  regard l ess  of 
BPA ' s undert a k i ng  the Proposed Act i on .  I n  add i t i on ,  new h omes b u i l t  under 
the  p rog rams mus t  c omp ly  w i t h  l oc a l  b u i l d i ng codes and permi t req u i rements . 
Pres umab l y ,  b u i l d i ng perm i t s  are i s s ued on l y  i n  accordance wi t h  l oca l  l and 
use p l an s , wh i ch p rotect c u l t ura l  resources . 

4 . 6 . 3  

o 

o 

o 

o 

Land Use  P l ann i ng and Cri t i c a l  Resource Protect i on 

The  Coasta l  Zone Management Act offers g rants to  states to  deve l op 
comprehen s i ve ,  l ong-range coasta l  man agement p l an s . T he  p l ans  must 
i dent i fy coast a l  zone boundar i es and def i ne permi s s i b l e  l and  and water 
u s es wi th i n  t h e  zone . W i th i n  the BPA serv i ce area , two states  h ave 
c omp l eted t hese  p l an s : Oregon and Wash i ngton . 

T he  i ntent  of  federal  f l ood p l a i n  and wet l ands  man agement po l i cy 
( Execut i ve Orders 1 1 988 and 1 1 990 ) i s  to  avo i d  as  much as  poss i b l e  
adverse i mp acts  assoc i ated wi t h  devel op i ng f l ood p l a i n s  o r  destroy i ng or 
mod i fy i ng wet l ands . 

The  Counc i l  on En v i ronment a l  Qua l i ty stated t h at h i gh l y  p roduct i ve 
farml ands are con s i dered i mportant parts of  our  nat i on a l  her i tage , and 
efforts s h ou l d  be  made to  en sure t h at such farm l ands are not i rrevers i b l y  
converted t o  other uses . 

Many federal  l aws and po l i c i es h ave been estab l i shed  to  p rotect n at i on a l  
recreat i on resources such  a s  wi l d  and scen i c  ri vers , tra i l s ,  wi l dernes s ,  
p arks , park l ands , eco l og i ca l l y  cr i t i c a l  areas , and areas of  cr i t i c a l  
env i ronmenta l  concern . 

Homes res u l t i ng from t h e  Proposed Act i on wi l l  be  b u i l t  i n  c omp l i ance wi th  
l oc a l  b u i l d i ng codes  and perm i t  req u i rements . Presumab l y ,  b u i l d i ng perm i t s  
are i s s ued on l y  i n  accord ance  wi th  l oca l  l and u s e  p l ans  to  en s u re 
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i n tergovernmen t a l  c ooperat i on and p rotect i on for sens i t i ve and cr i t i c a l  areas . 
Furthermore , t he  i ncen t i ves offered under t he  Proposed Act i on are not l a rge 
enough  to encourage the  construct i on of new homes t h at wou l d  not otherwi se be 
b u i l t .  Therefore , h omes t h at may be b u i l t  i n  p rotected or  sens i t i ve areas 
wou l d  h ave been b u i l t  regard l ess  of BPA ' s  New Energy- Effi c i ent  Homes Prog rams . 
The  Proposed Act i on wi l l  affect on l y  t he  p hys i c a l  c h aracter  of  new homes and 
wi l l  not a l ter  t he i r use  as res i den t i a l  st ruct u res , affect the n umber of peop l e  
t h at may l i ve i n  h omes , o r  ot herwi se c h ange l and use  pattern s . The act i v i t i e �  
BPA p roposes t o  p romote t h rough market i ng and f i n anc i a l  i ncen t i ves d o  not 
con s t i tute  a construct i on or b u i l d i ng p rog ram t h at wi l l  d i rect ly  affect l and  
use  p l ans , coasta l  z ones , f l ood p l a i n s , wet l ands , farml ands , rec reat i on 
resources , o r  other  p rotected or  cr i t i ca l  areas . 

4 . 6 . 4  Perm i t s  

o 

o 

o 

Pursuant  to  t he  R i vers and Harbors App rop ri at i on Act of 1899 , Sect i on 
10 , t he  U . S .  Army Corps of Eng i neers i s sues  perm i t s  for var i ous  types of  
act i v i t i es t h at occur  i n  t he  waters of t he  Un i ted States . 

The  Federa l  Water Po l l ut i on Control  Act ( C l ean Water Act )  requ i res t he  
Army Corps of E ng i neers to  i s sue  " Sect i on 404 " perm i t s  for  d i sc h arges of  
d redged o r  f i l l  mater i a l s i n to  waters of the  Un i ted St ates . 

The  Federal  Land Po l i cy and Man agement Act of 1976  auth ori zes  t h e  
Secret ari es of I nter i or  a n d  Agri c u l t u re to  g rant u t i l i ty and other  
r i g ht s -of-way on  federal  l and s  under  t he i r j u r i sd i ct i ons . 

Because t he  Proposed Act i on does not  enta i l act i v i t i es t h at req u i re any of 
the above permi t s , t hese  reg u l at i on s  are not re l evant  to  BPA ' s  New Energy­
Effi c i en t  Homes Prog rams . 

4 . 6 . 5  I n tergovernmenta l  Cooperat i on 

The  I n t e rgov ernmen t a l  Cooperat i on Act of 1968 and ot h e r  federa l  l aws and 
reg u l at i on s  form a nat i on a l  po l i cy for i n tergovernmenta l  coord i nat i on and 
cooperat i on and requ i re con s i stency to the  max i mum extent p ract i c ab l e  between 
federal  a i d  p rog rams and reg i ona l , state , and l oc a l  p l an n i ng .  

Homes res u l t i n g from t he  Proposed Act i on wi l l  be b u i l t  i n  comp l i ance wi t h  
l oc a l  b u i l d i ng codes a n d  perm i t  req u i rements . Pres umab ly , b u i l d i n g perm i t s  
are i s s ued on ly  i n  accord ance w i t h  l oca l  l and u s e  p l ans  t o  en s u re i n ter­
governmen t a l  cooperat i on and p rotect i on for sens i t i ve and c r i t i ca l  a reas . 

4 . 6 . 6  

o 

o 

Po l l ut i on Contro l  

The C l ean A i r Act sets  the  b as i c  framework for federa l , state , and l oc a l  
a i r q u a l i ty man agement p rograms . 

The C l ean Water  Act sets  forth t he  nat i on a l  st rategy for contro l l i n g 
water  po l l ut i on .  
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o 

o 

o 

o 

o 

The  Reso u rce  Con serv at i on and Recovery Act estab l i shes  n at i on a l  po l i c i es 
and p rog rams for s o l i d  and  haz ardous  waste man agement . 

The Safe Dri n k i n g Water Act estab l i shes  the  n at i on a l  p rog ram for 
p rotect i n g dr i n k i n g water  s upp l i ed by mun i c i p a l  an d i nd u str i a l  water  
s upp l i ers . 

T he  No i se  Con t ro l  Act of 1 972  estab l i shed  a federa l po l i cy an d var i ous  
p rog rams to  contro l  n o i se detr imenta l  to p u b l i c  hea l th  and  we l fare . 

T he  Federa l  I n sect i c i de ,  Fung i c i de ,  and Roden t i c i de Act estab l i s hed 
p rocedu res for t he  reg i strat i on ,  c l as s i f i c at i on ,  an d regu l at i on of 
herb i c i des and  oth e r  pest i c i des . 

The  Tox i c  S ubst ances Con tro l  Act empowe rs EPA to con t ro l  p roduct i on and  
use  of tox i c  s ubstances . 

I ndoor a i r q u a l i ty i s  not reg u l ated by t he  C l ean A i r Act and  re l ated state 
and l oc a l  i mp l emen t i n g reg u l at i on s  i n  the reg i on .  Howeve r ,  t he  manufacture 
of materi a l s for energy con serv at i on and i n door a i r q ua l i ty m i t i g at i on cou l d  
l ead t o  em i ss i on s  of a i r po l l utants and  wou l d  be regu l ated by c l ean a i r 
mandates . BPA does not an t i c i p ate that man ufacture of t h ese materi a l s wi l l  
gen erate h i gher  l eve l s of i mpacts  t han wou l d  occ u r  under  the  No  Act i on 
A l tern at i ve .  T he  Proposed Act i on wou l d  n ot nece s s i t ate con st ruct i on o f  new 
manufactur i n g  p l ants , so  t here wou l d  be n o  new sources of  a i r po l l ut i on 
attri butab l e  to  BPA ' s Proposed Act i on .  Ex i st i n g man u fact u r i n g  p l ants  must  
comp l y  w i t h  amb i ent  a i r q u a l i ty standards  i n  t h e i r l oc a l i t i es .  

The Proposed Act i on wou l d  not l ead to d i scharges of  o i l or  h az ardous  waste 
i nto  U . S .  n av i gab l e waters or  adj o i n i n g s hore l i nes . Therefore , t he  p rogram 
i s  n ot affected by the  C l ean Water Act or re l ated fede ral  regu l at i on s . 

The Proposed Act i on i n vo l ves on l y  materi a l s common l y  used  i n  con s t ruct i on an d 
renov at i on of b u i l d i n gs and  wi l l  n ot enta i l t he  generat i on ,  t ransportat i on ,  
t reatment , sto rage , o r  d i sposa l  of haz ardous waste . Proc urement  con t racts 
requ i red by t he  Proposed Act i on wi l l  not exc l ude t he  use  of recyc l ed materi a l , 
nor  wi l l  the  p rog ram affect other aspects of so l i d  waste man agement , i n c l ud i n g 
source  separat i on and recyc l i ng of products , or  storage , t rans port , an d 
d i sposa l  of  so l i d  waste . Bec ause of these  factors , t h e  Proposed Act i on i s  
not affected by federa l  l eg i s l at i on an d re l ated regu l at i on about d i spos a l  of 
so l i d  and  h az ardous wastes . 

Dri n k i n g water standards wi l l  n ot affect the  i n sta l l at i on of ene rgy 
con serv at i on and I AQ mi t i g at i on featu res i n  new h omes . Furt h e r ,  these  
feat u res wi l l  not  be l oc ated where they wi l l  affect g round  wate r .  No  new 
p u b l i c  water syst ems wi l l  be b u i l t  as  part of  t he  Proposed Act i on .  

I n st a l l at i on of energy conserv at i on and i ndoor a i r  q u a l i ty m i t i g at i on features 
wi l l  not emi t sounds  affec t i ng  no i se l eve l s ,  so  state and  l oc a l  standards  and 
regu l at i ons  govern i ng env i ronmenta l  no i se wi l l  not affect the Proposed Act i on .  
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The Proposed Act i on wi l l  n ot req u i re t h e  p urch ase , u se , storage , or  d i spos a l  
of any i n sect i c i des , fung i c i des , o r  rodent i c i des . Further , none of t h e  
eff i c i ency or  I AQ m i t i g at i on featu res under t h e  Proposed Act i on wi l l  requ i re 
the  p roduct i on ,  manufact u re , or  d i str i but i on of substan ces l i sted u n der  t h e  
Tox i c  Substances  Control  Act , i nc l u d i n g  po l ych l or i nated b i p h eny l s ( PCBs ) . 
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5 . 0  L I ST OF  PREPARERS 

5 . 1  BONNEV I LLE  POWER ADM I N I STRAT ION  

Char l es  C .  A l ton ( B . S .  Soc i o l ogy , Cert i f i c ate  U rban Stud i es ,  M . S . Pub l i c  
Adm i n i s t rat i on )  i s  t h e  En v i ronmen t a l  Coord i n ator for t h e  Off i ce  of  
Con s ervat i on and Power Resources . Has  exten s i ve experi ence i n  e n v i ronmen ta l  
i mpact s tud i es for wi de  ran ge of e l ect r i c u t i l i ty i nd u s t ry act i v i t i es .  
Contr i but i on :  En v i ronmen t a l  comp l i ance  and overs i te and Tec h n i c a l  Rev i ew .  

Laura J .  B i bo ( B . A . , M . A .  Econom i c s )  i s  a Pub l i c  Ut i l i t i es Spec i a l i st i n  t h e  
D i v i s i on of Powe r Forecast i n g p r i mar i l y  i n vo l ved i n  p repari n g  res i dent i a l 
energy forecasts . Con tr i but i on : Tec h n i c a l  Rev i ew and hous i n g forec ast dat a .  

J effrey P .  Harr i s ( B . S .  E l ectri c a l  En g i neeri n g , M . S .  Mec h an i c a l  En g i neeri n g )  
i s  a n  e n g i neer  res pon s i b l e  for var i ous  th erma l energy a n a l y s i s  and s i mu l at i on 
stud i es re l ated to t he  BPA New Homes Prog ram . Contr i but i on s : Techn i c a l  
Appen d i x  o n  Est i mat i on of Vent i l at i on Rates f o r  for Vent i l at i on Strateg i es i n  
New Res i dences and  Tec h n i c a l  Rev i ew .  

Ruth L .  Love ( B . A . , M . A . , Ph . D .  Soc i o l ogy) i s  t h e  en v i ronmen t a l  coord i n ator 
for the Off i ce of  Con s erv at i on . S he  h as con s i derab l e  exper i ence  i n  asses s i n g 
t he  soc i a l effect s  of p roposed water  resources  deve l opment p roj ects . 
Con tr i b ut i on : BPA Proj ect Manager and Tec h n i c a l  Rev i ew .  

Kat her i ne  S .  P i erce ( B . A .  B i o l ogy , B . S .  Forestry and W i l d l i fe Eco l ogy ,  M . F .  
Forestry )  wo rks i n  t h e  E nv i ronmen t a l  Manage r ' s  Off i ce on an a l ys i s and 
formu l at i on of Bon nev i l l e ' s  po l i c i es under  the Nat i on a l  En v i ronmen t a l  Po l i cy 
Act ( N EPA) . Contr i but i on :  L i a i son w i t h  t he  U . S .  Departmen t of Energy and 
N EPA comp l i ance  rev i ew .  

S uzanne  S .  Rowan ( B . A .  Arc h i tecture , M . S .  Arc h i tecture/Struct ura l  En g i neeri n g )  
i s  an  arc h i tect respon s i b l e f o r  tec h n i c a l  a n d  env i ronmenta l  s u pport o f  t he  
BPA  New Homes Prog rams . Cont ri but i on :  Tec h n i c a l  Rev i ew and Proj ect Manager 
for F i n a l  E I S .  

P h i l i p W .  Thor  ( B . S .  Mec h an i c a l  En g i neer i n g )  h a s  part i c i pated over t he  past  5 
years i n  t h e  deve l opment of BPA ' s  research  effort s  on i n door a i r  q ua l i ty and 
t he  effects  of weather i z at i on .  He h as been a p roj ect manager on several  of 
the p roj ects i n vest i g at i n g the measurement and m i t i g at i on of i n door a i r 
po l l utan t s . Con tr i but i on :  Tec h n i ca l  Rev i ew .  

5 . 2  PAC I F I C  NORTHWEST LABORATORY 

M i c h ae l  C .  Baech l er ( B . A .  E n v i ronmenta l  Stud i es )  h a s  part i c i pated or d i rected 
nume rou s  p roj ects i n vo l v i n g t he  a s sessment of i n door a i r q ua l i ty i mpact s . 
Contr i but i on s : Proj ect co-man ager and pr i n c i p a l  D E I S  aut h o r .  

J u d i t h A .  Bamberger  ( B . S .  Phys i c s a n d  Chem i stry ,  M . S .  Mec h an i c a l  Eng i n eeri n g )  
has  exten s i ve researc h  experi ence i n  t h e  areas  o f  aeroso l  a n d  a i r  po l l ut i on 
con t ro l , heat transfer and t herma l  hyd rau l i c s .  S he  i s  a reg i stered 
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p rofes s i on a l  eng i neer (mech an i ca l ) i n  t he  State of Was h i n gton . Contr i but i on : 
Tech n i ca l  appen d i x  on M i t i g at i on Techno l og i es and Reg i on a l  Hea l t h Impacts . 

Kr i st i  H .  B ranch ( B . A .  Chem i st ry/En g l i s h ,  M . A .  Educat i on ,  Ed . D  Educat i on 
[pen d i ng ] ) h a s  exten s i ve research experi ence  i n  soc i a l  i mp act assessment and 
commun i ty devel opment . Contr i but i on : Techn i ca l  appen d i x  on Economi c and 
Soc i a l  Effects  of  the Mod e l  Conserv at i on Standards . 

J e n i fer W .  Ca l l away ( B . A .  Po l i t i c a l  Sc i ences / L i fe S c i ences , M . S .  En v i ronmen ta l  
P l ann i n g/Pub l i c  Affa i rs )  spec i a l i zes i n  en v i ronmen t a l  and reg u l atory 
asses sments  of  energy deve l opment p roj ects . Con t ri but i on : Tech n i c a l  
appen d i xes o n  New Homes Con serv at i on Resou rce an d Econom i c a n d  Soc i a l Effects 
of the Mode l  Con servat i on Standards . 

Fred T .  Cross  ( B . S .  Eng i neeri ng  Phys i cs ,  M . S .  Rad i at i on B i o l ogy , Ph . D .  
B i ophys i cs )  h as expert i se i n  rad i at i on dos i met ry an d spec i a l i zes  i n  stud i es 
i n vo l v i ng spec i f i c  b i o l og i ca l  effects  of  d a i l y  exposures to  known l ev e l s of 
p athogen i c  u ran i um m i ne a i r contam i nants , such as radon , u s i ng both l arge and 
sma l l exper i menta l  an i ma l  mode l s  of human res p i rato ry system d i sease . 
Con tr i but i on : Tech n i c a l  appen d i x  on Hea l th Effect s .  

And rea  J .  Curri e ( B . S .  Experi men ta l  Psycho l ogy , M . Ed .  G u i d ance/Coun s e l i n g )  i s  
an experi enced techn i ca l  ed i tor/wri ter wi th  a background  i n  ed i tori a l  
management . Con tr i but i on : Ed i tor for D E I S  and  part i c i p at i ng ed i tor for 
support i n g techn i c a l  appen d i xes . 

M .  Kev i n  Drost  ( B . S . , M . S . , and Ph . D .  Mechan i ca l  Eng i n eeri n g )  i s  a Sen i o r  
Research Eng i neer wi th  exten s i ve research experi ence i n  t h e  f i e l ds o f  en ergy 
con vers i on , heat  tran s fe r ,  and thermodyn ami cs . Con tr i but i on : Tech n i ca l  
appen d i x  on M i t i gat i on Techno l og i e s . 

J effrey E .  Eng l i n  ( B . S . ,  M . A . , and Ph . D .  Econom i c s )  spec i a l i zes i n  cost  
benef i t  an a l ys i s  and econom i c  i s sues  re l at i n g to en v i ronmenta l  p rob l ems . 
Contr i but i on :  Techn i ca l  appen d i x  on Reg i on a l  Expen d i t u res . 

Lorra i n e  O .  Fo l ey ( B . A . , M . A .  Eng l i s h L i terat u re )  h a s  part i c i p ated i n  a n umber 
of  p roj ects  i n  the area of bu i l d i ng energy conserv at i on an d re l ated po l i cy 
i s sues . Con t r i bu t i on : Proj ect co -man ager and  pr i n c i p a l  author  of  F i n a l  E I S , 
Techn i c a l  appen d i x  on BPA ' s  Resou rce Strategy and  contr i b utor to D E I S .  

Pau l L .  Hendr i c kson  ( B . S .  Chemi c a l  Eng i neer i ng , M . S .  Man agement  S c i ences , 
J . D . )  spec i a l i zes  i n  l eg a l  and po l i cy an a l ys i s  resea rch  re l ated to  energy and 
en v i ronme n t a l  i s s ues . He  i s  a l i cen sed attorney i n  t he  state of  Was h i n gton . 
Con tr i but i on : Tech n i c a l  appen d i x  on Economi c an d Soc i a l  Effects of  t he  Mode l  
Con serv at i on Standards . 

Benj am i n  M .  John son ( B . S .  and  Ph . D .  Chem i c a l  Eng i n eer i n g )  spec i a l i z es i n  
c hem i c a l  and mech an i ca l  en g i neeri ng  research man agemen t i nc l ud i n g  d i rect i on 
of deve l opment proj ects re l ated to energy p roduct i on , u t i l i z at i on ,  and  
conservat i on .  He i s  a reg i s tered p rofes s i on a l  eng i n eer .  Contr i b ut i on : 
Techn i ca l  appen d i x  on M i t i g at i on Tech no l og i es .  
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Aud rey J .  Lyke ( B . A .  Econom i c s )  has  been i n vo l ved i n  t he  a n a l ys i s  of energy 
demand d at a ,  focu s i ng on potent i a l d i sp l acement as the  resu l t  of p roposed 
conservat i on po l i c i es .  Cont r i b u t i on : Techn i ca l  append i x  on New Homes 
Con servat i on Resource . 

Peter J .  Mel l i nger ( B . S .  B i o l ogy , M . S .  Rad i at i on B i o l ogy , Ph . D .  Mar i n e  
Rad i oec o l ogy) spec i a l i z es i n  t he  asses smen t of t h e  effects of rad i o l og i c a l  
a n d  carc i nogen i c  contam i n ants  o n  h uman hea l th  a n d  safety . Cont r i but i on : 
Tech n i c a l  append i x  on Hea l th Effects . 

And rew K .  N i c ho l l s  ( B . A .  En g l i s h / Economi cs , M . A .  Economi c s )  has  been i n vo l ved 
i n  the a n a l ys i s  of energy use d at a ,  focus i n g on en ergy use t rend s .  
Contr i but i on : Tech n i ca l  append i x  on Econom i c  and  Soc i a l  Effects of the  Mode l  
Con servat i on Standards . 

Georganne P .  O ' Connor ( B . A .  Span i s h )  has  several  years ' ed i t i ng/wr i t i n g 
exper i ence i n  gov ernment and pr i vate i ndustry .  She  i s  a graduate of the  Book 
an d Magaz i n e Pub l i s h i ng Program of the George Was h i n gton Un i vers i ty .  
Con tr i b ut i on : support i n g  ed i tor for the D E I S  and  tech n i c a l  appen d i xes . 

W i l l i am F .  Sandus ky ( B . S .  Space  Techn o l ogy , M . S .  Meteoro l ogy) h a s  extens i ve 
exper i ence  i n  mode l i n g po l l utant  t ran sport and  d i spers i on over var i ous  t i me 
and s p ace  sca l es for rad i o l og i ca l  and a i r q u a l i ty assessments . He a l so  has  
done  c on s i derab l e work  i n  measur i ng meteoro l og i ca l  parameters an d computer 
s i mu l at i on techn i ques . Contr i but i ons : PNL  Proj ect Man ager , Reg i on a l  Hea l th  
Effects  and  R i s k  Assessment . 

Steven A .  Shan k l e ( B . A .  Econom i c s )  i s  i n vo l ved i n  v a r i o u s  econom i c an a l ys i s  
stud i es w i t h  emp h as i s  on var i ous  comp uter data  proces s i ng tech n i ques . 
Cont r i but i on : Techn i ca l  appen d i x  on Economi c and Soc i a l Effects of the  Mode l  
Con servat i on Standards . 

Dartha R .  S i mpson ( B . A .  Educat i on/ Language Art s )  i s  a techn i ca l  ed i tor/wr i ter 
wi th  a b ac kground i n  teach i n g ,  ed i t i n g ,  an d wr i t i ng . Con t r i b ut i on : 
Part i c i pat i n g  ed i tor for tec hn i ca l  append i xes . 

K .  Ruth  Tay l or  ( B . A .  Arc h i tectu re )  spec i a l i zes i n  b u i l d i ng en ergy an a l ys i s  
an d u s i ng s i mu l at i on tec h n i ques  to determi ne b u i l d i n g  therma l effi c i en cy .  
Con t r i b ut i on : Tec hn i c a l  appen d i x  on New Homes Con servat i on Resource . 

A l fred P .  Weh ner  ( Sc . D .  Med i ca l  M i c rob i o l ogy , D . D . S . , Cand i date Med . )  i s  a 
b i omed i ca l  sc i en t i st i n vo l ved i n  v ar i o u s  e l ements  of i n h a l at i on tox i co l og i c a l  
researc h . Recen t l y  h i s  research has  foc used o n  h uman hea l th  effects resu l t i n g 
from var i ous  i ndoor p o l l utant concen t rat i on l eve l . Cont r i b ut i on :  Tec h n i c a l  
appen d i x  on Hea l th Effects . 

5 . 3  NAT I ONAL CEN TERS FOR D I S EAS E CONTRO L  ( ATLANTA ) 

Lowe l l E .  Sever ( B . A . , M . A .  An t h ropo l ogy , Ph . D .  B i o l og i ca l  An t h ropo l ogy) i s  
an ep i dem i o l og i st wi t h  exper i ence  i n  occupat i on a l  and  en v i ronmenta l  
ep i demi l o l ogy . H i s  p rofes s i on a l  act i v i t i es h ave i nc l uded t h e  app l i cat i on of 
ep i demi l o l ogy , s u rve i l l ance , a nd  ri s k  assessment met hods  to the i dent i f i c at i on 
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and  e va l u at i on of hea l th h az ards . Cont ri b ut i on : Tech n i c a l  append i x  on Hea l t b 
Effects . 
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6 . 0  L I ST O F  AG ENC I ES ,  ORGAN I ZAT I ONS , AND PERSONS 

TO WHOM COP I ES O F  THE  STATEMENT ARE SENT ( a ) 

FEDERAL AGENCI ES 

Adv i sory Counc i l on H i stori c Preservat i on 

Cons umer Prod uct Safety Comm i s s i on 

Tennessee Va l l ey Author i ty , Chattanoog a ,  TN ; Mu sc l e  S hoa l s ,  AL  

US  Army Corps of Eng i n eers 
En v i ronment a l  En g i neer 
F l ood Cont rol and Hydro P l ann i ng Sect i on 
HQDA Daen CWR P Mak i n en 
North  Pac i f i c  D i v i s i on 
Port l and D i str i ct 
Seatt l e  D i st r i ct , Ch i ef Env i ronmenta l  Resources  

US  Attorneys Offi ce  

US  Department  of  Ag r i c u l ture 
Cooperat i ve Extpn s i on Serv i ce , AK 
Forest Serv i ce ,  Reg i on 1 
Forest Serv i ce ,  Reg i on 6 
M i ssour i  Cooperat i ve Exten s i on Serv i ce 
O ff i c e  of the  Secretary 
Pac i f i c  Northwest Forest ane Range  Experi ment  Stat i on 

• Rural  E l ectri f i cat i on Admi n i strat i on 
So i l Con servat i on Serv i ce 

US  Department  of  Commerce 
Eco l ogy and  Con serv at i on D i v i s i on 
N at i on a l  Ocean i c  and Atmospher i c Admi n i strat i on 
O ff i ce of t he  Secretary 

( a )  W e  are sen d i ng a s ummary o f  t h e  E I S  t o  a l arge n umber o f  i n terested 
p a rt i es whose n ames do  n ot appear on th i s  l i st . They i n c l ude  bus i nesses , 
i n d i v i du a l s ,  u n i vers i t i es ,  and l oc a l  governmenta l off i ces . 
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U S  Dep a rtment  of  Energy 
Federa l  Ene rgy Reg u l atory Comm i ss i on 
I ntergovernmenta l  Affa i rs C P-23 
Oak R i dge N at i on a l  Laborato ry 
Off i ce o f  Commun i cat i on 
Off i ce  of  Energy Researc h  
Puget Sound  A rea  Con servat i on OSCB 
R i c h l and  Operat i on s  Offi ce , C h i e f  Counse l  
Weather i z at i on Assessment Program 
Western A rea  Power Admi n i s t rat i on 

U S  Department  of  Hea l th  and  Human Serv i ces 
Centers for D i sease  Cont ro l 
Food and  D ru g  Adm i n i s trat i on ,  Nat i on a l  Center for Dev i ces  and  

Rad i o l og i c a l  Hea l th 
Off i ce  of  the  Sec retary 
Pub l i c  Hea l th Serv i c e ,  Env i ronment a l  Hea l th Serv i ces  D i v i s i on 
Reg i on a l  O ff i ce ,  Denver , CO 
Reg i on a l  Off i ce , Seatt l e ,  WA 

US  Department  of Hous i ng and U rban Deve l opment  
Seatt l e  Reg i on a l  O ff i ce 

U S  Departmen t of  the  I n ter i o r  
B ureau of  I nd i an Affa i rs ,  Port l and , O R  
B u reau of  I nd i an Affa i rs ,  Western Was h i ngton Agency 
B u reau o f  Land Management ,  P l ann i ng and Env i ronment a l  Coord . Staff 
B ureau o f  Rec l amat i on ,  Pac i f i c  Northwest  Reg i on 
Geo l og i c a l  S u rvey 
Off i ce  of En v i ronment a l  Proj ect Rev i ew 
Reg i on a l  En v i ronmenta l  Off i cer  

US  En v i ronmenta l  Protect i on Agency 
A i r and  Energy Eng i neer i ng  Research  Lab , Research  Tr i ang l e  Park 
A i r Programs MS 532 , 
En v i ronmenta l Cr i ter i a and  Assessment  O ff i ce 
En v i ronment a l  Mon i tor i ng  Systems 
Gas , K i net i c s and Photochem i s t ry Branch  
Hea l th Effects Research  
I ndoor  A i r Qua l i ty I nteragency Research  Group 
O ff i ce of  A i r  Q ua l i ty P l ann i ng and Standards  
O ff i ce of  Hea l th Research  
Off i ce  of  Rad i at i on P rograms , Cr i teri a and Standards  D i v i s i on 
Reg i on a l  D i recto r ,  Reg i on X 

U S  N av a l  Rad i o  Stat i on T 
US N av a l  Submar i ne  Base  Bangor 

U S  Sma l l Bus i ness  Adm i n i st rat i on 
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STATE H I STORIC PRES ERVAT ION OFF ICES 

I daho  H i stori c a l  Soc i ety 
Montana  H i stor i ca l  Soc i ety 
Nevada D i v i s i on of H i stor i c Preservat i on and Archeo l ogy 
Oregon State Parks  Adm i n i s t rat i on 
State of Cal i forn i a  H i stor i c Preserv at i on 
Utah  State H i stor i c a l  Soc i ety 
Was h i ngton Off i ce of Arc h eo l ogy and H i stor i c  Preservat i on 
Wyom i ng Recreat i on Comm i s s i on 

STATE GOV ERNORS 

Honorab l e  George  Deu kmej i an ,  Governor of Cal i forn i a  
Hon orab l e  Cec i l Andrus , Governor  of I daho  
Honorab l e  Ted  Schwi n den , Governor  of Montana  
Honorab l e  Ne i l G o l dschmi dt , Governor  of O regon 
Honorab l e  Booth G ardner , Governor  of Was h i ngton 
Honorab l e  M i ke S u l l i v an , Governor  of Wyomi ng  

STATE AG ENCI ES 

Cal i fo rn i a  

Ca l i forn i a  Assoc i at i on of Count i es 
Ca l i fo rn i a  Energy Resource  Conservat i on & Deve l opment  
Ca l i forn i a  Energy Comm i s s i on 
C l ear i ng h ouse  
Leag ue of  Ca l i fo rn i a  C i t i es 
Pub l i c  Hea l th  Un i t  A i r Qua l i ty 
Pub l i c  U t i l i t i es Comm i s s i on 
Tox i c  A i r Po l l utants  Branch , A i r Resources  Board 

Co l orado 

I da h o  

O f f i c e  of Energy 

Assoc i at i on of I daho  C i t i es 
Department  of Commerce 
Depa rtment of Hea l th  and We l fare , En v i ronment a l  Serv i ces , D i v i s i on of 

Hea l t h , Rad i at i on Control  
Department of Water Resources 
D i v i s i on of Econom i c  and Commun i ty Affa i rs 
I daho  Assoc i at i on of Count i es 
Off i ce of Energy 
Off i ce of G overnor ,  D i v i s i on of F i nanc i a l Man agement  
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Pub l i c  U t i l i t i es Commi ss i on 
Pub l i c  Ut i l i t i e s  Comm i s s i on ,  Ch i ef Counse l  

Montana  

Dep artment of  Natura l  Resources  and  Conservat i on 
D i str i ct X I  Human Resources Couoc i l  
D i v i s i on of  Energy 
Energy Fac i l i ty S i t i ng Bureau 
En v i ronmenta l  Qua l i ty Counc i l  
I n tergovernmenta l  Rev i ew C l ear i nghouse  
Loc a l  Government Energy Off i ce 
Montana  Assoc i at i on of  Count i es 
Montana  League of  C i t i es & Town s 
Off i ce of  the  Governor 
Pub l i c  Serv i ce Commi ss i on 

Nevada  

Co l orado R i ver Comm i s s i on 
Dep artment of Soc i a l  and Hea l th  
Nevada  League of  C i t i es 
O ff i ce o f  Commun i ty Serv i ces 
P ub l i c  Serv i ce Comm i s s i on 

Oregon 

Utah  

Acc red i t at i on B ,  F i re Mars h a l l 
Assoc i at i on of  Oregon Count i es 
Bureau of  Governmen t a l  Research  and Commun i ty Serv i ces 
Conservat i on D i v i s i on ,  Loc a l  Government Programs 
Dep artment of Commerce ,  Bu i l d i n g Codes D i v i s i on ,  Hous i n g Counc i l  
Dep artment of Energy 
Dep artment of Energy , New Cons truct i on Prog ram , D i v .  of Resou rce Dev . 
Department of  En v i ronmen t a l  Qua l i ty 
Dep artment of  Land Cons ervat i on & Devel opment 
D i v i s i on of  Hea l th  
I n tergovernmen ta l  Rel at i ons  D i v i s i on 
League of Oregon C i t i es 
Oregon PUD  Assoc i at i on 
Parks  and Rec reat i on D i v i s i on ,  Des i gn Un i t  Superv i sor  
Pub l i c  U t i l i ty Comm i s s i on 

Dep artment  of  Hea l t h  
Ene rgy Off i ce  
Off i ce  of  t h e  Governor , P l ann i n g Coord i n ator 
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Pub l i c  Serv i ce Comm i s s i on 
Utah  As s oc i at i on of  Count i es 
Utah  League of  C i t i es and Town s 

Was h i ngton 

Dep artment  of Eco l ogy ,  N E PA Coord i n ator 
Dep artment of  W i l d l i fe 
Dep artment of  Soc i a l  and Hea l th  Serv i ces  
Energy Fac i l i ty S i t i ng Counc i l  
Energy O ff i ce 
Off i ce  of  Rad i at i on Protect i on 
Off i ce  of  the  Governor  
P l ann i ng and Commun i ty Affa i rs Agency 
State  B u i l d i ng Code Counc i l ,  Department of  Commun i ty Deve l opment 
U t i l i t i es and  Transport at i on Commi ss i on 
Was h i ngton Assoc i at i on of  C i t i es 
Was h i ngton Assoc i at i on of  Count i es 

Wyom i ng 

Energy Con servat i on Offi ce 
En v i ronmen t a l  Hea l th Program 
Pub l i c  Serv i c e  Comm i s s i on 
Wyom i ng Assoc i at i on of Mun i c i pa l i t i es 
Economi c Deve l opment  and Stab i l i z at i on 

Oth ers 

State of  M i nnesota  
Dep artment of  Energy and Econ  D i v  
Department o f  Hea l th  
Departmen t of  Trade and Econom i c  Deve l opment 

State  of New York  
Departmen t  of  En v i ronmenta l  Con servat i on 
Department of Hea l th 
Departmen t of Pub l i c  Serv i ce 
Energy O ff i ce 

State of  W i scon s i n  
Depa rtment o f  I nd ustry ,  Labor and Human Rel at i on s  
Pub l i c  Serv i ce Comm i s s i on 
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STATE LEG I SLAT IVE 

House Comm i ttee on Agr i c u l t ura l  Affa i rs ,  I daho  
House  Comm i ttee on Agr i c u l t ure ,  L i vestoc k and I rr i g at i on ,  Montana  
House  Comm i ttee on Agri c u l t ure ,  Wash i ngton 
House Commi ttee on B u s i ness  and Labo r ,  Montana  
Hou se  Comm i ttee on Bu s i ness , I daho  
House  Commi ttee on Commerce an d Labor ,  Wash i ngton 
House Comm i ttee on Energy and Ut i l i t i es ,  Was h i ngton 
House  Comm i ttee on Env i ronment a l  Affa i rs ,  Wash i ngton 
House  Commi ttee on Env i ronment and Energy , Oregon 
House  Commi ttee  on F i s h and G ame , Mon tana 
House Commi ttee  on Loc a l  Government ,  I daho 
House  Commi ttee on Loc a l  Government ,  Montana  
House  Commi ttee on Loc a l  Government ,  Was h i ngton 
House Commi ttee on Resou rces and Conservat i on ,  I daho  
Hou se  Commi ttee on Trade and Econom i c  Deve l opment , O regon 
House  Commi ttee on Trade and Econom i c  Deve l opment , Wash i ngton 
House  of  Representat i ves , Boyd , Geddes , Me i baur ,  I daho 
House of Representat i ves , I verson , Q u i l i c i , Montana  
House  of  Representat i ves , Cease , Montgomery , O regon 
House  of  Rep resentat i ves  D i str i ct Off i ce 
Leg i s l at i ve Assemb l y ,  Oregon 
Leg i s l at i ve Counc i l ,  I daho  
Senate Comm i ttee on Agri c u l tura l  Affa i rs ,  I daho  
Senate  Comm i ttee on Ag r i c u l ture , L i vestock and I rr i g at i on ,  Montana  
Senate  Comm i ttee on Ag r i c u l t ure ,  Wash i ngton 
Sen ate Commi ttee on Commerce and Labo r ,  I daho  
Senate  Comm i ttee on Commerce and  Labor ,  Wash i ngton 
Senate Comm i ttee on F i s h and Game , Montan a 
Senate Comm i ttee on Loc a l  Government , Montana 
Senate Comm i t tee on Natural  Resou rces , Wash i ngton 
Sen ate Commi ttee on Parks and Eco l ogy , Was h i ngton 
Senate Commi ttee on Pub l i c  Heal th , We l fare and Safety , Montana  
Sen ate Comm i ttee on Resou rces and  En v i ronment ,  I daho  
Sen ate Commi ttee on Water Po l i cy ,  O regon 
Senate Energy and Ut i l i t i es Comm i ttee , Wash i ngton 
Sen ate Off i ce ,  O regon 
Senate , Watk i n s ,  I daho  

NORTHWEST POWER PLANN I NG COUNCI L  
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LOCAL AGENCI ES AND CLEAR I NGHOUSES 

I daho 

C i ty of Bonners Ferry 
C i ty of I daho  Fa l l s  
C i ty of Lewi ston 
C i ty of Moscow , Energy Adv i s or 

Areawi d e  

C l earwater Ec onomi c Devel opment  Assoc i at i on 
County of Bonnev i l l e 
County of C l earwater 
East Cent ra l  I daho  P l ann i ng and Devel opment  Assoc i at i on 
Nez Perce  Tr i b a l  Exec ut i ve Comm . 
Pan h and l e  Area Counc i l  
Reg i on I V  Devel opment Assoc i at i on 
Southeast  I daho  Counc i l  of Governments 

Montana 

C i ty of He l en a , Commi s s i oner  Word a l  
C i ty o f  Ka l i sp e l l ,  Counc i l man Pa l mer  
C i ty of M i s sou l a ,  Counc i l man R i c e  
C i ty of Po l son , Commi s s i oner  Hutch i n  

Areawi de  

Butte S i l ver  Bow P l ann i ng Board 
C i ty/County of  Bozeman , P l ann i ng Board 
C i ty/County of Ka l i spe l l ,  P l ann i n g  Board 
County of G ran i te ,  P l ann i ng Off i ce 
County of Jefferson , Commi s s i oner  Schmi tz 
County of M i s s o u l a ,  Commi s s i oner  Schwartz , Commi s s i oner  Dussau l t  
F l athead Areaw i de  P l ann i ng Org an i zat i on 
Northern P l a i n s  Res ource  Counc i l  

Oregon 
C i ty of M i l ton - Freewater 
C i ty of  Port l and , Deputy C i ty Attorney , I ntergovernmen t a l  Affa i rs 
Coun ty of C l ac kamas 
County of K l amath  
County of L i n n , P l ann i ng and  B u i l d i ng Department , Comm i s s i oner  Step h an i  
County o f  Mu l tnomah , I ntergovernment a l  Affa i rs 
County of Was h i ngton 
Lane Reg i on a l  A i r Po l l ut i on Aut hor i ty 
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Areawi de  

B l ue  Mounta i n  I n tergovernmenta l  Counc i l  
Centra l  Oregon I n t ergovernment a l  Counc i l  
C l atsop T i l l amoo k  I ntergovernmen ta l  Counc i l  
Coos Curry Counc i l  of Governments 
East Cen t ra l  Oregon Assoc i at i on of Coun t i e s  
I DA-ORE P l ann i n g and Deve l opmen t Assoc i at i on ,  I n c . 
Lane Counc i l  of Governmen ts  
Metropo l i tan Serv i ce D i str i ct , Port l and 
M i d Co l umb i a Counc i l  of Governments 
M i d W i l l amette  Va l l ey Coun c i l of Governmen ts 
Oregon D i st r i ct 4 Counc i l  of  Governments 
Rogue  Va l l ey Counc i l  of Governmen ts 
Umpqua  Reg i on a l  Counc i l  of Governments  

Was h i ngton 

C i ty of Everett 
C i ty of Tacoma , Energy Coord i n ator 
County of Che l an , Commi s s i oner Young 
County of  S k ag i t ,  Commun i ty Act i on Agency , Commun i ty Devel opment 
Sout hwest Was h i ngton Hea l th  D i str i ct 

Areawi de  

Adams County P l ann i ng Department 
Asot i n  County P l an n i n g Comm i s s i on 
Benton Fran k l i n  Governmen t a l  Conference  
B i g  Bend  Econom i c  Devel opment Counc i l  
Che l an County Governmen t a l  Conference 
C l a l l am County I n tergovernment a l  C l ear i n ghouse  
Cowl i tz Wah k i a k um Governmen ta l  Conference  
Doug l as County Reg i ona l  P l an n i n g Counc i l  
G rays Harbor Reg i ona l  P l ann i ng Comm i ss i on 
I s l and  County P l an n i ng Department 
I n tergovernmenta l  Resource  Center ,  C l ark County 
Jefferson Port Town send Reg i ona l  Counc i l  
K i t t i tas  County P l ann i ng Offi ce 
K l i c k i t at Reg i on a l  Counc i l  
Lewi s County P l ann i n g Department 
Mason Reg i on a l  P l ann i n g Counc i l  
O kanogan County P l ann i n g Department 
Pac i f i c  County Reg i ona l  P l ann i n g Counc i l  
Puget Sound  Counc i l  of Governments 
San J u an County P l an n i n g Department 
Sk ag i t  Counc i l  of Governments 
Skaman i a  Reg i on a l  P l an n i n g Counc i l  
Spokane  Reg i on a l  Counc i l  
Th u rs t on Reg i on a l  P l an n i ng Counc i l  
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TR I CO Economi c Deve l opment  D i str i ct  
Wa l l a  Wa l l a  County Reg i ona l  P l ann i ng 
Whatcom County Counc i l  of  Governments 
Wh i tman County Reg i ona l  P l ann i ng Counc i l  
Yak i ma Va l l ey Conference of  Governments  

L I BRARI ES 

Bo i se Pub l i c  L i b rary 
Bo i se State  U n i vers i ty L i brary 
Butte S i l ver  Bow Pub l i c  L i b ra ry 
Ca l i forn i a  State L i b rary 
Ca l i forn i a  State U n i vers i ty at Sacramento  
Carol i ne County Pub l i c  L i b rary 
Carro l l Co l l ege  L i b rary 
Cen tra l  Wash i ngton U n i vers i ty L i b rary 
Co l l ege of  Southern I daho  L i b rary 
Co l orado State U .  L i b rary 
Eastern Montana  Co l l ege  L i b rary 
Eastern O regon Co l l ege  
Eastern  Was h i ngton U n i vers i ty ,  JFK  L i b rary 
E l l ensburg Pub l i c  L i brary 
Everett Commun i ty Co l l ege  L i b rary 
Eve rett Pub l i c  L i b rary 
Evergreen State Co l l ege  
Fort  Vancouver Reg i on a l  L i b rary 
Gonzaga  U n i vers i ty School  of  Law L i b rary 
Hux l ey Co l l eg e  Env i ronmen t a l  L i b rary 
I daho  State  L i b ra ry 
I d a h o  State U n i vers i ty L i b rary 
Lewi s and  C l ark  Co l l ege  Watzek L i b rary 
L i b ra ry Assoc i at i on of  Port l and 
L i n f i e l d  Co l l ege  Nort h ru p  L i brary 
Montana  Col l ege  of  M i nera l S c i ence and Tech no l ogy L i b rary 
M i d Co l umb i a  L i b ra ry 
Mon tana  H i stori c a l  Soc i ety L i b rary 
Montana  State  L i b rary 
Montana  State Un i vers i ty Ren ne  L i b rary ,  Documen ts  L i b rar i an 
Northern Montana  Co l l ege  L i b rary 
Nort hwestern Schoo l  of  Law Bol ey Law L i b rary 
Oregon Co l l ege  of  Educat i on L i b rary 
Oregon I n s t i tute  of Tec h n o l ogy Learn i ng and Resou rces Center 
O regon State  L i bra ry 
O regon State  U n i vers i ty L i b rary 
Pac i f i c  U n i vers i ty Scott L i brary 
P i e rce  County Rura l  L i b ra ry D i str i ct  
Port Ange l es Pub l i c  L i b rary 
Port l and State U n i vers i ty L i brary 
Reed Co l l ege  L i b rary 
R i c k s  Co l l ege  Mc Kay L i brary 
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Seatt l e  Pub l i c  L i b rary 
Southern O regon State Co l l ege  L i b ra ry 
Spokane  Pub l i c  L i b ra ry 
State  of  Was h i ngton Energy Off i ce 
Tacoma Pub l i c  L i b ra ry 
Un i vers i ty of  I daho  Co l l ege  of  Law L i b ra ry 
Un i vers i ty o f  I daho  L i b ra ry 
Un i ve rs i ty o f  Montana  En v i ronment a l  L i b ra ry 
Un i vers i ty of  Montana Man s f i e l d  L i b rary 
Un i vers i ty of  Oregon Law L i b rary 
Un i ve rs i ty o f  O regon L i b ra ry 
U n i vers i ty of  Puget Sound  Law L i b rary 
Un i vers i ty of  Puget Sound  Co l l i ns  Memor i a l  L i b ra ry 
Un i vers i ty of  Was h i ngton G a l l agher Law L i b ra ry 
Un i ve rs i ty of  Was h i ngton , Governmenta l  
U S  Court of Appea l s  9th  C i rc u i t  L i b rary 
US  Department  of  Energy L i b ra ry FO I ,  Was h i ngton , DC 
Was h i ngton State  L i b ra ry 
Was h i n gton State U n i vers i ty L i b ra ry 
Western Oregon State Co l l ege L i b rary 
Western Was h i ngton Un i vers i ty W i l son L i b ra ry 
Wh i tman Co l l ege  Pen rose  Memori a l  L i b ra ry 
W i l l amette U n i vers i ty Co l l ege  of Law L i b rary 
W i l l amette Un i vers i ty Ma i n  L i b ra ry 

UTI L I T I ES 

Al as ka  E l ectr i c L i ght  and Power Co . 
B C Hyd ro , Energy Management 
Benton County PUD 
Benton Rura l  E l ect r i c Asn . 
B i g  Bend E l ectr i c Coop , I n c . 
Bount i fu l  C i ty L i ght  an d Power 
B ureau of  Pub l i c  Ut i l i t i es 
Cascade Natura l  Gas  Corp . 
Cen t ra l  L i nco l n PUD 
Cen tra l  O regon PUD 
C i ty o f  A s h l and , OR 
C i ty of  Bonners Ferry 
C i ty o f  Dra i n , OR 
C i ty of  Forest  G rove , OR 
C i ty of  I daho  Fa l l s ,  1 0  
C i ty o f  Los Ange l es ,  CA 
C i ty of McM i n nv i l l e ,  OR 
C i ty of Monmou th , OR 
C i ty of R i ch l and , WA 
C i ty of Rosev i l l e ,  CA 
C i ty of Rupe rt , 1 0  
C i ty o f  Tacoma , WA 
C l a rk Cou nty PUD  
C l a rk Cou nty PUD Owne rs Assoc i at i on 
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C l ats kan i e  PUD  
C l earwate r Power Co . 
Co l umb i a G as System 
Co l umb i a R i ver  PUD 
Con so l i d ated Ed i son Company of New York , I n c . 
Con s umers Powe r ,  I n c . 
County of  G rays Harbor ,  WA 
County of I s l and ,  WA 
Cowl i tz County PUD No . 1 
D i rect Serv i ce I nd u s tr i es , I n c . 
East End  Mutua l  E l ectri c Co . Ltd . 
Emera l d  PUD 
Eugene Water and E l ectri c 
Fa l l R i ver  Rural  E l ectr i c Coop , I n c . 
F l athead E l ect r i c Coop , I n c . 
Fran k l i n  County PUD 
G l ac i er E l ect r i c Coop , I n c . 
G rant  County PUD 
G rays Harbor  County PUD No . 1 
Hartco E l ectri c 
H i g h P l a i n s Energy 
Hood R i ver  E l ectr i c Cooperat i ve 
I daho  Cooperat i ve Ut i l i t i es Assoc i at i on 
I d a h o  Power Company 
I ndustr i a l  Customers of Nort hwest  Ut i l i t i es 
I n l and Power and L i ght  Company 
I ntermounta i n  G as Company 
I n te rmounta i n  Power Agency 
J ac ksonv i l l e E l ectr i c Authori ty 
Jers ey Centra l Power and L i g ht  Company 
Kooten a i  E l ectr i c Cooperat i ve ,  I n c . 
Lane E l ectr i c Cooperat i ve ,  I n c . 
L i nco l n E l ectr i c Cooperat i ve ,  I n c . 
Lost R i ver  E l ectr i c Coop , I n c . 
Lower Va l l ey Power and L i g h t , I n c . 
Mason County PUD  N o .  1 
Mason County PUD  No . 3 
McM i nn v i l l e Water and L i ght  
M i d state  E l ectr i c Coop , I n c . 
Mi s sou l a E l ect r i c Coop , I n c . 
Mon tana  L i ght  and  Power Company 
Montana  Power Co . 
Northern L i ghts , I n c . 
Northern Wasco County PUD 
Northwest Natural  Gas  Company 
Northwest  U t i l i t i es ,  Con s u l tant  
Northwest  Power P l ann i ng Coord i n at i on G roup  
Ohop Mutua l  L i ght  Co . 
Ontar i o Hyd ro 
Oregon Mun i c i pa l  U t i l i t i es 
Pac i f i c  County PUD No . 2 
Pac i f i c  Gas  and  E l ect r i c Company 
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Pac i f i c  Northwest  Generat i ng Company 
Pac i f i c  Power and L i ght  Company 
Park l and  L i ght  and Water Company 
Pasadena  Water and Powe r  
Pend Ore i l l e Cou nty P U D  No . 1 
Pen i n su l a  L i gh t  Company 
Pen n sy l van i a  Power and L i ght  
Pennwa l t Corporat i on 
Ph i l ad e l ph i a  E l ectri c Company 
Port l and Genera l  E l ect r i c Company 
Pra i r i e  Power Cooperat i ve ,  I nc . 
Puget Sound  Power and L i ght  Company 
Raft R i ver  Ru ra l E l ect r i c Coop 
Rav a l l i  County E l ect r i c Coop , I n c . 
Ri vers i de E l ectri c Coop 
Ru ra l  E l ect r i c Company 
S a l em E l ect r i c 
Sa l mon R i ver  E l ect r i c Coop , I n c . 
Seatt l e  C i ty Power and L i ght  
S i erra Pac i f i c  Power Company 
S kaman i a  County PUD No . 1 
Snohom i s h  County PUD  No . 1 
Southern Ca l i fo rn i a  Ed i son Company 
Southe rn Ca l i fo rn i a  Gas  Company 
S u rp ri se  Va l l ey E l ectri f i c at i on Corp . 
T i l l amoo k  County PUD 
To l edo Ed i son Company 
Town of Ste i l acoom , WA 
Un i ted Power Assoc i at i on 
Utah Power and L i ght  Company 
V i g i l ante  E l ectri c Coop , I nc .  
Wah k i a kum County PUD 
Wasco E l ectri c Coop , I nc . 
Was h i ngton Natura l  Gas  Company 
Was h i ngton PUDs  As soc i at i on 
Was h i ngton Water Power Company 
We l l s  Rural  E l ectri c Company 
Wes t  Kootenay Power and L i ght  Company 
W i scon s i n  E l ectr i c Power Company 
Woodburn E l ect r i c  

I NTEREST GROUPS 

Aff i l i ated Tri bes  of Northwest  I nd i an s  
A l l i ance  t o  Save  Energy 
Ame r i c a n  Counc i l  for an Energy Effi c i ent  Economy 
Ameri can  Gas  Assoc i at i on 
Amer i can  Lung  Assoc i at i on 
Amer i c an P l ywood Assoc i at i on 
Ami ty Foundat i on 
CH2M H i l l  
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Co l v i l l e I nd i an Tr i be  
C l eari ng  Up N ews l etter 
Comm i ttee for Fa i r  Rates 
Common Cause  
Commun i t i es Un i t ed Respon s i b l e  Energy 
Coop Power Assoc i at i on 
Cost Con s u l t i ng 
Counc i l  of Energy Resourc e  Tr i bes 
ECO Systems 
E l der  C i t i z en s  Coal i t i on of Was h i ngton 
Energy B u s i ness  As s oc i at i on 
En v i ronment a l  Defen se  Fund  
Eugene Future Power Comm i ttee 
Fa i r  E l ectri c Rates Now 
Fore l aws on Board 
G raypanthers of Port l and 
G reenpeace Fou ndat i on 
H a rz a  En g i  neeri  ng  Compa.ny 
I daho  Cons umers Affa i rs I nc . 
I daho  W i l d l i fe Federat i on Con sumer Affai rs 
I nternat i on a l  B roth erhood of E l ectri c a l  Workers 
K l amath So l ar Assoc i at i on 
League  of  Pub l i c l y  Own ed E l ectr i c Ut i l i t i es of Oregon 
League of Women Voters of K i t s ap 
Leagu e  of Women Voters , I D  
League o f  Women Voters , OR 
League of Women Voters , WA 
League of Women Voters of Oregon 
Leag ue  of  Women Voters of Port l and 
L i ndsay ,  Hart , N e i l an d We i g l er 
Methven an d Assoc i ates 
Mt . Baker Waters hed Protec t i on Assoc i at i on 
Mun i c i pa l  Research and Serv i ces Center 
N at i on a l  Assoc i at i on of Homeb u i l ders 
N at i ona l  Cancer I n s t i tute  
N at i on a l  Counc i l  for C l ean I ndoor A i r  
N at i on a l  E l ectri c a l  Mfg . Assoc i at i on 
N at i ona l  I n s t i tute  of B u i l d i n g S c i ences 
Nat i on a l  Res earch  Counc i l  of Canada 
Natural  Resources Defen se  Counc i l  
Nort hwest  Conservat i on Act Coal i t i on 
Northwest  Con servat i on Act Report 
Northwest  En v i ronment a l  Defen se Center 
N ureen , John an d Company 
O i l Heat I n s t i tute  of Oregon 
Oregon Con s umer League 
Oregon Ecumen i ca l  Center for E n v i ronment a l  Act i on 
Oregon Exten s i on Master Conservers 
Oregon Fa i r  S h a re 
Oregon Lung Assoc i at i on 
Oregon Man ufactured Hous i n g Assoc i at i on 
Oregon Soc i ety for Hosp  En g i neeri ng  
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Oregon State Homebu i l ders Assoc i at i on 
OSPR IG  
Oregon Wheat G rowers League 
Pac i f i c  Northwest  Ut i l i t i es Con ference Comm i ttee 
P i erce County Act i on 
P i erce County Pomon a G range No 1 6  
P l an 
Pub l i c  Power Counc i l  
Q u i l i c i  G l ass  
Rockey Marsh  Pub l i c  Rel a t i ons  
Seatt l e  K i ng  County Bar Assoc i at i on 
Seatt l e  Master Bu i l ders Assoc i at i on 
S h annon  Dav i s  Research G roup  
S i erra C l ub  
State of  I d aho  G range 
State of Was h i ngton G range 
State of  Oregon G range 
Structura l Eng i neers Assoc i at i on of Oregon 
Sunergy 
Tri  C i ty I nd u s t r i a l  Deve l opment Counc i l  
Was h i ngton Assoc i at i on of Real tors 
Was h i ngton Env i ronment a l  Counc i l  
Was h i n gton State G range 
Weather  or  Not 
Western Forestry and Con servat i on Assoc i at i on 
Yak i ma S o l ar  Energy Assoc i at i on 

A i r X Change 
Max Bader 
Cava l i er Corpora t i on 

COt-tfENTORS 

Comp l i ance  Systems Pub l i cat i on s , I n c . 
Ecotope , I n c . 
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8 . 0  G LOSSARY AND L I ST OF ABBREV I AT IONS AND ACRONYMS 

8 . 1  DEF I N I T I O N  OF TERMS 

act i ve ven t i l at i on :  T he  movement of a i r  i nto and out  of a bu i l d i ng ,  u s i ng 
mech an i c a l  dev i ces . 

a i r-ch ange  rate : Amount of a i r t h at f l ows i n to or out  of a b u i l d i n g i n  a 
spec i f i ed amount of t i me .  

a i r exc h ange : The tota l  movemen t of a i r i nto and out of a b u i l d i n g by p as s i ve 
( n at u ra l ) and act i ve (mec h an i ca l ) ven t i l at i on .  

b a l anced : A mech an i ca l  ven t i l at i on system i s  s a i d  to be  b a l anced wh en i t  
act i ve l y  draws i n  as  much  a i r as i t  s upp l i es ,  thereby caus i n g no  p ressure 
d i fference between i n doors and  outdoors . 

benzo [aJ pyrene  ( Ba P ) : 
i n comp l ete  comb us t i on .  

A tarry , organ i c  materi a l  t h at i s  a by -product of 
BaP  h as been shown to i nduce  cancer i n  an i m a l s .  

carbon monox i d e :  A co l or l ess , odorl ess  gas  t h at comes from i n comp l ete  
comb ust i on .  

carc i n ogen : A s ubstance  capab l e  of c au s i n g c ancer . 

concent rat i on :  Amount  of a po l l utant  i n  a g i ven vo l ume of a i r .  

con t am i nant : S ubst ance  i n  t he  a i r t h at i s  not norma l l y  present or t h at i s  
presen t i n  greater-than-n orma l  concen trat i on .  

deg ree d ay ,  heat i n g :  A un i t ,  based on temperature d i fference an d t i me ,  used 
to e st i mate fue l  con s umpt i on and spec i fy nomi n a l  h eat i n g l oad of a b u i l d i n g 
i n  wi nter . I f  t h e  average of a d ay ' s  h i g h  and l ow temperatu re extremes i s  at 
or  above 65 ° F ,  t h e  degree-days for t h at day are t aken to be z ero ; oth erwi s e ,  
t hey are equa l  t o  t h e  d i fference between t h e  average and 65 ° F .  Note t h at a 
l arger n umber of degree-days i mp l i es co l der temperat u res . 

d i ffus i on :  Spontaneous  scatteri ng  of part i c l es and mo l ec u l es t h roughout  t h e  
a i r  from areas o f  h i gh concentrat i on t o  areas of l ow concent rat i on .  

emi s s i on :  A d i s c h arge of po l l utants  i n to t h e  atmosph ere . 

em i s s i on rate : Amount of a contam i n ant  rel eased i n to  the  a i r by a source i n  
a spec i f i ed amount  of t i me .  

En v i ronment a l  Imp act  Statemen t ( E I S ) : A document prepared by a federa l agency 
as s es s i ng t h e  en v i ronmen ta l  effects of i ts p ropos a l s for l eg i s l at i on and/or  
other  maj or act i on s  s i gn i f i cant l y  affect i ng  t h e  q u a l i ty of t h e  h uman 
en v i ronmen t .  E nv i ronmen t a l  I mp act Statements  are u sed as too l s for dec i s i on 
mak i ng and are req u i red by t he  N at i on a l  En v i ronmen ta l  Po l i cy Act of 1 969 . 
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equ i v a l ent l eakage area : A quan t i ty rough l y equ i v a l ent to t h e  s um of the  
areas of  a l l t h e  open i n gs i n  t he  b u i l d i n g s h e l l t h rough  wh i ch a i r  i s  ab l e  to  
pass . 

fan pres s u r i z at i on test : A l so referred to as a " b l ower door test " i s  a 
tech n i que  used to  meas ure a i r l eakage rates of structures by u s i n g  a fan to 
pres s u r i z e  or  dep res s u r i z e  a st ruct ure to  a g i ven l eve l . The  pres sure d rop 
i s  then  measured between i n doors and outdoors . Th i s  met hod meas ures on l y  the  
cont r i b ut i on made  to  vent i l at i on by  a i r l eakage or  i n f i l trat i on .  

forma l dehyde : An organ i c  chem i c a l  wi de ly  used to bond  mate ri a l . 
Forma l dehyde-based g l ues and b i nders are wi de l y  used  i n  products s uc h  as 
p l ywood , part i c l e  board , and furn i t u re .  

g u i de l i nes : C r i t e ri a recommended by government agenc i es ,  p rofes s i on a l  
organ i z at i on s , or  other group s .  G u i de l i nes are n o t  l ega l l y  b i n d i n g . 

house  t i ghten i n g : The  p rocess  of sea l i n g c racks , j o i nts , and  ot h e r  
n on i nten t i on a l  path s by wh i c h  out s i de a i r may enter a res i dence . 

l eve l i zed  cost : T he  p resent  v a l ue  of  a resource ' s  cost  ( i n c l ud i n g c ap i t a l , 
i n terest , and operat i ng cost s )  s p l i t  i n to a seri es of  equa l  an n u a l  paymen ts  
and  d i v i ded by  a nnua l  k i l owatt -hours saved or  p roduced . U n l i ke i n s t a l l ed 
cost , l eve l i zed costs  perm i t  compari sons  of resources  wi t h  d i fferent l i fet i mes 
and generat i n g capab i l i t i es .  

L i fet i me Cancer Rate : T he  n umber of cancers est i mated to occ u r  per 1 00 , 000  
person s over the  course of a g i ven per i od of  t i me used  to def i ne a l i fet i me .  

l i fet i me r i s k :  R i s k  resu l t i n g from l i fet i me expos u re .  

l ow-fum i n g :  Prod ucts made wi th forma l dehyde res i n s  des i gned t o  re l ease l es s  
amounts  of forma l dehyde gas  than otherwi se  comp arab l e  products . 

man ufactured home : A structure , s uch  as a mob i l e  h ome , that  i s  t ransportab l e  
i n  one or  mo re sect i on s  and that i s  b u i l t  on a permanent c h as s i s  and des i gned 
to  be  used  as  a dwe l l i n g ,  w i t h  or  w i t hout a permanent foun d at i on .  

mu l t i fam i l y  structure : A struct u re cons i s t i ng of more t h an four res i dent i a l 
un i t s . 

n i t rogen d i ox i de :  A gas formed dur i n g  combust i on .  

p as s i ve vent i l at i on :  The  movement  of a i r  i n to and out of a b u i l d i ng t h rough  
and around  cracks  and j o i n ts  and w i n d ows and doors . 

perfl uoroc arbon tracer gas  test ( PFT) : T he  measu rement of a i r  exchange  rates 
i n  a b u i l d i n g  by m i x i n g a tracer gas t h roughout the ven t i l ated space  and 
mon i tor i ng  concen t rat i on over t i me .  Th i s  method  accounts  for contr i b u t i ons  
to  ven t i l at i on of a i r  l eakage , occupant behav i or and mech an i c a l  dev i ces . 
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po l l utan t : Contam i nant p resent i n  a concent rat i on h i g h enough to  cause  
adverse  effect s  to  hea l th  o r  env i ronment .  

R-v a l ue : Refers t o  a materi a l ' s  a b i l i ty to  res i st h eat f l ow .  The  h i gher  the  
R-v a l ue  t h e  better t h e  i n s u l at i n g q u a l i t i es .  R-va l ues  are i n vers e l y  
proport i ona l  to  U - va l ues . 

radon : A co l or l ess , rad i oact i ve gas  formed by t he  d i s i nteg rat i on of rad i um .  

radon p rogeny : Products  of t he  rad i oact i ve decay of  radon . T he  decay of 
radon l eaves a c h arged meta l  atom t h at c an attach to  du st . Both attached and 
unattac h ed part i c l es c an be  i nh a l ed and c an l odge i n  the l un g . The  a l p h a  and 
beta part i c l es emi tted by the radon p rogeny c an d amage l un g  t i s s ue . 

resp i rab l e s u spended part i c l es ( RSP ) : Part i c l es l es s  t h an 3 . 5  m i c rons  i n  
d i ameter . W h en i n h a l ed , RS P tend to b e  carr i ed i nto  t h e  deep est part o f  the  
l ung . 

r i s k  factor : Excess r i s k  per un i t  of dose at a spec i f i ed dose  l eve l . 

s i ng l e- fami l y  dwe l l i n g :  A structu re cons i st i ng of fou r  or fewer res i dent i a l 
un i t s . 

s l ab -on -grade : A res i dence i s  s a i d  to be b u i l t  " s l ab -on -grade " wh en i t  i s  
b u i l t  on a con c rete s l ab t h at i s  at or  near t h e  p rev a i l i n g  g round  s u rface . 

sourc e :  Obj ect or  p rocess t h at re l eases contam i n ants  i n to t h e  a i r .  

standards : Cri ter i a en acted by statute or  regu l at i on t h at a re l ega l l y  
b i n d i n g . 

s t at i s t i c a l l y  s i gn i f i c ant  d i fference : How c l ose l y  t h e  meas u re obta i ned from 
a part i c u l ar s amp l e  app rox i mates t h e  t rue  meas ure .  ( T he  t rue  meas u re i s  t he  
v a l ue you  wou l d  get  i f  you  u sed a l arge n umber of cases  or  a l l t h e  c ases  i n  
t he  popu l at i on you were study i ng . 

UA : U - va l ue  for t he  e nt i re area  of a structure 

u rea-fo rma l dehyde foam i n s u l at i on :  A form of  i n s u l at i on b l own i n to wa l l s  of 
h omes , p ri mar i l y  d ur i n g  t h e  1 970s . 

u nba l anced : A mec h an i c a l  ven t i l at i on system i s  s a i d  to be u n b a l anced when i t  
moves a i r p redom i n an t l y  i n  on l y  one  d i rect i on ,  e i t her  i nto or  out  of a 
structure , resu l t i n g i n  a p ressure d i fference between i n doors and outdoors . 

U - v a l u e :  Refers to a materi a l ' s  ab i l i ty to  conduct  heat , t h e  l ower t he  
U - va l ue  the  better  the  i n s u l at i n g q ua l i t i es .  U -va l ues  are i n vers e l y  
proport i on a l  to  R-va l ues . 

ven t i l at i on : The movement of a i r i nto and out of a b u i l d i n g .  
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who l e- h ouse  ven t i l at i on :  An act i ve ven t i l at i on system des i gned to  move and  
c i rc u l ate a i r i n to  and out  of an en t i re res i dence . 

8 . 2  ABBREV I AT I ONS AND ACRONYMS 

AAHX : a i r-to- a i r  heat exc hanger  

ACH : a i r c h anges per  hour  

ASHRAE : Ame r i c an Soc i ety of  Heat i n g ,  Refr i gerat i n g , a nd  A i r Cond i t i on i n g 
En g i neers , I n c . 

BaP : benzo [a] pyrene  

BPA : Bonnev i l l e Power Adm i n i st rat i on 

Btu : Br i t i s h therma l u n i t  

CFM : c ub i c  feet per  m i nute  

CFR : Code  of Federa l Regu l at i on s  

C I I T :  Chem i c a l  I ndustry I n s t i tute o f  Tox i c o l ogy 

the  Counc i l :  Nort hwest Power P l ann i n g  Counc i l  

CPSC : Con s umer Products S afety Comm i s s i on 

CRA : Ch a r l es R i ver  As soc i ates 

DO E :  U . S .  Department of Energy 

E I S :  env i ronmen t a l  i mpact statement 

ELA : equ i va l ent  l eakage  area 

EPA : U . S .  En v i ronmen ta l  Protect i on Agency 

FE I S :  F i n a l  En v i ronmen t a l  Impact St atement 

HCHO : forma l dehyde 

HRV : h eat recovery 

HUD : U . S .  Department  of Hous i n g and U rb an Deve l opment 

I AQ :  i n door a i r  q ua l i ty 

I CRP : I nternat i ona l  Comm i s s i on on Rad i o l og i ca l  Protec t i on 

LCC : l i fe -cyc l e  cost  
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MCS : Mode l  Conservat i on Standards 

MV : mec h an i ca l  ven t i l at i on 

MVH R : mech an i c a l  ven t i l at i on wi th heat recovery 

NCAC : Northwest  Con se rvat i on Act Coal i t i on 

NCRP : N at i on a l  Comm i s s i on on Rad i o l og i ca l  Protect i on 

N EPA : N at i on a l  Env i ronmenta l  Po l i cy Act of  1969 

NRECA : N at i on a l  Ru ra l  E l ec t r i c  Cooperat i ve Assoc i at i on 

NWPPC : Northwest  Power P l ann i ng Coun c i l 

OSHA : Occupat i on a l  S afety and  Hea l th  Adm i n i s trat i on 

PCBs : po l yc h l or i n ated bypheny l s 

pC i / l : p i cocu r i es per l i te r  

PFT : perfl uo roca rbon t racer gas  

the  P l an :  Northwest  Con servat i on and  E l ectr i c Power P l an 

PNL :  Pac i f i c  Northwest  Laboratory 

ppm : p arts  per  m i l l i on ,  a un i t  of  concentrat i on .  When app l i ed to a i r 
po l l utants , ppm refers to  un i ts of  a po l l utant  per  mi l l i on un i ts of  a i r .  

RH : re l at i ve h umi d i ty 

RSP :  resp i rab l e  s uspended part i cu l ates 

RSDP : Res i dent i a l Stand a rd s  Demon st rat i on P rog ram 

SGC : Super GOOD C ENTS Prog ram 

TS P :  tota l  s uspended part i cu l ates 

UBC : Un i form B u i l d i ng Code 

WHB : who l e-house  b a l anced 

WL : wor k i ng l eve l s  

WLM : work i ng l eve l  month s  

* :  i n  Appen d i x  C ,  a n  " * "  i s  used as a mu l t i p l i cat i on symbo l  
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