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Responsible Agency: U.S . Department of Energy, Bonnevl lie Power Administration 
Title of Proposed Action: Expanded Residential Weatherization Program 
Title of Document: Final Environmental Impact Statement 
States Involved: Oregon, Washington, Idaho, and western Montana 

Abstract: SPA proposes to expand Its present Residential Weatherization Program, which excludes certain 
types of residences from receiving air-Infiltration reducing (tightening) measures. These tightening mea
sures are storm windows and doors, wal I Insulation, weatherstripping, caulking, and electrical swltchplate 
and outlet gaskets. The major effects examined pertain to air quality (Indoor and outdoor), public 
health, energy , socioeconomic and Institutional changes. This Environmental Impact Statement (EIS) evalu
ates the effects of five alternative actions: 

(I) No-Action Alternative would not expand BPA's present program. Approximately 105.7 MW of energy sav
Ings would be foregone, In addition to the following effects: the continuance of confll.ct with other con
servation programs (state, local, and electrical utility); no additional Increased risk of health effects 
from degradation of Indoor air quality due to tightening; the possible long-term Impacts to electric power 
rates; and the effects of new generation that wi I I be needed In the future, such as the loss of 2535 acres 
of land, 2800 tons of effluents, and 7 quadrll lion Btus discharged Into U.S. waters. There would be an 
unpredictable Increase in health effects from residences tightened Independently of BPA's program . 

(2) Proposed Action would offer tightening measures to all presently excluded residences. This would 
meet the Intent of the Pacific Northwest Electric Power Planning and Conservation Act (Regional Act) and 
aid In Insuring an adequate, reliable, economical, and efficient electrical energy supply for the region. 
Increased concentrations of Indoor air pollutants In presently excluded residences would result from this 

action, causing higher exposure to known carcinogens such as radon, benzo-[al-pyrene, and formaldehyde, 
possibly Increasing the potential development of cancer (0.32, 0.43, and 0.04 per year per 100,000 people, 
respectively). Other effects are Increased employment (62,726 Installer years), stimulation of the econ
omy by the purchases of materials, resolution of Institutional conflicts, 105.7 MW energy savings, a small 
Increase of 8520 lb. of total suspended particulates emitted Into the outdoor air from Increased produc
tion of tightening materials, and postponement of the need for new generation and its environmental 
effects described under the No-Action Alternative. 

(3) Delayed Action Alternative would postpone an expansion of the present BPA program from 3 to 5 years 
to allow for further research on Indoor air quality and associated health effects. Depending on the 
research outcome, the potential effects of the Proposed Action could be reduced or could remain the 
same. There would be a net loss of energy savings during the delay. The amount of energy loss would 
depend on the final program design. 

(4) Environmentally Preferred Alternative would offer the same measures as the SPA Preferred Alterna
tive. Mitigation In the form of air-to-air heat exchangers would be provided to return air Infiltration 
rates In residences to their original pre-weatherized amount. The environmental effects would be simi lar 
to the No-Action Alternative except for a substantial Increased cost of $1749.7 to $2571.80 million and 
energy savings of only 87.4 MW . 

(5) SPA Preferred Alternative would offer the same measures as the Proposed Action and Include mitiga
tions simi lar to Mltlgatlon-By-Actlon No. 3 (radon monitoring) and No. 4 (providing an Indoor air quality 
Informational booklet). As a result, the Incidence of cancer from radon would rise only 0.23 to 0.32 per 
year per 100,000 people over that projected for the No-Action Alternative. The other effects associated 
with the Proposed Action would be nearly the,same for this alternative with 104.5 MW of energy savings and 
a $76.6 to $130 mil lion Increase In cost. In addition, overal I Indoor air quality and subsequent health 
effects may Improve slightly du e to Indoor air quality Information provided. 

No decision will be made until 30 days after the U.S. Environmental Protection Agency filing notice has 
appeared In the Federal Register. 

For Additional Information Contact: Anthony R. Morrell, Environmental Manager 
Bonneville Power Administration 
p.O. Box 3621-SJ 
Portland, Oregon 97208 (503) 230-5136 









SUMMARY 

The Bonnev i l l e Power Admi n i s t rat i on ( BPA ) began a 10-yea r Res i dent i a l Weather
i zat i on Program for e l ectri ca l ly h eated res i dences i n  the Pac i f i c  Northwest i n  
November 1 981 . 

The prog ram prov i des homeowners of e l i g i b l e  res i dences tne opport u n i ty to 
obta i n a free energy aud i t .  Du ri ng  the aud i t ,  recommendat i on s  are s u ggested to  
the homeowner  f o r  i mp rov i n g  t he  energy eff i c i ency o f  the res i dence .  The 
res u l ts of the aud i t  p red i ct an amou nt of energy sav i ngs  that wou l d  be rea l i zed 
by adopt i n g  the va r i ous  recommendat i on s . Recommendat i on s  i nc l ude the i n sta l l a
t i on of weatheri zat i on measu res s u ch as cei l i ng i n s u l at i on ,  f l oor i ns u l at i on ,  
storm wi n dows , u n f i n i shed wa l l  i n s u l at i on ,  duct i ns u l at i on ,  st orm doors , cau l k 
i n g ,  weatherst r i pp i n g ,  c l ock thermostat s ,  deh umi d i fe rs ,  and e l ect ri ca l  out l et 
and  swi tchp l ate gasket s . The energy sav i ngs  associ ated wi th  each meas u re 
recommended are u sed to ca l c u l ate a f i nanc i al  i ncent i ve .  The i ncent i ve i s  made 
ava i l ab l e to  the homeowner and i s  des i gned to  hel p pay for some or a l l of the 
cost of pu rcha s i n g  and i n sta l l i n g  each weather i zat i on mea s u re .  The p rog ram i s  
offered to res i dent i a l  e l ect r i ca l  con sume rs th rou gh i mp l ement i n g  ent i t i es such 
as BPA ' s  cu stomer ut i l i t i es ,  state government s , and l ocal  governments . 

The p resent BPA Res i dent i a l Weatheri zat i on P rog ram ( p resent program )  bei n g  
offered to u t i l i t i es l i mi ts t he  ava i l ab i l i ty o f  a i r i n f i l t rat i on reduc i n g  o r  
' h ouse t i ghten i n g '  meas u res . These measu res i nc l ude storm wi ndows , st o rm 
doors , cau l k i n g ,  weatherst r i pp i n g ,  swi tchp l ate and  e l ect ri cal out l et gas kets , 
and  wa l l  i nsu l at i on .  Th i s  prog ram l i mi t s  these measu res because  the i r i nsta l 
l at i on wou l d  l ead to a potent i al  for s i gn i f i cant env i ronmental  i mpact . 

The en v i ronmenta l  i mpact became apparent when the i n i t i a l weatheri zat i on p ro
gram was  eva l uated i n  acco rdance wi th the req u i rements of the Nat i ona l  E n v i ron
menta l  Po l i cy Act ( NEPA ) and the regu l at i ons  of the Counc i l on E n v i ronmenta l  
Qua l i ty ( CEQ ) . 
These regu l at i ons  req u i re that an env i ronmenta l  determi nat i on be comp l et ed 
befo re a maj or fede ra l act i on i s  ta ken . For  the i n i t i a l weather i z at i on p ro
g ram , an E nv i ronmenta l  As ses sment ( EA )  was p repared i n  Ap ri l 1981 . Th i s  
a na lys i s  i nd i cated that the p rogram as o ri g i na l l y  des i gned cou l d  h ave s i g n i f i 
cant i mpacts on the q ua l i ty of the human env i ronment . The s i gn i f i cant i mp acts 
were cau sed by the i n sta l l at i on of t i ghten i ng measu res , wh i ch reduced the a i r 
exchange rate  of the res i dence . As a resu l t ,  i ndoor ai r pol l utant  concentra 
t i ons wou l d  r i se , i n creas i n g  t he  risk of adverse hea l th effects to  t he  occ u 
pants o f  t h e  res i dence . 

Because ana l y s i s of avai l ab l e i nfo rmat i on at the t i me the EA was prepa red 
i nd i cated pos s i b l e s i gn i f i ca nt i mpacts , an E n v i ronmenta l  I mpact Stat ement ( E I S )  
wou l d have t o  have been comp l eted before a prog ram dec i s i on cou l d  be made .  
P reparat i on of a n  E I S ,  however ,  wou l d  have de l ayed the p rogram and postponed 
esti mated prog ram energy sav i n gs by more than  a yea r .  The refore , the p rogram 
p roposal  was mod i f i ed so that potent i a l ly s i gn i fi ca nt i mpacts wou l d  be 



avoi ded . Th i s was accomp l i s hed by offe ri n g  the t i ghte n i n g  mea s u res  to on ly  
those res i dences where the  maj or  sou rces of  i ndoor a i r po l l utants were mi n i 
mi zed . I n  addi t i on ,  a l l pa rt i c i pants i n  the p rog ram were to  recei ve book l et s  
descr i b i n g  i ndoor a i r po l l ut i o n ,  the  e ffect o f  weather i z at i on on i ndoor a i r 
q u a l i ty ,  and act i on s  that homeowners cou l d  take to  reduce i ndoor ai r po l l u
t i on .  These p rov i s i on s ,  a l ong  wi th the conservat i ve nat u re of the asses sment , 
wh i ch tended to  overest i mate rather  than u nderest i mate adverse i mpact s ,  were 
eva l uated i n  the rev i sed EA i s s ued i n  September 1981 . They were the bas i s  fo r 
a F i nd i n g  of No S i g n i f i cant I mpact (FONS I ) on the p resent p rogram. I mp l e 
mentat i on of the p resent p rogram was then permi tted t o  p roceed . 

W i th th i s  p ro g ram des i gn ,  res i dences  ass umed to  be f ree of maj o r  sou rces of 
i ndoor a i r po l l ut i on were defi ned by s i x character i st i cs .  These characte r
i st i cs a re refe rred to as i nc l u s i on cr i ter i a and are as fo l l ows : 

• a fu l l  c rawl space wi th c ross  vent i l at i on ( per  the 1979  Un i form 
Bu i l d i n g Code ) , wi t h  a g round cover vapor barri e r  and a l so  a f l oor  
i n s u l at i on vapor  barr i e r  

• t h e  absence o f  u n  vented combust i on app l i ances , such as gas stoves o r  
p o rtab l e s pace heaters ( ke rosene ) 

• a mu n i c i pa l  or  su rface sou rce for domest i c  wate r  s upp ly  
• the  absence of  wood stoves 
• the absence of u rea-forma l dehyde foam i n su l at i on (UFF I )  

• not a mob i l e  home . 
These rest ri ct i ons  l i mi ted the ava i l a bi l i ty of house t i ghten i n g  mea s u res  to  
approx i mate ly  30% of the reg i o n ' s  e l ect r i ca l l y  heated res i dences . Ce i l i n g 
i n s u l at i on , f l oor  i ns u l at i on ,  u nf i n i shed wa l l i ns u l at i on ,  duct i ns u l at i on , 
c l ock thermostats and dehumi d i fi ers and other mea s u res were ava i l ab l e to  a l l 
e l i gi bl e  res i dences . 

I NDOOR A I R  POLLUTANTS 

The i nc l u s i on cr i ter i a a re associ ated wi t h  th ree maj o r  types or categor i es  of 
i ndoor a i r po l l utant s :  

• forma l dehyde  
• by-p roduct s  of combust i on [ notab ly  benzo-[a] -py rene ( BaP ) ]  
• radon . 

Forma l dehyde ( HCHO ) i s  a w i des p read , l ow-cost chemi ca l  that i s  exten s i ve l y  used 
i n  mode rn i nd u st ry .  F o rmal dehyde ' s  excel l ent bond i n g cha racteri st i cs make i t  
very val uab l e i n  the man u fact u re of res i n s o r  g l ues . These res i ns are u sed i n  
the manu fact u re of hard p l ywood , p art i c l e  board , texti l es ,  and adhes i ves . I t  
wa s a l s o  used i n  the man u fact u ri n g  o f  UFF I , wh i ch was banned by bot h t h e  U . S . 
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Consume rs Product Safety Commi s s i on  ( CPSC ) and Canada i n  1982 . As a res u l t  of 
l ega l  act i on ,  the ban was overt u rned i n  Apri l 1 983 by the U n i ted St ates Cou rt 
of Appea l s  for the F i fth Ci rcu i t .  That l ega l act i on had been vacated pend i n g  a 
pos s i b l e  revi ew by the U . S .  S u p reme Cou rt ,  w i th the res u l t  that the ban 
rema i ned i n  effect . On Au g u st 25 , 1 983 , the U . S . J ust i ce Depa rtment annou nced 
that it wou l d  n ot seek S u p reme Cou rt rev i ew ,  w i th the res u l t  that the CPSC ban 
i s  l ega l l y  overt u rned and there i s  now no  proh i b i t i on on the use  or i nsta l l a
t i on of UFF I . The i n s u l at i on was u sed d u ri ng  the 1 9 7 0s to  ret rofi t  wa l l s  i n  
res i dences . Fo rma l dehyde i s  a col o rl ess , water-so l u b l e gas that has a st rong  
odor .  Sma l l concent rat i on s  can  u s u a l l y  be  detected by humans . I t  i s  an i r r i 
tant to the mucous  membranes  of the eyes , nose , and th roat and can cause head
aches i n  sens i t i zed i nd i v i du a l s .  In  addi t i on ,  animal stud i es have i nd i cated. 
that HCHO i nduces cancer i n  the res p i ratory tract . 

A number of i ndoor p o l l utants occur  as b - roducts of i ncom l ete combust i on .  
They i nc l ude res p i rab l e s us pended part i cu ates RSP , oxi des of n i t rogen NOx ) '  
i n  part i cu l a r n i t rogen d i ox i de ( N02 ) ,  ca rbon monoxi de (CO ) ,  ca rbon d i oxi de  
( C02 ) ,  a nd  po lycyc l i c  orga n i c matter of wh i ch ben zo-[a ]-py rene ( BaP ) i s  a 
p a rt i cu l a r concern . Part i cu l ates a re the f i ne dust and ash that rema i n a fter  
combu st i on occu rs . The mater i a l  i s  ve ry l i ght and  i s  often prope l l ed i nt o  the 
a i r by the convect i on cu rrents resu l t i n g from combust i o n .  Al though not a 
d i rect res u l t  of combust i on ,  part i cu l ates may a l s o  i nc l ude  fi bers such as 
as bestos and other fo rei gn materi a l  such as bacter i a .  Ox i des of n i t rogen a re a 
natura l  resu l t  of combust i on i n  ou r n i t rogen - ri ch atmosphere .  The heat gener
ated du ri ng  combu st i on cau ses a chemi cal  react i on between the n i t rogen and oxy
gen i n  the ai r to form oxi des of n i t rogen . Carbon  monoxi de and CO2 are two of 
the nat u ra l  end-products of combu st i on .  W hen fue l s are bu rned i n  the p resence 
of  oxygen , a chemi ca l  react i on occu rs , wh i ch re l eases heat and fo rms CO , CO2 , 
and wat e r .  I ncomp l ete combust i on a l so  re l eases a mu l t i t ude of comp l ex cheml 
ca l s k nown as po lycyc l i c  organ i c  matte r .  Benzo-[a ] -pyrene i s  one of the maj or  
const i tuents of th i s  g rou p . 

A l l of these combu st i on po l l utants are genera l l y  con s i dered i rri tants  to  the 
resp i ratory t ract . However ,  n ot much  i s  k n own about thei r r i sk  at l ow conce n 
t rat i ons . Part i cu l ates can cause breat h i n g  prob l ems , res p i ratory i r ri tat i on ,  
and may cont ri bute to the devel opment of mo re severe l u n g  d i seases . N i t rogen 
d i ox i de  i s  a strong  oxi d i z i n g agent and may resu l t  i n  vari ous  l eve l s of l u n g  
i r r i tat i on a n d  damage . Ca rbon monoxi de affects menta l  a n d  p hys i ca l  proces ses . 
Ca rbon d i ox i de at h i gh concent rat i ons  d i s p l aces oxygen req u i red for res p i rat i on 
and can cause h eadaches and d i z z i nes s . Ben z o-[a ] -pyrene i s  one of the orga n i c 
po l l utants  that causes cance r .  

Radon ( R n ) i s  a nat u ra l l y  occu rri n g  gas that comes from the t race e l ement 
rad i um .  Rad i um i s  one of the e l ements i n  the u ran i um-l ead decay cha i n .  
U ran i u m ,  and therefore rad i um ,  i s  found i n  vary i n g  concentrat i on s  i n  most 
s o i l s .  Rad i um decays to form radon , wh i ch u n l i ke a l l of the p rev i ou s  e l ements  
i n  the decay chai n ,  i s  a gas . I n  fact , radon i s  a chemi ca l l y  i nert or non
react i ve gas ;  therefore , i t  can  move th rough the so i l w i t h out bei ng  changed o r  
abso rbed . 
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I n  res i dences , the  maj or  sou rce of i ndoor radon  i s  the  so i l under l y i n g  the  
h o u se or an underground water s u p p ly  that i s  vented for  the  f i rst t i me w i t h i n 
t h e  hou s e . Radon decay s  i nto  fou r radon  "dau ghters , "  wh i ch are phys i ca l l y  
react i ve . They read i l y attach t o  d u st part i c l es i n  t h e  a i r .  The part i c l es are  
i n ha l ed  by occupants  and  become l od ged i n  the  l u n g s . The radon  daughters  decay 
by rel eas i n g a l pha rad i at i on ,  wh i ch i r r i tates the  l u ng  t i s sue  and may e vent u 
a l l y  i nduce l u n g  cancer ( see  Chapter 3 for more deta i l ) . 
ENV I RONMENTAL IMPACT STATEMENT 
S i nce BPA proposed to expand the present program , i t  was nece s sary to prepare 
an E I S .  As  a federal agency ,  BPA i s  d i rected by the  Nat i ona l  E nv i ronmenta l  
Po l i cy Act ( NEPA )  of 1 969  to  exami ne  the  effect on the  human  env i ronment of  any 
major  act i o n .  The NEPA proced u res e n s u re t hat e n v i ronmental  i n format i on i s  
ava i l a b l e to pub l i c  offi c i a l s and c i t i zen s  before deci s i o n s  are made ,  and 
before act i ons  are take n .  Accu rate sc i ent i f i c  a n a l y s i s ,  expert agency com
ment s , and pu b l i c  scru t i ny are essent i a l  to  the deci s i on-mak i n g proce s s . 

BPA has  some exp l i c i t  respons i b i l i t i es when cond uct i ng an e nv i ronmenta l  
a na ly s i s :  

1. to prepare an  E I S  when  ava i l a b l e i nfo rmat i on i nd i cates a BPA act i on 
cou l d  have s i gn i f i cant i mpacts on the q ua l i ty of the human 
env i ronment 

2 .  to be open about the fi nd i n g s  i n  the E I S  and present t hem i n  a 
s tra i ght -forwa rd ,  object i ve manner t hat can be eas i ly u nderstood 

3 .  to  i n fo rm peopl e of poss i b l e  hea l th  effect s 
4 .  to be respons i ve to  any s u ggest i ons  or  comments t hat d i rect ly rel ate 

t o  the Draft E I S ,  tak i n g them i nto cons i de rat i on i n  prepa ri ng  the 
F i nal  E I S  and i n  mak i n g the dec i s i on on prog ram acti on s .  

I n  Septembe r 1 983 , the BPA d i str i buted a Draft E I S  for pu b l i c  comment on the  
p roposed expan s i on of the present program.  Th i s  F i na l  E I S  has  i n corporated the  
s u ggest i on s  and comment s rece i ved and presents  the env i ronmenta l  aspect s  of the  
dec i s i o n -mak i ng process for the  expan s i on of BPA ' s  p resent program.  The  pro
g ram des i gn ,  i nc l ud i n g mi t i gat i on s , wi l l  be recorded i n  a Record of Deci s i on 
( ROD )  i f  a dec i s i on i s  made to expand the present program.  Th i s  dec i s i on wi l l  
be i ss ued 30 days  ( o r  more ) after th i s  F i na l  E I S  i s  ava i l ab l e to the pub l i c .  
The ROD wi l l  be pub l i s hed i n  the  Fede ra l  Regi ster and w i l l  a l so  be ava i l ab l e to 
the pub l i c .  

Th i s  E I S  exami nes  the pos s i b l e s i g n i fi cant env i ronmenta l  effect s that cou l d 
resu l t  from the  t i ghten i ng of re s i dences  cu rrent ly excl uded u nder the  BPA ' s  
p resent  prog ram . Th i s  ana l ys i s was comp l eted so that a more comp rehen s i ve 
program cou l d  be con s i de red for deve l opment and i mp l ementat i o n .  BPA proposes  
to  ma ke  t i ghte n i n g  mea s u re s  avai l ab l e to th ose res i dences cu rrent l y  not e l ig i 
b l �  to  rece i ve t hem becau se  the  res i dence does not meet one or  more of the  
i nc l u s i on cr i ter i a .  App rox i mate ly  70% of  the e l i g i b l e  e l ect r i ca l ly  heated 
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res i dences  i n  the  Paci f i c Nort hwest are i n  th i s  category .  The t i ghten i n g  mea
su res i nc l ude  storm wi ndows and  doors , cau l k i n g ,  weat herst r i pp i n g ,  e l ectr i ca l  
out l et and  swi tchp l ate gas k et s , and  wa l l i ns u l at i on .  

BPA p roposes t o  expand i ts p resent weat her i z at i on p ro g ram for two reason s . 
F i rst , the  expanded p rog ram wou l d  he l p meet the need for an adequat e ,  re l i ab l e ,  
economi ca l , and effi c i ent e l ectr i ca l  energy s upp l y .  The Pac i f i c Nort hwest 
E l ect r i c  Powe r P l ann i n g and Conse rvat i on Act ( Reg i ona l  Act ) aut hor i zes  BPA to  
acq u i re cost-effect i ve resou rces to he l p meet or  reduce BPA ' s  e l ectr i c  l oad 
ob l i gat i ons  to i t s ut i l i ty cu stomers . I t  al s o  d i rect s that cost -effect i ve 
conservat i on �sou rces be se l ected f i rst before other resou rces are deve l oped . 
The  Expanded Re s i dent i a l  Weat her i zat i on P rogram , known as  the P roposed Act i on ,  
wou l d  s a ve energy t h rough  conse rvat i on .  

Second , BPA ' s present p rog ram i s  bei n g  expanded so  that t i ghten i n g  measu res  can 
be offered to many more res i dences . The P roposed Act i on f i l l s  i n  the  gaps i n  
t h e  p resent prog ram , comp l i me nt i n g  the  mea s u res  cu rrent ly  avai l ab l e .  Th i s  
wou l d  make BPA ' s  p rog ram mo re attract i ve to  i mp l ement i ng orga n i z at i ons and  
res i dent s , many of  whom now f i nd  the  BPA  prog ram unacceptab l e .  Many ut i l i t i es ,  
for i n stance , h ave been rel u ctant to p roceed w i t h  BPA ' s  p rog ram u nt i l sto rm 
wi ndows , one of the mo re popu l a r t i ghten i n g  mea s u res , are avai l ab l e to  a l l 
res i dences . The p resent p rog ram l i mi t ati ons are a l so caus i n g a n umber of  
admi n i st rat i ve and custome r re l at i on s  p rob l ems for part i c i pat i n g  ut i l i t i es .  
Becau se  the  P roposed Act i on wou l d offer t i ghten i ng mea s u res  to res i dences that 
a re now exc l uded from the  p rogram ,  part i c i pat i on i n  the  prog ram wou l d  p robab l y  
i n crea se , and BPA cou l d  expect t o  acq u i re g reater energy sav i ngs  ( see Chapter  1 
for more deta i l ) . 

Th i s  E I S  eva l u ates  fi ve a l ternat i ve act i on s  for expand i n g the  weat her i zat i on 
p rogram :  

1 .  No-Act i on --Do not prov i de  t i ghten i ng mea s u res  to res i dences 
i ne l i g i b l e  to  rece i ve them cu rrent l y ,  and cont i nue  operat i n g t h e  
p resent p rogram. 

2 .  P roposed Act i on --Prov i de  t i ghten i n g  measu res  to a l l e l i g i b l e  
resi dences . 

3 .  De l ayed Act i on --Postpone u nt i l some l ater  date ( a p p roxi mate l y  3 to 
5 years )  the  ava i l ab i l i ty of t i ghten i ng mea su res for i ne l i g i b l e  
res i dences and comp l ete fu rther  research to answe r more of the  
quest i on s  conce rn i n g  i ndoor a i r q ua l i ty .  

4. E n v i ronmenta l ly Prefe rred Al te rnat i ve--P rov i d e  t i ghten i n g  mea s u res  
and a i r-to-a i r h eat exchangers  (AAHXs) to a l l e l i g i b l e  res i dences . 

5 .  BPA Preferred Al t e rnat i ve--P rov i de t i ghten i n g  measu res  and radon 
mon i t o r i n g  to  al l  el i g i b l e  res i dences . I f  res i dence i s  mon i t ored a nd  
resu l t s are above Act i on Level  establ i sh ed by BPA , prov i de  fi nanc i a l  
i n cent i ve for  AAH X .  
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Under  the P roposed Act i on ,  a number of mi t i gat i on s  are al so  d i s c u s sed . M i t i ga
t i ons he l p mi n i m i ze e nv i ronmental  i mpacts by e l i m i n at i ng a port i on of the Pro
posed Act i on ,  or rect i fy i mpact s by restor i n g  the  affected env i ronment . Two 
types of m i t i gat i ons , M i t i gat i o n -By-Exc l u s i on and M i t i gat i on -By-Act i o n ,  a re 
con s i de red . See Chapter  2 fo r compar i son s  of the a l ternat i ves and mi t i gat i on s  
that were con s i de red f o r  app l i cat i on t o  t h e  p roposed p rog ram. 

The  al ternat i ves  and mi t i gat i on s  are eval uated i n  fi ve env i ronmenta l  areas : 
1 )  i ndoor/ outdoor a i r q ua l i ty ;  2 )  p u b l i c  h ea l th effect s ; 3 )  energy ;  4) soc i o
economi c and  i n st i tut i ona l  effect s ; a nd  5 )  other  u ses , wh i ch i nc l ude  f i s h  and 
wi l d l i fe ,  l and u s e ,  and water q u a l i ty .  Because of the nat u re of the P roposed 
Act i on ,  the  E I S  d i s cu ss i on i s  most i nten s i ve for the f i rst t h ree a rea s . The 
other a reas a re a l so con s i dered but i n  l es s  deta i l ( see  Chapter  4). 

An other  poss i b l e  futu re weatheri zat i on mea s u re ,  hou s e-doctori n g , has a l so  been 
eva l uated i n  th i s  E I S .  The env i ronmental  effects of th i s  mea su re ,  i f  added to  
the  P roposed Act i on ,  are est i mated ( s ee Sect i on 2 . 2 0 ) . 

EFFECTS ASSOC IATED W ITH BASEL I NE COND I T I ONS 

Before cons i der i n g  t he effects of the  var i ous  a l ternat i ves and m i t i gat i on s , a 
basel i ne cond i t i on mu st  be estab l i sh ed and effect s ana l yzed . The  ba se l i ne con 
d i t i on was defi ned as  the cu rrent res i dent i a l stock wi t h  i ts as soc i ated i n f i l 
t rat i on and po l l utant sou rce characteri st i cs . Even wi t hout any weather i z at i on 
p ro g ram, these res i dences wou l d  h ave concent rat i ons  of i ndoor a i r po l l utants  
that wou l d  cau s e  a certa i n  l evel  of  hea l t h effects . 

Assumpt i ons  concern i n g the  base l i ne cond i t i ons  were mad e ,  and an a na lys i s of  
the  hea l t h  effect s res u l t i n g from t hem was  comp l eted . Th i s  ana ly s i s p rov i ded a 
start i n g po i nt on wh i ch a l l ot her  i nd oor a i r q ua l i ty effects were adde d .  I n  
ot her  words , the tota l  env i ronmenta l effect s wou l d  be the  sum o f  the base l i ne 
effects and the  add i t i ona l  effects re su l t i n g from the a l ternat i ve chosen . 

Qu ant i tat i ve est i mates of hea l t h  effect s are made for HCHO , BaP , and radon  i n  
t h i s E I S .  Hea l th  effects of other po l l utants  under  the ba se l i ne cond i t i on a re 
a l s o  ana l yzed , but not quan t i t at i ve l y . The  quant i tat i ve methodo l ogy u sed 
as sumes a no-t h resho l d ,  l i near re l at i on sh i p  between hea l th i mpact and po l l utant  
concent rat i on s  ( dose-re s pon se ) .  That i s ,  any expos u re to  a po l l utant , n o  mat 
t e r  h ow sma l l ,  h as  a certa i n ri s k  o f  h ea l th effect ( n o -t h res ho l d )  and the  l e ve l 
of ri s k  dec reases  i n  proport i on to  a stra i ght l i ne ext rapo l at i on of the  r i s k  
found at some h i gher  concent rat i on ( l i near  rel at i on sh i p )  ( see F i g .  3 . 1 ) .  

Th i s  rel at i on s h i p defi nes  the number of cancers that are expected to  occu r 
g i ven a certa i n po l l utant concent rat i on and the  t ota l  n umber of peop l e exposed . 
L i near  rel at i on s h i p s  are de r i ved from occu pat i ona l  hea l t h stud i es .  The re l i a 
b i l i ty of these rel ati on s h i ps  i s  l i m i ted i n  the  a n a ly s i s of i nd oor a i r q ua l i ty 
effect s by seve ra l fact ors . Occu pat i ona l  study g rou p s  va ry marked l y  from the  
gene ral popu l at i on .  For  examp l e ,  occupat i ona l  study grou p s  genera l l y  i nc l ude  
hea l thy adu l t  ma l es ,  whe reas  the genera l  popu l at i on i nc l udes  the  ve ry o l d ,  the  
very you n g ,  and the  chron i ca l l y  i l l . 
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Another  factor  i s  that occu pat i on a l  study grou p s  are a l so  exposed to  ot her  
po l l utants common to  t he i r work e nv i ronment . F i na l l y ,  eth n i c  and soc i a l  bac k 
g round , and smok i n g h i story among  the occupat i on a l  g ro up s  d i ffer from those of 
t he general  popu l at i on .  Con sequent l y ,  p resent k n owl edge of i ndoor a i r q u a l i ty 
hea l t h effect s i s  i ncomp l ete , and t he refore a substant i a l amount of unce rta i nty 
ex i sts regard i ng  est i mates . 

F o r  the Nort hwest , i t  i s  est i mated t hat for an exposed popu l at i on of 
100 , 000 peop l e , between 1 / 10 t o  1 1/4  HCHO-i ndu ced cancers occu r each yea r ;  
between 1 / 2  and 2 4  BaP- i nduced l u n g  cancers occ u r  each yea r ;  and between  1 and 
9 radon- i nduced l u n g  cance rs occu r each yea r .  

F i gu re 1 i s  a graph i ca l  rep resentat i on o f  these hea l t h  effect s for the base
l i ne cond i t i on .  These effects occ u r  whether o r  not BPA operates a weat heri z a 
t i on p rog ram . T h e  range o f  hea l t h  effect s i nd i cates the  rel at i ve uncerta i nty 
assoc i ated wi th the est i mates . 

Th ree maj or  factors  cont r i but i n g  to  t h i s unce rta i nty a re 1 )  the p red i cted po l 
l utant concent rat i on s  found i n  res i dences , 2 )  the  amount of expos u re to  occ u 
pant s ,  a n d  3 )  t h e  dose-response  funct i on .  Al l t h ree factors a re i nc l uded i n  
t he ca l cu l at i on s  of h ea l th  effect s .  On l y  t he f i rst two a re u sed t o  estab l i s h 
t he mi n i mum and max i mum va l u es of hea l t h  effects reported . 

I n  the ca l cu l at i on s ,  res i dences a re a s s umed to h ave a range of po l l utant emi s 
s i on rates , res i dence vol umes , and a i r-exchange rates . T h e  range  cove rs the  
cond i t i ons  f rom the  l east p o l l utant emi s s i on rat e ,  the  l a rgest res i dence vo l ume 
and  the h i ghest ai r-exchange  rate ( mi n i mum va l u e )  to  the  cond i t i on of the l a rg
est po l l ut i on emi s s i on rate , the sma l l est res i dence vo l ume and t he l owest a i r
exchange rate (maximum va l ue ) .  These ran ges a l s o  determi ne the  amount of 
exposu re res i dents rece i ve . 

I n  add i t i on to  the  mi n i mum and max i mum va l u es of est i mated hea l t h effect s , 
F i gu re 1 i nd i cates what i s  be i ng te rmed an ave rage va l ue of est i mated hea l t h  
effect s ( i  . e . , 0 . 2  HCHO - i nduced cance rs , 2 . 6  BaP-i nduced cance rs , and 
2 . 5 radon - i nduced cancers ) .  These average va l ues a re based on the assumpt i on 
t hat eve ry house has what mi ght be con s i de red the most common l y  occu rri n g  
po l l utant emi s s i on rate , t h e  most common ly occu rri ng  vo l ume , a n d  the  most 
common l y  occu rri n g  exchange rate .  

T h e  t h i rd fact o r ,  t h e  dose-response  funct i on ,  i s  a l s o  u sed i n  t h e  ca l cu l at i ons  
of  hea l th effect s ; h owe ve r ,  i t  i s  he l d constant . Th i s  i s  done  n ot because t h i s 
va l ue  -i s characteri zed by a l a rge deg ree of ce rta i nty , but because  no  i n forma
t i on i s  ava i l ab l e conce rn i n g i ts var i ab i l i ty .  I f  some ran ge was as sumed fo r 
the  dose-response fu nct i on ,  then the on l y  change to hea l t h  effect s wou l d  be t he 
wi den i ng of t he range cu rrent ly  p resented . I n  other  word s ,  the m i n i mum va l u e 
on  F i g u re 1 wou l d  dec rease and the max i mum va l ue  wou l d  i nc rease . Th i s  b roade r 
ra n ge wou l d  i nd i cate the t rue l evel of u ncert a i nty t hat ex i sts for the hea l t h  
effects est i mates . I n  addi t i on ,  t here wou l d  be no  s i n g l e hea l t h  effect est i 
mate assoc i ated w i th the typ i cal  cond i t i on .  Howeve r ,  u s i n g  a con stant dose
response funct i on shou l d  not adverse l y  affect the comparat i ve a n a ly s i s per
formed between the a l te rnati ves and m i t i gat i ons i n  t h i s E I S .  
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To obta i n tota l  hea l t h  effects of any al ternat i ve or  mi t i gat i on ,  i t s  effect s 
mu st be added to  t he base l i ne effect s ,  and that p rocedure i s  u sed i n  t h i s doc u 
ment . Howeve r ,  t h e  reader i s  caut i oned agai nst  gi v i n g  too mu ch  we i ght t o  the 
p rec i se numbers that res u l t from t h i s p roced u re .  These n umbers shou l d  be 
thou ght of as i nd i cat i ons  of rel at i ve i nc reases or decrease i n  hea l t h  effects . 
The est i mates s h ou l d  o n ly  be con s i dered i n  re l at i on to each ot h e r .  F rom a sta
t i s t i ca l  pers pect i ve ,  there i s  no  way of  asses s i n g  the l i ke l i hood of these 
est i mates because the data for such  an assessment have not been co l l ected . 
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EFFECTS OF THE NO-ACT ION  ALTERNAT I VE 

Under the No -Act i on Al ternat i ve ,  i n sta l l at i on of t i ghten i n g  meas ures  wou l d  be 
a l l owed on ly  on res i dences that meet the i nc l u s i on cr i ter i a of the p resent pro
gram.  I n  other  wo rd s , the BPA Re s i dent i al Weathe ri zat i on P rog ram wou l d  con 
t i nue as i t  i s  cu r rent ly  ope rat i n g .  The fo l l owi n g  env i ronmenta l  effect s are 
expected from the No-Act i on Al ternat i ve .  A l l effect s ,  pos i t i ve and negat i ve ,  
e xpected f rom the P roposed Act i on wou l d  be foregon e .  

A i r Qu a l i ty Unde r the No-Act i on Al ternati ve , the i ndoor  a i r po l l utant concen 
t rati ons  wou l d  n ot change i n  those res i dence i ne l i g i b l e  to  rece i ve t i ghten i n g  
measu res . They wou l d  i nc rease i n  those res i dences  recei v i n g  t i ghten i n g mea
s u res under  the  p resent p rog ram o r  i n  excl uded res i dences , wh i ch h omeowners  
t i ghten i ndependent l y  of  a BPA p rog ram. ( See Chapter 4 for the assump t i ons  
u sed to  est i mate these va l u es . )  

The outdoor  ai r q ua l i ty u nde r the No-Act i on Al te rnat i ve may be affected t h rough  
the need for add i t i ona l  ope rat i on of  e l ect ri c  gene rat i on p l ant s . Approx i mate l y  
105 . 7  a nnua l  megawatts  (MW )  o f  e l ect r i c ene rgy wou l d  b e  needed to  compensate 
for the fo regone energy sav i ngs  of the  P roposed Act i on . I f  generat i ng by t h e r
mal  power p l ant s ,  mo re po l l utants  wou l d  be re l eased by the  powerp l a nts  i nt o  the  
outdoor  a i r .  The  outdoor  a i r emi s s i ons due to  t he ma n u fact u re of t i ghten i n g  
mea s u re comp onents wou l d n ot  change , because  no  t i ghten i n g  meas u res  beyond t he  
c u r rent demand wou l d  b e  needed . 

H uman Hea l th Effects The  No-Act i on Al t e rnat i ve wou l d  p resent the l owest r i s k  
of heal th effect s ;  that i s ,  the  e xpected h ea l th  effects wou l d rema i n the  same 
as  expected i n  the absence of any weather i zat i on p l u s  what a re est i mated for 
the p resent prog ram.  Cu r rent l y ,  the nat i ona l  ave rage l i fet i me r i s k  of i ncu r
r i n g  l u n g  cance r i s  about 4 . 0% . ( For  i l l u st rat i on ,  we  wi l l  ass ume the va l ue i s  
e xact l y  4 . 0% . ) Most of t h i s  r i sk stems from tobacco smok i n g .  Of t h i s tota l , a 
sma l l port i on i s  att r i buted to  i ndoo r po l l ut i on l eve l s .  F o r  t h i s ana l y s i s ,  i t  
i s  est i mated t h at 7% of a l l l un g  cancers are att r i butab l e t o  i ndoor  po l l ut i on .  
The p resent p rog ram i s  esti mated to rai se  the average l i fet i me ri s k  f rom 4 . 0% 
to  4 . 0036% . 
I f  add i t i ona l  gene rat i on faci l i t i es a re req u i red , va r i ous  occupat i ona l  and 
p u b l i c  hea l th  effects wi l l  occu r .  If energy i s  gene rated by coa l , a p p rox i 
matel y 35 occupat i ona l  and 3 . 3  p ub l i c  i nj u ri es a re expected per  yea r .  E st i 
mated fata l i t i es a re 0 . 1 5 and 0 . 7  per  year for  the p u b l i c  and wo rkers , 
respect i ve l y .  
Some sens i t i ve i nd i v i dua l s wou l d  b e  affected by esti mated concent rat i on l eve l s 
of HCHO , RS P ,  ox i des of n i t rogen , CO , and CO2 • Al s o ,  t here wou l d  be a sma l l 
i nc rease i n  the  numbe r of peop l e devel op i n g 1un g  cancer  f rom ex i st i n g l evel s of 
B aP and radon , and a sma l l i nc rease i n  the n umber deve l o p i ng  cance r  f rom ex i st
i n g l evel s of  HCHO . The sma l l i nc rease i n  cance rs , o r  l u n g  cance rs , est i mated 
to deve l op a re att r i b uted to  the p resent p ro g ram.  The rema i nder a re due t o  
n o rma l i nc i dence l evel s ( F i gu re 2 ) .  
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E nergy On ly  the  add i t i ona l  ene rgy savi n gs f rom the p resent BPA p rog ram wou l d  
occu r .  Res i dences that do not meet t he i nc l u s i on c r i ter i a wou l d not be el i g i 
b l e to rece i ve t i ghten i n g measu res  so these con se rvat i on opportu n i t i es may be 
foregone . Homeowners may i n sta l l such  measu res on the i r own i n  response to 
r i s i n g  el ect ri ca l  rates or for oth e r  reason s . Th i s  wou l d  i nc rease the amount 
of energy sa ved but not at a rate comp a rab l e to  the  p ro posed p ro g ram . 
Soci oeconomi c and I n st i t ut i ona l  Effects Under  the No -Act i on Al t e rnat i ve ,  
a pprox i mate ly  7 0% of t he e l ect r i ca l ly  heated res i dences i n  t he regi on wou l d  
cont i n ue  to be i nel i g i b l e  for t i ghten i n g measu res . App rox i mate l y  105 . 7  a nnua l  
ave rage MW of energy wou l d  not be  conse rved . I f  t h i s res u l ted i n  the  construc
t i on and  ope rat i on of new generat i on ,  the cost  for such  gene rat i on wou l d  be 
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approx i mate ly  60 mi l s  ( 6¢ )  per kWh as opposed to l es s  than 35 mi l s  fo r the 
p roposed conse rvat i on measu res . App rox i mate l y  $ 1 184 . 5  mi l l i on wou l d not be 
u sed to  pu rchase and i n sta l l add i t i ona l  t i ghten i n g measu res . App rox i mate l y  
3 0 , 205 i n sta l l er yea rs and assoc i ated potent i a l j obs wou l d b e  fo re gone . 

A numbe r of i ns t i t ut i ona l  barri e rs cu r rent l y  affect the ut i l i t i es ' attempt s to 
put t he p resent BPA p rog ram i nto  u s e .  Of the pos s i b l e  weatheri zat i on measu res , 
the  t i ghten i n g measu res are often the  most appea l i n g to  consume rs .  Becau se 
these measu res a re n ot ava i l ab l e to  a l l con sume rs ,  some u t i l i tes have bee n 
re l u ctant  to j o i n the  p rogram. I n  addi t i on ,  the  Oregon l eg i s l atu re recent l y  
pas sed a l aw ( HB-2246 )  requ i ri n g O regon ut i l i t i es t o  prov i de consume rs wi th  a l l 
cost-effect i ve con se rvat i on measu res . The Oregon Pu b l i c  Ut i l i ty Commi s s i on  
( PUC ) ,  i n  p repa ri n g  regu l at i on s  to  c a r ry out t h i s mandat e ,  d i d  not e xc l ude  
t hose res i dences t hat are exc l u ded by the present BPA  program. The  negat i ve 
i n st i tu t i ona l  effects of BPA ' s  l i mi ted p rog ram and i ts u nacceptab i l i ty t o  
p rog ram part i c i pants  wou l d  cont i n ue  under  t he No-Act i on Al ternat i ve . 

Other E ffects I f  new generat i on i s  requ i re d ,  t he outdoor e nv i ronment wou l d  be 
affected . Most new gene rat i on sou rces affect l and  u se and wate r  qua l i ty .  Up 
to  2535  ac res cou l d be removed f rom u s e .  Heat re l eases of u p  t o  1 . 34 q u adr i l 
l i on Bt u and u p  to 2 . 8 thousand  tons  of pol l utants  wou l d  be added to  rece i v i n g  
wate rs . Al l t hese p rocesses cou l d affect t he e nv i ronment and the  food 
resou rces of fi s h  and wi l d l i fe .  The actua l  effect s wou l d  be s i te spec i f i c and 
wou l d h ave to be eva l u ated at the t i me of con struct i on .  

EFFECTS OF THE PROPOSED ACT ION  

The fol l owi n g  effect s wou l d  be  expected a s  a resu l t  of the P roposed Act i on :  

Ai r Qua l i ty The P roposed Act i on wou l d i nc rease concent rat i on s  of most i ndoor  
a i r po l l utants for a l l res i dences  ove r t he No-Act i on Al ternat i ve .  The i nc rease  
i n  the concent rat i ons  from the  No -Act i on A l ternat i ve to  the P roposed Act i on i s  
a bout 30% for a l l res i dences ( see Sect i on 2 . 2 ) .  Ap p rox i mate ly  1 , 209 , 000 res i 
dences cou l d be t i ghtened t h at a re otherwi se i ne l i g i b l e  to  recei ve measu res  
u nde r the p resent p rogram . 

The  P roposed Act i on wou l d  save 105 . 7  annua l  MW of e l ect ri c i ty .  I f  t hese sav
i n gs reduce fut u re power generat i on ,  t hen emi s s i ons to  the amb i ent a i r wou l d 
a l so  be reduced . The magn i tude of th i s  emi s s i on  reduct i on wou l d  depend on the  
futu re therma l generat i on sou rces d i s p l ace d ,  such as coa l  or  n u c l ear  ( see 
Secti on 4 . 1 ) .  Howeve r ,  the re wou l d  be some i n c rease  i n  emi s s i ons  to the 
amb i ent a i r f rom t he i n c reased p roduct i on of the  g l ass and a l umi num i nd u st ri es , 
but  t h i s wou l d  comp ri se  a ve ry sma l l port i on of the ove ra l l emi s s i ons  of these 
i ndust r i es . 

Human Hea l t h  Effect s :  When a res i dence i s  t i ghtened , the  a i r exchange rate i s  
reduced , and concent rat i ons  of i ndoor  a i r po l l utants r i se . Th i s  l eads t o  
i nc reased ri s k s  o f  hea l t h  effect s .  Howeve r ,  t he  extent of these hea l t h  effects 
and ou r cu rrent ab i l i ty to  accu rate ly  est i mate t hem a re u ncerta i n .  
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Ist i mates of po l l utant concent rat i ons  i n  an ave ra ge res i dence a re based on the 
est i mated reducti on i n  the a i r e xch ange rate f rom t i ghten i ng meas u res and on  
the  p resence of a comp l ete range of pol l utant sou rces in  that res i dence . Fo r 
the a n a lys i s ,  the a ve rage res i dence i s  a s sumed to h ave a wood stove , a gas  
stove , a portab l e space heate r  ( k e rosene ) ,  one  person  who  smoke s ,  UFF I , we l l 
wat e r ,  and b u i l t  s l ab-on-grade , o r  wi th a basement , o r  w i th  an u n vent i l ated 
c rawl space . I n  rea l i ty ,  few res i dences , i f  any , have a l l of these cha rac
ter i st i c s .  Whether a res i dence wou l d  have the est i mated po l l utant l evel s i s  
u n known . Act ua l  pol l utant concent rat i on s  resu l t i n g f rom the p rog ram a re p rob
ab ly  l e ss  than  the va l ues repo rted . It  shou l d  be  n oted that re s i dences t i ght
ened u nde r the P roposed Act i on wou l d  sti l l  have h i gh e r  average a i r exchange 
rates , thus  l owe r concent rat i on s , than  c u r rent newly const ructed res i dences . 

To dete rmi ne the hea l th  effect s f rom these va r i ous  po l l utant concent rat i on s , 
q uant i t at i ve re l at i on sh i ps between HCHO , B a P ,  and radon l evel s and ca nce r r i s k  
a re exami ned . These rel at i ons h i p s  a re t h e  best avai l ab l e f o r  est i mat i n g hea l t h  
effect s ,  a l though they a re not u n i ve rsa l l y  accepted . Regi ona l  hea l th  effects 
for these po l l utants are est i mated by con s i der i n g  the fact that not a l l res i 
dences have a l l po l l utant sou rces o r  need a l l t i ghten i n g measu res . For  exam
p l e ,  approx i mate ly  84% of the s i n g l e-fami l y  detached res i dences i n  the reg i on 
a re ass umed n ot to  h ave domest i c  water  s u p p l i ed by a we l l .  Therefore , est i 
mated radon concent rat i on s  i n  these res i dences  a re assumed to be l owe r than  the 
concent rat i on est i mated for the  ave rage res i dence ( see Append i x  I ) .  Hea l t h  
effects from other  po l l utants  ( RS P , oxi des o f  n i t rogen , CO , and CO2 ) a re 
compa red to ex i st i n g standa rds or  gu i de l i nes and a re not quant i f i ea .  These  
po l l utants  may cause  va r i ou s  ch ron i c  hea l t h  effect s ,  such  as eye and nose  i r r i 
tat i on s , but a re not n o rma l l y  a s soci ated w i t h  cance r .  

The Proposed Act i on i s  expected t o  resu l t  i n  the h i ghest r i s k  o f  hea l t h  effect s 
of the f i ve a l ternat i ves . Based on est i mated po l l utant concentrat i on s ,  wh i ch 
wou l d  res u l t  once al l part i c i p at i n g res i dences  are comp l ete l y  t i ghtened , l es s  
t h a n  o ne  ( 0 . 4 3 )  add i t i ona l  l u n g  cancer p e r  year per  1 00 , 000 exposed peop l e 
above the No-Act i on Le vel  cou l d  occ u r  from expos u re to  e l evated l evel s of 
BaP . Less than one ( 0 . 3 2 )  add i t i ona l  l un g  cancer  per  yea r per  100 , 000 exposed 
peopl e above the No -Act i on Le vel cou l d  res u l t  from exposu re to e l evated l evel s 
of radon . I n  add i t i on ,  l es s  than  one ( 0 . 04 )  add i t i ona l  cancer per  year pe r 
100 , 000 exposed peop l e above the l evel est i mated for the No-Act i on Al te rnat i ve 
cou l d  deve l op from e l evated l e vel s of HCHO . These est i mated hea l th effect s 
i nc rease the reg i ona l  l i fet i me r i s k  of deve l op i n g  l u n g  cance r from 4 . 0036% 
( base l i ne p l u s  p resent p rog ram ) to 4 . 0235% .  Th i s i nc rease i s  6/ 1 0  of 1% above 
the base l i ne cance r  rate . Long term expos u re to  el evated po l l utant concentra
t i ons i s  necessary before esti mated hea l th effects cou l d occu r .  See  F i gu re 2 
for a comp a ri son  of hea l th  effect s between the basel i n e cond i t i on ,  the p resent 
p rogram,  and the P roposed Act i on .  

On an i nd i vidua l  bas i s ,  the  ri s k  of deve l op i n g  l u n g  cancer from el evated BaP 
l e vel s due to the  P roposed Act i on i s  app roxi mate ly  the same as the r i sk of  
deve l o p i n g  l u n g  cance r from smo k i n g  1 / 10  to 1 / 3  c i ga rette per day . The ri s k  of  
devel op i n g  l u n g  cancer  from e l e vated radon l e vel s u nder  the  e xpa nded p ro g ram i s  

xi i 



approxi mate ly  equ i va l ent to  the  ri s k  of devel op i n g l u n g  cancer from smok i n g 1 / 3  
t o  8/ 10  c i garette per day i n  most areas o f  t h e  reg i on a n d  8/ 1 0  t o  2 c i garettes 
per day i n  the h i g h-radon areas  of the reg i on .  

Some sens i t i ve i nd i v i d ua l s cou l d experi ence eye and nose i r r i tat i on ,  breat h i n g  
d i ffi c u l t i es ,  become exhausted more qu i ck l y ,  or  exper i ence headaches , d i z z i 
nes s ,  and nausea from e l evated l eve l s  of RSP , ox i des of n i t rogen , CO , HCHO , and 
C02 . Al l of these effect s ,  except for RSP and HCHO , are due pr i mar i l y  to  h i gh 
pollutant emi s s i ons from porta b l e  space heaters . 

Energf The Proposed Act i on wou l d  save an esti mated 105 . 7  average MW of e l ec
t r;ca energy annua l l y .  Th i s  amount of energy represents an est i mated sav i n g s  
of  $37 , 000 , 000 p e r  yea r f o r  t he  con s ume rs o f  the  reg i on ,  assumi n g  4¢/ kWh 
( 4¢/ kWh i s  a reference po i nt and may n ot rep resent fut u re e l ectr i c  rates ) .  For  
i nd i v i d ua l  res i dences , it  wou l d  a l l ow annua l  sav i ngs , the  mag n i tude of wh i ch 
depends on the s i ze of t he res i dence , the measu res i n st a l l ed ,  and t he l oca l 
c l i mate .  

Soci oeconomi c and I n st i tut i ona l  Effects The Proposed Act i on wou l d  req u i re 
$1 184 . 5  m i l l i on for t he purchase and i n sta l l at i on o f  t i ghten i n g meas u re s .  Th i s  
f i gu re i s  the sum of costs that wou l d  be cove red by the  cu rrent BPA f i nanc i n g  
mech a n i sm a n d  any h omeowner contr i but i on .  T he  l evel i zed cost of t he  energy 
saved i s  est i mated to  be 3 1 . 2  to  41 . 1  mi l l s / kWh for the  reg i on . The  home
owne r ' s  contr i b ut i on i s  est i mated to range from 1 3 . 4  t o  2 3 . 3  mi l l s / kWh . The 
P roposed Act i on wou l d  req u i re an add i t i ona l  30 , 205  i n sta l l e r yea rs ove r t he 
p resent p rogram.  

The  BPA cost  to  he l p fi nance con se rvat i on meas u res  under  the  P roposed Act i on i s  
est i mated to  be l ess  than 3 5  m i l l s / kWh . The cost for bu i l d i n g and operat i n g  
new gene rat i on i s  app rox i mate l y  6 0  mi l l s/ kWh ( s ee Sect i on 4 . 4 . 1 ) .  

The P roposed Act i on wou l d be more con s i stent wi th  and reduce ex i st i n g confl i ct s  
w i t h  other  conse rvat i on pro g rams i n  the  reg i on t h at  p rov i de a fu l l  ran ge o f  
weatheri z at i on mea s u res . Th i s  wou l d make t he p rogram more acceptab l e t o ,  and 
con s i stent wi t h ,  ut i l i t i es ,  homeowners , and energy conservat i on-re l ated l aws 
( i . e . ,  Oregon HB-2246 ) .  
Other  Uses By decreas i n g annua l  e l ect ri ca l  demand , the P roposed Act i on cou l d 
l essen t he ex i st i n g and fut u re demand on generat i ng resources . I f  t hat were 
the case , the effects of e l ect ri ca l  generat i on on f i s h ,  wi l d l i fe ,  and water  
q u a l i ty wou l d be reduced . I f  p l anned construct i on of new generat i on p l ants i s  
e l i mi n ated , effects to the  above areas and l and use  wou l d be fu rther  reduced . 

M I T I GAT I ONS 
The  hea l t h  effects est i mated for the P roposed Act i on cou l d  be reduced by the  
app l i cat i on of m i t i gat i ons  ( i . e . , e i ther M i t i gat i on -By-E xc l u s i on or M i t i gat i o n 
By-Act i on ) .  See F i g u re 3 f o r  a n  overv i ew of  heal t h  effect s associ ated wi t h  the 
mi t i gat i on s . 
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Seven Mi t i gat i on s -By-Exc l u s i on a re eva l u ated . Under  these mi t i gat i on s , res i 
den ces wi th a part i cu l ar  i dent i f i abl e sou rce of i n door a i r pol l utants or  
speci f i c res i dence types wou l d  be  i nel i g i b l e  to rece i ve t i ghten i n g mea s u res . 

The m i t i gat i ons a re 1 )  excl ud i ng  res i dences w i t h  UFF I ;  2 )  exc l ud i ng  res i dences 
wi t h  un vented combu st i on app l i ances ; 3 )  exc l ud i n g  res i dences bu i l t  s l ab-on
g rade , wi th a basement , or  w ith  an u n vent i l ated c rawl space ; 4 )  exc l ud i n g 
res i dences se rved by we l l wate r ;  5 )  excl ud i n g  res i dences wi t h  wood stoves ; 
6 )  exc l ud i n g mob i l e  homes ; or  7 )  exc l ud i n g  apartment s . 
I f  mob i l e  homes , o r  res i dences wi th  UFF I a re removed from the P roposed Act i on ,  
the est i mated number of add i t i onal  l u ng  cancers f rom e l evated HCHO , BaP , o r  
radon  expos u re wou l d  rema i n  ve ry nea r ly  the same a s  fo r the P roposed Act i on .  
Al l other env i ronmental effects wou l d  a l so  rema i n nea r ly  the  same as the P ro
posed Act i on .  Th i s  i s  because on ly  a smal l pe rcent of  res i dences i n  the reg i on  
cu rrent ly  have UFF I ( see Append i x  I ) ,  and e l ect ri cal ly  heated mob i l e  h omes make 
up  a sma l l percentage of the tota l  hou s i n g  stock . 

Exc l ud i n g re s i dences wi th  u nvented combu st i on app l i ances , ma i n ly portab l e s pace 
heate rs , wou l d  s i g n i f i cant l y  reduce the ri s k  of hea l t h  effect s from e l evated 
l evel s of ox i des of n i t ro gen , CO , and CO2 • Al l other env i ronmental  effects 
wou l d  rema i n substant i a l l y  the same as tne P roposed Act i on .  

I f  res i dences w i t h  basements , res i dences bu i l t  s l ab -on -grade , o r  res i dences 
wi t h  unvent i l ated crawl spaces are e l i mi nated from the P roposed Act i on ,  the 
number of est i mated add i t i onal  l u n g  cance rs from e l evated radon exposu re wou l d  
be reduced from 0 . 32 to 0 . 04 pe r yea r .  Howeve r ,  u nder th i s  mi t i gat i on ,  the 
amount of ene rgy saved i s  reduced from 1 0 5 . 7  to  52 . 1  annual  average MW ; overa l l 
p rogram costs go from $ 1 184 . 5  to $450 . 3  mi l l i on ,  and about 1 9 , 000 i n sta l l e r 
yea rs ( see G l o ssary )  wou l d  be l ost . 

The excl u s i on of res i dences  wi t h  we l l water  for the i r domest i c  water  supp ly  
wou l d  essent i a l ly  be  the  same as the P roposed Act i on for  hea l th  effect s . 
Reduct i ons  i n  ene rgy sav i ngs  f rom 105 . 7  to  92 . 0  a nnua l  MW and ove ra l l p ro g ram 
costs from $ 1 184 . 5  to $980 . 4  mi l l i o n ,  and l oss  of about 4 , 400 i n sta l l e r yea rs 
wou l d  occu r .  
I f  res i dences wi t h  wood stoves are e l i mi nated from the P roposed Act i on , the 
number of est i mated add i t i ona l  l u ng  cancers from e l evated B aP exposu re wou l d be 
g reat l y  reduced . Howeve r ,  the amount of energy saved i s  reduced from 105 . 7  to  
7 2 . 0  annua l  ave rage MW . Overa l l p ro g ram costs wou l d  a l so be  reduced from 
$ 1 184 . 5  to $698 . 6  mi l l i on wi th  a l os s  of about 1 2 , 000 i n sta l l e r yea rs . The 
e l i mi nat i on of apartments from the P roposed Act i on wou l d reduce the est i mated 
occurrence of l u n g  cancers from BaP and radon . The energy sav i n gs wou l d  be 
reduced from 1 0 5 . 7  to 9 2 . 7  annua l  MW . In addi t i o n ,  overal l prog ram costs wou l d  
decrease from $ 1 184 . 5  t o  $1036 . 4  mi l l i on wi t h  a l oss  of 4000 i n sta l l e r yea rs . 

Four  M i t i gat i o n s -By-Act i on are eval u ated . The f i rst t h ree m i t �gat i ons  are 
1 )  forma l dehyde mon i tor i n g  ( p roposed acceptab l e l e vel 480 � g/m  ) ,  2 )  requ i ri n g 
AAHXs for resi dences wi th  wood stove s ,  and 3 )  radon mon i tor i ng  [acceptab l e 
l eve l 3 p i coCu ri e per l i ter  ( pC i / t )  ( see Gl o ssary ) ] .  Under  two of these 
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ESTIMATED ANNUAL CANCERS PER 100,000 EXPOSED PEOPLE---------------------------..J 

KEY: 

BASE = BASELINE 

PP = PRESENT PROGRAM (NO ACTION) 

PA = PROPOSED ACTION 

MITIGATIONS-BY -EXCLUSION 

KEY 

• 
MINIMUM AVERAGE MAXIMUM 

VALUE VALUE VALUE 

1 = EXCLUDING RESIDENCES WITH UREA-FORMALDEHYDE FOAM INSULATION 

2 = EXCLUDING RESIDENCES WITH UNVENTED COMBUSTION APPLIANCES 

3 = EXCLUDING RESIDENCES BUILT SLAB-ON-GRADE, WITH BASEMENTS, OR WITH UNVENTILATED CRAWL SPACE 

4 = EXCLUDING RESIDENCES SERVED BY WELL WATER 

5 = EXCLUDING RESIDENCES WITH WOOD STOVES 

6 = EXCLUDING MOBILE HOMES 

-7 = EXCLUDING APARTMENTS 

MITIGATIONS-BY -ACTION 

1 = PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH MEASURED FORMALDEHYDE 
LEVELS EXCEEDING 480 MICROGRAMS PER CUBIC METER (J19/m\ OR 0.4 PARTS PER MILLION (ppm) 

2 = PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH WOOD STOVES 

3 = PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH MEASURED RADON LEVELS 
ABOVE 3 PICOCURIES PER LITER (pCi/R) 

4 = PROVIDE BOOKLET ON DETRIMENTAL EFFECTS OF INDOOR AIR POLLUTION IN A TIGHTENED 
HOUSE 

F I GURE 3 .  TOTAL CANCERS EST I MATED TO OCCUR EACH  YEAR - Forma l dehyde ,  Benzo- [ a ] - Pyrene , Radon 
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mi t i gat i on s , formal dehyde mon i tor i n g  and radon mon i t o ri n g ,  h i gh  ri s k  res i dences  
a re i dent i f i ed th rough mon i t or i ng  for  t he speci f i c po l l utant of  concern . Each  
res i dence wi t h  concent rat i on s  above  the  acceptab l e l eve l  and  therefore wi t h  a 
h i gher than n o rmal r i sk  of hea l t h  i mpact wou l d  be p rov i ded an AAHX .  By do i n g  
t h i s ,  the a i r exchange rate after  t i ghten i n g wou l d b e  s u bstant i a l l y  i nc reased 
wi th  m i n i ma l  heat l oss  and i nd i v i dua l  ri sk to t he occupant s ;  t hu s ,  t he tota l  
reg i on a l  cumu l at i ve ri s k  wou l d  b e  reduced . F o r  examp l e ,  provi d i n g  AAHX s  to  
resi dences w ith  mea s u red radon l eve l s  exceed i n g 3 pC i /t i s  est i mated to  reduce , 
on  a cumu l at i ve ba s i s ,  the addi t i on a l  l u ng cancers devel op i ng from e l evated 
radon l e ve l s  f rom 0 . 32 each year for t he P roposed Act i on to  0 . 29 each year for  
every 100 , 000 exposed peop l e .  
Reg i o n a l  ene rgy sav i ngs  for t h i s act i on wou l d  be redu ced by 0 . 4  MW from that of 
t he P roposed Act i on .  If AAHXs were i n sta l l ed i n  a l l res i dences w i th a wood 
stove that are rece i v i n g  t i g hten i n g meas u res , the est i mated tota l  add i t i ona l  
l un g  cance rs from e l evated B aP expos u re wou l d be s i gn i f i cant ly  reduced f rom the  
va l u e  est i mated u nder  the  P roposed Act i on .  The reg i o na l  ene rgy sav i ngs  from 
t h i s act i on wou l d  be t he l owest of t he M i t i gat i on s -By-Act i on con s i dered because  
of the number of AAHX s  a nd  the  fact heat exchange rs a re approxi mate ly  7 5% 
effi c i ent . 
F o r  t he t h ree Mi t i gat i o n s -By-Act i on noted above , the  overa l l p rogram costs 
wou l d i n c rease due to  t he pu rchase and i n sta l l at i on of h eat exchange rs ( $550  to 
$ 1 3 50 pe r u n i t ) . The act ua l  add i t i on a l  cost for these mi t i gat i o n s  wou l d  depend 
on t he n umber and type of heat exchange rs req u i red . 
The other  Mi t i gat i on -By-Act i on ( No . 4 )  p rov i des an i nformat i on a l  book l et on 
i ndoor a i r q ua l i ty to  occupants of res i dences t hat rece i ve t i ghten i n g 
meas u res . The book l et i nc l udes i nformat i on on i ndoor a i r pol l utant s , the i r 
potent i a l hea l th effect s , ways to  mon i t or  po l l utant l eve l s ,  ways to  reduce  
t hem , and  reference sou rces where more i nformat i on i s  ava i l ab l e .  

EFFECTS OF THE DE LAYED ACT I ON ALTERNAT I VE 

The Del ayed Act i on Al ternat i ve a l l ows t i me ( 3  to  5 yea rs ) to gather more i n for
mat i on on wh i ch a f i na l  deci s i on - -whet her  to expand  the  p resent p rogram--cou l d  
be based . Two d i fferent patterns mi ght deve l op t h rough  t he Del ayed Act i on .  
F i rst , there may be no  add i t i on a l  i nfo rmat i on deve l oped t hat wou l d change the  
p resent est i mated r i sk  of hea l th effect s . I f  so ,  t h i s  a l ternat i ve cou l d p re 
sent t he same ri s k  o f  hea l t h  effect s as t he  P roposed Act i on ,  a n d  the del ay 
cou l d res u l t i n  a cost to t he consume r .  The types of stud i es necessary t o  
u nderstand the rel at i on s h i p oetween pol l utant concent rat i on s  and hea l t h  r i s k s  
cou l d take 2 0  to  40 yea rs t o  comp l ete w i t h  no  guarantee o f  su bstant i a l ly  reduc
i ng the  uncerta i nty . Second , t he p red i ct i on of t he  ri s k s  of  hea l t h  effect s 
mi ght be i mp roved t h rough  resea rch on i ndoor a i r q u a l i ty .  I n  add i t i on ,  ot he r 
stud i es mi ght p rov i de i nformat i on t hat cou l d hel p p revent ad verse effect s and 
resu l t  i n  techno l o g i cal  devel opments that cou l d prov i de new mi t i gat i on tech
n i ques . Howeve r ,  any del ay wou l d be accompan i ed by adve rse effect s f rom 
redu ced energy sav i ngs , i n c reased generat i on ,  and t he cost of t he researc h . 
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EFF ECTS OF THE ENV I RONMENTALLY PREFERRED ALTERNAT I VE 

Under th i s  al ternat i ve ,  i n stal l at i on of t i ghten i n g meas ures wou l d  be a l l owed i n  
a l l res i dences a l ong  w i t h  an AAHX .  Th i s  wou l d a l l ow t he present p rog ram to be 
expanded , but a l s o  en s u re t hat no  add i t i ona l  env i ronmenta l  effect s wou l d  
occu r .  The fol l owi ng  effects wou l d be expected as a resu l t of i mp l ement i n g  
t h i s a l t ernat i ve .  

A i r Qu a l i ty S i n ce AAHXs  wou l d  be prov i ded to a l l res i dences part i c i p at i ng i n  
t he p rogram, est i mated i ndoor a i r q ua l i ty l evel s wou l d  be s i mi l a r to those  
est i mated for the No-Act i on Al ternat i ve .  

Human  Hea l t h Effects Under th i s al ternat i ve hea l t h  effect s wou l d  be s i mi l a r to  
t hose est i mated u nder t he No-Act i on Al ternat i ve . Any expected hea l th effect s 
wou l d  be those occurr i n g  pr i or  to  i n stal l at i on of the t i ghten i n g  meas ures  p l u s  
any occu rri ng  u nder t he p resent program.  

Ene rgy Energy sav i ngs  wou l d occu r ,  s i nce a l a rge port i on of the res i dences i n  
the reg i on wou l d  be e l i g i b l e  to  rece i ve t i ghte n i ng  meas ures . Howeve r ,  because  
of the energy req u i red to operate the AAHXs , the amount wi l l  be l ess  than  
est i mated for  the  Proposed Act i o n .  A sav i ngs of 87 . 4  annua l  MW i s  expected . 
Th i s  i s  approxi mate ly  1 5% l ess  energy sav i ngs  compared to the  P roposed 
Act i on .  

Soci oeconomi c and I n st i t u t i on  Effects Under th i s  a l ternat i ve about 7 0% of the 
e l ect r i ca l l y  heated res i dences i n  the reg i on wou l d be e l i g i b l e  to  rece i ve 
t i ghten i n g measu res . Depend i n g on whet her a res i dence wou l d  need a wi n dow 
mou nted or whol e house AAHXs , the cost of th i s  a l ternat i ve wou l d be from $565 . 2  
to  $1 387 . 3  mi l l i on i n  add i t i on t o  the cost est i mated for the P roposed Act i on .  
Th i s  add i t i ona l  cost wou l d be for p u rchase and i nsta l l at i on of the AAHXs . 
App ro x i mate ly  30 , 205 i n sta l l e r yea rs and associ ated potent i al j obs  wou l d  be 
requ i red to i nsta l l the t i ghten i n g measures . In add i t i on , an u n k n own amount of 
add i t i ona l  i n stal l e r yea rs  wou l d  be req u i red fo r i n stal l at i on of the AAHXs . 

Th i s  a l ternat i ve wou l d  l es sen ex i st i ng  conf l i cts  wi th  other conse rvat i on  p ro
grams i n  the reg i on that  prov i de a ful l ra nge of  weatheri zat i on measu res . Th i s  
wou l d  make the ent i re p rogram more acceptab l e t o ,  and con s i stent wi th , ut i l i 
t i es , homeowne rs , and energy con se rvat i on - re l ated l aws . 

Other Uses  By decreas i n g a n nual  e l ect r i cal demand , t h i s a l ternat i ve cou l d 
l essen  the exi st i n g and futu re dema nd on generat i ng  resou rces . I f  that occu rs , 
the effects of e l ect ri cal gene rat i on on f i s h ,  wi l d l i fe ,  and water q ua l i ty wou l d 
be reduced . I f  p l a nned construct i on of new generat i on p l ants i s  el i mi nated , 
effects to the  a bove areas and l and  use  wou l d be fu rt her reduced .  

EFFECTS OF THE BPA PREFERRED ALTERNAT I VE 

Under th i s  al ternat i ve a l l res i dences wou l d  be el i g i b l e  to rece i ve t i ghten i n g  
measu res . A boo k l et on t he detr i mental effects of i ndoor a i r po l l ut i on i n  
t i ghtened res i dences wi l l  be pro v i ded to a l l homeowners part i c i pat i n g i n  the  
program. I n  add i t i on ,  the homeowner wou l d  h ave a ch o i ce regard i n g  radon 
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mon i tor i n g .  I f  mon i t o ri n g  i s  chosen ( see Sect i on 2 . 1 8 )  and the  resu l t  i s  above 
an Act i on Level estab l i shed by BPA , then a f i nanc i a l i n cent i ve wi l l  be ava i l 
ab l e to  the res i dent to he l p cover the  cost of the mi t i gat i on (AAHX s ) .  Th i s  
a l te rnat i ve offers t he maxi mum fl ex i b i l i ty i n  expand i n g  t he BPA Res i dent i a l 
Weathe ri zat i on P rogram by offer i n g  t i ghten i n g mea s u res  to a l l el ect ri ca l l y  
heated res i dences and prov i d i n g a cons umer cho i ce regard i ng i nc rea sed hea l t h  
effect s . The l atter wa s i nc l uded becau se radon i s  somet h i n g  new t o  most home
owners , and they have no cont rol of emi s s i ons i nto t he i r res i dence . It  i s  
est i mated that 85% of those who wou l d  part i c i pate i n  the  expanded prog ram wou l d  
request mon i t o r i n g .  Of t hose res i dences mon i t ored , about 6% are expected to  
need AAHXs . Most o f  those res i dences esti mated to need AAHX s  wou l d  b e  i n  t h e  
h i gh -radon a reas of t he  reg i on . Those occu pants wi t h  t he l a rgest i nd i v i d ua l  
r i s k  of  hea l t h  effect s due to  radon  exposu re wou l d rece i ve the  most app rop ri ate 
m i t i gat i on measu res . P rog ram funds a re t hen not s pent on m i t i gat i on measu res 
for t he res i dences that have t he l owest ri s k  of hea l t h  effect s .  

A i r Qu a l i ty Those resi dences t hat recei ve AAHXs wou l d have a i r q u a l i ty l evel s 
s i mi l a r to that est i mated for t he No-Act i on Al ternat i ve .  For  those  res i dences 
t hat do not req uest mon i t or i ng  or  request mon i t o ri n g  but h ave radon concent ra
t i on l eve l s be l ow the BPA Act i on Leve l , the est i mated a i r qua l i ty l evel s wi l l  
be s i mi l a r to  that est i mated for t he P roposed Act i on Al ternat i ve .  

Human  Heal t h  Effect s A l a rge maj o ri ty of the res i dences wi t h  the h i ghest ri s k  
of hea l th  effects wi l l  rece i ve a m i t i gati on mea s u re .  The refore , the  resu l t i n g  
reg i on a l  hea l t h  effect s wi l l  be l ess  than  that est i mated for the  P roposed 
Act i on .  The reduct i on i s  expected to  be l a rger than g i ven i n  t h i s E I S becau s e  
t he reg i ona l  hea l t h  effect s model i s  based o n  an avera ge radon concent rat i on 
for d i fferent res i dence type . I f  t he ca l c u l at i on was based on an actua l  
d i st ri but i on of  concent rat i on s ,  l owe r heal t h  effect s wou l d  resu l t .  

I nd i v i dua l  heal th  effect r i s k s  wou l d  be s i mi l a r to  those  est i mated for e i ther  
the  No-Act i on or  P roposed Act i on Al ternat i ves , depend i n g on whet her  or n ot a 
res i dence obta i ned an AAHX . 
E ne rgy Th i s  a l tern at i ve wou l d  save an est i mated 104 . 5  average MW of e l ect ri ca l  
ene rgy annu a l . Th i s  amo u nt i s  s i mi l ar to t hat est i mated for the P roposed 
Act i on ,  but sl i ght l y  red uced to  accou nt for the power penal ty assoc i ated wi t h  
t he n umber o f  i n sta l l ed AAHXs . Homeowne rs rece i v i n g  t h e  t i ghten i n g measu res 
wou l d have l ow e l ect ri ca l  b i ll s ,  t he amount of savi n g s  depend i n g on  t he s i ze of 
the res i dence ,  the actual measu res i n sta l l ed ,  and the l ocal  cl i mate .  
Soci oeconomi c and I n st i t u t i ona l  Effects Th i s  a l ternat i ve wou l d  req u i re from 
$76 .6 to  $130 mi l l i on i n  add i t i on to the  cost for t he P roposed Act i on .  Th i s  
add i t i ona l  cost i s  for pu rchase  and i nsta l l at i on of AAHXs . The actua l  cost 
wou l d depend on whether  a res i dence req u i red a wi ndow or  whol e house  AAH X .  
Th i s  a l ternat i ve wou l d  req u i re at l east a n  add i t i ona l  30 , 205 i n sta l l er yea rs 
over t he p resent program.  
Th i s  a l t e rnat i ve wou l d  l essen  exi st i ng confl i ct s  wi t h  ot her  conse rvat i on p ro
g rams i n  the regi on that prov i de a fu l l  ran ge of  weat her i zat i on mea su res . I t  
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woul d a l l ow the  consumer  a cho i ce rega rdi n g  radon mon i tor i n g .  Th i s  wou l d  ma ke  
the  tota l  program mo re acceptab l e t o ,  a nd  con s i stent wi t h ,  ut i l i t i e s ,  home
owne rs , and ene rgy con se rvat i on - re l ated l aws . 

Other Uses  By decreas i n g annua l  e l ectr i cal demand ,  t h i s a l t e rnat i ve cou l d 
l es s en the  ex i s t i n g  and futu re demand  on generat i n g resou rces . I f  th i s occu rs , 
the  effects of e l ect r i cal gene rat i on on f i s h ,  wi l d l i fe ,  and water q ua l i ty wou l d 
be reduced . I f  pl an ned con struct i on of new generat i on pl ants i s  el i mi nated , 
effects to  the  above a reas and l and u se wou l d  be f u rther  reduced . 
AREAS OF CONTROVERSY 

Areas of controversy are top i c s  over wh i ch su bstant i a l d i sagreement exi sts  and 
wh i ch may n ot be eas i ly' resol ved . For  t h i s E I S ,  such areas come from the  l ack  
of  data , the  i nterpretat i on of  the  avai l ab l e data , concern exp ressed at  publ i c  
meet i n g s , or  by respon s es to the  EA for the  p resent p rog ram . 

Hea l t h  and Safety Resea rch i nto  the  bi o l og i ca l  effect s of human exposu re to  
l ow l evel s of po l l utant concent rat i on i s  j u st beg i n n i n g to p ro v i de mean i n gfu l 
resu l t s .  A rel at i onsh i p  between pol l utant concent rat i on s  and the  ri s k  of 
hea l th effects i s  under  study for o n ly  certa i n pol l utant s .  For the other  
pol l utant s , no  h ea l t h  ri s k  rel at i on s h i p has been quant i fi ed . Anot her  area of 
cont roversy i s  the  i n ab i l i ty to adequate ly  p red i ct pol l utant concentrat i ons  i n  
var i ou s res i dence types . The  factors  that affect concent rat i on s , name ly  pol l u 
tant emi s s i on rates and a i r exhange rates , vary from resi dence to  res i dence and 
vary wi t h  t i me of day and t i me of yea r .  Thu s , the  confi dence of the p red i c
t i ons  concern i ng the  ri s k  of hea l t h  effects i s  l ess  than  i dea l . 

P rogram Part i c i pat i on Est i mates of reg i o na l  ene rgy sav i ngs  and of ri s k  of 
h ea l th  effects a re based on an ass umed l evel of penetrat i o n .  I f  fewer res i 
dences part i c i pate i n  the  P roposed Act i on ,  t he  tota l  energy sav i ngs  wou l d  be 
smal l e r .  The r i s k  of hea l t h  effects wou l d a l so be l es s .  The e st i mates of  
penet rat i on a re based on opt i mi st i c  p roj ect i on s .  However ,  l i tt l e exper i e nce 
i n  p u b l i c  p a rt i c i pat i on i n  conservat i on p rograms and resu l t i ng energy sav i n g s  
ex i st s .  

Economi c Effects The i nd i v i d ua l  and tota l  ene rgy savings are based on  
est i mated red uct i ons i n  the  a i r exchange rate i n  average res i dences and i n  t h e  
su bseq uent red uct i on s  i n  ene rgy l os s  from these res i dence s .  Whet her  a res i 
dence wou l d exper i ence t h i s actua l  redu cti on i n  energy use  i s  a s u bj ect of 
cont roversy .  I n stead , person a l  hab i t s  and use cyc l e s  may domi nate act ua l  
energy sav i n gs . 

I n st i t ut i ona l  Effects Becau se  of i ts restr i ct i on s , the  present prog ram i s  
i ncon s i stent wi th  many other conse rvat i on p rog rams be i ng  i mp l emented i n  t h e  
regi on . I f  the  P roposed Act i on i s  not i mp l emented , the  fu l l potent i a l o f  these  
p rograms may never be real i ze d .  To  what e xtent t h i s conf l i ct affects the  ot he r 
p rog rams and reduces the i r effect i veness  i s  u n k nown . 

Need for the  P rogram The Reg i ona l  Act req u i res BPA to meet fut u re l oad growt h 
by acqu i ri n g cost-effect i ve resou rce s .  Among  those  resou rces determi ned to  be 
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cost-effect i ve ,  con servat i on mu st be con s i de red fi rst . Cu rrent l y , BPA fore
casts a l oad s u rp l u s  u nt i l t he l ate 1 980s or  early 1 990s . The forecast i s  t h e  
bas i s  fo r futu re l oad growth p l ann i n g .  T h e  forecast , wh i ch wi l l  b e  rev i ewed 
annu a l l y ,  has been c r i t i c i zed as both underest i mat i n g  and overest i mat i n g  l oad 
growth . Howeve r ,  the futu re need for power and the rol e of conservat i on i n  
meet i ng future l oad growth i s  uncerta i n .  

I s su e  to  b e  Resol ved The maj or  i ss ue to be reso l ved i s  whether  est i mated 
energy sav i ngs  resu l t i n g f rom the p roposed Expanded Res i dent i a l  Weathe ri zat i on 
P rogram wou l d  offset the est i mated env i ronmenta l  effects . 

Any deci s i on shou l d be based on a compari son of the effects on the  h uma n 
e nv i ronment , pro g ram cost , economi c effect s ( i nc l u d i n g  u l t i mate cost to  the  
consume r ) , and ri s k s  of  hea l th effects as p resented i n  the  E I S .  The refore , BPA 
mu st dec i de whether  or  not to  expand  the  p resent program (w i t h  or  wi t h out mi t i 
gat i on )  to  prov i de t i ghten i ng measu res to  a l l e l i g i bl e  e l ect ri ca l ly  heated 
resi dences wi t h  a res u l t i n g  pos s i bi l i ty of ri s k  of heal t h  effect s , or  to  del ay 
the program s o  vari ous stud i es can be comp l eted . 

L IM I TAT I ONS OF RESULTS 

The est i mates i n  t h i s E I S  of the  env i ronmental  effects associ ated wi t h  the 
a l ternat i ves and  the mi t i gat i ons  a re based on the best ava i l ab l e dat a ,  a na l y
ses , a nd  mode l i n g tech n i q ues . Because  there i s  no  way to en s u re t hat these  
est i mated effects wou l d occ u r ,  an est i mated ran ge of effects i s  u s ua l l y  g i ven . 
Because  new data a re cont i n u a l l y  be i n g  acq u i red and new model i n g tech n i ques  
deve l ope d ,  the reader i s  caut i oned not to p l ace exces s i ve conf i dence i n  the  
est i mated abso l ute va l ues of t he effects . The rel at i ve and comparat i ve va l ues  
for each a l ternat i ve and  m i t i gat i on have g reater mean i n g .  The  tec h n i ques  u sed 
t o  est i mate the  cumu l at i ve reg i ona l  hea l t h  effects have only recent l y  been 
p roposed and have yet to  be t ota l ly  accepted by the s c i e nt i fi c  commu n i ty .  They 
a re ,  however ,  the best ava i l ab l e tech n i ques  to esti mate reg i ona l  hea l t h  
effect s . 
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1 . 0 PURPOSE AND NEED FOR ACT ION  

The under l y i ng  need to wh i c h Bonnev i l l e  Power Admi n i s t rat i on ' s  ( BPA ' s )  p ropo sed 
Expanded Res i dent i a l Weat her i z at i on P rogram res ponds i s  the need for an ade
q uate , rel i ab l e ,  economi ca l , and  effi c i ent el ect ri c ene rgy supp l y .  BPA  pro
poses to  expand the  p resent Res i dent i a l  Weather i zat i on P rog ram i n  o rder to  
conse rve energy and hel p to meet t h i s need . 

The Pac i f i c  No rthwest E l ectr i c Ppwer P l an n i ng and Conse rvat i on Act ( Re g i ona l  
Act ) req u i res BPA  to fund  cost-effect i ve ene rgy resou rces to meet or  reduce the  
e l ect ri c  power demand of the  cons umers of i ts ut i l i ty custome rs . Under the  
Reg i ona l  Act , con se rvat i on i s  con s i de red the  same as any other  energy res ou rce , 
a l thou g h , cost -effect i ve conse rvat i on i s  g i ven f i rst p r i o r i ty over a l l oth e r  
resou rces . F o r  t h e  fi r�t t i me s i nce 1 97 7 ,  t h e  l oad forecast p red i ct s  an ene rgy 
s u rp l u s  th rou gh t he 1980s . At the  same t i me ,  howeve r ,  q ue st i ons about the  com
p l et i on of the Was h i ngton  P ub l i c  Power Supp l y  System nuc l ear  pl ants  now under  
construct i on h ave c reated un cert a i nty about the  ava i l ab i l i ty of resou rces t o  
serve the futu re l oad s .  

To have suffi c i ent  cost-effect i ve con se rvat i on i n  pl ace for the p rojected def i 
c i ts of the 1990s , i t  i s  neces s a ry for BPA to begi n acq u i r i ng  the  re source 
now .  The proposed Expanded Re s i dent i a l Weat her i zat i on Program wi l l  ach i e ve i t s 
ene rgy sav i ngs i n  i n c rements , house by hou s e ,  and wi l l  not reach maxi mum s av
i n gs u nt i l  comp l et i on of  t he  10-yea r program i mp l ementat i on .  Therefore , t he  
proposed e xpanded p rog ram has to be  started now so  t hat BPA ca n  e n s u re i t  ma i n 
ta i n s  an adeq uate , rel i ab l e ,  economi ca l , and eff i c i ent  e l ect ri c  ene rgy s upp ly  
i n  the  1990s . I n  add i t i o n ,  because  the  energy sav i n gs come about i nc rementa l l y  
ove r the 10-yea r p rogram l i fe ,  the  proposed expanded p rogram wou l d se rve as 
i n s u rance aga i n st an u nexpected defi c i t  i n  the  1980s . 

I n  order  to obta i n  the  ene rgy sav i n gs pos s i b l e t h rough  weat heri zat i on ,  i t  i s  
v i ta l  t hat a p rog ram be offe red i n  a form that i s  p ract i cal  and acceptab l e t o  
part i c i pant s .  The  P roposed Act i on descr i bed i n  th i s E nv i ronmenta l  Impact 
Statement ( E I S )  i s  i ntended to  offer a comp l ete weather i z at i on p rogram to a l l 
e l i g i b l e  homes so  t hat part i c i pat i on i n  the  prog ram and the  res u l t i n g ene rgy 
sav i n gs a re maxi mi zed . 

The pu rposes of the P roposed Act i on a re as fol l ows : 

• to obta i n cost-effect i ve red uct i ons i n  e l ectr i cal l oads 

- Cost-effect i veness  is  a req u i reme nt of the Re g i ona l  Act 
§6 ( a ) ( 1 ) ,  wh i ch references §4 ( e ) ( 1 )  ( p ri or i ty for cost -effect i ve 
conse rvat i on ) • 

• to use  p rove n ,  comme rci a l l y  avai l a b l e weat her i zat i on tech no l og i es  

BPA wi l l  o n ly  i nc l ude i n  i ts program those  weatheri z at i on 
tech no l og i es  that are p roven and comme rci a l l y  avai l a b l e .  
Meas u res that a re p roven he l p a s s u re that the energy sa v i ngs  
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attri buted to  them are rea l i zed . Commerc i a l l y  ava i l ab l e mea
s u res are l es s  cost ly  and more read i l y  ava i l ab l e for ' i n sta l l a
t i on than  those that are st i l l  bei n g  deve l oped . A l s o , under  
§3 ( 4 ) ( A )  of  the Regi ona l  Act , th i s  i s  p art of the cost-effect i ve 
determi nat i on .  

• to p rov i de effi c i ent  del i very of weather i zat i on measu res by u s i n g  ex i st i n g 
government and pr i vate sector network s 

_ Th i s  i s  done to  q u i c k l y  i mp l ement con s e rvat i on p rog rams and 
comp l y  wi th the requ i rements of the Reg i ona l  Act §6 ( e ) ( 2 ) . 

• to  p rotect p ub l i c  heal t h  and we l fa re wh i l e  ca rry i n g  out the p rogram . 

_ Th i s  i s  a po l i cy of BPA t h at i s  founded i n  i ts M i s s i on Statement  
and ob l i gat i ons  under  the Nat i ona l  E n vi ronmenta l  Po l i cy Act and 
Reg i ona l  Act . 
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2 . 0 COMPAR I SON OF ALTERNAT I VES 

The env i ronmenta l  effect s assoc i ated wi t h  the proposed expanded BPA Re s i dent i a l 
Weather i zat i on P rogram and a l ternat i ves are compa red i n  th i s  chapte r .  The 
a l ternat i ves  are as  fol l ows : 
1 .  No-Act i on A l ternat i ve ( Sect i on 2 . 1 )  
2 .  Proposed Act i on Al ternat i ve (Sect i on 2 . 2 )  
3 .  De l ayed Act i on Al t e rnat i ve ( Sect i on 2 . 1 7 )  
4 .  En v i ronmenta l l y prefe rred a l ternat i ve (Sect i on 2 . 1 8 )  
5 .  BPA P referred Al ternat i ve ( Sect i on 2 . 1 9 )  

The a l t e rnat i ves i n vo l ve the i n st a l l at i on of ai r- i n f i l t rat i on reduc i n g ,  o r  
t i ghte n i n g  mea s u re s ,  on a l l e l i g i b l e  e l ectr i ca l l y  heated res i dences cu rrent l y  
unab l e t o  rece i ve these mea s u res . Fou r res i dence types  are exami ned i n  t h i s 
E n v i ronmental  I mpact Statement ( E I S ) : 1 )  apartment s ,  2 )  mobi l e  h omes , 
3 )  s i n g l e -fami l y  attached , and 4 )  s i n g l e -fami l y  detached . Low i ncome res i 
dences are i n c l uded i n  these  vari ous type s . 

I n  addi t i on ,  several  mi t i gat i on s  are eva l u ated i n  t h i s chapter that cou l d be 
app l i ed to the P roposed Act i on Al te rnat i ve to  reduce i ts e n v i ronmenta l e ffect s 
( Sect i on s  2 . 3  t h rough  2 . 1 6 ) . The env i ronmenta l  effect s of one new weather i za
t i on mea s u re -- hou se-doctor i ng  -- are d i scu ssed i n  Sect i on 2 . 2 0 .  Th i s  d i scu s
s i on i s  i nc l uded so that th i s  measu re ,  i f  determi ned to  be  appropr i ate , cou l d  
be added to the  p rog ram at a l ater  date . 
The a l ternat i ves and mi t i gat i on s  are compared i n  fi ve areas : 

1 .  A i r Qua l i ty 
2 .  Hea l t h Effects 
3. E nergy Saved 
4.  Soci oeconomi c and I n st i t ut i ona l  Effects 
5 .  Ot her  E ffects ( l and u s e ,  f i s h  and wi l d l i fe ,  and water q ua l i ty )  

A summa ry of the env i ronmenta l  ana l ys i s i s  gi ven i n  Ta b l e 2 . 1  and F i gu re 2 . 1 .  
The tab l e p resents  i n  compa rat i ve form the f i ve a l ternat i ves and the  1 1  mi t i 
gat i on s  con s i de red i n  t h i s ana l y s i s .  The col umn s of the tab l e are the  a l ter
nat i ves and mi t i gat i on s . The rows of the tab l e descr i be the e n v i ronment a l  
effects or  port i on o f  t h e  env i ronmenta l  effect s eva l u ated u n d e r  each a l terna
t i ve and mi t i gat i on .  The  No-Act i on Al t ernat i ve i nc l u des effect s t hat may occu r 
i n  the absence of expand i n g the  pre sent BPA Res i dent i a l Weather i zat i on Prog ram 
( p resent p rogram)  and effects a s soc i ated w i th the p resent program ( see Sum
mary ) . Under the  Proposed Act i on and the vari ous  mi t i gat i on s ,  the  add i t i ona l  
e nv i ronmental  effects are i nd i cated . I n  other  word s ,  to obta i n  the  tot a l  
effect o f  t h e  P roposed Act i on ,  t h e  effect s fo r t h e  No-Act i on Al ternat i ve s hou l d 
be added to  t h ose of the Proposed Act i on .  L i kewi se , to determi ne  the  total  
effect of the Proposed Act i on wi t h  a spec i f i c  mi t i gat i on ,  the effects of the  
No-Act i on Al t e rnat i ve s hou l d be added to those  s hown for  the m i t i gat i on be i n g  
con s i dered . 

I f  the  change or  d i ffe rence between the  Proposed Act i on and a pa rt i cu l a r mi t i 
gat i on i s  des i red ,  then the  effects of the m i t i gat i on s h ou l d  be s u bt racted from 
the P roposed Act i on effect s .  Howeve r ,  i f  more than one mi t i gat i on i s  bei n g  
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TAB LE 2 . 1 .  Summary of Env i ronmenta l  Impacts  

Health 
Effects of (a) 

formaldehyde(b) 
(HCHO) 

Benzo-(a)-Pyrene 
(Bap) (b)  

Radon (Rn) (b) 

Respirable 
Suspended 
Particulate (RSP) 
Matter 

Oxides of 
Nitrogen (NOx) 

Carbon 
Monoxide (CO) 

Carbon 
Dioxide (CO') 

No*Action 

Baseline 

0.2 cancers 
range: 
( .01 to 1 . 25) 

2.6 lung cancers 
(range: 
.47 to 24.4) 

2.5 lung cancers 
(range: 
1.3 to 9.4) 

Present Program 

.<XU additional 
cancer (range: 
.0004 to .01) 

.04 additional lung 
cancer (range: 
.006 to .34) 

.004 additional 
lung cancer 
(range: 
.001 to .04) 

Nonsmokers may Slight increase i n  
experience eye impacts t o  non-
and nose irritation smokers 

Sensitive indi
viduals may have 
trouble breathing 

Sensitive indi
viduals may 
become 
exhausted more 
quickly 

Sensitive individ
uals may experi
ence headaches 
and d i z z iness 

No health effects 
expected 

No health effects 
expected 

No health effects 
expected 

Proposed Action 

.04 additional 
cancer above 
No-Action (range: 
.002 to .28) 

.43 additional lung 
cancers above 
No-Action (range: 
.06 to 3.97) 

.32 additional lung 
cancers above 
No-Action (range: 
.04 to 3.7) 

l '  

.03 additional 
cancer above 
No-Action (range: 
.001 to .19) 

less than 
Proposed Action 

0.3 additional 
lung cancers 
above No-Action 
(range: 
.03 to 3.6) 

Nonsmokers may Same as 
experience Proposed Action 
reduced breathing 
capacity 

Sensitive 
individuals may 
have trouble 
breathing 

Sensitive 
individuals may 
become 
exhausted more 
quickly 

Sensitive 
individuals may 
experience 
headaches 
and dizziness 

Same as 
Proposed Action 

Same as existing 
program 

Same as 
Proposed Action 

Proposed Action with Mitigations-By-Exclusion 

2' 

less than 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

3' 

less than 
Proposed Action 

Less than 
Proposed Action 

.04 additional 
lung cancer 
above No-Action 
(range: 
.02 to .34) 

4' 

less than 
Proposed Action 

Less than 
Proposed Action 

0.2 additional 
lung cancer 
above No Action 
(range: 
.002 to 1.6) 

5' 

Less than 
Proposed Action 

.002 additional 
lung cancer above 
No-Action (range: 
.0004 to .02 ) 

.02 additional 
lung cancer 
above No-Action 
(range: 
.002 to .15) 

Same as Same as Same as Same as 
Proposed Action Proposed Action Proposed Action Proposed Action 

NO health effects Same as 
expected Proposed Action 

No health effects Same as 
expected Proposed Action 

No health effects Same as 
expected Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

6' 

.01 additional 
cancer above 
No-Action 
(range: .001 to . 1 2) 

.34 additional 
lung cancers 
above No-Action 
(range: .05 to 2.9) 

7' 

.03 additional 
cancer (range : 
.001 to . 1 2) 

0.4 additional 
lung cancers 

above No-Action 
(range: 
.05 to 3.8) 

.27 additional lung 0.2 additional 
cancers above 
No-Action 
(range: .01 to 
1.6) 

Same as 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

lung cancers 
above No-Action 
\ range: 

.03 to 3.0) 

Same as Proposed 
Action 

Same as Proposed 
Action 

Same as Proposed 
Action 

Same as 
Proposed Action 

(a) See Section 4 for the indoor sources of these pollutants. 
(b) To obtain the individuals difference in health effects between the Proposed Action and any specific mitigations, subtract the total effect of Mitigation from the total effect of the Proposed Action. Caution - the 

individual differences cannot be added. Values are cancers per year per 100,000 people. 
(c) 0.23, 0.29, 0.30, 0.31, and 0.32 are the average health effects for Action Levels 2, 3, 4, 5, and 1 0  pCi/I, respectively. 
(d) Same as No-Action or Proposed Action, depending on whether an air-to-air heat exchanger was installed or not. 

·1 = excluding residences with urea-formaldeyde foam insulation. 
·2 :::: excluding residences with unvented combusion appliances. 
·3 :::: excluding residences built slab-on-grade, with basements, or with unventilated crawl space. 
·4 :::: excluding residences served by well water. 
·5 :::: excluding residences with wood stoves. 
·6 = excluding mobile homes. 
·7 ;: excluding apartments . 

•• 1 :;;: provide air-to-air heat exchanger to residences with measured formaldehyde levels exceeding 480 micrograms per cubic meter (1Jg/m)), or 0.4 parts per million (ppm). 
2 ;:  provide air-to-air heat exchanger to residences with wood stoves. 
3 J::: provide air-to-air heat exchanger to residences with measured radon levels above 3 picocuries per liter (pCI;I). 
4 = provide booklet on detrimental effects of indoor air pollution i n  a tightened house. 

Proposed Action with Mitigation-By-Adion 

1" 

No additional 
cancer above 
No-action 

Same as 
Proposed Action 

Same as 
Proposed Action 

2" 

No additional 
cancer above 
No-Action 

.002 additional 
lung cancers 

above No-Action 
(range: .0004 
to .02) 

0.16 additional 
lung cancers 
above No-Action 
(range: 
.02 to 2.0) 

less than Proposed Same as 
Action in some 
single-family 
attached resi
dences. Same as 
Proposed Action 
for others 

No-Action for 
residences with 
wood stoves. For 
others same as 
Proposed Action 

less than Proposed Same as 
Action in some No-Action for 
single-family residences with 
attached resi- wood stoves. For 
dences. Same others same as 
as Proposed Action Proposed Action 
for others 

less than Proposed Same as 
Action in some No-Action for 
single-family  residences with 
attached resi- wood stove<;. For 
dences. Same as 
Proposed Action 
for others 

less them 
Proposed 
Action' in some 
single-family 
attached resi
dences. Same as 
Proposed Action 
for others 

others same as 
Proposed Action 

Same as 
No-Action 
for residences 
with wood stoves. 
For others same as 
Proposed Action 

3 "  

No additional 
cancer above 
No-Action 

0.34 additional 
lung cancers 
above No-Action 
(range: .05 to 3.1 ) 

0.29 additional 
lung cancers 
above No-Action 
(range: 
.03 to 2.9) 

Residences with 
a ir-to-air heat 
exchangers less 
than No-Action. 
Others are same (IS 
Proposed Action 

Residences with 
air-to-air heat 
exchangers less 
than No-Action. 
Others are same as 
Proposed Action 

Residences with 
a ir-to-air heat 
exchangers less 
than No-Action. 
Others are same as 
Proposed Action 

Residences with 
air-lo-air heat 
("'xchangers less 
than No-Action 
Others are same as 
Proposed Action 

4" 

Unknown 

Unknown 

Unknown 

C n known 

Unknown 

Unknown 

unk nown 
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Delayed Action 

Depends on 
action chosen 

Depends on 
action chosen 

Depends on 
action chosen 

Depends on 
action chosen 

Depends on 
action chosen 

Depends on 
action chosen 

Depends on 
action chosen 

Environmentally 
Preferred 

Alternative 

Similar to 
No-Action 

Similar to 
No-Action 

Si mi lar  to 
No-Anion 

Similar to 
No-Action 

Similar to 
t\jo-Action 

Similar to 
No-action 

Similar to 
I'\jo-Action 

BPA 
Preferred 
Alternative 

Slightly less than 
Proposed Action 

Slightly less than 
Proposed Action 

0.23 to 0.32 
additional lung 
cancer<; per  year pf'r 
100.000 people. 
depending on the 
Action level 
chosen (c) (Range: 
. 03 t0 3.7) 

(d) 

(d) 

(d l  





Eligible 
ResIdences 

Exposed 
Population 

Energy 

Cost, $Ibl 

TOlal cost 

levelized cost 
per residence 

SOCIO
economics 

Land use 

Water 
qual ity 

l a )  BPA 1981a. 

No-Action 

Baseline Present Program 

1,5 m i l l ion 327 thousand 

4.1 mill ion 875 thousand 

Average load of Savings of 191 
17,500 MW i n  1981- annual Mwla) 

1982 

Price-ind uced 
conservation 
to save about 
740 MW by 1995 

550 mill ion (a) 

less than 
Proposed Action 

About 80% of cost 
paid by BPA 

98.5 thousand 4,582 acres not 
acres permanently lost 
lost 

469 mi l l ion aue
ft of water 
withdrawn. 24.8 
mil l ion tons of 
effluent and 410 
quadril l ion Btu 
not released 

2.4 thousand acre
ft of water not 
withdrawn, 5.1 
thousand tons of 
effluent and 12.5 
quadri l l ion Btu 
heat not released 

(b) Total cost. Part wi l l  be covered by BPA. 

Proposed Adion 

1,209 thousand 

3.2 mil l ion 

Savings of 105.7 
annual MW in 

1 ·  

1,174 thousand 

3,1 million 

Savings of 102.8 
annual MW in 

2· 

1,186 thousand 

3,2 million 

Savings of 104.3 
annual MW in 

TABLE 2 . 1 .  ( contd ) 

Proposed Action with Mitigations-By-Exclusion 

3· 

449 thousand 

1.2 million 

Savings of 52.1 
annual MW i n  

4 ·  

782 thousand 

2.1 million 

Savings of 92.0 
annual MW i n  

5· 

786 thousand 

2,1 million 

Savings of 72.0 
annual MW in 

6· 

983 thousand 

2.6 mill ion 

Savings of 99,8 
annual MW in 

7· 

959 thousand 

2.6 mill ion 

Savings of 92.7 
annual MW in 

addition to existing addition to existing addition to existing addition to existing addition to existing addition to existing addition to existing addition to existing 
program (range: program (range: program (range: program (range: program (range: program (range: program (range: program (range: 
84.8 to 166.5) 82.7 to 161.3) 83.7 to 164,0) 44.0 to 73.4) 75.2 to 142.5) 61 . 1  to 107,5) 79,9 to 155,9) 73.0 to 145.1 ) 

1 ,184,5 million 
over No-Action 
Irange : 843.9 
to 1,569.3) 

13.4 to 23.3 
Mi l ls/kWh 

30,205 installer 
years requi red 
above No-Action 

2,535 acres not 
lost above 
No-Action 

1,142.9 mill ion 
over No-Action 
(range: 813.8 
to 1,514.5) 

Same as 
Proposed Action 

29,144 installer 
years required 
above NO-Action 

Slightly less than 
Proposed Action 

1.34 thousand acre- Slightly less than 
ft of water not Proposed Action 
withdrawn, 2.8 
thousand tons of 
effluents and 7.0 
quadrillion Btu 
not released above 
No-Action 

1,161,8 mill ion 
over No-Action 
(range: 827.8 
to 1,539.2) 

Same as 
Proposed Action 

29,626 installer 
years required 
above No-Action 

Same as 
Measure #1 

Same as 
Measure #1 

450.3 mill ion over 
No-Action (range: 
315.9 to 598.9) 

Same as 
Proposed Action 

1 1,483 installer 
years required 
above No-Action 

926 acres not lost 
above No-Action 

980.4 mill ion over 
NO-Action (range: 
698.5 to 1,299.0) 

Same as 
Proposed Action 

25,798 installer 
years required 
above No-Action 

2,148 acres not 
lost above 
No-Action 

698,6 mill ion over 
No-Action (range: 
473.2 to 927. 2) 

Same as 
Proposed Action 

17,814 installer 
years required 
above No-Action 

1,646 acres not 
lost above 
No-Action 

1,031.7 million over 1,036.9 mill ion 
No-Action (range: 
746,1 to 1,361.3) 

Same as 
Proposed Action 

26,308 installer 
years required 
above No-Action 

2,361 acres not 
lost above 
No-Action 

over No-Action 
(range: 738.9 
to 1 , 372.9) 

Same as 
Proposed Action 

26,441 installer 
years required 
above NO-Action 

1,799 acres not 
lost above No
Action 

0,66 thousand acre- 1.16 thousand acre- 0.91 thousand acre- 1 . 26 thousand acre 1 . 1 7  thousand 
acre-ft of water 
not withdrawn, 
2.0 thousand tons 
of effluents and 
5.0 quadrillion 
Btu not released 
above No-Action 

ft of water not 
withdrawn, 1.0 
thousand tons of 
effluent and 2.6 
quadrillion Btu 
not released 
above No-Action 

ft of water not 
withdrawn, 2.4 
thousand tons of 
effluents and 6.0 
quadrillion Btu 
not released 
above No-Action 

ft Df water not 
withdrawn, 1.9 
thousand tons of 
effluents and 4.5 
quadri l l ion Btu 
not released 
above No-Action 

ft of water not 
withdrawn, 2.7 
thousand tons of 
effluents and 6,5 
quadrillion Btu 
not released 
above No-action 

( c) Depends on whether wall u n it or whole house unit is required . 
• , = excluding residences with urea-formaldehyde foam insulation. 

2 = excl u d i ng residences with unvented combustion appliances. 
3 = excluding residences built slab-on-grade, with basements, or with unventilated crawl space. 
4 = excluding residences served by well water. 
S = excl u d i ng residences with wood stoves. 
6 = excluding .mobile homes. 
7 = excluding apartments. 

··1 = provide air-to-air heat exchanger to residences with measured formaldehyde levels exceeding 480 micrograms per cubic meter (Jig/m3), or 0.4 parts per million (ppm). 
2 = provide air-to-air heat exchanger to residences with wood stoves. 
3 = provide air-to-air heat exchanger to residences with measured radon levis above 3 picocuries per liter (pCill). 
4 = provide booklet on detr-imental effects of indoor air pollution in a tightened house. 
(d) Range based on cost for window or whole house unit. 

Proposed Action with Mitigation-By-Action 

1 ' ·  

1,209 thousand 

3.2 mil l ion 

Savings of 105.6 
annual  MW in 

2· ' 

1,209 thousand 

3. 2 million 

Savings of 98.8 
annual MW i n  

3 · ·  

1,209 thousand 

3.2 mil l ion 

Savings of 105.3 
a n nual MW in 

addition to exist ing addition to existing addit ion to exi�ting 
program program program 

20 to 25 mil l ion 
over Proposed 
ActionlC) 

13.6 to 23.8 
Mills/kWh 

I n crease installer 
years over 
Proposed Action 

less than 
Proposed Action 

less than 
Proposed Action 

250 to 614 108.5 to 202.6 
mil l ion over mi l l ion over 
Proposed Actionlc) Proposed Action (c) 

16.2  to 35.4 
Mills/kWh 

Increase installer 
years over 
Proposed Action 

less than 
Proposed Action 

less than 
Proposed Action 

14.6 to 27.3 
Mills/kWh 

I n crease installer 
years over 
Proposed Action 

less than 
Proposed Action 

less than 
Proposed Action 

4·· 

1,209 thousand 

3.2 mil l ion 

Same as 
Proposed Action 

Sdme as 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

Same as 
Proposed Action 

�ame as 
Proposed Action 

2 . 5  

Delayed Action 

Unknown 

Greater than 
3.2 mi l lion 

Depends on 
action chosen 

1,184.5 m i l l i o n  
above f\;o-Actlon 
(or less d�pending 
on actions chosen) 
plus cost of 
research 

L nknown 

Depends on 
action chosen 

Depends on 
action chosen 

Depends on 
action chosen 

Environmentally 
Preferred 

Alternative 

BPA 
Preferred 

Alternative 

Same as Proposed Same as Propo\ed 
Action AGion 

3.2 mill ion 3.2 mi l l oon 

Savings of 87.4 
annual MW in 

Savings of 104.5 
annual MV\ In 

addition to exist ing addition to 
program eXisting program 

565.2 to 1,387.3 76.6 to 130 
mi l l ion over mil l ion over 
Proposed Action (d )  Proposed Actlon 1d l  

19.B t o  50.6 
Mills/kWh 

I n creased installer 
years over 
Proposed Action 

14.3 to 25 9 
Mills/kWh 

Increased Instal ler 
years over 
Proposed AGion 

183 to 2,'04 acres Very S i m i lar 
not lost depending to Proposed Action 
on whether the 
displaced fuel IS  
nuciedr or coal 

1 . 1 1  thousand 10 \ en <, Imr lar  to 
7.1 m i l l ion acre-ft Proposed action 
of water not 
withdrawn 
(depending on type 
of fuell, 2.3 
thousand tons of 
�ffluen" and 4.2 to 
5.B quadril l ion Btu 
not released 
(depending on the 
type of fuel ) 
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ESTIMATED ANNUAL CANCERS PER 100,000 EXPOSED P E OPLE---------------------------' 

KEY: 

BASE =: BASELI N E  

P P  =: PRESENT PROGRAM ( N O  ACTION) 

PA =: PROPOSED ACTION 

MITIGATIONS-BY-EXCLUSION 

KEY 

• 
MINIMUM AVERAGE MAXIMUM 

VALUE VALUE VALUE 

1 =: EXCLUDIN G  RESIDENCES WiTH UREA-FORMALDEHYDE FOAM INSULATION 

2 =: EXCLUDING RESIDENCES WITH UNVENTED COMBUSTION APPLIANCES 

3 =: EXCLUDING RESIDENCES BUILT SLAB-ON-GRADE, WITH BASEMENTS, OR WITH UNVENTILATED CRAWL SPACE 

4 =: EXCLUDING RESIDENCES SERVED BY WELL WATER 

5 = EXCLUDING RESIDENCES WITH WOOD STOVES 

6 =: EXCLUDING MOBILE HOMES 

7 =: EXCLUDI NG APARTMENTS 

MITIGATIONS-BY -ACTION 

1 =: PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH MEASURED FORMALDEHYDE 
LEVELS EXCEEDI NG 480 MICROGRAMS PER CUBIC M ETER (J./g/m\ OR 0.4 PARTS PER MILLION (ppm ) 

2 =: PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH WOOD STOVES 

3 =: PROVIDE AIR-TO-AIR HEAT EXCHANGER TO RESIDENCES WITH MEASURED RADON LEVELS 
ABOVE 3 PICOCURIES PER LITER (pCi/£) 

4 =: PROVIDE BOOKLET ON DETRIMENTAL EFFECTS OF INDOOR AIR POLLUTION IN A TIGHTENED 
HOUSE 

F I GURE 2 . 1 .  Tota l  Cancers Est i mated to  Occur Each Year - Forma l dehyde ,  Benzo-[ a J -Pyrene , Radon 
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con s i de red , the d i ffe rences obta i ned for the  mi t i gat i on con s i de red shou l d not 
be added to dete rmi ne the total effect . If t h i s  i s  done , then e r ro rs due to 
dou b l e count i n g  cou l d  resu l t .  

The ana l y s i s p re sented i s  mo re i nten s i ve i n  the a reas of ai r q ua l i ty and hea l t h  
e ffects t h a n  i n  ot her  a reas . These a reas we re i dent i f i ed du r i n g  t he p u b l i c  
scop i n g  p roce s s  to be the  most i mportant when eva l u at i n g  hou se  t i ghten i n g  on a 
reg i ona l  ba s i s .  

Becau se pol l utant emi s s i on  rates , res i dence vo l umes , and ai r-exchange rates  can 
vary ,  ra n ges a re g i ven for those hea l th effects that a re quant i f i ab l e [ i . e . ,  
forma l de hyde , ( HCHO ) , benzo-[a J -pyrene ( B aP ) , and radon  ( Rn ) J .  These ranges 
cove r the cond i t i ons  f rom l east po l l utant emi s s i on rat e ,  l a rgest res i dence 
vol ume and h i ghest ai r exchange rate ( mi n i mum val u e )  to  the  cond i t i on of  
l a rgest po l l utant emi s s i on rate , smal l est res i dence vo l ume and l owest a i r
e xchange rate ( max i mum va l u e )  ( fo r  mo re deta i l ,  see Sect i on 4 . 1 ) .  

Th i s  ran ge of va l ues a l so en compasses the var i at i on i n  a i r exchange reduct i ons  
cau sed by the va r i ou s t i ghten i n g meas u re s . For  examp l e ,  the a i r i nf i l t rat i on 
reduct i on for storm wi ndows i s  a s sumed to be about 11 p e rcent . I n  real i ty ,  the  
actua l  reduct i on cou l d  va ry above o r  bel ow th i s val u e .  

E st i mated concen t rat i ons o f  HCHO , BaP , and radon ( s ee Sect i ons  4 . 1  and 4 . 2 )  
were used t o  est i mate t h e  numbe r o f  cance rs that wou l d  occu r i n  t h e  reg i on f rom 
expos u re to i n c reased concent rat i ons  of these  po l l utants . For  the ot her  po l l u 
tants  i n ve st i gated , t h i s app roach cou l d not be u sed because  r i s k  facto rs have 
n ot yet been deve l oped o r  accepted . I n stead , po l l utant concent rat i ons  we re 
compa red to  amb i ent ai r q ua l i ty standards , to i ndust r i a l  wo rk  env i ronment 
standards , o r  to  gu i de l i nes u sed as a bas i s  for  some b u i l d i ng codes . 

F o r  each al te rnat i ve ,  the wo rst-case concent rat i on s  of each pol l utant cons i d
e red we re dete rmi ned by as s umi ng  t hat each res i dence type has a wood stove , a 
gas stove , a portab l e s pace heat e r ,  two persons  who smoke , u rea-forma l dehyde 
foam i n su l at i on ( UFF I )  ( e xcept i n  mob i l e  home s ) ,  we l l  wat e r ,  and i s  b u i l t  s l a b 
o n -g rade , o r  wi t h  a bas ement , o r  wi th  a n  unvent i l ated c rawl s pace . I n  rea l i ty ,  
each of the 1 , 209 , 000 e l i g i b l e  e l ect r i ca l ly heated res i dences that a re cove red 
under  the P roposed Act i on may have one , seve ra l , o r  al l of the  sou rces l i sted 
above . Few wou l d  h ave a l l of these sou rces . After  the  worst -case concent ra
t i on was  dete rmi ned for each  pol l utant , that  concent rat i on was  used to est i mate 
i nd i v i d ua l  hea l th effect s , n ot regi ona l  hea l th effect s .  Th i s  assumpt i on a l l ows 
for  a rea sonab l e project i on of the wo rst pos s i b l e con seguence for the a l t e rna
t i ves  and mi t i gat i on s . Howeve r ,  the tota l  reg i o na l  hea l t h  effect s we re est i 
mated by ta k i n g i nto accou nt the var i ous  comb i nat i ons of po l l utant sou rces i n  
res i dence types  and the t i ghten i n g needs of th i s  res i de nce stock , rat h e r  than  
on l y  the worst ca s e .  
I n  est i mat i n g  pol l utant concent rat i ons , i t  was ass umed t hat emi s s i on rates and 
a i r-exchange rates cont i n ued at the  same l e vel for l on g  per i ods of t i me .  I n  
rea l i ty ,  th i s  ass umpt i on p ri mar i l y  app l i es t o  the heat i n g  season for emi s s i on 
f rom some sou rces ( e . g . ,  s pace heat e rs and poss i b ly wood stove s ) .  Du r i n g  oth e r  
t i mes o f  t h e  yea r ,  t h e  u se  of these  i tems by t h e  homeowner  wou l d  not occu r ,  
t hus  reduc i ng  po l l utant conce nt rat i ons  i n  the  res i dence .  The a s s umpt i on s  u sed 
i n  dete rmi n i n g  po l l utant concent rat i ons  i n  va r i ous res i dence types  shou l d be 
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con s i de red con servat i ve .  Therefore , l es s  con fi dence s hou l d be pl aced on the  
abso l ute magn i tu de of  the h ea l th effects resu l t i n g from t he po l l utant conce n 
t rat i o n s  a n d  more o n  how these hea l t h effect s change as  a res u l t o f  t he a l ter
nat i ve and t he app l i cat i ons of var i ous m i t i gat i on s . Th i s  i s  p a rt i cu l a r l y  
i mportant because  the  method o f  est i mat i n g cancers based o n  HCHO , BaP , and 
radon l evel s has  n ot been accepted by t he ent i re sc i ent i f i c  commu n i ty .  

T he va l u es  g i ven for energy sav i n gs are based on an est i mated penet rat i on rate 
( 85% ) of t he p rogram ( see Sect i on 3 . 3 ) . If the penet rat i on rate were l a rger o r  
sma l l e r ,  the energy sav i n g s  wou l d i n  t u rn b e  l a rger or  sma l l e r ,  res pect i ve l y .  
As was t he case for hea l t h  effect s , a ran ge of va l ues  i s  g i ven . Th i s range 
rep resent s the cond i t i on of al l res i dences ha v i n g  e i t he r  a ve ry l ow or  h i gh 
a i r-exchange rate before weat her i zat i on measu res a re i n sta l l ed .  T hese  va l ue s  
a re con s i dered to  b e  ext reme cond i t i on s . 

Two types of mi t i gat i on s  were con s i de red t hat may reduce the  r i s k s  of hea l t h  
effect s : 1 )  M i t i gati on -By-Excl u s i on and 2 )  Mi t i gat i on -By-Act i on .  M i t i gat i on 
By-Exc l u s i on e l i mi nates f rom the P roposed Act i on those res i dences  wi t h  s peci f i c 
po l l utant sou rces or  a s pec i f i c res i dence type . F o r  examp l e ,  res i dences wi t h  
UFF I  cou l d b e  exc l u ded from recei v i n g  t i ghten i ng measu res .  I n  t h i s case , t h e  
HCHO concent rat i on l eve l i n  those res i dences wou l d rema i n unchanged , becau s e  
they wou l d n ot recei ve t i g hten i ng measu res . Thu s ,  t h e  t otal  e st i mated n umber 
of cancers due to  HCHO expo s u re as  a res u l t  of the program wou l d  decrea se , as 
wou l d the total reg i ona l  ene rgy s a v i n g s . For M i t i gat i on -By-Act i on ,  a i r-to-a i r 
heat exchangers  (AAHXs ) wou l d  be i n sta l l ed to  i nc rease the  a i r exchange rate i n  
t hose res i dences t hat need t hem to reduce potent i a l hea l th i mpact s .  For  e xam
p l e ,  each res i dence wi t h  h i gh concent rat i on s  of radon  wou l d  have an AAHX 
i n sta l l ed after t i g hten i ng i f  it  were determi ned to  be neces s a ry .  Th i s wou l d 
reduce the  tota l  cumu l at i ve hea l t h  i mpact from radon  i n  the reg i on . Another  
mi t i gat i on con s i sts of i n formi ng  consume rs of  t he pos s i b l e  det r i menta l  effect s 
of operat i ng a wood stove or  smok i n g i ns i de a t i ghtened res i dence . 

2 . 1  NO-ACT I ON ALTERNAT I V E  

T he  No-Act i on Al ternat i ve enta i l s  cont i nu i n g the  present B PA  Res i dent i a l  
Weather i zat i on P rogram.  That i s ,  t i ghten i n g measu res wou l d cont i nue t o  be  
offered to res i dences meet i n g the  i nc l u s i on cri t er i a ;  the  ot her  mea s u re s  wou l d  
be offered to  a l l e l i g i b l e res i dences . E s t i mated e n v i ronmental  effects a re 
l i sted i n  Tab l e 2 . 2 .  Under  t he No-Act i on Al ternat i ve ,  h omeowners whose res i 
dences  do  not qua l i fy for  t i ghten i ng mea su res may i n sta l l t he se measu res on  
the i r own .  Al so  u nder t h i s a l ternat i ve ,  l es s  con servat i on wou l d  be obt a i ned to  
meet B PA ' s  fut u re e l ect ri c  l oad requ i rement s ;  t herefore , add i t i ona l  e l ect r i c 
gene rat i on may be nece s s a ry .  I f  add i t i ona l  generat i on were needed , then vari 
ous e n v i ronmental  effects wou l d occu r ,  depend i ng on t he ene rgy resou rce 
se l ected . 

A i r Qu a l i ty 
Under the No-Act i on Al ternat i ve ,  the i ndoor a i r pol l utant concent rat i ons  wou l d  
n ot change i n  those res i dences i ne l i g i b l e  t o  rece i ve t i ghten i ng measu re s .  They 
wou l d i ncrease i n  those res i dences rece i v i n g  t i ghten i n g mea s u res  under  the  
present p rogram or  i n  e xc l u ded res i dences , wh i ch h omeowners t i ghten 
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TABLE 2 . 2 .  Summary of E n v i ronmenta l  Impacts As soc i ated 
wi th  No -Act i on Al te rnat i ve 

Hea l th E ffects o f : ( a )  

HCHO 

BaP 

Radon 

R S P  

N O x  

c o  

CO2 

C o s t  

S o c i oeconom i cs 

L a n d  u s e  

Water qu a l  i ty 

B a s e l i ne 

0 . 2  c a n c e r s  per yea r p e r  1 0?�900 
peop l e  ( Ra n g e :  0 . 1  to 1 . 2 5 )  

2 . 6 c a n c e rs per ye.a r p e r  100
� g90 

peop l e  ( Ra n ge : 0 . 4 7  to 24 . 4 )  

2 . 5  c a n c e rs per year p e r  l?g , OOO peop l e  ( Ra n ge : 1 . 3  to 9 . 4 )  

N o n s mo k e rs may e x p e r i ence eye and 
nose i r r i t at i on 

Sens i t i ve i nd i v i d u a l s may have 
t rou b l e  b reat h i n g 

Sen s i t i ve i nd i v i d u a l s may become 
e x h a u s ted more q u i c k l y  

Sens i t i ve i nd i v i d u a l s ma y  e xp e r i ence 
heada c h e s , d i z z i nes s ,  o r  n a u s ea 

Average l oad of 1 7 , 5 00 MW i n  
1 98 1 - 1 98 2  

$0 

P ri ce i nd u ced c o n s e rvat i on to s a ve 
7 40 MW by 1 9 9 5  

98 . 5  t h o u s and a c res p e rma ne n t l y  l o st 

469 mi l l i on a c re-ft of water w i t h 
d rawn 24 . 8  mi l l i on t o n s  of effl u e n t s  
and 4 1 0  q u ad r i l l i on of h eat n o t  
rel eased 

E x i s t i ng P rogram 

0 . 003 add i t i on a l  cancers per year 
p e r  1 0 0 , 000 peop l e  
( Range : 0 . 0004 t o  O . O l ) ( b )  

0 . 04 add i t i o n a l  c a n c e r s  per year 
p e r  1 0 0 , 000 peop l e  
( R a n g e :  0 . 006 t o  0 . 34 ) ( b )  

0 . 004 add i t i o n a l  c a n c e rs p e r  y e a r  
p e r  1 0 0 , 000 peop l e  
( R a n g e :  0 . 001  t o  0 . 0 4 ) ( b )  

S l i ght i nc rease i n  i mp a c t s  t o  nonsmokers 

No heal t h  effect s  exp ected 

No hea l t h  effect s exp ected 

No hea l t h  effec t s  expected 

Red u c t i on of 191 Annual  MW ( c )  

$ 5 5 0  mi l l i on ( c )  

80% of weat h e r i z a t i on cost p a i d  by BPA 

About 4 , 58 2  acres not permanent l y  
l o st 

2 . 4  t h o u s and a c re-ft of water not 
wi t hd rawn ,  5 . 1  t h o u s a n d  ton s of effl u e n t s  
and 12 . 5  q u a d r i l l i on BTU of h eat n ot 
re l ea s ed 

( a )  See Sect i on 3 . 1  f o r  sou rces o f  t h e s e  pol l u t a n t s  i nd o o r s . 
( b )  Range v a l ues a re c a n c e rs per year p e r  1 0 0 , 000 peop l e .  
( c )  F rom E n v i ronme n t a l  A s s e s sment for BPA Reg i onw i de Weat h e r i z at i on Prog ram ( B P A  1 9 8 1 a ) . 
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i ndependent l y  of a BPA program . The  est i mated pol l utant concent rat i on s  and 
expected ranges for a l l res i dence types n ot t i g htened are g i ven i n  Tab l e 2 . 3 .  
( See  Chapter 4 . 1  fo r t he assumpt i on s  u sed to est i mate these va l u es . )  

U nder the  No-Act i on A l ternat i ve ,  outdoor a i r q u a l i ty wou l d be affected t h rough  
the  reduct i on i n  ope rat i on of e l ect r i c generat i on p l ant s . Approxi mate ly  105 . 7  
annua l megawatts ( MW )  of add i t i ona l  e l ectr i c energy wou l d be s a ved . I n  gener
ati n g  th i s amo u nt , more pol l utants  wou l d  be  re l eased by the powerp l ant s i nto  
the outdoor a i r (Tab l e 2 . 4 ) . The e st i mated emi s s i ons  a re based on  emi s s i o n s  
from cu rrent l y  operat i n g  gene rat i n g faci l i t i es .  Al s o , because  t i ghten i n g mea
su res wou l d not b e  neede d ,  t h e  outdoor a i r emi s s i ons  due  to the  ma nufact u r i n g  
o f  these  mea s u res  wou l d  not chan ge . 

Hea l th  Effects 

W i t hout  any BPA Re s i dent i a l Weat he ri zat i on P rogram , hea l t h  effect s wou l d  occu r 
as a resu l t  of e xposu re from norma l concent rat i ons  of i ndoor po l l utant s . These 
hea l t h  effect s are shown i n  Tab l e 2 . 2 as the base l i ne cond i t i on .  Under the 
p resent B PA Program ,  t i g hte n i ng mea s u res a re offe red to  res i dences  meet i n g the 
i nc l u s i on c r i ter i a .  Concent rat i o n s  i n  these  res i dences  wou l d  i ncrease , and 
some add i t i ona l  h ea l th effects wou l d occu r .  These h ea l th  effects are s h own i n  
Tab l e 2 . 2 as  the  p resent program . The sum  of the hea l t h effect s ( base l i ne and 
p resent p rogram) are the  effects of t he No-Act i on Al ternat i ve .  

F o rma l dehyde ( HCHO ) U nde r the bas e l i ne con d i t i on s , 0 . 2  cance rs per  yea r per 
1 00 , 000 peop l e  a re est i mated to  occ u r  f rom HCHO expos u re .  Under the p resent  
p rogram , 0 . 003  add i t i ona l  cancers  a re est i mated to  occ u r  eve ry yea r from e l e 
vated HCHO concentrat i ons  ( see Append i x I ) .  
Benzo-CaJ -Pyrene ( B a P )  U nde r t he  base l i ne cond i t i on ,  exposu re to B a P  concent ra
t i ons  i n  t he va r i ous  res i dence types i s  e st i mated to  cause 2 . 6 l u n g  cance rs p e r  
yea r per  100 , 000 peop l e .  U n der  the  p resent p rogram , 0 . 04 add i t i ona l  l u n g  
cancer p e r  year per  100 , 000 peop l e i s  expected to deve l op .  T h e  est i mated l un g  
cancers deve l op i n g  from BaP are ma i n l y  due to  emi s s i on s  from wood stoves and 
part ly due to emi s s i ons  f rom smok i n g .  The i nd i v i d ua l  r i s k  of deve l op i n g l u n g  
cance r from expos u re t o  the  est i mated B a P  concent rat i o n s  u n der  the  base l i ne 
cond i t i on i s  approxi mate ly  equ i va l e nt to  the r i s k  of deve l op i n g l u n g  cancer  
f rom smok i n g 1/ 4 to  3 c i g arettes per  day ( see  Append i x J for met hodo l ogy ) . 

Radon ( R n )  U n d e r  t he base l i ne cond i t i on ,  t h e  est i mated n umber - o f  l u n g  cancers 
due  to radon expos u re for occu pants  i n  e l ect ri ca l l y  heated res i dences i s  
2 . 5 per year per  100 , 000 peopl e .  For  the  p resent p rogram,  an e st i mated 0 . 004 
add i t i ona l  l u n g  cancers  e ve ry year per 100 , 000 peop l e are expected to  occu r 
from e l e vated radon concentrat i ons  i n  t h ose res i dences t hat can be t i ghtened .  
No i nc reased ri s k  of deve l op i n g  l u n g  cance r exi sts  o ve r  the base l i ne cond i t i on 
i n  t h ose res i dences that a re n ot t i ghtened . The i nd i v i dua l  r i s k  of deve l op i n g  
l u n g  cancer from radon l e vel s i n  res i dences  i n  most areas  o f  the reg i on cu r
rent ly ( see G l o s sary and C hapte r 4 )  i s  e q u i va l ent to the  r i s k  of deve l op i n g  
l u n g  cancer f rom smok i n g 1 /4  t o  1 / 2  a c i g arette per  day . For  the h i g h - radon 
a reas of the regi on , the  r i s k  i s  equ i va l ent t o  1 1 / 4  t o  3 1 / 3  c i garettes per  
day ( s ee Append i x  J for  methodo l o gy ) .  
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TABLE 2 . 3 .  No-Acti on A l ternat i ve Effect s i n  I ndoor Ai r Qua l  i ty 

E st i mated 
Reason abl e E s t i mated 
Wo rst-Case Worst-case 8-h OSHA 

NAAgS ( b )  Ty p i c a l  Outdoor 
P o  1 1  utant Concent rat i o n ( a )  Range Standard State Standard C oncent rat i on 

HC��
T
f g�m )  

0 . 7  0 . 008 t o  2 . 1  2 . 5  0 . 4 ( d )  0 . 5 ( e )  0 . 004 
MH 0 . 8  0 . 01 to 5 . 1  
SFA 0 . 5  0 . 05 to 1 . 4  
SFD 0 . 2  0 . 03 to 0 . 8  

S a P  ( n g / m3 ) 
APT 8 . 2  0 . 9  t o  48 . 5  0 . 1  
MH 1 0 . 6  1 . 1  to 1 1 3  
SFA 5 . 0  0 . 5  to 32 . 5  
SFD 2 . 2  0 . 4  t o  2 2 . 6  

Radon most areas ( f )  
( pC i  It ) 

APT 2 . 0- 3 . 2  0 . 7  t o  1 0 . 3  ( g )  0 . 25 
MH 0 . 4-5 . 0  0 . 3 to 1 0 . 5  
SFA 1 . 3-2 . 0  0 . 5  to 8 . 4  
SFD 0 . 7-1 . 5  0 . 5 to 5 . 2  

Radon f � j g h -radon 
a reas ) 
( pC i / t )  

APT 5 .0-8 . 0  1 . 7  to 24 . 7  ( g )  0 . 7 5  
MH 6 . 5- 1 2 . 3  1 . 9 to 6 . 1  
SFA 3 . 4-4.9  1 .3  to 20 .3  
S F D  1 .9-3.6  1 . 1  to 1 2 . 5  

R S P  ( � g / m3 ) 
260 �g/m 3 ( h )  APT 689 56 to 4 , 234 5 ,000 7 0  

M H  883 67  to 9 , 868 
SFA 4 1 7  32 t o  2 ,836 
SFD 182 22  to 1 , 974  

O x i  de � o f  Ni t rogen 
(�g/m ) 

9 , 000 ( i )  100 �g/m3 ( j ) APT 548 36 to 1 , 947 50 
MH 701 43 to 4 , 537  
S F A  331 21  to 1 , 304 
SFD 144 14 to 907 

C O  (mg/m3 ) 
10 mg / m3 (  k )  APT 6 . 2  0 . 5  to 8 5 . 2  5 5  3 

MH 7 .9 0 . 6  to 198 .6 
SFA 3 . 7  0 . 3  to 57 
SFD 1 . 6  0 . 2  t o  39 . 7  

CO� ( g / m3 ) 
P T  4 . 2  0 . 28 t o  26 0 . 7 2  

MH 5 . 4  0 . 33 t o  59.8  
SFA 2 . 5  0 . 1 6 to 17 . 2  
SFD 1 . 1 0 . 11  to 12 

( a )  Assume s  that a l l pol l u t a n t  sources are present in re s i de n ce s ,  est i mated reason a b l e wo rst-case 
cond it  i o n s .  

( b )  Nat i o n a  1 Ambi e n t  A i  r Qua 1 i t y  Standa rd . 
( c ) APT - Apartme nt s ;  MH = Mo b i l e  home s ; SFA - S i n g l e - fami l y  attached ; SFD Si n g l e-fami l y  detac hed . 
( d )  W i scon s i n  S t a n d a rd . 
( e )  M i n nesota Stand a r d .  
( f )  Va r i at i on d u e  to d i fferent foundat i on type s .  
( g )  S t a n d a rd i s  o n l y  g i ven i n  t e rms of work i n g l e vel ( s ee G l o s s a ry ) .  
( h )  Tot a l  Part i c u l ates , 24-h pri ma ry standard . 
( i ) S t a n d a rd for N02 -- cei l i n g va l u e .  
( j ) N02 - annual  mean ( a r i thmet i c )  average ( 0 . 0 5  ppm ) .  
( k )  8-n Standard (9 p pm ) .  
Not e :  U n i t s  are defi ned i n  G l o s s a ry .  
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TABLE 2 . 4 .  No-Act i on Al ternat i ve Effect s on Outdoor Ai r Emi s s i o n s  
f rom Energy Generat i on 

Po l l utant 
Part i c l es 
S0 2 
NO x 
Ra  

Krypton-85 
I od i ne- 13 1  
I od i ne-133  
Xenon - 1 3 3  
Other f i s s i on p roduct s  

Annua l  Emi s s i ons  
1 0 5 . 7  MW 

Coa l -F i red ( a )  
48 . 4  tons  
982 ton s  
982 tons  
2 . 7  mCi 

1 05 . 7  MW Nuc l ear ( d )  
1 9 2 .2  C i  

-4 9 . 7  x 10 C i  
7 . 7 x 1 0-4 C i  

2 1 1 . 8 C i  
4 . 6  C i  

Annua l  Emi s s i ons , 
Ex i st i ng  500 MW 

Coal -F i red 
Powerpl ant t b )  

760 tons  
7 600 tons  
5300 tons  
59  mCi 

( a )  Comp l i ance wi t h  New Sou rce Performance Standards ( 1 9 7 1 a ) . 
( b )  Comp l i ance w i t h  New Sou rce Performance Stan dards ( 1 9 7 1 b ) . 
( c )  Port l and Genera l  E l ect r i c Company ( 1 9 7 2 ) . 
( d )  Va l u es based on  sca l ed -down 500 MW p l ant . 

An n ua l  Emi s s i ons , 
E x i s t i ng  1 100 MW 

Nuc l ear  
Powerpl ant ( C ) 

2000 C i  
0 . 0 1  C i  
0 . 008 C i  
2200 C i  
48 C i  

N O  and Ca rbon Monox i de C O  Under  the No-Act i on Al terna
t l ve ,  reS l en ces W l t portab l e space h eaters and other combu st i on app l i ances 
wou l d  have est i mated concent rat i on s  of oxi des of n i t rogen and CO that may cau se  
some peop l e t o  h ave t roub l e  b reat h i n g  or  to  become exhau sted more q u i c k l y .  
W i t hout the space heaters i n  the  res i dence , none of these hea l t h  effect s wou l d  
be e xpected . 
Carbon Di oxi de �CO�-L Est i mated l evel s of CO2 i n  res i dences  exceed occupat i ona l  
l e vel s ,  a l thoug t ese l eve l s  do  not appear to cause hea l th  effect s .  However ,  
i f  cond i t i on s  wi t h i n  the  res i dence cau sed the  max i mum concent rat i on to  occu r ,  
then breat h i ng  cou l d  be i mpa i red . 

Respi rab l e Su spended Part i cu l ate (RSP ) Matter  The  mode l i n g tech n i q ue  u sed t o  
est i mate RSP matter does n ot account for part i c l es t hat s ett l e  on s u rfaces or  
a re otherwi se  removed f rom the a i r .  No acceptab l e tec h n i ques  ex i s t  for est i 
mat i n g  the  removal  processes . The refore , the est i mated concent rat i ons  a re 
about 10 t i me s  the val ue norma l l y  ass oci ated wi th  one smoker  i n  a res i dence .  
Nevert he l es s ,  at the e st i mated l eve l s ,  eye and  nose  i r r i tat i on wou l d occur  and  
cou l d  res u l t  i n  i mpa i red breat h i n g .  

F i n a l l y ,  under the  No-Act i on Al t e rnat i ve ,  ce rta i n homeowner s  wou l d choose to  
t i ghten the i r res i dence i n  the  absence of any B PA program.  The r i s k  of adverse 
hea l t h  effects due  to  i nc reased i ndoor a i r pol l utants  wou l d  r i s e .  E s t i mate s  of 
t h i s  i nc reased r i s k  cou l d  not be accu rate ly  est i mated . 
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E nergy Saved 

O n ly  the  add i t i ona l  ene rgy sav i n gs from the present BPA Prog ram wou l d  occu r .  
Res i dences that d o  n ot meet t h e  i nc l u s i on cr i t e ri a wou l d not be e l i g i b l e  t o  
rece i ve t i ghten i n g meas u res . Homeowners may i n sta l l s u c h  devi ces o n  the i r own 
or  i n  response to i n creas i ng e l ectr i cal  rates , wh i ch wou l d  i n c rease the  amount 
of  energy saved but not at  a rate comparab l e to  the  p roposed p rogram . Ene rgy 
used to make  t i ghten i ng measu res wou l d not be neede d .  
Soci oeconomi c and I n st i tu t i ona l  Effects 

Cost for the f i rst yea r of the p resent  prog ram was approx i mate ly  $27  mi l l i on .  
Th i s  cost i nc l u des ret roact i ve payments to part i c i pat i n g u t i l i t i es for weather
i z at i on u ndertaken  after  December 5 ,  1 980 , and befo re BPA · s  p resent p rogram was 
operat i n g .  BPA · s  p l a n ned weatheri z at i on bud get ass umes p rogram expans i on 
( i � e . , t i ghten i n g a l l res i dences ) .  Howeve r ,  under the  No -Act i o n Al ternat i ve 
fewer i n sta l l at i ons of t i ghten i n g wou l d  occu r .  Th u s ,  the  extra fu nds bud geted 
by BPA may not be spent , and th i s  cou l d  res u l t  i n  a reduct i on of tota l  
i n sta l l at i on j o bs ; the amount cannot be  est i mated . 
U nt i l 1 9 7 5  the  whol e sa l e rate BPA cha rged i ts custome rs was ve ry nea r ly  
consta n t ,  ri s i n g f rom 0 . 28 ce nts/kWh to 0 . 35 cent s / kWh by 197 5 .  Howeve r ,  after 
t hat peri od , the i nterest  payments f rom the  Wa s h i n gton Pub l i c  Powe r S upp ly  
Systems P rojects 1 ,  2 ,  a nd  3 ,  p l u s  payment o n  other debts , caused l a rge 
i nc reases i n  the who l e s a l e rate . By 1984 , rates  ave raged 2 . 2  ce nts/ kWh . I n  
res ponse  to  these rate i n c reases , conservat i on act i v i t i es by homeowners h ave 
i nc reased . Re l i ab l e est i mates of how much effect the  pr i ce i nc reases have had 
i n  recent yea rs a re not ava i l ab le .  Howeve r ,  stud i es s uch as the Nort hwest 
E nergy Pol i cy P roject ( NEPP ) ( e . g . , WS U 19 7 7 )  i nd i cate that a s i g n i f i cant 
amount of p ri ce- i nduced conservat i on ,  i ndependent of that wh i ch i s  i nduced by 
i ncent i ves such as BPA · s  p resent prog ram and other  p rog rams , i s  poss i b l e  by the  
year 200 0 .  NEPP res u l ts i n d i cate that about 3000 ave rage annua l  MW wi l l  be 
conse rved by the 1995  to  2000 t i me f rame . Th i s  f i g u re ,  howeve r ,  i nc l udes  a l l 
u s e rs , and the  port i on att ri butab l e to  res i de nt i a l cons umers i s  not ava i l ab l e .  

A numbe r of i n st i tut i ona l  barri e rs cu rrent l y  affect the  ut i l i t i e s · i mp l ementa
t i on of the p resent BPA p rogram. Of the  pos s i b l e  weather i z at i on meas u res , the  
t i ghten i n g  measu res are often the most appeal i n g to cons umers . Becau se these  
measu res are not ava i l ab l e to  a l l consumers , some u t i l i t i es have been re l uctant 
to  j o i n the  p rogram. In  add i t i o n , the  Oregon l eg i s l atu re recent l y  passed a l aw 
[HB-2246] requ i r i ng Oregon u t i l i t i es to  g i ve cons umers a l l cost -effect i ve con
servat i on mea s u res . The Oregon Pub l i c  Ut i l i ty Commi s s i on  ( P UC ) ,  i n  p repa ri ng  
re gu l at i ons  to carry out th i s  mandat e ,  d id  not excl ude those res i dences that 
a re excl uded by the  p resent program. Th i s  con f l i ct wou l d  rema i n under the No
Act i on Al ternat i ve .  

Gene rat i on t o  Repl ace Ene rgy Sav i ngs Lost 

I n  add i t i on ,  no ene rgy i s  saved under  the No-Act i on Al t e rnat i ve .  I f  shortages 
devel o p ,  power wou l d  p robab ly  need to be p roduce d .  Futu re power generat i on may 
be of vari ous  types , i nc l ud i n g ot her  conservat i o n resou rces , hyd ro , re newab l e 
coa l , or  n uc l ea r .  Gene rat i on f rom coal  p l ants i s  a s s umed so the  worst -ca se  
cond i t i o n can b e  i l l u s t rated . I f  so , coa l mi n i n g  a n d  t ransportat i on act i v i t i e s 
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wou l d  be riq u i red . I n  p roduc i n g  the  i nc rementa l  power not sa ved , i t  i s  est i 
mated that 1 1  i nj u ri es du ri n g  m i n i n g and 24 occupat i ona l  i nj u ri es d u ri n g  t ra n s 
portat i on wou l d  occur  du ri n g  t he  t i me t he  add i t i ona l  energy i s  p roduced . The 
est i mated pub l i c  fata l i ty rate du ri n g  t ransportat i on act i v i t i es i s  0 . 7 per yea r  
( see Sect i on 4 . 2 . 1 ) .  An est i mated 0 . 1 5  deaths  pe r yea r wou l d  resu l t  from s u l 
fu r d i ox i de ( S02 ) exposu re f rom operat i n g a coal  p l ant . These f i gu res  a re 
based on est i mates  for ex i st i n g p l ant s , but sca l e to 105  MW . 

The i n fo rmat i on n oted above cou l d be expressed i n  deaths per  1 00 , 000 peopl e .  
Howeve r ,  to obta i n a mea n i n gfu l number the actua l  popu l at i on at ri s k  needs t o  
b e  determi ned , both f o r  t ransportat i on a n d  operat i ona l  fata l i t i es .  C u rrent ly  
t hat data does not exi st . 

Land U s e  
T he  el ectri ca l  energy l oad wou l d  n ot be  redu ced u n der  the  No-Act i on Al terna
t i ve .  Thu s ,  potent i a l ly  2535  acres  wou l d be  commi tted to  energy generat i o n 
( see Sect i on 4 . 6 . 2 ) . 

F i sh and W i l d l i fe 

Because  the  el ectr i ca l  energy l oad wou l d not be redu ced more than  under  the 
p resent p rogram , no  add i t i ona l  effects a re e xpected . 

Water Qu a l i ty 
Becau se  t he e l ect ri ca l  energy l oad wou l d  not be redu ced more than  under  the 
p resent p rogram,  no  add i t i ona l  effects are expected . 

2 . 2 PROPOSED ACT I ON  

U n der  t he  p re sent BPA program , t i ghten i n g  mea s u re s  are offered on ly  t o  res i 
dences t hat meet t he i nc l u s i on cr i ter i a .  The P roposed Act i on wou l d expand t he  
p re sent p rogram by p rov i d i n g  t i ghten i n g mea su res t o  a l l e l i g i b l e  el ect r i ca l l y  
heated res i dences . The res i dences recei v i n g  t hese t i ghten i ng measu res wou l d 
experi ence i nc reased i ndoor  a i r pol l utant concent rat i on s  and , t hu s , t he res i 
dents wou l d  be at potent i a l ly  h i gher  ri s k s  of hea l t h  effect s . 

The  P roposed Act i on wou l d  offe r t i g hten i n g  mea s u res  to  1 , 2 09 , 000 res i dence s  
i ne l i g i b l e  to  rece i ve t hem u nder the  No-Act i on Al ternat i ve .  O f  t hese ,  about 
8 1 5 , 527 s i n g l e-fami l y  and 2 1 2 , 0 1 4  mu l t i fami l y  res i dences are expected to  par
t i c i pat e .  A s umma ry of t he e nv i ronmental  effects a s soc i ated wi th  the P roposed 
Act i on i s  g i ven i n  Tab l e 2 . 5 .  A d i s cu s s i on  of the  effect s , by speci f i c areas , 
i s  g i ven bel ow . 

A i r Qu a l i ty 

Effect s on i ndoor and outdoor a i r q ua l i ty from the  P roposed Act i on are p re
sented here and a re compa red to  t hose for t he No-Act i on Al ternat i ve .  Becau s e  
n o  federa l  standards  for i ndoor a i r qua l i ty exi st , o n l y  bri ef compari son s  wi t h  
other st andards  or  gu i de l i nes a re reported .  A more deta i l ed compar i s on i s  p re
sented i n  Append i x  N .  
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TABLE 2 . 5 .  S ummary of the Env i ronmenta l  Impacts As soc i ated 
wi th  the Proposed Act i on 

Hea l th  E ffects of : ( a ) 

HCHO 

BaP 

Radon 

RSP 

E ne rgy 

Cost 

Soci oeconomi cs 

Land use  

Water gu a l i ty 

P roposed Act i on 

0 . 04 add i t i ona l  cance r  pe r year per 1 00 , 000 peop l e  above 
the No -Act i on Leve l . ( Range : 0 . 002  to  0 . 28 add i t i ona l  
cancers per  year  per  100 , 000 peop l e ) 

5 add i t i ona l  l u ng cance rs per year per 1 0 0 , 000 peop l e 
a bove No-Act i on Le vel  ( Range : 0 . 06 to  3 . 97 add i t i ona l  
l u n g  cancers per  year per 1 0 0 , 000 peop l e ) 

4 add i t i ona l  l u ng  cance rs per yea r per 1 0 0 , 000 peop l e 
a bove No-Act i on Level  ( Range : 0 . 04 to 3 . 7  addi t i ona l 
l u n g  cance rs pe r yea r per 1 0 0 , 000 peopl e ) 

Non smokers may experi ence eye and nose i rr i tat i on and 
reduced breat h i ng  capac i ty .  

Sen s i t i ve i nd i v i dua l s may have t roub l e b reat h i n g  

Sen s i t i ve i nd i v i dua l s may become exhau sted more q u i c k l y  
A few se n s i t i ve i nd i v i dua l s i n  smal l l i v i n g spaces may 
experi ence headache s ,  d i z z i nes s and nausea 

Sav i ngs of 1 0 5 . 7  annua l  MW i n  add i t i on to ex i st i n g 
p rog ram ( Range : 84 . 8  MW - 1 1 6 . 5  MW ) 

$ 1 184 . 5  M i l l i on over No-Act i on ( Range : 84 3 . 9 to  
1 569 . 3  mi l l i on ) 

30 , 205 i n sta l l er yea rs req u i red 

Up to 2 , 5 35 acres not pe rmanent l y  l ost 

Up to  1 . 34 thou sand ac re-ft of water not wi thdrawn , and 
up to 2 . 3  thousand ton s of eff l uents  and 7 . 0  quadr i l l i on 
BTUs not re l eased 

( a ) See Sect i on 4 . 1  fo r sou rces of these pol l utants . 

The P roposed Act i on wou l d  i nc rease concent rat i ons of i ndoor a i r pol l utants  for  
a l l res i dence types ove r the No-Act i on Al ternat i ve .  The est i mated 24-h  t i me
a veraged concent rat i on ( see G l oss a ry ) for each res i dence type was ca l cu l ated 
based on fou r ass umpt i ons : 
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1 .  average po l l utant emi s s i on rate 
2. average res i dence vo l ume by type  
3 .  average a i r exchange rate 
4 .  a l l p o l l utant sou rces p resent . 

The i nc rease i n  the concentrat i ons  from the No-Act i on Al t ernat i ve to  the Pro
posed Act i on i s  about 20% for a l l res i dence type s .  I f  a speci f i c res i dence 
does not have a l l the pol l u tant sou rces , then the e st i mated concentrat i on s  of 
po l l utants a s soc i ated wi t h  those sou rces wou l d  be l es s  both before and afte r 
t i ghten i n g .  Concentrat i o n s  i n  i nd i v i du a l  res i dences can be est i mated u s i n g  
Append i x  A o r  B .  

A ran ge o f  t i me-averaged concent rat i on s  h a s  a l s o  been est i mated by assumi n g  t he 
e xt reme va l ues of po l l utant emi s s i on rate , a i r-exchange rat e ,  and  res i dence 
vol ume . There i s  no i nd i cat i on t hat t hese  cond i t i o n s  wou l d  act u a l l y  occu r i n  
any speci f i c res i dence type . Howeve r ,  t h i s  i nfo rmat i on i s  u s efu l  to  u nde rstand 
t he  va ri ab i l i ty of act u a l  s i tuat i ons  and i nd i cates the  worst and best case 
a s s umpt i ons  i n  the absence of s pec i f i c  dat a .  

F o rma l dehyde ( HCHO)  If  the P roposed Act i on were adopted , then the  average con
centrat i on of HCHO wou l d  i n crease f rom 0 . 7 to  1 . 1 ,  0 .8 to  1 . 1 ,  0 . 5  to  0 . 8 ,  and  
0 . 2  to  0 . 3  ppm i n  apartment s ,  mob i l e  homes , s i n g l e -fami l y  attached , and s i n g l e 
fami l y  detached res i dences , res pect i ve l y .  A l l concentrat i on s , before a n d  afte r 
t i ghten i n g ,  are above the  Ame ri can Soci ety of Heat i n g ,  Ref r i ge rat i on ,  and A i r
Cond i t i on i ng E n g i neers ( ASHRAE ) 62- 1982 standards  for i ndoor HCHO concentra
t i on s  and  some exceed the M i n nesot a  ( 0 . 5  ppm ) and  W i scons i n  ( 0 . 4  ppm ) State 
Standards . The est i mated range i n  concent rat i ons  i s  0 . 01 to 6 . 1  p pm for  t he  
var i o u s  res i dence types . 

Respi rab l e Su spended P a rt i cu l ate (RS P )  Matte r  I f  t h e  P roposed Act i on were 
adopted , t hen the  average concentrat i on of RjP wou l d i nc rease f rom 690 to 994 , 
880 to  1 27 5 ,  420 to  602 , and 180 t o  264 � g/m  i n  apa rtment s ,  mob i l e  homes , 
s i n g l e-fami l y  attached , and  s i n g l e -fami l y  detached res i dences , res pect i ve l y . 
These est i mated concent rat i on s  are h i g he r  than  norma l l y  mea s u red  i n  homes wi t h  
smokers ( S pen g l e r  e t  a l e 1981 ) because part i cu l ate depos i t i on o r  fa l l out  was 
n ot i ncorporated i nto  the mOde l i n � tech n i que . The est i mated range  of 
concentrat i ons  i s  2 2  to  9868 �g/m • 

Benzo- [ a ]-Pyrene ( BaP )  I f  the P roposed Act i on were adopted , t hen  the  average 
concent rat i on of B a� wou l d  i ncrease from 8 . 2  to 1 1 . 9 ,  1 0 . 6  t o  1 5 . 2 ,  5 . 0  to  7 . 2 ,  
and  2 . 2  to  3 . 2  ng/m i n  apartments ,  mob i l e  h omes , s i n g l e-fami l y  attached , and 
s i n �l e -fami l y  detached res i dence� , respect i ve l y .  The est i mated ran ge of con
cent rat i o n s  i s  0 . 5  to  1 64 . 0  n g/m • 

Ox i des of Ni t rogen �NO� I f  the P roposed Act i on were adopted , then the  average 
concentration of  oX l des of  n i t rogen wo� l d  i nc rease from 548 to  7 9 0 ,  701 to 
1 01 3 ,  331 to 478 ,  and 144 to  2100 � g/m i n  apartme nt s ,  mob i l e  h omes , s i n g l e 
fami l y  attached ,  and  s i n g l e-fam i ly  detached res i dence s , res pect i ve l y .  The 
typ i ca l  va l ues  before and after3t i ghten i n g  are above Nat i on a l  Amb i ent Ai r Qu a l 
i ty Standard s  ( NAAQS ) ( 100  �g/m  ) ,  but be l ow Occupat i o n�l Safety and Hea l t h  
Admi n i strat i on ( OSHA ) 8-h work room s�andard s  ( 9000 � g/m ) .  The est i mated range  
of  concent rat i ons i s  2 1  to  6 57 5  �g/m  • 
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Ca rbon Monox i de (CO ) I f  the Proposed Act i on we re adopted , then t he  average con 
cent rat i on of C9 wou l d  i nc rease from 6 . 2  t o  8 . 9 ,  7 . 9 t o  1 1 . 4 ,  3 . 7  to 5 . 4 ,  and 
1 . 6 t o  2 . 4  mg/m i n  apartments , mob i l e  homes , s i n g l e-fami l y  attac hed , and 
s i n g l e-fami ly  detached §es i dences , re spect i ve l y .  As was t he case for ox i des of 
n i t rogen NAAQS ( 10 mg/m ) i s  not exceeded , except mob� l e  homes ; but est i mated 
va l ues a re bel ow OSHA 8-h work room s�andards ( 55 mg/m ) .  The est i mated ran ge 
of concent rat i on s  i s  0 . 3  to  288 mg/m • 

C a rbon Di oxi de ( C021 I f  the P roposed Act i on were adopted , then the  average con
cent rat i on of  �OZ wou l d  i n c rease f rom 4 . 2  to  6 . 1 ,  5 . 4 to  7 . 8 ,  2 . 5 t o  3 . 7 ,  and 
1 . 1  to  1 . 6 g/m 1 n  apa rtment s ,  mob i l e  homes , s i ng l e-fami l y  attached , and 
s i n g l e-fami l y  detached res i dences , respect i ve l y .  C oncent rat i on s  after  t i ghte n 
i n g exceed t he ASH RAE St andard ( 4 . 5  g/m3 ) i n  apar5ments  and mob i l e  home s but 
a re be l ow the 8-h O SHA work room s�andard ( 9 . 0 g/m ) .  The est i mated ra n ge of 
concent rat i ons  i s  0 . 2  to  87 . 0  g/m • 

Radon (R n )  Concentrat i ons  were est i mated for res i dences  i n  most areas of and 
h i gh-radon a reas of the re g i o n .  Th i s  was d one to  account for the d i fferent 
types of geo l ogy wi t h i n  the Paci f i c No rt hwest , wh i ch affect radon  emi s s i on 
rates from the so i l and wate r .  I f  the P roposed Act i on we re adopted , then  
a ve rage concent rat i on of  radon  wou l d  i ncrease from 2 . 0  t o  3 . 2 , 0 .4  to  5 . 0 , 1 . 3  
to  2 . 0 ,  a nd 0 . 7  to  1 . 5  pC i /t i n  apartment s ,  mobi l e  homes , s i n g l e-fami l y  
attached , and s i n g l e-fami l y  detached res i dences , respect i ve l y , i n  most areas of 
t he re g i on . The a verage concent rat i on of radon wou l d  i n c rease from 5 . 0  to  8 . 0 ,  
6 . 5  t o  1 2 . 3 ,  3 . 4  t o  4 . 9 ,  and 1 . 9  t o  3 . 6  pC i /t i n  apa rtments , mobi l e  homes , 
s i n g l e-fami l y  attached , and s i n g l e-fami ly  detached res i dence s ,  respect i ve l y , i n  
the h i g h-radon reg i on .  The expected ranges  of concent rat i on s  a re 0 . 3  t o  
1 0 . 5  pC i /t ,  a n d  1 . 1 to  24 . 7  pC i /t i n  t hese regi ons , respect i ve l y .  

Outdoor Ai r Qu a l i ty I f  the  P roposed Act i on we re chosen , 1 05 . 7  a nnua l  MW of 
e l ect ri c i ty wou l d  be sa ved . I f  that s a vi ngs reduces power gene rat i on ,  then  
emi s s i ons  to the ambi ent a i r wou l d  a l s o  be reduced . The mag n i tude  of  t h i s 
emi s s i on reduct i on wou l d  depend on future gene rat i on sou rces d i s p l aced , such  as  
coal  o r  nuc l e a r .  

A max i mum of 1 20 , 000 t o n s  of gl a s s  wou l d  be manufactu red for  storm wi ndows and 
doors for the P roposed Act i on .  Emi s s i ons of  t ota l  s u s pended part i cu l ates ( TS P )  
f rom t h i s gl ass  man ufact u re over  the l i fe of the p rog ram wou l d  be i nc reased 
0 . 000003 3% o ver  e st i mated 1 985 energy-rel ated emi s s i ons of  TSP ( DOE 1 978 )  I n  
addi t i on ,  a sma l l amount of outdoor emi s s i ons  wou l d  re su l t  from the ma nu fact u re 
of a l umi n um for storm wi ndows and doors and the t ransportat i on of fi n i s hed 
p roducts to  i nd i vi dua l  s i tes . The amount i s  esti mated to  be 3 . 9  tons  of TSP 
( see Sect i on 4 . 1 . 2 ) .  

Hea l t h Effects 

Hea l t h  effect s we re est i mated i n  two ways : 1 )  cumu l at i ve effect s for the 
reg i o n ,  i n  te rms of cancer devel opment from i n c reased concentrat i ons  of  HCHO , 
radon , and BaP ; and 2 )  i nd i vi d ua l  effect s for i nc reased concent rat i ons  of the 
other po l l utants and HCHO . The l atter i s  requ i red because tech n i ques  t o  e st i 
mate cumu l at i ve effect s for these pol l utants ( except HCHO ) have yet to be 
deve l oped . The est i mate of cumu l at i ve effects takes  i nt o  account the  com
bi nat i on of vari ous  po l l utant sou rces that occu r wi t h i n the regi ona l  hou s i ng 

2 . 1 9 



stock  and the weat her i z at i on needs of th i s  hou s i n  stock ( i . e . , a i r i n f i l t ra
t i on reduct i o n s . Th i s est i mate i s  a l s o  compa red to  cumu l at i ve effect s of the 
No-Act i on A l ternat i ve ( see Chapter 4 and Append i x I ) .  E st i mates of i nd i v i du a l  
effect s assume t hat al l sou rces are present . Therefore , fo r t h o s e  res i dences 
w i t hout a l l sou rces , t he effects wou l d be l es s ,  or  n onexi stent . The reader i s  
u rged to  rev i ew the computat i on a l  met hodo l o gy i n  Append i x A ,  and t o  est i mate 
po l l utant concent rat i ons  wi t h i n  an i nd i v i d ua l  res i dence u s i n g t h i s  met hodo l ogy .  
Append i x B can a l s o  be used to est i mate i ndoor concent rat i on s  i f  res i dence 
character i st i cs are u n k n own . Th i s  est i mate wou l d  be l es s  accu rate than t he  
e st i mate obta i ned by u s i n g  Append i x A .  

F o rma l dehyde  ( HCHO ) ( a )  I f  t he  Proposed Act i on were adopted , HCHO concent rat i on s  
i n  apartments  coul d be l a rge enough  to  cause eye and nose i r ri tat i on .  I n  add i 
t i on ,  resp i ratory prob l ems cou l d  occu r for sen s i t i ve i nd i v i du a l s .  I n  other  
res i dence types , s e n s i t i ve occupants  shou l d not s uffer as  much of  the i r r i t a
t i on effect s or  resp i ratory prob l ems , but they st i l l  cou l d occ u r .  

The t ota l r i s k  o f  HCHO- i nduced cancer i s  ca l c u l ated i n  Append i x  I .  Reg i ona l l y ,  
w i t h  n o  t i ghten i n g mea s u re s  app l i ed t o  any of the res i dences , 0 . 2  cance rs per 
year per  100 , 000 persons a re est i mated to  occu r from HCHO expo s u re .  For  t he  
p re sent program , t i ghte n i n g  cou l d cau se  an addit i on a l  0 . 003  cancers per  yea r 
per  1 00 , 000 peop l e .  I n c reased HCHO e xpos u re a s  a res u l t  o f  the P roposed Act i on  
cou l d res u l t i n  about 0 . 04 add i t i o na l  cancers  every yea r per 100 , 000 peop l e  
above the l evel of the p resent p rog ram. The est i mated range of effects f rom 
the  P roposed Act i on i s  0 . 002  to  0 . 28  add i t i ona l  cancers every yea r  per  
1 00 , 000 peop l e .  

Benzo-[aJ -Py ren� (Bap ) ( b )  B reat h i n g  BaP i s  thou ght to  cause l u n g  cancer .  I n  
the reg i on ,  a bout 2 . 6  BaP- i nduced l u n g  cancers per year p e r  100 , 000 peop l e are 
est i mated wi t hout any BPA P rogram . For  t he present  p rogram , about 0 . 04 add i 
t i ona l  l u ng  cancer per year per 100 , 000 peop l e i s  e st i mated to  occu r .  The  
P roposed Act i on wou l d  add  about 0 . 4 addi t i on a l  l u n g  cancers per yea r per  
100 , 000 peop l e  a bove the l evel of the No-Act i on Al ternat i ve .  The  e st i mated 
range i s  0 . 6  to 3 . 97 add i t i ona l  l u n g  cance rs every year per 100 , 000 peop l e .  

The i nc rease i n  hea l th ri s k  from i nc reased BaP concent rat i ons  a s  a res u l t  o f  
t i ghten i n g i s  app roxi mate ly  equ i va l ent t o  t he  ri s k  of devel o p i n g  l u n g  cance r 
from smok i n g 1 / 27 to  1 / 12 c i ga rette per day .  

Radon ( Rn ) ( c )  Breat h i n g  a i r wi t h  radon and radon daughte rs ( s ee G l o s s ary )  can 
cause l u n g  cance r .  Reg i o na l l y ,  w i th out any weather i z at i on p ro g ram, the  e st i 
mated number of radon - i nduced l u n g  cance rs for occ u pants  of e l ect r. i ca l l y  heated 
res i dences i s  about 2 . 5 per year per 100 , 000 peop l e . There a re 3 , 954 , 99 7  
peop l e l i v i n g i n  e l ect ri ca l l y  heated res i dences wi t h i n  t h e  reg i on . T i ghten i n g  

( a )  For  det a i l ed i nformat i on on HCHO concent rat i o n s , a n d  assoc i ated refe rences ,  
s ee Appen d i x  D .  

( b )  See Append i x E for deta i l ed i nformat i on o n  BaP and assoc i ated references . 
( c )  F or deta i l ed i nformat i on on radon and  a ssoc i ated refe rences ,  see  

Append i xes F and I .  
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res i dence s  unde r the present  program cou l d  resu l t  i n  0 . 004 add i t i ona l  cancers 
per 100 , 000 peop l e .  I n creased radon concent rat i on s  under t he P roposed Act i on 
wou l d  add about 0 . 32  add i t i ona l  l u n g  cancers per year per 100 , 000 peop l e above 
the l e ve l  of the present p rogram.  The est i mated ra n ge u nder the P roposed 
Act i on i s  0 . 4  to  3 . 7  add i t i ona l  l u n g  cance rs per yea r per 100 , 000 peop l e .  

The l a rgest i n crease i n  r i sk  of devel op i ng l u ng  cancer from e l evated radon 
concentrat i on s  under the Proposed Act i on i s  approx i mate l y  equ i va l ent to  the 
r i sk  of devel o p i ng  l un g  cancer f rom smok i ng 1 / 3  to 8/ 1 0  c i ga rette per day i n  
most areas of the reg i on  and from 8/ 1 0  to  2 c i garettes per day i n  the h i g h 
radon areas of the regi on . 

Ox i des  of Ni t rogen ( NOy ) ( a )  I f  the Proposed Act i on were adopted , the  est i mated 
ox i des of n i t rogen concent rat i on s  i n  the average res i dence types wou l d be l a rge 
enou gh  so that some sen s i t i ve i nd i v i dua l s l i v i n g i n  sma l l l i v i n g areas mi ght 
experi ence some shortness  of breat h .  The h i gh concent rat i ons are pr i mari l y  due 
to  l a rge oxi des of n i t rogen emi s s i on s  from portab l e space heaters . Gas  stoves 
are a l so a cont r i buto r ,  but , on a reg i onal  bas i s ,  t hey add ve ry l i tt l e to  over
a l l hea l t h effect s .  

No i nfo rmat i on i s  avai l ab l e  to  est i mate reasonab ly  the  ri s k  of hea l th effect s 
from ox i des of n i t rogen on a regi ona l  bas i s .  

Respi rab l e Su spended Part i c u l ate ( RSP ) Matter The est i mated concent rat i on s  of 
RSP under the Proposed Act i on are l a rge enough  to cause some occupants nose and 
eye i r ri tat i on and decrea sed breath i n g capac i ty i f  exposed to these  l evel s fo r 
any l en gth of t i me .  The ma i n  sou rce of RSP i n  the typ i cal res i dence i s  tobacco 
smok i n g .  Each res i dence was assumed to have one smoke r .  In  add i t i on ,  wood 
stoves are s i gn i f i cant sou rces of RS P .  

No i nformat i on i s  avai l a b l e to est i mate the ri s k  of hea l th effect s from RSP on 
a reg i ona l  bas i s .  

Ca rbon Monox i de ( CO )  The est i mated concent rat i on of CO under  the Proposed 
Act i on are l a rge enough to cause some sens i t i ve i nd i v i dua l s to  h a ve t roub l e 
breath i n g .  The h i gh concent rat i on s  are pr i mar i l y  due  to  l a rge CO emi s s i on s  
from portab l e space heate rs . Gas stoves  are a l so  a cont r i but o r ,  but on  a 
reg i ona l  bas i s ,  they add ve ry l i tt l e to overa l l hea l t h effect s .  

No i n formati on i s  ava i l a b l e to e st i mate the r i sk  of hea l th  effects from CO on a 
reg i ona l  bas i s .  

Carbon D i ox i de (C02� The est i mated concent rat i on l evel s of CO2 under  the  Pro
posed Act i on exceed ASHRAE gu i de l i nes and , i n  apartment s ,  the OSHA standard . 
However ,  they do not exceed the  NASA recommended gu i de l i nes for extended expo
su res . E ven s o ,  the  est i mated l evel s may cause some s e n s i t i ve i nd i v i dua l s to  
s uffer headaches , d i z z i ness , and  nau sea . Al l combu st i on  sou rces and res p i ra
t i on cont ri bute to  i ndoor  C02 l e ve l s .  

( a )  For  deta i l ed i nformat i on on oxi des  of n i t rogen and a s soci ated refe rences , 
s ee Append i x  H .  
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No i nformati on i s  avai l ab l e to  est i mate the ri s k  of hea l t h  effect s from C02 on  
a reg i ona l  bas i s .  

Ene rgy Saved 

Under  the P roposed Act i on ,  an add i t i ona l  105 . 7  a nnua l  average MW wi l l  be saved 
above sav i ngs  acq u i red under the p re sent p rog ram ( see Append i x  K and F i g -
u re 2 . 2 ) . T he  est i mated range o f  sav i ngs  i s  84 . 8  to  166 . 5  a n n ua l  MW . 

A certai n amount of ene rgy goes i nto  mak i n g the t i g hten i n g dev i ces , most ly  i nt o  
manufact u ri n g  g l a s s  for storm wi ndows and doors . The energy needed to  p roduce 
t i ghten i ng mea s u res for the P roposed Act i on i s  about 3 . 1 t ri l l i on Btu ( approxi 
mate ly  105  MW over the l i fet i me of the p rog ram ) .  Most of th i s  ene rgy wou l d  be 
con sumed out s i de the reg i on and the refore wou l d n ot effect the reg i ona l  l oa d .  
However , a smal l f ract i on wou l d b e  req u i red from t h e  reg i on t o  manufact u re 
a l umi n um for storm wi ndows and doors . 
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Soci oeco nomi c and I n st i t ut i ona l  Effects 

The P roposed Act i on wou l d  have soci oeconomi c and i n st i t ut i ona l  effects : 
1 )  th ro u gh costs as soc i ated wi th the program ;  2 )  because emp l oyment i n  the  
reg i o n  wou l d  be affected ; and 3 )  beca use  the P roposed Act i on wou l d  res ol ve the 
i n st i tu t i onal  conf l i cts a s soc i ated w i th t he p resent l i mi ted p rogram.  

Cost Prog ram costs were obta i ned by u s i ng  est i mated costs of t i ghten i n g  mea
s u res that wou l d b e  offe red to  res i dences u n der  t he  expa nded weat he ri zat i on 
p rogram ,  the est i mated number of res i dences req u i ri n g the vari ous  meas u res , and 
the est i mated n umber of res i dences that wou l d part i c i pate i n  the p rogram . 
Approxi mate ly  $ 1 185  mi l l i on wou l d  be requ i red for purchase and i n sta l l at i on of 
mea s u re s .  Th i s  f i g u re wou l d  range f rom $844 to $ 1 569 mi l l i on depen d i n g  on 
actua l  penetrat i on of the p rogram.  An 85% penet rat i on rate was ass umed . Under  
the buy-back f i nanc i ng mecha n i sm ,  the BPA l e vel of f i nanc i ng wou l d cove r  a por
t i on of the est i mated tota l  costs of  the t i ghten i n g mea s u res . Approxi mate l y  36 
to  85% of t he costs of t i ghten i ng mea s u res i s  p a i d  by the BPA i n cent i ve .  The 
l evel i zed cost of the prog ram on a reg i ona l  bas i s  i s  est i mated to be 28 . 6  to  
3 7 . 7  m i l l s / kWh . The homeowner ' s  l evel i zed cost is  est i mated to be 1 0 . 7  to  
1 9 . 8  mi l l s / kWh . The tota l  pe rce ntage of costs pai d by BPA fo r a l l mea s u res 
i nc l u d i ng  nont i ghten i n g measu res i s  genera l l y  h i ghe r .  

BPA ' s  admi n i s t rat i ve costs are est i mated t o  be $ 1 3  mi l l i on for t h e  lO-yea r 
expanded BPA Res i dent i a l Weather i z at i on P rogram.  

Re s i dence The P roposed Act i o n affect s the res i dence occu pant/owne r  i n  several  
ways : 1 )  d i rect e xpend i tu res assoc i ated w i th i mp l ement i ng house  t i ghten i n g 
measu res  under  the weather i zat i on prog ram , 2 )  reduced cas h out l ay for the 
p u rchase of e l ect ri c i ty to heat the res i dence , 3 )  pote nt i a l for i n creases i n  
the ma rket va l u e for the  res i dence , and 4 )  changes i n  comfort . 

Approxi mate ly 1 5  to 64% of the costs  of re s i dence t i ghten i ng mea s u res wi l l  be 
pa i d for by the res i dence owner .  The weatheri zat i on p rog ram pays  the l es s o r  
85% o f  t h e  costs o f  house t i ghte n i ng  measu res or  $O . 292/kWh s a ved ( est i mated 
annua l  ave rage ) .  Tabl e 2 . 6 prov i des an est i mate of the average out l ay ,  by 
res i dence type ,  t h at owners wi l l  make u nder the expanded weat heri z at i on p ro
g ram. The i nc rease i n  s hort-term cash outl ay wi l l  be  offset by reduct i ons  i n  
the cash out l ay for pu rchases of e l ect r i c i ty .  The actual  reduct i on of e l ec
t ri c i ty pu rcha sed wi l l  depend on  the annua l  energy sav i n gs resu l t i n g from t he 
P roposed Act i on ( see Tabl e 2 . 7 )  and the p r i ce of e l ectri c i ty .  For  s i n g l e 
fami l y  attached res i dences , t h e  P roposed Act i on i s  expected to reduce a n n u a l  
e l ect r i c  cons umpt i on f o r  res i dence heat i n g by an ave rage of 1 8 5 7  kWh i n  c l i mate 
zone 1 ,  2199 kWh i n  c l i mate zone 2 ,  and 2489 kWh i n  cl i mate zone 3 ( s ee 
G l os s a ry ) .  

There are i nd i cat i on s  that homeowners expect the ma rket va l u e of thei r hou se 
wi l l  i n c rease as the re s u l t  of i n sta l l i ng  weathe ri zat i on meas u res . Th i s  i s  
s u pported by a l i m i ted study of res i dent i a l  s a l es i n  the Knoxvi l l e ,  Te nnes see 
a rea . Homeowners a l so perce i ve that i n sta l l at i on of i n s u l at i on and t i ghten i n g 
measu res  wi l l  i mp rove the comfort of thei r res i dence . 
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TABLE 2 . 6 .  Ave rage Res i dence Owner  Cost 

Type of 
Res i dence ( a )  

SFD 
SFA 
MH 
APT 
ALL 

Res i dence Owner 
Low Med i um 
329 7 3 3  
327 649 
7 7  299 
70  289 

204 536 

Cost 
� 
1 19 7  
1030 
587 
5 1 9  
9 1 0  

( a )  S F D  = S i n g l e-fami l y  detached ; SFA = 

S i n g l e-fami l y  attached ; MH = Mobi l e  
h ome ; APT = Apartment ;  ALL = Al l 
res i dences . 

TABLE 2 . 7 . Res i dent i a l  Energy Sa v i n g s  

Type of Ener¥ Sav i ngs { kW h/ Y r} 
Res i dence Zone Zone 2 Zone 3 

SFD 2236 2694 3230 
SFA 1857  2 1 99 2489 
MH 1 504 1 934 2 1 59 
APT 1 3 2 1  1 585 1 767 

( a )  SFD = Si n g l e-fami l y  detached ; SFA = 

S i n g l e-fami l y  attached ; MH = Mobi l e  
h ome ; APT = Apartment . 

Empl o�ment The P roposed Act i on affects emp l oyment i n  two ways : 1 )  t h rough  
i nsta  ler  emp l oyment and 2 )  t h rough  i nd i rect and  i nduced expend i tu re res u l t i n g 
f rom the  pr i mary emp l oyment . 
More i nsta l l e rs wou l d  be emp l oyed than  under  the  No -Act i on  Alternat i ve .  F o r  
t he  e xpanded p rogram,  approxi mate l y  30 , 205 i n sta l l er years ( i . e . , t i me t o  
i n sta l l t i ghten i n g measure s  on res i dences i n  t h e  reg i on ) wou l d . b e  requ i red 
a bove the No-Act i on A l ternat i ve .  The rate at wh i ch i n sta l l at i o n s  occu r i n  the  
reg i on  wou l d  determi ne  the  actu a l  effect on emp l oyment . 

The d i rect e xpend i tu res  for emp l oyment and  mater i a l s for the p roposed p rog ram 
wi l l  a l s o  generate add i t i o na l  emp l oyment and cons umpt i on i n  the reg i on  t h rough  
what i s  ca l l ed the i nd i rect and i nduced effect s .  I nd i rect emp l oyment i nc l udes  
t he  l abor req u i red to  make the mater i a l s and  supp l y  the serv i ces u sed . I nduced 
effects res u l t  from the emp l oyment st i mu l ated by the spend i n g  of the d i rect and  
i nd i rect emp l oyees . It  i s  est i mated that 62 , 7 7 6  emp l oyee-years are  att r i but
ab l e to  the P roposed Act i on "mu l t i p l i er effect " .  
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I n st i tut i ona l  Confl i ct s  Ut i l i t i es are rel u ctant t o  i mp l ement t h e  p resent BPA 
p rogram ,  because many of t he i r customers wou l d not be e l i g i b l e  to  rece i ve t he  
t i ghten i n g measu res . F u rthermore , the Oregon Legi s l atu re ( t h rough  [HB-2246 J )  
has  req u i red u t i l i t i es to i n sta l l a l l cost -effect i ve conservat i on measu re s  
des i red by t he  cu stome r .  Therefore , a conf l i ct exi sts  between t he  Oregon l aw 
and the p resent p rogram . The Propo sed Act i on wou l d  re so l ve t h i s confl i ct w i t h  
O regon regu l at i o n s  and wou l d  make t h e  BPA Weatheri zat i on Prog ram mo re accept
ab l e to i ts customer ut i l i t i es .  

Land  U s e  
T he  Proposed Act i on wou l d  reduce t he  demand f o r  el ectr i ca l  ene rgy compa red to  
t he  No-Act i on A l ternat i ve .  Thu s ,  t h e  l and comm i tted o r  p l anned f o r  t he  genera
t i on of energy cou l d  be reduced . The amount of l and  not req u i red depends on 
what type of fuel  i s  be i n g d i s p l aced . If  n uc l ear power were d i s p l ace d ,  t he  
reduct i on wou l d  be  220 ) acre s . I f  coa l powe r we re d i s p l aced , the reduct i on 
wou l d be 2 5 35 acres . t a Du r i n g  pe r i ods of excess power capac i ty ,  t he resu l t  of  
the P roposed Act i on may be the  same as  that of the No -Act i on Al ternat i ve .  

F i sh and W i l d l i fe 
C hoos i n g the P roposed Act i on wou l d  reduce the demand for e l ect ri ca l  energy .  
Th i s  may requ i re l es s  gene rat i on o r  defer bu i l d i n g new generat i o n ,  an d ,  i n  
t u rn ,  the assoc i ated re l e ases  of heat , eff l uents  ( see G l o s s ary )  and emi s s i on s ,  
the gene rat i on of so l i d  waste , t he u se of wate r ,  and the use  of l an d .  Each of  
the  above can  affect f i s h  and wi l d l i fe d i rect ly  or  i nd i rect ly  t h rough  degrada
t i on of hab i tat . T h u s , when and i f  t he demand for e l ectr i c i ty i s  reduced , 
effect s are reduced . The reduced demand  wou l d  a l so  a l l ow more f l ex i b i l i ty i n  
ope rat i n g the reg i onal  hyd roe l ectri c system,  t h u s  poss i b ly  reduc i ng  i mpacts on  
f i s h  and wi l d l i fe .  E ffects on fi s h  and wi l d l i fe are s i te-speci f i c ,  but  at  a 
spec i f i c  s i te t hey a re d i rect ly p roport i ona l  to the amount of ene rgy p roduced . 
E xact l y  where and when the generat i on of el ect ri ca l  energy wou l d  be redu ced 
can not be i dent i f i ed .  Under cond i t i ons  of s u rp l u s  powe r ,  the effect of the  
P roposed Act i on i s  the same as  that of  the No-Act i on Al ternat i ve .  

Water  Qu a l i ty 
C hoos i n g the Proposed Act i on wou l d  reduce the demand for e l ect ri ca l  ene rgy , as  
compa red to  the No-Act i on Al ternat i ve .  Because the t herma l generat i on of e l ec
t ri c i ty affect s water  qua l i ty ,  any reduct i on i n  el ect r i ca l  energy wou l d ,  i n  
t u rn , reduce the re l eases t o  rece i v i n g  waters f rom gene rat i n g p l ant s .  Reduced 
re l e ases  wou l d  mean  i mp roved water  q ua l i ty .  

The amount o f  po l l ut i on re l ea sed d u r i n g  e l ect r i cal gene rat i on depends o n  t he  
fue l d i s p l aced . I f  coa l were d i s p l aced , annua l  heat re l eases  wou l d  be  reduced 
by 5 . 0  to 7 . 0 q u adr i l l i on Btu , and water  pol l utants wou l d  be reduced by a very 
sma l l amount . The respect i ve va l ues  fo r nuc l ea r  powe r d i s p l aced wou l d  be 
7 .0 quadr i l l i on Btu and 2 . 3  thousand t on s . 

( a )  These fi gu re s may not be t rue  for a sma l l reduct i on i n  el ect ri ca l  generat
i ng capac i ty .  
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2 . 3  M IT I GAT I ONS 

I n  an attempt to reduce  adverse env i ronmental  effect s ,  11 mi t i gat i on st rategi e s  
were devel oped t hat mi ght b e  app l i ed to  the  P roposed Act i on .  These mi t i gat i o n s  
may 1 )  hel p mi n i mi ze i mpacts  by not tak i n g  a port i on of the  P roposed Act i on or  
2 )  rect i fy the i mpacts  by restor i ng  t he  affected e n v i ronment . U nder the f i rst 
category of mi t i gat i on ,  seven strateg i es are exami ned . These  mi t i gat i on s  
i n vol ve t he e xcl u s i on o f  res i dences hav i ng  i dent i f i ab l e sou rces o f  i ndoor a i r 
pol l utants  and the excl u s i on of vari o u s  res i dence types . These mi t i gat i on s , 
cal l ed M i t i gat i o n s -By-Excl u s i o n , a re as fol l ows : 
1 .  exc l ud i n g  res i dences wi t h  UFF I 
2 .  e xcl ud i n g  res i dences wi th  u n vented combu st i on app l i ances 
3 .  e xc l u d i n g  res i dences b u i l t  wi t h  a basement , bu i l t s l a b-on -grade , or  wi t h  

u n vent i l ated crawl s paces 
4 .  exc l u d i n g res i dences served by wel l water  
5 .  e xc l ud i ng res i dences wi th  wood stoves 
6 .  e xc l u d i n g  mob i l e  homes 
7 .  e xc l u d i ng  apartments .  

Under  the second category of mi t i gat i on s , th ree st rategi e s  are exami ned . The 
mi t i gat i ons reduce r i s k  of hea l th effects on an i nd i v i dua l  res i dence bas i s by 
p rov i d i n g  some means  to  i mp ro ve o r  i nc rease the a i r exchange rate i n  the  res i 
dence after  t i g hten i ng mea s u res  h ave been i n sta l l ed .  The a i r e xchange rate i s  
i nc reased by the u se  of an AAHX , wh i ch vent i l ates  a res i dence wi t hout the  
accompany i ng  l os s  of  h eated a i r i n s i de the  res i dence . These  m i t i gat i on s , 
ca l l ed Mi t i gat i o n s -By-Act i on ,  are as  fol l ows : 

1 .  forma l dehyde mon i tor i n g  
2 .  p rov i d i n g  AAHXs  f o r  wood stoves 
3 .  radon mon i t o ri n g .  

The fou rth Mi t i gati on -By-Act i on i nvol ves p rovod i n g  a n  i nformat i ona l  book l et on 
i ndoor a i r q u a l i ty to  occupants  of res i dences that rece i ve t i ghten i ng mea
s u res . I t  i nc l udes i nformat i on  on  i ndoor a i r pol l utant s ,  thei r potent i a l 
h ea l th effect s ,  ways to  mon i to r  po l l utant l evel s ,  ways  to  reduce them ,  a nd  
reference sou rces where more i nformat i on i s  avai l ab l e .  

The rema i nder of t h i s  m i t i gat i on sect i on e xami nes the  var i ous  m i t i gat i ons  and  
the i r effect on the P roposed Act i on .  

2 . 4 M I T I GAT I ON -BY-EXCLUS I ON �O . 1 -- (E xc l ude UFF I )  

Under  th i s  mi t i gat i on t o  the  P roposed Act i on ,  those  res i dences wi t h  UFF I wou l d  
n ot be e l i g i b l e  t o  rece i ve t i ghten i ng mea s u res . The p u rpose of t h i s  e xc l u s i on  
i s  t o  reduce the  number of cancers  devel o p i n g  from l a rge i nc reases  i n  HCHO con 
centrat i ons  i n  va r i ous  res i dence types . Other sou rces of HCHO emi s s i ons  i n  a 
res i dence are st i l l  expected ( e . g . ,  from furni sh i n gs , smok i n g ,  gas stove s , and 
wood stove s ) .  F orma l dehyde emi s s i ons  from these  i tems , h oweve r ,  a re l es s  t ha n  
f rom UFF I .  
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Th i s st rategy , i f  appl i ed to  the Propo sed Act i on ,  wou l d offe r t i ghten i n g mea
su res to  1 , 1 7 4 , 000 res i dences that a re othe rwi se i ne l i g i b l e  under  the No-Act i on 
Al ternat i ve .  

A summa ry of  the  envi ronmenta l  effect s associ ated wi th  th i s mi t i gat i on are 
g i ven i n  Tab l e 2 . 8 .  

Res i dences wi th  UFF I are  el i mi nated from recel v l n g  t i ghten i ng  measu res , th u s ,  
o n ly  est i mated HCHO concent rat i ons change as compa red t o  the P roposed Act i o n .  
Under th i s mi t i gat i on ,  HCHO concent rat i ons  wou l d  decrea se from 1 . 1  t o  0 . 09 ,  0 . 8  
t o  0 . 0 5 ,  and 0 . 3  t o  0 . 05 p pm i n  the typ i cal apartment , s i ng l e-fami ly attached , 
and s i ng l e-fami l y  detached res i dence , res pect i ve l y .  The est i mated concent ra 
t i ons of a l l other pol l utants  are the s ame as for the P roposed Act i o n .  

TABLE 2 . 8 .  Summa ry o f  E n v i ronmenta l  Impact s fo r Proposed 
Act i on w i t h  Mi t i gat i on -By-Excl u s i on No . 1 

Hea l th Effects o f :  

HCHO 

BaP 

Radon 

RSP 

Ene rgy 

Cost 

Soci oeconomi c 

Land use  

Water qu a l i ty 

M i t i gat i on -By-E xc l u s i on No . 1 

0 . 03 add i t i ona l  cance rs per yea r pe r 100 , 000 
peopl e .  ( R ange : 0 . 001 to  0 . 19  add i t i on a l  
cancers every yea r pe r 100 , 000 peop l e )  
Les s  than  P roposed Act i o n 

0 . 3  add i t i ona l  l u ng  cance rs per yea r per 100 , 000 
peopl e .  ( R a nge : 0 . 03  to  3 . 6 add i t i ona l  l u n g  
cancers pe r yea r per 100 , 000 peop l e )  

Same as  P roposed Act i o n  
Same as  Proposed Act i on 

Same as P roposed Act i on 
Same as  Proposed Act i on 

Sav i n gs of 1 0 2 .8 a n nua l  MW i n  add i t i on t o  
exi st i n g prog ram ( Range : 82 . 7  t o  1 6 1 . 3  MW ) 

$ 1 1 4 2 . 9  mi l l i on over No-Act i on ( Ra n ge :  $81 3 . 8  t o  
$1 514 . 5 )  

29 , 144 i n sta l l e r yea rs req u i red 
S l i g ht ly  l es s  than Proposed Act i on 

Sl i g ht ly  l ess  than P roposed Act i on  
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Under  t h i s mi t i gat i on ,  peop l e l i v i n g i n  res i dences wi t h  UFF I wou l d not rece i ve 
t i ghten i ng measu res and t herefore woul d n ot be exposed to  g reater  concent ra
t i o n s  of any pol l utant s .  However ,  a res i dence wi t hout UFF I cou l d  recei ve 
t i ghten i ng measu res under  th i s  m i t i gat i on ,  and the hea l th  effect s for occupants 
i n  these  res i dences wou l d be s i mi l a r to  those fo r the  P roposed Act i on .  On a 
reg i ona l  bas i s ,  the cumu l at i ve hea l th  effects of  HCHO wou l d be reduced because  
t he  number of  peopl e exposed i s  l es s ,  and the  ave rage i ndoor concent rat i on of 
HCHO u sed to  e st i mate hea l th effect s wou l d  be smal l er because UFF I i s  no l on ge r  
a potent i a l sou rce . 
Under  th i s  st rategy , i t  i s  est i mated that 0 . 03  cancers per year per 100 , 000 
persons  w i l l  occur from i n c reased HCHO expo s u re .  Th i s  va l ue  i s  above t hat 
expected fo r the  No-Act i on Al ternat i ve .  The  est i mated range of addi t i o na l  
cancers i s  0 . 001  to  0 . 19 cancers per  year per  1 00 , 000 peopl e .  

Becau se  the  tot a l  number of peop l e  affected by th i s mea s u re i s  l es s  than  for 
the P roposed Act i o n ,  t he cumu l at i ve number of BaP and rado n- i nd uced l u ng  can
cers  i s  reduced . A speci f i c est i mate for  BaP  i s  not pos s i b l e becau se  no  i nfor
mat i on ex i sts  g i v i ng the percentage of res i dences that h ave bot h UFF I and wood 
stoves . For  radon , 0 . 3  l un g  cancers pe r yea r per 100 , 000 peop l e  are est i mated 
to occur over the No-Act i on Al ternat i ve .  Th i s  i s  approx i mate ly  equa l  to  t h e  
effect of  t h e  P roposed Act i on .  The  est i mated ran ge i s  0 . 03 to  3 . 6  cancers per 
year per  1 00 , 000 peopl e .  

2 . 5  M I T I GAT I ON-BY-EXCLUS I O N  NO . 2-- ( E xc l ude  Unvented Combu st i on Appl i an ces ) 
T h i s mi t i gat i on e l i mi n ates  res i dences wi t h  u n  vented combust i on app l i ances , 
name l y ,  gas st oves and portab l e sp ace h eaters , from rece i v i n g t i ghten i n g  mea
s u res . The p u rpose of th i s  exc l u s i on i s  to reduce the add i t i ona l  n umber of 
cancers deve l op i n g  from i n c reases i n  HCHO concent rat i on s  and to  reduce the  
i nd i v i d ua l  ri s k  from e l evated l evel s of  CO , CO2 , oxi des  of n i t rogen , and RSP . 
Other s o urces of t hese po l l utants  wou l d st i l l  5e p resent , but the t ota l  emi s 
s i on to  t h e  res i dence wou l d  b e  great l y  red uced . 

Th i s  st rategy , i f  app l i ed t o  the  P roposed Act i on ,  wou l d offer t i ghten i ng mea
s u res to 1 , 1 86 , 000 res i dences t hat are ot herw i s e  i ne l i g i b l e  under  the No-Act i on 
A l t e rnat i ve . 
A s umma ry of the  env i ronmenta l  effect s assoc i ated wi th  t h i s mi t i gat i on a re 
g i ven i n  Tab l e 2 . 9 .  

I f  th i s  mi t i gat i on were adopted , the  average res i dence wou l d  n o  l onger  be 
a s sumed to h ave a gas stove or a space heate r .  T hu s ,  t he e st i mated concent ra
t i o n s  of CO , CO2 and ox i des  of n i t rogen i n  the typ i ca l  res i dences dec rease  we l l 
be l ow e i ther NAAQS or ASHRAE gu i de l i nes and  no hea l th effect s are expected i n  
t i ghtened res i dences . Because RSP concent rat i on s  are domi nated by emi s s i ons  
f rom c i ga rettes , adopt i on of  t h i s m i t i gat i on does n ot s i g n i fi cant ly  reduce  
est i mated RSP l evel s .  

O n l y  a sma l l percentage of the e l ect r i ca l l y  heated res i dences i n  the  reg i on 
h ave u n vented combu st i on app l i an ce s ,  and t herefore on ly  a few occupants wou l d 
be affected ( see Append i x  I ,  Ta b l e 1 . 3 ) . Becau se  on l y  a few res i dences are 
e xc l u ded and , because u n  vented combu st i on app l i ances h ave l i tt l e or  no  effect 
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TABLE 2 . 9 .  Summa ry of E nv i  ronmenta l  Impacts for Proposed 
Act i on w i t h  M i t i gat i o n -By-Exc l u s i on No . 2 

Hea l th  Effects o f :  

HCHO 
B aP 
Radon 

RSP 

E nergy 

Cost 

Soci oeconomi c 

Land u se  

Water gua 1 i ty 

M i t i gat i on -By-Exc l u s i on No . 2 

Less  than Propos ed Act i on 
Same as Proposed Act i on  
Same as Proposed Act i on 

Same as Proposed Act i on 
No hea l t h effect s expected 

No hea l th effects expected 
No hea l t h effect s expected 

Sav i ngs of 1 0 4 . 3  annua l MW i n  add i t i on to  
ex i st i n g prog ram ( Range : 83 . 7  t o  1 6  4 • 0 �1W ) 

$ 1 1 6 1 .8  m i l l i on over No-Act i on ( Ra n g e :  $82 7 . 8 to  
$ 1 539 . 2 )  
2 9 , 626 i n sta l l e r years req u i red 
S l i g ht ly  l ess  than Propos ed Act i on 

S l i g ht ly  l es s  than  Proposed Act i on 

on  i ndoor concent rat i ons  of HCHO , BaP , and radon , the  change to  the  tota l  
reg i ona l  hea l th effect i s  ve ry mi n i ma l . Thu s ,  the  est i mated hea l th  effect s a re 
near ly  the  same as the Proposed Act i on .  

Becau s e  on l y  a smal l percentage o f  the el i g i b l e  res i d ences wou l d  be el i mi nated 
from rece i v i ng  t i ghten i n g meas u res , the  expected ene rgy s a v i n gs i s  ve ry near ly  
th at of  the Proposed Act i on .  L i k ewi s e ,  the effect s on l and use  and  water  
q u a l i ty ,  a nd  program cost are s i m i l a r .  

2 . 6 M I T I GAT I ON-BY-EXC LUS10N  NO . 3-- ( E xc l ude Ba sement , S l ab ,  or U n vent i l ated 
C rawl Space ) 

Under th i s  mi t i gat i on those  res i dences wi th  a basement , bu i l t s l a b on grade , or 
wi th out an adequ ate ly  vent i l ated crawl space wou l d  not be e l i g i b l e  t o  recei ve 
t i ghten i n g  mea s u re s .  Th i s  mi t i gat i on wou l d  reduce the add i t i o na l  numbe r of 
radon- i nduced l u ng  cancers for a l l res i dence type s .  Because s o urces of radon 
wou l d  st i l l  be p resent , howeve r ,  the  res u l t i n g  concent rat i ons  i n  the  vari ous  
res i dence types i s  not e xpected to  be  as h i gh as  est i mated for  the Proposed 
Act i on .  
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Th i s st rategy , i f  app l i ed to  the  Proposed Act i on ,  wou l d offe r t i g hten i n g  mea
s u res to 449 , 000 res i de nces  that are otherw i se i ne l i g i b l e  under the  No-Act i on 
Al ternat i ve .  
A summa ry of the env i ronmenta l  i mpact s  associ ated wi t h  th i s  mi t i gat i on i s  gi ven 
i n  Tab l e  2 . 1 0 .  

W i t h  these res i dences  e l i mi nated from recel v l n g  t i ghten i n g mea s u res , on ly  the 
est i mated radon concentrat i ons are changed as compa red to  the  P roposed 
Act i on .  The est i mated concent rat i ons  of al l other  po l l utants  wou l d  rema i n the 
same as  for the  P roposed Acti on . 

Under  the  mi t i gat i on ,  radon concent rat i ons  wou l d  decrease 4 . 6  to  2 . 8 ,  7 . 0 to  
3 . 6 ,  2 . 8 to 1 . 8 ,  and 2 . 0 to  1 . 0 pC i / t i n  the  average apartment , mob i l e  h ome , 
s i n g l e-fami l y  attached , and s i n g l e-fami l y  detached res i dence , res pect i ve l y ,  i n  

TABLE 2 . 1 0 .  Summa ry of E nv i ronmental  I mpacts for P roposed 
Act i on wi t h  Mi t i gat i o n-By-Exc l u s i on  No . 3 

Hea l th E ffects of : 
HCHO 

B aP 
Radon 

RSP 

E ne rgy 

Cost 

Soci oeconomi cs  
Land  u se 

Water  qua l i ty 

M i t i gat i on -By-Exc l u s i on  No . 3 

Less  than Proposed Act i on 

Less  than P roposed Act i on 
0 . 04 add i t i on a l  l u n g  cance rs per yea r pe r 
1 00 , 000 peop l e ( Range : 0 . 02 to  0 . 34 addi t i ona l  
cancer  per  year  per  100 , 000 peop l e )  

Same as P roposed Act i o n  
Same as P roposed Act i on 

Same as P roposed Act i on  
Same as P roposed Act i on 

Sav i ngs  of 52 . 1  a n n ua l  MW i n  add i t i on t o  
exi st i n g  p rogram ( Ra nge : 44 . 0  to  7 3 . 4  MW ) 

$45 0 .3 m i l l i on over No-Act i on ( Range : $ 3 1 5 . 9  
t o  $598 . 9 )  

1 1 , 483 i n sta l l er years req u i red 
Up to 926 acres not l ost 

Up to  0 . 66 thousand  ac re-ft of water  not 
w i t hd rawn ; up to 1 . 0 thous and tons of eff l uents  
and 2 . 6 q u ad ri l l i on Btu not rel eased 
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most areas of the reg i o n .  I n  the  h i gh - radon areas  of the reg i on , concent ra
t i ons wou l d  decrease to  6 . 9 , 9 . 0 ,  4 . 6 ,  and 2 . 4 pC i /� from concent rat i ons  of 2 
to  3 t i mes  h i gher  than those  i n  most areas of the reg i on , fo� the average 
apartment , mob i l e  home , s i n g l e-fami l y  attached , and s i n g l e-fami l y  detached 
res i dence s , res pect i vel y .  The  est i mated concent rat i on s  of a l l ot her  pol l utants  
rema i n the  same as the  P roposed Act i o n .  

Res i dences rece i v i n g  t i ghten i n g mea s u res  under  t h i s mi t i gat i on wou l d  exper i ence 
greater concent rat i ons  of po l l utants  and thus  greater  ri s k s  of h ea l th effect s , 
than  i f  the No-Act i on Al ternat i ve was chosen . These res i dences  cou l d  have al l 
other  po l l utant sou rces as  unde� the P roposed Act i on but wou l d h ave a vent i 
l ated crawl s pace wi t h  a g round cover and an u nderfl oor  vapor ba rr i e r .  Thu s ,  
the cumu l at i ve number of l u n g  cancers devel op i ng f rom i n c reased radon expos u re 
wou l d be reduced . I t  i s  est i mated that 0 . 04 addi t i ona l  l u n g  cance r above the  
No-Act i on l e vel w i l l  occu r per year  per  1 00 , 000 peop l e .  The  e st i mated range of  
i mp act i s  0 . 02 to 0 . 34 cancers per yea r per  100 , 000 peop l e .  

The cumu l at i ve n umber of cancers devel opi n g  from i nc reased B aP and HCHO expo
s u re are a l so  reduced because  the  tota l  number  of  peopl e affected i s  reduced . 
Data regard i n g the  number of re s i dences  w i t h  the vari ous  combi nat i ons  of  
sou rces i s  not  avai l ab l e ,  and t herefo re the tota l  change i n  i mpact s from BaP  
and HCHO cou l d not be est i mated . The est i mated hea l th  effect s for al l oth e r  
po l l utants  are t h e  same a s  for t h e  P roposed Act i on .  

Becau se of the l a rge n umber of res i dences excl uded , ener� s avi n gs wou l d  b e  
reduced t o  52 . 1  annua l  ave rage MW . Land use  and water  qua l i ty effect s wou l d  
a l so be reduced . 

2 . 7  M I T I GAT I ON-BY-EXCLUS I ON NO . 4-- ( E xc l ude Wel l Water )  

W i t h  th i s  mi t i gat i on t h o se  res i dences that use  we l l- water  f o r  the i r domest i c 
water s u p p ly  wou l d  not be e l i g i b l e  t o  rece i ve t i ghten i n g meas u re s .  Th i s  mi t i 
gat i on wou l d  red uce the  cumu l at i ve number of radon - i ndu ced l u ng  cancers for al l 
res i dence type s .  Sou rces of radon wou l d  st i l l  be p resent , h oweve r ,  but t h e  
resu l t i n g concent rat i on s  i n  the  vari o u s  res i dence types  i s  not expected to be 
as  h i gh as est i mated for the Proposed Act i on .  

Th i s st rategy , i f  app l i ed t o  the  Proposed Act i on ,  wou l d offe r t i ghten i n g  mea
s u res to about 782 , 000 res i dences that are otherwi se  i ne l i g i b l e  u n der  the  No
Act i on Al ternat i ve .  

A summa ry of the  env i ronmenta l  i mp act s associ ated wi t h  th i s  mi t i gat i on i s  gi ven 
i n  Tab l e 2 . 1 1 .  Due to the nature of t h i s  m i t i gati o n ,  the l a rgest change i n  
e nv i ronmenta l  i mp acts wou l d  be the  cumu l at i ve hea l th  effect s associ ated wi th  
radon . Howeve r ,  t he t otal  cumu l at i ve hea l th effect s from B aP and  HCHO are 
potent i a l ene rgy sav i n g s , l and  u s e ,  and water  qua l i ty benefi t s . 

Under th i s  m i t i gat i o n ,  radon concent rat i on s  wou l d decrease from 4 . 6  t o  0 . 4 , 7 . 0 
to  0 . 4 ,  2 . 8  to  0 . 3 ,  and 2 . 0  to 0 . 3  pC i / � i n  the average apartment , mob i l e  home , 
s i n g l e-fami l y  attached , and s i n g l e -fami ly detached res i dence , respect i ve l y ,  i n  
most areas of the  reg i on ,  and wou l d  dec rease from concent rat i on s  2 to 3 t i mes  
g reater i n  the h i g h -radon a reas to  0 . 9 ,  1 . 1 ,  0 . 8 ,  and 0 .8  pC i /� i n  the  average 
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TABLE 2 . 1 1 . S umma ry of E nv i  ronme nta 1 Impacts for Proposed 
Act i on wi th  M i t i gat i on-By-Exc l u s i on No . 4 

Hea l th E ffects of : 

HCHO 

BaP 

Radon 

RSP 

Ene rgy 

Cost 

Soci oeconomi cs  

Land  use  

Wate r qua l i ty 

M i t i gat i on-By-Exc l u s i on No . 4 

Less  than  Proposed Act i on 

Less than  P roposed Act i on 

0 . 2  add i t i ona l  l u n g  cancers eve ry yea r per  
1 00 , 000 peop l e ( Range : 0 . 002 to  1 . 6 add i t i ona l  
l un g  cancers  every yea r  per 1 00 , 000 peopl e )  

Same as  P roposed Act i o n 
Same as  P roposed Act i on 

Same as  P roposed Act i on 
Same as Propo sed Act i on 

Sav i ngs  of 92 . 0  annua l  MW i n  add i t i on  to  ex i st i n g 
p rog ram ( Range : 7 5 . 2  to  1 42 . 5  MW ) 
$980 .4 mi l l i on over No-Act i on ( Range : $698 . 5  t o  
$ 1 299 . 0 )  

2 5 , 798 i n sta l l e r yea rs req u i red 
Up to  2 , 1 48 acres not l ost 

Up to  1 . 1 6 thous and acre-ft of water n ot 
w i thd rawn , u p  to  2 . 4  th ousand  tons  eff l uents  and 
6 . 0  q uadr i l l i on Btu not re l eased 

apartment , mob i l e  home , s i n g l e-fami l y  attached , and s i n g l e-fami l y  detached 
res i dence , respect i ve l y .  The est i mated concent rat i ons  of a l l other  po l l utants  
rema i n the  same as the P roposed Act i on .  

Because  res i dences rece i v i n g  t i ghten i n g  mea s u res  under  t h i s mi t i gat i on wou l d 
exper i ence g reater  po l l utant concent rat i on s ,  h ea l th effects wou l d i nc rease over 
t h e  No -Act i on Al t e rnat i ve .  A res i dence rece i v i n g  t i g hten i n g meas u res  under  
t h i s m i t i gat i on cou l d  h ave a l l potent i a l  po l l utant s o urce s ,  but  wou l d be se rved 
by a mu n i c i pa l  water  supp l y system or some ot her  vented sy stem . Therefore , the  
add i t i ona l  n umber of cance rs devel op i n g from i n c reased radon exposu re i s  
reduced . It  i s  est i mated t hat 0 . 2  add i t i ona l  l u n g  cancers per 100 , 000 peop l e 
above the  No-Act i on Level wou l d  deve l op eve ry yea r .  The est i mated range of  
i mpact i s  0 . 002  to  1 . 6 add i t i ona l  cance rs eve ry year  per  1 00 , 000  peop l e .  
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Al so , the  cumu l at i ve number of l u n g  cance rs devel op i n g from i nc reased BaP and 
HCHO expos u re i s  reduced , because  the  total n umber of peop l e affected under  t h e  
p rogram i s  red uced . Data regard i n g  the  number o f  res i dences wi t h  the  vari ous  
comb i nat i ons of  sou rces i s  n ot ava i l a b l e ,  and therefore the  tota l  change i n  
cancers from BaP and HCHO cou l d  not be est i mated . The  hea l t h  effects for a l l 
other po l l utants i s  the  same as  for the  P roposed Act i on .  

Becau s e  res i dences  are excl uded from recei v i n g  t i ghten i n g  measu re s , potent i a l 
e ne rgy s a v i n gs and l and u se and water q u a l i ty effects a re reduced . 
2 . 8 M I T I GAT I ON-BY-EXCLUS I ON NO . 5-- (Exc l ude Wood Stoves ) 

Under th i s  mi t i gat i on ,  those  res i dences wi t h  wood stoves wou l d  not be e l i g i b l e  
to  rece i ve t i ghten i n g mea s u res . Th i s  m i t i gat i on wou l d reduce the  addi t i on a l  
n umber o f  Ba P - i n duced l u n g  cancers for al l res i dence types . T h e  other  sou rce 
of BaP i n  res i dences ( smok i n g )  i s  s t i l l  expected . However ,  the resu l t i n g con
cent rat i on s  i n  the  va r i o u s  res i dence types  are not expected to be as  h i gh as  
est i mated for the  P roposed Act i on .  

Th i s  st rategy , i f  app l i ed t o  the  P roposed Act i on ,  wou l d  offer t i ghten i n g  mea
s u res to  about 786 , 000 res i dences  that a re otherwi s e  i ne l i g i b l e  to  rece i ve 
t i ghten i n g meas u re s  u nde r the No-Act i on Al t e rnat i ve .  

A summa ry of the  e n v i ronmental  i mpacts as soc i ated w i t h  th i s  mi t i gat i on i s  g i ven 
i n  Ta bl e 2 . 1 2 .  
Under  th i s  mi t i gat i on BaP  concent rat i on 3 wou l d  decrea s e  from 1 1 . 9  t o  3 . 9 ,  1 5 . 2  
t o  4 . 9 ,  7 . 2 t o  2 . 3 ,  and 3 . 2 t o  1 . 0 ng/m , i n  the  ave rage apa rtment , mobi l e  
home , s i n g l e-fami l y  attached , and s i n g l e-fami l y  det ached res i dence , 
respect i ve l y .  The est i mated concent rat i on s  of al l other  po l l utants  rema i n t h e  
s ame a s  t h e  P roposed Act i on .  

R e s i dences recei v i n g  t i ghten i n g  mea s u res  under  th i s  mi t i gat i on wou l d  exper i ence 
h i gher  po l l utant concent rat i ons  and thus greater r i s k  of h ea l th  e ffect s t han i f  
t h e  No -Act i on Al t e rnat i ve were chosen . Res i dences wou l d  have a l l potent i a l 
po l l utant s o urces , e xcept a wood stove . The add i t i ona l  n umber of l u n g  cancers  
deve l op i n g  from i nc reased BaP exposu re i s  0 . 002  add i t i ona l  cancers per 100 , 000 
peop l e  per year a bove the  No-Act i on Level . The est i mated ra n ge of i mpact i s  
0 . 0004 to  0 . 02  addi t i on a l  l u n g  cancers per yea r per 100 , 000 peop l e .  

I n  add i t i o n ,  t he  est i mated n umber of cancers devel op i n g from i nc reased radon 
and HCHO expos u re i s  red uced becau s e  the  tota l  n umber of peop l e  effected i s  
reduced . I t  i s  e st i mated that for radon 0 . 02 add i t i ona l  l un g  cancers per  
100 , 000 peop l e every yea r above the  No-Act i on Le vel  wou l d  occ u r  u nder  t h i s 
m i t i gat i on .  The est i mated ra n ge of i mpact i s  0 . 002 to 0 . 25  add i t i ona l  cancers  
per  yea r per 1 0 0 , 000 peop l e .  
As for HCHO , data regard i n g  the  n umber of res i dences wi th  vari o u s  comb i nat i on s  
of sou rces i s  not ava i l a b l e a n d  t herefore t h e  total change i n  HCHO- i nduced 
cancer  cou l d  not accurat e l y  be est i mated . The  est i mated hea l th  effects for al l 
other po l l utants a re the  s ame as the  P roposed Act i o n .  
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TABLE 2 . 1 2 .  Summary of E n v i ronmenta l  Impacts for P roposed 
Act i on w i t h  M i t i gat i on-By-Exc l u s i on No . 5 

H ea l th E ffects of : 

HCHO 

B aP 

Radon 

RSP 

E n e rgy 

Cost 

Soci oeconomi cs  

Land use  

Water qual i ty 

M i t i gat i on -By-Exc l u s i on No . 5 

l ess  than  P roposed Act i on 

0 . 002 add i t i onal  l u ng  cancers per year pe r 
1 00 , 000 peop l e .  ( Range : 0 . 004 to  0 . 02 
add i t i onal  l u n g  cancers per year per  1 0 0 ,000  
peopl e )  

0 . 02  addi t i ona l  l u n g  cancers per year per 100 , 000 
peop l e .  ( Ra n ge : 0 . 002  to  0 . 25 add i t i onal  l u n g  
cance rs p e r  yea r per 1 00 , 000 peopl e )  

S ame as P roposed Act i on  
S ame as P roposed Act i on 

Same as P roposed Act i on 
S ame as Proposed Act i on 

Sav i n gs of 7 2 .0 annua l  MW i n  add i t i on t o  ex i st i n g  
p rogram. ( Ra n ge : 6 1 . 1  t o  1 0 7 . 5  MW ) 

$698 . 6  mi l l i on o ver  No-Acti on ( Ra n ge : $49 5 . 1  t o  
$927 . 2 )  

1 7 , 8 14  i n stal l e r years requ i red 

Up to  1646 acres not l ost 

Up t o  0 . 9 1  thou sand acre-ft of water  not 
w i thd rawn , up  to  1 . 9 thou sand ton of effl uents  
and 4 . 5 q u ad ri l l i on Btu n ot rel eased 

B ecau se  res i dences are excl uded from rece i v i n g  t i ghte n i n g  measu res , potent i a l  
energy sav i n gs and l and  u se and  water  q ua l i ty effects a re reduced . 

2 . 9 M I T I GAT I ON-B Y -E XCLUS10N  NO . 6-- ( E xc l ude  Mob i l e  Home s )  

Th i s  mi t i gat i on wou l d exc l ude  mob i l e  homes from recei v i n g  some t i ghte n i n g  mea 
s u re s . Al l other res i dence types wou l d b e  e l i g i b l e  t o  recei ve t h e  t i ghten i n g  
meas u res . Mobi l e  homes h ave a h i gher  percentage o f  HCHO sou rces per vol ume i n  
compar i son to  other res i dence types .  They a re const ructed w i t h  a l a rge propor
t i on of h ard p lywood , wh i ch i s  the  s econd h i ghest cont r i butor  of HCHO , afte r  
UFF I .  Th i s  mi t i gat i on woul d reduce t h e  t ota l  reg i onal  HCHO- i nduced cancers by 
e l i mi nat i n g many of the  h i gher  ri s k  res i de nces . The  pol l utant  concent rat i on s  
i n  other res i de nce types woul d be the  s ame a s  f o r  the  P roposed Acti o n .  

2 . 34 



I t  shou l d be noted that the  Depa rtment of Hou s i n g  and Urban Devel opment ( HUD ) 
i s  p ropos i n g to rev i se i ts "Manu fact u red Home Construct i on and Safety Sta n 
dard s , "  ( HUD  1983 ) .  HUD has determi ned that average i ndoo r concentrat i on 
l evel s of HCHO that do n ot e xceed 0 . 4 p pm p rov i de rea sona b l e p rotect i on t o  
manu factu red home occupants . They wou l d  requ i re ma n ufact u re rs to  cert i fy that 
HCHO emi s s i ons  not e xceed 0 . 2 p pm for p l ywood and 0 . 3  p pm for p a rt i c l e  boa rd as 
meas u red by the  Ai r Chamber  Te st Met hod . I f  the proposed HUD Standard i s  
p romu l gated , mob i l e  homes s hou l d  be e l i gi b l e  for t i ghten i ng mea s u re s . 

Th i s  act i on wou l d  offer t i ghten i n g  mea s u res  to about 983 , 000 res i dences that 
are ot herw i se i ne l i g i b l e  u nder ·t he No-Act i on A l ternat i ve .  

A summa ry of the  env i ronmenta l  i mpacts associ ated wi t h  th i s  mi t i gat i on i s  g i ven 
i n  Tab l e 2 . 1 3 .  

U nder th i s  mi t i gat i on ,  becau s e  the  tota l  number of peop l e  effected i s  reduced , 
the cumu l at i ve hea l th e ffect s f rom i n c reased HCHO , B aP , and radon exposu re a re 
reduced . 

An est i mated 0 . 0 1  add i t i on a l  HCHO- i nduced cance r per  yea r per 100 , 000 peop l e 
above the  No-Act i on Le vel wou l d  occu r .  The e st i mated ra n ge of effects i s  0 . 00 1 
to  0 . 1 2  add i t i on a l  cancers per yea r per  100 , 000 peop l e .  F o r  BaP , 0 . 34 add i 
t i ona l  l u ng  cance rs per yea r per  1 00 , 000 peop l e  above the  No-Act i on Level  wou l d  
occu r .  The est i mated ra nge of i mpact i s  0 . 0 5  to  2 . 9  l u n g  cancers per yea r  per  
100 , 000 peopl e .  For  radon , 0 . 27 add i t i ona l  l u ng  cance rs per year per  100 , 000 
peop l e  above the  No-Act i on Leve l  i s  est i mated to  occu r .  Th i s  est i mate cou l d  
range f rom 0 . 02  to  1 . 6 add i t i ona l  l u ng  cance rs per  yea r per  100 , 000 peop l e .  
The  est i mated hea l t h effects for al l ot her  po l l utants  are the same as the  
P roposed Act i on .  

Because  the  tota l  number of res i dences that are t i ghtened i s  redu ced , the  
energy sav i ngs and l and u se and water  qua l i ty effects are s l i ght ly  reduced . 

2 . 1 0  M I T I GAT I ON-BY-EXCLU S I ON NO . 7-- ( E xc l  ude Apa rtment s )  

Th i s  mi t i gat i on wou l d  not p rov i de  t i ghten i n g  mea s u re s  t o  apartment s .  Al l ot her  
res i dence types wou l d  be e l i g i b l e  to  rece i ve the  t i ghten i ng mea s u res . Apa rt
ments  are sma l l e r i n  vo l ume t h a n  ot her  res i dence types  a n d  are ge nera l l y  
t i ghter before and after  weatheri zat i o n .  Therefore , they have h i gher  ave rage  
concent rat i on s  of i ndoor a i r pol l utants  than  ot her  res i de nce types . Th i s  
h i gher  concent rat i on resu l ts i n  a g reater r i s k  of hea l th i mpact compa red t o  
ot her  res i dence types . O n  a reg i ona l  bas i s ,  apa rtments  are res pon s i b l e  for a 
l a rger percentage of h ea l th i mpacts than  they s hou l d be , g i ve n t he i r percentage 
of  tota l  res i dence types . 

Th i s  act i on wou l d  offer t i ghten i ng  mea s u res  to about 959 , 000 res i dences that 
a re ot herwi se i ne l i g i b l e  u n der the No-Act i on A l ternat i ve .  

A summa ry of the  env i ronmenta l  i mp act s associ ated wi t h  th i s  mi t i gat i on i s  gi ven 
i n  Ta b l e 2 . 1 4 .  
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TABLE 2 . 1 3 .  Summary of E n v i ronmenta l  I mp act s for P roposed 
Act i on w i t h  M i t i gat i o n -By-Exc l u s i on No . 6 

Hea l th  Effects of : 

HCHO 

B aP 

Radon 

RSP 

E nergy 

Cost 

Soci oeconomi cs  

Land  u se  

Water  qu al i ty 

M i t i gat i on-By-Exc l u s i on No . 6 

0 . 1  addi t i ona l  cance r per yea r per 1 00 , 000 peop l e 
( Ra n g e :  0 . 001  to  0 . 1 2  add i t i ona l  cance rs per  
year  per 100 , 000 peopl e )  

0 . 34  add i t i ona l  l u n g  cancers per year per  1 0 0 , 000 
peop l e (Range : 0 . 05  to  2 . 9  add i t i ona l  l u n g  
cancer per year per 1 0 0 , 000 peopl e )  

0 . 2 7  add i t i ona l  l u n g  cancers per yea r per  1 00 , 000 
peopl e ( Range :  0 . 02 t o  1 .6 add i t i ona l  l u n g  
cancers  per  yea r per 100 , 000 peop l e )  

Same a s  P ropos ed Act i on 
Same as P roposed Act i on 

Same as  P roposed Act i on 
Same as P roposed Act i on 

Sav i n gs of 9 9 .8 annua l MW i n  add i t i on to  t h e  
ex i st i n g program ( Ran ge : 7 9 . 9  to 1 5 5 . 9  MW ) 

$ 1 03 1 . 7  mi l l i on over No-Act i on ( Ran ge :  $746 . 1  t o  
$ 1 35 1 . 3 )  

26 , 308 i n st al l er yea rs requ i red 
Up to  2 , 36 1  acres not l ost 

Up to  1 . 26 thou sand acre-ft of water not 
wi thd rawn , up to 2 . 7  thousand tons of eff l uents  
and 6 . 5 q u adri l l i on Btu n ot rel eased 

U nder  th i s  mi t i gat i on ,  a l l res i dences , except apa rtment s , cou l d rece i ve 
t i ghten i ng meas u re s .  The est i mated pol l utant concent rat i ons  i n  apartments  
wou l d rema i n the  same as under the  No-Act i on Al t ernat i ve .  The  est i mated pol 
l utant concent rat i ons i n  other res i dences wou l d be the  same as  est i mated for 
the P roposed Act i on ,  so  the  i nd i v i dua l  ri s k  of hea l t h  effect s wou l d be the 
s ame . Howeve r ,  because  the  t ota l  n umber of peop l e affected i s  reduced , t h e  
cumu l ati ve hea l t h effect s f rom i nc reased HCHO , BaP , a n d  radon  expos u re i s  
smal l e r .  An est i mated 0 . 03  add i t i ona l  HCHO-i nduced ca ncers per  year p e r  
100 , 000 persons  above the  No-Act i on Le vel  wou l d  occ u r .  T h e  expected range of 
effects i s  0 . 001  t o  0 . 26 add i t i ona l  cancers per year per 1 00 , 000 peopl e .  F o r  
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TABLE 2 . 14 .  Summa ry of E nv i ronmenta l  Impacts for Proposed 
Act i on wi th M i t i gat i o n -By-Exc l u s i on No . 7 

Hea l th  Effects of : 

HCHO 

B aP 

Radon 

RSP 

E ne rgy 

Cost 

Soci oeconomi cs 

Land use 

Water gu a l i ty 

M i t i gat i on -By-Excl u s i on No . 7 

0 . 03 add i t i ona l  cancers per year per 100 , 000 
peopl e ( Range : 0 . 001  t o  0 . 26 add i t i ona l  cancers 
per  year per 100 , 000 peopl e )  

0 . 4 add i t i ona l  l u ng  cancers per yea r per 1 00 , 000 
peopl e ( Range : 0 . 05 to  3 . 8  add i t i ona l  l u n g  
cancers p e r  yea r p e r  1 0 0 , 000 peopl e )  

0 . 2  add i t i ona l  l u n g  cance rs per yea r per 100 , 000 
peopl e ( Ra nge : 0 . 03 to  3 . 0 add i t i ona l  l u n g  
cancers per yea r per 100 , 000 peopl e )  

Same as Proposed Act i on  
Same as Propos ed Act i on 

Same as Proposed Act i on 
Same as Proposed Act i on 

Sav i ngs of 92 . 7  annua l  MW i n  add i t i on to t h e  
ex i st i n g  p rogram ( Ra nge : 7 3 . 0  t o  1 45 . 1  MW ) 

$ 1 036 . 9  mi l l i on over  No -Act i on ( R a nge : $ 7 3 8 .9 t o  
$ 1 3 7 2 � 9 )  

2 6 , 441 i n stal l e r yea rs req u i red 
Up to 1 , 799  acres not l ost 

Up to  1 . 1 7  thousand ac re-ft of water not 
w i thd rawn , u p  to 2 . 0 thous and tons of effl uents  
and  5 . 0 quadr i l l i on BTU  not re l eased . 

BaP , 0 . 4  add i t i ona l  l u n g  cancers per yea r per 100 , 000 peopl e above the  No 
Act i on Level wou l d occ u r .  The expected ra n ge of effects i s  0 . 05 to  3 .8 add i 
t i ona l  l u n g  cancers per yea r .  For  radon , 0 . 2  add i t i ona l  l u n g  cancers per year 
per 100 , 000 peopl e above the  No-Act i on Level i s  est i mated to occu r .  Th i s est i 
mate cou l d ran ge from 0 . 03 to  3 . 0  add i t i ona l  cancers per year per 100 , 000 
peop l e .  
Becau se the  tota l  n umbe r of res i dences that are t i ghtened i s  reduced , the 
ene rgy sav i ngs and l and u se and water  q ua l i ty effects are s l i gh t ly  red uced . 
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2 . 1 1  M I T I GAT I ON-BY-ACT I ON NO . l -- ( F o rma l d ehyde Mon i tor i n g )  

U n d e r  t h i s mi t i gat i on ,  HCHO concent rat i o n s  i n  res i dences  wou l d  b e  mea s u red 
after t i ghten i n g .  I f  the  concentrat i on exceeds some estab l i shed l eve l , then  
AAHXs  or  some oth e r  equ i va l e nt tech n i que  wou l d  be i n sta l l ed i n  the  res i dence to  
en s u re that the  HCHO concentrat i on w i t h i n  the  res i dence d i d  n ot exceed the  
l eve l . I n  t h i s ana l y s i s ,  a l eve l  of 0 . 4 ppm was u s ed . The  0 . 4 ppm l eve l  i s  
the  s ame as  t h e  W i scon s i n  State Standard for i ndoor HCHO concentrat i ons  ( see  
Sect i on 3 . 1 ) .  Th i s  mi t i gat i on wou l d  reduce the  add i t i ona l  number of  HCHO
i nd uced cancers . I t  wou l d a l so  reduce the i nd i v i dua l  ri s k  of HCHO-i nduced  
cancer a n d  pos s i bl e  i rr i t at i on e ffects to t h o se  res i dents  w ho  rece i ve AAHXs . 
I n  addi t i on ,  res i dences  w i t h  AAHXs wou l d s h ow l i tt l e o r  no  i n c reased concent ra
t i on s  of the  other  po l l utants . Howeve r ,  the  operat i on of an AAHX may i nc rease 
i ndoor n o i se due  to  i ntake  and exhaust fans and assoc i ated a i r movement . 

Th i s  st rategy wou l d  offer  t i ghten i n g  meas u re s  to  a l l res i dences  t hat are 
otherw i se  i ne l i g i b l e  to  rece i ve  them under the  No-Acti on Al ternat i ve .  

A s umma ry of the env i ronmenta l  effects assoc i ated wi t h  t h i s mi t i gat i on i s  g i ven 
i n  Tab l e 2 . 1 5 .  U n de r  the  P roposed Act i on ,  HCHO concentrat i on s  were e st i mated 
to  exceed 0 . 4  ppm i n  the ave rage ap a rtment , mob i l e  home , and s i n g l e-fami l y  
attached res i dence . Howeve r ,  t h i s e st i mate a s s umed t hat the  ave rage res i dence  
had  UFF I . Accord i n g to  Tab l e 1 . 3 ,  no  apartments  i n  the  regi on  have UFF I . 
Under  t h i s  cond i t i on ,  t he  average concent rat i on i n  a partments i s  be l ow 0 . 4 p pm ,  
and  mob i l e  homes and s i n g l e-fami l y  attached res i dences wou l d  exp eri ence  HCHO 
concent rat i ons  a bove the  accept a b i l i ty l eve l . In real i ty ,  a ny of the four  
res i dence types  cou l d  have HCHO concentrat i ons  above the  0 . 4  ppm l eve l . The  
ca l cu l at i ons  comp l eted for t h i s m i t i gat i on i n vo l v i n g  the  add i t i ona l  n umber o f  
HCHO- i nduced cancers i s  ent i re ly  based on the  number o f  s i n g l e -fami l y  attached  
res i dences  w i t h  UFFI  t h at act u a l l y  p a rt i c i p ate i n  the  p rogram.  U s i n g  Appen
d i x I ,  d i fferent l eve l s bes i des  0 . 4  ppm cou l d  be estab l i sh ed and the  add i t i on a l  
HCHO- i n duced  cancers cou l d b e  e st i mated wh i ch mi ght i n vo l ve other res i dence  
types bes i des  s i n g l e-fami l y  att ached res i dences . 

Because  on ly  a smal l percentage ( approx i mate ly  3 . 5% )  of s i n g l e -fami l y  attached 
res i dences  have UFF I and  not al l of those res i dences  a re expected to  part i c i 
p ate i n  the p rogram,  the  effect i veness  of t h i s  m i t i gat i on i s  l i m i ted .  I n  fact , 
the  add i t i ona l  n umber of HCHO - i nduced cance rs above t h e  No-Act i on Al t e rn at i ve 
i s  the  s ame a s  for the  P roposed Act i on .  These res i dence s ,  however ,  wou l d be  
l es s  l i ke l y  to exper i ence poss i b l e  i rr i t at i on effect s from e l e vated HCHO l ev
e l s .  I n d i v i d ua l  r i sk for occupants of  res i dences recei v i n g  AAHXs  may decreas e . 

The  est i mated h ea l t h  effects f rom expos u re to  e l e vated l eve l s of BaP , radon , 
RSP , o x i des of n i t roge n , CO , and CO2 i s  l es s  than  e st i mated for the  P roposed 
Act i on i n  those  res i dences  rece i v i n g  AAHXs . For  a l l other  res i dences , the 
e s t i mated effects a re the  s ame as  for the  P roposed Act i on .  
U nder  t h i s  mi t i gat i on ,  t he  cost of mon i t o ri n g  i s  e st i mated at $30 . 0 0  per  res i 
dence . Th i s  cost i nc l u des  the  p u rchase of a p a s s i ve po l l utant d etector and t h e  
p roce ss i n g  o f  the  detect o r .  I t  al s o  i nc l udes  admi n i st rat i ve cost f o r  conduct 
i ng t h e  mon i tor i n g .  A i r-to-a i r heat exchange rs are c u rrent ly  e st i mated t o  cost 
an average of $550 for an i nsta l l ed wal l /wi ndow u n i t  and $ 1 350 for  a u n i t  
equ i p ped w i t h  cent ral duct i n g .  I t  i s  e s t i mated that between 2 9 , 267 a n d  
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TABLE 2 . 1 5 .  Summary of E n v i ronmenta l  Impact s fo r Proposed Act i on 
w i t h  Mi t i gat i on-By-Acti on No. 1 

Heal th  E ffects of : 

HCHO 
BaP 

Radon 

RSP 

co 

Energy 

Cost 
Soci oeconomi cs 

Land u se  

Water  gual i ty 

M i t i gat i on -By-Acti on No . 1 

No add i t i ona l  cance rs 
Same as Proposed Act i o n 

Same as Proposed Act i on 

Less t han Proposed Act i on i n  some s i ng l e-fami l y  
attached res i de nce . Same as Proposed Act i on for 
al l ot her  res i de nce type s .  
L e s s  t h a n  Proposed Act i on i n  some s i ng l e-fami l y  
attached res i dence .  Same a s  P roposed Act i on fo r 
al l ot her  res i dence types . 

Le ss  than Proposed Act i on i n  some s i ng l e -fami l y  
attached res i dence . Same as Propo sed Act i on fo r 
al l other res i dence type s .  
Le ss  than Proposed Act i on i n  some s i ng l e-fami l y  
attached res i dence . Same a s  P roposed Act i on for  
a l l ot he r  res i dence types . 

Less than P roposed Act i on ( 1 0 5 . 6  ann ua l  MW ) 

$20  to  $2 5 mi l l i on ove r P roposed Act i on 

At l east 30 , 205 i n sta l l e r years requ i red 
Less  than P roposed Act i on 

Less than  P roposed Act i on 

1 , 305 , 801  res i dences wou l d  rece i ve mon i tors and between 3744 and 4352 AAHX s  
wou l d b e  i n sta l l ed under t h i s mi t i gat i on .  Total mon i t o ri ng  and i n sta l l at i on 
costs ran ge from $ 3 . 0  to $45 . 1  mi l l i on to i mp l ement the mi t i gat i on i n  add i t i on 
to  the  costs of P roposed Act i on .  

2 . 1 2 M IT I GAT I ON-BY-ACT ION  NO . 2-- ( A i r-to-Ai r Heat Exchange rs for Wood Stoves ) 

Unde r th i s  mi t i gat i on al l res i dences w i t h  wood stoves that rece i ved t i ghten i n g 
measu res wou l d a l so rece i ve an AAHX so  th at the  or i g i na l  ai r-exchange rate of  
the  res i dence i s  restored . F o r  these  res i dences , est i mated hea l t h  effect s 
wou l d be the s ame as for the  No -Act i on Al t e rnat i ve .  Res i dences wi thout wood 
stoves wou l d  st i l l  be e l i g i b l e  to rece i ve the t i ghten i n g  mea s u res . The opera
t i on of an AAHX may i n crease i ndoor no i se  due  to  i ntake  and exhaust fans and 
assoc i ated ai r movement . 

2 . 39 



Th i s mi t i gat i on wou l d  offer t i ghten i n g  meas u res  to 951 , 000 res i dences that are 
i ne l i g i b l e  to  recei ve them under the  No-Act i on Al t e rnat i ve .  An est i mated 
328 , 852 to  381 , 89 3  of these res i d ences wou l d rece i ve AAHXs . A summa ry of the 
env i ronmental  effects as soci ated wi th  t h i s  m i t i gat i on i s  g i ven i n  Tabl e 2 . 1 6 .  

Because  res i dences wi t h  wood stove s wou l d rece i ve AAHXs , the  add i t i on a l  effect s 
a bove the  No -Act i on Level  wou l d  be due  to i nc reased po l l utant concent rat i ons  i n  
ot her  res i dences rece i v i n g  t i ghten i n g meas u res . The  esti mated po l l utant con
cent rat i ons wou l d  be a bout 78% of t he l eve l s  e st i mated for t he P roposed 

TABLE 2 . 1 6 .  Summa ry of E nv i ronmenta l  I mpact s  for P roposed Act i on 
w i t h  M i t i gat i o n -By-Act i on No . 2 

Hea l th Effects of : 

HCHO 

BaP  

Radon 

RSP 

co 

E nergy 

Cost  
Soci oeconomi cs 

Land u se  

Water gua l i tx 

M i t i gati o n -By-Act i on No . 2 

No add i t i ona l  cancers 

0 . 002 add i t i ona l  l u n g  cancers per yea r  pe r 
1 0 0 , 000 peopl e ( Ra nge : 0 . 0004 to 0 . 02 add i t i o na l  
l u n g  cancers every year per  1 0 0 , 000 peop l e )  
0 . 002  add i t i ona l  l u n g  cance rs per year per  
1 0 0 , 000 peop l e ( Ran g e :  0 . 02 t o  2 . 0 add i t i ona l  
l u n g  cancers  per  year pe r 1 00 , 000 peopl e )  

Same a s  No-Act i on Al ternat i ve for res i dences w i t h  
wood stoves .  Same as  P roposed Act i on f o r  a l l 
other  res i dence types . 
Same as No-Act i on Al t e rnat i ve for res i dences wi th  
wood stoves . Same as  P roposed Act i on fo r a l l 
ot her  res i dence types . 

Same as No-Act i on A l t e rn at i ve for res i d ences w i t h  
wood stoves . Same a s  P roposed Act i on for al l 
other  res i dence types . 
Same as  No -Act i on Al t e rn at i ve for res i dences  wi t h  
wood stoves . Same as  P roposed Act i on f o r  a l l 
oth e r  res i dence types .  

Les s than  P roposed Act i on ( 98 .8 MW ) 

$250 to  $61 4  mi l l i on over P roposed-Act i on 

At l east 30 , 205  i n sta l l e r years req u i red 

Less than P roposed Act i on 

Les s  than  P roposed Act i on  
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Act i on .  The  effect of RSP , oxi des  of n i t rogen , CO , and CO2 wou l d be the  same 
as for the P roposed Act i on i n  those  res i dences w i t hout wood stoves . 

Becau s e  the  a i r-exchange rate i n  res i dences wi t h  wood stoves rece i v i n g  t i ghten
i ng mea su res wou l d be  retu rned to  i ts o ri g i na l  l eve l , these res i dences  wou l d 
exper i ence no add i t i on a l  env i ronmenta l  effect s above the  No -Act i on Al ternat i ve 
Level . The tota l  number of peop l e  affected wou l d  be reduced , as  wou l d  the  
add i t i ona l  number of cance rs devel op i n g from i ncreased HCHO , BaP , and  radon  
l eve l s .  The  i nd i v i dua l  r i s k  of h ea l th  effects i n  those  res i dences  wi thout wood 
stoves i s  the same as est i mated for the P roposed Act i on .  

Becau se  of the  nat u re of t h i s mi t i gat i on ,  the est i mated effect i s  e ssent i a l l y  
the  s ame a s  for Mi t i gat i on -By-E xc l u s i on No . 5 .  Th at i s ,  provi d i n g  AAHX s  to 
those  res i dences  wi th  wood stoves has  the  s ame effect as e l i mi n at i n g them from 
the p rogram , i n  terms of hea l th effect s .  

A i r-to-a i r heat exchangers a re cu rrent ly  est i mated t o  cost a n  ave rage o f  $550  
for  an i n st a l l ed wa l l /w i ndow u n i t  and $ 1350 for an i n st a l l ed cent ral system .  
I t  i s  e st i mated that between 328 , 852 and 381 , 883 res i dences wou l d  need t h e  
dev i ces . I t  i s  est i mated that between $180 . 7  and $51 5 . 6  mi l l i on wou l d  be 
needed to i mp l ement th i s  m i t i gat i on ,  i n  add i t i on to the costs of the  P roposed 
Act i on .  

Becau se  an AAHX req u i res powe r to  operate , the  net ene rgy sav i n gs of t h i s 
m i t i gat i on a re l es s  than for the  P roposed Act i on .  It i s  e st i mated t hat 98 . 8  
annua l  MW wou l d  b e  saved i n  compar i son to the  No -Act i on Al t e rnat i v e .  Th u s , the 
l and use and water  q u a l i ty benef i t s  wou l d a l so be l es s  than for those e st i mated 
u nder  the  P ropo sed Act i on .  

2 . 1 3  M I T I GAT I ON-BY -ACT I ON NO . 3-- ( Radon Mo n i tor i ng )  

Under  th i s  mi t i gat i on ,  radon  concent rat i ons  i n  res i dences wou l d  be  mea s u red 
after t i ghten i n g .  I f  the  concent rat i on e xceeds some estab l i s hed l eve l , then  
AAHXs  wou l d  be  i n sta l l ed i n  the  res i dence to  en s u re that  radon concent rat i on s  
a re kept bel ow that l eve l . A l evel of 3 pC i /t was chosen for a n a ly s i s and 
a p prox i mate ly  co rre s ponds  to the 0 . 0 1 5  wo rk i n g  l evel  ( see Gl o s s ary )  that has  
been  estab l i s hed by the  U . S .  E n v i ronmental  P rotect i on Agency ( E PA )  as  accept 
ab l e for res i dences bu i l t  on rec l a i med phosphate  l ands  ( see Append i x  N ) . Th i s  
m i t i gat i on wou l d  red uce the  cumu l at i ve number of radon- i nduced l u ng  cancers and 
the  i nd i v i d ua l  ri s k  to those persons  l i v i n g i n  res i dences recei v i n g  AAHXs . In  
add i t i on ,  res i dences t hat rece i ve the dev i ces wou l d exper i ence no  i n creases i n  
the  ot her  po l l utant l e vel s and may have l ower po l l utant l evel s .  

Th i s  s trategy wou l d  offer t i ghten i ng measu res to a l l res i dences t hat a re 
i ne l i g i b l e  to rece i ve them under  the No-Act i on Al ternat i ve .  

A s umma ry o f  the  e n v i ronmental  effects as soc i ated w i th t h i s mi t i gat i on i s  g i ven 
i n  Ta b l e 2 . 1 7 .  Under  the  P roposed Act i on ,  it wa s est i mated that radon  conce n 
t rat i o n s  wou l d exceed 3 pC i / t i n  a p prox i mate ly  9 %  o f  a l l res i dence types  
l ocated i n  the  reg i on .  Note that est i mated concent rat i on s  under  the  P roposed 
Act i on a s s ume radon emanat i on rates from the  so i l ,  b u i l d i ng materi a l s ,  and we l l 
water  that may never occu r i n  the  Paci f i c Nort hwest Reg i o n .  Al so , o n ly  a sma l l 
percentage of the res i dences i n  the reg i on a re bu i l t  s l ab-on-g rade , o r  w i t h  a 
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TABLE 2 . 1 7 . Summa ry of E nv i ronmenta l  Impacts for P roposed Act i on 
wi th  M i t i gat i on -By-Act i on N o . 3 

Hea l th E ffects of : 
HCHO 

BaP 

Radon 

RSP 

co 

Energy 
Cost 

Soci oeconomi cs 

Land u se 

Water qua l i ty 

M i t i gat i on -By-Act i on No . 3 

No add i t i ona l  cance rs 

0 . 34 add i t i ona l  l u ng  cance rs per yea r per 100 , 000 
peop l e  ( Range : 0 . 5  to  3 . 1  add i t i o n a l  l u n g  
cancers per year per 1 0 0 , 000 peop l e )  

0 . 29  add i t i ona l  l u n g  cance rs per yea r per 1 00 , 000 
peopl e above No-Act i on Al ternat i ve ( Range : 0 . 0 3  
t o  2 . 9  add i t i ona l  l u n g  cance rs per year  per 
1 00 , 000 peop l e )  
Same as Proposed Act i on for res i dences  not 
rece i v i n g  AAHXs . Less than No -Act i on A l ternat i ve 
for  a l l other res i dence types 

Same as P roposed Act i on for res i dences n ot 
rece i v i n g  AAHXs . Less  than  No-Act i on 
Al ternat i ves for a l l othe r res i dence types 
Same as P roposed Act i on fo r res i dences not 
recei v i n g  AAHXs . Less than No-Act i on Al ternat i ve 
for  a l l other res i dence types 

Same as P roposed Act i on for res i dences not 
recei v i n g  AAHXs . Less than  No-Act i on Al ternat i ve 
for a l l other res i dence types 
Less than P roposed Act i on ( 1 00 . 8  to  105 . 3  MW ) 

$ 1 08 . 5  to $202 . 6  mi l l i on d o l l ars o ver  P roposed 
Act i on 

At l east  30 , 205 i n sta l l e r yea rs requ i red 

Less than  P roposed Act i o n  

L e s s  t h a n  P roposed Act i on 

basement ,  or  an u n vented c rawl space , and are se rved by wel l wate r .  I f  res i 
dences d i d not use  we l l water  to  s u pp ly  thei r domest i c  needs ( a n d  a l ow perce n 
tage d o  accord i n g  to  t h e  reg i on su rvey--see Tabl e 1 . 3 ) ,  then est i mated radon 
concent rati on s  wou l d  be 30 to  50% l ower .  The h i ghest ave rage va l ue wou l d  be 
1 . 2 ,  0 . 6 ,  and 0 .8 pC i /t i n  apartment s ,  s i n g l e-fami l y  attached ,  and s i n g l e
fami l y  detached res i dences , res pect i ve l y , i n  most areas of  the reg i on  and wou l d  
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be 8 . 4 ,  4 . 0 ,  and 5 . 3  pC i !t i n  apartment s ,  s i ng l e-fami l y  attached , and s i n g l e 
fami l y  detached res i dences , respect i ve l y ,  i n  t he  h i gh-radon areas of the  
reg i on .  Mobi l e  homes do not fal l i n  th i s  category because  of  the absence of 
the part i cu l ar  foundat i on styl e bei ng  con s i de red . For t h i s cond i t i on ,  the u s e  
o f  AAHX s  fo r res i dences w i t h  mea su red concent rat i on s  over 3 pC i ! t i s  more 
ach i eva b l e .  

The add i t i ona l  number of radon - i ndu ced cancers are est i mated i n  the same way as  
was  done for the Proposed Act i on .  However ,  the  resu l t i n g concent rat i ons  after  
t i ghten i n g  measu res were i n sta l l ed we re l i mi ted to  3 pC i ! £ .  Becau se  of  the  
methodol ogy u s ed i n  e st i mat i n g cumu l at i ve h ea l th effect s and because  of the  
l ack of data , the  add i t i ona l  n umber of HCHO and  Ba P- i nduced cancers were est i 
mated u s i ng a rat i o  method that accounts for the number of AAHXs req u i red . 

I t  i s  est i mated that 0 . 2 9  add i t i ona l  radon - i nduced l u n g  cancers per 1 00 , 000 
persons  per yea r wou l d occ u r  above the No-Act i on Al ternat i ve .  Th i s  res u l t i s  
based on the cal cu l at i on that an i nc rea se  wou l d  occ u r  for res i dences i n  most 
areas of the reg i o n ,  but that the i n c rease wou l d  be offset by a decrease fo r 
res i dences i n  the h i gh-radon reg i on .  The dec rea se  occu rs becau se  concent ra
t i ons  i n  res i dences rece i v i ng AAHXs  wou l d  be bel ow that e st i mated under the No
Act i on Al ternat i ve .  Thu s ,  the i n sta l l at i on of  the devi ces wou l d  i mp rove the 
i ndoor a i r q ua l i ty wi th i n the res i dence .  The u se  of AAHXs removes from the 
ca l cu l at i on those res i dences that are est i mated to experi ence the h i ghest 
i n c reases i n  radon l eve l s .  On an i nd i v i dua l  bas i s ,  the actual  ri sk  of hea l th  
effect s i n  res i dences that do not rece i ve AAH X s  i s  the same as  fo r the Proposed 
Act i on .  Howeve r ,  those  res i dences  wou l d have l ower than  average radon concen 
t rat i on s  before t i ghten i n g  and therefore , t h e  i nc rease i n  concent rat i on s  
beca u se o f  t i ghten i ng  i s  l es s  i mportant . Account i n g  f o r  t h e  n umber o f  AAHXs  
that  wou l d  be  i n sta l l ed ,  a nd  con s i deri n g  no  i nc rease i n  HCHO concent rat i ons  i n  
res i dences rece i v i ng AAH X s ,  no  add i t i ona l  cancers wou l d  occu r above the No
Act i on Al ternat i ve .  F o r  BaP , 0 . 34 add i t i on a l  l u ng  cancers per yea r per  1 00 , 000 
peop l e  wou l d  occur  above the No-Act i on A l ternat i ve .  The expected range i s  0 . 05 
to  3 . 1  add i t i ona l  l u n g  cance rs per yea r per 100 , 000 peop l e .  

For  res i dences rece i v i ng AAH X s ,  the hea l th effects from the ot her pol l utants  
( RS P ,  oxi des of n i t rogen , CO , and  CO2 ) wou l d  be s i g n i f i cant l y  l es s  than  
est i mated for  the P roposed Act i o n .  Res i dences  not rece i v i n g the dev i ces a re 
est i mated to experi ence the same hea l t h  effects  as  the P roposed Act i on .  

Under th i s  mi t i gat i on ,  the cost of mon i t or i n g  i s  est i mated at $ 36 . 30 per res i 
dence . Th i s  cost i nc l udes the p urchase  of a pass i ve pol l utant detector  and the 
proces s i ng  of the detector .  It  a l s o  i nc l udes a n  admi n i st rat i ve cost f o r  c o n 
duct i n g the mon i tor i n g .  Ai r-to-a i r heat exchangers are cu rrent l y  est i mated to  
cost $ 550 to  $ 1 350  to  p urchase and  i n sta l l .  Approx i mate ly  1 1 7 , 522  res i dences 
a re est i mated to  recei ve AAHX s  fo r the a ssumpt i ons  gi ven under th i s mi t i gat i on .  
The refo re , i t  i s  est i mated that $ 1 08 . 5  t o  $202 .6  mi l l i on wou l d be req u i red t o  
i mp l ement t he  mi t i gat i on ,  i n  add i t i on to  t he  costs o f  t he  P roposed Act i on .  

Because  an AAHX requ i res powe r t o  operat e ,  the net energy s av i ngs  of t h i s 
mi t i gat i on i s  l e s s  than  for the Proposed Act i on .  I t  i s  est i mated that 1 05 . 3  
annua l  MW wou l d  be s aved i n  compa ri son  t o  the No-Acti on  Al ternat i ve .  Thu s ,  the  
l and use  and  wate r  qua l i ty benef i t s  wou l d  be l e s s  than  for those est i mated 
under  the P roposed Act i on .  
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2 . 1 4  M I T I GAT I ON-BY-ACT I ON  NO . 4 ( I nformat i ona l  Book l et )  

Th i s mi t i gat i on i nvol ves provi d i n g  i nformat i on on  i ndoo r ai r qua l i ty to  
occupants of res i dences that rece i ve t i ghten i ng measu res . It  i nc l udes 
i nformat i on on i ndoor a i r pol l utant s , the i r potent i al heal t h  effect s ,  ways to  
mon i tor  pol l utant l evel s ,  ways to reduce them,  and reference sou rces where more 
i nformat i on i s  avai l ab l e .  

Spec i f i c i nformat i on p rov i ded wi l l  i nc l ude the fol l owi n g :  
• poss i bl e  det r i mental  effects o f  operat i ng a wood stove i n s i de a t i ghtened 

hou s e  
• poss i b l e  det r i mental  effects o f  smok i n g i ns i de a t i ghtened hou se .  

The  i n fo rmat i on wou l d be  i n  a book l et s i mi l ar to  o ne  ca l l ed " I n door Ai r 
Qua l i ty , "  wh i c h i s  now g i ven to  res i dents part i t i pat i n g i n  the p resent 
program.  Th i s  new boo k l et wou l d conta i n the fo l l owi ng  types of speci f i c 
i nformat i on .  

Concern i n g  wood stove operat i on ,  the  book l et wou l d  po i nt out that i n  a res i 
dence wi th a smoker  and a wood stove , about 7 0% of the e st i mated BaP concen
t rat i on s  wou l d be from operat i on of the stove . The e xpected l evel s wou l d  be  
s i mi l ar t o  that occu rr i n g  i n  a tavern o r  other  area whe re a l ot of smok i n g i s  
occu rr i n g . I t  wou l d po i nt  out that some researchers bel i eve that BaP cau ses 
l u n g  cancer and that i nc reas i n g the l evel i n  a res i dence wou l d d i rect l y  
i nc rease the ri s k  o f  l u n g  cancer for res i dent s .  

On smok i n g ,  stat i st i cs f rom the Su rgeon Genera l ' s  1 982 report t o  Con gress wou l d 
be c i ted . Speci f i ca l l y ,  ev i dence i nd i cat i n g that c i ga rette smo k i n g  i s  the 
maj or  respon s i b l e  agent for 30% of a l l cancer  deaths , and 85% of l u ng  cance r 
cases cou l d be i nc l u ded (Med i ca l  Tr i bune  1982 ) . The book l et cou l d fu rther  c i te  
the stat i st i c  t hat a bout 85% of  the cancer  cases of the l a ryn x ,  o ra l  cav i ty ,  
and  esop hagus  are smok i n g re l ated , as are 1 0  t o  40% of a l l cancer cases of the 
bladder and k i d ney , and p robably 30% of a l l cancer  cases of the pancrea s . 

I n  addi t i on ,  two other  poi nts  wou l d be empha s i zed : 1 )  the  exces s i ve and 
expand i n g  cost of med i ca l  care can be att ri buted to  the number of phy s i c i an 
v i s i t s , hosp i ta l i zat i on s , operat i on s , and con t i nued  ca re of  cancer pat i ents  
(Med i cal  Tr i b u ne 1 982 )  and 2 )  the  effect of  smok i ng on ch i l d ren . The  l atter  
wou l d  emphas i ze t hat ch i l d re n  wi t h  smok i n g parents exper i ence more days of  
restr i cted act i v i ty due  t o  acute res p i ratory i l l ness as compa red to  ch i l d re n  
who l i ve wi th  n on smok i n g pa rent s . Al s o ,  d i rect expos u re o f  chi l d ren t o  
c i garette smoke has  a damag i ng effect o n  l u ng  funct i on ( Ped i atri c News 1 981 ) .  

The effect of such a book l et on the use  of wood stoves o r  the amount  of c i ga
rette smok i n g  t ak i ng p l ace i n  a res i dence i s  u n k n own . Because of  the u n cer
ta i nty of  such a measu re ' s  effect i venes s , spec i fi c  changes i n  the effects on  
human h ea l th , energy sav i n gs , acceptab i l i ty ,  and  program cost cannot be com
pared to the Proposed Act i on .  H owever ,  i n  v i ew of the extent of the weather
i zat i on p rog ram th i s  type of strategy i s  gene ral ly  c on s i dered benefi c i a l . I t  
a l s o  se rves t o  i nform t h e  p ub l i c  o f  the potent i a l  hea l th effect s . 
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2 . 1 5  SUMMARY OF M I T I GAT I ONS 

The fol l owi n g  d i scuss i on summa r i zes  the mi t i gat i ons  to  the P roposed Act i on 
accord i n g to the fol l owi ng  b road categor i es : 1 )  HCHO , 2 )  BaP , 3 )  radon , and  
4 )  ot h e r  con s i derat i on s .  F i gu re 2 . 3  shows the est i mated number of  res i dences 
that wou l d  be offered t i ghten i ng measu res under the Proposed Act i on and each 
m i t i gat i on .  Tabl e 2 . 1 8 prov i des a p i ctor i a l  representat i on of the maj o r  
e nv i ronmental  effects for the P roposed Act i on and for each m i t i gat i on .  

F o rma l dehyde  (HCHO ) 
M i t i gat i on-By-Exc l u s i o n No . 1 ,  2 ,  and 6 and a l l the M i t i gat i on-By -Act i on mea
s u res d i rect ly reduce HCHO- i nduced hea l th effect s . O f  these , M i t i gati on -By
Act i on No . 1 ( forma l dehyde mon i tor i ng ) wou l d  reduce the add i t i ona l  hea l t h 
effects by the g reatest amount but wou l d  i nc rease the ove ra l l p ro g ram cost . I t  
wou l d  a l s o  decrea se  t he  energy sav i ngs  by 0 . 1  a n n u a l  MW . M i t i gat i on-By-Exc l u 
s i on N o . 6 ( exc l u de mob i l e  h omes ) wou l d reduce the HCHO hea l th effects by the  
second g reatest amou nt . The p rog ram cost under  th i s mi t i gat i on wou l d  be  
s l i ght ly  l ess  than  the  P roposed Act i on ,  a nd the  energy sav i n gs wou l d be nea r 
that of the P roposed Act i on .  M i t i gat i on -By-Exc l u s i on No . 1 ( excl ude UFF I )  
reduces the add i t i ona l  hea l th  effects by very l i tt l e . The energy sav i ngs  wou l d 
be essent i a l l y  the same as the P roposed Act i on .  M i t i gat i on -By-Exc l u s i on No . 2 
( excl ude u n vented combu st i on app l i ances ) wou l d reduce hea l th effect s very 
s l i ght l y .  Very few res i dences i n  the reg i on  have u n vented combu st i on app l i 
ances , so  the re wou l d  be l i tt l e  reduct i on i n  p ro g ram cost ( a pprox i mate l y  $2 2 . 7  
mi l l i on )  and a mi nor  l os s  i n  ene rgy savi ngs  ( 1 . 4  MW ) .  

Ben zo - [ a ] -pyrene ( B a P )  

M i t i gat i on -by-Exc l u s i on No . 5 ,  M i t i gat i on -By-Act i on No . 2 ,  a n d  t h e  mi t i gat i on 
t hat p rov i des an i n fo rmat i onal  boo k l et on wood stoves and smok i n g a re i nte nded 
to  reduce Ba P-re l ated hea l t h effect s .  Both M i t i gat i on -By-Excl u s i on No . 5 
( excl ude res i dences wi th  wood stove s )  and M i t i gati on -By-Act i on N o . 2 ( p ro v i de 
AAHXs  to res i dences wi th  wood stoves ) wou l d  reduce p rog ram hea l t h effect s by 
a p p rox i mate ly  the same amount . The M i t i gat i o n -By-Exc l u s i on N o . 5 decreases 
p rogram cost by about $485 . 9  mi l l i on and reduces energy savi n g s  by 33 . 7  a n n u a l  
MW  compa red to t he  P roposed Act i on .  M i t i gat i o n -By-Act i on No . 2 wou l d  i n c rease 
p ro g ram cost by $521 . 8  mi l l i on and dec rea se ene rgy sav i n gs by 6 . 9  annua l  MW i n  
re l at i on to the P roposed Act i o n .  The hea l th  r i s k  of cancer  fo r i nd i v i du a l s who 
have AAHXs  i n sta l l ed wou l d  rema i n approx i mate ly  the same as that pr i o r  to 
i n sta l l at i on of t i ghten i ng measu res . The overa l l add i t i ona l  r i s k  wou l d be 
reduced as desc r i bed above . 

P rov i d i n g  an i n fo rmat i ona l  book l et on wood stoves and smok i n g i n  a t i ghtened 
res i dence as a mi t i gat i on cou l d  potent i a l l y  reduce hea l th effect s ,  but i t s 
s ucce s s  wou l d  depend on whet h e r  o r  not occupants  u sed the i nfo rmat i on .  The 
effects on p rog ram cost and energy s av i ngs wou l d  be i n consequent i a l . 

Radon 
M i t i gat i on -By-Exc l u s i on No . 3 and 4 and Mi t i gat i on -By-Act i on No . 3 a re d i rect 
mea ns for reduc i n g  radon- i nduced hea l th effects from the Proposed Act i on .  
M i t i gat i on-By-Act i o n No . 3 ( radon mon i to ri n g )  wou l d  reduce add i t i ona l  hea l t h  
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TABLE 2 . 1 8 .  Compar i son of E nv i ronmental  Impacts As soc i ated wi t h  the 
Proposed Act i on and Var i ous  M i t i gat i on Meas ures Above 
the No -Act i on 

IMPACT PROPOSED 

AREA ACTION MEASURE t MEASURE 2 

COST $ 1 , 1 84.5 MILLION 

OVER NO-ACTION 

e -- --
HEALTH EFFECTS OF 004 ADDITIONAL 

HCHO 
CANCER EVERY 

YEAR PER 100,000 

EXPOSED PEOPLE 

e -- 0 
BaP 0.43 ADD!TIONAL LUNG 

CANCER PER YEAR PER 

1 00 ,000 EXPOSED PEOPLE 

e 8 e 
RADON 0 3 2 ADDlTlQNAL LUNG 

CANCER PER YEAR PER 

100,000 EXPOSED PEOPLE 

e -- e 
RSP NONSMOKERS MAY 

EXPERIENCE EYE AND 

NOSE IRR ITATION AND 

REDUCED BREATHING 

CAPACITY 

e e e 
NO, SENSITIVE INDIVIDUALS 

MAY HAVE TROUBLE 

BREATHING 

e e 0 
CO SENSITIVE IND IVIDUALS 

MAY BECOME EXHAUSTED 

MORE QUICKLY 

e e 0 
CO, SmitE SEN SITIVE 

INDIVIDUALS MAY 

EXPERIENCE HEADACHES, 

DIUINESS AND 

NAUSEA 

e e 0 
ENERGY ADDITIONAL ANNUAL 

SAVINGS OF 105 7 MW 

e -- --
SOCIOECONOMICS 30,205 INSTALLER 

YEARS REOUIRED 

e -- 8 
LAND USE U P  TO 2,535 ACRES 

NOT PERMANENTLY 

LOST 

e 8 0 
WATER QUALITY U P  TO 1 34 THOUSAND 

ACRE-FEET O F  WATER NOT 

WITHDRAWN, AND U P  TO 

2.8 THOUSAND TONS 

O F  EFFLUENTS AND 

7 0  QUADRILLION BTU's 

NOT RELEASED 

e -- 8 
e MAGNITUDE APPROXIMATELY 

THE SAME AS PROPOSED ACTION 

() MAGNITUDE APPROXIMATELY 

HALF O F  PROPOSED ACTION 

Level  
MlTlGATlON-BY-EXCLUStON 

MEASURE 3 MEASURE 4 MEASURES ---- ---- ----

� -- � 

0 0 0 

0 8 � 

(!) a C) 

e e e 

e e e 

e e e 

e e e 
(J -- () 
(J a () 

(J � () 

() -- () 

MEASURE 6 

--

� 

8 

--

e 

e 

e 

e 
--
8 

8 

--
__ GREATER THAN PROPOSED ACTION 

8 LESS THAN PROPOSED ACTION, 

EXACT MAGNITUDE NOT COMPUTED 
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effects by 10% . That i s ,  0 . 29 add i t i ona l  cance rs per yea r per 100 , 000 peop l e 
wou l d be expected from radon wi th t h i s mi t i gat i on as compared to  0 . 32  cancers 
per year  per 100 , 000 peopl e fo r the Proposed Act i on .  The prog ram cost wou l d  
i n c rease $ 108 . 5  to  $202 .6  mi l l i on over the P roposed Act i on ,  and the energy sav
i n gs  wou l d  experi ence a sma l l decrease of 0 . 4  annua l MW . I t  shou l d  be noted , 
as st ated under HCHO , that chang i n g  the acceptab l e  l evel for radon under t h i s 
mi t i gat i on  wou l d  change the effect s on heal th , ene rgy savi n g ,  and p rog ram 
cost . I f  the acceptab l e  l evel were l owered ,  the hea l th effects of the P roposed 
Act i on cou l d be reduced bel ow the No -Act i on Al tern at i ve number  of cancers , but 
th i s  act i on woul d i nc rease p rog ram cost and reduce ene rgy sav i ngs . Ra i s i n g  t he  
acceptabl e l evel f o r  radon wou l d h a ve  the  oppos i te effect . 

M i t i gat i on -By-Exc l u s i on No . 3 ( excl ude basement s ,  s l ab-on-grade,  or  u n vent i 
l ated c rawl s paces ) wou l d  reduce hea l th effect s � about 90% compared to  the 
P roposed Act i on .  Howeve r ,  the n umber  of e l i g i b l e  res i dences wou l d be reduced 
by 760 , 000 over the P roposed Act i on .  P ro g ram cost wou l d be decreased by $734 . 2  
mi l l i on and ene rgy sav i ngs  wou l d be g reat ly  decreased by 5 3 .6 annua l  MW . 
M i t i gat i on-By-Excl u s i on No . 4 ( excl ude wel l water )  wou l d prov i de the l east 
reduct i on i n  heal th effect s .  It  wou l d not not i ceably decrease cancers compared 
to  the P roposed Act i on .  There wou l d be a reduct i on i n  prog ram cost of about 
$204 . 1  mi l l i on and a decrease i n  ene rgy sav i ngs  of 1 3 . 7 annual MW . 

Ot her  Con s i derat i ons  

M i t i gat i o n-By-Excl u s i on  No . 7 ( e xcl ude  apa rtment s )  i s  the  on ly  mi t i gat i on not 
d i rected at any speci f i c pol l utant . The a i r q u al i ty ana lys i s  and model deve l 
oped for est i mat i n g pol l utant concent rat i ons  cont i n ua l l y  shows that apa rtment s 
are est i mated to  h ave the h i ghest po l l u tant concent rat i on s .  Th u s ,  by el i mi n at
i n g apa rtments from the P roposed Act i on ,  the  number  of h i gher  ri s k  res i dences 
part i c i pati n g  i n  the p rog ram wou l d be l es s .  Th i s  wou l d l ower by a g reate r  
p ropo rt i on t h e  ove ra l l add i t i onal  heal t h  effects fo r HCHO , Ba P ,  a n d  radon . The 
heal th r i sk for al l the ot her po l l utants wou l d  rema i n the same as u nder  the 
P roposed Act i on .  P rog ram cost wou l d  be l es s  ( $ 1 47 . 6  mi l l i on )  and energy sav
i n gs wou l d be reduced by 13 a n n ual MW . 

Al though  M i t i gat i on-By-Act i on No . 1 t h rough  3 are d i rected at a s peci f i c pol 
l utant , these M i t i gat i ons  wou l d a l so  reduce the heal th effects of al l other  
pol l utant s . F o r  exampl e ,  M i t i gat i on -By-Act i on No . 1 wou l d  not on ly  l ower the 
HCHO l evel i n  a res i dence rece i v i n g  an AAHX but wou l d al so l ower the concent ra
t i ons  of radon ,  BaP , RSP , oxi des of n i t rogen , CO , and CO2 i n  those res i 
dences . The s ame wou l d  be t rue for  M i t i gat i o n -By-Act i on No . 2 and 3 .  An 
i nd i v i dua l ' s  ri s k  i n  res i dences rece i v i n g  AAHX s  wou l d be reduced . 

2 . 16 OTHER M I T I GAT I ONS NOT I NCLUDED 
Other  mi t i gat i on s  cons i de red , but not i nc l u ded i n  the d i scus s i on ,  were a i r
c l ean i n g tech n i ques  s u ch as f i l t rat i on ,  e l ect rostat i c  p rec i p i t at i o n ,  i on i za
t i on ,  absorpt i on ,  adsorpt i on ,  a nd  a i r ci rcu l at i on .  Each  of these  tech n i ques  
h as mer i t , but u s i ng a var i ety of tech n i ques  woul d be t i me-consumi n g  and  wou l d 
i nc rease p rogram cost s . I n  addi t i on ,  the  effect i veness of i nd i v i dua l  tech
n i ques  for va ri ous  res i dences cu rrent ly  i s  u n k nown p resent l y .  A deta i l ed 
descr i pt i on of these tech n i ques  i s  g i ven i n  Append i x M .  
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Fue l  swi t ch i n g  was not con s i dered . For  examp l e ,  an el ect ri ca l l y  heated 
res i dence wi th a gas stove cou l d be converted to  al l e l ect ri c  or  al l gas 
heat . Th i s  opt i on i s  a pol i cy dec i s i on and i s  not add ressed i n  t h i s docu
ment . It  cou l d  a l so i nt e rfere w i t h  pub l i c  cho i ce over  the  use  of gas  or  
e l ect ri c i ty .  

V a ri ous  ot her mi t i gat i ons  fo r the P roposed Act i on we re not i nc l uded because  
they were n ot cost-effect i ve ,  or  they i n vo l ved a techno l o gy that  has  yet to  be  
demon st rated , or  they we re i mp ract i ca l . Al though these  mi t i gat i ons  were 
removed from i nc l u s i on at th i s  t i me ,  further resea rch may i nd i cate thei r 
u sefu l ness . 

A f i n a l  mi t i gat i on not i n c l uded wa s to remove the pol l utant sou rces ( that i s ,  
the gas stoves , u n vented space heate rs , UFF I ,  and b ri ck bu i l d i n g materi a l ) o r  
t o  b a n  the i r use  ( e . g . , not prov i de t i ghten i n g  measu res f o r  res i dences whe re 
smok i n g occu rs ) .  Such an opt i on wou l d be i mp racti cal  and coul d v i o l ate human 
ri ghts . T h i s type of opt i on wou l d be regarded by vari ous  man ufactu rers as 
i nterfe ri ng  w i t h  the economi c system and the ri ght of p u b l i c  cho i ce .  
2 . 1 7  DELAYED ACT I ON  ALTERNAT I VE 

U nder  the Del ayed Act i on Al tern at i ve ,  the P roposed Act i on wou l d not be i mp l e
mented i mmed i ate l y .  I n stead , the P roposed Act i on wou l d be  reco n s i dered 3 to  5 
yea rs l ater .  Th i s  a l ternat i ve wou l d al l ow ongo i n g resea rch prog rams to  p rov i de 
more i n formati on on emi s s i on rates from pol l ut ant s ou rces , on ai r-exchange  
rates and  how these va ry ,  and  poss i b l y  on the rel at i on s h i p between pol l utant 
concent rat i ons  and the a i r exchange rate s .  

I n  add i t i on ,  because  the rel ati ons h i ps  between pol l utant concent rat i ons  and 
ri s k s  of hea l th a re uncerta i n ,  add i t i ona l  stud i es wou l d be benefi c i a l . How
eve r ,  these stud i es cou l d  take  20 to  40 years to  comp l ete wi th  no  gua rantee of 
su bstant i a l l y  reduci ng  the u ncertai nt i es .  The Del ayed Act i on wou l d a l l ow a 
more preci se del i neat i on of the factors that l ead to  h i gh concent rations of 
i ndoor ai r po l l utant s . Thu s ,  more p rec i se and deta i l ed mi t i gat i ons  to  exc l ude 
certa i n types of res i dences wi th  h i gh concent rat i on s  of pol l utants  cou l d be 
deve l oped . Add i t i ona l l y ,  t h i s del ay cou l d a l l ow t i me for other techno l og i ca l  
mi t i gat i on s  such as a i r cl ean i n g ,  to become pract i ca l . The research on  i ndoo r 
a i r po l l utants conducted du ri ng  the Del ayed Act i on may reduce the uncerta i nty 
i n  p red i ct i n g  pol l utant concent rat i on s . No guarantee exi st s ,  howeve r ,  that the 
resea rch conducted d u ri ng  the del ay wou l d be successfu l  i n  ach i ev i ng  these  
goal s .  

Ene rgy savi ngs  expected under  the P roposed Act i on wou l d  be fo regone du ri n g  the 
del ay .  Resea rch i nto  i ndoor ai r q ua l i ty cou l d cost u p  to $3  mi l l i on and cou l d 
de l ay the prog ram u p  to 3 years . Research i nto  mi t i gat i on tech no l og i es wou l d  
a l so  i ncu r cost s .  Al s o ,  becau se the P roposed Act i on wou l d not coi nc i de w i t h  
t h e  present p rog ram , BPA t s  admi n i st rat i ve act i v i t i es wou l d  b e  extended . Th i s  
cou l d  i nc rease the costs of the p rog ram and , becau se the exact de l ay i s  n ot 
speci f i ed , these costs can not be est i mated . 

The Del ayed Act i on Al ternat i ve wou l d n ot change the est i mated amount of energy 
saved because the number  of res i dences t i ghtened wou l d not chan ge . I f  a M i t i 
gat i o n -By-Exc l u s i on were u sed after the de l ay ,  l es s  energy woul d be s aved , 
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because fewe r res i dences wou l d  be t i ghtened . Soci oeconomi c effect s of the 
Del ayed Act i on wou l d  be i dent i ca l  wi th the P roposed Act i on except they wou l d 
occ u r  l ater .  I nst i tu t i ona l  effect s of the Del ayed Act i on Al ternat i ve cou l d be 
s u bstant i a l . Many of the res i dences that a re cu rrent ly  bei ng  aud i ted and s u p
p l i ed w i t h  nonti ghten i n g  mea s u res sUth ) as i n s u l at i on may need to  be  reeva l uated 
before t i ghten i n g act i ons a re taken . a I n  effect , the Del ayed Act i on Al ter
nat i ve cou l d  const i tute , admi n i s t rat i ve l y  and  i n st i t ut i ona l l y ,  a new p rogram. 
Al s o ,  i f  t i ghten i ng were done on a res i dence that has had non-t i ghten i ng mea
s u res u nde r the p resent program ,  a new owne r  seek i n g t i gb5�n i n g  under  t h e  p ro
gram wou l d  f i nd l es s  money ava i l ab l e to cover the  costs . � ) The l ocal u t i l i ty 
wou l d a l so  i nc u r  greater costs to  ma i nta i n and u pdate  fi l es under  th i s  
a l te rnat i ve e 

2 . 1 8  ENV I RONMENTALLY PREFERRED ALTERNAT I VE 

Under  th i s a l ternat i ve ,  t i ghten i n g  meas ures wou l d be p rov i ded to  a l l homeowners 
who wi sh to  p a rt i c i pate i n  the p rog ram. E ach homeowner  wou l d rece i ve a book l et 
that descri bes i ndoor ai r qua l i ty ,  i t s cau s e ,  i ts potent i a l hea l th  effect s ,  
ways to mon i tor  i t ,  ways t o  mi t i gate i t , and sou rces where more i nformat i on i s  
avai l ab l e .  Ai r-to-ai r heat exchangers wou l d  be p rov i ded as part of the p rogram 
to restore the o ri g i na l  a i r exchange rate i n  each res i dence rece i v i n g  the  
t i ghten i n g  meas u res . An  i ncent i ve wou l d  be  p rov i ded to  cove r a l l or  some 
port i on of the mi t i gat i on costs . 

Th i s  a l tern at i ve wou l d  offe r t i ghten i n g measu res to 1 , 209 , 000 re s i dences  i ne l i 
g i b l e  to  rece i ve them under  the No-Act i on A l ternat i ve .  Of these , 81 5 , 52 7  
s i ng l e-fami l y  and 212 , 000 mu l t i fami l y  res i dences are expected to  part i c i p ate . 
A s umma ry of the env i ronmental  effects assoc i ated w i th t h i s a l ternat i ve i s  
g i ven i n  Tab l e 2 . 1 9 .  A d i scuss i on of these effects , by speci f i c areas , 
fol l ows . 

A i r Qua l i ty 

S i nce AAHX s  wou l d be i n sta l l ed i n  each res i dence to  restore the ori g i n a l  ai r 
exchange rate , no  add i t i ona l  i mp act on the i ndoor a i r q ua l i ty woul d occ u r .  The 
est i mated a i r qua l i ty wou l d be the same as esti mated u nder  the No -Act i on 
Al ternat i ve .  

( a )  Th i s  i s  part i cu l a r l y  t rue  i f  a t ransfer of ownersh i p  occu rs d ur i n g  the 
del ay .  

( b ) Under the buy-back mechan i sm current l y  u sed by most ut i l i t i es ,  the  
heat l oss  a na lys i s  of a res i dence ' poo l s '  the sav i n gs ach i e ved by the  
vari ous meas u res . I n  effect , l ow-cost , h i.gh-sav i ngs  measu res such  as  
i n s u l at i on s u bs i d i ze h i ghe r-cost , l ower-sav i ngs  measu res s uch as storm 
wi ndows . Th i s  s u bs i dy effect i s  l ost  i f  the house has chan ged owne rs 
d u ri n g  the del ay ,  because the home i s  then t reated as a new case . 
( I n format i on f rom R i ck  Re i l ,  Benton Cou nty PUD , g i ven to  Je n i fer Ca l l away , 
PNL , i n  a te l ephone conversat i on on  September 1 5 ,  1982 . )  
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TABLE 2 . 1 9 .  S ummary of E n v i  ronmenta 1 I mpacts for E nv i  ronmenta l l y 
P referred Al ternat i ve 

Hea l th  E ffects of : 

HCHO 

BaP 
Radon 

RSP 

E nergy 

Cost 

Soc;  oeconomi cs 
Land use  

Water  gua 1 i ty 

Hea l th E ffects 

Same as No-Act i on Al ternat i  ve 

Same as No-Act i on A l te rnat i ve 
Same as No-Act i on Al ternat i ve 

Same as No-Act i on A l te rnat i ve 
Same as No-Act i on Al ternat i  ve 

Same as No-Act i on Al ternat i ve 
Same as No-Act i on A l te rnat i ve 

Sav i ngs  of 87 . 4  annua l  MW i n  add i t i  on t o  ex i st i n g 
p rog ram 

$565 . 2  to $ 1 387 . 3  mi l l i on over P roposed Act i on 

I nc rease I n st a l l er yea rs o ver  P roposed Act i on 
183  t o  2104 ac res not l ost depend i n g  on  whether  
the d i s p l aced fue l  i s  n uc l ear o r  coa l  

1 . 1 1  thou sand t o  7 . 1  mi l l i on ac re-ft of water  not 
wi thdrawn ( depend i n g on  type of fue l ) , 
2 . 3  thousand  tons  of eff l uent s and 4 . 2  to  5 . 8  
quadri l l i on BTU not re l eased ( depend i n g o n  the  
type of  fuel ) 

Hea l th  effect s associ ated wi th  t h i s a l ternat i ve wou l d  be the same as esti mated 
for the No-Act i on Al ternat i ve .  Therefore , hea l th effect s wou l d  be l i m i ted t o  
those occ u rri n g  under t he  base l i ne cond i t i on ,  or  the rate nat u ra l l y  occ u rri n g  
i n  a bsence of a weatheri zat i on p rogram.  

E nergy Saved 
Energy sav i n g s  wou l d  be the same as est i mated fo r the P roposed Act i on l es s  the 
power requ i red to  operate the AAHXs . Th i s power l oss  i s  est i mated to  be 
23 . 3  MW , or  about 20% of that est i mated for the P roposed Act i on .  The refore , 
the est i mated ene rgy sav i ngs  u nder  t h i s a l ternat i ve a re 87 . 4  a nnua l  MW i n  
add i t i on to  the sav i ngs  i ncu rred under  the p resent p rogram . 
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Soci oeconomi c and I n st i t u t i ona l  Effects 

Th i s  a l ternat i ve wou l d have soci oeconomi c and i n st i t u t i ona l  effect s : 
1 )  t h rough cost assoc i ated w i th the p rogram ;  2 )  because empl oyment i n  the  
reg i on wou l d  be  affected ; a nd  3 )  because the al ternat i ve wou l d  reso l ve the 
i n st i tut i ona l  conf l i cts  assoc i ated wi th the p resent l i mi ted p rogram. 

Cost P rogram cost wou l d be g reater than esti mated for the Proposed Act i on .  
The add i t i ona l  cost wou l d res u l t from pu rchas i ng and i n sta l l i n g  the AAHXs . The 
magn i tude of  the add i t i ona l  cost  i s  esti mated to be $56 5 . 2  to $ 1 387 . 3  mi l 
l i on .  A range i s  g i ven becau se i t  i s  not pos s i b l e  at th i s  t i me to determi n e  
whether  a wa l l /wi ndow or  centra l  AAHX wou l d  b e  req u i red for an i nd i v i dua l  
res i dence .  The  l ow va l ue represents the ass umpt i on that on l y  wal l u n i ts a re 
requ i red , wh i l e  the h i gh  va l u e as sumes al l res i dences wou l d rece i ve  centra l  
u n i t s .  

Emp l oyment Th i s a l ternat i ve affect s emp l oyment i n  two way s :  1 )  th rou gh  
i n sta l l er empl oyment and  2 )  t hrough i nduced expen d i t u re res u l t i n g from t he  
p ri ma ry emp l oyment . The number o f  i n sta l l e r years req u i red wou l d b e  greater 
than  that est i mated under the P roposed Act i on .  Therefore,  at l east 6 2 , 7 7 6  
i n sta l l e r years wi l l  be req u i red . 

I n s t i t u t i ona l  Confl i ct s  Th i s  a l ternat i ve wou l d reso l ve the exi st i n g confl i ct 
wi th  O regon regu l at i on s  and wou l d  make the BPA Weather i zat i on P rogram more 
acceptab l e to  i ts customer ut i l i t i es .  
Land U se  

Th i s  a l ternat i ve wou l d reduce the demand for  el ect ri ca l  ene rgy compa red to  the  
No-Act i on Al ternat i ve .  Thu s ,  the  l and commi tted o r  p l anned for  construct i on of  
gene rat i on faci l i t i es wou l d  be  reduced . The actua l  amount of  l and  not  req u i red 
depends on the type of fue l  rep l aced . I f  n u c l ear power were d i s p l aced , t he  
reduct i on wou l d  b e  183  ac res . I f  coal  powe r we re d i s p l aced , the  reduct i on 
wou l d be 2 1 04 acres . 

F i sh and Wi l d l i fe 
The i mpact on fi sh  and wi l d l i fe wou l d  be the same as est i mated for the P roposed 
Act i on .  
Water Qua l i ty 

I f  the amount of therma l generat i on  of el ect ri c i ty i s  reduced , the amount of 
h eat and s o l i d  po l l utants emi tted to recei v i ng waters wou l d  a l so  be reduced . 
Any reduct i on wou l d  mean i mp roved water q u a l i ty .  

The amount of reduct i on depends on fuel  type that i s  red uced . Based on the  
amount  of  energy saved , 1 . 1  thousand  to  7 . 1  mi l l i on ac re-ft of  water  wou l d  not 
be wi thdrawn , 2 . 3  thousand tons  of effl uent s ,  and 4 . 2 to  5 . 8 q u ad ri l l i on Btu  
wou l d not be  rel eased to  recei v i n g  waters . 
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2 . 1 9  BPA PREF ERRED ALTERNAT I V E  

Th i s a l ternat i ve wou l d b e  s i mi l a r t o  t h e  P ropo sed Act i on Al ternat i ve and 
M i t i gat i o n s -By-Act i on Measu res 3 and 4, but wou l d a l l ow the homeowner to make 
an i n fo rmed choi ce re ga rdi n g  mon i tor i n g  of radon  wi t h i n the res i dence and the 
pos s i b i l i ty of recei v i ng  AAHXs . Th i s  a l ternat i ve wou l d  al l ow maxi mum 
f l e xi b i l i ty of the weathe ri zat i on p rogram , but st i l l  ensu re mi n i mum hea l th  
effects for the occupants w i t h i n the res i dence . 

Under  th i s a l ternat i ve , the pa rt i c i pat i n g  homeowne r  wou l d  be prov i ded a boo k l et 
concern i n g i ndoor ai r q u a l i ty .  Th i s  boo k l et wou l d descr i be the as pects of  
i ndoor a i r qua l i ty ,  its  potent i a l hea l th effect s , ways to  mon i to r  i t ,  ways to 
mi t i gate i t ,  and reference sou rces where more i nfo rmat i on i s  ava i l ab l e .  

After  the res i dence has  been aud i ted , the homeowne r wou l d be ad v i sed of the 
fol l owi ng opt i ons  ava i l ab l e  conce rn i ng  radon and B PA ' s  a s s i stance : 

• I n sta l l t i ghten i n g  meas ures i mmed i atel y and decl i ne radon  mon i tor i n g  after  
the weather i zat i on i s  comp l eted . 

• I n sta l l t i ghten i n g measu res i mmed i ate l y  and se l ect radon mon i tor i n g  after 
the weather i zat i on j ob i s  comp l eted . 

• Se l ect radon mon i tori n g  before i n sta l l i n g t i ghten i n g  mea s u res . 

The homeowner chooses one opt i o n .  I f  mon i t or i n g  i s  se l ected ( i . e . , opt i on b o r  
c ) , t h e  mon i t or i n g  wou l d  i n vol ve a s i n g l e radon  detector depl oyed i n  a f i rst 
f l oor l i v i ng a rea for 3 months to one yea r .  After  the mon i t or i ng  peri od has  
been comp l eted , the  homeowner wou l d be i n fo rmed of the res u l t by us i n g  a 
graph i c d i s p l ay that i nd i cates where measu red concent rat i on i s , compared to  the  
average for ot her  res i dences i n  the reg i on . The  measu red radon  concent rat i on 
wou l d a l so be expressed i n  terms of equ i va l ent r i s k , such as ' c i garettes smoked 
per  day . ' The meas ured concent rat i on wou l d  al s o  be compa red to an Act i on Level  
estab l i s hed by BPA.  If  the concent rat i on exceeds the standa rd ,  the homeowner 
wou l d  be el i g i b l e  to  rece i ve a f i nanc i a l  i ncent i ve to  cove r some amount of the 
average reg i ona l  cost for p u rchas i ng and i n sta l l i n g  an AAH X .  The normal f i n a n 
c i a l  i ncent i ve wou l d  b e  ava i l ab l e f o r  pu rchase  a n d  i nsta l l at i on of t he  t i ght
en i ng measu res . 

Th i s a l ternat i ve wou l d offe r t i ghten i n g mea s u res to 1 , 209 , 000 res i dences 
i n e l i g i b l e  to  recei ve them under the No-Act i on Al ternat i ve .  Of thes e ,  about 
81 5 , 527  s i n g l e -fami l y  and 2 1 2 , 000 mu l t i fami l y  res i dences are expected to  part i 
c i pate . Of those part i c i pat i n g ,  about 85% a re expected to req uest mon i tor i n g  
i n  the i r res i dence wi th  approx i mate ly  4 to  1 5% fi nd i n g radon  concent rat i on 
above the Act i on Level estab l i s hed by BPA.  Th i s  l atter g roup  wou l d  be t hose 
res i dences l ocated i n  h i gh- radon areas . A summa ry of the env i ronmental  effects 
assoc i ated wi th  t h i s a l ternat i ve i s  g i ven i n  Tab l e 2 . 2 0 .  
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TABLE 2 . 20 .  Summa ry of E nv i ronmenta l  Impacts for BPA Preferred Al ternat i ve 

Hea l th E ffects o f :  
HCHO 

BaP 

Radon 

RSP 

co 

Energy 

Cost 

Soci oeconomi cs 

Land use  

Water qua l i ty 

Ai r Qu a l i ty 

S l i ght l y  l ess  than P roposed Act i on 

S l i ght ly  l ess  than P roposed Act i on 

0 . 2 3  to 0 . 32 add i t i ona l  l u n g  cance rs per year per 
100 , 000 peop l e ,  depend i ng on  Act i on Level chosen 

Same as No-Acti on  or  P roposed Act i on ,  depend i n g 
on whether o r  not an AAHX was i n sta l l ed 
Same as No-Act i on or  P roposed Act i on ,  depend i n g  
o n  whether o r  n ot a n  AAHX was i n sta l l ed 

Same as No-Act i on or  P roposed Act i on ,  depend i n g  
o n  whether  or  n ot a n  AAHX was i n sta l l ed 
Same as No-Act i on or  P roposed Act i on ,  depend i n g  
o n  whether or  n ot a n  AAHX was i n sta l l ed 

Sav i n g  of 1 04 . 5  a nnua l  MW i n  add i t i on t o  ex i st i n g  
p rogram 
$ 76 . 6  to  $130  mi l l i on ove r P roposed Act i on 

I n crease i n sta l l e r-years over P roposed Act i on 
Very s i mi l a r to  P roposed Act i on 

Very s i mi l ar to  P roposed Act i on  

Th i s  a l ternat i ve wou l d  i nc rease t he concent rat i on s  i n  those res i dences that do 
n ot rece i ve AAHXs . The mag n i tude of i nc rease wou l d be the s ame as est i mated 
for the P roposed Act i on .  Those res i dences that rece i ve AAHX s  wou l d  not experi 
ence any reduct i on i n  the n at u ra l  a i r exchange rate for t hat res i dence . The 
est i mated pol l utant  concentrat i on wou l d  be the same as esti mated for the No-
Act i on A l ternat i ve .  

Heal th  Effects 

On  an i nd i v i du a l  bas i s ,  those res i dences rece l v l n g  a i r-to-ai r heat exchangers  
wou l d  experi ence hea l th  effects that were est i mated for the No-Acti on A l terna
t i ve .  Al l other  res i dences wou l d  experi ence �ea l th  effects s i mi l a r to  that 
est i mated for the P roposed Act i on .  The i nd i v i dua l  hea l th  effects ( as d i st i nct 
f rom est i mated reg i ona l  hea l t h  effect s ) for th i s  a l ternat i ve ass ume that a l l 
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pol l utant sou rces are l ocated wi t h i n the res i dence . Most res i dences wou l d  not 
have a l l sou rces , so  actua l  hea l th effects wou l d  be l ess  than est i mated , o r  
nonex i stent . 

The cumu l at i ve hea l t h effect s for the reg i on  were al s o  esti mated . Depend i n g  on 
the Act i on Level chosen , 0 . 23 to  0 . 32 add i t i ona l  l u n g  cancers per year per 
1 00 , 000 exposed peop l e due to radon i s  esti mated to occu r .  The Act i on Level s 
con s i de red were 2 ,  3 ,  4 ,  5 and 10  pCi /� . The est i mated ra nge under  t h i s 
a l te rnat i ve i s  0 . 0 3  to 3 . 7  add i t i ona l  l u n g  cancers per yea r per 100 , 000 
peop l e .  The est i mated n umber of l un g  cancers due to  BaP and cancers due t o  
HCHO expos u re wou l d  b e  l es s  t h a n  t h at  esti mated for t he  Proposed Act i on .  

I n  real i ty the number of add i t i ona l  l un g  cancers i s  expected to  be l es s  than  
est i mated becau se the  mode l i n g techn i q ue i s  based on  average concent rat i on 
va l u es . The mon i tor i n g  p rogram wi l l  ensure that res i dences w i t h  h i gher or i g i 
na l  radon l evel s wi l l  not experi ence l a rge radon  concent rat i on i ncreases . 
Thu s ,  the t rue  ave rage wou l d  be l ower and the est i mated add i t i ona l  cancers  
wou l d be  l ess  than noted above . 

E n ergy 

The est i mated amount of ene rgy saved , i n  add i t i on to  the present p rogram , i s  
1 0 4 . 5  MW . Th i s  i s  on ly s l i ght ly  l ess , 1 .2 MW , than  the amount est i mated to be  
saved under  the P roposed Act i on .  Th i s  red uct i on i s  due to  the power pena l ty 
for operat i n g  AAHXs . 
Soci oeconomi c and I n st i t u t i ona l  Effects 

Th i s  a l ternat i ve wou l d  have soci oeconomi c and i n st i tut i ona l  effect s that are 
s i mi l ar to those for t he P roposed Act i on .  These effects wou l d be prog ram cost , 
i n creased emp l oyment , and reso l u t i on of exi st i n g confl i ct s .  T h i s a l ternat i ve 
wou l d  prov i de the homeowners i n  the reg i on the max i mum f l exi b i l i ty regard i n g  
mon i tor i n g  and poss i b l e mi t i gat i on o f  reduced i ndoor ai r qua l i ty l evel s .  

Cost P ro g ram cost wou l d  i n crease by $ 76 . 6  to  $ 1 30 m i l l i on over t hat est i mated 
for the Proposed Act i on .  The l ow val ue  i s  for an Act i on Level of 10 pC i /� ,  
whi l e  the h i gh va l u e i s  for 2 pC i /� . The Act i on Level determi nes the est i mated 
n umbe r of AAHXs  to  be i n sta l l ed .  

Empl oyment Th i s  a l ternat i ve i s  est i mated to create emp l oyment for i n sta l l i n g 
the t i ghten i n g measures and the AAHXs . It  i s  expected that at l east the l eve l 
est i mated for the Proposed Act i on wi l l  occu r ,  30 , 205  i n sta l l e r years , and 
probab ly  more . Th i s  d i rect emp l oyment wi l l  p rov i de add i t i ona l  secondary 
emp l oyment s i mi l a r to that est i mated u nde r the Proposed Act i on .  

I n st i t ut i onal  Conf l i cts  Th i s  a l ternat i ve wou l d re so l ve the conf l i ct w i t h  Oregon 
regu l at i on s  that req u i re mak i n g a l l weather i z at i on and t i ghten i n g  meas u res  
ava i l ab l e to  a l l persons request i n g them . 

Res i dence As noted under the Proposed Act i on ,  i mp l ementat i on of t h i s a l t e rna
t i ve wou l d affect the homeowner d i rect ly by reduc i n g the i r el ect r i c  b i l l s  and 
i n creas i n g  the ma rket va l u e of thei r res i dence . Spec i f i c deta i l s  can be fou nd 
under t he P roposed Act i on Al te rnat i ve ( Sect i on 2 . 2 ) .  
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Land Use  

The esti mated reduct i on  of  l and  commi tted o r  p l an ned fo r the  gene rat i on of  
ene rgy wou l d be  s i mi l a r to  t h at est i mated for  the P roposed Act i on .  

F i s h and W i l d l i fe 

The est i mated i mpact on fi sh  and wi l d l i fe wou l d be s i mi l a r to  that esti mated 
fo r the P roposed Act i on .  
Wate r Qu a l i ty 

The est i mated i mpact on wate r  q ua l i ty wou l d be s i mi l a r to  that esti mated fo r 
the Proposed Act i on .  

2 . 20 HOUSE -DOCTOR I NG 

Al though hou se-docto ri n g  i s  not part of the p roposed expanded BPA Re s i dent i a l  
Weathe r i z at i on P rog ram, t h i s concept i s  an emerg i ng  techn i que to  fu rthe r  reduce 
the a i r- i n f i l t rati on rates i n  res i dences . Thus , because  th i s  add i t i ona l  ene rgy 
conse rvat i on techn i que cou l d be i n c l uded i n  the P roposed Act i o n ,  the concept 
and associ ated effects a re desc ri bed bel ow . 

Hou se-doctor i n g  i s  a techn i que of seek i n g  out and sea l i n g open i n gs and c rack s 
i n  a res i dence whe re ai r may l eak  i nto  and out of the res i dence.  Once these 
l eaks  a re sea l ed ,  the heat l oss  by convect i on ,  o r  heat c a r r i ed by a i r f l ow , i s  
reduced . By appl y i n g  t h i s tech n i q u e ,  an est i mated reduct i on i n  the a i r
i n f i l t rat i on of 1 5% i s  pos s i b l e , wi th a range of 6 t o  25% expected ( Dutt et a l e 
1982 ) . The l a rge ran ge , howeve r ,  su ggest s that the effect s of the hou se
doctori n g  t reatment vary .  

Typ i ca l  house-docto ri n g  req u i res the effort of two t ra i n ed speci a l i st s  for 
one day .  The ai r l eaks  a re l ocated w i t h  a b l ower door and i n f ra- red ( I R )  
v i ewe r .  Genera l l y  these l eaks  occu r t hrough  c rack s , seams , el ect ri ca l  
swi tche s ,  and  out l ets as we l l as th rough penet rat i on i n  the att i c fl oor  a round  
fu rn ace fl ues , fi rep l ace c h i mneys , pl umbi n g ,  o r  e l ect ri ca l  condu i t s ,  and  j o i nts  
of d i s s i mi l i a r mater i a l s .  After  these c rack s are f i xed , the b l ower door  and I R  
v i ewe r are used t o  i dent i fy the effect i veness of the act i ons taken . Not al l 
the house doct o ri ng  measu res reduce the a i r l eakage rat e ,  even t hough they 
l ower the heat l oss  rate . The concept i s  wel l -su i ted for l a rge-sca l e p rog rams 
for res i dent i a l conservat i on such as the B PA Res i dent i a l Weather i z ati on P rog ram 
i f  the techn i ques can be gene ra l i zed for va r i ous  res i dence types , and i f  the 
p roper peop l e  can be t ra i ned to  app ly  house-doctori n g  tech n i ques . 
Becau se  th i s techn i que wou l d reduce the a i r- i nf i l t rat i on rate beyond the l evel s 
est i mated under  the P roposed Act i on ,  i n c reased po l l utant concentrati ons and  
thus  i nc reased ri s k  of  heal th  effect s wou l d occu r .  The add i t i on a l  heal th  
effects of  HCHO , BaP , a nd  radon above the No-Act i on Al ternat i ve we re est i mated 
by us i n g a typ i ca l  reduct i on i n  a i r- i n f i l t rat i on of 15% beyond that est i mated 
for storm wi ndows and d oors , weat herst r i pp i n g ,  cau l k i n g ,  and out l et and swi tch
p l ate gasket s , a nd  wa l l  i n s u l at i on .  
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Hea l t h  Effects 

The cumu l at i ve hea l t h  effects we re est i mated i n  the same fas h i on as for the 
P roposed Act i on ,  except that the reduct i on i n  a i r- i n f i l t rat i on rate was 
i nc reased by 1 5% .  The i nd i v i d ua l  hea l th effect s of RSP , ox i des  of n i t roge n , 
CO , and C02 a re n ot d i sc u s sed bel ow because they wou l d  be bas i ca l ly the same as  
est i mated for the P roposed Act i on ,  a l though concent rat i on s  of these pol l utants 
wou l d  i n c rea s e .  

I n  est i mat i n g  t h e  reg i ona l  i mpacts , i t  was ass umed that 25% o f  t h e  res i dences 
that rece i ve t i ghte n i ng  measu res wou l d a l so recei ve wal l i n s u l at i on .  The 
n umbe r of el i g i b l e  res i dences  wa s ass umed to be the  same as for the P ropo sed 
Act i on eva l u at i on .  

Radon (Rn ) I f  hou se-docto r i n g  we re adopted a l ong  wi t h  the P roposed Act i on ,  then 
an e st i mated 0 . 8 add i t i ona l  l u ng  cance rs per  year per  1 00 , 000 exposed peop l e 
wou l d  occu r above the  No-Act i on Al ternat i ve Le vel . The est i mated range of 
i mpacts i s  l e ss  than  1 l u ng  cancer per  year ( 0 .09 cance r s )  to 8 . 6  l un g  cancers  
per  yea r  per 100 , 000 exposed peop l e .  

Fo rma l dehyde ( HCHO ) W i th  house-docto ri n g  i t  i s  est i mated that l e s s  than 1 
add i t i ona l  cancer ( 0 . 0 5 )  above t h e  No -Act i on Al te rnat i ve Level wou l d occu r 
e ve ry yea r for eve ry 100 , 000 exposed peop l e .  The expected ran ge of effects i s  
0 . 003  add i t i ona l  cancer  per  yea r to 0 . 37 add i t i onal  cancer per  yea r per  100 , 000 
peop l e .  
Ben zo- Ca J -Py rene ( B a P )  An est i mated 0 . 86 add i t i ona l  l u n g  cancers pe r yea r p e r  
1 00 , 000 expo sed peopl e wou l d devel op from i n c reased BaP  concent rat i on s . Th i s 
i nc rease wou l d be above those  est i mated for the No -Act i on Al t e rnat i ve .  The 
est i mated ran ge of effects i s  0 . 1 2  add i t i ona l  l un g  cancers e ve ry year to 8 
add i t i ona l  l u n g  cancers per  yea r  per  100 , 000 exposed peop l e .  

E n e rgy Saved 

If hou se-doctor i n g  we re comp l eted i n  al l e l i g i b l e  res i dences that part i c i pate 
i n  the p roposed Expanded BPA Res i dent i al Weathe r i z at i on P ro g ram,  then an 
add i t i on a l  107 . 8  annua l  MW of energy wou l d  be saved . The  est i mated range of 
energy sav i n gs i s  86 . 2  MW to  169 . 9  MW . 
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3 . 0  DESCR I PT I ON OF THE AFFECTED ENV I RONMENT 

BPA has sta rted a program to provi de  t i ghten i n g  meas u res  and other  mea s u res to 
certa i n  types of res i dences ( d i scussed i n  the Summary ) .  Chapter 3 . 0  descr i bes 
the env i ronment of the areas that cou l d be affected by th i s propo sed Expanded 
Res i dent i a l  Weat her i zat i on P rog ram, wh i ch i s  i n  res ponse to the need for an 
adequ ate , re l i ab l e ,  economi ca l , and effi c i ent power supp l y . The areas 
d i scus sed here are a i r q ua l i ty ,  p ub l i c  heal th , energy ,  soci oeconomi c and 
i n st i tut i ona l  effect s ,  and ot her  env i ronmenta l  effects ( l and use , fi sh  and 
wi l d l i fe ,  and water  q ua l i ty ) . 

Fou r res i dence types are exami ned i n  t h i s E nv i ronmenta l  Impact Statement 
( E I S ) :  1 )  apartments ( 5  or  more u n i t s ) ;  2) mob i l e  home s ;  3) s i n g l e -fami l y  
attached ( 2  t o  4 u n i t s ) ,  and 4 )  s i n g l e-fami l y  detached . 

3 . 1  A IR  QUAL ITY 

The a l t e rnat i ves , i nc l ud i n g  the P roposed Act i on ,  wou l d  affect , but not cau se ,  
i ndoor and outdoor a i r q u a l i ty cond i t i on .  T i ghten i n g  measu res reduce t ,e  
amount o f  out s i de a i r enter i n g  t he  res i dence through sma l l c rack s and open i n gs  
i n  the res i dence struct u re .  Becau se i ndoor po l l uta nts are d i l uted by out s i de 
a i r ,  these t i ghten i n g meas u res  wou l d  p rov i de  a mecha n i sm whe re i ndoor a i r 
q ua l i ty i s  reduced . Al s o ,  becau se these  weather i zat i on meas u res wou l d reduce 
the  reg i ona l  demand for  space heat i n g ,  emi s s i on s  i nt o  the outdoor a i r from 
powe rp l ants wou l d  be redu ced . 
I ndoo r Ai r Qu a l i ty 

The qua l i ty of i ndoor  a i r i n  res i dences  most l y  i s  determi n ed by the occu pants 
act i v i t i e s ,  wh i ch i n c l u de the u se of app l i ance s ,  chemi ca l s ,  and tobacc o .  Ot he r 
sou rce s affect i n g the  i ndoor a i r qua l i ty are the con struct i on mater i a l s of the 
re s i dence and of the househol d fu rn i s h i ngs ( see Append i x  B ) .  In  addi t i o n ,  out
door ai r can penet rate to the i ndoors , affect i n g i ndoor a i r qua l i ty .  Al l these 
sou rces can cont ri bute po l l utant s .  When the po l l utants become a i rborn e ,  they 
a re def i n ed as the i ndoor a i r pol l ut i on of a res i dence . 

I ndoor po l l utants can be d i v i ded i nto t h ree g roups : 1 )  po l l utants  comi n g  f rom 
i ndoo r sou rce s , 2) pol l utants comi n g  from i ndoor and outdoor sou rces , and 
3) po l l utants comi n g  f rom outdoor sou rces ( see Tabl e 3 . 1 ) .  The po l l utants from 
th� f i rst group  that are most i mportant are forma l dehyde ( HCHO ) , res p i rab l e  
s u s pended part i cu l ate matter ( RSP ) ,  and ben zo- [a J -py rene ( BaP ) .  The po l l utants  
th at are most i mportant i n  the second  g roup  are n i t r i c oxi de ( NO ) , n i t rogen 
d i ox i de ( N02 ) ,  ca rbon monox i de ( CO ) ,  and ca rbon d i ox i de ( C02 ) .  The po l l utant  
of  maj or  concern i n  the th i rd group i s  radon . Sou rces of  pol l utants  of par
t i cu l a r i mportance a re descr i bed be l ow ( see Sect i on 3 . 2  for Hea l t h  E ffect s ) .  

Forma l dehyde (HCHO ) Most sou rces of HCHO , a gaseous  organ i c  compou nd , are fou nd 
i ndoors . These sou rces i nc l ude b u i l d i ng mate ri a l s ( ha rd p l ywood ) and 
fu rn i sh i ngs  ( ca rpet , fu rn i t u re )  that conta i n u rea-based g l ues and res i n s ;  gas  
app l i ances and wood bu rn i n g stoves that emi t HCHO as  a combu st i on p roduct ; 
tobacco smo k e ;  and u rea-forma l dehyde foam i n su l at i on ( U FF I ) i n  the wa l l s  of 
res i dences . P l ywood and part i c l e  board that u se an HCHO adhes i ve have l i tt l e ,  
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TABLE 3 . 1 .  Sou rces of I ndoor Ai r Pol l utant s ( NRC , 198 1 a )  

Formaldehyde 

Ammonia 

Pollutant Sou rce 

(G rou p  1 )  - Pollutants Mostly from Indoors 

U rea-bonded wood p rodu cts, u rea-formaldehyde foam 
insu lation, furnishings, fuel com bustion, tobacco smoking 

Metabol ic activity, cleaning products 

Polycyclic hyd rocarbons, arsen ic, 
n icotine acrolein Tobacco smoking 

Adhesives, cleaning solvents, cooking, cosmetics Organics 

Mercu ry 

Aerosols 

F u ngicides, paints 

Consumer products 

Particulate matter, Benzo -[a]- Pyrene Tobacco smoking, wood bu rning 

Asbestos, mineral and synthetic fibers I nsu lation 

Organisms 

NO 

N02 

CO 

CO2 
Organics 

Water vapor 

Spores 

Radon 

Sulfur oxides 

Ozone 

Infections 

(G rou p  2) - Pol lutants from Indoors and Outdoors 

Fuel  combustion 

Fuel combustion,  tobacco smoking 

Fuel combustion,  tobacco smoking 

Fuel  combustion, tobacco use, metabolic activity 

Fuel  combustion, pesticides, paints, insecticides 

Fuel combustion, evaporation, biologic activity 

F u ngi,  molds 

(G rou p  3) - Pollutants Mostly from Outdoors 

So i l, well water 

F uel combustion,  smelters 

Photochemical  reactions 
Heavy metals ( lead, manganese) Automobi les 
Organics Petrochemicals 
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i f  any , HCHO emi ss i on s .  Mo b i l e  homes usua l l y  have h i gher  concent rat i on s  of 
HCHO t han other res i dences ( except for those res i dences w i t h  UFF I )  becduse so 
much part i c l e boa rd and panel i n g bou nded by u rea res i n s are u sed i n  mob i l e  
homes ( J ewe l l 1 980 ) . 

Respi rab l e Su spended Part i c u l ate (RSP ) Matter Res p i rab l e Sus pended P a rt i c u l ate 
matter  i s  defi ned as a l l p art i c l es l es s  than 3 . 5  m i c rometers ( �m )  i n  d i ame
ter .  The maj o r  sou rce of RSP i s  tobacco smoke . Ot her  human act i v i t i e s such  as 
c l ean i n g and cook i n g ,  as wel l as u s i ng  wood stoves , add i ndoor res p i rabl e 
p a rt i c l es .  Gene ra l l y ,  RSP concent rat i ons  are l owe r outdoo rs than they are 
i ndoo rs ( NRC 1981a ) .  

Benzo-[a ] -pyrene ( BaP )  Benzo-[a] -pyrene i s  a pol l utant that  ori g i nates from 
wood combu st i on and from tobacco smok i n g .  Because BaP i s  thou ght to be a 
ca rci nogen , i t  i s  of spec i a l  i nterest i n  the ana l ys i s of i ndoor a i r qua l i ty 
( see Append i x E ) .  Few measu rements of the mag n i tude of  BaP emi s s i ons  f rom wood 
stoves a re avai l ab l e .  Th i s  ma kes  est i mat i ng  concent rat i on s  i n  res i dences d i f
f i cu l t .  Becau se more peop l e a re exposed to to bacco smoke than to other pol l u 
tant s , i t  i s  con s i de red to  be an i mp o rtant sou rce of BaP exposu re ( NRC 
1981a ) .  

NO � Combu st i on app l i ances such as u n vented portab l e space �����--��-a�n�d�gas stoves a re the ma j or  sou rces of ox i des of n i t roge n 
and n i t rogen d i ox i de ( N02 ) ]  emi s s i ons  to the i ndoor ai r ( see 

C a rbon  Mo nox i de (CO ) The p resence of CO i ndoors i s  most ly  a resu l t  of combus
t i on app l i a nces such a s  wood stove s ,  g a s  stoves , a nd  portab l e s pace heaters 
( s ee Append i x  B ) .  Tobacco smok i n g i s  a l es ser  sou rce of CO . 

Ca rbon D i ox i de (C02 ) The p resence of CO2 i ndoors i s  most ly  a re su l t  of peop l e 
b reath i n g .  Al l fo rms of i ndoor combu st l on a re sou rces of CO2 ( see Append i x B ) .  

Radon ( R n ) Radon-222 i s  a gaseous rad i oacti ve p roduct of the el ement rad i um-
226 , wh i ch occu rs nat u ra l l y  i n  a l l so i l and rock i n  very sma l l amounts  ( Ne ro 
1 981 ) .  Radon-222 can enter bu i l d i n gs t h rough  c racks  and open i n gs i n  the struc
t u re or  the foundat i on s , or  it  can  enter  t h rou gh porou s mate ri a l  ( such  as con 
crete ) .  Radon i s  p resent i n  the mi nera l s  u sed to  make concrete and br i ck . 
Radon i s  d i s so l ved i n  ground  wate r  and i s  re l eased when the water  i s  ru n .  
Radon i s  p resent i n  nat u ral  ga s .  Howeve r ,  for an i nd i v i dua l  re s i dence , amounts  
of radon  p resent i n  natu ra l  gas  i s  i n s i g n i f i cant . A l l of these  sou rces cont r i 
bute to  the i ndoor radon concent rat i on s .  Radon decays to  vari ous  n uc l i des  
ca l l ed radon daughters , wh i ch are cha rged meta l  atoms t hat can  attach to du st . 
I n  t h i s man ne r ,  radon dau ghters can enter the l u ngs . (See G l o s sa� for a more 
deta i l ed descr i pt i on . )  

Because  knowl edge of i ndoor  radon  concent rat i ons  and the i r ranges i s  l i m i ted i n  
t he Pac i f i c  Nort hwest , BPA conducted a Radon F i e l d  Mon i t o ri ng  St u dy du ri n g  the  
1 982-83 wi nte r heat i n g season . Ap p rox i mate l y  290 homeowne rs rece i ved u p  to  
t h ree smal l ,  p a s s i ve mon i t o rs t hat we re u sed to col l ect data for a 2 -to 3 -month 
peri od . Radon concent rat i on s  and bas i c  house i nformat i on we re obt a i ned fo r 270  
resi dences l ocated i n  j u st over 1 00 d i fferent l ocat i ons  i n  t he re g i on .  
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I n i t i a l res u l t s  of the mon i tor i n g  p rog ram have been re l eased by BPA ( Th o r  
1 984 ) . The regi on ' s  average radon concentrat i on f o r  the f i rst f l oor  l i v i n g  
a rea was 1 . 2  pC i / t .  F o r  those res i dences wi th  f i rst fl oor  l i v i n g areas over a 
c rawl space o r  basement , the ave rage measu red concent rat i ons  i n  the l i v i n g a rea 
were 0 . 9  and 1 . 62 pC i / t ,  res pect i ve l y .  Data fo r res i dences wi th  c rawl s paces 
were fu rther ana l yzed , and the ave rage concent rat i on w i th the vents c l osed wa s 
1 . 0 pC i / t compa red to  a val ue  of 0 . 6  pC i / t i f  the vent s we re open . 

The res u l ts  p resented i n  T hor ' s  report ( 1 984)  a l so a l l ow one to est i mate t he  
d i ffe rence i n  radon concent rat i ons  that mi ght occu r i n  res i dences l ocated i n  
h i gh- radon a reas o r  non bas a l t i c  geo l ogy .  Ba sed on the a s s umpt i on that western 
Montana , no rt h e rn I dah o ,  and part s  of nort h eastern  Was h i n gton  can be cons i de red 
nonbasa l t i c geo l ogy ,  res i dences i n  t hese a reas shou l d h ave radon concent rat i o n s  
about 2 . 5  t i mes t ho se  expected i n  res i dences fo r ot h e r  part s  of t he  reg i o n .  
E a r l i er stud i es i nd i cate that much more radon appears to  come f rom t h e  so i l i n  
these  h i g h - radon a reas  ( L l oyd 1 981 ; Bruno  1981 ) .  

Measu red concent rat i ons  of these i ndoo r po l l utants i n  a l l types of res i dences  
th roughout the U n i ted States a re g i ven i n  Tab l e  3 . 2 .  

Ai r-Exchange (Vent i l at i o n )  Rate 

Po l l utants that are p roduced i ndoors  are d i l uted by out s i de a i r that ente rs the 
res i dence th rough smal l c rack s and open i n gs i n  the  st ruct u re and th rough open 
wi ndows and doo r s . I ndoor  po l l utants  can be d i l uted th rough mechan i ca l  vent i 
l at i on .  Genera l l y ,  the g reater  the  ai r-exchange ( vent i l at i o n )  rat e ,  the  l owe r 
the i ndoor  pol l utant concent rat i on .  The ai r-exchange rate i s  exp res s ed as a i r 
changes per ho u r  ( AC H )  ( see g l ossa ry ) . 

The  a i r-exchange rate fo r a res i dence depends on the  construct i on mater i a l s and 
methods  used , s u rround i ng  ter ra i n ,  c l i mate ( speci f i cal ly  wi nd and temperatu re ) , 
and the occu pant s '  l i festy l es  ( f o r  examp l e ,  how often wi ndows are open ) .  For  
these reasons  s i mi l a r res i dences p ro bab ly  wou l d  not  h ave the same a i r-exchange  
rate , even  i f  l ocated next doo r o r  i n  the same apa rtment comp l e x .  A l s o ,  ai r 
exchange rates can  va ry d u r i ng  the day as a res u l t  of chang i ng  weather  and  
occu pant s ' l i festyl es . Th u s ,  o n ly  a typ i ca l  ran ge of ai r-exchange rates can  be 
g i ven for var i ous  res i dence types . 
A s i n g l e-fami l y  detached res i dence i n  the U n i ted St ates  has an ai r-exchange 
rate of between 0 . 5  to  1 ACH ( NRC 1 981 a ) . A s i n g l e-fami ly  detached res i dence 
i n  the Paci f i c No rthwest has  a typ i ca l  a i r-exchange  rate of about 0 . 8  ACH ( G rot 
and C l a rk 1 981 ; Veen h u i zen and Li n 1 97 9 ;  Berk et a l e 1 981 ) .  Genera l l y ,  res i 
dences  have been const ructed wi th  bette r t i ghten i n g  tech n i q ues wi t h i n the l ast 
seve ra l  yea rs . Thu s ,  they have a i r-exchange rates nea r the l ow end of  t he  
a bove ran ge . 
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TABLE 3 . 2 .  Measu red Concent rat i on s  of I ndoor Pol l utants  

Pol l utant 

HCHO 

Resp i rab l e ( ) P art i c l es c 

BaP 

Tot al  n i t rogen 
ox i des ( as N02 ) 

Radon 

Typ i cal Measu red 
I n doo r 

Concent rat i o n s ( a ) 

<0 . 0001 to  0 . 002 ppm ( b )  

100  to 500 � g/m3 ( d )  

0 . 2 t o  22 ng/m3 ( d , e )  

6 0  t o  600 � g/m3 ( d )  

200 to  1000  � g/m3 ( d )  

300 to 2000 � g/m3 ( d )  

0 . 6  to  6 mg/m3 ( d )  

0 . 9 to  9 g/m3 ( d )  

0 . 1  to  30 pC i / � ( d , f , 9 , h )  

( a )  Typ i cal  hou s i n g  stock i n  the Un i ted St ates ,  
i nc l ud i ng  mobi l e  h omes and apa rtment s .  

( b )  Sou rce : NRC ( 1 981a ) .  
( c )  Tota l  s u s pended part i cu l ate matter ( l es s  than 

3 . 5  �m d i amete r ) . 
( d )  Source : NRC ( 1 981 a ) . 
( e )  Sou rce : Moschand reas and Zabran s ky ( 1 981 ) .  
( f )  Sou rce : Nero ( 1 981 ) .  
( g )  Sou rce : Thor  ( 1 984 ) . 
( h )  pC i / � = p i cocu ri e per l i te r .  

S i ng l e-fami l y  attached res i dences a n d  apa rtments tend to  h ave a i r-exchange 
rates smal l e r than  thOte ) fo r s i n g l e-fami ly  detached res i dences , averag i n g  
0� 55 ACH a n d  0 . 48 ACH ,  a res pect i ve l y .  Mobi l e  homes h ave ( g� average a i r-
exchange rate of 0 . 28 ACH wi t h  a range of 0 . 1  to  0 . 7 5  ACH . As res i dences 
a re t i g htened , a i r-exchange rates decrease ( see Tab l e 4 . 6 )  and concent rat i o n s  
of  i ndoor ai r pol l utants general l y  i nc reas e .  

( a ) 

( b ) 

C a l cu l ated val ues  u s i n g  the  Ameri can Soci ety of Heat i n g ,  Ref ri gerat i on ,  and 
A i r-Cond i t i o n i ng  E n g i neers ( ASHRAE ) gu i del i nes ( ASHRAE 1 981 ) based on 
measu red val ues  for s i n g l e-fami ly  res i dences . These gu i de l i n es  refer to  
commerc i al b u i l d i ngs  o n l y .  
Personal  commu n i cat i on  f rom R .  A .  J ewe l l ,  Weye rhaeu s e r ,  t o  R i ck  Me ndl en , 
Depa rtment of Hous i n g and U rban Devel opment , J an u a ry 1 3 ,  1 982 . 
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Strengt h ,  Du rat i on ,  and F requency of Pol l utants 

The concent rat i on s  of i ndoor pol l utants  al s o  depend on the rate at wh i ch these 
po l l utants a re generated f rom sou rces wi t h i n the res i dence and on the rate at 
wh i ch they enter  the res i dence from out s i de .  F o rma l dehyde and radon are pol l u 
tants that a re emi tted from bu i l d i ng mater i a l s i n  the struct u re .  B u i l d i n g 
mater i a l s made from mi nera l  matter  have a h i gher  radon emi ss i on rate then do  
mater i a l s made f rom wood p rodu cts . Radon  i s  a l so emi tted from the so i l on  
wh i ch a res i dence i s  con structed . Res i dences that have a g reat deal of par
t i c l e  boa rd and pane l i n g p roducts wi th u rea-forma l dehyde r i sen s ,  newer fu rn i s h 
i n gs  and ca rpet , or  that conta i n UFF I genera l l y  have greater HCHO conce ntra
t i on s .  As  HCHO-conta i n i ng mater i a l s age , they emi t l es s  HCHO ( NRC 1 981 b ) .  

The concent rat i on of pol l utants  generated through combust i on  o r  tobacco smok i n g 
( such as ox i des of n i t rogen and ca rbo n ,  and part i cu l ate matte r )  depends on  how 
many and how often combu st i on  app l i ances are u sed and how often  tobacco i s  
smoked . Th i s  i s  k n own as the l u se cyc l e l • The more often and l onger any 
u n vented combust i on app l i ance i s  u sed , o r  the mo re often tobacco i s  smoked , the  
g reater the i ndoor concent rat i on of comb u st i on -generated pol l utant s . 

Res i dences l ocated i n  h i gh-radon reg i on s  ( for  examp l e ,  i n  western Mo ntana , and 
n o rthe rn and eastern I dah o )  tend to  have h i gher i ndoor radon concent rat i on s  
t h a n  d o  res i dences l ocated i n  a n  a rea cove red by basa I t- -see G l  o s sary-- ( B ru no  
1 981 ) .  Res i dences that use  we l l water s upp l i ed f o r  domest i c  water te nd  to  have  
h i gher  i ndoor radon  concent rat i on s  than res i dences that u se wate r  supp l i ed by 
su rface-water sou rces ( L l oyd 1981 ; EPA 1 9 7 9a ) .  
Becau se  of the vari ab i l i ty i n  strength , du rat i on ,  and frequency of pol l utant 
emi s s i ons , t h i s E I S  u ses th ree generat i on rates for po l l utant s :  a reasonab l e 
max i mum ,  a rea sonab l e mi n i mum , and an average rate ( see Append i x B ) .  

Remova l / Decay 

Remova l  and decay mechan i sms reduce  ai rbo rne concent rat i on s  of i ndoo r pol l u 
tant s .  Part i cu l ate matter wi l l  depos i t  on s u rfaces ( fu rn i tu re ,  wal l s ) .  A 
f ract i on of the depo s i ted part i c l es can be resuspended du r i n g  housecl ean i n g  o r  
by movement of  peop l e i n  t he  ho u se .  Genera l l y ,  t he  sma l l er part i c l es ( l es s  
than  3 . 5  � m  d i amete r )  are t he  most l i ke l y  to b e  res u s pended a n d  the l east  
l i ke l y  to  be depos i ted . 

Gaseou s radon-222  undergoes natu ra l  rad i oact i ve decay . As a resu l t ,  the i ndoor  
a i r conta i ns  both radon gas and radon daughters attached to  part i c l e s .  Remova l  
of radon and  radon daughters from a room i s  genera l l y  due to a i r exchange 
rather than to decay . I n  add i t i o n ,  the dau ghters can attach themsel ves t o  
o bjects i n  t he  res i dence ( e . g . , wa l l s ,  f i xtu res , c l ot h i n g ) .  

Some po l l utants such as CO and NO wi l l  n at u ra l l y  
gases , pri nc i pa l l y  to  CO2 a n d  N02 , res pect i ve l y .  
N02 much faster than CO ox i d i zes t o  CO2 • 
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Smo k i ng 

U s i n g  data from the 1 9 7 0  Nat i ona l  Hea l t h I nterv i ew Su rvey ( NH I S )  i nvo l v i n g  
3 7 , 000 househo l d s ,  a study by Bonham a nd  W i l s on ( 1 981 ) ana l yzed the hea l th of  
c h i l d ren  co rre l ated wi t h  the p resence of smo kers i n  the fami l y .  The amount of 
smok i ng i n  a househo l d was con s i dered both by n umber of adu l ts smok i ng ( none , 
one , and two or  more ) and by number of c i ga rettes cons umed per day . The data 
on n umber of smokers were chosen for the p resent d i s cu s s i on .  I ndependent data 
( Repace and Lowrey 1 983 ) i nd i cate that the average smoker  consumes 32 c i ga
rettes per day ,  but the a ve rage for the ent i re popu l at i on i s  1 0  c i garettes per  
day . 

Data from the NH I S  study , g i ven i n  Tab l e 3 . 3 , show the pe rcentage of ch i l d ren 
exposed to the th ree categor i es of smo k i n g .  

TABLE 3 . 3 .  Pe rcentage of C h i l d ren  Exposed to the Th ree Smok i n g Categor i es 

Number of Smokers 
i n  a Househo l d 

None 
One 
Two o r  mo re 

Pe rcent of  
Ch i l d ren Exposed 

3 7 . 8  
3 7 . 4  
24 . 8  

These numbe rs were comb i ned w i t h  data from "Cu rrent Popu l at i on Reports , Hou se
hol d and  Fami l y  Character i st i c s :  Ma rch 1982"  ( Rawl i n gs 1 983 ) on househol d s i ze 
and  d i str i but i on for fami l i es wi th  ch i l d ren . Th i s  step corrected the 1 9 7 0  data 
for fami l y  s i ze and type ( i . e . , one o r  two pa rent fami l i e s )  for  1 982 .  To co r
rect for the genera l  decrease i n  smok i n g s i nce 1 9 7 0 ,  the NH I S  est i mate of 36 . 9% 
smoke rs i n  the general adu l t  popu l at i on was compa red to  the 1 982 est i mate of 
3 3% ( e . g . , Su rgeon Genera l ' s  Report 1 982 ) .  Consequent l y ,  smok i n g i n  the pa ren
ta l  popu l at i on was sca l ed down by th i s  rat i o ,  ma i nta i n i n g the  re l at i ve freq uen
c i es of non - ,  one- , a nd  two-smokers i n  a househo l d .  

The Ma rch 1 982 Househol d and  Fami l y  Character i st i cs report ( Rawl i n gs 1 983 )  was 
then u sed , a l ong  wi t h  the 3 3% i n c i dence of smok i n g i n  the adu l t  popu l at i on ,  to 
determi ne the percentage of n o n - ,  o ne- ,  and two-smoker househo l ds  as a fu nct i on 
of  hou seho l d s i ze .  The res u l t s  are l i sted i n  Ta b l e 3 . 4 .  

An effort was made t o  adjust  for p resent fami l y  cha racter i st i cs ( i nc l u d i n g  
s i n g l e-parent fami l i es ) .  The l ack  o f  con s i derat i on o f  househo l ds  wi th  more 
than two smokers i s  an e rror l i ke l y  to be qu i te sma l l ,  becau se these househo l d s  
appea r i n  t he  two-smoke r  category .  Add i t i ona l , sma l l e r errors a re i nt roduced 
by assumi ng  that the nat i ona l  data on fami l y  characteri st i cs app ly  to fami l i es 
i n  the Pac i fi c  Northwest . 

Occupants  
The number of  peop l e occu py i n g  a res i dence , as wel l as the i r l i festyl es , affect 
i ndoor a i r  q u a l i ty i n  many ways . Some of these way s ,  such as smok i n g ,  have 
a l ready been d i scus sed . For another  examp l e ,  the amount of radon  gas enter i n g  
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TABLE 3 . 4 .  Number of Smokers  per Househo l d 

Number of Persons  Percent wi t h  Pe rcent wi t h  Pe rcent wi t h  Two 
i n  Househo l d  No Smokers  One Smoker  o r  Mo re Smokers  

1 6 7 .0  3 3 . 0 
2 48 . 8  42 . 2  9 . 0  
3 4 2 . 9  3 5 . 1  2 2 . 0  
4 36 . 6  34 . 9  28 . 5  
5 36 . 7  34 .8  2 8 . 5  
6 36 . 7  34 . 8  28 . 5  
7 o r  more 3 6 . 7  34 .8  28 . 5  

a res i dence t h rough  we l l water i n creases i n  proport i on t o  the amo u nt of water  
used , whi ch i s  p roport i ona l  t o  the n umber of  occupants and the i r hab i t s .  

The use  cycl e  of combust i on  app l i ances , such  as gas stoves , may depend o n  the 
n umber of occupant s . For  examp l e ,  each person i n  a res i dence may use  the  stove 
to  cook h i s or her own mea l s .  The method s  of start i n g  and mai nta i n i n g a wood
fi red stove a l so depend on the occupant s .  One occupant may fuel  the stove 
often wi th  frequent open i n g and c l o s i n g  of the door .  Th i s  cou l d res u l t i n  mo re 
po l l utants bei n g  emi tted i nto  the i ndoor ai r .  

I n  add i t i on ,  t h e  behav i o r  o f  occupants  determi nes ai r-exchange ranges . A res i 
dence wi th  ch i l d ren as occupants may h ave greater average a i r-exchange rates as  
a res u l t of  frequent open i n g  and c l o s i n g  of doors [ see the sect i on on Ai r 
Exchange ( Venti l at i on )  Rate aboveJ . Some occupants may s l eep wi th wi ndows open 
( regard l ess  of the season ) .  Th i s ,  too , wi l l  res u l t i n  greater average ai r
exchan ge rates . On the other han d ,  some peopl e i n  an a l ready " t i ght"  h ome may 
se l d om h ave a wi n dow or door open ( e s peci a l l y  du ri n g  very co l d  weathe r ) . Th i s 
wi l l  res u l t  i n  a very l ow a i r-exchange rate . Thus , the  ai r-exchange rates and  
the  pol l utant concent rat i on s  can  be  ext reme ly  h i g h  or l ow ,  depend i n g  on u se 
cyc l es and occupants .  

I ndoor Ai r Qua l i ty Gu i de l i nes 

No federa l  regu l atory standard s  ( see G l o s sary ) for i ndoor  ai r q u a l i ty are cur
rent ly  i n  effect for res i dences i n  the U n i ted State s .  Howeve r ,  g u i del i nes ( see 
G l o ssary )  exi st for i ndoor ai r qua l i ty to  ass i st federa l , state , and l oca l  
agenci es . Appendi x  N contai ns  spec i f i c  i n fo rmat i on on  both domest i c  and i nter
nat i ona l  gu i de l i nes as we l l  as federal  reg u l atory standard s  for i ndoor ai r 
q u a l i ty i n  the commerci al  work p l ace . 

I n  cases where there are no i ndoor ai r qua l i ty standa rds , a common app roach to 
control l i ng ai rborne contami nants i s  to  reg u l ate or  se l ect a mi n i mum vent i l a 
t i on rate ( see Append i x N ) . For  res i dences , th i s app roach i s  not pract i cab l e 
for two reason s .  F i rst , the sou rce st rength ( emi s s i on s )  and n umber of sources  
can vary cons i derab l y  i n  a struct u re ( e . g . , n umber of  smokers or number  of 
c i ga rettes smoked per day ) .  It i s  the sou rce st ren gth that i s  most respon s i b l e 
for the obse rved ai rborne concentrat i on s  i n  structu res ( r ather  than  the ven
t i l at i on rate or ai r exchange ) . Therefore , the amount of vent i l at i on a i r 
requ i red to ac�i eve a speci fi ed concent rat i on l evel  wou l d need to  be constant l y  
var i ed i n  order t o  respond t o  the chan g i ng  sou rce strengt h . Second l y ,  
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ach i ev i n g  a vent i l at i on standa rd i n  a res i dence i s  d i ff i cu l t ,  i f  not i mpos s i 
b l e ,  because res i dences a re n ot vent i l ated by a cent ra l  sy stem cont i n ua l l y  
br i n g i n g  i n  and c i rcu l at i n g  out s i de ( f resh ) a i r .  I n  any case , any vent i l at i on 
standa rd s hou l d  be v i ewed o n ly  as a des i gn goal  rather  than  a mi n i mum.  Stan
dards  shou l d be  des i gned tak i n g i nt o  cons i de rat i on the sou rce st ren gth , bu i l d 
i ng des i gn ,  e ne rgy effi c i ency ,  and ot her  factors to  ach i e ve acceptab l e average 
i ndoo r concent rat i on s . 

E xcess Moi stu re 
Moi stu re l evel s wi t h i n wood p roducts above 20% can l ead to  thei r decay 
( Schaffer 1 980 ) .  Thu s ,  mo i st u re conde n s i n g  or  accumu l at i n g  wi t h i n wal l s , 
f l oors , and roofs mu st be p revented as much as poss i b l e . Moi stu re can be 
i nt roduced i nto  the res i de nt i a l l i v i n g s pace from bat h i n g ,  was h i n g ,  cook i n g ,  
humi d i f i cat i on , res p i rat i on of occupants  and , i n  some areas of the U . S . , from 
the  amb i ent a i r i t se l f .  Mo i sture wi l l  condense on wi ndows , wa l l s , and roofs 
wheneve r the su rface temperatu re of such featu res  i s  cool ed bel ow the dew poi nt  
temperat u re of the  a i r i n  contact wi th the i r s u rface s .  The dew po i nt t emper
atu re i s  a funct i on of the temperat u re and the rel at i ve humi d i ty of the  a i r 
w i th i n a space . Humi d i ty control  i s  essent i a l to  p ro l ong  the l i fe of  a res i 
dence and to  reduce ma i nten ance costs res u l t i n g from excess moi st u re .  

There i s  general  a greement th at a comfortab l e and hea l thfu l  i ndoor env i ronment 
has  a temperatu re between 70 °-77 °F , rel at i ve humi d i ty of 30-60% , and a mi n i mum 
( l ess  then . 23 m/ s )  of a i r movement ( d rafts ) .  To meet these req u i rements  wi t h 
o u t  exces s i ve a i r cond i t i on i n g  ( h eat i n g ,  coo l i n g ,  or  humi d i f i cat i on )  a n d  a i r 
exchange rates , bu i l d i ng ret rofi tt i n g and new const ruct i on methods cu rrent l y  
tend t owa rd t i ghten i n g t h e  structu re by i n sta l l i n g  i n s u l at i on i n  att i cs ,  wa l l s ,  
and u nder  f l oors , and s ea l i n g c rack s a round doors , wi ndows , swi tch p l ate s ,  and 
open i ngs  for p l umb i n g  and e l ect ri ca l  access . The pr i ma ry effect of these mea
s u res i s  to  red uce the a i r exchange rate w i t h i n a res i dence . A certa i n amount 
of a i r exchange mu st occu r ,  howeve r ,  to  p rov i de oxygen for i nh a b i tants  and  fuel  
comb u st i on .  In  add i t i on ,  the a i r exchange rate i n  a res i dence s hou l d  be ade
q uate to  ca r� off exces s moi stu re generated w i t h i n the l i v i n g space . 

The most s i gn i f i cant adverse effects f rom exces s i ve moi st u re i n  a res i dence are 
damage to  su rface f i n i s he s  ( b oth  i n s i de and out ) , degrad i n g  of i n s u l at i on 
effect i veness , and d ete ri orat i on of st ructu ral member s .  Wal l pape r or  pa i nt 
may become sta i n ed from wate r  mark s or  fro� g rowth of mi l dew . The f i n i s h on 
wi ndows s i l l s may become d i sco l ored o r  damaged f rom condensat i on that has  
for�ed on  the wi ndow ru n n i n g  down and  pool i n g on  the s i l l .  Conden s at i on may 
occu r  on cool e r  sect i ons of a wa l l where studs p rov i de a therma l b r i dge t o  a 
co l der  out s i de wa l l .  D u st may col l ect on these  damp spot s  to  cau s e  even fur
ther  sta i n i n g .  When thermal g rad i ents a re g reat between i n s i de and outs i de 
e nv i ronment s ,  even dou b l e-g l azed wi ndows may p rov i de  a therma l br i dge wi th  
res u l tant depos i ts of  water  o r  e ven  i ce ,  wh i ch may rel ease s u bstant i a l amou nts  
of water  u pon event ua l  thawi n g .  I f  t h i s type of  p rob l em occu rs frequent l y ,  as 
it may i n  regi ons  wi th l on g ,  very col d wi nters ; the st ructu ral frami n g  bel ow 
the  wi ndows may , i n  t i me ,  rot . Ma i nta i n i n g  as u n i form an i nter i o r  su rface tem
perat u re as poss i b l e  wi l l  red uce the l i k e l i hood of t hese prob l ems . 

Att i c s that are not proper ly  vented , or  that have i neffect i ve cei l i n g vapor 
barr i ers , a re l i ke l y  t o  exper i ence mo i st u re from condensat i on .  Such  moi st u re 
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may dr i p on cei l i n gs  or ru n down corners wi th  eventu a l  stai n i n g th rou gh  the 
p l a ste r .  There are i nd i cat i ons that f l at roofs a re more su scept i bl e  to  conde n 
sat i on prob l ems than s l oped roofs . Adequate vent i l at i on wi l l  e l i mi nate conden
sat i on i n  an att i c .  The ce i l i ng s hou l d  be  const ructed or ret rofi tted i n  a 
man ner  to  prevent or reduce to  a mi n i mum any trans port of wa rmed a i r from the 
l i v i ng space be l ow . Th i s  type of p rob l em occ u rs frequent ly  i n  re s i dence s .  
Therefore , under the present Res i dent i a l Weat heri zat i on P rog ram ( p resent 
p rogram ) , venti l at i on standa rds  a re c l ea r ly  spec i f i ed and requ i red p ri or  to 
i n st a i l at i on of weather i z at i on mea s u res . 

E xte ri or pa i nt can be sta i ned or" " b l i stered " by mo i st u re t ran sport from the 
i nteri o r  t hrough  the wa l l s  to the out s i de .  There have been report s  of moi st u re 
from the foami n g  p rocess of UFF I mi g rati n g  t o  the out s i de sheath i ng and s i d
i ng .  An effect i ve vapor barri er on  the i n s i de wa l l s  reduces moi stu re t ransfer  
to  the  out s i de wa l l .  U s i n g  e xteri or  pa i nt that i s  pe rmeab l e may a i d  i n  d i s pe r
s i on of moi stu re that or i g i nates i n  UFF I .  I n  ol der homes , where i n sta l l at i on 
of a vapor barr i er wi t h i n  the wa l l  may be d i ffi cu l t ,  i t  may be pos s i b l e  t o  vent 
each stud space at the top and bottom to al l ow moi st u re to  escape before i t  
condenses . The Tsongas stud i es ( 1 980 ,  1 984 ) ,  d i scussed l at e r ,  i nd i cate t h at 
such ext reme meas u res are not needed i n  the Paci f i c No rthwest . 

S i nce thermal conduct i v i ty of most mater i a l s i ncreases wi th i ncreas i ng tempe r
at u re or moi st u re content , necessary mea s u res shou l d be taken t o  p revent moi s 
ture bu i l d up  i n  wal l i n s u l at i on .  Some opt i ons i nc l ude t h e  fol l owi n g : 

• i n sta l l at i on of a vapor and a i r barri er  to  l i mi t  water  vapor 
t rans port i nto  the wa l l  cav i ty 

• vent i l at i n g  the st ruct u re to  reduce i nter i or vapor pres s u re 
• u se of  dehumi d i fy i ng  equ i pment t o  reduce i ndoor moi stu re l e vel s .  

Conden sat i on of water vapor on i n s i de wa l l s ,  outs i de wa l l s ,  or  wi th i n the wal l 
cavi ty i s  u ndes i rab l e .  Damage and/or  stai n i ng  of i nter i or and exteri o r  f i n i s h 
may occ u r  from condensat i on on and wi t h i n wal l s  of res i dences . The eff i c i ency 
of most i n s u l ati on mater i a l s i s  reduced when the mate ri a l s are wet . Excess  
moi stu re o n  bu i l d i n g st ruct u ra l  membe rs over extended peri ods of t i me may cau se 
swe l l i n g or eventua l  deter i orat i on of the member by rot . Prob l ems of moi sture 
accumu l at i on from condensat i on or l ack of evaporat i on may be accentu ated i f  ai r 
i nf i l t rat i on i n  a res i dent i a l st ructure i s  reduced to  a l e vel where i n s u ff i 
c i ent water vapor i s  exhau sted to  i n h i b i t  condensat i on .  Even wi th  adequate 
venti l at i on ,  some sort of h umi d i ty cont rol i s  essent i a l i n  p ro l ong i ng  b u i l d i n g 
l i fe and  i n  redu c i ng  ma i ntenance cost s .  One  method  of cont rol l i n g the humi d i ty 
of the i ndoor a i r i s  th rough use  of dehumi d i fyi n g  app l i ances that are ava i l ab l e 
u nder the present program . I n  addi t i on ,  the t rans port of exces s i ve ly  moi st ai r 
may be at l east part i a l l y  cont rol l ed by the j ud i c i ous  use  of vapor barr i ers  
that are  avai l ab l e u nde r the present prog ram , choi ce of wal l i ns u l at i on type , 
and  the type of exteri or  pa i nt . 
Two f i e l d stud i es have been cond ucted  i n  the Pac i f i c Northwest i n  an attempt to  
resol ve uncerta i nt i es about whether i n sta l l ati on of wal l i n s u l at i on wi thout a 
vapor ba rri er  i n c reases the ri s k  of moi st u re damage to  the st ruct u re ( T songas  
1980 ,  1 984 ) . The  fi rst study ( i n  1 9 7 9 )  was  conducted i n  Port l and , Orego n ,  a 
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c i ty wi th  an annua l  tot a l  of 4792 heat i n g deg ree days . To compa re Port l and ' s  
study resu l t s w i th those f rom a col der c l i mate ,  a second st udy was conducted i n  
Spokane , Was h i n gton  ( 6835  heat i n g  degree-days ) du r i n g  the 1 982 -83 wi nte r .  
Resu l ts f rom t h e  two stu d i es showed that , i n  t h e  n o rthwestern part o f  the 
U n i ted States , wooden st ruct u ra l  wa l l members ( studs , sol e p l ates , sheath i n g ,  
s ubf l oor i n g ,  heade rs , and s i l l  p l ates ) had ave rage mo i st u re contents between 
1 0 . 6  and 14 . 0% ,  regard l ess  of the p resence of a vapor barri e r  i n  the wa l l cav
i ty .  The ove ra l l mean mo i st u re content of 3675  read i ngs  f rom approx i mate l y  
1 800 l ocat i on s  i n  1 0 3  test homes i n  Spokane wa s 1 1 . 3% .  Th i s  i s  we l l be l ow the 
20% mo i st u re l evel content at wh i ch decay i n  wood may begi n .  
E v i dence from the Port l and and Spokane stud i es suggest that wi t h i n  wa l l s ,  mo i s 
t u re prob l ems p red i cted by d i ffu s i on and mo i st u re mi g rat i on theor i es ra re l y ,  i f  
eve r ,  occ u r .  Though some moi stu re damage was fou nd  i n s i de and out s i de bot h  
i n s u l ated and u n i n s u l ated wal l s ,  i t  was gene ra l ly  mi nor  a n d  se l dom cau sed any 
maj or  phy s i ca l  damage . Much of the damage observed was caused by l ea k s  and 
g round s p l ash f rom non gutted roofs . 

The resu l t s of the Port l and  and Spokane stu d i es by Tsongas  ( 1 980 , 1984 ) shou l d 
be app l i cab l e i n  the states west of the Rocky Mounta i n s .  I n  s u bstant i a l l y  
co l der  c l i mates ( i . e . , Montana , the Dakotas , and Mi nnesota ) ,  however ,  or  i n  the 
easte rn part of the U n i ted States , whe re h i gher  amb i ent humi d i ty i s  common ,  the 
Port l and-Spokane resu l t s  may not app ly . 

Outdoor Ai r Qua l i ty 
The fo l l ow i ng  are assumed  to be typ i ca l  annu a l  ave rage pol l utant concent rat i on s  
i n  t he  outdoor a i r i n  t he  Pac i f i c Northwest : 

Radon -
HCHO -
CO -
CO2 -
NO -
To€a l  s u s pended part i cu l ates 

(TSP ) -
BAP -

0 . 2 5  pC i / t 
0 . 004 p p� 3 . 0  mg/m 3 0 . 720  g/2 50 . 0  � g/m 

3 20 . 0  � g/m3 0 . 1  n g/m  

Some a reas  of  the  reg i on may have  h i gher  or  l owe r concent rat i on s . A more 
comp l ete d i scu s s i on of the general c l i mate and ai r q u a l i ty for the reg i on i s  
g i ven i n  Append i x  C .  

3 . 2 P UBL I C  HEALTH 

Contami n ants  i n  i ndoor a i r ca� adverse 1y affect pu b l i c  hea l th . Of concern here 
a re HCHO , RSP matte r ,  BaP , oX l des of n l t roge n ,  CO 2 , C O ,  and radon .  Much i n for-
mat i on  i s  avai l ab l e  on the ri s k s  of hea l th effects assoc i ated wi t h  these po l l u 
tants at h i gh l eve l s  of e xpos u re .  These hea l th effects range f rom i rr i tat i on 
to  deat h . Not very mu ch i s  known about the ri s k s  of hea l th effects from these 
mate ri a l s at l ow concent rat i on s . The i n format i on on  a ri s k  of a hea l th effect 
at h i gh concent rat i on s , howeve r ,  can be u sed to  est i mate a ri s k  at l ow conce n 
t rat i on s .  Thi s  can b e  done th rough a downwa rd l i nea r e xt rapo l at i o n ,  i n  wh i ch 
the u n k nown ri s k  ( for  l ow- l evel  expos u re )  i s  ass umed to  cont i n ue to  dec rease at 
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t he same rate as i t  decreases for known r i s k s  ( see F i gu re 3 . 1  and Append i x F ) .  
Because a t h resho l d concent rat i on ( t hat concent rat i on bel ow wh i ch no  hea l th  
effect wou l d  occu r--see Gl o s sa ry )  may exi st , th i s ext rapol at i on tends  to  ove r
est i mate the r i sks  of hea l th effect s . 

L i tt l e  i n fo rmat i on i s  avai l ab l e on the comb i ned effects  of these pol l utant s . 
Al though s uch comb i n at i ons  cou l d  change the hea l th r i s k , the extent of t h i s 
change i s  u n k nown . The a na lys i s  i n  t h i s E I S  t reats each pol l utant sepa rate l y .  
F o rma l dehyde ( HCHOt Gammage and Gupta ( 1 984 )  have recent ly  summa r i zed t he  
acute effects of R HO exposu re .  They state that repeated exposu re to  HCHO , i n  
res i dent i a l and occupat i ona l  sett i n g s , has  been repo rted to res u l t i n  a w i de 
a rray of symptoms , i nc l u d i n g  p ro l on ged eye ,  nos e ,  and th roat i rr i tat i on ;  cou gh
i n g ;  wheez i n g ;  d i a r rhe a ;  nau sea ; vomi t i n g ;  headaches ; d i z z i nes s ;  l ethargy ;  
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i rri tab i l i ty ;  d i stu rbed s l eep ; men st rual i rregu l ari t i es ;  ol factory fat i gue ; and 
s k i n i r ri tat i on .  Ta b l e  3 . 5  summa ri zes  the re ported effects of occupat i ona l  and 
res i dent i a l  HCHO exposu res of varyi n g  l evel s ( Gammage and Gupt a 1984 ) . 

The odor th re sho l d for HCHO i s  u s u a l l y  around 1 ppm ,  but may be as  l ow a s  
0 . 05 ppm i n  part i cu l a r ly  sen s i t i ve i nd i v i dua l s .  Var i ab i l i ty ex i sts  between 
i nd i v i dua l s i n  the i r res ponse to  HCHO ; some peopl e deve l op a deg ree of to l er
ance to  i t s  i r ri tat i n g effect s .  Responses  to HCHO are mod i f i ed by a number of  
i nt r i n s i c  and ext r i n s i c factors , s uch as  smok i ng h ab i t s , p reexi st i n g d i sease , 
and i nte ract i o n s  wi th  ot her  pol l utant s .  Commi ttees from the Nat i ona l  Academy 
of Sc i ences h ave rev i ewed i n format i on about HCHO ' s  i r r i tat i ng  effect s ( NRC 
1 980 , 1981 b ) . The� conc l uded that exposures  to about 0 . 25 part s  per mi l l i on 
( p pm ) , or 300 � g/m  , of HCHO wou l d  i rr i tate somewhat l es s  than  20% of t h e  
hea l t hy adu l t s  i n  t h e  U n i ted States . They al s o  conc l uded that about 1 0%  o f  the 
peopl e i n  the U n i ted States may have hype rreact i ve ( h i gh ly sens i t i ve )  res p i ra
tory systems , wh i ch wou l d make them more l i k e ly  to be  i r ri tated by HCHO ( NRC 
1 98 1 b ) .  

The Nat i ona l  Academy of Sc i ences concl uded that there i s  " n o  popu l at i on t h re s h 
o l d for the  i rr i tant effect s [ o f  HCHO] a n d  that HCHO i s  a st rong  sens i t i zer"  
( I n fante et  al e 1 981 ) .  S hort-term ,  l ow exposu re ( 0 . 1  to  5 . 0  ppm ) of the mucous  
memb ranes of the  eye s ,  nos e ,  and th roat may cau se i r ri tat i on of the upper  
res p i ratory pass ages , teari n g  and burn i n g  of the eyes . Tab l e 3 . 6  presents  data 
on the i r r i t at i ng effects of vari ous  HCHO l evel s on  the eye .  Concentrat i on s  of  
1 to 2 ppm may cau se cough i n g ,  con st ri ct i on i n  the chest , a feel i n g of pres s u re 
i n  the  head , and rap i d  beat i ng of the  heart ( N I OSH 1 98 1 ) .  
Long-term expos u re to  HCHO may cau se changes  i n  the st ructure and performance 
of the resp i ratory t ract . Formal dehyde expos u re has been s hown to  cause bron
ch i a l asthma . Most  common l y ,  HCHO act s as a d i rect a i rway i r ri t ant i n  peopl e 
who have ast hmat i c  attack s from other causes , a l though the mech an i sm rel at i n g 
asthma to  HCHO exposu re i s  not k nown . Ot her  potent i al l y  seri ous  l ong-term 
h ea l th effect s are n ot wel l understood ( N IOSH 1 976 ) .  

S k i n contact wi th  HCHO can cau se  a number of probl ems , i ncl ud i n g i r r i t at i on ,  
h i ves , and a l l erg i c contact dermat i t i s ,  fa i r l y  common i n  the U n i ted States . 

Forma l dehyde concent rat i on s  of 0 . 0 3  to  1 ppm i n  con vent i ona l  and mob i l e  homes 
have been a s soc i ated wi th  a var i ety of adverse hea l th effect s .  Formal dehyde 
concent rat i ons  smal l e r than  0 . 5  ppm may have been the cau se of eye and upper 
res p i ratory i r r i t at i on s , headaches , and s k i n p rob l ems of peopl e l i v i ng i n  a 
group of res i dences wi t h  UFF I lcpsc  1 981 a ) . Stud i es  of some homes i n  Co l o rado , 
whe re occupants h ad repo rted symptoms as soc i ated w i t h  HCHO i r r i t at i on ,  fou nd  
HCHO concent rat i o n s  greater t h a n  t h o se  al l owed for  occupat i ona l  expos u re s  
( Ha r r i s ,  Rumack a n d  Al dr i ch 1 981 ) .  

A number of quest i on s  have been rai sed about the carci nogen i c  potent i a l of 
HCHO . The fede ral gove rnment ma i nta i ns a h i gh J e vel of act i v i ty conce rn i n g  
t h i s i s sue . Regu l atory deci s i on mak i n g h a s  i n vo l ved a comp l e x  i nterp l ay of 
sc i ent i fi c , regu l atory ,  and pol i t i cal  i ssues  ( Nesmi th  1 98 3 ) .  For examp l e ,  a 
Con sensu s  Wo rkshop  on Forma l dehyde had the ai ms of d i scus s i n g  the  exi st i n g 
s c i ent i f i c  data and i dent i fy i ng  futu re research needs ( FDA 1 983 ) . Subse
quent l y ,  the U . S .  E nv i ronmenta l  P rotect i on Agency ( EPA ) pu b l i s h ed a not i ce 

3 . 1 3 



TABLE 3 . 5 .  Adverse Human Heal th  Effects As soci ated wi th  Fo rma l dehyde Expos u res 
i n  Res i dent i al and Occupat i ona l  Stud i es ( Gammage and Gupta 1 98 4 )  

HCHO 
Concent rat i on ,  

ppm 

0 . 0-10  

0 . 02-4 . 1 5  

0 . 09-5 . 6  

0 . 3-2 . 7 
Av 0 . 68 
Med i an 0 . 4  

0 . 1 3-0 . 45 

0 . 2 -0 . 45 
Av 0 . 36 

0 . 1 3 , 0 . 57 ,  
and 0 . 44 

�0 . 83 

0 . 9- 1 . 6  

0 . 9-2 . 7  

? 

1 . 3  - 3 . 8  

Hea l th E ffects 

Nau sea ; eye ,  nose , and th roat i rri tat i on ;  
headaches ; vomi t i n g ;  sto�ach c ramp s 
D i arrhea , eye and upper res p i ratory t ract 
i rr i tat i o n ,  headaches , nausea , vomi t i n g  

Bu rn i n g  o f  eyes a n d  nose , sneez i n g ,  cou gh i n g ,  
and headaches ; 3 o f  7 su ffered from ast hma o r  
s i n us  p rob l ems 

An noy i n g  odo r ,  constant p ri ck i n g of mucou s 
membranes , d i st u rbed s l eep , t h i rst , heavy 
teari n g  
Bu rn i n g  and st i n g i n g  o f  eyes , nos e ,  and 
th roat , headaches 

I rri tat i on of eyes and upper res p i ratory 
t ract , d rows i nes s ,  headaches , and men st ru a l  
i rregu 1 a ri t i e s  

Headaches , concent rat i on p rob l ems , d i z z i 
nes s ,  nau sea , cough i n g ,  i n c reases i n  recu r
ri n g  i n fect i on s  of the upper res p i ratory 
t ract , and i rri tat i on of eye s ,  nos e ,  
and th roat 
Lo ss  of ol factory sense , i nc reased upper  
resp i ratory d i seas e ,  s u batroph i c  and 
hypert roph i c  a l terat i on s  i n  nose and th roat , 
c i l i ostat i s  of nasal mucos a ,  i n c reased 
adsorpt i ve funct i on of nasal  mu cosa 

I t ch i ng eyes , d ry and sore t h roats , d i s
tu rbed s l eep , u n u s ua l  th i rst upon awaken
i ng i n  the morn i n g 

Tea ri n g  of eyes , i rri tat i on of nose and th roat 

C h ron i c  ai rway o bst ruct i o n ,  respi ratory t ract 
and eye i rri tat i on ,  sma l l dec rease i n  p u l mo
nary funct i on d u ri n g  work day and work week 

Me nstrua l  d i sorders , pregnancy comp l i cat i on s , 
l ow b i rth we i ght of offspr i n g  

3 . 1 4 

Expo s u re 
Sett i ng  

Res i dent i a l 

Res i dent i a l  

Occu pat i ona l  

Occupat i ona l  

Occupat i ona l  

Occupat i ona l  

Schoo l s 

Occupat i ona l  
( g reater  than  
5 years  to l es s  
t h a n  10  years ) 

Occupat i o na l  

Occu pat i ona l  

Occupat i ona l  

Occupat i ona l  



TABLE 3 . 6 .  I r ri tat i n g Effects o f  Forma l dehyde o n  the Human Eye 
( NRC 1 981 b )  

HCHO 
Concent rat i on ,  ppm 

0 . 03-3 . 2  

1 3 . 8  

20 

0 . 25 

0 . 42 

0 . 83-1 . 6  

4-5 

0 . 9-2 . 7  
0 . 3- 2 . 7  

0 . 9- 1 . 6  

0 . 1 3-0 . 45 

0 . 067-4 . 82 
0 . 02 -4 . 1 5  

0 . 03-2 . 5  

Du rat i on of Expos u re 

Chamber- -s i ngl e :  

20 to  3 5  mi n ;  gradu a l l y  
i n crea s i n g  concentra
t i on  

30 mi  n 

Less than 1 mi n 

Chamber--repeated : 

5 hid for 4 d 

5 hid fo r 4 d 

5 hid for 4 d 

Occupat i ona l : 

I ndoor Res i dent i a l : 
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E ffects on Eyes 

I n c rease i n  b l i nk rate ;  
i rri tat i on 

I r ri tat i on ( a nd nose 
i r r i tat i o n ) 

D i scomfort and 
l acr i mat i on 

1 9% " s l i ght d i scomfo rt " 

3 1%  " s l i ght d i scomfo rt " 
and con j u n ct i va l  
i rri tat i on 

94% " s l i ght d i scomfo rt " 
and con j u nct i va l  
i rri tat i  on  

I r ri tat i on ,  l ac r i mat i on ,  
and d i scomfort i n  30 mi n 

Tear i n g  
P r i ck l i n g and tea ri n g  

I ntense i r r i tat i on a n d  
i tch i  n g  

St i ng i ng a n d  b u rn i n g  

Tea r i n g  

I r ri tat i on 

I rri tat i on 



regard i n g  reeval uat i on of whether  HCHO shou l d  be gi ven pr i or i ty con s i derat i on 
under  Sect i on 4 ( f )  of the  Toxi c Substances Cont ro l  Act ( E PA 1983 ) .  Most 
recent l y ,  the Consume r P roduct Safety Commi s s i on ( CPSC ) has authori zed the 
format i on of a chron i c  haz ard ad v i sory panel  on HCHO and i n i t i ated the se l e c
t i on of the membe rs (CPSC 1 984 ,  p.  7 2 7 5 ) .  

At the center of much of the concern and d i s c u s s i on about HCHO has been t he  
potent i a l for  adverse heal t h  ri s k s  associ ated wi t h  u rea-forma l dehyde foam 
i n s u l at i on .  Because of these ri s k s ,  the use  of UFF I has  been ban ned i n  a 
n umbe r of states . A Boston superi o r  cou rt found the  Massachu sett s ban 
1I • • • a rb i t rary and capri c i ou s . 1I The B oston cou rt found no  bas i s for ca l l i n g 
HCHO a hazardous  materi a l  (Occupat i ona l  Hea l t h  Sa fety Letter  1 982 ) . 

I n  Canad a ,  the use of UFF I was ban ned i n  1 980 .  A recent ly  pub l i s hed re port 
from a 1983  meet i n g spon sored by the Mi n i stere des Affai res Soci a l es  du Quebec 
re v i ewed the  hea l th  ri s k s  i n  h omes i n s u l ated w i t h  UFF I ( Hoey et a l e 1 984 ) . 
They conc l uded , liThe carci nogen i c ri s k , i f  any , of formal dehyde i n  homes wi t h  
UFF I i s  probab ly  t oo  l ow to  b e  detectab l ell ( Hoey et a l e 1 984 ) . 

I n  1 982 the  CPSC p romu l gated a ban on UFF I ( CPSC 1 981 a ;  CPSC 1981 b ;  Ban of UFF I 
1982 ) ,  wh i ch was s ub sequent l y  set as i de by the U . S .  D i st ri ct Cou rt of Appea l s 
for the  F i fth C i rcu i t .  The  cou rt he l d that the CPSC l s  II f i nd i n g  that UFF I poses 
an u n reasonabl e ri s k  of cancer  i s  not supported by s u b stant i al evi dence on  the 
record as a whol e ll ( Gu l f South I n s u l ati on v.  U . S . Con s ume r P roduct Safety Com
mi s s i on 1983 , p .  1 1 47 ) .  Al though a maj or i ty of the commi s s i on d i s agreed wi t h  
t h e  cou rt l s  fi nd i n g s , the case was not appea l ed to  t h e  Supreme Cou rt , and the 
ban on the use  of UFFI  was removed by the CPSC ( CPSC 1 983 ) . 

I n  the cou rt l s  heari n g  on the UFF I ban , ri s k -as ses sment methods  devel oped by 
the CPSC we re cha l l en ged as p resent i ng an u n real i st i ca l ly  h i gh est i mate of ri s k  
( Gu l f South  I n s u l at i on v .  U . S .  Consumer P rod uct Safety Commi s s i on  1983 , 
p .  1 1 46 ) . Th i s  ri s k  asses sment was based on the res u l ts  of an i mal stud i es t hat 
showed an i ncrease i n  nasa l  cancers (Cohn  1 981 ) .  Human epi demi ol og i ca l  stud i es 
we re n ot taken i nto  accou nt , many of wh i ch we re pub l i shed after  the  CPSC r i s k  
asses sment and D raft E I S  was prepa red . The l ack o f  con s i derat i on o f  epi demi 
o l og i cal data was c r i t i c i zed by the  cou rt ,  as was the ri sk model u sed by t he  
CPSC . 

The CPSC method est i mates the ri s k s  of cancer for persons  exposed to  HCHO for 
l on g  peri ods of t i me ( see Append i x  D ) .  For every 100 , 000 peopl e exposed to a 
HCHO concent rat i on of 1 ppm for 9 yea rs at 16  hi d ,  109 persons (wi t h  a peri od 
at r i sk of 7 0  yea r s )  wou l d devel op cance r .  

At t h e  t i me t h e  Draft E I S  was p repa red , t h e  CPSC ri s k -as ses sment met hods  we re 
the most approp ri ate ava i l ab l e .  The Formal dehyde I n st i tute re v i ewed the  D raft 
E I S  and s ubmi tted exten s i ve comment s , wh i ch ran ged from con s i derat i on of the 
general p rocess of ri sk as ses sment to  speci fi c cr i t i c i sms of the CPSC ri s k 
assessment method s . W e  acknowl edge these comments  and cons i der  some o f  the 
i s sues ra i sed i n  th i s  F i na l  E I S .  We have n ot , h oweve r ,  e l i mi n ated the  u se  of  
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the methods  devel oped fo r the CPSC by Cohn ( 1 981 ) .  I n  the D raft E I S ,  we noted 
that the use of  t h i s  model was based on severa l  ass umpt i ons t hat mi ght not be 
met , and that the esti mates of carci n ogen i c i ty were conse rvat i ve i n  that they 
wou l d tend to  overest i mate ri sk s .  C l earl y ,  overest i mati ons occu r ,  but a mo re 
s at i s factory and wi del y accepted ri s k -est i mat i on p rocedu re i s  unava i l a b l e at 
the t i me t h i s i s  wr i tten , Ap r i l 1 984 .  E ven at the Concen sus  Works hop on F o r
ma l dehyde ci ted above , whe re mu ch  of the d i scu s s i on  focu sed on ri sk  est i mat i on ,  
p re l i mi n a ry reports  su ggest that no  concen sus  was reached . I n  add i t i on ,  one of  
the  quest i on s  to be  con s i de red by a chron i c  haz a rd ad v i sory panel  on HCHO be i n g 
estab l i s hed by t he CPSC i s  as fol l ows : 

Cons i der i n g  the ava i l a b l e data on the carci n ogen i c i ty ,  meta bo l i sm ,  
and mechan i sm o f  act i on o f  HCHO , i s  the u s e  o f  t h e  l i near i zed mu l t i 
stage mode l  and the  u pper  95% confi dence l i mi t  a u sefu l descri ptor  of 
the r i sk to  h uman s?  Are there other mode l s that a re p referab l e?  
( CPSC 1 984 , P 7276 ) . 

I n  a l etter to the Cha i rman of the CPSC dated February 12 , 1982 , John  
H i gg i nson , fo rmer d i rector of the I nte rnat i ona l  Agency for Resea rch on Cance r ,  
st ated : 

Exact est i mates as to the numbe r of 
expected to  occ u r  i n  man based on  a 
s i mp l y  i gnore bi o l og i ca l  rea l i t i es .  
ex i st does n ot make these est i mates 

cases of a cancer that mi ght be 
s i ng l e experi ment a re s i l ly and 
The fact that no better  method s 

any better o r  more va l u a b l e .  
I n  conc l u s i on ,  no con sensus  exi sts  on the ca rc i nogen i c  ri s k s  as soci ated wi t h  
HCHO o r  t he  appropr i ate met hods of est i mat i ng t he  mag n i t ude o f  whatever r i s k  
may be  p resent . T he  epi demi o l o g i ca l  stud i es o f  occupat i ona l l y  exposed wo rkers 
( Gu l f  South I n su l at i on v. U . S .  Consume r Product Safety Commi s s i on 1983 , 
p .  1 1 45 ; Acheson et al e 1984 ) , wh i ch fai l to s how an i nc rease i n  cance rs i n  
t hese popu l at i on s ,  s uggest t hat the ri s ks  a re not as  h i gh as  p rojected by t he  
CPSC ' s  ri sk  est i mat i on ( Cohn  1981 ) .  We  use  the CPSC ' s  method i n  th i s  document 
w i t h  the caveat that the r i s ks  est i mated are c l ear ly too h i gh ,  and t hat actua l  
r i s k s  are at some l ower l evel , p resent l y  u ndetermi ned . 

Respi rabl e Su spended Part i c u l ate ( RSP )  Matter Resp i rabl e s u s pended pa rt i cu l ate 
matter i s  defi ned as a l l p art i c l es w i th a d i ameter of 3 . 5  �m or  l es s .  Resp i ra
b l e part i cl es are espec i a l l y  i mportant  because , when  i nh a l ed , they can  l odge  i n  
the deepest part of the  l u n g .  Larger part i c l es are removed t h rough the nasa l  
passages . The chemi cal  makeup  of each  part i c l e  vari es  accord i n g  to  i t s sou rce . 
Because  t he chemi cal  compos i t i on i s  not s pec i f i ed ,  att r i but i n g hea l th effect s 
to  concent rat i on s  of RSP i s  d i ff i c u l t .  No Nat i ona l  Ambi ent Ai r Qua l i ty St an
dard ex i sts for resp i rab l e part i c l es ,  a l though  such  a standard does  ex i st for  
TSP  ( see Gl ossary ) . The need for an RSP standard has  been suggested by Fe rri s 
( 19 78 ) .  

When c i ga rette smok i n g occ u rs , a l most a l l resp i rab l e part i cl es i ndoors come 
from t hat sou rce . The hea l t h  effects of smok i ng on smokers h ave been st ud i ed a 
great deal  ( USHEW 1 9 79 ) . The heal t h  effect s on non smoke rs have on ly  recent l y  
recei ved attent i on .  Repace and Lowery ( 1 980 ) est i mate t hat a non smoker  work i n g 
i n  an off i ce where smok i n g i s  a l l owed i nh a l es parti c l es  at a rate t h ree t i mes 
g reater than he wou l d wi t h out t h i s exposu re .  I n  a study of 2 0  c h i l d re n ,  B i nder  
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et al . ( 1 97 6 )  fou nd  that exposure to RSP matter  i n  ho�es  wi t h  smokers  wa s much  
h i gher t han i n  homes wi th  nonsmokers ( 1 32 and 9 3  � g/m  , respecti ve l y ) . An  
i n -depth study of res p i rabl e part i cu l ate concent rat i on s  i n s i de and out s i de 
h omes i s  be i ng  comp l eted a s  part of  a Ha rva rd p rospect i ve e p i demi o l og i cas  st udy 
( Fe r ri s et al . 1 9 79 ) .  ( I n an ep i demi o l og i ca l  study , a l a rge , s i mi l a r popu l a 
t i on i s  l ooked at to i de nt i fy pattern s  o f  i l l nes s .  Th i s  i s  u s u a l l y  d o ne  after  
the  i l l n e s s  i s  ev i dent . A pros pect i ve ep i demi o l og i ca l  study l ook s  a t  the  popu 
l at i on before an i l l ness  i s  ev i dent . See G l o s s ary for  a more comp l ete defi n i 
t i on . )  Spen g l e r  et al . ( 1 98 1 ) fou nd  i ndoo r concent rat i on s  of part i c l e s to  be 
equa l  to  or  above outdoor concent rat i on s , even i n  res i de nces w i t h out smokers . 
The  average l ong-term ou�door part i cu l ate matter concent rat i on for s i x c i t i es 
i n  the  study was 2 1  � g/m . The3ave rage i ndoor concent rat i on s  for the  s ame t i me 
per i od were 24 , 37 , and 70  � g/m for res i dences wi t h  non smokers , one smo ke r ,  
and  two o r  more smokers , respect i ve l y .  

The effect s o f  smok i n g o n  non smokers depend o n  the  i nd i v i dua l  and t h e  env i ron
ment . Hea l thy persons have s uffered i rri tat i on ,  b reat h i ng  prob l ems , and other  
hea l t h  prob l ems ( NRC 1981 a ) . Non smok i n g women wi t h  h u s bands  who are  heavy 
smokers may have an i n c reased chance of gett i ng l un g  cancer ( Hi rayama 1 98 1 ) .  
These  conc l u s i o n s  are based  on  o n ly  a few st ud i es  and do not refer  to RSP 
matter a l one . Certa i n peop l e may have d i ffe rent react i ons  t o  t o bacco smoke . 
Peop l e  wi t h  heart or l u n g  d i sease , or  peop l e who are more sen s i t i ve to  the  
mate r i a l s found  i n  smoke , may be  a ffected more than  hea l t hy peop l e .  C h i l d ren  
whose parents  smoke  may have res p i ratory symptoms ( more breat h i n g  prob l ems ) , 
b ronch i t i s ,  and pneumon i a  as  i nfant s ,  and may h ave poorer p u l monary funct i on 
( l es s  abi l i ty of the  l u n g s  to  funct i on )  as  adu l t s ,  than do c h i l d ren  of non
smok i ng adu l t s .  When  c i ga rette smok i ng i s  n ot present , the  maj or  sou rce of RSP  
a re u n  vented combu st i on app l i ances and wood stoves .  

Any weather i z at i on p ro g ram that cuts down a i r-exchange rates wi l l  i nc rea se  
res p i rabl e part i c u l ate concent rat i on s  i ndoors . The  res u l t i n g  hea l t h  effect s 
can not be accurate ly  e st i mated becau se  not enough i n format i on ex i st s .  There
fore , to t he e xtent that  concent rat i on s  of  RSP  res u l t i n  hea l th  effect s , a n  
i nc rease i n  concentrat i ons  wi l l  i n c rease these  hea l th  effect s .  

Benzo- [ a ] -pyrene ( Ba P )  The a i r i n s i de res i dences  can conta i n many d i fferent 
types of o rgan i c  s u b stances . These s u b st ances and h ow they act as  i ndoor a i r 
po l l utants  have been rev i ewed recent l y  by the  Nat i o na l  Resea rch Counc i l ( NRC 
1 981 a ) .  One type of organ i c  t hat has  been i dent i f i ed as an i mport ant i ndoor 
a i r po l l utant i s  the  po l ycyc l i c  aromat i c  hyd rocarbons ( PAHs ) grou p .  Al though  
t h i s g roup conta i n s  many compou nd s , one  of  t h es e ,  ( B aP ) ,  i s  part i c u l a r ly  i mpor
tant because  it  causes  cance rs .  B e n zo-[ a ] - py rene i s  p resent  i n  varyi n g  concen 
t rat i ons  i n  i ndoor ai r ( Ul s ame r ,  G u pta  and Kang 1 981 ) .  Add i t i ona l  i n fo rmat i on 
on the  ri s k s  of hea l t h  effect s assoc i ated wi t h  BaP are gi ven i n  Append i x E .  

A p rocedu re for est i mat i n g  the  r i s k  of cance r for persons  e xposed t o  B aP h a s  
been devel oped (Append i x E ) . Th i s  proced u re pred i cts t h e  3i sk o f  l u ng  cance r ,  
a s  the  res u l t  o f  expos u re t o  a B aP concent rat i on o f  1 ng/m  for  a l on g  per i od  
of t i me ,  to  be 73  l u ng  cance rs per  1 00 , 000 peop l e exposed . 

Ox i des of N i t rogen (NOx) N i t ri c  oxi de ( NO )  and n i t rogen d i o x i de ( N0 2 ) a re 
oxi des of n i t rogen . N i t r i c oxi de  b i nds to hemog l o b i n ( s ee G l o s s ary )  to  p roduce 
methemog l ob i n ( see Append i x H ) .  In  t h i s way , the h ea l th  effects of NO are 
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s i mi l a r to those of CO . However , NO at 3 . 5  � g/m3 b i nds  the same quant i ty of 
hemog l ob i n as CO at 10 to 1 5  �g/m3 . Hence , many of the adverse hea l th  e ffects 
repo rted i n  the past fo r CO a l one  may have been a res u l t  of the comb i n ed act i on 
of hemog l ob i n a ffected by CO and meth3mog l ob i n .  Ox i des of n i t rogen can be  
smel l ed at  con§ent rat i ons  of 230  � g/m . Concent rat i ons  i n  the  ran ge of 1 , 300 
to  1 3 , 000 � g/m can make b reath i n g d i ff i c u l t .  Th i s  d i ff i cu l ty i s  cau sed by 
res i stance i n  the a i rway and by a decrease i n  the capaci ty of the l un g s . 

E v i dence i s  i n con s i stent for h ea l th effects after p ro l onged expo s u re to l ow 
concent rat i ons  of oxi des of n i t rogen . Th i s  i ncon s i stency may occ u r  because , i n  
ep i demi o l og i ca l  stud i es , more than one po l l utant i s  often p resent . The fo l l ow
i n g summa ry i s  taken from a Nat i ona l  Research  Cou nc i l report on oxi des of 
n i t rogen ( NRC 1 9 7 7 ) :  

Two ep i demi o l og i c stud i es suggest that the co�b i n at i on of n i t rogen 
d i ox i de at concent rat i on s  of 0 . 1 5  to  0 . 3 mg/m ( 0 . 08 t o  0 . 1 6  ppm ) 
w i t h  other  pol l utant s causes changes i n  vent i l at ory funct i on .  Two 
other  stud i es i n  wh i ch l ower l evel s of n i t rogen d i oxi de were stud i ed 
d i d  not revea l  these effect s . Because  of the d i spari ty i n  popu l a
t i ons  and i n  po l l utant cond i t i on s ,  conc l u s i ons  cannot be reached 
regard i n g  the effect , i f  any , of ch ron i c  expos u re to n i t rogen d i ox i de  
on vent i l at ory funct i on .  

Some ep i demi o l og i c data support the i dea t hat excess  acute res p i ra
t o ry d i sease may occu r  i n  hea l t hy pop u l at i ons fo l l owi n g  expos u re t o  
atmospheres conta i n i n g n i t rogen d i ox i de . Fou r stud i es have been 
revi ewed i n  the search  for an assoc i at i on between expos u r3 to  amb i ent  
concent rat i on s  of n i t rogen d i oxi de from 0 . 10 to  0 . 58 mg/m ( 0 . 053  to  
0 . 309 p pm )  and sma l l excess es i n  res p i ratory i l l nesses . Howeve r ,  t he 
vari ab l e po l l utant exposu res and cond i t i ons  of st udy make i t  d i ff i 
cu l t  to  q uant i fy the re l at i onsh i p  of n i t rogen d i ox i de by i t se l f to  
t he reported i nc reases i n  res p i ratory d i s eas e .  In  each  study a i r 
contami nants l i ke l y  to  enh ance s u scept i bi l i ty to  res p i rat o ry i nfec
t i on ( s u l f u r  d i ox i de , s u l fur i c aci d ,  s u l fates , n i t rates , etc . )  we re 
a l so p resent . 

E v i dence that n i t rogen d i ox i de i nduces exces s ch ron i c  res p i ratory 
d i sease i s  not con v i n c i n g .  Repo rts  of excess c h ron i c  resp i rat o ry 
d i sease assoc i a§ed wi t h  l ow conce ntrat i ons  of amb i ent n i t rogen d i ox
i de [<0 . 10 mg/m ( 0 . 0 5 3  p pm ) ] do  not prov i de conv i nc i ng  ev i dence that 
ot her  pol l utant s that we re meas u red at rel at i ve l y  h i gh  concent rat i on s  
were n ot the  p robab l e cause o f  the  excess d i seas e .  I n  t h e  p resence 
of l ow concentrat i on s  of su l fu r  d i ox i de and part i cu l ates , t h ree 
i n vest i gators fa i l ed to  detect excess c h ron i c  res p i rat�ry d i sease i n  
a reas where n i t rogen d i oxi de  exposu res were <0 . 1 0 mg/m ( 0 . 05 3  ppm ) 
( pp .  2 7 1 -27 2 ) .  

More recent stud i es have focused on oxi des of n i t rogen as product s of combu s 
t i on from g as stove s .  Some ep i demi o l og i ca l  data h ave shown i nc reased rates of  
res p i ratory i n fect i on i n  you n g  c h i l d ren and  adu l t  ma l es , a nd  l owe r perfo rmance 
on p u l monary funct i on test s ,  i n  a ssoc i at i on w i th a h i story of expos u re to  emi s 
s i on s  f rom g a s  stoves . Ot her  stud i es have fa i l ed to  show s i gn i f i cant 
assoc i at i on s .  
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Stud i es cond ucted by Mel i a  and col l eagues (Mel i a  et al . 1979 ) exami ned associ a
t i ons between res p i ratory i l l ness  and  the  use  of gas for cook i ng i n  the homes 
of  schoo l -age ch i l d ren . The  preva l ence of one or  more res p i rato ry symptoms or  
d i seases was h i g her  i n  those ch i l d ren from h omes where gas was  u sed for cook i n g  
t h a n  i n  those u s i n g  el ect ri c i ty ,  a l though  th i s  assoc i at i on was fou nd on l y  i n  
u rban a reas . I n  l on g i t ud i na l  stud i es that fol l owed ch i l d ren age 6 to  
7 . 5  yea rs , evi dence showed that t h i s associ at i on d i sappea red as the  ch i l d ren  
g rew o l d e r .  Th i s  t rend was  not obse rved i n  c h i l d ren of  other  age g rou p s .  

I n  a c ross -sect i ona l  study , F l o rey and col l eagues ( F l o rey et al . 1979 ) exami ned 
res p i ratory fu nct i on and respi ratory i l l ness  i n  p ri ma ry school c h i l d ren  i n  
rel at i on to N02 concent rat i ons  i n  the  k i tchens  and bed rooms of the i r homes . 
The preva l ence of res p i ratory i l l n ess  was s l i ght ly  h i gh e r ,  ( p  = 0 . 1 ) ,  amo n g  
ch i l d ren  f rom homes where g a s  was used f o r  cook i n g .  Wh i l e  not rel ated to  N02 l evel s i n  the  k i tchen , preva l ence of re sp i ratory i l l ness  aga i n i n c reased 
s l i ght l y ,  (p  = 0 . 1 ) ,  wi t h  i nc reas i n g l e vel s of n i t rogen d i ox i de  i n  the  c h i l 
d ren ' s  bed rooms i n  those hou ses that cooked wi th  ga s .  Lung  fu n ct i on d i d  n ot 
appear to be re l ated to  N0 2 l evel s .  Th e aut hors spec u l ated that the  assoc i a 
t i ons noted were most l i kely due to N02 l eve l s serv i n g  as a p ro xy for some 
other  factor  of more d i rect et i o l og i c  l mportance . 

I n  a cross-sect i ona l  study i n  Col umbu s ,  O h i o ,  Kel l e r et a l . ( 1 979a ) d i d  not 
f i nd  e i t her  an i nc rease i n  res p i ratory d i sease or  a decrease i n  pu l mon a ry func
t i on as soci ated wi th the  u se of gas for cook i n g .  The mean N02 l evel s i n  h omes 
whe re gas was u sed fo r coo k i n g  was 0 . 05 ppm , compa red to 0 . 03 ppm i n  those 
homes where cook i ng was  done wi t h  e l ect ri c i ty .  I n  a pane l  study of res p i rato ry 
i l l n ess  and symptoms i n  househo l d s  from the  above study , Ke l l e r et al . ( 1 9 7 9b )  
found no  s i gn i f i cant d i ffe rences i n  the  i n c i dence of  acute res p i ratory i l l 
nesses  between hou ses  wi t h  gas and e l ect ri c  coo k i n g .  

I n  a s i x-commun i ty study of a i r po l l ut i on ,  Spe i zer  and col l eagues ( S pei ze r 
et al . 1 980 ) stud i ed 8000 ch i l d ren , 6 to 1 0  years of age . Ch i l d ren  l i v i n g i n  
h omes wi th  gas stoves and those  l i v i ng i n  h omes wi th  e l ectri c stoves were com
pared fo r a h i story of res p i ratory i l l ness  and pu l mon a ry funct i on .  Ch i l dren  
f rom homes w ith  gas stoves had more f requent respi ratory i l l nes ses before age 
two and  s i gn i f i cant l y  reduced pu l mona ry fu nct i on .  These d i fferences we re not 
attri butab l e to d i fferences i n  p arenta l  smok i ng or  soc i a l  c l a s s .  Twenty-fou r
hou r N02 measu rements  sh owed concent rat i on s  fou r to seven t i mes h i gher  i n  the  
homes w l th gas stoves compa red to  h omes wi th e l ect r i c  stoves . Wh� l e  the  24-h  
measu rements  were bel ow the  fe�e ra l  outdoo r standards  of 100 � g/m  , short-term 
peak exposu res  a bove 1 1 00 � g/m  regu l a r ly occ u r red i n  k i tche n s .  

Carbon  Mo noxi de  (CO)  Ca rbon monoxi de , a p roduct of combust i on ,  can affect l u n g  
fu nct i on a n d  the  t ransport of oxygen to  t h e  cel l s  of the  body . Hemog l ob i n i s  
the  su bstance i n  the  red b l ood cel l s  that transport s  oxygen  f rom the l u n g s  to  
the  t i s sues  and  cel l s  of  the  body . Norma l l y ,  oxygen i s  bound to the h emogl ob i n 
i n  the red bl ood cel l s  at the  l u n g  and then ca rr i ed to  the body ' s  cel l s , whe re 
i t  i s  re l eased . Carbon monox i de has  a much g reater  affi n i ty for h emogl ob i n 
than  does oxygen . Ca rbon monox i de  accumu l ates i n  the  b l ood st ream i n  the  form 
of ca rboxyhemog l ob i n .  When  CO attaches to  h emogl ob i n ,  i t  fo rms ca rboxyhemo
g l ob i n ,  and normal oxygen t ran sport i s  b l ocked . 
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The  h i g her  the l eve l s of CO , the  greater  t he bu i l du p  of carboxyhemogl ob i n .  
Thu s ,  t here a re i mportant assoc i at i ons between CO l evel s and the effects of  
l ack of norma l oxygen t ran s port . Tab l e 3 . 7  summar i zes the acute hea l t h  effect s 
of var i ous  l eve l s  of atmospher i c ca rbon monox i de and b l ood ca rboxyhemog l ob i n 
l evel s .  At present , i t  i s  not known i f  a t h resho l d exi sts  for ad verse effects  
of  o xygen depr i vati on d ue to  carboxyhemog l ob i n ( S pen g l er  and  Sexton  1 983 ) .  

Many i nd i v i d u a l s cou l d suffer hea l t h  effect s rel ated to CO du ri n g  a normal day 
( Consumer Affa i rs 1 982 ) . The U . S .  Occupat i ona l  Safety and Hea l t h  Admi n i - 2 strat i on ( OSHA ) 8-h t i me-we i ghted average exposure l i m i t fo r CO i s  55  mg/m . A 
worker exposed at t h i s l evel  wi l l  bu i l d  up  carboxyhemog l obi n to  a po i nt whe re 
i t  i s  about 7 . 4% of tot a l  hemog l ob i n .  At t h i s l evel  some i nd i v i d u a l s wi l l  
begi n to  devel op headaches . Comparab l e CO l eve l s can be present i n  homes i n  
assoc i at i on wi t h  gas ran ges . Le�e l s of CO on freeways  and i n  park i n g  garages 
can be as  h i gh as 25  to  1 00 mg/m , or  more .  T hu s ,  p ro l on ged exposure to  CO i s  
poss i b l e  at l evel s where hea l t h  effect s have been not ed . 

The E PA standard for CO i s  1 0  mg/m3 ( 8-h maxi mum ) . Th i s  standard i s  l ower than  
t he OSHA standard because  t he you n g ,  e l derl y ,  a nd  some peop l e wi t h  card i opu l 
mona ry p rob l ems o r  an g i na  pector i s are affected at l evel s l ower than  t hose con
s i dered safe by OSHA ( Co n s umer Affa i rs 1982 ) . ( See Append i x N for more i nfor
mat i on about E PA and OSHA standard s . )  For  examp l e ,  recent st ud i es  s u ggest t h at 
adu l t s  wi t h  an g i na are sen s i t i ve to  carboxy hemog l o b i n concent rat i on s  as  l ow as 
1%,  d u ri n g  exe rc i se ( S peng l e r and Sexton  1 983 ) . 

TABLE 3 . 7 .  Acute Hea l t h  Effect s of Ca rbon Mo noxi de Exposu re 
( F orbes 1 97 2 )  

Atmospher i c 
CO , ppm 

1 0 - 30 

50  

1 00 

250 

500 

1 , 000 

1 0 , 000 

Ca rboxyhemog l  obin , 
Concentrat i ons , % P r i nc i pa l  Symptoms 

2 . 5- 5  E n c roachment o f  fu nct i ona l  reserve 
of hea rt and bra i n 

7-8 S l i ght headache i n  s ome 
1 2 - 15  Moderate headache and d i z z i ness  

2 5  Severe headache and d i zz i ness  
45  Nausea , headache ,  poss i b l e col l apse 

50-60 Coma 
9 5  Death 
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E xcept fo r fac i l i t i es wi t h  poo r vent i l at i on or  wi t h  a u n i que  sou rce of CO , the 
d i fference between the CO l evel s i n  res i dences and i n  the out s i de a i r i s  u s u 
al l y  sma l l .  C a rbon m�nox i d e  concent rat i on s  i n  t h e  out s i de ai r norma l l y  ran ge 
f rom 0 . 35 to 5 . 2 mg/m ( Ster l i n g ,  D i mi ch and Kobaya s k i  1 982 ) .  Howeve r ,  i f  t he  
l oca l  veh i cu l a r  t raffi c i s  great , the range  wi l l  be  mu ch l a rger .  C a rbon monox
i de t hat i s  re l eased from an i nd i v i dua l  c i ga rette cont r i butes l i tt l e to 3he  
overa l l CO l eve1 . For  i n stance , average d i fferences range  f rom 0 . 8  mg/m to 
3 . 5  to 5 .8 mg/m between non smok i n g and smok i ng cafeter i a rooms , respect i ve l y  
( Ster l i n g ,  D i mi ch  and Kobayas k i  1982 ) .  I n  faci l i t i es where l a rge group s  of 
smokers may cong regate ( fo r3examp l e ,  tavern s )  the i ndoor/outdoor CO d i fferences 
may be as muc h  as 10 . 9  mg/m (Cuddeback , Donovan and B u rg 1976 ) .  

C arbon D i ox i de (CO� Ca rbon d i ox i de i s  a res u l t of the  breath i n g p roces s  and i s  
a norma l §a rt of t e atmos phere .  Atmospheri c concent rat i on s  are about 
0 . 7 20 g/m . Because CO2 a l so comes f rom the i ncomp l ete combu st i on of fos s i l 
fue l s ,  i ndoor concent rat i on s  may i nc rease wi t h  t�e use  of stoves and heaters . 
Background i ndoor concent rat i ons  ave rage 5 .4 g/m ( NRC 1981a ) .  
At h i gher  l eve l s ( n ot expected i n  res i dences ) ,  C02 d i l utes  th3 oxygen needed 
for res p i rat i on .  When the conc:nt r�t i on of CO2 i s  over 9 g/m , t he CO2 be�omes 
tox i c ( u . S . 3Navy 197 3 ) . B reath 1 n g  1 S affected when the  CO2 concent rat 1 on  1 S  
over 27 g/m . The Nat i ona l  Aeronaut i cs  and Space Admi n i s trat i on ( NASA) recom
mends 3hat peop l e shou l d not be exposed to  more than a s i x-month  exp�s u re of 
18  g/m ( NASA 1 97 3 ) . Lon g-term expos u re to  concent rat i ons  of 27  g/m has  been 
k nown to affect the pe rfo rmance of Navy personne l  ( Sc haefer 1 96 1 ) .  �eadaches , 
d i z z i ne s s , and nau sea have been observed at concent rat i ons  of 54 g/m ( NRC 
1 981 a ) . 

Radon ( R n )  Radon ga s and i t s  daughters  are p resent everywhe re nea r the ea rt h ' s  
s u rface . The concent rat i ons  of radon dau ghters vary wi th  l ocat i o n ,  t i me of  
day ,  and weather  cond i t i o n s . T h i s E I S  dea l s wi t h  hea l t h  effect s as soci ated 
w i t h  everyday radon dau ghter exposu res expressed as l u n g  cancers deaths on l y .  
When radon  daughters  are i nha l ed , some are depos i ted and reta i ned i n  the  
res p i ratory t ract , where they i rrad i ate t i s sue  ( see G l os s a ry ) . 

Stud i es have been conducted of u nde rground o re mi ners who are exposed to  h i gh  
l eve l s  of radon and i ts dau ghters ( see Append i x F ) .  These stud i es s how that 
the  mi ners have g reater l u n g  cance r rates than are fou nd i n  typ i ca l  popu l a
t i o n s . Th i s  i n c rease seems to  be re l ated to l on ger  expo s u res  at  h i gher  
concent rat i on s . 
L u n g  cance r ,  p u l monary i n s u ff i c i ency ( s ee Gl o s s ary ) , and other  d i seases  have 
been as soc i ated w i t h  expos u re to  radon dau ghte rs . Mea su res t hat red uce t he  
r i s k  of l u n g  cance r genera l l y  l es sen the ri s k  of  pu l mona ry i n s uff i c i ency .  
Whether the l ow l eve l s  of radon dau ghters that a re norma l l y  found i n  the  
env i ronment are harmfu l i s  u n k nown . The effect s of rado n  daughters  when 
combi ned wi th  other  pol l utants  at these l evel s are a l so  u n k nown . 

Exper i ments  wi t h  an i ma l s general l y  have been conducted at h i gh  l evel s of 
expos u re ( see Append i x  F ) .  When these l e vel s a re comparab l e to  the  l evel s 
est i mated for the mi ners  d i scus sed above , the resu l t s of the experi ments  
i nd i cate t hat radon does  pose hea l th  ri s k s  ( see Append i x  F ) .  On the  oth e r  
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hand , the  res u l t s  do not i nd i cate t hat at h i gh  l evel s the radon dau ghters 
comb i ne w i t h  other  pol l utants to  i nc rease hea l th ri s k s . 

The ri s k s  of hea l th  effects  from normal l evel s of exposu re to  radon are est i 
mated from the k n own ri sks  of h i gher  l eve l s  of exposure .  To est i mate the r i s k s  
of  severe effect s such a s  l u n g  cance r ,  a l i near  ext rapol at i on ( descri bed a t  the 
begi n n i ng of Sect i on 3 . 2 )  general l y  i s  used . Th i s ext rapo l at i on makes the 
res u l t s  of exposu re to  every-day l evel s of radon dau ghters re l at i ve ly  easy to 
est i mate . Because eve ryday and occupat i ona l  ( h i gh- l eve l ) exposu res cannot be 
accu rate l y  compared , some unce rta i nty exi sts  i n  t h i s est i mat i on .  Est i mat i on s  
based on t h i s ext rapo l at i on do not exceed t he  occ u r rence of l u ng  cancers fo �  
non smokers . When the est i mated l i fet i me ri sk o f  0 . 0001  t o  0 . 0002 per WLM � a ) i s  
extended to everyday expos u res , much of the l u ng  cancer fou nd i n  n on smok i n g 
peop l e may be from en v i ronmenta l  exposu res to  radon  dau ghters . 

A method to  ca l cu l ate h ea l th r i sk of l u ng  cancer f rom expos u re t o  i ndoor radon 
daughters  i s  shown i n  Append i x F .  Th i s  method uses the best est i mates of 
sou rce terms ( rates of re l ease of radon t o  the l i v i n g a rea ) , ai r-exchange  
rates , and res i dence vol umes . Because  most norma l l y  occu rri n g  l u ng  cancer i s  
att r i buted to  c i garette smok i n g ,  the ca l cu l ated i nc reases i n  the occ u r rence of  
cancers from expos u re t o  i ndoor radon , wh i ch exceed everyday occu rrences by 
about 5 t o  1 0% ,  a re thou ght to be s u s p i c i ou s l y  h i gh ( see Append i x  F ) .  The 
cal c u l at i on s  p roba b l y  ref l ect an overest i mat i on of the emi s s i on  rate of the 
s ou rce term .  ( See the va l ues g i ven i n  Append i x  G . )  Neverthe l es s ,  these  a ve r
age concent rat i on s  are usefu l  for compa ri n g  the change i n  ri s k  from the No
Act i on A l ternat i ve ( p resent s i tuat i on ) t o  the P roposed Act i on and the De l ayed 
Act i on .  The reader i s  caut i oned , therefore , not to  p l ace exces s i ve confi dence 
i n  t he ca l cu l ated va l ues of ri s k ;  the re l at i ve va l ues  for each a l ternat i ve have 
g reater mean i n g .  For  compari son , the present l u n g  cancer rate i s  con s i de red 
the base l i ne and the l u n g  cancers a re ma i n l y  att r i buted to  cau ses other than  
expos u re t o  en v i ronmenta l  radon . The  ri sk of  l u n g  cancer  as a resu l t  of expo
s u re t o  env i ronmenta l  radon i s  then ca l c u l ated and added to  the p resent r i sk t o  
arri ve at a tota l  r i  s k  for 1 u n g  cancer .  
Note that est i mated ri s k s  f o r  radon concent rat i on s  i n  apartments and i n  res i 
dences w i t h  basements a re g i ven for the f i rst f l oor on l y .  Persons l i v i n g above 
the  f i rst fl oor  are expected to be at l es s  ri s k  than the val ues i nd i cate i n  
Tab l e  3 . 8 . Persons  l i v i n g at basement l evel s wou l d be at g reater ri s k  than  the  
va l ues i nd i cate . The  ca l cu l ated radon concent rat i ons  i nd i cate that i f  the  
persons  l i ve i n  the i r res i dence for the same amount of t i me ( 7 5% of the t i me ) , 
the l i fet i me ri s k  for basement dwe l l ers  i s  about two t i mes g reater than  for 
f i rst-f l oor occupants . 

L i fet i me ri s k s  of radon - re l ated l u n g  cancer for persons  l i v i n g i n  res i dences 
undergo i n g  no  t i g hten i ng meas u res ( No-Act i on A l t e rnat i ve )  were est i mated u s i n g  
the est i mated concent rat i on s  o f  i ndoor radon . These  a re the base l i ne ri s k s  i n  
the absence of any act i on and  a re g i ven i n  Tab l e 3 . 8 .  Actua l  p rojected ri s k s  
( a )  Work i n g  l evel  (WL ) i s  any comb i nat i on o f  t h e  s hort- l i ved radon daughters 

i n  1 l i ter  of a i r t hat re l ease 1 3 0 , 000 MeV ( see G l o ssary )  of potent i a l 
a l pha  energy .  A wo rk i n g  l evel  month (WLM ) i s  an exposu re equa l  t o  
1 7 0  hou rs a t  a 1 -WL concent rat i on .  A 0 .0 1  work i ng  l evel i s  approxi matel y 
equ i va l ent to  2 pC i / t at an equ i l i b r i um factor of 0 . 5 .  
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TABLE 3 . 8 .  Basel i ne L i fet i me R i s k  of Lu n g  Caocer Res u l t i n g  from Radon Expos u re 
at Seventy-f i ve Pe rcent Occupanty � a } ( Radon- i nduced Cancers per  
1 0 , 000 Exposed Person s )  

Construct i on Water Al!a rtme n t s ( c )  Mob i l e  Homes ( c )  S i ngl e-Fami l� Att ached ( c )  S i ngl e - F ami l� Det ached ( c )  

D Regi on ( b )  Materi  a 1 Sou rce A B C D A B C D A B C D A 

Wood Non-we 1 1  5 . 2  2 4 . 8  2 1 . 6  9 . 6  6 . 0  4 3 . 6  37 . 1  - 4 . 4  1 3 . 2  1 1 . 2  1 4 . 8  4 . 4  

Wel l 3 1 . 6  50 . 4  47 . 2  36 . 4  6 . 4  7 8 . 8  6 7 . 1  - 2 0 . 4  2 8 . 4  2 8 . 4  3 1 . 6 1 1 . 2 

2 Wood Non -wel l 1 2 . 8  6 0 . 4  4 9 . 6  2 3 . 2  1 5 . 2  106 . 4  90 . 4  - 1 1 . 2  3 2 . 0  26 . 4  34 . 8  1 1 . 6 

Wel l 7 8 . 8  1 26 .0 1 1 4 . 8  8 9 . 6  1 0 2 . 4  1 9 3 . 6  1 6 2 . 7  5 3 . 6  7 4 .0 6 7 . 6  7 7 . 2  30.0  

( a )  Assumes exposed person spends 1 8  hou rs per day i n  t h e  res i dence . 
( b )  1 Most a reas of the regi on ( outdoor radon concent rat i on = 0 . 25 pC i / t ;  we l l  water concent rat i on = 1 0 , 000 pCi /t ) .  

2 H i g h - radon areas of the reg i on ( outdoor radon concent rat i on = 0 . 6 5  pC i / t ;  we l l  wat e r  concent r a t i on = 25 , 000 pC i / t ) .  
( c )  A = Vent i l ated c rawl space;  B = unvent i l ated c r awl s p a c e ;  C = s l a b-on-g rade ; D = baseme n t .  

B C 

1 6 . 0  1 0 . 4  1 0 . 4  

2 3 . 6  1 7 . 2 1 7 . 2  

39 . 6  2 4 . 4  2 4 . 4  

5 6 . 8  42 .4  42.4  



of l u n g  cancer from i ndoor radon  exposu re are cal c u l ated by mu l t i p l y i n g  the 
val ues i n  Ta b l e  G . I by 0 . 0 4 ,  the  n o rmal ri sk  of l u n g  cancer.  For  examp l e ,  a 
78% i nc rease i n  l i fet i me ri sk  (t he est i mated case for apartments  wi t h  we l l  
water  and u n vent i l ated c rawl spaces i n  the h i gh- radon regi o n ) comes to  a ri s k  
from i ndoor radon  expos u re of 78% x 0 . 04 ,  or  3 . 2% .  To ca l cu l ate t he  tota l  
r i s k ,  t h i s  va l u# i s  added to  t he n o rmal r i sk  of  l u n g  cance r ,  wh i ch i s  cu rrent l y  
at about 4% ( see Append i x  F ) . Th u s , the tota l  ri sk of death f rom l u n g  cancer 
for a pe rson l i v i ng i n  t h i s  type of res i dence equ a l s the s um of the n o rmal r i s k  
( 4% )  and the ri sk  attr i butab l e t o  expos u re t o  i ndoor radon ( 3 . 2% ) , o r  7 . 2% .  
Base l i ne est i mated ri s k s  f rom radon expos u re a re s h own i n  Tab l e 3 . 8 . 

Epi dem i o l ogy and Ch ron i c  Effect s 

The  potent i a l hea l t h  effects  associ ated wi t h  exposu re to  most i ndoor a i r pol l u 
tants tend to  be s hort-term i rri tant effect s ,  i nc reased su scept i b i l i ty t o  
res p i ratory i l l nesses , and poss i b l y  decreased pu l mon a ry funct i on .  Most of 
t hese effects appear revers i b l e . 

The qua l i ty of ava i l a b l e data does not al l ow asses sment of what the  effect s 
mi ght be of mi n i ma l l y  i nc reas i n g  the  concent rat i ons  of sus pect po l l utant s .  
Data concern i n g  expos u re and hea l t h  effects are such  that the expo s u re l eve l s 
assoc i ated wi th  ep i demi o l og i ca l  stud i es have a con s i derab l e degree of va r i ab i l 
i ty .  Because  of th i s  va ri a b i l i ty ,  i t  i s  ne i t her  mea n i ngfu l  nor  poss i b l e  to  
attempt to  quant i fy what the  heal th  effects mi ght be  of a sma l l change i n  t h e  
l evel of a pol l utant . F o r  exampl e ,  i f  HCHO concent rat i ons  i nc rease  from 0 . 2  to 
0 . 3  ppm, it i s  u n l i ke l y  t hat such an i nc rease wou l d  have an obse rvabl e ,  much  
l ess  quant i f i ab l e ,  i rri tat i n g  effect on the  human eye .  

Another  cons i derat i on i n  eva l uat i n g  hea l th  effects of a n  env i ronmental  agent , 
such  as an i ndoor a i r pol l utant , i s  vari ab i l i ty i n  response . I nd i v i d ua l s 
c l ear ly  d i ffer i n  res ponse  to  exposu re to  a po l l utant . As an exampl e ,  some 
i nd i v i dua l s may have no response  at al l ,  wh i l e  others may exh i b i t  an a l l e rg i c 
react i on .  I t  i s  n ot k n own what i n f l uences such  d i fference s ,  but the i nd i v i d 
ua l  I S  genet i c makeu p ,  expo s u re h i story ,  concu rrent i l l nes ses , and other  
i nt ri ns i c  a nd  extr i n s i c  factors can  be  i mportant . For  exampl e ,  there i s  reason  
to  be l i eve t hat peop l e  wi t h  d i fferent al pha-I -ant i t ryps i n genes may res pond 
d i fferent ly  to  po l l utant s .  E v i dence from ep i sod i c  i n stances of a i r po l l ut i on 
suggests that i nd i v i d ua l s wi t h  p reexi st i n g  c h ron i c l u n g  d i sease may be more 
su scepti b l e to a i r po l l ut i on i nc i dents than  peopl e wi t hout such  d i seas e .  Oth e r  
stud i es show t hat peop l e wi t h  ast hma may b e  mo re suscept i b l e  t o  certa i n sub
stances , such  as HCHO , than  a re others . 

Much of the evi dence fo r hea l t h  effects  of i ndoor pol l utants comes from ep i 
demi o l o g i ca l  stud i es .  Some bas i c  as pects of ep i demi o l o gy shou l d be cons i dered 
i n  o rder  to better  understand the  l i mi tati ons of the ep i dem i o l o g i ca l  approach . 
Most ep i demi o l og i ca l  stud i es a re observat i on a l ; popu l at i ons o r  g roups  of i nd i 
v i du a l s are stud i ed to  determi ne  i f  t hose who a re exposed t o ,  o r  posses s , a 
p art i cu l a r factor deve l op some outcome of i nt�rest ( d i sease ) more f requen t l y  
t h a n  those  who are not exposed . There are two key concept s : determi n i n g the 
hea l th  status of a popu l at i on and i dent i fy i n g  factors t hat i n f l uence that 
statu s .  The re a re th ree p ri ma ry conce rn s :  i dent i fy i n g  outcomes , i dent i fy i n g 
exposu res of i nterest , and , f i n a l l y ,  exami n i n g  assoc i at i ons  between t hese fac
tors . Of part i cu l a r i mportance to  a cons i de rat i on of hea l th  ri s k s  associ ated 
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w i t h  i ndoor  pol l utants  i s  the fact t hat bot h outcomes and exposu res may be d i f
fi c u l t to  defi ne and/or  i dent i fy .  I n  addi t i on ,  s i nce what i s  bei n g  exami ned 
are assoc i at i ons  between the two , the p rob l em i s  fu rt h e r  compou nded by l ack  of 
q u ant i t at i ve data t hat cou l d  be u sed to  dete rmi ne i f  a dose-response rel at i o n -
s h i p exi sts . 
Rev i ew of the exi st i n g l i te rat u re on i ndoor  a i r pol l ut i on revea l s that l i tt l e 
attent i on has been p a i d  to  the quant i f i cat i on of noncancer hea l t h  effect s .  To 
a l a rge deg ree th i s i s  due t o  a l ack of devel opment of the app ropr i ate met hods  
fo r s uch an act i v i ty .  Much of r i sk  assessment has been  a i med at  de r i v i n g  h uman 
ri s k s  from an i mal stu d i es . F�r a number of reasons , wh i ch i nc l ude the obse rva
b i l i ty of t he end-po i nt and the  pe rce i ved p u b l i c  hea l th  s i gn i f i cance of cance r ,  
q uant i t at i ve ri s k  asses sment has l a rge ly  focu sed o n  ca rci nogenes i s .  Th u s , 
t here a re no read i l y  app l i cab l e r i s k -asses sment mode l s for  ch ron i c  effect s 
ot her  than cance r .  

The p rocess  o f  quant i t at i ve r i sk  asses sment i n vol ves dete rmi n i n g  ri s k s  o f  some 
outcome assoc i ated wi th expo s u re to an agent of i nt e rest . I t  req u i res the  
ab i l i ty to  eval u ate the assoc i at i on between expos u re and outcome at  one  l evel  
of e xpos u re ( o r  l evel s of exposu re )  and est i mate what the r i s k s  of expos u re 
wou l d be at another  l eve l . To do t h i s req u i res k nowl edge of the s hape of the 
dose-response rel at i on sh i p .  Th i s i n fo rmat i on can then be used to  est i mate what 
the ri s k s  of d i sease a re at va ry i n g  l evel s of expos u re .  R i sk i n  th i s way i s  
u su a l ly  e xp ressed as so many cance r  cases , per u n i t  of popu l at i on ,  pe r u n i t  of 
expos u re .  
Occas i o na l l y ,  there i s  i nt e rest i n  t rans l ati n g  t h i s ri s k  esti mate i nto  the num
ber of case s ,  or deat h s , expected i n  a p a rt i cu l a r  popu l at i on ,  wi th  a g i ven set 
of cha racter i st i cs .  T h i s req u i res devel op i n g  a ri s k  est i mate and dete rmi n i n g  
the s i ze o f  the popu l at i on at r i s k .  I t  i s  c l ear  that the accu racy o f  dete rmi n 
i n g t he  popu l at i on a t  ri s k  pl ays a key rol e i n  t h e  esti mat i on o f  t he  numbe r of 
cases of d i sease ( deat h s )  to  be e xpected , g i ven a p a rt i c u l a r  e xposu re .  Any 
error  i n  est i mat i n g the ri sk  associ ated wi t h  expos u re wi l l  be mu l t i p l i ed by 
e r ro rs i n  est i mat i n g  the popu l at i on at r i s k ,  l eadi n g  to  potent i al ly  g reat e r  
i n accu raci es i n  t h e  heal t h  effect s ant i ci p ated f rom expo s u re t o  a n  env i ronmen-
ta l  agent . 

I n  summary ,  the avai l ab l e met hods and data do not al l ow accu rate quant i t at i ve 
est i mat i on of noncance r  hea l th  r i sks  assoc i ated w i t h  i ndoor  ai r pol l utant s . 
The most app ro p ri ate app roach to  heal t h  ri sk  est i mat i on i n  t h i s case i s  t o  
attempt to dete rmi ne ant i c i pated l evel s of e xpos u re a n d  t o  re l ate t hese t o  
heal t h  effect s f rom epi demi ol og i ca l  stud i es .  E ve n  t h i s app roach h a s  i mpo rtant 
l i mi t at i ons  rel ated to the adequ acy of p rev i ous  ep i demi o l og i cal  stud i es and the  
potent i al l y  i mport ant rol e that i nd i v i d ua l  d i fferences i n  sen s i t i v i t i es may 
p l ay .  

Mo i stu re 
Most d i s c u s s i ons  of i ndoo r ai r pol l ut i on have focused on l eve l s of h a rmfu l  
chemi cal  s ub stances i n  the i ndoo r env i ronment . Th i s E I S ,  fo r examp l e ,  dea l s 
wi t h  speci fi c su bstances such  as radon , CO2 , RSP , BaP , HCHO , and oxi des of 
n i t ro gen . S i mi l a rl y ,  a Gove rnment Accou nt l ng Offi ce ( GAO ) repo rt on i ndoor  a i r 
pol l ut i on con s i de red rado n , CO , HCHO , N02 , RSP , and asbestos ( GAO 1 980 ) . 
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An exten s i ve "Compend i um on I ndoor  Ai r Pol l ut i on , "  p repared by the Depa rtment 
of Consumer  Affa i rs of the State of Ca l i fo rn i a , does not con s i der mo i st u re o r  
moi stu re - re l ated pol l utants  i n  the i r rev i ew (Con sume r  Affa i rs  1 982 ) . And such  
pol l utants a re n ot d i scus sed i n  e i ther  the GAO report to  Con g ress on i ndoor a i r 
pol l ut i on ( GAO 1 980 ) o r  the report by the U . S . Department of Ene rgy ( DOE ) Ad 
Hoc Task  Fo rce on I n door  Ai r Pol l u t i on ( Du dney and Wal sh 1981 ) .  Howeve r ,  
changes i n  the i ndoor c l i mate , wi t h  i nc rea s i n g  moi st u re l evel s ,  may l ead to  
po l l ut i on wi th moi st u re-re l ated o rgan i sms , such  as mo l d  and m i l dew . Wh i l e  i t  
i s  not pos s i b l e  to quant i fy such effect s of chang i n g  ai r exchange rates , i t  i s  
wort hwh i l e  to  con s i der b ri ef ly  the general  catego ry of moi stu re- re l ated 
po l l utant s .  
T o  date , the most wi de-ran g i n g  d i scu s s i on  of i ndoor a i r pol l ut i on i s  the report 
p repared by the Nat i ona l  Resea rch Counc i l ( NRC 1981a ) .  Much of o u r  d i scu s s i o n  
here i s  based on t h i s report , wh i ch con s i de red t he  i ssue  o f  mo i st u re-re l ated 
po l l utant s .  

Sch affe r ( 1 980 ) has re v i ewed many o f  the moi stu re effects i n  bu i l d i n gs . He 
n otes t hat mo i st u re generated i ndoors can resu l t  i n  h i gh humi d i ty i n  t he  
absence of  dehumi d i f i cat i on ,  when vent i l at i on  rates are  l ow ,  or  when a bu i l d i n g 
has t i ght vapor barr i e r s .  W h i l e  reduct i on of i nf i l t rat i on  decreases t he  
amounts  of po l l utants comi n g  f rom out s i de ,  i nc reased t i ghtness  of bu i l d i n gs  can 
res u l t  i n  concentrat i on i nc reases of t h ose po l l utants gene rated i ndoors , s uch 
as  moi stu re ( NRC 1981a ) .  Wh i l e  wate r  vapor i s  not o rd i n ari l y  con s i de red a 
po l l utant , i n c reases i n  h umi d i ty can h ave adverse effects on  the i ndoor en v i 
ronment . As hou ses are t i ghtened and pathways for the  l eakage of moi stu re 
t h rough  the b u i l d i n g ' s  st ruct u re reduced , i t  may be neces sary to u se  
dehumi d i f i e rs .  
Cond i t i ons  of temperat u re and h umi d i ty are i mportant for the s u rv i va l  and 
p ropagat i on of l i v i ng organ i sms t hat can act as a i rbo rne a l l e rgens ( Spen g l e r  
and Sexton 1 983 ) . For  examp l e ,  house  dust mi tes , a s i gn i fi cant a l l e rgen fo r 
many i nd i v i du a l s ,  f l o u r i s h  at tempe ratu res a round 2 5 °C ( 7 7 ° F )  and re l at i ve 
humi d i t i es above 45% . House  dust mi tes are fou nd most abundant l y  i n  bedd i n g ,  
matt res s e s ,  and u ph o l stered fu rn i t u res ( So l omon and Bu rge 1 984 ) . Mi te popu l a
t i on s  vary wi th  moi stu re i n  the atmosphere , often be i n g h i ghest du ri n g  the  l ate 
summer .  The number of mi tes i n  a res i dence may be reduced by decreas i n g  h umi d 
i ty ( S o l omon a n d  Bu rge 1984 ) . 

Becau se h i gh  humi d i ty favors the g rowth of mo l d and fu n g i , a l l e rg i c prob l ems 
cou l d  be agg revated i n  t i ght ly  sea l ed b u i l d i ngs  i n  h umi d c l i mate s .  Weather i za
t i on p rog rams , wh i ch i nc rease t he  moi st u re l evel s p resent i n  a res i dence , cou l d  
a l so i n c rease the  p reva l ence of a l l e rgen i c  p rob l ems . 

Mol d s  of the genera Al tern a ri a ,  C l ados o ri um , and Aspergi l l u s may cause 
a l l e rg i c  rh i n i t i s  and ast hma (NRC 1981a . Any organ i c  materi a l  wi l l  s upport 
mol d growth when wet . Damp wa l l s  may harbor abundant C l adospor i um , and damp 
l eather ,  cotton , and paper a re often cove red w i t h  s pores of Aspe rgi l l u s . 
U s u a l l y ,  outdoor  fu n g i  i nc rease i ndoors on s pec i f i c sub stances when gi ven the 
p roper ecol og i ca l  cond i t i o n s ,  one of wh i ch i s  appropr i ate moi stu re l evel s .  
Appl i ances , such  as evaporat i ve humi d i f i e rs and a i r condi t i oners , have been 
named as potent i al sou rces of  a i rborne funga l  contami nat i on .  
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Outbrea k s  of i nte rst i ta l  l u n g  di sease and febri l e  syndromes are among  the  best 
documented bu i l d i n g-re l ated d i seases ( K rei ss  and Hodgson 1 984 ) . I l l ness  h a s  
res u l ted from expos u re to  a l l ergens from home humi d i f i ers and ai r cool ers . 
Var i ous symptom p attern s ,  from pneumon i a  to  s hort ness of b reath and fat i gue , 
have been reported , and seve ral  types of bacte ri a and fung i  have been i mp l i 
cated i n  out b reaks and case report s .  I n  many of these i n stance s ,  an ai r con
di t i oner  or humi d i f i e r  act s as  a reservoi r for  an al l ergen or  i n fect i ous  agent , 
wh i ch i s  s u bsequent ly  t ransmi tted t h rough the a i r .  Perh aps the best k nown 
examp l e of an i n fect i ou s  d i sease t ransmi tted i n  t h i s manner  i s  Leg i onna i res ' 
d i sease . 
Speng l e r  and Sexton ( 1 983 ) note that reduced vent i l at i on and i n creased u s e  of 
u nt reated rec i rcu l ated a i r may i n c rease mi croorgan i sm concent rat i on s .  Reduced 
fresh  ai r i n  bu i l d i n gs , i n  comb i n at i on wi th  i n creased moi st u re l evel s ,  mi ght 
l ead to  i n c reased rates of i nfect i on and a l l ergy .  L i tt l e  i s  k nown , h oweve r ,  
about sou rces , concentrat i ons , and surv i va l  rates of aeropat hogens  fou nd 
i ndoo rs . Therefo re , wh i l e  i t  i s  p o s s i b l e t hat weath er i z at i on prog rams t hat 
decrease ai r exchange rates and i nc rease humi d i ty wou l d  have adve rse effect s on 
human hea l t h , s uch effect s can n ot be c l ear ly  determi ned or q uant i f i ed at the  
p resent t i me .  

3 . 3  ENERGY 
The BPA servi ce area ( reg i on )  i n c l u des Oregon , Was h i n gton , and Idaho ; the 
port i on of Montana we st of the Cont i nental  D i v i de ;  the port i ons of Nevad a ,  
Utah , and Wyomi n g  that are wi t h i n the Col umb i a R i ver dra i nage ; and any ru ral  
e l ect ri c co-operat i ve customer se rved by B PA on the date that the  Regi ona l  Act 
became effect i ve .  

To compute the energy sav i n g s  of BPA ' s  present program and of the proposed 
e xpanded p rog ram requ i res t hat vari ous heat i n g  and cool i n g ( c l i mat i c ) zones be 
i dent i f i ed th rou ghout the  reg i on . The di str i but i on of these c l i mat i c  zones for 
Idah o ,  Oregon , Was h i n gton , and Montana  i s  g i ven i n  C hapter  4. Data on  the d i s 
t r i but i on o f  el ect r i ca l l y  heated res i dences i n  these zones were avai l a b l e from 
a BPA-sponsored su rvey . These data were u sed i n  the ca l cu l at i on of ene rgy 
s av i n g s . 

Demand for El ectr i c i ty 

A forecast of the reg i ona l  demand for el ect ri c i ty was i s s ued by the Paci f i c 
Nort hwest Ut i l i t i es Confe rence Commi ttee ( P NUCC ) ( P NUCC 1981 ) on J u ne 1 ,  
1 981 . Th i s  fo recast was done by add i n g  together  forecasts  made by each of the 
ut i l i t i es i n  the regi on . Th i s  forecast est i mates that the res ou rces of the 
sy stems wou l d  not be abl e to  meet demands . The PNUCC est i mates a growth rate 
of approx i mate l y  3% per yea r .  The B PA i s sued a draft forecast i n  Apri l 1 982 of 
demand  for energy i n  the reg i on ( B PA 1 982a ) .  B PA ' s  draft forecast predi cts a 
l ower growth rate than the PNUCC forecast . It  p roj ects an annua l growth i n  
e l ect r i ca l  demand of 0 . 8  to 2 . 5% .  The most probab l e rate of growth i n  th i s  
forecast was 1 . 7% .  The Regi ona l  Counc i l has a l so  i s s ued a d raft forecast , 
wh i ch i s  s i mi l a r to  the forecast made by BPA . 

The PNUCC-est i mated sh ortage ranges from 3 3  annual average MW out of 1 7 , 500 MW 
i n  1 981 -82 to  1820 MW out of 1 8 , 900 MW i n  1 985-86 . The BPA draft forecast 
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p roj ect s an el ect ri ca l  power surp l u s  va ry i n g  from about 750 annua l  average MW 
i n  1 983 to a p proxi mate l y  1 500 annual average MW i n  1985-1987 . Th i s  s u rp l u s  
wou l d end i n  1 990 . These p roj ect i on s  are based o n  an assumed del ay i n  comp l e 
t i on of Wash i n gton Nu c l ear  P roject (WNP ) No . 1 by u p  to  5 yea rs and the most 
p robab l e growth rate .  I f  the g rowth rate eq ua l s or exceeds BPA ' s  est i mated 
upper  l i m i t  of 2 . 5% ,  the su rp l u ses wi l l  change to defi c i ts by 1 986 . Thu s ,  
t here i s  an uncerta i n  energy fut u re for the reg i on ,  based on exi st i n g p rojec
t i on s  of e l ect ri cal demand . Two separate stud i es d i ffer i n  response t o  BPA ' s  
foreca st . I n  a l etter  to  BPA Admi n i st rator Peter  J oh n son , dated May 5 ,  1982 , 
Ene rgy Ventu res Ana l y s i s ,  I n c . , of Ar l i n gton , V i rg i n i a ,  state t hat the  BPA 
est i mate i s  l ow .  Economi c Resea rch As soci ates , I nc . , i n  a report dated 
Ap r i l 1 0 ,  1 982 ( "Revi ew of BPA E l ectr i cal Load F o recast " ) ,  st ate that t he  
est i mate i s  h i gh .  

Conservat i on 

Ene rgy i n  the Paci f i c  Nort hwest can be con served by reduc i n g  a i r-exchange rates 
i n  res i dences . A BPA s u rvey of 5000 res i dences i n  the Pac i fi c  No rthwest d u r i n g  
t h e  summer o f  1983 determi ned the fol l owi n g :  

• 44% of the  res i dences use el ect r i c i ty a s  the p r i ma ry sou rce for space 
heat i n g .  

• 3 3% of the res i dences  d o  not have storm wi ndows o r  dou b l e gl az i n g .  

• 80% of the res i dences h ave n o  weatherst r i p p i ng o r  need add i t i on a l  
weatherst ri p p i n g .  

• Over 85% o f  the res i dences have n o  cau l k i n g o r  need add i t i o na l  cau l k i n g 
a round doors and wi n dows . 

• Less than ha l f of the  out s i de doors of res i dences  have sto rm doo rs . 

The p resent p rog ram does not p rov i de t i ghten i ng mea s u res 
el i g i b l e  el ect r i ca l l y  heated res i dences ( 1 2 09 thousand ) .  
or  85% , of these res i dences are p roj ected to  part i c i pate 
g ram . Th i s  i nc l udes el i g i b l e  l ow-i ncome res i dences . 

to  about 7 0% of a l l 
About 1 028 t hou sand , 

i n  the expanded pro-

I n  the reg i o n ,  a p proxi mate ly  1 56 MW ( on an annua l bas i s )  i s  a va i l a b l e t o  be  
saved by t i ghten i n g measu res . About one-f i fth  of  that  amou nt , 3 1 . 6  MW , wou l d  
come from res i dences ava i l ab l e to  rece i ve the t i ghten i ng measu res under  t he  
p resent program . T he  rema i n i n g amou nt , 124 . 4  MW , wou l d come from res i dences 
p resent ly  u nab l e to  rece i ve t i ghten i ng measu res . Both f i gu res account for t he  
fact t hat  res i dences may have a l l ,  some , or  more of  the t i ghten i n g meas u res 
( see Append i x K ) .  However ,  these f i gu res do  not account for the expected rat e ,  
n o r  sav i ngs  obt a i ned by i n sta l l at i on of ot her  mea s u res  ( i . e . , i n su l at i on ) .  
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3 . 4  SOC I OECONOM I CS 

F o r  several decades , the cost of el ect ri cal ene rgy i n  the  Paci f i c Nort hwest has 
been among  the l owest i n  the  nat i on . The l ow cost refl ected the  steady deve l 
opment of the reg i on ' s  hyd roel ect r i c power generat i on resources , pr i nc i pa l ly  
f rom the  m i d- 1930s u nt i l t he l ate 1 960s . Encou raged by t he  l ow p ri ces (wh i c h 
were act u a l l y  decl i n i n g ,  i f  cost s are adj u sted for i nf l at i on )  and pl ent i fu l  
s upp l i es of e l ect ri c i ty ,  res i dent i al hou seho l ds  f requent ly  t u rned t o  el ect ri c
i ty for househol d heati n g .  F i gu re 3 . 2  sh ows how el ect ri c i ty use  i n  Oregon 
househol ds i n c reased over the  2 5 -year peri od ( 1 950-7 5 ) .  The B PA ' s  n omi na l  and 
rea l whol esa l e powe r rates are al so  s hown on th i s graph . 

Reg i ona l  g rowth and recent demograph i c t rends h ave a l so cont ri buted s u bstan
t i a l l y  to  the res i dent i a l  el ect ri ca l  demand i n  the  BPA regi on . The res i dent i al 
sector  current ly  cons umes about 34% of B PA ' s  t otal  l oad , or  about 5800 a n n u a l  
average MW ( B PA  1 983 ) .  O ver  the  past twenty years , the  popu l at i on has 
i n c reased at an a n n ual average rate of 1 . 9% , f rom 5 . 5  mi l l i on i n  1 960 to  abou t 
8 mi l l i on i n  1 980 . At the same t i me ,  changes  i n  the average s i ze  of househo l d 
and the age struct u re of res i dents cau sed hou sehol d format i on to g row at rates 
even faster ( 2 . 7% an n ua l  average ) than that of the general popu l at i on ( B PA 
1 982b ) .  Al l of the factors made i mpo rtant cont ri but i ons  to  the g rowth i n  el ec
t ri cal  power demands by the res i dent i a l sector  wi t h i n the  BPA servi ce area . 
These factors cont ri buted to the  p roj ect i ons  of reg i ona l  power defi c i ts made i n  
t he  1970s . Because defi c i t s were p roj ected at t h i s t i me ,  p l ans were devel oped 
to  supp l ement the regi on ' s  cheap hyd ropower w i th newly const ructed thermal 
gene rat i on from nuc l ear  and coal -f i red powerpl ant s . 

However ,  by the  t i me the p resent B PA p rog ram was l au n ched i n  1 98 1 ,  the  comb i n a 
t i on o f  a sl ump i n g  Northwest economy a nd  cons umer react i ons  to  rap i d  and l a rge 
i nc reases i n  the p ri ce of e l ect ri c i ty l ed to  downward rev i s i ons  to  the earl i e r 
p roj ect i ons  of el ect ri cal  demand . Cu rrent demand forecasts i nd i cate el ect ri cal 
su rpl u ses over t he short term and pos s i b ly  i nt o  the  early 1990s . It  takes  t i me 
t o  i mp l ement a reg i onwi de p rogram to  obta i n cost-effect i ve energy t h rough  con
servat i on so it i s  ava i l ab l e when needed . Thu s ,  the res i dent i a l  conse rvat i on 
p rogram i s  be i n g i mp l emented , even though  there i s  cu rrent ly  a s u rp l u s  of 
supp l y .  
Wh i l e  programs by ut i l i t i es and t h e  government t o  encou rage conse rvat i on have 
been somewhat effect i ve ,  ma rket fo rces i n  the  form of rap i d ly i nc reas i n g  rates  
have al so  had  a con s i derabl e effect i n  recent years . Howeve r ,  vari ous  sectors 
of the ma rket may be respond i ng i n  d i fferent way s .  P ri ce-i nduced res ponse  to  
conservat i on h as been shown by a number of  stud i es to  vary s i g n i f i cant l y  among  
d i fferent i ncome g roups o f  res i dent i al cu stomers ( B PA 1982b ) .  For  exampl e ,  
compari son of the  chan ges i n  annua l househol d energy expend i t u res between 1 9 7 3  
and 1 979  s how t hat whi l e  e xpend i tu res on el ect ri c i ty i n c reased by up  to  2 2% for 
househol ds  wi th  i ncomes of $20 , 000 or  l es s , househol d s  wi th  annua l i ncomes 
g reater t han $3 5 , 000 spent over 1 9% l ess  on e l ect ri c i ty ( d ata for western U . S . )  
( DOE 1981 ) .  P resumabl y ,  t h i s effect h as occu rred because h i gher- i ncome res i 
dent i a l u sers can afford the  e xpend i tu res needed to  mod i fy the i r e l ectr i cal u s e  
patte rns , can cut back o n  con s umpt i on wi thout sufferi n g  seri ous  d i scomfort o r  
l i fe-styl e change s ,  or  i n stal l weath e ri zat i on measu res o n  the i r own . 
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F I GURE 3 . 2 .  O regon Res i dent i a l  U se  of E l ect r i c i ty and BPA Whol esa l e Rates 
( O regon DOE 1 9 7 7 ) 

Other  facto rs al so  affect the  response  to  i nc rease el ect ri c i ty pr i ces : home
owne r-renta l  statu s ,  structu re s i ze ,  age and l ocat i on of the res i dence ,  and the  
type and effi c i ency of  app l i ances . Therefore , whi l e  conse rvat i on of el ect ri c
i ty appears to be tak i n g  p l ace i n  response  t o  BPA ' s  recent rate i nc rea s e ,  t he  
effect of BPA ' s  rate i nc rease can  va ry con s i derab ly  among  d i fferent res i dent i a l 
custome r s .  Good est i mates of  h ow much effect i t  has had i n  th i s  reg i on i n  
recent yea rs are not avai l a b l e ,  but stud i es such as the Nort hwest Ene rgy Pol i cy 
Proj ect ( NE P P )  (WSU 197 7 )  i nd i cate t hat a s i gn i f i cant amount of  p ri ce-i n duced 
conse rvat i on ,  i ndependent of that wh i ch i s  i n duced by meas u res such  as BPA ' s  
cu rrent weather i zati on and other p rograms , i s  poss i b l e  by the year 200 0 .  
Resea rch  by Wa s h i n gton State Un i vers i ty fo r NEPP est i mated that about 3000 
average a n nua l  MW of  e l ect r i ca l  ene rgy wou l d be con served i n  the next 20  years 
as  a res u l t of i ncreas i n g pr i ces (WSU 1 9 7 7 ) .  ( Th i s  sav i n g s  fi gu re i s  fo r a l l 
u sers ; the port i on attr i butab l e to  res i dent i a l cu stomers was not ava i l a b l e . )  
Cove rage of the Present Program 

BPA has est i mated that about 30% of the el ect ri ca l l y  heated res i dences i n  the  
reg i on  are cu rrent ly  el i g i b l e  for  t i ghten i ng mea s u res . Of those excl uded res i 
dences , a certa i n pe rce ntage need no  fu rthe r t i ghten i n g  meas u res , some need a l l 
measu re s ,  and some need on ly  some of the  measu re s .  Energy sav i n gs that ere 
tech n i ca l l y  fea s i b l e  are prov i ded i n  Ta b l e K . 9  i n  Append i x K .  

Pub l i c  response t o  B PA t s  p resent p rog ram, where i t  has  been made ava i l a b l e ,  has  
been ve ry enthu s i ast i c ,  a l t h ou gh the cu rrent res t ri ct i ons  on t i ghten i n g mea
s u res h a ve not a l ways been accepted we l l .  Accord i ng t o  BPA f i gu re s , the  costs  
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of present prog rams show that an average of $ 1 700 ( a )  per  res i dence of author
i zed weatheri zat i on i s  covered by the buy-back rate of $ 0 . 292 annua l kWh s a ved . 
On the average , th i s fi g u re appears to cover about 80% or  more of the weather i 
zat i on cost s , a l though  for a n umber of P fg�ram part i c i pant s ,  t he costs are 
ent i re l y  cove red by the buy-back  amount . 

3 . 5  BASEL I NE I NST ITUT I ONAL EFFECTS 

C u rrent l y ,  ut i l i t i es i n  the Paci f i c No rt hwest are conduct i n g a numbe r of res i 
dent i a l energy conservat i on act i v i t i es .  Th i s  s ect i on b r i ef ly  exami nes some of 
the i n st i tut i ona l  effects  of those  act i v i t i es .  

Res i dent i al Conservat i on Acti v i t i e s 

Because  ene rgy costs have ri sen , Paci f i c No rt hwest res i dent i a l  cu stome rs have 
become i ncreas i n g ly  i nte rested i n  home ene rgy conservat i on .  A n umber of p ro
grams to  encourage res i dent i a l  con servat i on have been devel oped (Tab l e 3 . 9 ) . 
Some of t hese p rog rams are i n  res ponse  to  federal  l eg i s l at i o n ,  such  as  t he  
Nat i ona l  Ene rgy Conservat i on Pol i cy Act ( NECPA ) a nd  the Pub l i c  Ut i l i t i es Re gu
l atory Pol i c i es Act ( PURPA ) . I n vesto r-owned ut i l i t i es i n  the Paci fi c No rthwest 
we re among  the fi rst i n  the cou nt ry to promote res i dent i a l ene rgy conservat i on 
th rough zero-i nterest l oan s .  Unt i l recent l y ,  h oweve r ,  on ly  a mode rate n umbe r  
o f  customers  part i c i pated i n  these prog rams . The rea sons  for t h i s s l ow i n i t i a l 
response i n c l ude 1 )  p rocedu ral del ays i n  gett i ng  aud i t s i n  obtai n i n g  f i nanc i n g ,  
and i n  i nsta l l i n g con�ervat i on mea s u res ; 2 )  ad verse pub l i c  res po n se t o  the 
paperwork i n vol ved ; and 3 )  a rel u ctance to  p l ace the p roperty under a l i en to 
the  ut i l i ty .  The l atter req u i rement i s  often a featu re of zero- and l ow
i nterest l oan  p rog rams ( O l son 1 981 ; Landry 1981 ) .  

P rograms to encou rage ene rgy conservat i on i n  res i dences  i nc l ude state and 
fede ral i ncome tax cred i ts ava i l a b l e for home energy co nse rvat i on ,  the l ow
i ncome Weatheri zat i on Ass i stance Program , and the Res i dent i a l  Conservat i on  
Servi ce Program that was  i n st i tuted by NECPA ( see Tabl e 3 . 9 ) .  Maj or  state 
i n i t i at i ves i n  the Paci fi c Northwest i nc l ude state i ncome tax cred i t s ,  home 
ene rgy aud i t  p rograms , and l ow-i nterest weather i zat i on l oan s .  Some u n i ts of 
l oca l  government a l so  have res i dent i al ene rgy con servat i on prog rams . These 
i n c l ude h ome aud i ts and l oan prog rams . Al though not a l l of these  prog rams have 
been ava i l ab l e to  a l l BPA res i dent i a l customers , many con s ume rs have taken 
advantage of the i ncent i ves  for re s i dent i a l  energy conservat i on .  Thi s wou l d 
p robab ly  cont i nue . 

The Present BPA Re s i dent i a l  Weather i zat i on  Program 

The  BPA Re s i dent i a l  Weat heri zat i on Prog ram began , on a l i mi ted sca l e ,  i n  
November 1981 . Under t h i s program,  t i ghten i n g meas u res  that reduce a i r
exchange rates  are i n sta l l ed i n  res i dences  that meet the s i x cr i teri a descri bed 
i n  Sect i on 2 . 0 .  BPA est i mates that about 30% of the  e l ect ri ca l ly  heated res i 
dences i n  t he Pac i f i c No rthwest meet these req u i rement s ,  a l though  i n  some ut i l 
i ty d i st ri cts  the  percentage of e l i g i b l e  res i dences appear to  be much l owe r ( 1 5  
t o  20% ) . 
( a ) I nc l udes ut i l i ty cost s  of $200 per res i dence re i mbu rsed by BPA . 
( b )  BPA est i mate . 
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TABLE 3 . 9 .  Res i dent i a l Conse rvat i on P rog rams - -Space Heat i n g  
( H i ttman Associ ates 1 981 ) 

FEDERAL UT I L ITY  
Conservat i on and So l a r Tax C red i t s 
Energy Exten s i on  Servi ce 
Low- I ncome Weathe r i zat i on  
So l a r  Energy and  Ene rgy Conse rvat i on 

Bank  
Ene rgy Aud i t s ( NECPA ) 

STATE 

State of Idaho  
I ncome Tax Deduct i on 
Bu i l d i n g Code 

I daho Depa rtment of E ne rgy 
Low- I ncome Weathe r i zat i on 
I nformat i on 
Res i dent i a l Conse rvat i on Se rv i ce 

State of Montana  
I n come Tax Deduct i on 

Montana Depa rtment of Natu ra l  
Resou rces and  Conse rvat i on 

Res i dent i a l Conse rvat i on Serv i ce 

St ate of O regon 
Bu i l d i n g Code 
Tax C red i t  
PUC - - I OU Ze ro I nterest Loans 

O regon Depa rtment of Energy 
Res i dent i al Conse rvat i on Se rv i ce 
Low- I n come E l de r l y  

Weathe r i zat i on Refund 
O regon  Veterans  Weat he ri zat i on 

Loan ( and Standards ) 
Pub l i c  I n fo rmat i on 

State of Wash i n gton  
C i t i es Author i zed to  F i nance 

Conservat i on 
Res i dent i a l Conse r vat i on Se rv i ce 

Wash i n gton State Energy Offi ce 
New Bu i l d i n g St andards  
Home Energy Aud i t  Workbooks  

( I n format i on ) 
Energy E xten s i on Serv i ce 
Tax Cred i t  (Conse rvat i on and Sol a r ) 

Was h i n gton Wate r Powe r 
Home Weather i zat i o n - -Zero 

I nterest Loans 
Rate De s i g n - -E l i mi nate Dec l i n i n g 

B l ock Rates 
Res i dent i a l Conservat i on Se rv i ce 
E l ect r i cal Out l et Gaskets  

Snohomi s h  Cou nty PUD 
Loan  P ro g ram 

Tacoma Pub l i c  Ut i l i t i e s L i ght D i v i s i on 
Res i dent i a l Conse rvat i on Serv i ce 

Aud i t s  
Low I nterest 

Seatt l e  Ci ty Li ght 
Res i dent i a l  I n su l at i on P i l ot P rog ram 
Home E nergy Loan 
Low- I n come E l ect r i c  P ro g ram 
Res i dent i a l Serv i ce Req u i rements 
Pas s i ve Sol a r  Ret rof i t  ( P l anned 

Demon st rat i on s  of P i l ot ) 

Port l and  Genera l  E l ect ri c  Company 
Weather i zat i on Audi t and I ncent i ve 

( Loan ) P rog ram 
P l an ned Ta r i ff to  Rebate Weathe r i 

zat i on Costs 

Pu get Powe r 
No I nterest , Defe r red Payment Loan s ;  

I n f i l t rat i on Gaskets  
Paci f i c Powe r and L i ght 

Sol a r  
Heat Pump s 
I n su l at i o n - -Company Weather i zat i on 

F i nanc i n g P ro g ram,  Home Ene rgy 
Ana l ys i s ,  Ce rt i fy Ex i st i n g Ene rgy
W i se Homes and New Energy Sa ve r 
Homes , I n f i l t rat i on Gaskets  

E u gene Water  and E l ect r i ca l  Board 
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Based on experi ence f rom the p i l ot prog ram ca rri ed out i n  1 980 , nume rou s 
changes were made i n  the p resent p rog ram before i t  was offered on a regi onwi de 
bas i s .  The changes i nc l uded add i n g  the buy-back fi nanc i n g  opt i on ,  st reaml i n i n g 
fo rms and cont ract s ,  g i v i ng the u t i l i t i es mo re dec i s i o n -mak i ng powe r ,  and mak 
i n g the cost-shari n g  arran gements between BPA and the ut i l i t i es more f l exi b l e ,  
a l though  penet rat i on rates a re t herefore d i ff i cu l t  t o  est i mate .  

I n  t h e  fi rst fu l l yea r of the p resent p rog ram , response  by the pub l i c  and by 
BPA a rea u t i l i t i es appea red to be mi xed . I n  s ome a reas ( most ly  the u rban areas  
i n  the reg i on ) , pub l i c  response has  been  st ron g , and most ut i l i t i es have a pro
g ram we l l under  way , p a rt i cu l ar ly  i f  a p rev i ous  conse rvat i on p rog ram was  i n  
exi stence . Aud i t  back l ogs  ( i . �. , aud i t s req uested but not yet ca rri ed out ) are 
su bstant i al ; many custome rs h ave to  wa i t  months  for an aud i t .  For  one l a rge 
Seatt l e  area ut i l i ty ,  the back l og for aud i t s was recent l y  as h i gh  as 
1 7 , 000 cu stome rs .  

Many ru ral area ut i l i t i es , however , have been mu ch  s l owe r to  adopt the p ro
gram . Typ i ca l  reasons i n c l ude the d i ff i c u l ty of wo rk i ng out the admi n i st rat i ve 
req u i rement s , ut i l i ty pol i cy and cu stome r re l at i on prob l ems res u l t i n g from the 
house-t i ghten i ng l i mi t ati ons , and p rob l ems w i t h  BPA a p p roval  of p rog ram bud
get s . Low ut i l i ty part i c i pat i on  has  been  part i cu l ar l y preva l ent i n  easte rn 
O regon , Idah o ,  and p a rt s  of eastern Wash i n gton du ri ng  the f i rst year and a h a l f 
of the reg i onwi de l i m i ted p rogram . 

U t i l i t i es that had exi st i n g prog rams i n  operat i on when BPA ' s  p rog ram became 
avai l ab l e h ave had to mesh t he admi n i st rat i ve and f i nanc i a l  as pects of the i r 
own conse rvat i on efforts wi th  BPA ' s . The greatest p rob l em has been i n  prov i d 
i n g separate fund i ng f o r  t i ghten i ng mea su res f o r  res i dences t hat are not e l i g i 
b l e  fo r BPA ' s  fi nanc i n g .  The  fol l owi ng  patte rn appears to be most common :  the 
ut i l i ty cont i nues i ts f i nanc i a l  a s s i stance prog ram for the t i ghten i ng  meas u res , 
i n  comb i nat i on wi t h  BPA ' s  buy-back mechan i sm for other  measu res . 

Some i n st i t ut i ona l  effects of the l i mi ted Res i dent i a l Weathe ri zat i on P rogram 
cu rrent l y i n  operat i on have become apparent . Some of the more b road-based 
effects a re as  fol l ows : 

• The need for more staff to  hand l e aud i t s , i n spect i ons , book keep i n g ,  
a nd to  p rov i de tech n i ca l  k n owl edge has  often s l owed the i mp l ementa
t i on of the p rogram. Where ut i l i t i es a l ready have the staff and  
experi ence to  hand l e exten s i ve conse rvat i on effort s ,  these prob l ems 
a re l ess  l i ke l y  • 

• The wi de range i n  ut i l i ty s i ze , type ,  custome r ,  and l oad ch a rac
teri st i cs has  req u i red a g reat deal of f l ex i b i l i ty i n  h ow the p rogram 
i s  set up i n  a g i ven ut i l i ty servi ce area . F o r  examp l e ,  ut i l i t i es 
servi ng  ru ral a reas h ave d i fferent needs and p rob l ems than  t hose i n  
u rban areas . 

Impact s of Weather i zat i on  Hou s i n g  Costs 

Al though  some quest i on  rema i n s  as to  how we l l  the hou s i n g  ma rket cap i ta l i zes on 
i n vestments i n  ret rof i t  house  t i ghten i n g mea s u res , the l i teratu re does suggest 
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that homeowners  expect that the ma rket val ue of thei r res i dence wi l l  i nc rease 
as a re s u l t  of mak i ng i n vestments i n  energy-sa v i ng factors . Ma rket Facts 
( 1 97 9 )  reports that in a tel ephone s u r vey of 1000 s i n g l e-fami l y  homeowners 
t h rou ghout the country ,  83% thought that an energy-eff i c i ent home wou l d be 
worth mo re at res a l e than homes l ack i n g such featu res . Su rveys i nd i cate that 
p ros pect i ve buyers a re i nte rested i n  whether  a res i dence contai n s  energy-sav i n g  
mea s u re s .  I n  a samp l e o f  79  p ros pect i ve buye rs , B u s by a nd  Marsden ( 1 979 ) 
s howed that 51%  of the buyers i nd i cated that storm doors , storm wi ndows , and 
i ns u l at i on are energy-sav i n g  factu res they wou l d  l ook for in  thei r next home . 
A maj or i ty ( 90% ) of the p rospect i ve buyers i nd i cated a wi l l i n gness  to spend 
$200 mo re on the pri ce of the res i dence to save $50 pe r yea r on heati ng  bi l l s . 
A 1 9 78 study of the Knoxvi l l e  hou s i ng  market ( J oh n son 1 981 ) found that the s a l e 
va l ue  of res i dence d i d ,  i n  fact , i n c rease as a resu l t  of a red uct i on i n  the 
annual  fuel  b i l l s .  Th ough add i t i ona l  resea rch i s  needed before the rel at i o n 
s h i p  between expend i tu res for weather i zat i on and i nc reased ma rket va l ue can be 
fu l ly unde rstood , the l i terat u re does s u ggest that , on average , i n vestments i n  
weather i zat i on mea su res wi l l  i nc rease the sa l e pri ce of res i dences . 

The P roposed Act i on may affect such res i dence comfort factors as i ndoor a i r 
q ua l i ty ,  col d a i r d raft s ,  and no i se  l evel s .  I ndoor  a i r qua l i ty wa s d i scus sed 
i n  Sect i on 3 . 1  and wi l l  be d i scus sed fu rther  u nd e r  each M i t i gat i o n -By -E xc l u s i on 
opti on . Comfort i n  res i dences may be i mp roved as  the res i dence i s  t i ghtened 
and col d ai r d rafts a re reduced .  I n  addi t i o n ,  t hermal d rafts wi l l  be reduced 
when s i n g l e-pane wi ndows are rep l aced by sto rm wi ndows . Comfo rt may al so  be 
i n c reased where add i t i ona l  wa l l i n s u l at i on reduces the l evel of a n noy i ng  no i se . 

B u i l d i n g Codes 
The des i g n and con st ruct i on of a l l st ructu res are regu l ated by bu i l d i n g codes  
that cover a s pects such as e l ect r i ca l  serv i ces , p l umbi n g ,  heat i n g ,  vent i l at i on .  
and st ructu ral  i ntegri ty .  Local  and state bu i l d i n g and energy codes  can affect 
h ow weathe r i zati on mea su res a re i n sta l l ed i n  res i dences . How i mpo rtant a code 
i s  depend s  on i t s  author i ty ( e . g . , l oca l , state ) and how eas i l y  i t  can be 
enfo rced . Any actual  effects of part i cu l ar  codes i n  the BPA regi on wou l d  h ave 
to  be i dent i fi ed on a case-by-case ba s i s .  

Effects o f  Ut i l i ty Spon so red P rograms on Lend i ng I n st i tut i on s  
The resu l ts of the BPA p i l ot p rog ram and of ot her  u t i l i ty-spon s o red p rog rams 
i nd i cate that con s umers  a re often rel u ctant to  bo r row funds to fi n ance res i 
dent i a l weathe r i zat i on meas u res  ( DOE 1 981a , b ) . Th i s  tendency ho l d s  even fo r 
ut i l i ty p rog rams , u n l e s s  zero-i nterest fi nanc i n g  i s  offe red as pa rt of thei r 
p rog rams . These zero-i nte rest l oan p rog rams have been mo re popu l a r .  Thu s , 
consumer rel uctance to bo r row money for  ene rgy con se rvat i on measu res has  p re
vented l end i ng i n st i tut i ons  f rom p l ayi n g  a l a rge ro l e  i n  fi nanci ng  these  
act i v i t i es .  I n  add i t i on ,  the smal l amount of  money needed for most l oans  for  
res i dent i a l ene rgy conse rvat i on made the l oans  u natt ract i ve to l end i ng  i n st i t u 
t i on s  ( DOE 1978 ) . The refo re , pr i vate l end i n g i n st i tut i o n s  p roba b l y  have not 
been ad verse ly  affected one way or the othe r  by the operat i on of ut i l i ty
f i nanced con servat i on p rog rams . 
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3 . 6  LAND USE 

The gene rat i on of el ect ri ca l  ene rgy requ i res l and  on wh i ch to pl ace generat i n g  
p l ant s .  Potent i a l ly  about 1 2 4 . 4  annua l  average MW , or  1 . 1 mi l l i on MWh/y r ,  can 
be saved under  the P roposed Act i on .  Th i s  amou nt , under nonsu rpl u s  cond i t i ons , 
wou l d have to  be gene rated . The l and  req u i red to repl ace 1 . 1 mi l l i on MWh/y r 
fo r 25  yea rs  i s  app roxi mate ly  2970 ac res fo r a coa l -bu rn i n g  gene rat i n g sta
t i on .  About 260 a c res a re requ i red for a n uc l ear  gene rat i n g  stat i on .  I n  the 
re g i on , the tota l  commi tment to  coal  and nuc l ea r  gene rat i on of e l ect ri c i ty wa s 
approxi mate ly  86 . 3  thousand acres and 1 2 . 2 t h ousand  acre s ,  respect i ve l y  ( B PA 
1 981 a ) . The f i gu res g i ven for l and  commi tted i nc l udes l and needed fo r 
d i sposa l . Annua l  power generat i on of 0 .8 mi l l i on MWh/yr fo r 2 5  yea rs res u l ts  
i n  about 12 . 4  thou sand tons  of sol i d  waste f rom coal -f i red powe rp l ants  and  
essent i a l ly n oth i n g  f rom nuc l ear  powerpl ant s .  

3 . 7  F I SH AND W I LDL I F E  

I f  wate r  i s  u s ed  f o r  el ect ri c  gene rat i n g  faci l i t i es ,  some aq u at i c  spec i es may 
d i e  f rom changes i n  the wate r  temperatu re o r  f rom pol l utant s .  Measu res to  p re
vent th i s  are  req u i red at  el ect ri ca l  generat i n g  faci l i t i es .  Wat e r  cons umed to  
gene rate e l ect r i cal power cannot be u sed fo r other pu rposes such  as fa rmi n g  and 
human u s e .  Such  uses of wate r ,  howeve r , a re i ntense ly  reg u l ated and nei t her  
t he  P roposed Act i on n o r  any of t he  ot her  a l ternat i ves a re p rojected to  affect 
c r i t i ca l  wate r  supp l i es .  
Coa l -bu rn i n g  powerp l ant s re l ease seve ral  atmospher i c pol l utant s , notab ly  su l fu r  
d i oxi de , oxi des of n i t rogen , and resp i rab l e su spended part i cu l ate matt e r .  Con
t ro l  of these re l eases i s  req u i red by state and  fede ral  regu l at i ons . The l eve l  
of cont rol for  such  pol l utants  i s  des i gned to  p rotect the p u b l i c  hea l t h .  Ce r
ta i n sen s i t i ve wi l d  and  economi ca l l y  i mpo rtant pl ants  may suffer  l e af damages 
at s u l fu r d i oxi de concentrat i ons  sma l l e r than those pe rmi tted by the regu l a
t i ons . Su l fu r  d i oxi de and n i t rogen oxi de re l e ases may be re l ated to the phe
nomenon of aci d rai n .  Aci d ra i n  has  been b l amed fo r the ext i n ct i on of aqu at i c 
l i fe i n  poo r l y  bu ffered l akes . 

Coa l -bu rn i n g  powerp l ant s may re l ease wate r  pol l utant s . Al l coal - p i l e  ru noff 
re l eases a re st r i ct ly  regu l ated . Both coa l -bu rn i n g  and n uc l ear  powerp l ants u s e  
ch l o r i ne  compounds  t o  p revent mi c roo rgan i c  g rowth i n  coo l i n g sy stems . Th i s  
c h l o ri ne i s  t oxi c to  aqu at i c p l ants and an i ma l  speci es . 

Steam-el ect r i c  powerp l ant s re l ease heat i nto  the atmosphere o r  i nt o  recei v i n g  
wat e r s .  The re l ease o f  h eat i nto  the a i r can cause l ocal c hanges i n  atmo
spher i c cond i t i on s  and can cau se more f requent o r  more seve re fogg i n g  condi 
t i ons  near  the generat i n g  stati on . Re l eases of heat to  rece i vi n g  waters can 
cause deat h of aqu at i c  spec i es e i t h e r  th rough  exces s i ve ly h i gh  temperatu res or 
by rap i d  reduct i on i n  tempe rat u re when the stat i on reduces l oad . 
Bot h coa l -bu rn i n g  and nuc l e a r  gene rat i n g  stat i ons  p roduce sol i d  waste t hat mu st 
be d i s posed of p rope r ly . Coal  wast e ,  composed of fly ash , bottom a s h , and  
s c ru bbe r s l udge , conta i n s  potent i a l ly  toxi c e l ement s . Waste  f rom n uc l e a r  
powerp l ants i s  rad i oact i ve .  I f  i mp roper ly d i s posed o f ,  toxi c components of t he  
waste f rom s u c h  powe rp l ants  cou l d  contami nate g r o u nd  wate r a n d  su rface wate r  
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and u l t i mate ly  cou l d  enter  the human food chai n .  Coast l i nes , wet l ands , o r  
u n i que  farml ands o r  ran ge l ands pos s i b ly  cou l d be se l ected fo r waste d i sposa l . 
T h i s wou l d ,  howeve r ,  be cont rary to pub l i c  pol i cy and to the  rea son  for i sol at-
i n g the tox i c-waste components . 

Steam-e l ect ri c powe r gene rat i on req u i res l and  for 1 )  a gene rat i n g  faci l i ty ,  
2 )  fuel  m i n i n g and p repa rat i on ,  and 3 )  waste d i sposa l . I n  the  p rocess of  
b u i l d i n g the  powe rp l ant s , the hab i tat of p l ants and  wi l d l i fe may be di stu rbed , 
o r  fa rml and or  ra n ge l and may be t aken . The wi l d l i fe h ab i tat may i nc l ude wet 
l a nd or  coastl i ne .  The p rocess  for gett i n g permi t s  to begi n con s t ruct i on of 
powe rp l ants i s  desi gned to l essen  the effect of such const ruct i on .  Mi n i n g  and 
p repa rat i on of fuel  can tempora ri l y  or  pe rmanent ly  di stu rb  su rface hab i tat . 
The deci s i on p rocess to  pe rmi t mi n i n g  operat i ons  conta i ns  nume rous  env i ronmen 
ta l  safeguard s .  

3 . 8 WATER QUAL ITY  

I n d i rect wate r  q ua l i ty effect s can resu l t  from e l ect ri ca l  powe r generat i on .  
Wate r  q u a l i ty effects i nc l u de those ar i s i n g  as a res u l t  of the  u se of wate r ,  
rel eases  of wate r  po l l utant s ,  and rel eases of heat . The  con sequences  of power 
gene rat i on of 0 . 8  mi l l i on MWh /yr  for 25 years a re as fol l ows : 

Coal  Nu c l e a r  
Wate r  Use ( a c re-ft ) 1 . 1 t h ousand  7 . 1 mi l l i on 
Effl uents  ( ton s )  2 . 3  thou sand essent i a l l y  none 
The rma l Rel r�ses  

( Bt u  x 10 ) 4 . 2  5 . 8  
Tota l  wate r  u s e , rel ease o f  effl uent s , and the rma l re l eases i n  the  reg i on for  
coal -gene rated and nuc l ea r-generated e l ect ri c i ty we re a p p roxi mate l y  469 I�i l l i on 
ac re-ft , 24 . 8  mi l l i on t on s ,  and 410  q u adri l l i on Btu , respect i ve l y ,  ( B PA 1981 a ) .  
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4 . 0  ENV I RONME NTAL CONSEQUENCES 

Th i s  sect i on d i scusses  the en v i ronmenta l  effect s of the  P roposed Act i on  for 
expand i n g the p resent BPA Res i dent i a l Weathe ri zat i on P rogram ( p resent 
p rogram ) .  I t  a l s o  di scusses  the effects on the en vi ronment of the No -Act i on ,  
De l ayed Act i o n ,  E n v i ronmenta l l y  P referred ,  and BPA P refe rred Al ternat i ves . 
Th i s  sect i on g i ves the sc i ent i f i c and ana l yt i c  ba s i s fo r compar i n g  the above 
f i ve a l te rnat i ves i n  the a reas of  a i r q ua l i ty ,  hea l th effect s ,  ene rgy saved , 
soc i oeconomi c and i n st i t u t i ona l  effect s , and other env i ronmenta l  effect s ( l and 
u se ,  f i sh and wi l d l i fe ,  and water q u a l i ty ) .  

4 . 1  A I R  QUAL ITY  

Th i s  sect i on d i scusses  the  effect s of the a l t e rnat i ves , i nc l ud i n g  the P roposed 
Act i o n ,  on i ndoor and outdoor a i r q u a l i ty .  Many po l l utant sou rces are p resent 
i ndoors , and some sou rces , such  as wood stoves and portab l e space heaters 
( k e rosene ) ,  can emi t  more than one po l l utant . Other po l l utant sou rces that 
affect i ndoor a i r come from the outdoo rs . The soi l under  a res i dence conta i n s 
radon , wh i ch enters the res i dence t h rough  c racks and open i n gs i n  the founda
t i on .  I n  addi t i on ,  pol l utants  i n  the  out s i d e  ai r e nter  a res i dence by t he  
norma l i ndoo r/ outdoor exch ange cyc l e that takes p l ace cont i nuou s l y ,  ma i n l y  
t h rough  wi ndows and doo rs . 

Ta b l e  4 . 1  l i st s  the sou rces of po l l utants con s i dered i n  th i s E nv i ronmenta l  
I mpact Statement ( E I S )  to  be  p resent i n  a res i dence , a l ong  w ith  the maj o r  
po l l utants that are emi tted by those sou rce s .  The po l l utants o f  conce rn a re 
forma l dehyde ( HCHO ) ,  resp i ra b l e s u s pended p a rt i cu l ate ( RS P )  matter ,  Be nzo
[a J -Pyrene (Ba P ) ,  n i t rogen d i oxi de ( N02 ) ,  carbon monox i de ( CO ) , carbon d i ox i de 
( C0 2 ) ,  and radon ( R n ) .  Ob v i ou s l y ,  n ot a l l res i dences wi l l  have a l l of the  
po l Tutant sou rces l i sted i n  Ta b l e  4 . 1 .  The ai r qua l i ty ana l ys i s  i n  th i s  E I S ,  
h oweve r ,  as sumes t h at a l l sou rces occ u r  i n  a resi dence becau se mo re speci f i c 
data we re not ava i l a b l e .  To est i mate the ri s k s  of hea l t h effect s on a regi ona l  
ba s i s ,  the probab i l i ty of a l l sou rces occu rri ng i n  the res i dence wa s taken i nto  
accou nt . 

I f  the speci f i c po l l utant sou rces and thei r emi s s i on rates are known , t hat 
i nformat i on can be u sed wi th i nformat i on on res i dence vo l ume and a i r exchange  
rate to  est i mate pol l utant concent rat i on l evel s .  Howeve r ,  each  of  these  va r i 
ab l es ( po l l utant emi ss i on rat e ,  res i dence vo l ume , a i r exchange rate )  wou l d 
change f rom day to day and from res i dence to  res i dence . The refo re , t h i s E I S  
has u sed a wo rst -case a na l ys i s  o f  i nd i v i dua l  hea l th effect s .  I n  t h i s a n a ly s i s ,  
a l l res i de nces a re as sumed to have a l l sou rces of po l l utant s .  Va l u es u sed for 
the worst-case po l l utant concent rat i on l evel s are l owest , reasonab l e ,  and 
h i ghest . These va l u es we re deri ved from summi n g  the l owest , average , and 
h i ghest est i mated concent rat i on l e vel s fo r each sou rce for each po l l utant . 
F i gu re 4 . 1  i l l u st rates the comb i nat i ons  poss i b l e  for one sou rce , one po l l utant , 
and one res i dence type . S i mi l a r comb i nat i ons exi st for each res i dence type-
mob i l e  homes , s i n g l e-fami l y  detached res i dences , s i n g l e-fami l y  attached res i 
dence s ,  and apartments-- i n wh i ch the va l ues for re s i dence vol umes and a i r 
excha n ge rates are d i ffe rent . For  examp l e ,  the l owest est i mated va l u e may be 
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TABLE 4 . 1 .  Sou rces of Pol l utants  i n  the I ndoo r Ai r 

Pol l utants Emi tted 

Sou rces 
Fo rmal 
dehyde 

Resp i rab l e 
S u s pended 

Part i cu l ate  
Matter 

Benzo 
[a J 

Pyrene 
Ni t rogen 
D i oxi de 

Carbon  
Monox i de 

Carbon  
D i oxi de Radon 

Wood stove 
Gas stove 

Space heater 

U rea-forma l 
dehyde foam 
i n s u l at i on 

Soi l 

Conc rete 

B r i ck or  stone 

Wel l water  

Humans  

Lami nated 
bu i l d i  ng 
mater i a l s/ 
F u rn i s h i ngs  

X 

X 

X 

X 

Ci ga rette  smoke  X 
Outs i de a i r X 

X 

X 
X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

one-tenth of the average va l u e ,  and the  h i g hest esti mated va l ue may be a factor  
o f  1 0  t i mes the  ave rage va l u e .  That i s ,  i f  the  average va l ue i s  1 ,  t h e  l owest 
va l ue  wou l d  genera l l y  be about 0 . 1 , and the h i ghest val ue  genera l ly  wou l d be  
about 1 0 .  

Assumpt i on s  
T he  fol l owi n g  struct u ra l  character i st i cs  we re u sed to  ca l cu l ate i ndoor ai r 
concentrat i ons  i n  each res i dence type .  For  a more deta i l ed exp l anat i on of t h e  
ca l c u l at i on s , see Append i x  A • 

• Ba sed on data col l ected from the second Paci f i c No rt hwest Res i dent i a l 
Energy Su rvey ,  vol ume ran ges �or resi dences are as  fol l ows : 

_ apartments -- 142 t o  360 m ( 50 1 4  to 1 3 , 000 ft 3 ) ,  average i s  
1 7 0  m3 ( 6003 ft 3 ) 
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_ mob i 1 3 homes-- 1�0 to  360 m3 ( 6400 to 1 3 , 000 ft3 ) ,  average i s  
225 m ( 7945 ft ) 
s i n gl e-fami l y  at5ached-- 18g to 540 m3 ( 6400 to  19 , 000 ft3 ) ,  
ave rage i s  240 m ( 8474 ft ) 

_ s i n gl e-fami l y  de5ached--180 50 540 m3 ( 6 400 to 19 , 000 ft 3 ) ,  
ave rage i s  383 m ( 1 3 , 524 ft ) • 

• Ranges  of ai r-exchange rates--exp ressed as ai r chan ges per hou r 
( ACH ) --for res i dences wi thout  t i ghten i ng measu res for f i rst-f l oor  
rooms are as fol l ows : 

apartment s--0 . 3  to  0 . 9 ACH 
_ mob i l e  homes--0 . 1  to 0 . 7 5  ACH 

s i n g l e -fami l y  attached--0 . 35 to 1 . 0 ACH 
s i n g l e-fami l y  detached--0 . 5  to 1 . 5 ACH . 

• Concentrat i ons  a re for the l i v i n g room ;  po l l utants  a re even l y  
d i str i buted t h roughout  the  res i dence . 

• The sou rce te rms and u se rates a re for the heat i n g  season ( Octobe r 
t h rou gh Ma rch ) ,  but are con s i de red to occ u r  t h roughout the  yea r .  

• Po l l utant concentrat i ons  i n  apartments a re for t h e  f i rst -story ( ma i n 
f l oo r ) . 

• Radon concentrat i on s  are ca l c u l ated fo r radon-222  gas and are gi ven 
for two reg i ons  of the  Pac i fi c  Northwest . One reg i on has  h i gh radon 
concentrat i on s  i n  the  soi l and we l l wate r ,  and genera l l y  i n c l udes 
western Montana and n o rthern and centra l  Idaho  ( reg i ons  i n  the  Rocky 
Mountai ns ) .  Th i s  a rea i s  not covered by basa l t  ( see G l o ssary ) . The 
rema i n i n g  reg i on i nc l u des the rest of the Pac i f i c Nort hwest . 

• No u rea-forma l dehyde foam i n s u l at i on ( UF F I )  i s  u sed i n  mob i l e  h omes . 

• Basements i n  res i dences are con c rete and conta i n d ra i n s ,  penetra
t i on s , and crack s i n  the  wa l l s  and i n  the  fl oo r .  The basements  are 
therefore not we l l sea l ed . 

• C i ga rette  smok i n g i s  not con s i de red to  be a comb u st i on sou rce , but 
does occur i n  var i ous  n umber of res i dences . The p robab i l i ty of  
h av i n g  no , one , o r  two smokers wi t h i n  a res i dence i s  taken i nt o  
account . 

• The  percentages  of the esti mated mi n i mum  and max i mum concent rat i on s  
contri b uted by each major  sou rce a re g i ven i n  Append i x  B for t he  
P roposed Act i on and the  mi t i gat i on s .  T hese  pe rcentages  are the  same 
for each t i ghten i n g measu re cons i de red . 

• Ha rdwood panel i n g and part i c l e  boa rd compri se  f u rn i sh i n g s  wi t h i n each 
res i dence .  These i tems conta i n u rea -forma l dehyde res i n s .  
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• Pol l utants i n  the outdoo r ai r cont r i bute to  i ndoo r pol l ut i on ,  enter
i ng by the exchange of a i r .  The i ndoor concent rat i ons a re taken  to  
be the same as outdoo r concentrat i ons  i f  there a re no  i ndoo r sou rce s 
of the po l l utant . Outdoor concentrat i ons  a re con s i dered to  be back
g round whene ve r i ndoor  concent rat i ons  a re h i ghe r .  

• T i ghten i ng measu res a re effect i ve for a f i n i te l en gth  of  t i me .  Afte r 
the measu res  a re i n sta l l ed ,  the a i r-exchange rate wi th  weathe r i zat i on 
mea su res i n sta l l ed wi l l  i n c rea se .  Howeve r ,  i t  i s  a s s umed that the  
rate of  i nc rease wi l l  be  at  the same rate that  wou l d  occu r wi thout 
i n sta l l at i on of the mea s u res . Therefo re ,  the re l at i ve energy s av i n g s  
wi l l  rema i n constant comp a red to  t he  No-Act i on Al ternat i ve Level and 
wi l l  not change wi th  t i me .  F i gu re 4 . 2  i l l u st rates t h i s effect . 

I n  the fol l owi n g  sect i on s , ranges of concent rat i ons  a re gi ven fo r each pol l ut 
ant of  concern . V a ri ous concent rat i on va l u es , depend i n g o n  t h e  p robab i l i ty of  
po l l utant sou rce s i n  t h e  re s i dences , f o r  HCHO , BaP , a n d  radon  a re u s ed  to  
est i mate on a reg i ona l  bas i s  the r i sk  of hea l th  effects . They a re d i s cu s sed i n  
Sect i on 4 . 2 .  F o r  ot her  pol l utant s ,  i n su ffi c i ent i n fo rmat i on exi sts  to  est i mate 
r i s k  of hea l th  effects on a reg i ona l  bas i s .  

Outdoo r ai r qua l i ty can be affected by the a l ternat i ves . Under  the P ropo sed 
Act i on ,  res i dences wou l d rece i ve t i ghten i ng measu re s .  The ma nu factu re of  
mate r i a l s for these t i ghten i n g mea s u res  ( fo r examp l e ,  fo r storm doo rs  and  
wi ndows ) wou l d  emi t po l l utants to  the atmosphe re . On the other hand , the P ro
posed Act i on wou l d  conse rve ene rgy , so pos s i b l y  l e s s  ene rgy wou l d  have t o  be 
gene rated .  Therefo re ,  l ess  pol l ut i on wou l d be emi tted f rom gene rat i n g  

UJ f« a: 
UJ 
t:J 
z 
« I u X UJ 
a: 
<i' 

WITHOUT 
A I R - I N F I LTRATION 
RED UCTION MEASURES 

-- - - - - -
./ � WITH A I R - I N FILTRATION 

/ 
../ 

/ RED UCTION M EA S U R E S  

I N STALLATION O F  M EASU RES 

T I M E _ 

F I GURE 4 . 2 .  Compar i s on o f  Ai r-Exchange Rates , W i t h  and W i thout 
T i ghten i ng Mea s u res  

4 . 5  



faci l i t i es .  These two effect s are ana lyzed fo r the a l t e rnat i ves . The 
fo l l owi n g  assumpt i ons  were u sed to ca l cu l ate concent rat i ons  of po l l utants  
outdoors : 

• Al l e l ect ri c  power generat i on i s  from e i t her  coa l -f i red o r  nuc l ear  
powerp l ants . 

• The coal -f i red powe rp l ants  comp l y  wi t h  the New Sou rce Performance 
Standards  of 1 9 7 9 ,  wh i ch l i m i t  part i c u l ate ,  s u l fur  d i oxi de ( S02 ) a nd  
ox i des of  n i t rogen emi s s i ons . T hese  l i mi ts are a s  fol l ows ( New 
Sou rce Performance Standards  1 9 7 9 ) : 

_ tot a l  s u spended part i c u l ates ( TSP ) : 0 . 03  l b/ 1 06 Btu  
S02 : 0 .6 l b/ 1 06 Btu  
oX l des of n i t rogen : 0 . 6 l b/ 1 06 Btu . 

• Coa l -fi red powe rp l ants wi l l  be new and wi l l  be l ocated i n  an 
atta i nment area ( see G l o ssary )  of t he Paci f i c No rt hwest reg i on . 

• Nuc l ear powerp l ants wi l l  be l ocated i n  t he Paci f i c Nort hwest reg i on . 

• Po l l ut i on  from res i dent i a l  wood bu rn i n g  wi l l  not app reci a b ly  i nc rease 
or  decrease becau se of i n sta l l at i on of t i ghten i n g mea s u res . The same 
amount of wood shou l d be bu rned , but over a l onger  t i me peri od ; t h u s , 
outdoor part i cu l ate l evel s wi l l  not change d ramat i ca l l y  ( see 
Append i x 0 ) . 

• The  g l ass  for storm wi ndows i s  man ufactu red out s i de of t he Paci f i c 
Nort hwest reg i on . The maj or  po l l utants emi tted f rom t h i s man ufact u r
i n g are part i c l es ,  at 2 l b/ton of g l ass  ( E PA 1 9 7 3 ) . These pa rt i c l es 
are co l l ected t h rough  systems t hat are 9 9 . 7% effi c i ent , so  the par
t i c l es rel eased amount to  0 . 006 l b/ton of gl ass . The i nc rease i n  
po l l utants from powerp l ants s u pp l y i n g  ene rgy to the  g l ass  manufact u ri n g  
p l ants  t hat are p roduc i n g  more g l ass  i s  too smal l to  b e  con s i dered . 

• The maj or  po l l utants  emi tted from a l umi n um manufact u r i n g  for storm 
wi ndows are part i c l es at a rate of 0 . 2  l b/ton of a l umi n um ,  i f  an 
e l ect rostat i c  prec i p i t at i on co l l ect i on p rocess i s  u sed ( E PA 1 9 7 3 ) .  

4 . 1 . 1  No-Act i on Al ternat i ve 

Under the  No-Act i on Al ternat i ve ,  the  BPA ' s  present prog ram wou l d  not be 
expanded . The No-Act i on Al ternat i ve se rves as a base l i ne to  wh i ch t he other  
a l ternat i ves a re compared . 

I ndoor Ai r Qua l i ty 
The concent rat i on s  of the  po l l utant s of concern are est i mated for res i dences 
that do not rece i ve t i ghten i ng meas ures . Ai r-exchange rates for res i dences , 
u sed for cal c u l at i n g  i ndoor concent rat i on s  for the  No-Act i on Al ternat i ve ,  are 
g i ven i n  Append i x A. A ran ge of i ndoor concentrat i ons  i s  ca l c u l ated for  each 
po l l utant . Mo re i nformat i on i s  g i ven i n  Appendi x  A concern i n g res i dence 
vo l ume , u se cycl es ( see G l o ssary ) , and other vari a b l es that were u sed to 
ca l c u l ate t he mi n i mum and maxi mum i ndoor ai r concent rat i on s . Append i x B 
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p rov i des the re l at i ve cont r i but i on t hat each po l l utant sou rce contri butes to 
the overa l l concent rate l e vel . Pol l utant concentrat i ons for a s pec i fi c 
res i dence can be est i mated u s i ng  Ap pend i x B and by knowi ng  the po l l utant 
sou rces in  the res i dence . 

F o rma l dehyde ( HCHO ) The cont r i butors of HCHO i n  apartment s ,  s i n g l e -fami ly  
attached , a nd  s i ng l e-fami l y  detached resi dences are as  fo l l ows : UFF I ,  b u i l d i n g 
mate ri a l s  and fu rn i s h i n gs , ci g a rette smok i n g ,  gas stove , wood stove , and out
s i de a i r .  The cont ri butors in mobi l e  h omes a re the same as above , exc l ud i n g  
UFF I .  Tabl e 4 . 2  i s  a summa ry o f  the est i mated reasonab l e wo rst-case HCHO 
concent rat i ons for the No-Act i on Al te rnat i ve .  

TABLE 4 . 2 .  No-Act i on Al t e rnat i ve--Summa ry of Est i mated 
F o rma l dehyde Concentrat i ons 

Res i de nce T��e 
Apa rtment 
Mobi l e  home 
S i ng l e -fami l y  attached 
S i ng l e -fami l y  detached 

Worst-Case 
Concent rat i on 
Range ,  �em 
0 . 08 to  2 . 1  
0 . 0 1  t o  5 . 1  
0 . 05 to  1 . 4 
0 . 03 to 0 .8 

Reasonab l e 
Worst-Case 
Va l u e ,  eem 

0 . 7  
0 . 8  
0 . 5  
0 . 2 

The  pe rcentage of the tot a l  ml n l mum and max i mum HCHO concent rat i ons  cont ri buted 
by each of the maj o r  sou rces is g i ven in Appen d i x  B .  
U rea-forma l dehyde foam i n s u l at i on i s  the g reatest contr i butor  to the est i mated 
l e vel s i n  apa rtment s ,  s i n g l e -fami l y  attached , and s i n g l e-fami ly  detached res i 
dences (83  to 94% ) , fol l owed by bu i l d i n g mater i a l s and fu rn i s h i ngs  ( 5  to  1 2% ) . 
The g reatest cont ri butors i n  mob i l e  h omes a re the bu i l d i n g mater i a l s and fu r
n i s h i n gs ( 9 7% ) . Al l ot h e r  cont ri but i ons  to the esti mated concent rat i on l evel s 
i n  a l l res i dences a re sma l l .  

Al l rea sonab l e wo rst-case va l ues  of HCHO exceed the  Ame r i can Soci ety of 
Heat i n g ,  Refri gerat i on ,  and Ai r Cond i t i on i ng  E n g i neers ( ASHRAE ) gu i de l i nes  
( 0 . 1  ppm--see Ap pend i x N ) . The val u e  for s i ng l e-fami l y  detached resi dences  i s  
bel ow standa rds for Mi n nesota and W i scons i n  (Append i x N ) .  These est i mated 
va l ues  ref l ect the assumpt i on that al l res i dence types ( e xcept mobi l e  homes ) 
have UFF I ,  wh i ch has a h i gh HCHO emi s s i on rate . Res i dences  wi thout UFF I wou l d 
have l e ve l s 1 2  to 25% of those gi ven above . 

RSP Matt e r ,  Benzo- [ a J -P rene Ba P ) ,  Ox i des  
a r  on o nOX l  e a r  on l OX l  e Fou r sou rces emi t 

RSP : ci ga rette smok i n g ,  wood stoves , ga s stoves , and out s ;  e a i r .  Be nzo
[a J -Py rene resu l t s f rom i n comp l ete combu st i on and ex i sts as p a rt i c l es at  room 
tempe rat u re .  The cont ri butors to BaP concent rat i ons  i ndoors are ci ga rette 
smok i n g and wood stove s .  Wood stoves cont ri bute about 70% to  the  tota l emi s 
s i on .  Th ree maj o r  sou rces p rod u ce N02 : ci garette smok i n g ,  gas stoves , and 



portab l e space heaters . Tab l e 4 . 3  i s  a s ummary of the  esti mated concentrat i ons  
of t hese po l l u tants for the  No-Act i on Al ternat i ve . 

The maj or  contri butors t o  CO concent rat i ons  i ndoors are from u nvented sou rces : 
wood stoves , p ortab l e space h eaters , gas stoves , and c i garette smok i n g .  Carbon  
d i ox i de  i s  emi tted from a l l the u n  vented sou rces (wood stoves , portab l e space 

TABLE 4 . 3 .  No-Act i on Al ternat i ve--Summary of E st i mated Resp i rab l e S u spended 
S u spended Part i c u l ate Matter ,  Benzo- [ a ] -Pyrene , Ni t rogen 
D i ox i de , C a rbon Monoxi de , and C a rbon D i ox i de Concent rat i ons  

Res i dence Type 
Apa rtments 

RSP 
B aP 
N02 CO 
C02 

Mobi l e  h omes 
RSP 
B aP 
N02 CO 
C02 

S i n g l e-fami l y  attached 
RSP 
B aP 
N02 CO 
C02 

S i n g l e-fami l y  detached 
RSP 
B aP 
N02 CO 
C02 

Worst-Case 
Concentrat i on 

Range 

56 to  4234 � g/m3
3 0 . 9 t o  48 . 5  n g/� 36  to 1 947 � g/m 3 0 . 5  t o  85 .2  mg�m 

0 . 28 t o  26 g/m 

3 67  to 9868 � g/m3 1 . 1 to  1 1 3  ng/m3 43 to  4537 � g/m 3 0 . 6 t o  1 9 8 . 6  mg/� 0 . 3 3  to  59 . 8  g/m 

32 to  2836 � g/m3
3 0 . 5  t o  3 2 . 5  n g/� 2 1  to 1304  �g /� 0 . 3  to  57 mg/m 

0 . 1 6  t o  1 7 . 2  g/m3 

22  to  1 974  � g/m3
3 0 . 4  t o  2 2 . 6  n g�m 

1 4  to 907 � g/m 
0 . 2  t o  3 9 . 7  mg�m3 
0 . 1 1  to  1 2  g/m 

Reasonab l e 
Worst-Case  

V a l u e  

3 689 � g/m3 8 . 2  n g/m3 548 � g/m3 6 . 2 mg/� 4 . 2  g/m 

3 883 � g/m 3 1 0 .6 n g/� 7 0 1  � g/m3 7 .9 mg/� 5 . 4  g/m 

3 4 17  � g/m3 5 . 0  n g/m3 3 3 1  � g/m3 3 .7 mg/� 2 . 5  g/m 

3 182  � g/m3 2 . 2 ng/m3 1 44 � g/m3 1 .6 mg/� 1 . 1  g/m 

heaters , gas stoves , and c i garette smok i n g )  and f rom the res p i rat i on of t he  
occu pant s . The  portab l e space heater  cont ri butes the l a rgest concent rat i ons  
( 6 2% ) ,  fo l l owed by peop l e  ( 26% ) ,  and gas stoves ( 1 1% ) . Other sou rce 
cont r i but i ons  are mi n i ma l . 
Radon  (Rn ) E s t i mated i ndoor concentrat i ons  of rado n  for the No-Act i on Al ter
n at i ve a re p resented by construct i on typ e .  T h ree types are con s i dered : 
res i dences wi t h  basement s , res i dences  b u i l t  s l ab-on -g rade , and res i dences wi t h  
u n vent i l ated c rawl s p aces . The reasonab l e  worst-case i ndoor concentrat i on 
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l e ve l s of radon are est i mated fo r al l th ree con struct i on types and for apart 
ment s ,  mob i l e  h omes , s i n g l e-fami l y  attached , and s i n g l e-fami l y  detached 
res i dences . 

Radon Concent rat i on s  i n  Mo st Areas of the Regi o n  E st i mated concent rat i o n ranges 
of radon fo r each type of construct i on i n  a most a reas of t he reg i on a re g i ven 
i n  Ta b l e 4 . 4 .  The maj o r  cont ri butors fo r res i dences wi t h  basement and s l a b
on-grade construct i on a re concrete ( p l us s o i l u nder concret e )  and wel l wate r .  
B r i ck  and t h e  out s i de a i r cont ri bute l i ttl e to  t h e  tota l  concer,t rat i on l evel . 
For  u n vent i l ated c rawl s pace construct i on the maj or  cont r i butors are so i l u nder  
TABLE 4 . 4 .  No-Act i on Al t ernat i ve--E s t i mated Wo rst -Case Radon Concent rat i o ns 

i n  Most Areas of the Reg i on 

Res i dence Type 
Apartment 

Mob i l e home 

S i ng l e-fami l y  
attached 

Si ng l e-fami l y  
detached 

Construct i on 
Basement 
S l ab-on-grade 
U n vent i l ated c rawl space 
Vent i l ated crawl s pace 

U n vent i l ated c rawl space 
Vent i l ated crawl space 

Basement 
S l ab-on-grade 
U n vent i l ated c rawl space 
Vent i l ated crawl space 
Basement 
S l ab-on-grade 
U n vent i l ated c rawl space 
Vent i l  ated c rawl space 

Worst-Case  Reasonab l e 
Concent rat i on Worst-Case 
Range , pC i j9. Va l ues , pC i j9. 
0 . 7  to  6 . 2  2 . 3  
0 . 7  to  1 0 . 3 3 . 0 
1 . 2 to 5 . 1  3 . 2  
0 . 7  to 3 . 5 2 . 0  
2 . 4  to  10 . 5  5 . 0  
0 . 3  to  0 . 5  0 . 4  

0 . 5  to  8 . 4  2 . 0  
0 . 5 t o  4 . 7 1 .8 
0 . 7  to  3 . 2  1 . 8 
0 . 5  to  2 . 5 1 . 3  
0 . 5  to  5 . 2  1 . 1  
0 . 5  to  4 . 8 1 . 1 
0 . 7  to  2 . 8  1 . 5 
0 . 4 to  1 . 9 0 . 7  

the  res i dence , conc rete fo r mob i l e  so i l u nder  the  res i dence , concrete ( p l u s  
s o i l under concrete ) for mob i l e  homes o n  pad s ,  and wel l wate r .  Br i ck and  
out s i de a i r cont r i bute l i tt l e  to  the  tota l  concent rat i on .  For  res i dences  wi t h  
vent i l ated c rawl spaces , wel l water i s  the g reatest cont r i butor to  t he  
concent rat i on l evel s .  Cont ri but i ons  from t he  out s i de ai r ,  from t he  so i l , and 
from b ri ck are sma l l .  

Radon Concent rat i ons  i n  Hi gh -Radon Areas of the Regi on  The est i mated ra nge of  
concent rat i ons  for each  type of construct i on for res i dences i n  h i gh -radon a reas 
o f  the re g i on  are gi ven i n  Tab l e  4 . 5 .  Th i s  i n fo rmati on  was based on a l i mi ted 
mea su rement p rog ram condu cted by BPA ( s ee Append i x A ) .  

Outdoo r Ai r Qua l i ty 

I f  the Expanded BPA Res i dent i a l Weat he ri z at i on P rog ram i s  not imp l emented , 
an a ve rage of 1 56 . 4  MW of ene rgy potent i a l ly  wou l d  need to be produced eac h 
yea r .  ( Th i s amount refers to  t h e  ave rage reduct i on o f  el ect r i c i ty generated 
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that  wou l d be pos s i b l e  unde r the P roposed Act i on ;  see Append i x K .  T h i s ass umes 
1 00% p a rt i c i pat i on i n  the p rog ram . ) Gene rat i on of t h i s e l ect ri c i ty by coa l 
f i red or  nuc l ear  powerp l ants  p roduces po l l utants  that are re l eased to the  out
s i de ai r .  I f  the energy i s  p roduced by a coa l -fi red powerp l ant u s i ng  western  
coa l , the fol l owi n g  approxi mate amounts  of  po l l utants wou l d  be rel eased : 

Po l l utants 
Part i c u l ates 
Su l fu re d i oxi de ( S02 ) 
Ox i des of n i t rogen 
Rad i um 

Annua l  
Emi ss i on s  
7 1 . 7 tons  

1 , 455  tons  
1 , 455 tons  

3 . 9  mCi  

TABLE 4 . 5 .  No-Act i on Al t ernati ve--E st i mated Worst-Case Radon Concent rat i ons  
i n  the  H i gh-Radon Areas of  the Regi on 

Res i dence Type 
Apartment 

Mob i l e home 

S i n g l e-fami l y  
attached 

Constructi on  
Basement 
S l ab-on -grade 
U n vent i l ated c rawl s pace 
Vent i l ated crawl space 
Unvent i l ated crawl space 
Vent i l ated crawl space 

Basement 
S l ab-on-grade 
Unvent i l ated crawl s pace 
Vent i l ated crawl s pace 

S i n gl e-fami l y  Basement 
detached S l a b-on -grade 

U n vent i l ated c rawl space 
Vent i l ated c rawl s pace 

Worst-Case  
Concentrat i on  
Range , pC i /'). 
1 . 7 t o  1 5 . 1  
1 . 8 t o  24 .7  
2 . 9 to  1 2 . 5  
1 . 7 t o  8 . 6  
6 . 1  t o  25 . 5  
1 . 9 t o  20 . 1  

1 . 3 t o  20 . 3  
1 . 3 t o  1 1 . 5 
1 . 8 to  7 . 9  
1 . 3 t o  6 . 2 

1 . 1 to  1 2 . 5  
1 . 1 t o  1 1 .9 
1 . 8 to  7 . 0 
1 . 1 t o  4 . 7  

Reasonab l e 
Worst-Case  

V a l u e s ,  pC i / .Q. 
5 . 7  
7 . 3 
8 . 0  
5 . 0  

1 2 . 3  
6 . 5  

4 . 9  
4 . 3  
4 . 7  
3 . 4  

2 . 7  
2 . 7 
3 . 6  
1 . 9 

I f  an oi l - or gas-fi red powerp l ant  were u sed , the amounts  of emi ss i on wou l d  be 
sma l l e r .  If the energy defi c i t i s  made up  by e l ect ri c i ty p roduc�d i n  a n uc l e a r  
p l ant ,  both rad i oact i ve a n d  non radi oact i ve emi s s i ons  wi l l  b e  re l eased . These 
po l l utants a re l i sted be l ow : 

Po  1 1  utants 

K rypton-85 
I od i n e - 1 3 1  
I od i ne- 1 33  
Xenon - 1 3 3  
Other f i s s i on p roducts 

4 . 1 0 

Annua l  
Emi s s i ons , C i  
284 . 8  
1 . 4 x 1 0- 3  
1 . 1 x 1 0- 3  
3 1 3 . 8  
6 . 8 



4 . 1 . 2  Proposed Act i on 

The Proposed Act i on wou l d  expand the present BPA program to i nc l ude res i dences 
t hat fai l to meet the i nc l u s i on cr i ter i a ( s ee Sect i on 2 . 0 ) . Ta b l e 4 . 6  g i ves  
the est i mated percentage of reduct i on i n  the a i r-exc ha nge rates fo r the n i ne 
comb i nat i ons of t i ghten i n g mea s u res t hat are part of the Proposed Act i on .  
These fi gures were u sed to ca l cu l ate the concentrat i on of the pol l utants  for 
t he Proposed Act i on a l one and as mod i f i ed w i t h  mi t i gat i on s .  

TABLE 4 . 6 .  E st i mated Reduct i on i n  Ai r-Exchange Rates as a Re s u l t  
o f  Ti ghten i ng  Mea s u res ( BPA 1983 ) .  

Percenta ge 
Reduct i on i n  

Mea s u res  Ai r-Exchange Rates 
1 .  Storm doors and storm wi ndows on l y  1 0 . 7  
2 .  Weat herstr i p p i n g  6 . 6  
3 .  Cau l k i n g and gas kets 5 
4 .  Wa l l  i n su l at i on 1 5  
5 .  Comb i nati on of 1 and 2 1 0 . 7  
6 .  Comb i nat i on of 1 and 3 1 5 . 7  
7 .  Comb i nati on of 2 and 3 1 1 . 6  
8 .  Comb i nat i on of 1 ,  2 ,  and 3 1 5 . 7 ( a )  
9 .  Comb i nat i on of 1 ,  2 ,  3 ,  and 4 30 . 7 ( a )  

( a )  The effect i veness  of storm doors , storm wi ndows , and 
cau l k i n g and gas kets on l y ,  a pp l i es .  

I ndoor Ai r Qu a l i ty 
I f  any of the measu res i n  Ta b l e 4 . 6  are u sed , the i ndoor concent rat i on l e vel s 
of po l l utants wou l d i n crease becau se of reduced a i r exchange .  Th i s  sect i on 
p rov i des reasonab l e wo rst-case concent rat i on s  of the po l l utants of concern 
resu l t i n g from the t i ghten i n g mea s u res , u s i ng  t he reduct i on i n  a i r exchange 
rate of 30 . 7% fo r the Proposed Act i on ( s ee Tab l e 4 . 6 ) .  Note that i n  new ly  
const ru cted res i dences w i t h  a i r exchange rates that are l ower than  those u sed  
for  these  est i mate s ,  i nsta l l i n g add i t i ona l  t i ghten i n g measu res proba b l y  wou l d  
reduce the a i r exchange rate by l es s  than  30 . 7% .  Howeve r ,  i n  these res i dences , 
t i ghten i n g mea s u res  are ass umed to reduce the a i r exchange rate by the same 
percentage . 
U s i ng  the i nfo rmat i on i n  Append i x A and speci f i c i n fo rmat i on on po l l utant 
sou rces and res i dence characteri st i cs , an est i mate of  concent rat i on l e vel s fo r 
a s peci f i c  res i dence can be made . 
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F o rma l dehyde (HCHO ) E st i mated ranges of HCHO concent rat i ons  u nde r the P roposed 
Act i on a re summa ri zed i n  Tab l e  4 . 7 .  

Reasonab l e wo rst-case conce nt rat i on l evel s of HCHO i n  mob i l e  homes , apa rtments , 
s i n g l e-fami ly attached , and s i n g l e -fami ly detached res i dences a re 1 . 1 ,  1 . 1 ,  
0 . 8 ,  and 0 . 3  ppm , respect i ve ly . Al l va l ues a re above recommended ASHRAE 
gu i de l i nes . Howeve r ,  t he va l ue for  s i n g l e -fami ly detached res i dences i s  be l ow 
standards  req u i red i n  Mi n nesota o r  W i scon s i n .  E st i mated mi n i mum  reasonab l e  
worst -case va l ues ( see Append i x B ) ,  wh i ch a re based o n  res i dences wi t h  l a r ge 
vol umes , h i gh  ai r excha n ge rates , and l ow emi s s i on  rates are at or  be l ow ASH RAE 

TABLE 4 . 7 . P roposed Act i on --E st i mated Worst-Case F o rma l dehyde 
Concent rat i ons  i n  Res i dences 

Worst-Case Reasonab l e 
Concent rat i on Worst-Case 

Re s i dence T��e Range , ��m Va l ue ,  ��m 
Apa rtments 0 . 09 t o  2 . 5 1 . 1 
Mobi l e  homes 0 . 0 1  to 6 . 1  1 . 1  
S i n g l e-fami ly attached 0 . 06 t o  1 . 6 5  0 . 8  
S i n g l e -fami ly  detached 0 . 0 3  to  0 . 9  0 . 3  

gu i de l i nes . The est i mated l eve l s  refl ect t he assumpt i on t hat a l l res i dences  
( e xcept mobi l e  homes ) have  UFF I , wh i ch re l eases l a rge amounts  of  HCHO . 
Res i dences w i t hout UFF I wou l d  expect l e vel s 1 5  to  2 5% of those g i ven a bove . 
RSP , BaP , N02 ' CO , C02 A r3asonab l e wo rst-case concentra� i on of RSP 
for apa rtments i s  994 �g /m ; �or  mob i l e  h omes , 1 2 7 5  � g/m ; for s i n g l e -fami l y  
attached3 res i dences , 6 0 2  � g/m ; and f o r  s i n g l e-fami ly  detached res i dences , 
264 � g/m . C i ga rette smok i n g  contr i butes the l a rgest amounts ( 90% ) to  these 
esti mated l eve l s .  Al l the l evel s a re above cu r rent  U . S . E nv i ronment a l  P rotec
t i on Agency ( EPA)  standa rd s  for amb i ent ( outdoor )  a i r for  TSP ( see G l os s a ry ) .  

Reasonab l e wo rst -case BaP concent rat i on l eve l s we re est i mated from one 
p u b l i s hed va l ue of emi s s i on from wood stoves ( se3 Append i x A ) . The est i mated 
concent ra5i on of BaP for apa rtments  i s  1 1 . 9 n g/m ; for mob i 3e homes , 
1 5 . 2  n g /m ; for  s i n g l e-fami ly attach�d res i dences , 7 . 2 n g/m ; and for s i n g l e
fami l y  detached res i dences , 3 . 2  ng/m . The wood stove cont r i but i on t o  t hese 
l evel s i s  64% . C i ga rette smok i n g contr i butes 36% to  the tota l . No gu i de l i nes 
for  i ndoor  BaP l eve l s exi st . The est i mated concent rat i on s , howeve r ,  a re h i gher  
than a va l ue measu red i n s i de an a rena  w i th a l a rge n umbe r of  peop l e  p resent 
( Ster l i n g ,  D i mi ch and Kobayas k i  1 982 ) . 

The reas9nab l e wo rst -case concent rat i on 3esti mated for  N02 for  apa rtments i s  
790  � g/m ; for m�b i l e  h omes , 1 , 0 1 3  � g/m ; for  s i n g l e -fami ly  attached r3s i 
dences , 478 � g/m ; and for s i n g l e-fami ly  detached res i dences , 2 1 0  �g/m . Al l 
l eve l s a re be l ow t he U . S .  Occupat i ona l  S afety and Hea l th Admi n i s t rat i on ( OSHA ) 
standa rd s  for the wor k room envi ronment . Al l val ues , howeve r ,  exceed the  
cu r rent E PA standards  for  ambi ent a i r .  The cont r i b ut i on f rom the  p o rt ab l e 
space heater i s  the l a rgest ( 9 6% ) , fol l owed by gas stoves ( 4% ) . 
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Space heate rs a re t he maj o r  cont r i butors  to  CO concent rat i ons  ( 3 9% ) ,  fol l owed 
by wood stoves ( 33% ) ,  c i ga rette smok i n g ( 2 7% ) ,  and gas stoves « 1 % ) . A 
reas onab l e  wo rst-case §oncent rat i on of CO wi t h  a l l c�mbu st i on sou rces for 
apa rtments i s  8 . 9  mg/m ; for �ob i l e  homes , 1 1 . 4 mg/m ; for s i n g l e-fami l y  
attach ed 3 res i dences , 5 . 4 mg/m ; and fo r s i ng l e-fami l y  detached re s i dences , 
2 . 4 mg/m . Al l of  these va l u es , except the va l ue for mob i l e  homes , a re bel ow 
the  OSHA wo rk room standa rds . 

The portab l e space heater  cont r i butes the l a rgest concent rat i ons  of C02 ( 6 2% ) , 
fo l l owed by peop l e ( 26% ) ,  and gas stoves ( 1 1 % ) . �he reasonab l e wo rst-case 
est i mated concent rat i on fo r apa rtments i s  6 . 1  �/m  ; fo r mob i l e  homes , 7 . 8 g/m3 ; 
for s i n g l e-fami l y  a�tached res i dences , 3 . 7  g/m ; and fo r s i ng l e-fami l y  detached 
res i dences , 1 . 6 g/m . The va l u es fo r apartments  and mob i l e  homes a re above the 
c u r rent recommended ASH RAE gu i de l i nes for i ndoor concent rat i ons . Al l va l u es 
a re be l ow OSHA standa rds fo r wo rk room concent rat i on l e vel s .  The est i mated 
concent rat i ons for these po l l utants for the P roposed Act i on a re g i ven i n  
Tabl e 4 . 8 .  

Radon ( Rn )  The est i mated ran ge of radon concent rat i ons  fo r the P roposed Act i o n 
a re dete rmi ned by the const ruct i on of the res i dences : 1 )  res i dences wi th f u l l 
basements , 2 )  res i dences bu i l t  s l ab-on-g rade , and 3 )  res i dences  wi t h  u n vent i 
l ated c rawl s paces . 

I ndoo r Radon Concent rat i ons  i n  Most Areas of the Regi on The sou rces of radon to  
the i ndoors  for basement and s l ab -on - g rade const ruct i on a re conc rete ( p l u s so i l 
u nde r conc rete ) ,  we l l  wate r ,  b r i ck , and out s i de a i r .  Cont r i buto rs fo r 
u n vent i l ated-c rawl -space construct i on a re the so i l u nder  the res i dence ,  we l l 
wate r ,  br i ck , and out s i de ai r .  Reasona b l e wo rst-case va l u es and ranges a re 
g i ven i n  Tabl e 4 . 9 .  

The g reatest cont r i butors  t o  the concent rat i on l eve l s a re the  co nc rete ( p l u s  
so i l u nder  conc rete ) f o r  basement and f o r  s l a b-o n - g rade const ruct i on ( 48 t o  
7 1 % ) , and t he  we l l water  fo r u n vent i l ated c rawl space con s t ruct i o n ( 50 to  67% ) . 
The outs i de a i r and br i ck cont r i but i ons to  a l l est i mated concent rat i ons  a re 
sma l l ( 2  to 8% ) .  
I ndoor  Radon Concent rat i ons  i n  the H i gh -Radon Areas of the Regi on  The maj o r  
so u rces of radon t o  the i ndoors a re the same a s  i n  most a reas o f  the regi on . 
Reasonab l e wo rst-case va l u es  and ra n ges  a re g i ven i n  Ta b l e  4 . 1 0 .  These va l u es 
a re app roxi mate ly two to th ree t i mes t hose va l ues n o rma l l y  found i n  most a reas 
of  the reg i on .  

Outdoo r Ai r Qu a l i ty 

Unde r the P ropo sed Act i on ,  about 1 0 5 . 7  annua l  average MW of energy wou l d be 
conse rved annu a l l y .  Because no add i t i ona l  energy wou l d  have to be gene rated , 
no  add i t i ona l  pol l utants wou l d  be re l eased to the out s i de ai r from e l ect r i ca l  
gene rat i on p l ants . On  the othe r hand , mo re g l ass  wou l d have t o  be man ufact u red 
fo r t i ghten i n g devi ces fo r the P roposed Act i o n ,  so mo re pol l utants  wou l d  be 
emi tted to the atmosphe re . The maj o r  po l l utant emi tted d u r i ng  g l a s s  ma n u 
factu ri n g  i s  TSP matter  a t  the rate o f  2 l b/ton  o f  gl a s s . These part i c l e s  a re 
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TABLE 4 . 8 .  P roposed Act i on --Summa ry o f  Worst-Case Concent rat i on s  for 
Resp i rab l e  Su spended Part i cu l ate Matte r ,  Ben zo- [ a J -Pyrene , 
N i t rogen D i oxi de , Carbon Monoxi de , and Ca rbon D i oxi de 

Worst-Case Reasonab l e 
Concentrat i on Worst-Case 

Res i dence Tt2e Range Va l ue  
Apa rtments 

RSP 82 to 6 , 1 06 � g/m3 994 � g/m3 

BaP  1 . 3 to  70  ng/m3 1 1 .9 ng/m3 

N02 52  to 2 , 807 � g/m3 790  �g/m3 

CO 0 .8 to  1 23 mg/m3 8 . 9  mg/m3 

CO2 0 . 4 to 37 g/m3 6 . 1  g/m3 

Mobi l e  h ome 
RSP 97  to  1 4 , 301  � g/m3 3 1 , 2 7 5  �g/m  
BaP  1 . 6 to 164  ng/m3 1 5 . 2 ng/m3 

N02 62  to 6 , 57 5  � g/m3 3 1 , 01 3  �g/m 
CO  0 . 9 to  288 mg/m3 1 1 . 4 mg/m3 

CO2 0 . 5 to  87 g/m3 7 . 8 g/m3 

S i n g l e-fami ly attached 
RSP 47 to 4 , 09 5  � g/m3 602 �g/m3 

BaP  0 . 8 to  47  n g/m3 7 . 2 ng/m3 

N02 30  to  1 , 883  � g/m3 478 �g/m3 

CO 0 . 5  t o  82 mg/m3 5 .4 mg/m3 

CO2 0 . 2 t o  25 g/m3 3 . 7  g/m3 

S i n g l e-fami ly  detached 
RSP 3 2  to 2 , 8 1 9  � g/m3 264 �g/m3 

B aP 0 . 5 to  32  ng/m3 3 .2 ng/m3 

N02 2 1  to 1 , 296  � g/m3 2 1 0  � g/m3 

CO 0 . 3  to 57 mg/m3 2 .4 mg/m3 

CO2 0 . 2 to  1 7 . 0  g/m3 1 . 6 g/m3 
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TABLE 4 . 9 .  P roposed Act i on - -E st i mated Worst-Case Radon Concent rat i ons  
i n  Most A reas of the Reg i on 

Worst-Case  Reasona b l e 
Concent rat i on Worst-Case 

Res i dence T�Ee Construct i on Range , EC i /R.  Va l ues ! EC i / R. 
Apa rtment Basement 0 . 9  t o  8 . 8  3 . 2  

S l ab-on - g rade 0 . 9 to  1 4 . 7  4 . 3  
Unvent i l ated c rawl space 1 . 6 t o  7 . 3  4 . 6  
Vent i l ated crawl sp ace 0 . 9 t o  4 . 9  2 . 8 

Mobi l e home Unvent i l ated c rawl space 3 . 4  to  1 5 . 1  7 . 0  
Vent i l ated c rawl sp ace 1 . 0 to  1 1 . 5 3 . 6  

S i n g l e-fami l y  Basement 0 . 7  to  1 2 . 0  2 . 8  
attached S l ab -on - g rade 0 . 7 to  6 . 6 2 . 4  

U n vent i l ated c rawl space 0 . 9  t o  4 . 5  2 . 6  
Vent i l ated c rawl space 0 . 6 to  3 . 5  1 . 8 

S i n g l e -fami l y  Basement 0 . 5  to  7 . 3  1 . 5 
detached S l ab-on-g rade 0 . 5  to  6 . 8 1 . 5 

U n vent i l ated c rawl space 0 . 9  to  4 . 0  2 . 0  
Vent i l ated c rawl sp ace 0 . 5 t o  2 . 6 1 . 0 

TABLE 4 . 1 0 .  P roposed Act i on--E st i mated Wo rst -Case Radon Concent rat i ons  
in  t he H i g h -Radon A reas of  the Reg i on 

Wo rst-Case Reasonab l e 
Concent rat i on Wo rst -Case 

Res i dence T�Ee Construct i on Range , EC i /t  V a l u e s z  EC i / R. 
Apa rtment Ba sement 2 . 2 to  21 . 5  7 . 9  

S l a b-on-g rade 2 . 3  t o  3 5 . 3  1 0 . 3  
Un vent i l ated c rawl space 4 . 0  t o  1 7 . 8  1 1 . 3 
Vent i l ated c rawl sp ace 2 . 2 to  1 2 . 1  6 . 9  

Mobi l e home Unvent i l ated c rawl space 8 . 5  to 36 . 7  1 7 . 4  
Vent i l ated c rawl space 2 . 5 t o  28 .8  9 . 0  

Si n g l e-fami l y  Basement 1 . 6 to 28 . 9  6 . 8  
attached S l a b-on-g rade 1 . 6 to  1 6 . 3 5 . 9 

Un vent i l ated c rawl space 2 . 3  to  1 1 . 2  6 . 4  
Vent i l ated c rawl space 1 . 5 t o  8 . 7  4 . 6  

Si n g l e-fami l y  Ba sement 1 . 3 to 1 7 . 6  3 . 6  
detached S l a b-on-g rade 1 . 3 to 1 6 . 8 3 . 6  

U n vent i l ated c rawl space 2 . 3  to  9 . 7  5 . 0  
Vent i l ated c rawl space 1 . 3 t o  6 .4 2 . 4  
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col l ected through  systems that are 99 . 7% effi c i ent , so on ly  about 0 . 006 l b  of 
part i c l es i s  rel eased to the atmosphere for each ton of g l ass produced . 

The amount of gl a s s  est i mated to be produced fo r sto rm wi ndows and doo rs i s  
1 20 thou sand ton s . Manu fact u re of th i s  amount of g l ass  wi l l ,  therefo re , 
generate 720 pou nds  of part i c l es that wi l l  be rel eased to the  atmosphere .  

The ma nu factu ri ng  of storm wi ndows and doors wi l l  requ i re the  man ufactu re of  
a l umi num.  U s i n g  the  average number of sma l l ,  med i um ,  and l a rge wi ndows for  
each  res i dence type ,  and the  tota l  number of  resi dences expected to  part i c i pate 
i n  the program , i t  was est i mated that 39 . 1  thou sand tons  of al umi num wou l d  be 
requ i red . Product i on of th i s  amount of a l umi n um wi l l  create 7 . 8 thou s a n d  
pounds o f  part i c l es that wi l l  b e  rel eased t o  the  atmosphere ,  ass umi ng  a n  
emi s s i on rate o f  0 . 2  l b/ton o f  a l umi n um ( E PA 1 9 7 3 ) . 

P roposed Act i on wi t h  Mi t i gat i on s  

T he  Proposed Act i on wou l d  reduce a i r qua l i ty i n  part i c i pat i n g res i dences . To 
l essen  these adverse a i r q u a l i ty effects , excl ud i ng  res i dences w i t h  i dent i 
f i ab l e sou rces of i ndoor a i r po l l utants  i s  bei n g  con s i dered . Seven 
M i t i gat i ons-By-Exc l u s i on for the P roposed Act i on are addressed : 

1 .  exc l u d i n g  res i dences wi t h  UF F I  

2 .  excl ud i n g  res i dences w i t h  u n vented combu st i on a p p l i ances  
3 .  exc l ud i n g  res i dences bu i l t s l ab-on-grade , wi t h  ba sement s ,  or wi t h  

u n vent i l ated crawl s paces 

4. excl ud i n g  res i dences served by we l l water  

5 .  excl ud i n g  res i dences wi th  wood stoves 

6 .  exc l ud i n g  mob i l e  home res i dences 

7 .  e xc l ud i n g  apartment res i dences . 
Fou r Mi t i gat i on s -By-Acti on  for the  Proposed Act i on are con s i dered : 

1 .  forma l dehyde mon i t o ri n g  

2 �  a i r-to-a i r heat excha n gers  (AAHX s )  f o r  wood stoves 

3 .  radon mon i t o ri n g  

4 .  i nformat i ona l  boo k l et on det r i menta l  effect s of i ndoor a i r po l l ut i on i n  a 
t i ghtened res i dence . 

Tab l e 4 . 1 1  l i sts  rea son ab l e wo rst-case concent rat i on s  of HCHO , RSP , BaP , N02 , 
CO , C02 and radon for each res i dence type for each m i t i gati on . See Append i x A 
for procedu re used i n  comput i n g concent rat i on s . 
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TABLE 4 . 1 1 . Reasona b l e Worst-Case  Concent rat i ons  of  Pol l utants  as a Re su l t  
of M i t  i gat i on s  

Res i d tn �e HCHO RSP BaP NOr 3 C O  C 023 Radon ( b )  
Tt�e a � � � � � � (�Ci 7t l 

P ro p osed A 1 . 1  994 1 1 . 9 790 8 . 9  6 . 1  2 . 8  t o  4 . 6  
Act i on MH 1 . 1  1 2 7 5  1 5 . 2  1 0 1 3  1 1 . 4 7 . 8 3 . 6  to 7 . 0  

SFA 0 . 8  602 7 . 2 4 7 8  5 . 4  3 . 7  1 . 8 t o  2 . 8  
SFO 0 . 3  264 3 . 2  2 1 0  2 . 4  1 . 6  1 . 0  to 2 . 0  

M i t i sat i on -bt-E xc l u s i o n  

N o .  1 A 0 . 09 PA ( c )  PA PA PA PA PA 
(no UFF 1 )  MH 1 . 1  PA PA PA PA PA PA 

SFA 0 . 05 PA PA PA PA PA PA 
SFD 0 . 05 PA PA PA PA PA PA 

N o . 2 A PA 980 PA 50 5 . 4  2 . 3  PA 
( n o  u n vented MH PA 1 25 6  PA 50 6 . 9  2 . 1  PA 
combu s t i o n  SFA PA 593 PA 50 3 . 3  1 . 1  PA 
ap p l i ances S F D  P A  2 6 0  P A  50 1 . 4 0 . 4  PA 

No. 3 A PA PA PA PA PA PA 2 . 8  
( no s l ab-on -grade MH PA PA PA PA PA PA 3 . 6  
baseme nt s ,  unven- SFA PA PA PA PA PA PA 1 . 8 
t i l  ated c rawl SFD PA PA PA PA PA PA 1 . 0  
spaces , o r  w i t h -
out ground cover 
v a p o r  ba r r i e rs ) 

N o .  4 A PA PA PA PA PA PA 0 . 4  to 2 . 2  
( n o  wel l wate r )  M H  P A  PA PA PA PA PA 0 . 4  to 3 . 9  

SFA PA PA PA PA PA PA 0 . 3  to 1 . 3  
SFO PA PA PA PA PA PA 0.3 to 1 . 4 

N o .  5 A 1 . 1  939 3 . 9  PA 6 . 0  PA PA 
( no wood stoves ) MH 1 . 1  1 203 4 . 9  PA 7 . 6 PA PA 

SFA 0 . 8  568 2 . 3  PA 3 . 6  PA PA 
SFD 0 . 3  249 1 . 0 PA 1 . 6 PA PA 

N o .  6 A PA PA PA PA PA PA PA 
( no mobi l e  home s )  M H  ( n ot i nc l uded in p r o g ram,  same as No Act i on )  

SFA PA PA PA PA PA PA PA 
SFD PA PA PA PA PA PA PA 

N o .  7 A ( n o t  i n c l uded in p r o g ram , same as No Act i on )  
( no apa rtment s )  MH PA PA PA PA PA PA PA 

SFA PA PA PA PA PA PA PA 
SFD PA PA PA PA PA PA PA 

M i t i sat i on -Bt-Act i o n  

N o .  1 A 0 . 4  PA PA PA PA PA PA 
( HCHO mo n i t o ri n g )  MH 0 . 4  PA PA PA PA PA PA 

SFA 0 . 4  PA PA PA PA PA PA 
SFD 0 . 2  PA PA PA PA PA PA 

N o . 2 [AAHX ( d )  A 1 . 1  939 3 . 9  PA 6 . 0  PA PA 
for woodstovesJ MH 1 . 1  1 203 4 . 9  PA 7 . 6  PA PA 

SFA 0 . 8  568 2 . 3  PA 3 . 6  PA PA 
SFD 0 . 3  249 1 . 0 PA 1 . 6 PA PA 

N o . 3 ( Radon A PA PA PA PA PA PA 2 . 3  to 3 . 0  
moni t o r i n g )  MH PA PA PA PA PA PA 3 . 0  

SFA PA PA PA PA PA PA 1 . 5  to 2 . 2  
SFD PA PA PA PA PA PA 0.8 to 1 . 3  

N o .  4 ( I n f o rma- A PA PA PA PA PA PA PA 
t i o na l  book l e t )  MH PA PA PA PA PA PA PA 

SFA PA PA PA PA PA PA PA 
S F D  P A  P A  P A  PA PA PA PA 

( a )  A = Apartment s ;  MH = Mob i l e  homes ; SFA = Si n g l  e-fami ly at t a c h ed ; SFD Si  n g l  e-fami ly detached . 
( b )  C oncent ra t i on i n  h i g h -radon a reas a re about two t o  t h ree t i mes these v a l u e s .  
( c )  P A  = Same a s  Propo sed Act i o n .  
( d )  AAHX = A i r-t o -a i r heat exchanger. 
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4 . 1 . 3 De l ayed Act i on Al ternat i ve 

Under the Del ayed Act i on Al ternat i ve ,  the Proposed Act i on wou l d  not be i mp l e 
mented . I nstead , the Proposed Act i on wou l d  be reco n s i de red at some l ater  t i me ( see Ch apter 2 ) . I f  th i s prog ram i s  i mp l emented (De l ayed Act i on ) , the actua l  
po l l utant concent rat i ons  wou l d  be  the  same as t hose for  the  Proposed Act i o n .  
O n  the ot her  hand , fu rther  stud i es  cou l d  i nd i cate the  need to re v i s e  the  con
cent rat i on l e vel est i mat i ons  for the vari ous res i dence types . W h i l e  the 
expanded weatheri zat i on program i s  del ayed , actua l  concentrat i ons  wou l d  be the  
same as those for  the No -Act i on Al t e rnat i ve ( Sect i on 4 . 1 . 1 ) .  

U nt i l the  present BPA program i s  expanded , about 1 05  a nnua l  average MW of 
energy wi l l  not be conserve d .  Therefore , i n  produc i n g  t h i s energy ,  pol l utants  
wi l l  be  emi tted to  the atmosphere , and outdoo r ai r qua l i ty wi l l  be  affected . 
The amount of po l l utants re l eased d u ri n g  the de l ay p e ri od wi l l  be the  same a s  
t hose est i mated fo r t h e  No-Act i on Al t e rnat i ve ( Sect i on 4 . 1 . 1 ) .  

4 . 1 . 4 E n v i ronmenta l ly P refe rred Al ternat i ve 

U nde r th i s a l ternat i ve ,  al l res i dences wi l l  be t i ghtened for those h omeowners 
part i c i pat i ng  i n  t he p rogram.  Ai r-t o -a i r heat exchangers wou l d be part of the  
p rogram to restore the  or i g i na l  ai r i nf i l t rat i on rate i n  the  res i de nce . An 
i ncent i ve wou l d be p rov i ded to  cover a l l or s ome port i on of t he i r cost . The 
h omeowner  wou l d  be p rov i ded a book l et descri b i n g  i ndoo r a i r qua l i ty ,  i t s  cau se , 
i ts potent i al h ea l th  effect s , ways to  mon i t or  i t ,  ways to  m i t i gate i t ,  a nd  
sources where more i n format i on i s  avai l ab l e .  
S i nce AAHXs wi l l  be p rov i ded , the  i ndoor a i r q ua l i ty l e vel s w i l l  
t hey we re p ri or  to  weat he ri zat i on o r  the  No -Act i on Al t e rnat i ve .  
w i l l  be conserve d ,  the  i mpact on the  outdoor a i r q ua l i ty wi l l  be 
t hat descri bed under  the P roposed Act i o n Al t e rnat i ve .  

4 . 1 . 5  BPA Preferred Al te rnat i ve 

be the  s ame a s  
S i nce energy 
s i mi l a r t o  

Th i s a l t e rnat i ve wou l d  al l ow maxi mum fl ex i b i l i ty i n  t h e  Regi onwi de Weat her
i zat i on P rogram. Though s i mi l a r to t he P roposed Act i o n ,  t h i s a l t e rnat i ve 
a l l ows the homeowne r to  dec i de i f  radon  mon i t or i n g  and pos s i b l e  mi t i gat i on 
s hou l d be con s i de red . 
I n i t i a l l y ,  an ene rgy ana l y s i s wou l d  be performed for part i c i pat i n g homeowners . 
D u ri n g  t h i s ana l ys i s ,  the  homeowner  wou l d  rece i ve a book l et descr i b i n g  i ndoor  
a i r qua l i ty ,  factors  affect i n g  i t ,  i ts  potent i a l hea l t h  effect s , ways to  
mon i t or  i t ,  ways to mi t i gate i t ,  and  sou rces whe re more i nformat i on i s  ava i l 
ab l e .  Homeowners wou l d  then be advi sed of the opt i ons  avai l ab l e conce rn i n g  
radon and o f  ways BPA can b e  o f  a s s i st ance . E i ghty-f i ve pe rcent o f  part i c i pat
i n g homeowners are expected to se l ect radon  mon i tor i n g ,  a l t hough  o n ly  6% of  
those res i dences wi l l  h ave concent rat i ons  exceed i n g  an Act i on Leve l  set by BPA 
and , t h u s , req u i re AAHXs . 
F o r  those res i dences  e i t he r  not e l ect i n g to  mon i t o r  the i r res i dence , o r  
mon i t or i ng  a n d  hav i ng  radon l eve l s be l ow the  estab l i sh ed Act i on Level , t he  
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i ndoor  l evel s wi l l  be the same as  est i mated fo r the P roposed Act i on .  
Res i dences  recei v i ng  AAHXs wi l l  h a ve t he  same pol l utant l evel s experi enced 
p r i o r  to weather i zat i on .  

4 . 2  HEALTH EFFECTS 

Th i s  sect i on d i scu s ses the r i s k s  of hea l t h effect s associ ated wi th  the est i 
mated concent rat i ons of the  po l l utants  for the No-Act i on ,  P roposed Act i on ( and  
m i t i gat i on s ) ,  De l ayed Act i on ,  E nv i ronmenta l l y  P referred , and BPA P refe r red 
A l t e rnati ves .  E st i mated concent rat i on s ,  whe re a p p rop r i ate ,  a re compa red to  the  
standards  set up  by the EPA  ( fo r  outdoo r a i r ) , standa rds  estab l i s hed by 
s pec i f i c  state s , OSHA standa rd s ,  o r  to  those recommended by ASHRAE . The sta n 
da rd s  deve l oped by EPA a n d  OSHA a re l egal l y  b i nd i n g on i ndu st ry .  T he  ASHRAE 
standards  a re vo l u nt a ry ,  meant to  s e rve as gu i del i nes  for federa l , stat e ,  and 
l oca l  agenci e s . A l s o ,  the  OSHA standards  a re fo r the occupat i ona l , or  wo rk i n g 
e n v i ronment , and a re based on a 40-h expo s u re pe r i od per  week . Thu s ,  these  
req u i rements  a re l es s  l i m i t i n g than  the  EPA standards , wh i ch we re devel oped to  
p rotect the genera l  pu b l i c  at  a l l t i mes . 

To  est i mate the expected ri s k s  of hea l t h effect s fo r radon , BaP , and HCHO , 
ave rage concent rat i on s  we re u sed for  va ri ous combi nat i ons  of po l l utant 
s ou rces . Ranges of effect s for the  P roposed Act i on and var i o u s  mi t i gat i on 
opt i ons  a re p resented , based on the  l owest and h i ghest concent rat i on va l u e s .  
Deta i l ed i n fo rmat i on o n  the tech n i que  i s  gi ven i n  Append i x  I .  Max i mum va l u es  
a re about 1 0  t i mes  l a rger t h an t he  ave rage va l ues . Al s o ,  each  po l l utant and  
i t s effect s a re con s i de red i nd i v i d ua l l y ;  synerg i st i c  effect s ( i . e . , the effect s 
of two o r  more po l l utants  t ogethe r )  a re u n k n own . 

Th i s  sect i on a l s o  desc r i bes  the resu l t i n g hea l t h effect s from the p resent BPA 
p ro g ram.  The penet rat i on rate for the p roposed expanded program i s  85% of 
e l ect r i ca l l y  heated res i dence s  ( see Sect i on 3 . 3 . 2 ) . Penet rat i on ,  i n  the  
absence of  the  expanded p ro g ram,  w i l l  come f rom p r i ce-i ndu ced and p r i vate 
ut i l i ty-supported con servat i on acti v i t i es .  

I n  est i mat i ng hea l th effect s , est i mated po l l utant concent rat i on s  were a s s umed 
to  cont i n ue  for a per i od of t i me s uff i ci ent to  cause the  est i mated hea l t h  
effect s . For  examp l e ,  the mode l u sed t o  e st i mate hea l th effect s f rom exposu re 
to BaP a s sume s  an ave rage concent rat i on wou l d  occu r for  9 yea rs . Each  of the 
t i ghten i ng mea su res to be offe red i n  the  p roposed expa nded p ro g ram has  an 
est i mated useful  l i fe .  Thu s ,  after  some pe r i od of t i me ,  the effect i ve a i r 
exchange rate of a res i dence wou l d  i n c rease as  these mea su res degrade .  We 
a ssume that t h i s i nc rea se  wi l l  be s i mi l a r  to the i nc rease exper i en ced i n  a 
res i dence wi th out t i ghten i n g measu res ( see Sect i on 4 . 1 ) .  Compar i sons  of  t he  
e st i mated hea l t h effect s from the a l t e rnat i ves a nd  mi t i gat i o n s  i n c l ude a 
s i mi l a r i n c rease i n  the a i r exchange rate ove r t i me .  The refore , con s i derat i on 
of  the u sefu l l i fe of the t i ghten i n g measu res i s  not nece s s a ry .  

For  HCHO , B aP ,  and radon , t he  e st i mated h ea l th effects a re i n  te rms of deve l o p
ment of  l u n g  cance r ( BaP a nd  radon ) ,  o r  est i mated nasa l  cance r ( HCHO ) .  Effects 
of the other po l l utants  d i scu s sed a re l i m i ted to  q ua l i t at i ve est i mates of 
d i scomfort , beca u se r i s k  factors  o r  cance r deve l opment mode l s  a re not devel oped 
for po l l utants other than those n oted a bove . 
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4 . 2 . 1  No -Act i on Al ternat i ve 

Th i s sect i on des c ri bes the cond i t i o n s  i n  those res i dences  cu r rent l y  una b l e to 
rece i ve t i ghten i ng  mea su res ( see Sect i on 2 . 0 ) . E ven u nder the No-Act i on 
Al ternat i ve ,  res i dences are assumed to u se  we l l wate r ,  to have u n  vented 
combu st i on app l i ances , to h ave UFF I ,  and to  h ave ba sements  o r  u n vent i l ated 
c rawl spaces . Therefo re , concent rat i on s  a re con s i de red ' reasonab l e wo rst  
case ' •  The effects as soc i ated w i th th i s  con d i t i on w i l l  be  refe r red to  a s  
' base l i ne '  effects .  
F o rma l dehyde ( HCHO) Reasonab l e wo rst-case concent rat i on l eve l s of HCHO fo r the 
No-Act i on Al te rnat i ve ran ge from 0 .8 p pm for  apartments  to  0 . 2 p pm fo r s i n g l e
fami l y  detached res i dences . Th i s  ra nge i s  bel ow the cu r rent OSHA gu i del i nes  
for HCHO , but i s  above t he ASHRAE recommended l e vel s for i n door  a i r q u a l i ty .  
The va l ue fo r s i n g l e-fami l y  detached res i dences  i s  bel ow the i ndoo r stand a rd 
for  Mi n nesota ( 0 . 5  p pm ) . At these concent rat i on s  some i nd i v i dua l s wou l d h ave 
eye and nose i rr i tat i on .  When the l i v i n g space i s  sma l l and the  vent i l at i on i s  
poo r ,  o r  u n der  part i cu l a r atmosph e ri c cond i t i on s ,  t h i s  s i tuat i on wi l l  be  
wo rse . Between 7 and 8 cases  of cancer wou l d  deve l op on an a n n ua l  bas i s  from 
p ro l on ged exposu re to the va r i ous  comb i nat i ons  of est i mated HCHO concent rat i on 
l e vel s ( s ee Append i x  I ) .  Co ns i de r i ng  the pop u l at i on at ri s k , th i s  i s  
equ i va l ent to  0 . 2  cance rs per  yea r per  1 00 , 000 peop l e .  U nder the p re sent BPA 
p ro g ram , about 1 addi t i o na l  cancer  i s  expected to  occu r about eve ry 10 yea rs  
( 0 . 1 1  cance rs/y r ) , o r  0 . 003 cance rs per yea r p e r  100 , 000 peop l e . 

Respi rab l e Su spended P a rt i cu l ate ( RSP ) Matte r  The est i mated3 rea s onab l e wo rst
case concent rat i on l e vel s of RSP range from 182 to 883 � g/m . They are g reat e r  
t h a n  those mea s u red i n  some res i dences wi t h  smokers . The est i mated conce nt ra
t i ons a re mo re typ i ca l  of those found i n  ba rs ( NRC 1981 a )  o r  l odge h a l l s  ( Yocom 
1982 ) . Thus , these va l ues  may not be good i nd i cato rs of typ i ca l  cond�t i o n s  i n  
res i dences wi th  smokers . Howeve r ,  concent rat i ons  as  h i gh as  600 �g/m  h a ve 
been repo rted ( NRC 1981a ) .  

The r i s k s  of hea l th effect s re l ated to RSP have not been est i mated . Non smokers  
cou l d be  affected by s i dest ream smoke ( P i ke and Hende rson  1981 ) .  Somet i mes  
b reat h i n g  i s  i mpa i red and eyes and noses i rr i tated . 

Benzo-[aJ -Pyrene �Bap )  The  est i �ated reas onab l e worst -case concent rat i ons  of  
BaP ra nge f rom 2. to 1 0 . 6  ng/m . Emi s s i on f rom wood stoves i s  the maj o r  
cont r i butor  t o  t he e st i mated l e vel . Because  BaP concent rat i on s  can be re l ated 
to  pa rt i cu l ate concent rat i ons  f rom smok i n g ,  est i mated l e vel s wou l d  va ry 
accord i n g  to  the a s s umpt i ons  made about the amount of smok i n g .  

Est i mated l evel s a re s i mi l a r t o  those  found i n  restau rants  ( Ster l i n g ,  O i m i ch 
and Kobayask i  1 982 ) and a re not typ i cal  res i dences w i th one smoker  and 3w i t h  
vented combu s t i on  sou rces . Benzo-[aJ -Py rene l eve l s o f  0 . 5  t o  0 . 7  ng/m a re 
more reasonab l e . Concen t rat i on s  as  h i gh as  the est i mated va l ues h ave been 
measu red i n  res i dences wi t h  no  smokers and wi t h  a wood stove ( Y ocum 1982 ) .  

Us i ng a r i s k  ana l y s i s  model devel oped by P i ke and Hende rson ( 1 981 ) ,  the fre
quency of cancer i n  peop l e who a re exposed to  va r i o u s  BaP l eve l s can be est i 
mated . I f  the concent rat i ons  f rom va r i ous comb i nat i ons  of sou rces for  eac h 
res i dence type a re u sed , about 1 04 peop l e  a re expected to  deve l op  cance r 
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yea rl y .  Th i s  i s  the same as 2 . 6  cancers per yea r per 100 , 000 peop l e .  Under  
the present program, between 3 and 4 add i t i ona l  l u ng  cancers are est i mated to  
occu r each  yea r ,  or 0 . 04 cancers per  year per 100 , 000 peopl e .  A more comp l ete 
d i sc u s s i on on the hea l th effect ri s k s  i s  fou nd i n  Append i x  E .  

N i t rogen D i oxi de ( N02� The est i mated reasona b l e worst-case c�ncent rat i o ns  of 
N02 for t he No-Act i on Al te rnat i ve ra n ge from 1 44 to 70 1 � g/m . These 
concent rat i on s  exceed the cu rrent EPA amb i ent a i r qu a l i ty standard . These 
va l ues are a l most tota l l y  due to  h i gh emi s s i on rates from portab l e space 
heate rs ( kerosene ) .  Conf l i ct i ng data on emi s s i ons  from these devi ces cau ses a 
l a rge degree of u n cert a i nty to be assoc i ated wi th the va l ues . I f  sens i t i ve 
i nd i v i du a l s were exposed to t hese concent rat i ons  for any l en gt h  of t i me ,  they 
wou l d  h ave t rou b l e b reat h i n g .  

Carbon Mo noxi de (CO)  E st i m�ted reasona b l e wo rst-case concent rat i on s  of CO 
ran ge from 1 . 6 to 7 . 9 mg/m . Al though  h i gher than norma l l y  measu red i n  
res i dences , concent rat i on s  wi t h i n th i s range have been meas ured fo r short 
peri ods of t i me (Macr i ss 1 982 ) .  I n  res i dences w i t h  sma l l l i v i n g a reas and poo r 
vent i l at i on ,  these concent rat i on s  may cau se sens i t i ve peop l e who are doi n g  
strenuous  act i v i t i es ,  s uch as hou sework , to become exhau sted more qu i ck l y . 
They wou l d ,  however , u su a l l y  have no t rou b l e breat h i n g .  
Carbon D i oxi de ( COil E�t i mated rea §onab l e worst -case concentrat i on s  o f  
CO2 range from 1 . 1  gjm to  5 . 4  g/m . I n  gene ra l , no ri s k s  of hea l t h effect s 
are est i mated from these concent rat i on l e vel s .  

Radon (Rn ) Ba sed on i n fo rmat i on i n  Append i xes F and I ,  about 100  peop l e are 
est i mated to deve l op l u n g  cancer year ly  from radon expos u re ( see Append i x  I )  at 
the est i mated concent rat i on l evel s .  Th i s  f i g u re is equ i va l ent to  2 . 5  cance rs 
per yea r per 1 00 , 000 peop l e .  Under the p resent BPA p rogram, about 1 add i t i ona l  
person every 5 or 6 yea rs i s  est i mated to deve l op  l u n g  cance r as a res u l t of  
radon exposure ( 0 . 1 7 5  cance rs/yr ) ,  or  0 . 004 cancers per  year per  
1 00 , 000 peopl e .  
Ot her  Hea l t h  Effects I f  the expanded prog ram i s  not i mp l emented and powe r 
s hortages do occu r ,  then power must be p roduced from coa l , o i l ,  or  n uc l ear  
powerp l ants . To  est i mate reasonab l e wo rst-case cond i t i on s , power gene rat i on 
from coal  i s  us ed for compari son . Then hea l th effects due to  coa l mi n i n g  and  
t ran sportat i on act i v i t i es wou l d  occu r .  Bot h act i v i t i es wou l d  have fata l i t i es 
and i n j u r i es a s soc i ated wi th  them.  

Ass umi n g  Wyomi ng  coa l wou l d  be u sed and us i n g average annua l  coa l mi ne acci dent 
and i nj u ry rates for convent i ona l  p l ant output s ,  but sca l ed to  1 0 5 . 7  MW ( DOE 
1 981c ) ,  about 11 i nj u r i es wou l d  occu r wi t h  636 l ost wo rker days per yea r i f  the 
coal  i s  mi ned undergrou nd . If the coa l  was obt a i ned from a su rface mi n e ,  t he  
i nj u ry wou l d  be  s i gn i f i cant l y  l e ss ( 2 . 4 )  wi t h  14 1  l ost wo rker  days per  yea r .  
Annua l  product i on o f  the req u i red amount o f  coa l  ( 1 84 , 9 39 ton s )  wou l d  req u i re 
approx i mate ly  7 1  to 95 mi ners . 

The maj o r  hazard to pu b l i c  hea l t h from coa l t rans portat i on i s  acc i denta l 
l n J u ry .  The r i sk of t h i s hazard can be re l ated to the q uant i ty of coa l 
s h i pped , mu l t i p l i ed by the d i stance i t  i s  trans ported . The i nj u r i es i nc l ude 
pedest r i ans  on the rai l road ri ght -of -way ( t respasser s ) ,  and veh i c l e  occupants  
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Assumi n g  the trai n carry i n g  the  coa l wou l d  t rave l  2000 mi l es and us i n g pub
l i s hed ri s k  rates ( DOE 1981c ) ,  the est i mated pub l i c  i nj u ry rate is  l ow 
( 3 . 3  yr ) .  The est i mated occu pat i ona l  i nj u ry rate i s  about 1 0  t i mes  greater 
( 24fy r ) . The est i mated number of  occupat i ona l  and p u b l i c  fata l i t i es i s  6 . 0 x 
1 0- /yr and 0 . 7 /yr , res pect i ve l y .  

The  en v i ronmenta l  and hea l t h i mpact esti mates res u l t i n g from energy generat i on 
at normal capac i t i es for t h ree thermal p l ants are shown under the Norma l Level 
head i n g s  i n  Ta b l es  4 . 1 2 ,  4 . 1 3 ,  and 4 . 1 4 .  The t h ree p l ants  chosen for examp l es  
are the  gas/ o i l -fi red F reder i ck son p l ant near  P uya l l u p ,  Wash i n gto n ,  the  coa l 
f i red Boardman pl ant at Boa rdman , Oregon , and the WNP-2  nuc l ear  p l ant nea r 
R i ch l and , Wash i n gton ( ECO Nort hwest 1 983 , 1984 ;  Nero and Assoc i ate s ,  I n c .  
1 984 ) . 

The energy sav i n gs l ost under the BPA Proposed Act i on p l an for th5 No-Act i on 
Al ternat i ve i s  est i mated to be 1 0 5 . 7  MW annua l  ave rage ( 9 . 26 x 1 0  MWh per  
yea r ) . Thus , i f  energy i s  req u i red , these gene rat i on sou rces wou l d be 
requ i red . The co rrespond i n g env i ronmenta l  and hea l th effects resu l t i n g fro� 
the 1 05 . 7  MW annua l  ene rgy savi n gs l ost , i f  app l i ed to  each of the examp l es  
i nd i v i d u a l l y ,  are shown i n  Tab l es 4 . 1 2 ,  4 . 1 3 ,  a nd 4 . 1 4 u nder the head i n g  
No-Act i on .  Note that the annua l  energy output of the F reder i ckson p l ant wou l d 
be o n ly  one-q ua rter of the expected energy needed ( i . e . , fou r p l ants wou l d  be 
needed ) .  For t h i s s i t u at i on ,  the hea l th and envi ronmenta l  effects  att r i buted 
to the F reder i ck son p l ant wou l d  be i nc reased by a factor of fou r ,  The Boardman 
or WNP-2 p l ants  env i ronmenta l  and hea l th effect s wou l d  be reduced by factors  of 
0 . 274 and 0 . 1 6 0 ,  respect i ve l y .  

The data conta i ned i n  Ta b l e 4 . 1 2  i nd i cate t hat i f  the o i l -fi red port i on of the 
F rederi ck son p l ant was req u i red to s u pp ly  105 MW of e l ect ri c i ty ,  about 
0 . 6 pe rsons  per yea r wou l d  be est i mated to d i e  from S02 exposu re . Operat i on of 
the p l ant a l so wou l d  be expected to cause 1 1 2 . 5  ca ses of s i c k nes s ,  pr i mari l y  
bronch i t i s ,  o n  a n  annua l  bas i s .  Ope rat i on of the Boa rdman coa l -f i red p l ant and 
the  WNP-2 n uc l ear p l ants at the same l eve l ( i . e . , s upp l y i n g  105  MW of 
e l ect r i c i ty )  wou l d  y i e l d an esti mated 0 . 1 5  and 0 . 2 2  deat h s , res pect i ve l y , due  
to  S02 and rad i onu c l i de exposu re (Tab l e  4 . 1 3  and 4 . 1 4 ) . The est i mated n umber 
of i l Tnes ses wou l d  be 6 . 2  for Boardman and none for WNP -2 .  

The est i mated n umber of deaths d ue t o  the mi n i ng and t ransportat i on of coal  and 
operat i on of a coa l pl ant cou l d be exp ressed i n  terms of death s  per 100 , 000 
peop l e .  Howe ve r ,  th i s  req u i res an est i mate of the n umber of peopl e at r i s k , 
wh i ch i s  not avai l ab l e .  

4 . 2 . 2  Proposed Act i on  

Th i s  sect i on d i scusses  the ri s k s  of hea l t h  effect s t hat wou l d  resu l t  i f  the 
P roposed Act i on i s  chose n .  The P roposed Act i on con s i sts of expand i n g t h e  
p resent BPA program t o  prov i de t i ghten i n g  mea s u res for res i dences  that are not 
cu rrent ly  rece i v i ng them.  
F o rma l dehyde ( HCHO ) E st i mated reasona b l e worst-case concent rat i on s  of HCHO for 
the fou r resi dence types a re g i ven i n  Tab l e  4 . 1 5 .  The est i mated concentrat i ons  
for t he No-Act i on Al ternat i ve are  i nc l u ded fo r compar i son . 
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TABLE 4 . 1 2 . 

E ffects 

Morta 1 i t.z: cases 
(age grou p )  

18  to 44 
45 to 64 
65+ 

Morbi d i t.z: cases 
(all a ges ) 

B ronc h i t i s  

Lower res p i ratory 

C ro u p  

Pneumo n i a  

Acute i l l ness  

Al l d i s orders 

Materi a l  l osses ($)  

Annua l  Phys i ca l  Effects fr�m ) Thermal Gene rat i on 
F rederi  c k son Gas/O i l P l  ant a ( per yea r )  

Norma l Leve l No-Act i on ( b )  

.2!k-

0 . 01 4  
0 . 066 
0 . 064 

1 5  
5 
5 
2 

0 . 3  
27 . 3  

1 9 0  

Oi l F 1  red 
�o 11 utant N02 TSP 

0 
0 
0 

0 
0 
0 
0 
2 
2 

72  

0 
0 
0 

0 
0 
0 
0 

.2!k-

0 . 058 
0 . 272  
0 . 264 

61 . 8  
2 0 . 6  
20 . 6  

8 . 2  
1 . 2  

1 1 2 . 5  

782 . 8  

� 

0 
0 
0 

0 
0 
0 
0 

8 . 24 
8 . 24 

296 . 6  

Norma l 

TSP N02 

0 0 
0 0 
0 0 

4 . 1 2  0 
0 0 
0 0 
0 0 
0 0 

4 . 1 2 0 

0 72  

V i s i b i l i t.z: i mJa i rment 
(Km-person-y r  

1 4 , 235 1 1  , 467 1 0 , 000 58, 648 47 , 244 41 , 200 1 0 , 000 

C ro2 l osses  

Corn ( b u ) 0 . 05 0 . 5  0 0 . 206 2 . 06 0 0 . 5  
Wheat ( bu )  0 . 05 0 . 5  0 0 . 206 2 . 06 0 0 . 5  
Oats ( bu ) 0 . 0 1  0 . 1  0 0 . 041 0 . 4 1 2  0 0 . 1  
Barl ey ( tons ) 0 . 10 1 . 0 0 0 . 04 1  0 . 4 1 2  0 1 . 0 
Hay ( t on s ) 0 . 1 5  1 . 5  0 0 . 6 1 8  6 . 1 8 0 1 . 5  
Berri es ( l b )  0 . 1 6 1 . 3  0 0 . 659 5 . 36 0 1 . 1  

Al ternat i ves , 

Level No-Act i on ( b )  
Gas F i red 
�o 11 utant 

TS� N02 TS� 

0 0 0 
0 0 0 
0 0 0 

0 . 5  0 2 . 06 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 . 5  0 2 . 06 

782 . 8  4 . 1 2  

6 , 725 5 , 8648 41 , 200 

0 2 . 06 0 
0 2 . 06 0 
0 0 . 4 1 2  0 
0 4 . 1 2 0 
0 6 . 1 8 0 
0 5 . 36 0 

1 500 h/yr operat i on ;  annual  producti on = 2 . 25 x 10 5 MWh/y r .  ( a )  Rated 2 uni t s  a t  7 5  MW eac h ; 
( b )  E ffects factor = 4 . 1 2 .  

4 . 23 



TABLE 4 . 1 3 . Annua l  P hys i ca l  Effects fro� Therma l Generat i on Al ternat i ves , 
Boa rdman Coa l -F i red P l ant , a ) ( per  yea r )  

E ffects 

Mort a l  i ty cases 
( a ge g roup)  

18  to 44 
45 to 64 
65+ 

Morbi d i ty cases 
( all ages ) 

B ronch i t i s  

Lower resp i rat ory 

C rou p 

Pneumon i a  

Acute i l l ness  

Al l d i s orde rs 

Materi a l  l osses  ($)  

V i s i b i l i ty i m)a i rment 
(km-person-y r  

C rop l osses 

Corn  (bu ) 

Wheat ( bu )  

Oats ( bu ) 

Ba rl ey ( ? )  
Potatoes ( 1 00 wt ) 

Al f a l fa (ton s )  

Al f a l fa seed ( l b )  

Red c l over seed ( l b )  

Norma l Level No -Act i on ( b )  

P o l l utant 

0 . 02 0 0 . 00 0 . 014  0 0 . 00 
0 . 08 0 0 . 00 0 . 058 0 0 . 00 
0 . 1 1  0 0 . 00 0 . 08 0 0 . 00 

3 . 2  
2 . 3 
2 . 3  
0 . 7  
0 . 1 2 
8 . 6 

432 

457  

4 
390 
2 
24 
759 
8 
61 
3 

o 
o 
o 
o 
2 . 9  
2 . 9  

143 

205 

4 
380 
1 
23 
700 
8 
35 
2 

0 . 5  
o 
o 
o 
0 . 01 
0 . 51 

8 

4 

o 
o 
o 
o 
o 
o 
o 
o 

2 . 3  
1 . 7  
1 . 7  
0 . 5 1 
0 . 09 
6 . 2 

313  

332 

3 
283 
1 . 5  
1 7  
551 
6 
44 
2 

o 
o 
o 
o 
2 . 1  
2 . 1  

104 

149 

3 
276  
0 . 7  
1 7  
508 
6 
25 
1 . 5 

0 . 36 
o 
o 
o 
0 .007 
0 . 37 

6 

3 

o 
o 
o 
o 
o 
o 
o 
o 

( a )  550 MW rat l n g ;  operat i on a l  l evel 70% ; an n u a l  produ c t i on 33 . 726  x 105 MWh/ h . 
( b )  E f fects factor = 0 . 2 7 4 .  
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TABLE 4 . 1 4 .  Annua l  Phy s i ca l  Eff�Cj S from Therma l Gene rat i on Al ternat i ves , 
WNP-2 Nuc l ear  P l ant � a ( pe r  yea r )  

Norma l Level 
!ml2act 

Water Water (oo l i ng 
Rad i at i on D i scha rge D i scha rge Tower 
Rel ease (therma l )  (chemi cal ) Asbestos � 

Morta I i  ty 

Occupati onal 

PI ant ope rat i on 0 . 165  
F uel cyc l e  0.020 NA ( c )  NA NS ( d )  NS 

Decommi ssi on 0.004 

Publ i c  (year 2000) 
P I ant ope rat i on 0.005 NA NA NS NS 

Fuel cyc l e  0.064 

Morb i d i ty Not Quant i f  i - NA NA NS NS 
able  

F i sh Loss NS NS NS NS 

V i s i bi l i ty NS 

Sal t Depos i t i on NS Negl i gi bl e  

C rop Losses NA MNV ( e )  MNV MNV 

Water Qua I i ty 0 . 3 °C NS NS 
at 30 ft 

( a )  1 100 MW rat i n g ;  operat i on a l  l evel 60% ; annual product i on 57 .816 xl05 MWh/y r .  
( b )  E f fects factor = 0. 160. 
( c )  Not addressed . 
( d )  Not s i gn i f i cant . 
( e )  MNV - Ma r g i n a l  Natural  Vegetat i on .  

Rad i at i on 
Rel ease 

0. 1 38 
0 . 0 1 7  
0 .003 

0 .004 
0 . 053 

No-Act i on ( b )  

Water 
D i scharge 
(therma I )  

NA 

Impact 
Water 

Di scha rge 
(chemi cal ) 

NA 

CooHng 
Tower 

Asbestos � 

NS N S  



TABLE 4 . 1 5 .  P roposed Act i on and No -Act i on Al ternat i ve--Est i mated 
Reasonab l e Worst-Case Forma l dehyde Concentrat i on s  

Reasonab l e  Worst-Ca se  
Re s i dence Tlee No 

Concentrat i on ,  eem 
Act i on Proeosed Act i on 

Apartments  0 . 7  1 . 08 
Mobi l e  homes 0 . 8  1 . 1 2  
S i n g l e-fami l y  attached 0 . 5  0 . 7 7  
S i n g l e-fami l y  detached 0 . 2  0 . 2 7  

The  l a rgest concentrat i on and change  occ u rs i n  mob i l e  homes . The  est i mated 
i n crease i n  the  HCHO concentrat i ons  i n  apa rtments wou l d ,  for s ome peop l e ,  
p robab l y  res u l t i n  eye and nose  i rr i tat i on .  For  some i nd i v i d u a l s who are 
sen s i t i ve t o  HCHO , p rob l ems wi th  breath i n g funct i on cou l d  deve l o p .  Because  t h e  
HCHO t h at  i s  rel eased from some sou rces depends on the  t emperature  a n d  h umi d i ty 
of the  res i dence , the  amount of i rr i t at i on wou l d vary .  Howeve r ,  the  rates at 
wh i c h  HCHO i s  rel eased from s ou rces such  as part i c l e boa rd decrease over 
t i me .  So over the  l on g  t e rm ,  i rr i tat i on effects wou l d  decrea s e .  

I n  t h e  other res i dence types , o n l y  sen s i t i ve i nd i v i d ua l s shou l d not i ce eye and 
nose  i r r i t at i on .  Agai n ,  becau se  of temperat u re and humi d i ty cond i t i ons  i n  t h e  
res i dence , t h e  i r ri tat i on effect s may be  stronger a t  somet i mes  t h a n  a t  others . 

Of the  est i mated concentrat i on l eve l s ,  o n ly  the  one  for s i n g l e -fami l y  detached 
res i dences  meet s e i ther  the  W i scons i n  standard ( 0 . 4  ppm ) or  the  M i nnesot a  
standard ( 0 . 5  ppm)  for i ndoor HCHO l eve l s .  

I f  a certa i n comb i nat i on of rate of rel eas e , sma l l res i dence vo l ume , and a 
reduced a i r-exchange rate occu rre d ,  concentrat i ons  wou l d  be h i gh enough t o  
cau s e  eye a n d  n o s e  i rr i tat i on a n d  to  cau s e  breat h i n g p rob l ems . How often t h i s 
cond i t i on wou l d  occur and h ow many res i dences wou l d be affected are u n k n own . A 
more deta i l ed d i scus s i on  on HCHO concent rat i on s  and r i s k  of hea l th effects i s  
found i n  Appendi x  D .  

A tech n i q u e  devel oped by Cohn  ( 1 981 ) was u s ed to est i mate cancer ri s k  from HCHO 
expo s u r e .  As s umi n g  cont i n uou s  exposu re ,  between 1 and 2 ( 1 . 4 )  add i t i o na l  
p er son s  wou l d  deve l op  cancer every year .  Th i s  i s  equ i va l ent  to  0 . 04 cancers 
per year per 100 , 000 peop l e .  An est i mated ran ge of h ea l th effects wou l d be  
between one add i t i ona l  cancer every 6 years to  between 25  and  26 addi t i o na l  
cancer every year .  

Resei rab l e Su seended Part i cu l ate  ( RS P )  Matter  E st i mated reasonab l e worst-case 
RSP concentrat i ons  for the  fou r res i dence types a re g i ven  i n  Tab l e 4 . 1 6 .  
The  va l ues  p rese nted i n  Tab l e 4 . 1 6 are based on the  a s s umpt i on  that 3 1  c i ga
rettes a re smoked ( equ i va l ent to  two smokers ) i n  the  res i dence over a 1 6 -h  
per i od ( NRC 1981a ) .  As a res u l t ,  the  va l ues for  the  P roposed Act i on are 20 to 
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TABLE 4 . 1 6 . P roposed Act i on and No -Act i on Al t e rnat i ve--E s t i mated 
Reasonab l e Worst-Case Res p i rabl e S u spended 
Part i cu l ate Concent rat i on s  

Reasonab l e Wo rst-Casj 
Concent rat i on ,  �g/m 

Res i dence T�[!e No Act i on P ro[!osed Act i on 
Apa rtments 689 994 
Mobi l e h omes 883 1 2 7 5  
S i ng l e-fami l y  attached 4 1 7  602 
S i n g l e -fami l y  detached 1 82 264 

40 t i mes  those  measu red i n  res i dences wi t h  no smok e rs and are 10 to  20 t i mes  
the concent rat i ons  norma l l y  found i n  res i dences  wi th  one  smoke r .  Th i s  d i ffe r
ence i s  because  the  mode l i n g t ech n i q ue  used i n  th i s  anal y s i s does not account  
for part i c l e  remova l . I f  the  Proposed Act i on i s  chosen , res i dences w i t h  
smoke rs wi l l  have i nc reased RSP concent rat i on s . Res i dences wi thout  smok e rs 
wi l l  p robab ly  experi ence on ly  a s l i ght i n c rease i n  RSP concentrat i on .  

Speci f i c ri s k s  of hea l th  effects from i nc reased RSP concent rat i on s  fo r res i 
dences w i th and wi thout smokers a re d i ffi cu l t  to  e st i mate .  A recent study ( NRC 
1 981 ) has shown that nonsmokers exposed to ci garette  smoke  may have a reduced 
b reat h i ng  capac i ty .  I f  the  concent rat i on i s  i nc reased , the s i tu at i on can on l y  
become wo rse . I n  a res i dence wi thout smoke rs , n o  re l ated effect s shou l d  be 
n ot i ced . 

Benzo-Ca J -Pyrene (BaP ) E s t i mated reasonab l e wo rst-case BaP concent rat i on s  fo r 
the fou r res i dence types a re g i ven i n  Tab l e 4 . 1 7 .  The No-Act i on Al ternat i ve 
concent rat i on s  a re i nc l uded i n  that tabl e for compari son . 

TABLE 4 . 1 7 .  E st i mated Reasonab l e Worst-Case Benzo-CaJ -Pyrene Concent rat i on s  
fo r No-Act i on Al t ernat i ve and the Proposed Act i on 

Reasonab l e Worst-Cas3 Concentrat i on ,  n g/m 
Res i de nce T�[!e No-Act i on Pro[!os ed Act i on 

Apa rtments 8 . 2  1 1 . 9  
Mobi l e home s 1 0 . 6  1 5 . 2  
S i n g l e -fami ly  attached 5 . 0  7 . 2 
S i ng l e -fami l y  detached 2 . 2  3 . 2  

The e st i mated BaP concentrat i ons  a re based o n  c i ga rette smok i n g and emi s s i o n s  
f rom wood stoves .  For  the  Proposed Act i on ,  est i mated concentrat i o n s  a re 
typ i ca l  of th ose mea su red i ns i de an a rena wi th 1 2 , 000 to  1 4 , 000 peop l e 
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( Sterl i n g ,  D i mi ch  and Kobayas k i  1 982 ) . However ,  a concent rat i on of 1 2  n g/m3 
has  been reported for a res i dence w i t h  smokers and a f i rep l ace ( Yocom 1 982 ) .  

U s i n g  a ri s k  ana l y s i s mode l  devel oped by P i k e  and Henderson ( 1 981 ) , t he 
i n c rease i n  l un g  cancer  from i n c reased BaP l evel s was e st i mated . Based on t h e  
va l ues  i n  Tab l e 4 . 1 7 , about 1 7  add i t i on a l  persons  cou l d  deve l op  l u n g  cancer 
year ly  under  t he P roposed Act i on ,  o r  0 . 43 persons  per year per  100 , 000 peopl e .  
The est i mated range  for add i t i on a l  l u n g  cancers deve l op i n g  wou l d  be between 2 
and 3 to  between 1 56 and 1 57 persons  per yea r .  

Di ox i de NO ) E st i mated reasonab l e worst-case concent rat i on s  o f  N02 , 
or  t e our  res ,  ence type s , a re g i ven i n  Tab l e 4 . 1 8 .  The No-Act i o n  

A l t e rnat i ve concentrat i on s  are i nc l uded i n  t hat tab l e for compar i son . 

The current E PA amb i ent a i r q ua l i ty standard for N02 �s 1 00  � g/m3 . The OSHA 
standard for norma l work room cond i t i on s  i s  9 , 000 � g/m . F o r  t he P roposed 
Act i on ,  a l l concent rat i ons  a re a bove t he E PA stand a rd ,  but bel ow t he OSHA stan
da rd .  The  est i mat i on s  con s i de r  t he combi ned N02 rel eases  from wood stoves , gas 
stove s ,  and portab l e s pace heaters that are u n vented , i n  add i t i on to  c i ga rette  
smo k i n g .  These  est i mated concent rat i on s  are  a l most tota l l y  due t o  emi s s i o n s  
f rom space heaters . Al l t he combust i on sou rces p robab ly  wou l d n ot occ u r  i n  
every home , and each sou rce p roba b l y  wou l d not be u n vented . Res i dence s  wi t h  
sma l l l i v i n g a rea s , h owever ,  cou l d reach concent rat i ons  that wou l d  affect the  
b reat h i n g  ab i l i ty of  sens i t i ve i nd i v i d ua l s .  A l s o ,  i f  maxi mum concent rat i on s , 

TABLE 4 . 1 8 .  P roposed Act i on and No-Acti on A l te rnat i ve--E st i mated 
Reasonab l e Worst-Case  Ni t rogen D i ox i de  Concent rat i on s  

Reasonab l e Worst-Cas3 Concent rat i on ,  � �/m 
Res i dence T��e No-�cti on  Proeosed �cti on  

Apartments  548 7 90 
Mobi l e  homes  7 0 1  1 , 0 1 3  
S i n g l e-fami l y  att ac hed 33 1  4 78  
S i n g l e-fami l y  detached 144 2 1 0  

wh i ch cou l d  b e  5 t i mes t h e  va l ues  g i ven i n  Tab l e 4 . 1 8 ,  pers i st for a ny l ength  
of  t i me ,  sen s i t i ve i nd i v i d ua l s cou l d  experi ence breat h i n g  p rob l ems . 

C arbon Monoxi de ( CO )  E s t i mated reasonab l e  worst-case CO  concentrat i on s  a re  
gi ven i n  Tabl e  4.19.  The No -Act i on Al ternat i ve conce ntrat i o n s  are i nc l uded i n  
the tab l e  for compari so n . 

The  greatest i nc rease and g reatest concent rat i on occur s  i n 3mob i l e  homes . The 
c u rrent E PA standard for amb i ent concent rati on§ i s  1 0  mg/m . The cu rrent OSHA 
standard for norma l work cond i t i on s  i s  55  mg/m . The P roposed Act i on concen 
t rat i on s ,  except for mob i l e  h ome s , a re bel ow these standard s . P robab l y ,  n o  
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TABLE 4 . 1 9 .  P roposed Act i on and No-Act i on Al te rnat i ve--Est i mated 
Reasonab l e Worst-Case C a rbon Monoxi de Concent rat i o n s  

Reasonab l e Wo rst -Ca s e  
Res i dence T�f!e 

Concent rat i on ,  mg/m3 
No-Act i on P ro�osed Act i on 

Apartments 6 . 2  8 . 9  
Mobi l e  homes 7 . 9  1 1 . 4  
S i ng l e -fami l y  attached 3 . 7  5 . 4  
S i n g l e -fami l y  detached 1 . 6 2 .4 

c h ron i c  effect s wou l d  be obse rved under  norma l cond i t i on s . Howeve r ,  i n  some 
cases whe re a res i dence has a sma l l e r-tha n-ave rage l i v i n g s pace and ot her  fac
tors that reduce vent i l at i on ,  the  concent rat i o n s  may cau s e  peop l e doi ng  act i v i 
t i es such  as  h o u sework to  become exhau sted mo re qu i ck l y .  They wou l d  not be 
s u scept i b l e to acute CO poi son i n g  and wou l d  have no t roub l e breat h i n g  norma l l y .  
Ca rbon Di ox i de (C021- E st i mated reasonabl e worst-case CO2 concent rat i on s  for the  
fou r res i dence types are g i ven i n  Ta b l e 4 . 2 0 .  The No-Act i on Al t e rnat i ve 
concent rat i ons  a re i nc l u ded i n  the  tab l e for compa ri son . 

TABLE 4 . 20 . P roposed Act i on and No-Act i on Al t e rnat i ve--E st i mated 
Reasonab l e Worst-Case C a rbon D i ox i de Concent rat i on s  

Reasonab l e Wo rst-Ca 3e 
Concent rat i o n ,  g/m 

Res i dence T�f!e No-Act i on P ro�osed Act i o n 
Apa rtments 4 . 2  6 . 1  
Mobi l e  homes 5 . 4  7 . 8 
S i ng l e-fami l y  attached 2 . 5  3 . 7  
S i n g l e -fami ly detached 1 . 1  1 . 6  

No EPA ambi ent a i § qua l i ty stand a rd ex i sts  for C02 . The OSHA no rma l work room 
standa rg i s  9 g/m . ASHRAE recommends  that concentrat i ons  not exceed 
4 . 5  g/m . The est i mated concent rat i ons  fo r apa rtments  and mob i l e  homes exceed 
the  ASHRAE standa rd , but a l l concentrat i ons  a re be l ow OSHA l i m i t s .  Few hea l t h  
effect s are est i mated . 

Maxi mum concent rat i ons  that cou l d  i n f req uent ly  occu r i n  res i dences  wi t h  sma l l 
l i v i n g spaces and reduced vent i l at i on cou l d  cause  h eadaches , d i z z i nes s ,  a nd  
nau sea . Al ong  wi t h  t he  nausea , some sens i t i ve peop l e cou l d  sense  a d i ff i cu l ty 
i n  b reat h i n g .  

T h e  est i mated CO2 concent rat i ons  are pr i mar i l y  due to  l a rge emi s s i o n s  from por
tab l e s pace heaters . Smo k i ng  and the u se of wood stoves have no  d i sce rn i b l e  
effect on the est i mated l eve l s .  The est i mated CO2 l e vel s may be con s i dered by 
some to  be acceptab l e .  However ,  to  ot hers the  est i mated l e vel s cou l d  pose a 
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hea l t h  p robl em . Many vent i l at i on eng i n ee rs feel that i ndoor C02 l evel s are the  
most i mportant pa ramete rs for s ett i ng vent i l at i on standards i n  energy-effi c i ent  
b u i l d i n gs . 
Radon (Rn ) E s t i mated l eve l s of radon  were used  to est i mate add i t i o na l  l u n g  
cance rs from radon exposu re .  Th i s  ca l cu l at i on i s  des c ri bed i n  Append i x I .  
Under  the  P roposed Act i o n ,  1 2  to 1 3  add i t i on a l  persons  cou l d  deve l op l u n g  
cancer yearl y ,  or  0 . 32  cance rs yea r ly  p e r  1 00 , 000 peop l e .  Al most ha l f  of  the  
i nc rease  i n  cancers  est i mated for the P roposed Act i on wou l d occ u r  for  peop l e  
l i v i ng i n  a partment s .  An appropri ate ra n ge of hea l th effects due  to i n c reased 
radon concent rat i on l eve l s wou l d  be  between 1 and 2 add i t i o na l  l u n g  cancers 
eve ry year to  1 45 l un g  cancers per year ( 1 . 43 to  144 . 7  cancers/y r ) . E s t i mated 
radon  concent rat i on s  for the vari o u s  res i dences  and const ruct i on types  i n  most  
a reas and  h i g h -radon a reas  of the  reg i on a re g i ven i n  Tabl es 4 . 21 and 4 . 2 2 .  

I nd i v i d ua l  Hea l th  Effects 

The  i nfo rmat i on provi ded above , on the  est i mated n umbe r  of cancers deve l op i n g  
from i n c reased radon and  BaP l evel s ,  i s  a reg i ona l  t ot a l . The e st i mated va l u e  
i s  t h e  s um o f  sma l l e r va l ues  for each res i dence type , by c l i mat i c  zone , and 
accou nt s  for the  p robab i l i ty of vari ous po l l utant sou rces occu rr i n g  i n  a 
spec i f i c  res i dence type . 

On  an i nd i v i d ua l  bas i s ,  the  ri s k  of deve l op i n g  cancer f rom radon expo s u re and 
BaP conce nt rat i on l evel s can be compa red to  the r i s k  of death from performi n g  
TABLE 4 . 2 1 . P roposed Act i on and  No-Act i on Al ternat i ve--E st i mated  Reasonab l e 

Worst-Case  Radon Concentrat i ons  i n  Most Areas of the  Reg i on  

Res i dence Type 
Apa rtment 

Mobi l e  home 

S i n gl e -fami l y  
attached 

S i n g l e -fami l y  
detached 

Construct i on  
Basement 
S l ab-on-grade 
U n ve nt i l ated c rawl s pace 
Venti 1 ated crawl s pace 

U nvent i l ated c rawl s pace 
Vent i l  ated c rawl s pace 

Ba s ement 
S l ab-on-grade 
U n ve nt i l ated c rawl s pace 
Vent i 1 ated c rawl s pace 

Basement 
S l ab-on-g rade 
U nve nt i l ated c rawl s pace 
Vent i 1 ated crawl s pace 
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Reasonab l e  Wo rst-Case 
No 

Concentrati o n z  pC i / � 
Act i on P roposed  Act i on 
2 . 3 3 . 2  
3 . 0 4 . 3  
3 . 2  4 . 6  
2 . 0 2 . 8 

5 . 0  7 . 0  
0 .4 3 . 6 
2 . 0  2 . 8  
1 .8 2 . 4  
1 . 8  2 . 6  
1 . 3 1 . 8 

1 . 1 1 . 5  
1 . 1 1 . 5 
1 . 5  2 . 0  
0 . 7  1 . 0 



TABLE 4 . 22 . P roposed Act i on and No-Act i on Al t e rnat i ve--E s t i mated 
Reasonab l e Worst -Case  Radon Concent rat i ons  i n  the  
H i gh -Radon Areas of  the Reg i on 

Res i dence Type 
Apartment 

Mob i l e home 

Si n g l e -fami l y  
attached 

S i n gl e -fami l y  
detached 

Construct i on 
Basement 
S l ab-on-grade 
U � vent i l ated c rawl s pace 
Vent i l ated c rawl space 

Un vent i l ated c rawl s pace 
Vent i l ated c rawl s pace 

Basement 
S l a b -on-grade 
U n ve nt i l ated c rawl s pace 
Vent i l ated c rawl s pace 

Basement 
S l ab-on-grade 
U n vent i l ated c rawl s pace 
Vent i l ated c rawl s pace 

Reasonab l e Wo rst-Case  
Concent rat i on ,  pC i /t 

No Act i on P roposed Act i on 
4 . 5 7 . 9  
5 . 9 1 0 . 3  
6 . 4  1 1 . 3  
4 . 0  6 . 9  

9 . 8  1 7 . 4  
1 . 0 9 . 0  
3 . 9  6 . 8  
3 . 4  5 . 9  
3 . 7  6 . 4  
2 . 7 4 . 6  

2 . 1  3 . 6  
2 . 1  3 . 6 
2 . 9  5 . 0  
1 . 5 2 . 4  

everyday act i v i t i es . F o r  i n stance , the  ri s k  of dy i n g from exp o s u re t o  1 pC i / t 
of radon over a l i fet i me ( 70 yea rs ) i s  the  s ame as  the r i s k  of dy i n g from smok .. 
i n g an ave rage of l es s  than  one ( 1 / 1 0  to  1 / 4 )  c i garette per day . 

The r i s k  of bei n g  exposed to  1 pC i /t  of radon o ver  a l i fet i me ( 70 yea rs ) i s  
a l so the  same as  the  ri s k  of dy i n g f rom an automob i l e  acc i dent after  t ravel i n g 
1 2 5 , 000 mi l es i n  a ca r ,  about 12  yea rs of n o rmal dr i v i n g .  Compar i son wi t h  
other  act i v i t i es a re gi ven i n  Ap pend i x J .  

P roposed Act i on ,  w i t h  M i t i gat i o n s  
Ta b l e 4 . 2 3  compa res  t he  ri s k s  of hea l t h  effect s for the  mi t i gat i on s .  The  ran ge 
of h ea l th  effect s for each measu re i s  ava i l ab l e i n  Append i x  I .  

4 . 2 . 3  Del ayed Act i on Al ternat i ve 

E st i mated ri s k s  of hea l t h  effect s for the  De l ayed Act i on Al t e rnat i ve wou l d  be 
the s ame as  those  for the No-Act i on Al ternat i ve ,  u nt i l the expanded weather i za
t i on p ro g ram i s  i mp l emented . After  that , t he  ri s k s  of hea l t h  effects wou l d  be 
the  s ame as for the  P roposed Act i on ,  i f  l i tt l e o r  n o  p r i ce i nduced o r  ot he r 
con se rvat i on act i v i t i es have occu rred . 
Du r i n g  the  peri od t hat BPA ' s  present program i s  del ayed , add i t i ona l  stud i es 
wi l l  co l l ect data on the  emi s s i on rates of radon from the  soi l and water  i n  t h e  
regi on . These stud i es may i nd i cate t hat di fferent as sumpt i ons  a re needed to  
est i mate reasonab l e worst -case radon concent rat i on l eve l s .  Ot her  research  
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TABLE 4 . 23 . 

Measure 

P roposed Act i o n  

M i t i gati on-By-Excl u s i on 

No . 1 
( no UFF I )  

No.  2 ( no u n vented com
bus t i on appl i ances ) 

No . 3 
( no s l ab-on -grade , 
basements,  or 
unvent i l ated 
crawl spaces ) 

No.  4 ( no wel l water ) 

No . 5 ( no wood stoves ) 
No . 6 ( no mob i l e  homes ) 

No.  7 ( no apartments ) 

Mi t i gati on -By-Action  

No.  1 

No.  2 

No. 3 

No . 4 

Compar i son  of R i s k s  of Hea l t h  Effect s as  a Res u l t  
of M i t i gat i o n s -By-Exc l u s i on 

R i sk of Hea l th Effects 

Less than one ( 0 . 7 5 )  add i t i onal l un g  cancer per 100 , 000 exposed peopl e wou l d  
devel op yearly  from radon and BaP exposure ( 0 .32 from rado n ,  0 .43 from 
BaP ) . Less than one ( 0 . 04)  add i t i onal  cancer per 100 , 000 exposed peop l e  
wou l d  devel op every year from HCHO expos ure. Non smokers cou l d  experience 
reduced breathi n g  capac i ty as a resu l t of RSP concent rat i on l evel s .  Young 
chi l d ren cou l d  experi ence breath i ng probl ems if exposed to h i gh N02 con
cent rat i on s .  Hi gh CO l e ve l s  cou l d  cause some peopl e doi n g  strenuous 
act i v i t i es to become t i red more qu i ck l y .  

Less than one ( 0 . 72 )  add i t i onal l ung cancer per 100 , 000 exposed peopl e 
wou l d  devel op yearly  from radon and BaP exposu re.  Less than one ( 0 .03 )  
cancer per 100 , 000 exposed persons wou l d  devel op from HCHO exposure .  R isk  
of  hea l th effects for other pol l utants are the  same as  for the P roposed 
Act i on .  

Less than one ( 0 . 2 2 )  add i t i onal l un g  cancer per 100 , 000 exposed peop l e  
wou l d  devel op annual ly from radon exposure. Less than one ( 0 . 06)  add i t i onal 
l u n g  cancer per 100 , 000 exposed peopl e wou l d  devel op annua l l y  from BaP 
exposure . Less than one ( 0 .02)  add i t i onal cancer per 100 , 000 exposed peopl e 
every year wou l d  devel op from HCHO exposure.  Nonsmokers cou l d  experi ence 
reduced breathi ng capac i ty as a resu l t  of RSP concentrati on l evel s .  The r i sk 
of hea l th effects from other po l l utants i s  near amb i ent l evel s .  

Less than one ( 0 . 06 )  add i t i onal l ung cancer per 100 , 000 exposed peop l e  
wou l d  devel op annua l l y  from BaP exposu re.  Less than one (0 .04) add i t i onal  
l ung cancer per 100 , 000 exposed peopl e wou l d  devel op every year from radon 
exposu re .  Less than one ( 0 . 01 ) add i t i onal cancer per 100 , 000 exposed 
peo p l e  every year wou l d  devel op from HCHO expos ure. R i sks of hea l th effects 
from other pol l utants are the same as for the Proposed Act i o n .  

Less than one ( 0 . 23 )  add i t i onal  l u ng cancer per 100 , 000 e xposed peopl e 
wou l d  devel op yearly  from radon exposure.  Ri sks  of hea l th effects for the 
other pol l utants are the same as for the Proposed Act i on .  

Less than one ( 0 . 002)  add i t i onal  l u n g  cancer per 100 , 000 exposed peop l e  
wou l d  devel op yearly from BaP exposu re .  

Less than one (0 .61 ) add i t i onal  l ung cancer per 100 , 000 exposed peopl e 
wou l d  devel op yea rly from radon and BaP exposure.  Less than one ( 0 .01 ) 
add i t i onal  cancer per 100 , 000 exposed persons wou l d  devel op from HCHO 
exposure . 

Less than one (0 .60)  add i t i onal  l ung cance r per 100 , 000 exposed peop l e  
wou l d  devel op as the res u l t  of radon and BaP exposu re.  Less than one ( 0 . 03)  
add i t i onal cancer per  100 , 000 exposed peop l e  per  yea r wou l d  deve l o p  from 
HCHO exposu re .  

N o  add i t i Qnal  cancers wou l d  devel op from HCHO exposure. 

Less than one ( 0 . 002)  add i t i onal l ung cancer per 100 , 000 exposed peop l e  
wou l d  devel op a year from BaP exposure. 

Less than one ( 0 . 29 )  add i t i onal l ung cancer per 100 , 000 exposed peopl e 
wou l d  develop  annual l y  from radon exposure. 

Same as P roposed Act i o n .  
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stud i es cou l d  def i ne  d i ffe rent ri s k  factors for radon , HCHO , and BaP , or  cou l d  
deve l op ri sk  factors for other po l l utants found i ndoors . The better  
i nfo rmat i on wou l d  not cha n ge the  ri s k  o f  hea l t h  effect s assoc i ated wi t h  
occ u pyi n g  a part i cu l ar t i ghtened res i dence . It wou l d  i mp rove the  abi l i ty to  
e st i mate th i s  ri s k .  I n  any e vent , wh i l e  the  p rog ram i s  del ayed , about 8 or  
9 add i t i ona l  persons  wou l d  n ot deve l op l un g  cancer on a year ly  bas i s ,  who  a re 
est i mated to do so under the  Proposed Act i on .  

4 . 2 . 4  E n v i ronmenta l ly P referred Al t e rnat i ve 
Beca u se  the res i dences t i ghtened under t h i s a l ternat i ve wi l l  rece i ve AAHX s  to  
mai nta i n the i r or i g i na l  a i r i n f i l t rat i on rat e ,  no add i t i ona l  h ea l th  effect s 
beyond those  descr i bed for the  No -Act i on Al t e rnat i ve are expected . 

4 . 2 . 5  BPA Preferred Al tern at i ve  
The add i t i ona l  reg i ona l hea l th i mpacts wi l l  depend on the  radon Act i on Leve l 
estab l i shed by BPA . Tab l e 4 . 24 prov i des the  e st i mated add i t i ona l  l u ng  cancers 
per  year per 100 , 000 peop l e as a funct i on of the  Act i on Level  estab l i s h ed . I f  
BPA estab l i sh ed a n  Act i on Level o f  1 . 15 pC i /t ,  n o  add i t i ona l  l u ng  cance rs a re 
est i mated to occu r .  The  change i n  add i t i ona l  l u ng  cance rs , based on Act i on 
Level s of 3 pC i /t to  10  pC i /t ,  i s  sma l l .  The va l ues  g i ven i n  Tab l e 4 . 2 4  a re 
based on a mode l  that u ses  average concent rat i on val u es , so i n  rea l i ty ,  the  
l ower Act i on Level va l u es wou l d  p roduce sma l l e r e st i mated add i t i ona l  l u n g  
cancers . T h e  mon i tor i n g  p rogram , howeve r ,  wi l l  i ns u re that res i dences  wi t h  a 
h i gher  or i g i na l  radon concent rat i on wi l l  n ot exper i e nce any i n cremented 
i ncreases . Thu s , the true  average wi l l  be l ower and , therefo re , the est i mated 
add i t i ona l  l u ng  cancers wou l d  be l es s .  The h ea l th i mpacts for BaP and HCHO 
wi l l  be reduced 

TABLE 4 . 24 . Add i t i ona l  Lu n g  Cancers from Radon as  a 
F u n ct i on of Act i on Level 

Act i on Level {�C i / t }  
2 3 4 5 1 0  

Add i t i ona l  L ung  Cancers  0 . 23  0 . 29 0 . 30 0 . 31  0 . 32  
( per  100 , 000 person s ) 

Add i t i ona l  Lu n g  Cancers  9 . 28  1 1 . 3 1  1 1 . 89 1 2 . 22 1 2 . 53 
( per  yea r )  

f rom l eve l s est i mated fo r t h e  Proposed Act i on .  Howeve r ,  becau s e  t h e  res i dences 
recei v i ng  AAHX may or may not be res i dences  wi th  h i gh BaP or HCHO l eve l s ,  i t  i s  
i mposs i b l e  to accu rate ly  est i mate the  reduct i on i n  hea l t h effect s . Therefo re , 
to be conservat i ve ,  the  e st i mated hea l th effect l evel s for BaP and HCHO wi l l  be 
cons i de red the  s ame as  est i mated for the  Proposed Act i on .  

The h ea l th  i mpacts for a l l other po l l utants  con s i de red wi l l  be the  s ame as  
e i t her  the  No-Act i on or  P roposed Act i on Al ternat i ve ,  depend i n g on whet her  or  
n ot an AAHX was i n sta l l ed .  
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4 . 3  ENERGY 

Th i s  sect i on eval u ates  the effect s of  the a l t e rnat i ves and mi t i gat i o n s  on  the 
u se  of energy .  Th i s  ene rgy u se i s  l ooked at i n  two way s : 1 )  h ow energy i s  
s aved i n  the res i dences that are t i ghtened , and 2 )  how much energy i s  needed to  
man u fact u re t he  t i ghten i n g measu re s . The f i rst i tem pr i mari ly  re l ates t o  
ene rgy u s e  i n  the Paci f i c Northwest  regi on . T h e  second i tem genera l l y  re l ates  
to energy use  outs i de the regi on because few manufactu rers of conse rvat i on 
dev i ces are l ocated i n  the Northwest . 
The  amount  of energy saved t h rough  u se  of t i ghte n i n g  measu res has been est i 
mated f rom i n fo rmat i on f rom both the  f i rst and second Pac i fi c  No rthwest R es i 
dent i a l  E ne rgy Su rvey . That su rvey i dent i f i ed ,  fo r each of th ree c l i mate zones 
( see G l o s s ary ) : 

• the  n umbe r  of e l ect r i c customers 

• the  percentage of res i dences  u s i n g  e l ectr i c h eat 

• the extent to  wh i ch the res i dences  have cau l k i n g ,  weatherstri pp i n g ,  
storm wi ndows and doors , o r  wal l i n s u l at i on .  

U s i n g t h i s i nformat i on ,  the number  of el ect r i ca l l y  heated res i dence s , for each 
res i dence typ e ,  i n  each c l i mate zone ,  that cou l d  benef i t from t i ghten i n g mea 
s u re s  was comp ut ed . Potent i a l energy sav i n gs we re then computed for these  
res i dence types cons i der i ng  that some res i dences a l ready had  weather i z at i on 
mea s u res  i nsta l l ed .  A comp l ete d i scu s s i on  of th i s  computat i on i s  g i ven i n  
Append i x K .  

The  reg i o na l  pot ent i a l  ene rgy sav i n gs by res i dence type , obta i n ed by summi n g  
the  i nd i v i d ua l  state va l ues , a r e  g i ven i n  Tab l e 4 . 2 5 .  These va l ues  represent 
ene rgy sav i ngs  that wou l d  occu r i f  a l l res i dences rece i ved a l l needed mea s u res  
and p a rt i c i pated i n  the p rogram.  The  va l ues  i n  th i s  t ab l e refl ect energy 
s av i n g s  due  to  redu ced a i r exchange  rates  and thermal  l os ses  from i n sta1 1 at i on 
of storm wi ndows and doors . Howeve r ,  the  va l u es i n  Tab l e 4 . 25  i nc l ude  some 
res i dences e l i g i b l e  to  rece i ve  t i ghten i n g  mea s u res  under the present p rogram.  
A ran ge of va l ues i s  g i ven i n  the  tab l e ;  these ran ges  rep resent potent i a l  
energy sav i n g s  i f  a l l res i dences  i n  each res i dence type were very t i ght o r  very 
l oo s e ,  so  the  t i ghten i n g mea5ures  p rov i ded the  l east o r  most benefi t ,  
respect i vel y .  

Al l of the potent i a l  s av i n gs noted above wou l d  not be rea l i zed becau s e  1 )  for 
the P roposed Act i on ,  n ot a l l e l i g i b l e  e l ectr i ca l ly  heated res i dences are 
expected to part i c i pate i n  the program ; 2 )  for some of the mi t i gat i on s , certa i n 
res i dences  wou l d  be e xc l uded from rece i v i n g  t i ghte n i n g  measu re s ;  and 3 )  not a l l 
e l i g i b l e  res i dence s  wou l d  part i c i pate at the s ame t i me .  The  est i mated 
penetrat i on rate for the p rogram i s  85% .  Th i s  rate i nc l udes a l l e l i g i b l e  l ow 
i ncome res i de nce s . 
Of the  t i ghten i n g  meas u res  offered under the P roposed Act i on ,  on l y  the  i n sta l 
l at i on of storm wi n dows and doors wou l d  g reat l y  affect man u fact u r i n g .  The  
energy needed for the man u factu re and de l i very of  these was est i mated by a 
method adopted by DOE ( 1 9 79 ) .  I f  a l l e l i g i bl e  res i dence s  part i c i pated i n  t he  

4 . 34 



TABLE 4 . 2 5 .  Poteot l a l Reduct i on i n  An nua l  E l ect ri ca l  Load by C l i mate 
Zone t a ) and Bu i l d i ng Type i f  T i ghten i ng Measu res a re 
Appl i ed t o  Al l E l i g i b l e  Res i dences ( i n MW ) 

Res i dence T�ee Zone 1 Zone 2 Zone 3 Tota l  
Apartments  10 . 70 3 . 2 7 1 . 38 1 5 . 35 

ra n ge 9 . 6 3 - 1 7 . 43 2 . 9 5- 5 . 35 1 . 2 1 - 2 . 47 1 3 . 79-2 5 . 2 5  
Mobi l e homes 3 . 27 2 . 1 4 1 . 57 6 . 98 

ra n ge 2 . 6 5-6 . 1 2 1 . 82-3 . 49 1 . 28-2 . 90 5 . 7 5 - 1 2 . 5 1  
S i n g l e-fami l y  1 5 . 38 5 . 39 3 . 96 24 . 7 3 
attached range 1 3 . 88-2 4 . 53 4 . 7 7 -9 . 14 3 . 36-7 . 6 1  2 2 . 0 1 -4 1 . 2 8  
S i n g l e-fami l y  63 . 02 2 1 . 56 24 . 73 109 . 3 1  
detached range 48 . 03-97 . 63 1 5 . 7 1 -3 5 . 0 5  1 7 . 6 5-41 . 08 81 . 39- 1 7 3 . 7 6  

( a )  The cl i mate zones are a d i v i s i on o f  the  reg i on accord i n g  t o  heat i n g  
requ i rement s ,  t hat i s ,  by weat her .  Z o ne  1 i s  western Oregon a n d  
Was h i n gton , Z o ne  2 i s  eastern Oregon a n d  Was h i n gton , a n d  Z o ne  3 i s  I d a ho  
a n d  Monta na .  

p ro g ram , about 209  mi l l i on squ a re feet of g l a s s  wou l d be  req u i red for  storm 
doors and wi ndows . To p roduce t h i s amount of  g l as s ,  about 3 . 1  t r i l l i on Btu 
( a bout 105 MWy r )  i s  needed . 

4 . 3 . 1  No-Act i on Al ternat i ve 

U nde r the  No-Act i on Al t ernat i ve ,  res i d ences contai n i n g one  or  more of the  fea
tu res i de nt i f i ed as e xc l u s i on cr i t e ri a by BPA ( s ee Sect i on 2 . 0 ) ,  wou l d not 
rece i ve t i ghten i n g meas u res u nder  the  BPA supported p rogram. However ,  a l l 
res i dences wou l d  cont i nue  to  be e l i g i b l e  to  rece i ve other conservat i on mea
s u res . Thu s ,  ene rgy sa v i n g  wou l d  b e  no greater  t h a n  t h o se  p roj ected f o r  the  
ex i st i n g p rogram ( B PA 198 1 b ) .  
A l though  the  No-Act i on Al t e rnat i ve p rov i d es no  add i t i ona l  ene rgy sav i n gs , ot her  
cons e rvat i on p rog rams ( i . e . , stat e ,  and pub l i c  and  pr i vate u t i l i t i e s )  may p ro
v i de mea s u res not avai l a b l e t h rough  BPA  fu nd i n g .  I n  add i t i on ,  i nc reases i n  
e l ect r i c  rates wi l l  cause  s ome homeowne rs t o  i n sta l l t i ghten i ng measu res on  
t he i r own . A good est i mate  of  the  amount of energy that wi l l  be s aved by 
p ri ce- i nduced cons e rvat i o n ,  as t h i s  e ffect i s  ca l l ed ,  i s  not p resent ly  ava i l 
ab l e fo r the  BPA reg i on .  I n  197 7 ,  t he  No rt hwest Ene rgy Pol i cy P roj ect ( NEPP ) 
e st i mated t hat about 3000 ave rage annua l  MW of e l ect ri ca l  ene rgy wou l d  be s a ved 
between 1 9 7 5  and 1995  by the effect of e l ect ri ca l  rates on cons umers . That 
t ota l , howeve r ,  i nc l udes ene rgy s a v i n gs from a l l sectors ( res i dent i a l , comme r
c i a l , agri c u l t u ra l  and i nd u st ri a l ) due to  bot h weather i zat i on and chan ges i n  
ene rgy u se  p ract i ces ( see  Sect i on 3 . 4 ) . 
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4 . 3 . 2  Proposed Act i on 

The P roposed Act i on wou l d  expand the  BPA ' s  present  p rog ram by e l i mi nat i n g 
rest r i ct i ons for i n sta l l i n g  t i ghte n i ng mea s u res . Based on BPA ' s  e xpected 
penet rat i on rate , the annua l  e l ect r i ca l  l oad i s  est i mated to  be reduced by 
approx i mate ly  1 0 5 . 7  annua l  ave rage MW or  3 . 2  t ri l l i on Btu/yr ( see G l o s s ary )  
after  the prog ram i s  fu l l y i mp l emented . Th i s  reduct i on i n  e l ect ri ca l  energy 
u se i s  equ i va l ent to sav i ng  568 thous and bbl  of petrol e um a n n ua l l y .  But  a bout 
3 . 1  t ri l l i on total  Btu wou l d  be  req u i red to  manufact u re ,  del i ve r ,  and  i n sta l l 
the  storm wi ndows and doors ca l l ed for by the  P roposed Act i on .  Most of th i s  
ene rgy wou l d  be con s umed outs i de the  BPA reg i on  and wou l d  be i n  the  form o f  
n at u ra l  g a s  o r  e l ect r i c i ty u sed i n  g l as smak i n g .  A sma l l fracti on o f  t h i s 
energy wou l d  be needed to  man ufactu re a l umi num and mate ri a l s u s ed i n  storm 
wi ndows and doors . Nonethe l es s ,  the n et e n e rgy s a v i ngs  over the  l i fe of the  
t i ghten i n g mea s u res  a re substant i a l . 

P roposed Act i on ,  w i th  M i t i gat i o n s  

Some mi t i gat i ons  ( see  Sect i on 2 . 2 )  wou l d  exc l ude  from the  P roposed Act i on a 
vary i n g  n umber of res i dences wi th an i de nt i f i ab l e  s o u rce of pol l utant s .  Thu s ,  
the  annua l  e l ect ri ca l  l oad wou l d  not be reduced as  much  as i t  wou l d  be by the 
P roposed Act i o n .  Howeve r ,  as  fewer res i dences wou l d  rece i ve t i ghten i n g mea
s u re s , l es s  ene rgy wou l d  be  needed to  man u fact u re ,  del i ve r ,  a nd  i n sta l l sto rm 
doors and wi ndows . Other m i t i gat i on opt i ons  woul d not excl ude res i dence s ,  but 
wou l d  req u i re energy to operate AAHXs . The reduct i on i n  ene rgy sav i n g s  wou l d  
be based on the number of res i dences need i ng AAHXs . Tab l e  4 . 26 compares  t he  
effects on  energy as  a res u l t  of  the mi t i gat i ons . 

4 . 3 . 3  De l ayed Act i on Al ternat i ve 
I f  the P roposed Act i on i s  de l ayed  i n  orde r to  i ncreas e  understand i n g  of the 
pote nt i al hea l th e ffects of i ndoor a i r po l l ut i on ,  or  to  deve l op better mi t i ga
t i on tech no l o g i es , the energy sav i n g s  pos s i b l e from the  prog ram expan s i on  wou l d  
a l so be de l ayed . Du ri n g  yea rs of adequate e l ect ri ca l  ene rgy s u pp l y ,  the  fore
gone sav i ngs  wi l l  not cau s e  any energy shortage s .  Under certa i n  cond i t i on s , 
however ( l ow hyd ropower gene rat i on due  to  d ry weather  o r  faster-than-est i mated 
g rowth of e l ect ri ca l  con s umpt i on ) ,  these  sav i n gs wou l d  be i mportant . 

De l ay of the P roposed Act i on cou l d  a l so a ffect conservat i on act i ons  u ndertaken  
by u t i l i t i es and  con s ume rs i ndependent of BPA ' s p re s ent p rogram. The magn i tude 
of  both  the p rese nt and  p roposed expan s i on  of th i s  p rog ram i s  g reat enough t o  
a l te r  t he  pace a n d  l eve l  of conservat i on brou ght  about byma rk et force s . I f  i t  
appears t o  consume rs that the expan s i on of the  BPA p rog ram cou l d  be de l ayed for  
a s u bstant i al t i me ,  pr i ce- i nduced con servat i on may deve l op somewhat faster  than  
wou l d  be  t he  ca se  i f  consumers e xpect s i g n i f i cant s u bs i d i es for ho u se-t i ghte n 
i n g t o  be avai l ab l e th rough BPA i n  the nea r futu re . I t  i s  a l so  conce i vab l e  
that cons umers cou l d  de l ay p l an ned weathe r i z at i o n -- i n e xpect at i on o f  e xpanded 
B PA fund i n g .  A p red i ct i on of wh i ch d i rect i on the effect of a de l ay i n  the 
P roposed Acti on wou l d  take  i s  beyond the s cope of t h i s a na lys i s ,  howeve r .  
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TABLE 4 . 2 6 . Compari son of Effects on Ene rgy as a Re s u l t of 
M i t i gat i on s  

Energy Con se rved Range 
Act i on s  Ann ua l l� ,  Average MW Average MW 

P roposed Act i on 1 0 5 . 7  84 . 8- 1 66 . 5  
M i t i gat i on-By-Exc l u s i on 

No . 1 1 02 . 8  82 . 7 - 1 6 1 . 3  
No .  2 104 . 3  83 . 7 -1 6 4 . 0  
No . 3 52 . 1  44 . 0- 73 . 4  
No.  4 92 . 0  7 5 . 2- 1 42 . 5  
No . 5 7 2 . 0  6 1 . 1 - 1 07 . 5  
No.  6 99 . 8  7 9 . 9 -1 5 5 . 9  
No . 7 92 . 7  73 . 0 - 1 45 . 1  

Mi t i gat i on -By-Act i on 
N o .  1 1 0 5 . 6  
No.  2 98 . 8  
No . 3 100 . 8  to  105 . 3 ( a )  

No .  4 1 0 5 . 7  84 . 8-1 6 6 . 5  

( a )  Depends on Act i on Le vel  chosen . 

4 . 3 . 4  E n v i ronmenta l ly P referred Al t e rnat i ve 
A s u bstant i a l  power pena l ty wou l d  occu r because  a l a rge number  of res i dences 
wou l d rece i ve AAHXs . As s umi ng  1 , 0 2 7 , 650 h omeowners rece i ved AAHXs , a p owe r 
pena l ty of 18 . 3  MW wou l d  occ u r .  The reg i ona l  ene rgy sav i ngs wou l d  be reduced 
to  87 . 4  MW . 

4 . 3 . 5  BPA P referred Al t e rnat i ve 

The numbe r of res i dences rece i v i n g  AAHXs depends on the  number who choose to  
have the i r res i dence mon i tored and  then  h ow ma ny of th ose res i dences wou l d have 
radon l e vel s above the Act i on Le ve l estab l i s hed by BPA . I t  i s  ass umed that 85% 
of t h ose part i c i pat i ng i n  the  p rogram wi l l  request mon i t o ri n g ,  ( i  . e .  
873 , 503 res i dences ) .  O f  the res i dences mon i t o red , i t  i s  est i mated that 4 to  
1 5% wi l l  requ i re AAHXs . For  th i s  ana lys i s  we u se  6% as an ave rage numbe r .  
Therefore , 78 , 342 exchangers  wou l d  b e  req u i red . Th i s  means  a 1 . 78 MW powe r 
pena l ty wi l l  occu r ,  and the reg i ona l  energy s a v i ngs wi l l  be red uced t o  
1 03 . 9  MW . 
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4 . 4  SOC IOECONOM I C  EFFECTS 

The potent i a l soci oeconomi c effect s of the al ternat i ves and mi t i gat i on opt i on s  
are d i scu s sed and compared i n  th i s  sect i on .  The methodo l ogy u sed to  est i mate 
these  effect s , and the ca l c u l at i on s  to support them can be found i n  Append i x  L .  

P rog ram costs were est i mated o n  the ba s i s  of the  average u n i t  costs  for t h e  
var i o u s  t i ghten i n g  measu res  e l i g i b l e  under  t h e  P roposed Act i on .  U n i t  costs 
were mu l t i p l i ed by the est i mated number of res i dences expected to  recei ve each 
meas u re ,  based on the second Pac i f i c No rthwest Re s i dent i a l Ene rgy Su rvey , BPA l s  
expected penet rat i on rate ( 85% ) ,  and the p res umed ava i l ab i l i ty of res i dences  t o  
rece i ve t i ghten i n g  measu res . The l atter factor was est i mat ed fo r each 
res i dence type i n  each c l i mate zone and deducts homes that wou l d h ave been 
t i ghtened under BPA l s  p resent p rogram . For  each Mi t i gat i on Act i on Al t e rn at i ve ,  
th i s  factor s u bt racts res i dences wi th featu res cove red by the s pec i fi c  set of  
excl u s i on  cri ter i a for that al t e rn at i ve .  Admi n i s t rat i ve cost s  a re as sumed to 
rema i n reasonab ly  constant for a l l a l t e rn at i ve s ,  and therefore a re p resented 
o n l y  once . Al l costs are stated i n  1 983 do l l a rs , u n l e s s  otherwi s e  i nd i cated . 

4 . 4 . 1 No -Act i on Al ternat i ve 

Under  the No -Act i on Al t e rnat i ve ,  the  p resent BPA p rogram wou l d  be ma i nta i n ed .  
BPA est i mates that approx i mate ly  7 0% of e l ect ri ca l l y  h eated res i dences are  
i ne l i g i b l e  for  t i ghten i n g  meas u re s  because  of  the i nc l u s i on cr i t e ri a .  The 
costs for the f i rst year of th i s  p rog ram ( i nc l ud i ng ret roact i ve payments to 
part i c i pat i n g  ut i l i t i es for weatheri z at i on u ndertaken  by 12/ 5/80 but before 
BPA l s  p rogram was ope rat i n g )  was a pproxi mate ly  $26 , 500 , 000 .  F u nd i ng  cou l d 
cont i n u e  at the  rates  proj ected by BPA i n  i t s  p l a nned weatheri zat i on bud get 
(wh i ch a s s umes p rog ram expan s i on ) ;  s u rp l u s  funds cou l d  be u sed to  a l l ow 
ut i l i t i es to  i nc rease  pa rt i c i pat i on targets ( o r  to  meet exi st i n g targets that 
have been restr i cted by a l ack of funds ) .  Converse ly , the p resent est i mated 
budget cou l d  be l owered , but at the cost of l ost opportu n i ty fo r cost-effect i ve 
conservat i o n .  Because BPA l s  costs for  weatheri zat i on and house  t i ghten i n g are 
e st i mated to be con s i d e rab ly  l ower ( l e s s  than  35 mi l l s / kWh , see Append i x  L ,  
Tab l e 1 1 )  than the i nc remental  costs o f  p rov i d i n g new generat i on ( over  
60 mi l l s / kWh ) ,  such  sav i ngs  i n  p rogram costs  cou l d be accompan i ed by h i gher  
eventua l  e l ect ri ca l  rates for BPA c ustomers . 

4 . 4 . 2  P roposed Act i on 
A range  of expected ave rage costs was devel oped for the t i ghten i n g  meas u res  
that wou l d  be fu nded under  the  e xpanded weatheri z at i on p rog ram ( Append i x  L ,  
Tab l e L . l ) .  These costs we re app l i ed to  the est i mated number  of res i de nces i n  
each c l i mate zone that wou l d  req u i re the var i ous  measu res and that cou l d  be  
e xpected to part i c i pate i n  the  expanded p rogram. The tota l  costs  for  each 
t i ghten i ng mea s u re by res i dence type and zone were s ummed to  der i ve tot a l  
p ro g ram costs fo r t h e  P roposed Act i on Al t e rnat i ve a n d  t he  seven Mi t i gat i on 
Al te rnat i ves . P rogram costs for the  med i um t i ghte n i n g  meas u re cost case  a re 
p rese nted i n  Tab l e 4 . 2 7 ; those  for the l ow and h i gh cases can be fou nd i n  
Append i x L ,  Tab l es  L . 6  and L . 8 .  The costs i n  these  tab l es are for the  ent i re 
amount  ( materi a l s and i nsta l l at i on )  of the vari o u s  comb i nat i on s  of t i ghten i n g  
mea s u res be i ng co n s i de red by BPA . W h i l e  t h e  cost per  measu re amounts  u sed i n  
th i s  ca l cu l at i on are probab ly  rea l i st i c ,  the tota l  p rogram cost fi gu res s hou l d 
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TABLE 4 . 27 . E s t i mated P rog ram Costs ( i n  thousands  of do l l a rs )  for P ro�o�ed 
Act i on and P roposed M i t i gat i o n s -By-Exc l u s i on ,  Med i um Case  a 

T i ghten i ng Measu re 
P roposed 
Act i on 1 2 3 

M i t i gat i on 
4 5 6 -. -- 7 

Storm Door/Wi ndows 527 . 2  5 1 7 . 4 1  185 . 8  507 . 0  435 . 8  494 . 2  464 . 2  30 1 . 0 

Weatherst ri ppi n g  16 . 6  16 . 2  5 . 9  1 6 . 1  14 . 1  1 3 . 4 1 2 . 6  1 1 . 1  
Cau l k i n g/Gas kets 86 . 4  84 . 7  34 . 2  83 . 6  7 1 . 9 70 . 6  74 . 6  52 . 9  

Storm Door/Wi ndows 543 . 8  533 . 6 1  1 9 1 . 8 1  523 . 1 1  450 . 01 507 . 6 1  4 76 . 7 1  3 1 2 . 2 1  
& Weathe rst r i pp i n g  

Storm Doo r/W i ndows 6 1 3 . 6  602 . 0  220 . 1  590 . 6  507 . 8  564 . 8  538 . 8  354 . 0  
& C au l k i ng/Gas kets 

Weathe rst ri pp i n g  & 102 . 9  100 . 9  40 . 2  99 . 7  86 . 1  84 . 0  87 . 2  64 . 1  
Cau l k i ng/Gas kets 

Storm Door/Wi ndows , 6 30 . 2  6 1 8 . 2  226 . 0  606 . 7  52 1 . 9  578 . 2  5 5 1 . 4  364 . 1  
Weathe rst r i pp i n g ,  
& Cau l k i n g/Gaskets  

Storm Door/Wi ndows , 1 1 84 . 5  1 1 6 1 . 8  450 . 3  1 1 42 . 9 980 . 4  1031 . 7  1036 . 9  698 . 6  
Weatherst ri pp i n g , 
C a u l k i ng/Gasket s , 
& Wa l l I n su l at i on  

( a ) The med i um case refers to med i  um cost est i mates for each ti ghte n i n g  measu re 
( see Tab l e  L . 1 ,  Append i x L ) .  

be vi ewed as  est i mates  on l y , s i nce a numbe r of ass umpt i on s  had to be made about 
h ow many res i dences need each mea s u re ,  h ow many cu stome rs wi l l  part i c i pate i n  
the  program , and how many res i dence s  wou l d  be e l i g i b l e  for t i ghten i n g  mea s u res  
u nder the  vari ous  a l ternat i ves . Under the  p resent buy-back fi nanc i n g  mechan i sm 
for BPA ' s  present program , BPA wou l d  re i mbu rse custome rs at a rate of 
29 . 2  cents per annua l  kWh s a ved . I n  most case s ,  t h i s l e vel of f i nanc i ng  wou l d  
cove r on l y  a port i on of the tota l  costs of the t i ghten i n g measu res , and the  
h omeowner wou l d  h ave to  pay the  ba l ance . For  examp l e ,  i n  those s i n g l e -fami l y  
detached res i dences where a storm doo r ,  sto rm wi ndows , weat herst ri p p i n g ,  cau l k 
i n g and gaskets  wou l d  a l l be p rovi ded under t h e  BPA p rogram, t h e  BPA f i nanc i n g  
mechan i sm wou l d cove r 50% of  cost s  f o r  S i n g l e -fami l y  detached , 4 7%  f o r  s i n g l e 
fami ly  attached , 62% for mob i l e  home s ,  and 58% f o r  apartment res i dence s . 
Ta b l e L . 9  i n  Ap pend i x  L p rov i des  cost a l l ocat i on fi g u res  for a l l res i dence 
types . I n  te rms of the amount of energy s a ved , the  l e ve l i zed cost per  kWh 
wou l d  be 3 1 . 2  to 41 . 1  mi l l s / kWh  for the re g i on ,  depend i n g  on res i dence typ e .  
The l e ve l i zed cost t o  t h e  h omeowners wou l d  b e  1 3 . 4  to  2 3 . 3  mi l l s / kW h . 
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M i t i gat i on s  

I f  BPA chooses t o  mi t i gate potent i a l adverse i ndoor  a i r qua l i ty effects of 
t i ghte n i n g  by mak i ng res i dences  wi th certa i n  cha racteri st i cs i ne l i g i b l e  fo r 
fund i n g ,  ene rgy sav i n g s  and p rog ram cost s  ( see  Tab l e 4 . 2 7 )  wou l d  be d i mi n i s hed 
somewhat . The reduced numbers of e l i g i b l e  res i dence s  for each M i t i gat i o n 
By-Excl u s i on i s  based o n  i nformat i on d rawn f rom t h e  fi rst and second Pac i f i c  
Northwest Res i dent i a l E ne rgy Su rvey ; the tech n i ques  u sed t o  est i mate the n umber 
of  struct u res  i n  each mi t i gat i on are exp l a i ned i n  Append i x  I .  

Mi t i gat i on s -By-Act i on 
A second set of mi t i gat i o n s  i s  the  a l l ev i at i on  of potent i a l i ndoor  a i r q ua l i ty 
p rob l ems by var i ous  act i on s . Those con s i de red i n  th i s  sect i on a re i nd i v i d ua l  
home mon i tor i n g  for  HCHO a nd  radon , a nd  the  f i nanc i n g  of AAHXs  for  those  
res i dences where l eve l s of  t hese  po l l utant s ,  o r  the  p resence of a wood stove  
( emi tt i n g BaP ) wou l d  exceed BPA 1 s  i ndoor a i r Act i on Le vel  cr i ter i a .  

Costs  for these m i t i gat i ons  are based o n  the  p e r-u n i t  cost for the mon i to rs and 
the  number of AAHXs , e st i mated to  be needed , u s i n g  a range  of pos s i b l e app l i ca 
t i on s . The est i mated co st s  f o r  the  heat e xchangers refl ect a cumu l at i ve 
mi t i gat i on strategy . Res i d ence s  wi th  exce s s i ve  radon  l evel s a re t reated 
f i rst . Add i t i ona l  costs a re i ncu rred t o  t reat struct u res requ i ri n g mi t i gat i on 
by heat exchangers du e t o  exce s s  l eve l s of HCHO or  t o  the  p resence  of a wood 
stove ( re s i dences  that do  not a l ready have the dev i ce for radon m i t i gat i o n ) .  
( S epa rate est i mates of the  costs  of these mi t i gat i o n s , i ndependent of radon  
mi t i gat i on ,  a re a l so p rov i ded i n  Append i x  L ,  Tab l es 1 2 ,  1 3 ,  and 1 4 . ) Th i s  
tech n i q ue  was u sed to  avoi d the dou b l e cou nt i n g of res i d ences  requ i r i n g heat 
e xchange rs for more than one  a i r-qua l i ty contami nant . 

Ai r-to-a i r heat exchangers  a re est i mated to  be needed for radon  reduct i on on l y  
i n  those  res i dences (w i th i n  t h e  h i gh - radon a rea s )  that h ave s l a b-on-grade  
con s t ruct i on ,  basements ,  or  u n  vented crawl s paces and/o r  whose  sou rce of  dome s 
t i c water  i s  wel l s . However ,  s i n g l e -fami l y  d etached res i dences that u se wel l 
water ,  but do not have the  s l ab-on-grade con s truct i on basement s , o r  u n ve nted 
c rawl spaces , s hou l d  n ot n eed AAHXs . The cal cu l at i ons  for the n umbers of  AAH Xs 
req u i red for radon mi t i gat i on a re i n  Ap pend i x  K.  If a l l res i dences  a re mon i 
tored , the cost for radon mon i t o ri n g  i s  e st i mated at 47 . 4  mi l l i on do l l a rs , 
based on a cost of $35 . 30 per  res i dent mon i tor i n g  cos t .  I n  add i t i on ,  an AAHX 
wou l d  be p l aced i n  res i dences e xceed i n g p redetermi ned l evel s of radon . 
I n st a l l ed cost of an AAHX i s  est i mated to  range from $550 for a wal l /wi ndow 
u n i t  t o  $ 1 3 50 for a centra l  un i t  ( see Append i x  P for more i n format i on ) .  The 
n umber of AAH Xs i n sta l l ed wou l d  depend on the  number of res i dences  exceed i n g 
the se l ected radon l eve l . Tab l e 4 . 28 s umma ri zes  the e s t i mated med i um cost cas e  
f o r  both mon i t o ri n g  and i nsta l l at i on o f  AAHXs  for res i dences exceed i ng  va r i o u s  
radon , HCHO , a nd  wood stove M i t i gat i o n -By-Acti on opt i ons  comb i n ed .  ( See  
Tabl e L .  1 5  f o r  l ow a n d  h i gh cost cases ) .  

Research and i ndoor a i r q u a l i ty mode l i n g has  s h own that HCHO p robab ly  w i l l  be  
fou nd  i n  on l y  neg l i g i b l e  concent rat i on s  i n  mob i l e  homes and  apartments . 
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TABLE 4 . 2 8 .  P rogram Cost o f  Ai r-to-Ai r Heat Exchange rs for Radon , 
Forma l dehyde ,  and Wood Stove M i t i gat i on -By-Act i on 
Opt i on s  Comb i n ed (mi l l i on $ )  

Med i um Cost Case  
Pe rcent of  

I n sta l l ed Cost 
F u nded by Program ( a ) >2 pC i /� >3  pC i /� >4 pC i /� >5 pC i /� >10  pC i /� 

50 2 5 2 . 6  295 .8 280 . 2  265 . 8  
7 5  344 . 7  409 . 5  386 . 1  364 . 4  
8 5  381 . 5  454 . 9  428 . 4  403 . 8 

100 4 36 . 7  523 . 1  49 1 . 9 46 3 . 0 

( a ) As sumes al l mon i tor i n g  costs are 100% funded by the  p rogram,  wi th  
i n sta l l ed costs funded from 50% to 100% by the program. 

2 5 9 . 4  
354 . 9  
3 9 3 . 0  
450 . 3  

Therefo re , the  l ow and med i um e st i mate for mon i t or i n g  costs i nc l ude  on ly  
s i n g l e -fami l y  st ruct u re s . The cost for i n st a l l ed mon i tors i s  aga i n $35 . 30 p e r  
res i d ence . 
Accord i n g to  these  cal c u l at i ons , a tota l  of 60 , 2 33  res i dences wi l l  need these  
dev i ces to i n su re adequate vent i l at i on after they have been t i ghtened . At an  
a ve rage  per-u n i t  cost of about  $650  ( i nc l ud i n g i nsta l l at i on ) , the  tota l  cost  of  
AAHX under  th i s  m i t i gat i on i s  e st i mated to  be about 39 . 1  mi l l i on do l l ars . 

4 . 4 . 3  Del ayed Act i on Al t ernat i ve Costs  

No attempt has bee n  made to p rov i de p reci s e  est i mates of how cost s  cou l d be  
affected by the  De l ayed Act i on Al t e rn at i ve becau se so many u ncerta i nt i es a re 
i n vo l ved . F rom a gene ral standpo i nt ,  howeve r ,  the fol l owi n g  factors shou l d  be 
con s i de red : 

• General  i nf l at i on wi l l  i nc rease  the  costs of materi a l s and 
i n sta l l at i on at an e st i mated rate of 5 to 9% per yea r .  

• I f  home con st ruct i on rebo u nd s  from i t s  p resent s l ump a s  reces s i o n 
cond i t i ons  and h i gh i nt e rest rates eas e ,  i n creased d emands  for  
i n sta l l e rs may al so  i nc rease  rel at i ve costs  of the  expanded p rogram , 
and add de l ays  to i mp l ementat i on sched u l es . 

• The energy sav i ngs  to consume rs that i s  att ri butab l e to the  expan s i on 
of the  p rogram wi l l  occ u r  l at e r ,  p robab ly  mean i n g t hat they wi l l  be 
worth somewhat more ( a s  a res u l t of the  expected BPA rate  i nc reases 
over the  next decade ) . 

• Cu rrent s u rp l u ses and futu re defi c i t s  of the  e l ect r i c i ty s upp l y  mi ght 
be s l i ght ly  a l t e red by de l ayi ng  the  p rogram expans i on ,  a l though  t h e  
expected ene rgy sav i ngs  from the  p rog ram expan s i on a re on ly  a very 
smal l part of the  total  reg i ona l  demand . 
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• De l ay of the  P roposed Act i on wi l l  l i k e ly  have s ome effect on 
weathe ri zat i on cond ucted by consumers and u t i l i t i es ,  i n dependent of 
BPA ' s program. As noted above , i t  was not pos s i b l e to  pred i ct t h i s  
effect wi t h i n t h i s a n a ly s i s .  

As can be seen , some of these  factors wou l d  very l i k e ly  i nc rease  the  cost of 
the p rogram ( g i ven the cu rrent e xpected rates of penet rat i o n ) ,  but other  
factors cou l d  somewhat offset those  i nc reases . Ot her  factors u n re l ated to  BPA 
conse rvat i on p o l i cy ,  such as market fo rces and reg i ona l  g rowth rates ,  cou l d 
a l s o  affect the  cost s  of th i s  a l t e rnat i ve .  

4 . 4 . 4  BPA and U t i l i ty Adm i n i s trat i ve Costs  

I n  add i t i on to  the  d i rect costs  of  the  t i ghten i n g mea s u res , admi n i s t rat i ve 
costs fo r both BPA and the  p a rt i c i pat i n g  ut i l i t i es w i l l  be i ncu rred by t he  
e xpan s i on of the  p rog ram. Ut i l i t i es are cu rrent l y  bei n g  rei mbu rsed f o r  admi n 
i st rat i ve costs by BPA a t  a rate o f  $200 per  weather i zed res i dence . D u ri n g  t h e  
f i rst yea r a n d  a ha l f o f  the  p rog ram , ut i l i t i es report ed t h at  t h i s rei mbu rse
ment rate adequate ly  covered the i r costs i n  most cases as  fu l l  p a rt i c i p at i on  
rates  were fa i rl y  h i gh ,  i . e . , the  number  of  res i dences  aud i ted d i d  not great ly  
exceed t he n umber of  res i dences s u bsequent ly  weather i zed . T he  u t i l i t i es mu st  
absorb admi n i s t rat i ve costs  fo r aud i t i n g  and  paperwo rk for those  res i dences  
that p a rt i c i p ate i n  the  program but ,  for  one  reason or  anoth e r ,  d o  not  adopt 
recommended weathe ri zat i on mea s u res . P rog ramat i c  changes  made i n  1983  
( effect i ve i n  1984 )  seem to h ave effected part i c i p at i on rates .  I n  add i t i on 
s u bsequent admi n i s t rat i ve costs  may be i ncurred to recheck those  res i dences  
t hat have  a l ready rece i ved other  measu res u nder  the  p resent p rog ram ( p a r
t i cu l a r ly  for post- i n sta l l at i on i ns pect i o n s  of t i ghten i n g  mea s u res ) .  

BPA ' s  admi n i s trat i ve costs a re est i mated to  be $ 1 3  m i l l i on for  the  1 0 -year  
E xpanded Res i dent i a l  Weat heri zat i on P rogram. 

4 . 4 . 5  Add i t i o na l  Cons umer  Costs  

As noted above , a port i on of  the  costs for  the  p roposed t i ghten i n g  mea s u res  
wou l d  fa l l on  res i dent i a l  c u stomers . Accord i ng to  t he cost -effect i veness  cr i 
ter i a u sed by BPA , the  buy-back mech an i sm wou l d  pay for 36 t o  85% of t he t ota l  
costs  ( fo r  t i g hten i ng measu res ) ,  depend i n g  on the  type of  struct u re and i ts 
l ocat i on ( c l i mat i c  zone ) .  When  comb i ned wi t h  other  mea s u res  ( i n su l at i on ) ,  
these  rates may i n c rease .  The d i rect costs for some consumers cou l d  reduce t h e  
p a rt i c i pat i on rates  that h a ve  been as sumed  for t h i s ana lys i s .  

BPA ' s  p rog ram and admi n i s t rat i ve costs wi l l  be i n corporated i nto  i ts rate 
struct u re i n  some man ner  and wi l l  affect the rate res i dent i a l consume rs pay for 
e l ect ri c i ty .  Howeve r ,  these  costs a re cost effect i v e ,  by def i n i t i on .  These  
costs  wou l d  have a substant i a l l y  l ower rate effect on res i dent i a l  custome rs 
than  the costs of const ruct i ng n ew generat i ng fac i l i t i es .  The p o rt i on of 
res i de nt i a l rates  att ri butab l e  to t h i s p rog ram expan s i on i s  on l y  a very sma l l 
part of the  e xp ected overa l l fut u re rate i nc reases that a re due  t o  BPA ' s  
assumpt i on of t he cost s  of the  Was h i n gton  Pub l i c  Power Su p p l y  System (WPPSS ) 
n u c l ear  generat i n g  fac i l i t i es ,  and  to  other factors . 
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4 . 4 . 6  Empl oyment and I n come Mu l t i pl i e r Effects of the Al ternat i ves 

Substant i a l emp l oyment wou l d  be gene rated i n  the  Paci f i c No rt hwe st and e l s e 
where by t he P roposed Acti on . Est i mated d i rect emp l oyment att r i butabl e to  the  
P roposed Act i on and  the vari o u s  mi t i gat i ons  i s  s hown i n  Tab l e 4 . 2 9  for  the  
med i um cost case . A more deta i l ed d i s tr i but i on of d i rect emp l oyment effects 
appears in Tabl es  L . 1 6  t h rough  L . 1 8 ,  Append i x  L .  

The d i rect expen d i t u res  for emp l oyment and mate ri a l s for the  p roposed expan s i on 
cou l d  al s o  generate add i t i on a l  emp l oyment and cons umpt i on i n  the  Pac i f i c  
Nort hwest and e l sewhere t h rough  what i s  ca l l ed the ' mu l t i p l i e r effect ' .  

TABLE 4 . 2 9 .  Est i mated P rog ram Emp l oyment Rel ated to  the  
Expanded P rog ram (Med i um Cost Case ) 

Act i on 
P roposed Act i on 

M i t i gat i on -By-Excl u s i on 
No . 1 
No .  2 
No . 3 
No .  4 
No . 5 
No . 6 
No . 7 

M i t i gat i on -By-Act i on 
No . 1 
No .  2 
No . 3 
No . 4 

+ Exceeds va l ue g i ven . 

Emp l oyee-Years 
Di  rect 

30 , 205 

29 , 626 
1 1 , 483 
29 , 1 44 
2 5 , 000 
26 , 308 
26 , 441  
1 7 , 8 1 4  

30 , 205+ 
+ 3 0 , 205+ 30 , 20\ 

3 0 , 205 

4 . 4 . 7  E nv i ronment a l ly P refe rred Al ternat i ve 

D i rect , I nd i rect & I n du ced 
62 , 7 7 6  

6 1 , 57 3  
2 3 , 864 
60 , 57 2  
5 1 , 960 
5 4 , 682 
54 , 9 54  
37 , 02 3  

62 , 7 7 6+ 
62 , 7 7 6+ 
62 , 7 7 6: 
62 , 7 7 6  

T he  Env i ronmenta l l y  P refe rred Al ternat i ve wou l d  restore t h e  reg i ona l  
i n fi l t rat i on rate for  a l l t i ghte ned res i dences  by p rov i d i n g AAHXs to  a l l 
pa rt i c i pat i ng res i dence s . Because  AAHXs  are p rov i ded to a l l t i ghtened 
res i dence s ,  mon i t or i ng  costs  wou l d  not be i ncu rre d .  The est i mated add i t i o na l  
p rog ram cost  of AAHX s  ran ges from 56 5 . 2  mi l l i on ,  i f  a l l u n i ts  are  the  
wel l /wi ndow typ e ,  to  1 387 . 3  mi l l i on ,  i f  a l l u n i ts a re t he du cted cent ra l 
systems type . These numbers are based on the  ass umpt i on that AAHX s  wou l d  on ly  
be  p rov i ded to those res i dences  cu rrent ly  i ne l i g i b l e  to  rece i ved t i ghten i n g 
measu res . Any res i dence t i g htened under  the p resent p rog ram wou l d  not rece i ve 
AAHXs . 
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4 . 4 . 8  BPA Prefe rred Al ternat i ve 

The BPA Prefe rred Al ternat i ve a l l ows the homeowner to se l ect one of three radon  
mon i to r i n g  opt i on s . If  85% of the  part i c i p at i n g res i dences req uest mon i tors , 
mon i tor i n g  costs  are expected to be $40 . 3  mi l l i on .  A l l of t h i s cost  wou l d  be 
funded by the  weather i zat i on program.  If mon i t ored radon l eve l s  e xceed t h e  
Act i on Level  estab l i s hed by BPA , the  homeowner i s  e l i g i b l e  to  rece i ve a f i nan
c i a l i ncent i ve for  AAHXs  ca l cu l ated to  be  between 50 and  85% of the  average 
reg i o na l  cost of the mi t i gat i on act i on .  Tota l  costs for i nsta l l i n g AAHXs  u nder 
t h i s a l ternat i ve i s  est i mated to  ran ge from $36 .6  to  $90 .0  m i l l i o n .  T h i s  
f i g u re assumes 6 %  o f  those  request i n g mon i tor i n g  wi l l  h ave radon l eve l s at or 
above the Act i on Level  estab l i s h ed by BPA .  These  f i gu res a l s o  a s s ume t hat a l l 
res i dences  t i g htened under  the  BPA Res i dent i a l  Weather i z at i on P rog ram a re 
e l i g i b l e  for mon i tor i n g .  

4 . 5  I N ST I TUTI ONAL EFFECTS 

A number  of i n st i tu t i ona l  effect s cou l d  accompany the a l ternat i ves and mi t i ga
t i on s . These  are d i s c u s sed i n  t h i s s ect i on . Many of the  effects assoc i ated 
w i t h  the  a l t e rnat i ves  wou l d  benef i t bot h the u t i l i t i es and the i r custome rs .  
The Proposed Act i on wou l d i mp rove the  acceptab i l i ty of the  p resent BPA p rog ram 
to ut i l i ty custome rs . B a s ed on i nfo rmat i on co l l ected from a samp l e of ut i l i 
t i es w i t h i n BPA ' s  s e rv i ce regi o n ,  a n umber of i n st i tut i o na l  prob l ems wi t h  t h e  
p resent p rog ram have been i dent i f i ed . 

U t i l i t� and Cu stomer Respon se  Re s pon se  to  the  p resent p rogram h a s  been mi xed 
(BPA I 8Ic ) .  Most consumers s eem eager  t o  p a rt i c i p at e ,  but u t i l i t i es report 
t hat they al most u n i forml y des i re t i ghten i n g meas u res  ( storm wi ndows and doo rs ) 
because  of the i r v i s i b i l i ty and t h e  w i desp read be l i ef t hat t h ey i n crease t h e  
va l u e  of  the  res i de nce . Most o f  t h e  ut i l i t i es that were samp l ed i nd i cated that 
on l y  1 5  to  20 of t he i r consumers ( and  often fewer )  cou l d rece i ve t i ghten i n g  
mea s u res . T h e  program l i m i t at i ons  have c reated p rob l ems i n  cred i b i l i ty and 
customer re l at i o n s  for the u t i l i t i es and BPA. 

Ut i l i ty Response  A number  of  ut i l i t i es i n  the  BPA area have  apparent l y  been 
hes i tant to  use the p resent l i mi ted p rogram.  Some have deci ded to  postpone  
p a rt i c i p at i on i n  the  p rog ram unt i l a l l meas u res  are ava i l ab l e fo r al l custom
e rs .  Oth e rs are search i n g for means to fund h ou s e  t i ghten i ng meas u res  n ow 
thems e l ves , so t hat the i r customers wi l l  not be l i m i ted by BPA ' s  rest r i ct i ons . 
Th i s  c reates an u ncert a i nty i n  the  ut i l i ty bud get , as  i t  i s  not c l ea r  i f , o r  
h ow ,  BPA wou l d  re i mburse  them i f  t h e  P roposed Act i on i s  chosen . 

Part i a l  Weather i z at i on of Mobi l e  Homes I nterest i n  the  p resent program has been 
h i gh among  owners  Of mob i l e  home s , part i c u l a r l y  i n  ru ral areas  where t h i s  fo rm 
of h ou s i n g  i s  popu l a r .  However ,  most of t h ese h omes were n ot e l i g i b l e  fo r 
t i g hten i n g measu re s ; non t i g hten i n g  meas u res  s uch  as i nsu l at i on ,  are genera l l y  
d i ffi cu l t  t o  add t o  t h i s  type  o f  h ou s i n g .  

Legal Conf l i ct s  The Oregon Leg i s l atu re (HB2246 ) recent ly  req u i red that a l l 
i n vestor-owned ut i l i t i es i n  the  state  perform ene rgy aud i ts i n  custome r s ' res i 
dences . They are to  then  p rov i d e  a p rog ram to i nsta l l a l l cost-effect i ve con
s e rvat i on measu res des i red by the  cu stome r ,  i nc l u d i n g  t i ghte n i n g  mea s u re s . 
O regon ut i l i t i es ,  therefore , face a d i l emma as  a res u l t of the  l i mi t at i ons  
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i mposed by the  i nc l u s i on cr i ter i a of the  p resent  p rogram. Th i s  s i tuat i on has  
cau sed de l ays i n  gett i n g the  p rog ram starte d .  It has  a l so  made u t i l i t i es re l u c 
tant t o  p rov i de t h e  t i ghten i n g  mea su res req u i red by the  Oregon l aw beca u s e  of 
the i r u ncerta i n� about ret roact i ve BPA fu nd i n g  ( i f  the  p rog ram i s  expanded ) .  
I n  Wa s h i n gton , the  l aw former ly  p roh i b i ted pub l i c  u t i l i t i es from " l e nd i n g "  
c red i t ,  that i s ,  p rov i d i n g l ow- or no- i nterest l oa n s  to  custome rs . Al t h ou gh a 
f i ve-yea r s u spen s i on of t h i s p roh i b i t i on was pas sed by the  l eg i s l atu re i n  1 981 , 
enough  u ncerta i nty rema i n s for the  p u b l i c  ut i l i t i es to  be rel u ctant to  u s e  th i s  
method of f i nanc i n g  BPA l s  p resent  p rogram.  The  buy-back fi nanc i n g  opt i on i s  
n ot affected by t h i s s i t uat i on .  I daho and Montana d o  not have any statuatory 
restr i ct i ons  that wou l d  affect ut i l i ty part i c i pat i on i n  the  p rogram.  

Compat i b i l i ty wi th  P resent  Ut i l i ty P rograms A n umber of the  l a rger u t i l i t i es i n  
t he Pac i f i c No rthwest have conse rvat i on p rog rams t hat were estab l i s hed vol u n 
tar i l y  o r  a s  a res ponse  t o  Nat i ona l  E ne rgy Con s e rvat i on Po l i cy Act ( NECPA ) 
req u i rement s .  These p rograms often d i ffer i n  many ways  from BPA l s  p re se nt ( and  
p roposed ) p rogram.  Me rg i n g  BPA l s  p rog ram wi t h  the i r own can create admi n i s t ra
t i ve p rob l ems for the  u t i l i ty .  Typ i ca l l y ,  the  p rograms of the  u t i l i t i es h ave 
a l l owed t i ghten i n g measu res . Th i s  has  made i t  awkwa rd fo r u t i l i t i es t o  i mpose  
BPA l s  rest ri ct i ons  o n  c u stomers seek i n g  weather i zat i on under  the  p resent BPA
funded p rogram.  Most ut i l i t i es wi t h  p resent  programs of the i r own have con 
t i n ued to offer t i ghten i ng meas u res to  a l l p a rt i c i pant s ,  under  f i nanc i a l  
a rran gements  devel oped before the  l au n ch i n g of  BPA l s  present weat heri zat i on 
p rogram . Such ut i l i t i es genera l l y  exper i ence s ome d i ff i cu l ty i n  the  admi n 
i st rat i ve mes h i n g  o f  the  rest ri cted BPA p rog ram wi t h  the i r or i g i n a l  p rogram . 

Coverage of Apa rtments and  Mobi l e  Homes Most u t i l i t i es wi th  n o n -BPA weather i z a 
t i on p rograms do  n ot h a ve exp e ri e nce i n  p rov i d i n g  weather i zat i on f o r  mobi l e  
h omes and apartment s .  T h i s i nexperi e nce has  made l au n ch i n g t h i s as pect of the  
p resent p rog ram at  the  s ame t i me as  the  s i n g l e -fami ly  res i dence p o rt i on d i ff i 
c u l t .  I n  add i t i on ,  roJt mob i l e  homes do not qua l i fy for nont i ghten i n g  mea s u re s  
for var i ous  reas on s , a a n d  t i ghten i ng may be t h e  on ly  effect i ve means o f  
reduc i n g e l ect ri ca l  space heat i n g  costs f o r  t h e se  struct u res . 

Pub l i c  Image of the  Ut i l i t i es The p u b l i c  v i ew of the  a l t e rnat i ves may be i n f l u 
e nced by how the  e l i g i b i l i ty for t i ghten i n g  meas u res  i s  reso l ved . Anot her  
potent i a l  sou rce of t rou b l e cou l d b e  i n  the  i n ab 1 � J ty of t h e  u t i l i ty to  hand l e 
an  overwhe l mi n g  i n i t i a l res ponse  to  the  p rog ram . Such  a res ponse  occ u r red 
wi th  the  p i l ot p rog ram for the  p resent p rogram i n  some a rea s . An eager  
res ponse has been character i st i c  of  s i mi l a r p rog rams u sed t h roughout the  
country ( DOE 1 98 1a ) .  Th i s  can l ead t o  m i s p roces sed requests  for i n format i o n 
and serv i c e ,  and back l ogs for aud i t s , i ns pect i on s ,  and payment s . Al so , p ro
j ected energy s av i ngs  f rom i n sta l l i ng var i ous  measu res mu st n ot be emp h a s i zed 
s o  stron g l y  that con s umers have u n rea l i st i c  expectat i on s  concern i n g  the  redu c
t i on of t he i r ene rgy cost s . 
( a )  Mobi l e  homes u s ua l l y  cannot be furt her  i n s u l ated , and ot her  mea s u res  such  

as  s et -back t he rmostats may be d i squa l i f i ed by the  cost  ana l y s i s of by 
ut i l i ty i mp l ementat i on gu i de l i ne s . ( I n format i on p rov i ded by R i ck  Re i l ,  
Benton Cou nty PUD , to Je n i fer  Ca l l oway , P N L ,  i n  a convers at i on on 
September  1 5 ,  1 982 . ) 

( b )  C heck s wi t h  part i c i p at i n g u t i l i t i es i nd i cate t hat there i s  a l ready a 
back l og for aud i ts of u p  to  t h ree years i n  many u t i l i ty serv i ce a rea s . 
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I n sta l l at i on Wo rkmans h i p  I n  prev i ou s  con servat i on programs , ut i l i t i es have 
frequent ly  h ad p rob l ems wi th  customer d i s s at i s fact i on resu l t i n g from poor
q u a l i ty i n sta l l at i on workman s h i p .  Other ut i l i ty-sponsored res i dent i a l  energy 
conservat i on p rograms have u s ed i n s pect i ons to  correct t h i s p rob l em,  but n o  
i nformat i on i s  avai l ab l e o n  t h e  extent to  wh i ch th i s  prob l em has occurred , o r  
whether  contractors have attempted to  i n f l uence i n s pectors to  cert i fy s u bsta n
dard work as acceptab l e .  I n format i on ga i n ed from the exper i e nce of other  
ut i l i ty-sponsored p rograms i nd i cates that the  more s pec i fi c  the  standards u s ed 
for i n s pect i on s , and the  greater  the number  of i tems checked i n  the  i n spec
t i on s , the more l i ke l y  the n eed to  ca l l back cont ractors . Howeve r ,  ca l l -back s 
appear to  d i mi n i s h  as cont ractors  become more fami l i a r w i t h  p rog ram stan
dards . G i ven the deta i l ed s pec i fi cat i ons  for ret rof i t  i n sta l l at i ons  u n der  the 
P roposed Act i on , th i s  pattern p robab ly  wi l l  be repeated . Wo rk i n g wi th  a l i st 
of approved cont ractors ( a  feat u re of the cu rrent p rogram) may faci l i t ate t h i s 
l earn i n g p rocess i f  i t  res u l t s  i n  concent rat i n g the  work  among  a l i mi ted n umber 
of  cont ractors . Pena l t i es for n ot meet i n g the p rogram standards may a l s o  
affect attempt s by cont ractors t o  have wo rk cert i f i ed a s  acceptab l e .  C a l l 
backs  requ i r i ng exten s i ve work , or  a l l eged s hortcom i n gs i n vol v i n g  pote nt i a l  
d i squ a l i f i cat i on from fu rther  BPA-fu nded work , cou l d cau s e  cont ractors t o  t ry 
to i nf l uence i n s pectors . I f  ut i l i ty i n s pectors cert i fy s u bstandard work a s  
acceptab l e ,  a n d  s u bsequent ly  t he se  shortcomi n gs are i n vo l ved i n  i nc i dents  
cau s i n g  i nj u ry ,  death , o r  p roperty l os s ,  l i t i gat i on cou l d  res u l t  i n vol v i n g  t he  
ut i l i ty and/o r  BPA . A l ega l  a na lys i s ,  beyond the scope of  t h i s study , may be 
n eces s a ry to adeq uate ly  address th i s  quest i on .  

B u i l d i n� Codes The rel at i on s h i p of bu i l d i n g codes to the  a l t e rnat i ves and 
mi t; gat l ons  can be v i ewed i n  two d i fferent ways . One way concerns  how the  
se l ected BPA  p rogram cou l d  be  restr i cted as  t he  res u l t  of exi st i n g code 
req u i rement s . An e xamp l e wou l d be the p revent i on of ene rgy con s e rvat i on p ro
j ects t hrough d i rect conf l i ct wi t h  code req u i rement s .  A more subt l e i nt e rac
t i on d ea l s p r i mar i l y  w i th vent i l at i on req u i rements i n  res i de nt i a l s t ructu res . 
Cu rrent l y , the  U n i form Bu i l d i n g Code ( a  mode l  code adopted by many l oca l i t i es )  
has s pec i f i c  nat u ra l  vent i l at i on requ i rements  for var i ous  categor i es  of rooms . 
F o r  examp l e ,  bedrooms , gu est  rooms , or  normal l y  hab i tab l e spaces mu s t  have a 
wi n dow o r  door that opens  t o  the  outs i de .  These open i n gs mu st t ota l  no  l es s  
than  1 0  square  feet , or  1 / 1 0  of  the gros s square  footage o f  t h e  room , wh i chever  
i s  g reat e r .  Bath rooms , l au n d ry rooms , and s i mi l ar spaces  are req u i red t o  have 
at  l east  1 - 1 / 2  squ a re feet or  1/20  of the g ros s square footage  of the room 
ava i l ab l e for nat u ra l  vent f l at i on .  Seve ral opt i ons  ex i st for p rov i d i n g t h i s 
vent i l at i on .  A forced vent i l at i on system can be s u bst i t uted for nat u ra l  
vent i l at i on i f  i t  s u pp l i es two a i r changes  p e r  hou r and f i ve a i r change s  per  
hou r ,  res pect i ve l y ,  for the  two room types d i s c u s sed above . I n  addi t i on ,  20% 
of the a i r i n vol ved i n  the a i r chan ges must be out s i de a i r .  Therefore , whereas 
the P roposed Act i on (w i t h  o r  wi t h out  the mi t i gat i o n s ) and the  Del ayed Act i on do 
n ot d i rect ly  conf l i ct w i th  the U n i form B u i l d i ng Cod e ,  a l l of the p rojected 
energy sav i ngs  may not occ u r  i f  these vent i l at i on req u i rements  are obse rved . 
Actu a l  energy s a v i  n gs may depend on h ow these  ope n i  ngs  are u sed by bU "\ d i  n g  
occupant s . 

The second way to v i ew the i nt e ract i on between bu i l d i n g code and  the  p re s ent 
and p roposed BPA programs concerns chan ges i n  the code requ i rements  that may 
res u l t  from the des i re t o  reach energy con s ervat i on goa l s or to take  advantage 

4 . 46 



of part i cu l a r con s e rvat i on opport u n i t i es .  Conf l i ct s  do not seem to be a 
p rob l em from t h i s  standpo i nt between the  a l t e rnat i ve and the  ex i st i ng code s . 

Lend i ng I n st i t ut i ons  The al ternat i ves and mi t i gat i o n s  are not p roj ected to  mak e  
any changes  from t h e  base l i ne cond i t i ons descri bed i n  Sect i on 3 . 4 .  
4 . 5 . 1  The No-Act i o n Al t e rnat i ve 

The No-Act i o n Al t e rnat i ve i n vol ves no changes from the  basel i ne cond i t i o n s  
d i s c u s sed i n  Sect i on 3 . 4 .  
4 . 5 . 2  The  P roposed Act i on 

I f  BPA carri e s  out the  P ropo sed Act i on ,  a number of i n st i t ut i ona l  stumbl i n g 
b l ocks  c reated by the  above factors  wou l d  be removed from the  p resent 
p rogram.  A ful l y  expanded p rog ram , wi t h  none of the l i mi t s of the cu rrent 
p rogram,  s hou l d  h ave pos i t i ve e ffects on p a rt i c i pat i n g ut i l i t i es .  These  
pos i t i ve effect s wou l d  be  i n  the  areas  of con s umer rel at i ons , and p rog ram 
adm i n i s t rat i on and budget i n g .  

I f  BPA shou l d  choose t o  app ly  mi t i gat i o n s  that wou l d exc l ude certa i n res i dences  
f rom t i ghten i ng mea s u re s ,  many of the  admi n i s trat i ve and  i n st i t ut i ona l  p rob l ems 
of  the present program wo u l d  rema i n .  Seve ra l  of the Mi t i gat i on s -By-Exc l u s i on 
conta i n rest r i ct i ons  t hat t end to  p roduce commu n i ty-wi de or  e ven regi ona l  
b i a se s . Some examp l es  of  these  bi a ses  are restr i ct i o ns  based on water- s u pp ly  
sou rce or on the  u se  of u n vented combust i on s o urce s .  Choos i n g o ne  of t he se  
M i t i gat i ons -By-Exc l u s i on cou l d  adverse l y  affect some ut i l i t i es mo re than  
oth e rs . 

4 . 5 . 3  Del ayed Act i on Al t e rnat i ve 

I f  the  P roposed Act i on i s  del ayed ( De l ayed Act i on )  a number of ser i o u s  i n st i t u 
t i ona l  p robl ems cou l d  a r i s e .  Some o f  these  are d i scu s sed bel ow . 

Admi n i s t rat i ve P robl ems De l ay i n g the  Proposed Act i on for a peri od of t h ree to 
f i ve years cou l d  s u bstant i a l l y  i n c rease the  d i ffi cu l ty of admi n i ster i ng  t h e  
p rog ram for part i c i pat i n g ut i l i t i es ,  and perhaps  f o r  BPA as wel l .  Whereas  
f i l es on s ome res i dences t reated wi th  nont i ghten i ng  meas u res under  the  present 
p rog ram wou l d  mere l y  have t o  be react i vated by the  ut i l i ty ,  reau d i t s  and 
reana l yses  cou l d be nece s s a ry for other res i dences  before t i ghten i ng mea s u re s  
cou l d b e  added . Res i dences cu rrent l y  have owners h i p  changes  a t  a n  average rate 
of once every s even yea rs . Therefore , a certa i n p roport i on of h omes t reated 
u nder  the  present program wou l d  have chan ged hands du ri ng  the  del ay . Ot he r 
h omes may have had other changes ca rri ed out vo l u nt a ri l y  by the  owner  t hat 
wou l d al ter  the energy sav i ngs  ana ly s i s .  Les s  buy-back or  l oan money may be 
ava i l a b l e to  cover the costs of t i ghten i n g mea s u res i n  reaud i t ed h omes due t o  
the  l os s  o f  the  s u bs i dy p rov i ded by the  energy sav i n g s  pool i n g tech n i q u e  cu r
rent ly  used by most ut i l i t i e s .  ( Under  t h i s  tech n i q u e ,  l ower-cost , h i g her
s av i n g s  mea s u re such as i n s u l at i on can s ubs i d i ze the  h i gher-cost , l ower-savi n gs 
i t ems s uch as  storm doors . )  I n  add i t i on ,  BPA and the  ut i l i t i es may have  t o  
renegot i ate  re i mbu rsement of aud i t i n g and admi n i strat i ve costs f o r  reaud i t i n g 
h omes to  cover t h ese add i t i ona l  cost s . 
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Confl i ct s  for Oregon Ut i l i t i e s Al l Oregon ut i l i t i es are cu rrent ly  req u i red to 
set up p rog rams to prov i de al l types of cost -effect i ve energy conservat i on 
measu res . The  add i t i onal  del ay wou l d  compound the i r bud get i n g ,  admi n i st rat i ve ,  
and consumer-re l at i on p robl ems . Many smal l Ore gon u i l i t i es have s i mp l y  de l ayed 
the estab l i s hment of any res i de nt i a l weat her i z at i on prog ram , i n  s p i t e  of the 
l eg i s l at i ve req u i rements of HB 2 246 . The Del ayed Act i on Al ternat i ve cou l d  
worsen th i s  d i l emma , or force Oregon ut i l i t i es to abandon the  BPA program and 
to devel op the i r own p rograms for t i ghten i ng mea su res t hat wou l d  not take  i nt o  
accou nt t h e  potent i a l ai r qua l i ty prob l em est i mated to  occu r i n  certa i n types 
of hou s i n g .  

Customer Re l at i o n s  Many ut i l i t i es are cu rrent ly  exper i enc i n g  exten s i ve 
cu stomer-rel at i on p robl ems as  a res u l t  of the  l i mi t at i ons  on  house  t i ghten i n g  
measu res . The i r res pon se  to t h i s p robl em has  been va r i ed , a l a rge number o f  
u t i l i t i es del ay i n g  the i r p a rt i c i p at i on i n  the  p rogram u nt i l a i r q ua l i ty 
q u e st i on s  can be cl ea red u p ; ot hers refu s i n g  to  offer house  t i ghten i n g cove rage  
for e ven q ua l i f i ed res i dence s .  To  de l ay the  exte n s i on of  the BPA p rog ram t h ree  
to  f i ve yea rs wou l d  fu rth e r  jeopard i ze cu stome r  goodwi l l  toward BPA and l ocal  
ut i l i t i es .  

The  Del ayed Act i on cou l d  ra i se enough  quest i o n s  about the  present p rogram to 
redu ce i ts actua l  part i c i p at i on rat e .  I n  t h i s cas e ,  the  energy and cost 
sav i ngs  for the  reg i on  wou l d  be reduced , and the  cost-effect i venes s  of the 
ex i st i n g p ro g ram cou l d  be endangered . 

4 . 5 . 4  E nv i ronmental ly P refe rred Al te rnat i ve 

The expected i n st i tu t i ona l  effect s wou l d  be s i mi l a r to  any expected for the  
P roposed Act i on .  

4 . 5 . 5  BPA P referred Al t e rnat i ve 

The expected i n st i tu t i ona l  effect s wou l d  be s i mi l a r to  any expected for the  
P roposed Act i on .  

4 . 6  LAND USE 

No d i rect l and-use  effect s are a s soc i ated wi t h  the  a l ternat i ves and mi t i ga
t i on s . I f  the  a l ternat i ves res u l t i n  reduced demand for p owe r ,  a reduced 
commi tment of l and for power generat i on occu rs . Beca u se  the  l ocat i on of the 
gene rat i ng stat i on at wh i ch the reduced demand for p ower wou l d  occu r cannot be 
est i mated , typ i cal  va l u es  wi l l  be u sed for compar i s on s . 

4 . 6 . 1  No-Act i on Al ternat i ve  

For  t h i s a l t e rnat i ve ,  no  reduct i on i n  el e ct ri ca l  power demand i s  p roj ected . 
Consequent l y ,  no  change i n  l and u s e  wou l d  occu r i n  the  s hort term.  Howeve r ,  
rate h i kes  o r  economi c fl uctuat i o n s  may affect the  demand for e l ectr i ca l  power ,  
and res u l t  i n  l and u s e  changes i n  t h e  l on g  term .  
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4 . 6 . 2  The  P roposed Act i on 

Under  th i s a l t e rnat i ve ,  the  annua l  average e l ect ri ca l  power l oad i s  p rojected 
to be reduced by 1 0 5 . 7  MW . Based on t h i s f i g ure ,  the  commi tment of l and to  
e l ect r i ca l  power generat i on i s  p rojected to  be reduced by 220 to  2535  acres 
( BPA 1 982 ) .  Th i s  reduct i on depends on the  fue l s u s ed to  generate that e l ect r i 
ca l  power .  The  sma l l e r reduct i on i n  commi tted l and wou l d occu r i f  the  d i s 
p l aced fue l  were nuc l ea r .  The l a rger reduct i on wou l d  occur  i f  the  d i s p l aced 
fuel were coa l . 

M i t i gat i on s  

Under  each Mi t i gat i on -By-Exc l u s i on Measu re t h e  annua l  average e l ect ri ca l  ene rgy 
sav i n gs wou l d  be reduced . Thu s ,  t he  amount of l and commi tted to  the  e l ectr i c 
powe r generat i on wou l d  i n crea se  over t hat for the  p roposed act i on .  Tabl e 4 . 30  
compa res the  effects of the  mi t i gat i ons on l and u s e .  

4 . 6 . 3  De l ayed Act i on Al t ernat i ve 

Under  the  De l ayed Act i on Al t e rnat i ve ,  about 10 5 . 7  a nnua l  average MW of add i 
t i ona l  e l ect ri ca l  generat i on cou l d  be req u i red each yea r ,  i f  no  s u rp l u s e s  
ex i sted . Howeve r ,  BPA h a s  forecasted su rp l u ses  i n  the  regi on f o r  t h e  next 
several  years . Th i s  s u ggests  t hat the  Del ayed Act i on Al t e rnat i ve wou l d n ot 
a ffect l and  u se . I f  the  P roposed Act i on were i mp l emented after  the  de l ay ,  
add i t i ona l  e l ect r i cal generat i on wou l d  n ot be needed . Thu s , under  the  Del ayed 
Act i on ,  add i t i on a l  capac i ty may be req u i red sooner than under the Proposed 
Act i on .  The l and req u i red for th i s  generat i on wou l d  be commi tted sooner than  
under  the  P roposed Act i on .  

Because  the  peri od of de l ay i s  not speci f i ed ,  the  amount of l and commi tted can 
not be est i mated . I f  another  p rog ram were i mp l emented after the  de l ay ,  l an d  
wou l d cont i n u e  to  b e  comm i tted to  e l ect ri ca l  gene rat i on that wou l d  not have 
been commi tted u nder the  P roposed Act i on .  

4 . 6 . 4  E n v i ronmenta l ly  P refe rred Al ternat i ve 

Under  t h i s a l ternat i ve ,  the  annua l  average e l ectr i ca l  power l oad i s  p roj ected 
to be reduced by 87 .4 MW . B ased on t h i s f i g u re ,  the  commi tment of l and  to 
e l ect r i ca l  power generat i on i s  projected to  be reduced by 183 to  2104 acres 
( B PA 1 982 ) .  Th i s  reduct i on depends on the  fuel u s ed to  generate that  
e l ect r i ca l  power .  The  sma l l e r reduct i on i n  commi tted l and wou l d occu r i f  the  
d i s p l aced fue l  were n uc l e a r .  The l a rger red uct i on wou l d  occur  i f  the  d i s p l aced 
fuel were coa l . 

4 . 6 . 5  BPA P referred Al t ernat i ve 

For  t h i s a l ternat i ve ,  l and  u se  effects are expected to  be very s i mi l a r to  those  
est i mated for  the  P roposed Act i on .  
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TABLE 4 . 30 .  Compar i s on of Land Use Effect s from the 
M i t i gat i ons  

Land Not Requ i red 
Act i on 

for  Gene fay i n g 
Fac i l i t i e s ,  a Ac res 

P roposed Act i on 220 t o  2535  

M i t i gat i on -By-E xc l u s i on 
No . 1 2 1 3  t o  2454 
No.  2 2 1 2  t o  2444 
No . 3 81  t o  926 
No. 4 1 86 t o  2 1 48 
No . 5 1 43 t o  1646 
No .  6 204 to 2361  
No . 7 1 56 t o  1 7 99 

M i t i gat i on -By-Act i on 
No . 1 220  t o  2 5 3 5  
N o .  2 206 t o  2 3 7 2  
No . 3 2 1 0  t o  2535  
No .  4 220 to  2535  

( a )  Th e sma l l e r n umbers app l y  i f  the power d i s p l aced 
i s  n uc l ear gene rated . The l a rger numbers ap p l y  
i f  t h e  power d i s p l aced i s  coa l -f i red . 

4 . 7  F I SH AND W I LD L I FE 

No d i rect effect s on f i sh  and wi l d l i fe are assoc i ated wi th  the  a l t e rnat i ves and 
m i t i gati on s .  To the extent that the  P roposed Act i on o r  the  other  a l ternat i ves 
redu ce the e l ect ri ca l  power l oad , ecol og i ca l  effects resu l t i n g  from e l e ctr i ca l  
p ower generat i on wou l d  be avo i ded . E l ectr i cal  power generat i on cons umes water , 
rel eases  heat , requ i res  d i sposa l  of sol i d  waste ,  and u ses  l and for  power gen
e rat i on and fue l -mi n i n g p u rposes . Al l these p roces ses cou l d  affect the  
env i ronment a nd  the food resou rces of fi sh  and wi l d l i fe .  

4 . 7 . 1  No-Act i on Al ternat i ve 
Under  the  No -Act i on Al t ernat i ve ,  the p resent program wou l d  not be expanded . 
Therefore , e l ect ri ca l  power l oad wou l d  not be reduced . Therefore , ne i ther  the  
consequences  of e l ect ri ca l  power generat i on ,  nor  the effect s of  these , wou l d  be  
reduced . O n  the other han d ,  rate h i kes  o r  economi c f l u ct u at i ons may affect the  
dema nd for  e l ect ri ca l  powe r ,  and res u l t  i n  i mpacts to  f i s h  and wi l d l i fe .  
4 . 7 . 2  The P roposed Act i o n  
U nder  t he  Proposed Act i on ,  a n n u a l  average e l ect ri ca l  power i s  proj ected to  be 
reduced by 1 05 . 7  annua l  ave rage MW per yea r .  The use  of wat e r ,  rel eases of  a i r 
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and water  po l l utant s , rel eases  of heat , rate of gene rat i on of so l i d  wa ste ,  and 
commi tment of l and for power generat i on and fue l -mi n i ng pu rposes wou l d  be 
red uced by the fol l owi n g  amou nts : 

R educt i on 
Water  Use* 1 . 34  thousand to 8 . 5  mi l l i on 

E ff l uents  2 .8 thousand tons  

Heat* 5 . 0  to  7 . 0  quadr i l l i on Bt u 
Sol i d  Wa ste* 1 4 . 9  thousand tons  

Land Use  220  to  2535  ac res 

For t hose  consequences of power generat i on ma rked w i th an aster i s k , the g reater 
reduct i on wou l d  app ly i f  a l l the  power d i s p l aced were nucl ear-generated ; for 
those n ot ma rked w i th an aster i s k , the g reater  reduct i on wou l d  app ly for coa l 
f i red e l ectr i c i ty .  The reduct i on depends on the  fuel s d i s p l aced . 

P roposed Act i on ,  wi th  M i t i gat i on -By-Exc l u s i on Mea s u re s  

Under each M i t i gat i on-By-Exc l u s i on Mea s u re t h e  annua l  ave rage ene rgy s a vi ng  i s  
e st i mated to  be reduced , but the  redu ct i on wou l d  be l es s  than  i t  wou l d be for 
the P roposed Act i on .  The f i gu res  for the amount of heat and the amount of  
po l l utants  re l ea sed to  the  wate r  are g i ven i n  the fol l owi n g  sect i on on Water  
Qu a l i ty a n d  i n  Tab l e 4 . 3 1 . 

TABLE 4 . 3 1 . Compar i son  of Water  Qu a l i ty Effects from the  
M it  i gat  i on s  

Act i on 
P roposed Act i on 

M i t i gat i o n -By-Exc l u s i on 
N o .  1 
No .  2 
N o .  3 
No .  4 
N o .  5 
No . 6 
No . 7 

M i t i gat i on -By-Act i on 
No .  1 
No. 2 
No . 3 
No .  4 

R edu ced Heat 
Re l ease , 

Qu adr i l l i on Btu 
5 . 0  to  7 . 0  

4 . 8  to  6 . 7  
4 . 8  to 6 . 7  
1 . 9  to  2 . 6  
2 . 3  to  6 . 0  
3 . 3  to 4 . 5  
4 . 7  to  6 . 5  
3 . 6  to 5 . 0  

5 . 0  t o  7 . 0  
4 . 7  to 6 . 5  
4 . 8  to  7 . 0  
5 . 0 to  7 . 0 
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Reduced Po l l utants  
to Wate r ,  Ton s  

2 . 8  thousand 

2 . 7  thou s and 
2 . 7 thousand  
1 . 0  thousand  
2 . 4  thousand  
1 . 9  thousand  
2 . 7 t housand  
2 . 0  thou sand 

2 . 8  t hou s a nd 
2 . 6  t hou sand  
2 . 8  thou sand 
2 . 8 thousand  



4 . 7 . 3  Del ayed Act i on Al ternat i ve 

Under  the De l ayed Act i on  Al ternat i ve ,  el ect r i ca l  l oad wou l d  be the same as  
under  t he No-Act i on Al te rnat i ve d u r i n g  the per i od of the  de l ay . Du ri n g  t h i s 
per i od , the l oad wou l d  not be redu ced ( u n l e s s  i nd i v i d u a l s i nt roduced con ser
vat i on efforts  on thei r own ) .  I f  the  Proposed Act i on i s  i mp l emented a fter the  
de l ay ,  ene rgy use  wou l d be reduced by 105 . 7  annua l  MW fol l owi n g  comp l et i on of  
the e xpanded p rogram. I f  a mod i f i ed p rogram of t i g hten i n g were i mp l emented 
i ncorporat i ng e i t h e r  Mi t i gat i on s -By-Excl u s i on o r  Mi t i gat i ons -By-Act i on ,  a 
sma l l er reduct i on i n  energy u se  wou l d  occu r .  Becau se  the p rog ram t hat wou l d  be 
i mp l emented i s  u n k nown , the amount of energy use that wou l d  be red uced cannot 
be est i mated . 

4 . 7 . 4  E n v i ronmenta l ly  P referred Al t e rnat i ve 

Under  the  Proposed Act i on ,  annua l  ave rage e l ectr i ca l  power i s  p rojected to  be 
reduced by 87 . 4  annua l  ave rage MW per  yea r .  The use of wat e r ,  rel eases  of a i r 
and wate r  pol l utant s ,  re l eases  of heat , rate of generat i on of so l i d  waste ,  and 
commi tment of l and for power gene rat i on and fue l -mi n i n g pu rposes wou l d  be 
reduced by the  fol l owi n g  amou nts : 

Reduct i on 
Water  Use* 1 . 1 1  thou sand to 7 . 1  mi l l i on 

Eff l u ents  2 . 3 thousand tons  
Heat* 4 . 2  t o  5 . 8  quadr i l l i on Btu 

Sol i d  Waste* 1 2 . 4  thousand tons  
Land  U se  183  to  2104  acres 

For  those consequences  of power generat i on marked w i t h  an aster i s k , t he  g reater 
reduct i on wou l d  app l y  i f  a l l the  power d i s p l aced we re nuc l ear-generated ; for 
t hose not marked w i t h  an aster i s k , the  g reater  reduct i on wou l d  app ly for coa l 
f i red e l ect ri c i ty .  The reduct i on depends on the  fue l s d i s p l aced . 
4 . 7 . 5  BPA P referred Al ternat i ve 

F o r  t h i s a l t e rnat i ve ,  fi s h  and wi l d l i fe effects are expected to  be s i mi l a r to 
tho�e est i mated for the  P roposed Act i on .  

4 . 8  WATER QUAL ITY  

To  the extent t hat the  P roposed Act i on or  the  other  a l te rnat i ves reduce the  
demand for e l ectr i cal power ,  effects on water q ua l i ty resu l t i n g f rom e l ectr i ca l  
power generat i on wou l d  be avo i ded . E l ect ri ca l  power generat i on resu l t s i n  the 
rel ease  of eff l uents or  heat . How much these rel eases  degrade water q u a l i ty i s  
s i te-spec i f i c .  Th u s , i n stead of ta l k i n g about the effects of thes e  rel e as e s , 
t h i s E I S  l ooks  at the s i ze of these  rel eases  as  a measu re of the effect s . 
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Reg i ona l l y ,  the tota l  re l eases of eff l uents  and heat by powerp l ants i n  1981 
were approx i mate ly  2 4 . 8  m i l l i on tons  and 100 q u adr i l l i on Btu , respect i ve ly ( B PA 
1981a ) .  

4 . 8 . 1  No-Act i on Al ternat i ve 

Under the No-Act i on Al ternat i ve ,  the p resent p rog ram wou l d  not be expanded and 
no ene rgy wou l d  be sa ved . Consequent l y ,  no reduct i on i n  re l eases of eff l uents  
o r  heat wou l d  occu r ,  and any benefi c i a l  water  qua l i ty effect s of such re l eases  
wou l d  not be  ac h i eved . On the  ot her hand ,  rate h i kes or  economi c f l uctuat i ons  
may affect the demand for e l ect r i c a l  powe r and  resu l t  i n  water  q ua l i ty 
effect s .  

4 . 8 . 2  P roposed Act i on 

As descr i bed i n  Sect i on 4 . 7 . 2 , the  P roposed Act i on wou l d  resu l t  i n  reduced 
e l ect ri cal  power l oad and reduced re l eases of heat and water po l l utants of  5 . 0  
t o  7 . 0  quad r i l l i on Btu and 2 . 8  thousand  tons , res pect i ve l y , depend i ng  o n  the  
fuel d i s p l aced . The g reater the  p roport i on of n uc l ear power d i s p l aced , the  
g reater  the reduct i on of heat re l eased and  the  sma l l e r the re l ease  of water  
po l l utants . 

P roposed Act i on ,  wi t h  Mi t i gat i ons  
As d i s cu s s ed i n  Sect i on 4 . 7 ,  eac h mi t i gat i on wou l d  reduce the  e l ect ri ca l  powe r 
l oad and wou l d  t hus  i nc rease re l eases of heat and water  po l l utant s .  Tab l e  4 . 32 
compa res thes e reduct i ons  fo r the  mi t i gat i ons . 

4 . 8 . 3  De l ayed Act i on A l te rnat i ve 

Wh i l e  the  P roposed Act i on i s  bei ng  de l ayed ( De l ayed Act i on ) ,  add i t i ona l  ene rgy 
gene rat i on may be req u i red . Thu s ,  the  effects g i ven u nder the No-Act i on A l t e r
nat i ve wou l d  occu r du ri n g  t h i s de l ay .  I f  the Proposed Act i on i s  i mp l emented 
fo l l owi ng  the de l ay ,  the reduct i ons i n  rel eases of  water  po l l utants  that wou l d 
have occ u r red under the P roposed Act i on wou l d  then  occu r .  I f  a mod i f i cat i on of 
the Propos ed Act i on i s  then i mp l emented ,  the  reduct i on i n  energy use i s  
u n k nown , and the reduct i on i n  re l ea s e  of water  po l l utants  can not be spec i f i ed .  

4 . 8 . 4  E nv i ronmenta l ly P refe rred Al ternat i ve 

As des cr i bed i n  Sect i on 4 . 7 . 4 ,  t h i s a l ternat i ve wou l d resu l t  i n  a reduced 
e l ect ri cal power l oad and reduced rel eases of heat and water  po l l utants of 
4 . 2  to 5 . 8  quadr i l l i on Btu and 2 . 3  thousand ton s , respect i ve l y ,  depe nd i n g  on 
the fuel d i s p l aced . The g reater  the p roport i on of nu c l ear  power d i s p l ace d ,  the  
greater  the red uct i on of heat re l eas ed and the  sma l l e r the  re l ea se  of wate r  
po l l utant s .  

4 . 8 . 5  BPA Prefe rred Al t e rnat i ve 
For  th i s  a l ternat i ve ,  water  q ua l i ty effect s are expected to be s i mi l a r to  those  
est i mated for  the  P ropos ed Act i o n .  
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4 . 9  CONSULTAT I ON ,  REV I EW ,  AND PERM I T  REQU I REMENTS 

The Co u nc i l of E nv i ronmenta l  Qua l i ty regu l at i o n s  for i mp l ement i n g  the Nat i ona l  
E n v i ronmental  Po l i cy Act ( NEPA)  st i pu l ate t hat e n v i ronmental  revi ew and  con s u l 
tat i on req u i rements  for a p roposed act i on be i ntegrated i nto  an agency 1 s  NEPA 
document [ 40 CFR 1 500 . 4 ( k ) ] .  The fo l l owi ng  i s  an a na lys i s  of the re l at i on sh i p 
between a l ternat i ves , i nc l ud i n g the  P roposed Act i on and the  vari o u s  statue s , 
execut i ve o rde rs , and regu l at i on s  re spect i n g the  e n v i ronment . 

4 . 9 . 1  Endange red and Th reatened Spec i es and C r i t i ca l  Ha b i tat 
The i n sta l l at i on of t i ghten i n g mea s u re s  and rel ated act i v i t i es under BPA l s  
P roposed Act i on wou l d  occur on l y  i n  ex i st i n g bu i l d i n g s . Therefore , the  p r i mary 
i mpact s  wi l l  not affect endange red o r  th reatened spec i e s , create l and  use  
changes , o r  effect c r i t i ca l  wi l d l i fe h ab i tat . 

4 . 9 . 2  F i s h and W i l d l i fe Conservat i on 

The  man ufact u re ,  i n st a l l at i on ,  and operat i on of t i ghten i n g measu re s  i n  ex i st i ng  
s tructu res wou l d  not h a ve d i rect e ffects on f i s h  and wi l d l i fe conservat i on 
becau s e  they do not l ead to  mod i f i cat i ons  of bod i e s of wat e r .  The  P roposed 
Act i on cou l d  have i nd i rect effects on  f i s h  and wi l d l i fe t h ro u gh i ts e l ectr i ca l  
ene rgy sav i n g s . If  these  sav i n gs reduce the  need fo r hyd ro-power p roduct i on 
t h rou ghout BPA l s  reg i on ,  t he re wou l d  be more f l ex i b i l i ty ava i l ab l e for oper
at i n g the  Pac i f i c No rthwest  res e rvo i r system for f i s h  and  wi l d l i fe con s e rva
t i on .  Th i s  i nd i rect effect cannot p resent ly  be  quant i f i ed because  the method
o l ogy for con vert i n g annua l  ene rgy sav i n g s  i nto  seasona l  and  24-h  cycl e  s av i n g s  
i s  s t i l l  bei n g  deve l oped . 

4 . 9 . 3  Heri t age Conservat i on 

On Se ptember  9 ,  1983 , BPA comp l eted a programmat i c  memo randum of ag reement 
( PMOA ) for i ts ene rgy conservat i on p rograms w ith  the  Adv i sory Cou nc i l on  
H i stor i c P re servat i on and the  State H i stori c P re se rvat i on Off i ces for Ca l i 
forn i a ,  I dah o ,  Montan a ,  Nevada , Oregon , Wash i n gton , and Wyomi n g .  A PMOA w i t h  
t h e  St ate o f  Utah was comp l eted Novembe r 30 , 1983 . T h e  BPA Re s i dent i a l  
Weather i zat i on P rog ram wi l l  b e  i mp l emented i n  accordance w i t h  t h e  PMOA , wh i c h  
wi l l  sat i s fy i t s  res pons i b i l i t i es u n der  Sect i on  106  o f  the  Nat i on a l  H i stor i c 
P rese rvat i on Act of 1966 � as  amended . 

The  PMOA i s  summari zed as  fol l ows : 

F i rst , the part i es agreed that a l l p ropert i es l es s  than  45 years  o l d  cou l d  
recei ve a l l con s e rvat i on mea s u red offered by BPA wi thout fu rther  con su l tat i on .  
Second , ce rt a i n con servat i on mea s u res  cou l d  be ava i l ab l e to a l l p ropert i es 
regard l ess  of age and Nat i ona l  Reg i ster statu s  wi thout fu rther  cons u l t at i o n .  
These  measu re s , descr i bed i n  the  IIE xempt L i st , 1I i n c l ude  t he fol l ow i ng :  

• I n su l at i on i n  att i cs ,  per i meter  crawl space , u nder  the  f l oor ,  a round 
p i pes and  ducts , and i n  exteri o r  wa l l cavi t i es ,  i n  such cases  where 
the  i n sta l l ati on can be accomp l i s hed wi thout permanent v i s u a l  change  
t o  i nter i o r  and/ o r  exteri o r  f i n i sh materi a l s and  except i n g the  u se  of  
UFF I i n s u l at i on  
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• Storm wi ndows and doo rs , or  i n s u l ated gl a z i n g ,  wh i ch match  the s i ze 
and col or  of the h i stor i c wi ndow or door and do not det ract from the  
v i s u a l  qua l i t i e s of the bu i l d i n g 

• Repa i r ,  rep l acement , or mod i f i cat i on of mecha n i ca l , el ect r i ca l , or 
p l umb i ng  systems , i f  th i s  act i on does not req u i re removal of h i stor i 
ca l l y  s i gn i f i cant systems or  h i stor i cal l y  or arch i tect u ra l l y  s i gn i f i 
cant bu i l d i n g fabri c .  I ncl udes but i s  not l i mi ted to  h eat p ump wate r 
heaters , i f  i nsta l l ed unobt ru s i ve l y ;  AAHXs , i f  not al ter i n g  h i stor i c 
bu i l d i n g fabr i c or  appearance ; out l et and swi tch p l ate gasket s ;  and 
dehumi d i f i e rs 

• C l ock the rmostat s , prov i ded t hey are mou nted i n  an i ncon s p i cuous  s pot 
whe re v i s ua l  i nt ru s i ons  wi l l  be m i n i m i zed 

• Cau l k i n g and  weathe rst r i p p i n g ,  p rov i ded that the  co l o r of the cau l k 
i n g i s  con s i stent wi th  the ap pea rance of the  b u i l d i n g 

• F l ow restr i ctors i n  showe rs and hot water  faucets  

• Water  heater  tank  wraps  

• I n s u l at i n g  wi ndow shades or  shutters , i f  the i n sta l l at i on does  not 
det ract from the  v i s ua l  q u a l i t i es of the  b u i l d i n g 

• Exter i or  and i nter i o r  shad i n g  de v i ces (e . g . , awn i n gs ) , p rov i ded they 
a re i n st a l l ed wi thout damag i n g  the bu i l d i n g and are i n  keep i n g w i t h  
t h e  arc h i tect u ra l l y  and vi s u a l l y  s i gn i f i cant qua l i t i es o f  the 
bu i l d i n g 

• I nteri or  mod i fi cat i o n s  whe n  the  s i g n i f i cance of the bu i l d i n g does not 
i n c l ude the  i nter i or  and when the  a l terat i ons do  n ot det ract from t he  
s i gn i f i cance of t h e  bu i l d i n g (e . g . , i n  a bu i l d i n g wi th  an 
arch i tect u ra l ly  s i g n i f i cant exte ri or  and an i n s i gn i f i cant i nter i o r ,  
l oweri n g  the  ce i l i n gs  s o  that they are v i s i b l e  from the exte ri or  
wou l d  not be  exempt ) . 

F u rther  con s u l tat i on i s  nece s sary on ly  i f  the owner of a property 45 years  o r  
ol der des i res ene rgy con servat i on mea s u res  other t h a n  those on the  Exempt L i st .  
I f  the  spon sori n g  ut i l i ty (o r  other  program sponsors ) determi nes  throu g h  con
s u l tat i on wi th  the  appropr i ate State H i stor i c P reservat i on Offi ces that the  
p roperty i s  not  i nc l uded i n  or e l i g i b l e  for  the  Nat i on a l  Regi ste r ,  a l l meas u re s  
offe red by BPA t h rough t h e  ut i l i ty become ava i l ab l e  to  that p roperty . I f  the  
p roperty i s  determi ned to  be  i nc l u ded in  or el i g i b l e  for the Nat i ona l  Re g i ste r ,  
the cho i ce o f  ene rgy conse rvat i on measu res n ot o n  the  Exempt L i st and the  
man ner  of i n st a l l at i bn are to  be  devel oped by the s ponsori n g  ut i l i ty i n  con su l 
tat i on w i t h  State H i sto ri c P rese rvat i on Offi ces and gu i ded by Department of the  
I nter i o r  pu b l i cat i on s . BPA  wi l l  rout i ne l y  re v i ew the  reco rd s of prog ram spon
sors and p rov i de an annua l  summa ry of re l evant act i v i t i es to the  Adv i so ry 
Counc i l and State Hi stori c P rese rvat i on Offi ces . 
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4 . 9 . 4  State , Areawi d e ,  and Loca l P l a n  and P rogram Co n s i stency 

Ti ghten i n g measures  wou l d  be i mp l emented i n  comp l i ance  wi th  state and l ocal  
bu i l d i ng code s , and wi th stat e ,  a reaw i d e ,  and l ocal  p l ans  and p rogams , i nc l ud
i n g l oca l  ene rgy-conservat i on p rog rams . These act i on s  wou l d  on ly affect the  
phys i cal  c haracter of ex i st i ng  b u i l d i n gs and wou l d  not  a l ter  the i r u se or  
i nt en s i ty of  use . 

4 . 9 . 5  Coastal  Zone Management Program Con s i stency 
I n sta l l at i on of t i ghten i n g  meas u re s  under  BPA ' s  Proposed Act i on may occ u r  
wit h i n coastal  zone s .  Rev i ew o f  t h e  Oregon Coastal  Zone Mana gement P rogram 
i nd i cates that the p roposed con s e rvat i on act i o n s  do  not fal l under  any of seven 
types of federa l  act i v i t i es that d i rect ly  affect the O regon coastal  zone . 
These  act i v i t i es i nc l ude  l and acqu i s i t i on and u se ( espec i a l l y  const ruct i on )  and 
act i ons  o r  p roj ects that d i rect ly  affect water  reso u rce s . The Wa s h i n gton  State 
Coasta l  Zone Management P rog ram ' s  l i st of federa l  act i v i t i es affect i n g  the 
coastal zone i nc l udes federa l  a s s i sta nce and l i ce n s i n g ,  and federal act i o n s  
l ead i n g to  acqu i s i t i on ,  u se , or  d i s posa l  of l and a nd  wate r  resou rce s .  Al thou g h  
t h e  act i v i t i es BPA p roposes  to  u ndertake wi l l  recei ve fede ra l  a s s i stance , these  
act i v i t i es do not const i t ute a con s t ruct i on or  bu i l d i n g mod i f i cat i on p rog ram 
that wou l d  d i rect ly  affect the Wa s h i n gton coastal  zone . 

4 . 9 . 6  F l ood P l a i n and Wet l ands  Management 

F edera l fl ood pl a i n and wet l ands mana gement pol i c i es ( E xecut i ve Orders 1 1 988 
and 1 1 9 9 0 )  to the P roposed Act i on wou l d  not ach i e ve the i r obj ect i ve s ,  name l y  
the  avoi dance of cap i t a l  i ntens i ve con struct i on o n  such  l ands  and mi n i mi z at i on 
of adverse  i mpacts to  them.  The reasons  for th i s a re 1 )  the bu i l d i n gs to  be 
affected by the P roposed Act i on a l ready exi st , i nc l ud i n g those i n  fl ood p l a i n s  
and wet l and s ;  2 )  the  f i nanc i a l i n cent i ves that BPA wou l d  p ro v i d e  wou l d not 
s i gn i f i cant ly  i nc rease  the  ma rket val u e  of those bu i l d i n gs  that are l ocated i n  
f l ood p l a i ns and wet l ands , s i n ce the  i ncent i ves are e xpected to  be l es s  than  5% 
of the average val u e  of such  bu i l d i n gs . Therefore , fl ood p l a i n and wet l ands  
ma na gement po l i c i es ,  s uch  as  E xecut i ve Order  1 1 988,  a re not app l i cab l e to  the  
P roposed Act i on .  The Department of Hou s i n g  and U rban Devel opment and the  
Federal  Emergency Management Agency h ave made s i mi l ar  determi nat i ons  i n  regard 
to  some of the i r programs . 

4 . 9 . 7  F a rml ands  
S i n�e the  P roposed Act i on affect s o n ly  exi st i n g structu res , i t  wou l d  not l ead 
to  the convers i on of ex i st i n g or potent i a l fa rml ands  to  other u s e s , and does  
not  ot herw i s e  affect such l ands . 

4 . 9 . 8 Rec reat i on Resou rces 

Act i vi t i es under the P roposed Act i on wou l d  on ly affect exi st i n g bu i l d i n gs  and 
wou l d  not i n vo l ve construct i on o r  change l and u se  i n  o r  near nat i ona l  w i l d  and 
scen i c  ri vers , nat i ona l  t ra i l s , wi l d e rness  areas , o r  other  l ands  protected � 
fede ra l l eg i s l at i on .  Therefore , the  P roposed Act i on wou l d not affect t h e  
eco l og i ca l , scen i c ,  rec reat i ona l , o r  aesthet i c  va l u es  o f  these resou rces . 
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4 . 9 . 9  Permi t for St ructu res i n  Na v i gab l e Waters 

The P roposed Act i on wou l d  not res u l t i n  the pl acement of structu res or  obst ruc
t i ons  i n  U . S .  nav i gabl e waters , s i n ce on ly ex i st i ng b u i l d i ngs  wou l d  rece i ve  
con s ervat i on mea s u res . Therefore , no  permi t wou l d  be  needed u nder  the 
author i ty of the R i vers and Harbors Act of 1 89 9 ,  Sect i on 1 0 .  
4 . 9 . 1 0 Permi t for Di scha rge i nto  U . S .  Waters  

I n sta l l at i on of t i ghten i n g  meas u re s  i n  exi st i n g bu i l d i ngs  wou l d  n ot l ead t o  any 
d i scharge i nto  U . S .  waters . T�erefore , no  permi t wou l d be needed under  t h e  
authori ty o f  Sect i on 404 o f  t h e  Federa l Water  Po l l ut i on Control  Act . 

4 . 9 . 1 1  Perm i t  for R i ght -of-Way on Pub l i c  Lands 

Imp l eme ntat i on of the P roposed Act i on wou l d  not req u i re r i ght s-of-way on pub l i c  
l ands becau se i t  wi l l  n ot l ead t o  construct i on of new b u i l d i n gs . 

4 . 9 . 1 2  Po l l ut i on Control  

a .  C l ean  Ai r Act - I ndoor a i r qua l i ty i s  not regu l ated by the C l ean Ai r Act 
and rel ated st ate and l ocal i mp l ement i ng regu l at i on s . Howeve r ,  the  ma n u 
fact u re o f  materi a l s for t i ghten i n g measu res cou l d  l ead to  t h e  emi s s i on  of 
a i r pol l utants and wou l d  be regu l ated by c l ean a i r mandates . It i s  not  
ant i c i pated that the  ma nufact u re of these mate ri a l s wou l d  generate h i gher  
l e vel s of i mpacts than  wou l d occ u r  under  the No-Act i on Al t e rnat i ve .  The  
P roposed Act i on wou l d  n ot neces s i tate con s t ruct i on of  new ma nufact u r i n g  
p l ant s , so  there wou l d  b e  no  n ew sou rces of a i r pol l utants that wou l d  be 
att ri buted to  BPA ' s P roposed Act i on .  In add i t i on ,  exi st i n g ma nufact u r i n g  
p l ants  wou l d  ha ve to  comp ly  wi th ambi ent a i r q ua l i ty standards  i n  the i r 
l oca l i t i es .  

b .  C l ean  Water  Act - The Proposed Act i on wou l d  not l ead to  the d i scharge  of 
o i l or  hazardous waste i nto  U . S .  nav i gabl e wate rs or  adj o i n i n g s h ore
l i nes . Therefore , it  i s  not affected by the C l ean  Water  Act or rel ated 
federal  regu l at i o n s . 

c .  Resou rce Conservat i on and Recovery Act - The Proposed Act i on i s  not 
affected by federal l eg i s l at i on and re l ated regu l at i on perta i n i n g to  t he  
d i s posa l  of so l i d  a nd  hazardou s wastes . S i nce the  P roposed Act i on 
i n vol ves o n ly  materi a l s common ly  u s ed i n  con st ruct i on and renovat i on of  
bu i l d i n gs , it  wou l d  not enta i l the generat i on ,  t ransportat i on ,  t reatment , 
st o rage , o r  d i s posa l  of hazardous  wa ste .  P rocu rement cont racts req u i red 
by the P roposed Act i on wi l l  not exc l ude the  u se  of recycl ed  materi a l s .  
The P roposed Act i on wou l d  n ot affect other aspects of so l i d  waste manage
ment , i nc l ud i n g sou rce separat i on and recyc l i n g of recycl ab l e p roduct s ,  or  
storage , t rans port , and d i sposa l  of so l i d  wastes . 

d .  Safe Dri n k i ng  Water  Act - Dri n k i n g  wate r  standards  wou l d not  affect the  
i n sta l l at i on of  t i ghten i ng measu res , nor  wou l d  such  mea su res be l ocated 
where they wou l d  affect ground  wate r .  No new pub l i c  water  systems wou l d  
be b u i l t  as  part of the P roposed Act i on .  
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e .  

f .  

g .  

No i se  Cont rol  Act - I n sta l l at i on of t i ghten i n g  meas u re s  wou l d  not emi t 
sounds  affect i n g  n o i se l eve l s ,  so  state a nd l ocal  standards  and regu l a 
t i ons  govern i ng env i ronmenta l  no i s e  wou l d  not be affected by the  P roposed 
Act i on .  

Federal  I ns ect i c i de ,  Fung i c i d e ,  and Rodent i c i de Act - The P roposed Act i on 
wou l d  not requ i re the  p u rch a s e ,  u s e ,  storage or  d i s posa l  of any i n sect i 
c i des , fu n g i c i des , or  rodent i c i des . 

Tox i c Su bstances Cont rol Act - No t i ghten i n g  meas u res  to be u sed under  the  
Proposed Actl on wou ld requ l re the  p roduct i on ,  manu fact u re ,  or  d i s t ri but i on 
of substances l i sted under  the  Toxi c Su bstances Cont rol Act , i nc l ud i n g  
PCB s .  
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5 . 0  L I ST OF PRE PARERS 

Pac i fi c  Nort hwest Labo ratory Contr i butors : 

Da v i d  L .  Brench l ey (B . S . ,  Ph . D .  Mechan i ca l  E ng i neeri n g )  spec i a l i zes  i n  the  
a s ses sment of the  effects of po l l utants i n  the  e n v i ronment on h uman hea l t h  
and safety . M r .  Brench l ey has experi ence i n  vari o u s  env i ronmenta l  
a s ses sments and  i n  the  ana l ys i s of  control  techno l og i e s . Cont ri but i on :  
Hea l t h  Effect s .  

J e n i fer  W .  Ca l l away (B . A .  Pol i t i ca l  Sc i ences/ L i fe Sci ences ; M . S .  E nv i ronmenta l  
P l a n n i n g/ Pu b l i c  Affai rs ) spec i a l i zes i n  e nv i ronmental  and  re gu l atory 
asses sment s of energy devel opment proj ect s . Cont ri but i on :  I n st i t ut i on a l  
Effect s , Soci oeconomi cs . 

R i cha rd A .  C ra i g ( B . S .  En g i neer i n g  Phys i cs ;  M . S . ,  Ph .D . Phys i cs )  has  exte n s i ve  
e xper i ence i n  a n a lyz i ng  a l a rge vari ety of env i ronmental  i s s ues , i nc l u d i n g  
defense waste ,  gasol i ne de regu l at i on ,  and bu i l d i n g ene rgy performance 
standard s . He p repared an energy p l an for the  governor of the  State of  
O h i o .  Contr i but i on :  E ne rgy Demand , Land U s e ,  Wate r  Qua l i ty ,  and Ecol og i ca l  
I mpact s , and a s s i sted i n  report coo rd i nat i on .  

F red T .  C ros s (B . S .  E n g i neer i n g  Phys i cs ;  M . S . Rad i at i on B i o l ogy ; Ph .D . 
B i ophys i cs )  has  e xpert i se i n  rad i at i on dos i met ry and spec i a l i zes i n  stud i es 
i n vol v i n g spec i f i c b i o l o g i ca l  effect s of dai l y  expos u re s  to k nown l eve l s of 
pathogen i c  u ran i um mi ne  a i r contami nants , s uch as radon , u s i n g both l a rge and 
sma l l exper i menta l  an i ma l  mode l s of human res p i ratory system d i s ea se . 
Contri but i on :  Hea l th  E ffects . 

Ron  Had l ock ( B . S . ,  M . S . Phys i cs ;  Ph . D .  Meteoro l ogy )  has con s i de rab l e 
part i c i patory and ma na gement experi ence i n  the  acqu i s i t i on and ana l ys i s  of  
atmospheri c data re l ated to performance and safety of power p roduct i on 
faci l i t i es and h eat rej ect i on i n sta l l at i on s .  Cont r i but i on :  Ai r-to-Ai r Heat 
Exchangers . 

Lance J .  Hood (B . A .  B u s i ne s s  Admi n i s t rat i on )  has speci a l i zed i n  energy-re l ated 
economi c resea rch p roj ects s i n ce 1 98 1 .  He was a maj or  cont r i butor to  t h e  
deve l opment of a state l evel  ene rgy pri ce data base a n d  to  t h e  asses sment of 
the economi c i mpacts of l a rge e l ect r i c i ty p r i ce i n creases i n  the Paci f i c 
Nort hwest economy . Cont r i but i on :  Soci oeconomi cs . 

B renda K .  Marsha l l ( B . S . ,  M . A .  E n g l i s h )  i s  an experi enced tech n i ca l  
ed i tor/wri ter  wi t h  a back g round i n  the  teach i n g of wri t i n g s k i l l s .  
Cont r i but i on :  p repared d raft E I S  w i th a s s i stance of tech n i cal cont ri butors . 

Peter  J .  Me l l i n ge r  ( B . S .  B i o l ogy ;  M . S .  Rad i at i on B i o l ogy ;  Ph . D .  Ma r i ne  
Rad i oeco l o gy )  spec i a l i zes i n  the  a s ses sment of the effects of rad i o l og i ca l  
and carci nogen i c  contami nants  on human hea l t h  and  safety . Cont r i but i on :  
R i sk Ana l ys i s .  
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Anth ony R .  O l sen  ( B . S . , M . S . , Ph . D .  St at i s t i cs ) has extens i ve exper i ence i n  
a p p l i ed stat i st i ca l  theory .  He has  condu cted s t ud i es on the re l at i on s h i p 
between a i r po l l utant concentrat i ons  and human morta l i ty .  Contr i but i on : 
H ea l th E ffect s . 

Peter C .  Owczars k i  ( B . S . , Ph . D .  Chemi ca l E n g i neer i n g )  s pec i a l i zes  i n  
characteri z i n g a i rborne emi s s i ons  i n  hyp othet i ca l  acc i dents i n  n u c l ear fue l 
cyc l e  faci l i t i es .  He  has exten s i ve mode l i n g experi ence wi th  the t ra n s port 
and depos i t i on of a i rborne mater i a l s i n  contai nment systems fo l l owi n g  
postu l ated nuc l ear  reactor acc i dents  and wi th  the format i on and behav i o r  of 
combu st i on aerosol s and gases . Contr i but i o n s : A i r Qua l i ty E ffect s .  

G raham B .  Parker  (B . S .  Chemi cal  E n g i neer i n g )  has exten s i ve exper i ence i n  a i r 
q u a l i ty ana l ys i s ,  i nc l u d i ng  determi nat i on of po l l utant emi s s i on rates . He  
a l s o  has  experi ence i n  meas u r i n g  amb i e nt and i ndoor a i r q ua l i ty l eve l s and 
a i r i n f i l t rat i on rates  i n  res i dences and b u i l d i n gs . Cont r i but i on :  A i r 
Qua l i ty Effect s .  

W i l l i am F .  Sandu s ky ( B . S .  Space Tech no l ogy ; M . S .  Meteoro l o gy )  has exten s i ve 
exper i ence i n  mode l i n g po l l utant t ran s port and d i s p e rs i on ove r vari o u s  t i me 
and s pace sca l es for rad i o l og i ca l  and a i r qua l i ty asses sments .  He a l s o  has  
done con s i derab l e work i n  meas u ri n g  meteoro l og i ca l  pa rameters and computer 
s i mu l at i on techn i q ues . Contr i but i on :  PNL P roject Manage r ,  E ne rgy Demand , 
Reg i ona l  Hea l th Effect s , and A i r Qua l i ty E ffect s . 

L owe l l E .  Sever ( B .A . , M .A .  Ant h ropol ogy ,  Ph . D . B i o l o g i ca l Anth ropol o gy )  i s  a n  
e p i demi o l og i st  wi th  exper i ence i n  occu pat i ona l  and e n v i ronmenta l  
e p i demi o l o gy .  H i s profe s s i ona l  act i v i t i es have  i nc l u ded the  app l i cat i on of 
e p i demi o l o gy ,  s u rvei l l ance , and r i s k  a s se s sment methods t o  the  i de nt i fi cat i on 
and  eva l u at i on of hea l th  haz ards . Cont ri but i on :  Hea l th  Effect s .  

Dartha  R .  S i mpson ( B . A .  Educat i on / Lan guage Art s )  i s  a tech n i ca l  ed i to r/wri t e r  
wi th  a bac kground i n  teach i n g ,  edi t i n g ,  and wri t i n g .  Cont r i but i on : p repared 
f i n a l  E I S .  

L i sa A .  S kumatz ( B .A . , M . A .  Pol i t i ca l  Economy )  has  experi ence i n  the  eco nomi c 
a n a l ys i s  of conservat i on and has performed cost/benef i t and market i n g  
a n al yses  for the recove ry of va l u ab l e mate ri a l s from nuc l ear  defense  was te .  
She h a s  e xper i ence i n  economet ri c mode l i ng a n d  i n  market commerc i a l i z at i on of  
n ew techno l og i e s .  Cont ri but i on : Soci oeconomi c Effect s . 

J ohn  M .  Thorp ( B . S .  Meteoro l o gy and C l i matol ogy )  h as h ad l on g -term exper i ence 
i n  stud i e s  of c l i mato l o gy and i n  stat i s t i ca l  app l i cat i o n s  of c l i mat i c  
pa rameters . He has  been i n vo l ved i n  n umerous f i e l d exper i ments  rel ated t o  
a i r po l l ut i on from i nd u st ri a l  sou rce s . Contr i but i on :  Wood B u rn i n g ,  I ndoor 
Ai r Qua l i ty ,  Thermal Generat i on ,  Mo i st u re Effect s .  

G l e n  L .  W i l fert (B . S � E l ect ri ca l  E ng i nee r i n g ,  �BA Reg i ona l  Economi cs ) has  
extens i ve exper i ence i n  b u i l d i ng ene rgy conservat i on ana l ys i s  i nc l u d i n g  
eva l u at i on  o f  the env i ronmenta l  effect s o f  i mp l ement i n g bu i l d i n g energy 
conservat i on meas u re s . Con t r i but i on :  P ro g ram Cost and Emp l oyment Effect s . 
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Bonnev i l l e  Power Admi n i s t rat i on :  

C har l es  C .  Al ton  ( B . S .  Soci o l ogy , Cert i f i cate i n  U rban St ud i es )  has worked for 
4 years i n  e nv i ronmental  ana l ys i s ,  and the  formu l at i on of BPA 1 s  po l i c i es 
u nder  the Nat i ona l  E nv i ronmenta l  Po l i cy Act ( NEPA )  and other  env i ronmenta l  
revi ew . Cont r i but i on :  E n v i ronmenta l  Coord i nat i o n /Eva l u at i on .  

H .  No rman C l a rk ( B . A .  Arch i t ect u re ;  M . A .  Arch i tect u re )  has been wo rk i n g i n  the  
f i e l d of res i dent i a l construct i on and energy conservat i on for the  past  
1 0  yea rs . He a l so  has been  act i ve i n  devel op i n g  the  BPA st andard aud i t i n g  
p roced u re f o r  res i dent i a l bu i l d i n gs , wh i ch i s  be i n g  u s ed i n  the  BPA 
Weather i zat i on P rogram . Cont ri but i on :  Tec h n i ca l  Rev i ew . 

Stephen A .  O n i sko  ( B .A .  E l ectr i cal E n g i neer i n g )  has worked for 4 years i n  t h e  
a rea of con servat i on .  He  h a s  p rov i ded tec h n i ca l  and sc i ent i f i c  support i n  
des i g n i ng  and i mp l ement i n g conservat i on p rograms . Contr i but i on :  Tech n i ca l  
Rev i ew .  

P h i l i p  W .  Th o r  ( B . S .  Mech a n i ca l  E n g i neeri n g )  has part i c i pated over the  past 
3 years i n  the  devel opment of BPA 1 s  research efforts on i ndoor a i r q u a l i ty 
and the  effect s of weat heri z at i on .  He has been a p roj ect man a ger  on several  
of the  p roj ects i n vest i gat i n g the  meas u rement and m i t i gat i on of i ndoo r a i r 
po l l utant s .  Cont ri but i on :  BPA P roj ect Coord i nator  and Tech n i ca l  Rev i ew . 

5 . 3  









6 . 0  LI ST O F  AGENC I ES ,  ORGAN I ZAT I ONS , AND P ERSONS 

WHO RECE IVE  COP I ES OF  THE E I S  1 /  

FEDERAL  CONGRESS I ONAL 

U . S .  SENATE 

HONORABLE MAX BAUCUS 
HONORABLE ALAN CRANSTON 
HONORABLE DAN I E L  J EVANS 
HONORAB LE EDWIN  J GARN 
HONORABLE S LADE GORTON 
HONORABLE ORR I N  G HATCH 
HONORABLE MARK 0 HATFI E LD 
HONORABLE CH I C  H ECHT 
HONORAB LE PAU L LAXALT 
HONORAB LE JAMES A MCCLURE 
HONORAB LE JOHN MELCHER 
HONORAB LE BOB PACKWOOD 
HONORAB LE ALAN S I MPSON 
HONORABLE STEVEN 0 SYMNS 
HONORAB LE MALCO LM WALLOP 
HONORABLE P ETER WI LSON 

U . S .  HOUSE  OF REPRES ENTAT I VES 

HONORABLE LES AUCO I N  
HONORABLE DON L BONKER 
HONORABLE RODNEY CHANDLER 
HONORABLE GENE CHAP P l E  
HONORABLE RI CHARD CHENEY 
HONORABLE LARRY E CRAIG 
HONORAB LE NORMAN 0 D I CKS 
HONORAB LE THOMAS S FO LEY 
HONORAB LE GEORGE V HANS EN 
HONORAB LE JAMES HANSON 
HONORABLE MI CHAE L C LOWRY 
HONORABLE RONALD C MARLENEE 
HONORABLE DAV I D  0 MARRI OTT 
HONORAB LE S I D  MORRI SON 
HONORAB LE HOWARD C N I E LSON 
HONORAB LE JOEL  P R ITCHARD 
HONORAB LE HARRY RE ID  
HONORAB LE BOB SMITH 

HONORABLE DENNY SM I TH 
HONORABLE ALLEN SWI FT 
HONORABLE BARBARA VUCANOV I CH 
HONORABLE JAMES WEAVER  
HONORABLE PAT WI LLIAMS 
HONORAB LE RON WYDEN 
M I KE APATOFF  
RON EACHU S  

CONGRESSMAN J I M WEAVERS O F F I C E  
ARL I E  DEJARNATT 

1/ We a re send i ng  a l etter announ c i n g  ava i l ab i l i ty of the f i n a l  E I S  to a 
la rge n umber o f  i ntere sted parti e s  who se names do not appear on  th i s  l i st .  
They i n c l ude bu s i ne s se s , i nd i v i dua l s ,  i ntere st  g roup s , and un i ve r s i t i e s .  
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u . s .  CONGRESS I ONAL COMM I TTEES 

U . S .  S ENATE 

ENERGY AND NATU RAL RESOU RCES COMM I TTEE 

U . S .  HOU S E  OF REP RES ENTAT I VES 

COMM I TTEE ON A P P RO P R IAT I ONS 
ENERGY AND WAT ER DEV S U BCOMM I TTEE 
I NTERIOR AND I N S U LAR AFFAI RS COMM I TTEE 
S U BCOMMI �TEE ENERGY CON SERVAT ION AND POWE R 
SUBCOMM I TTEE ON M I N I NG FOREST MGMT AND BPA 
S U BCOMM I TTEE ON OVE RS I GHT AND I NVESTIGAT I O N S  
WATER A N D  POWER RESOURCES SUBCOMM I TTEE 

FEDERAL AGENC I ES 

ADV COUNC I L  ON H I STOR I C  P RES E RVAT I ON 
CONSUMER P RODUCTS SAFETY COMM I S S ION 
FEDERAL REG I ONAL COUNC I L ,  REG I ON X 
GENERAL ACCOUNT I NG O F F I C E  
TENNESS EE VALLEY AUTHOR I TY 
U S  DE PARTMENT O F  J U ST I C E  
U S  ENVI RONM ENTAL P ROTECT ION AG ENCY 

A I R  P ROG RAMS MS 532 
I ER RES EARCH TR IANGLE PARK NC 
I NDOOR A�R QUALITY I NTERAGENCY RES EARCH GRP 
O F F I C E  O F  AI R NO I S E  AND RAD IAT I ON 
REG I ON X 

US FEDERAL TRADE COMM I S S ION 
D I V I S I ON O F  ADVERT I S I NG P RACT I C ES 

USA CORP S O F  ENG I N EERS 
ENV RESOURCES S ECTION 
HQDA DAEN CWR P MAK I N EN 
NORTH PAC I FI C  D I V I S ION 
S EATTLE D I ST R I CT 
DAEN CWR P 

U SAF FAI RCH I LD AFB 
92ND CSG DEEE 

U S DA 
ERS N RED USDA 

USDA 
O F F I C E  O F  THE SECRETARY 

U S DOC NAT I ONAL O C EAN I C  AND ATMO S P H ER I C  ADM I N  
ECO LOGY AND CON S E RVAT I ON D I V I S I ON 

USDOE 
REG I ON V I I I  

USDOE ALASKA POWER AUTHOR I TY 
USDOE FEDERAL EN ERGY REGU LATORY COMM I S S ION 
U S DO E  OAK R I DGE NAT I ONAL LABORATORY 
USDOE OFFI C E  O F  ENERGY RES EARCH 
U SDOE R I C H LAND O P E RAT I ONS OFFI C E  
U S DO E  RU RA L  E LECTR I F I CAT I ON ADM I N I STRAT ION 
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USDOE WESTERN AREA POWER ADM I N I STRAT ION 
USDO I  

O FFI CE  O F  ENV PROJ ECT REVI EW 
USDO I BUREAU O F  I ND IAN AFFAI RS 

FLATH EAD AGENCY 
NORTH ERN IDAHO AGENCY 
O LYM P I C  P EN I NS U LA AGENCY 
SPOKANE AGENCY 
WESTERN WASH I NGTON AGENCY 

USDOI BUREAU OF LAND MANAGEMENT 
USDO I  BUREAU OF REC LAMATI ON 

U P P ER MI SSOU RI  REG ION  
USDOI  F I SH  AND WI LDLI FE S ERV I C E  
USDO I  I NTERAGENCY ARCHEOLOGI CAL SERV I C E  
U SDOI  NAT I ONAL PARK S E RV I C E  

PAC I FI C  NORTHWEST REG ION 
U SDOI REG I ONAL ENVI RONMENTAL O FFI CER  

O FFI CE  O F  THE S ECRETARY 
USHHS  FOOD AND DRUG ADM I N I STRATI ON 

NAT L CTR FOR DEV I CES  AND RAD I O LOG I CAL H EALTH 
USHHS  PUB L I C  H EALTH S ERVI C E  

CTR FOR D I S EASE CONTRO L ENV I R  H EALTH S E R  DV 
USHUD  REG I ONAL O FFI C E  OF  CPO  
USN  ENGI NEERING COMMAND 

SAN BRUNO CA 
USN NAVAL SUBMARI N E  BAS E  BANGOR 

ENERGY CONSERVAT I ON BRANCH 

CANAD IAN GOVERNMENTAL AGENC I ES 

DEPARTMENT OF  EN ERGY M I N ES AND RESOURCES 
CONSERVAT ION AND REN EWAB LE ENERGY OFF ICE  
ENERGY CONSERVATI ON AND O I L SUBST I TUTION BR  

GOVE RNMENT O F  NEWFOUNDLAND AND LABRADOR 
DEPARTMENT OF M I NES  AND EN ERGY 

M I N I STRY OF MUN I C I PAL AFFAI RS AND HOU S I NG 
HOUS I NG RENOVATION AND ENERGY CONSERVTN U N I T  

STATE LEG I S LATORS 

V I RG I N IA I SBELL , HAWAI I 
SALLY GASSER , I DAHO 
M I KE KADAS , MONTANA 
KATHLEEN MCBRI DE , MONTANA 
JOYCE COHEN , OREGON 
EDWARD A HOLT ,  WASH I NGTON 
JOE STROH L ,  WI SCONS I N  
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STAT E  GOVERNORS 

HONORABLE V I CTOR AT IYEH 
GOVERNOR O F  OREGON 

HONORABLE GEORGE DEUKMEJ IAN 
GOVERNOR O F  CALI FORN IA 

HONO RABLE JOHN V EVANS 
GOV ERNOR O F  I DAHO 

HONORAB LE ED H ERSCHLER 
GOVERNOR O F  WYOM I NG 

HONORABLE ROBERT LI ST 
GOVERNOR � F  NEVADA 

HONORAB LE S COTT M MATH ESON 
GOVERNO R O F  UTAH 

HONORAB LE TED SCHWI NDEN 
GOVERNOR O F  MONTANA 

HONORAB LE JOHN 0 S P E L LMAN 
GOVERNOR O F  WAS H I NGTON 

STATE H I STOR I C  PRES ERVAT I ON O FF I C ES 

CALI FORN IA DEPARTMENT O F  PARKS AND REC REAT I ON 
I DAHO H I STOR I CAL SOC I ETY 
MONTANA H I STOR I CAL SOC I ETY 
N EVADA D I V I S I ON OF H I STOR I C  P RES ERVAT ION AND ARCHEOLOGY 
OREGON STAT E PARKS ADM I N I ST RATOR 
UTAH STAT E H I STOR I CAL SOCI ETY 
WASH I NGTON QFFI C E  OF ARCH EO LOGY AND H I STO R I C  P RESERVAT I ON 
WYOM I N G  REC R EAT I ON COMM I S S I ON 

STATE AGEN C I ES 

CALI FORN I A  

CALI FORN IA EN ERGY COMM I S S I ON 
C LEAR I NGHOUS E  
DEPT O F  HOUS I N G  AND COMMUN I TY DEV 
O FF I C E  OF THE GOV ERNOR 

I DAHO 

C LEAR I NGHOUS E  
DEPARTMENT O F  WATER RESOURCES 
D I V I S I ON O F  ECONOM I C  AND COMMUN I TY AFFA I R S  
NWP P C  
O F F I C E  O F  EN ERGY 
PUB L I C  UT I LIT I ES COMM I SS ION 
S ENATE ENERGY COMM I TT E E  
STAT E P LANN I NG A N D  COMMUN ITY AFFA I RS 
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MONTANA 

DEPARTMENT O F  COMME RCE 
DEPARTMENT O F  NATU RAL RESOU RCES AN D CONS ERVATI ON 
DEPT O F  COMMU N I TY AFFA I RS 
D I STR I CT X I  
D I S TR I CT X I  HUMAN RESOURCES COU N C I L  
E N E RGY O FF I C E  
E N V I RONMENTAL QUA L I TY COUN C I L  
HOUS E  O F  REP RES ENTAT I VES ENERGY COMM I TTEE 
I NTERGOVERNMENTAL REV I EW C LEAR I NGHOUSE 
LOCAL GOVERNMENT ENERGY O FF I C E  
P U B L I C  SERV I C E  COMM I S S ION 
S ENATE ENERGY COMM I TTEE 

N E VADA 

CO LORADO R I VER COMM I S S ION 
O F F I C E  O F  COMMU N I TY S E R V I CES 
O FFI CE O F  T H E  GOVERNOR 

OREGON 

C LEAR I NGHOU S E  
DEPARTMENT O F  COMMERCE B LDG CODES D I V I S I ON 
DEPARTMENT O F  EN ERGY 
DEPARTMENT OF EN V I RONMENTAL QUA L I TY 
EN E RGY CONS E RVAT I ON BOARD 
HOU SE OF REP RES ENTAT I VES EN ERGY COMM I TTEE 
PARKS AND REC REAT I ON D I V I S ION 
P U B L I C UT I LI TY COMM I S S I ON 
S ENATE EN E RGY COMM I TTEE 

U TAH 

DE PARTMENT OF COMM AFFA I RS 
EN E RGY OFFI C E  
O F F I C E  O F  THE GOVERNOR 

WAS H I NGTON 

DE PARTMENT OF ECOLOGY 
DE PARTMENT OF GAME 
DEPARTMENT OF HUMAN RESOURCES 
DEPARTMENT O F  NATURAL RESOURCES 
D E PARTMENT OF REVEN U E  
DEPARTMENT O F  TRANS P ORTAT I ON 
ENERGY EXTENS ION S ERVI C E  
EN ERGY OFFI C E  
FARM BUREAU 
HOU S E  OF REP RES ENTAT I VES ENERGY COMM I TTEE 
N ORTHWEST I ND IAN F I S H E R I ES COMM 
O F F I C E  OF COMMU N I TY DEVELOPMENT 
OFFI C E  OF F I NANC IAL MANAGEMENT 
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O F F I C E  O F  THE  GOVERNOR 
PARKS AND RECREATION  COMM I S S I ON 
P LAN N I NG AND COMMUN ITY AFFAI RS AGENCY 
S ENATE ENERGY AND UTI LI T I ES COMM ITTEE  
S ENATE ENERGY COMMITTEE 
UT I LI T I ES AND TRANSPORTATION COMM 
W S D O T  

WYOM I NG 

EN ERGY CONS ERVATION  O F F I C E  
O F F I C E  O �  T H E  GOVERNOR 
PUBLIC  SERV I C E  COMM I S S ION 

OTl-tER 

COLORADO 
D EPARTMENT OF ENERGY DENVER SUP PORT OFFICE  

GEORGIA 
GOVERNORS O FF I C E  OF  ENERGY RESOURCES 

M I NN ESOTA 
DEPARTMENT O F  H EALTH 

N EW YORK 
D EPARTMENT O F  ENVI RONMENTAL CONSERVAT ION 
DEPARTMENT OF PUBLIC SERV I C E  
DEPT O F  H EALTH O F F I C E  O F  PUBLIC  HEALTH 
ENERGY OFFIC E  
POWER �UTHORITY POLICY COORDI NATION  

TEXAS 
THE T EXAS A AND M UN IVERS ITY SYSTEM 

WI SCONS I N  
PUBLIC  SERV I C E  

NORTHWEST POWER P LAN N I NG COUN C I L 

KEITH L COLBO 
CHARLES T COLLINS  
DON  GODARD 
ROY HEMM I NGWAY 
KAI LEE  
W LARRY M I L LS 
GERALD H MUE LLER 
ROBERT W SAXV I K  

STAFF 

EDWARD SHE ETS EXECUT I V E  D I R ECTOR 
RUTH C U RT I S  
TOM ECKMAN 
D U LCY MAHAR 
TERRY H MORLAND 
T ERRI  WI  LNER  
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LOCAL AGEN C I ES 

CALI FORN IA  

C I T I ES 

C ITY O F  SANTA C LARA 

COUNT I ES 

COUNTY OF  LASSEN 
BOARD O F  SUPERVI SORS 

BOARDS OF COMM I S S I ONERS 

COUNTY O F  MODOC 

I DAHO 

C I T I ES 

C ITY O F  BOI SE  
EN ERGY TAS K FORC E 

C I TY O F  LEWI STON 
C ITY OF MOSCOW 
C ITY O F  P R I EST R I VER 
C ITY O F  STAN LEY 

COUNT I ES 

COUNTY OF  ADA 
P LAN N I NG COMM I S S I ON 

COUNTY O F  M I N I DOKA 
P LAN N I NG COMM 

COUNTY O F  NEZ P ERCE 
COUNTY O F  TWI N  FALLS 

TWI N  FALLS COUNTY COU RTHOUS E 

BOARDS O F  COMM I S S I ONERS 

COUNTY OF BEAR LAKE 
COUNTY O F  BENEWAH 
COUNTY O F  BLA I N E  
COUNTY O F  BOI S E  
COUNTY O F  BONNER  
COUNTY O F  BONNEV I LLE 
COUNTY O F  BOUNDARY 
COUNTY OF CAMAS 
COUNTY O F  CARI BOU 
COUNTY OF CASS IA  
COUNTY O F  C LARK 
COUNTY OF C LEARWATER 
COUNTY OF CUSTER 
COUNTY O F  E LMORE 
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COUNTY O F  FRANKLIN  
COUNTY O F  FREMONT 
COUNTY OF GOODING 
COUNTY OF  I DAHO 
COUNTY OF J EFFERSON 
COUNTY OF J E ROME 
COUNTY OF KOOTENAI 
COUNTY OF LATAH 
COUNTY O F  LEMHI  
COUNTY O F  LEWI S 
COUNTY O F  LINCOLN 
COUNTY O F  MADI SON 
COUNTY OF M I N I DOKA 
COUNTY O F  NEZ P ERC E 
COUNTY O F  OWYHEE 
COUNTY O F  PAYETTE 
COUNTY OF POWER 
COUNTY OF SHOSHONE 
COUNTY O F  VALLEY 
COUNTY OF WASHI NGTON 

AREAWIDE  

ADA P LANN I NG ASSOC IAT I ON 
CLEARWATER  ECONOM I C  DEVELOPMENT ASSOC IATION 
EAST C ENTRAL I DAHO P LANN I NG AND DEVELOPMENT ASSOC IAT ION 
I DA ORE  REGIONAL P LANN I NG AND DEVELOPMENT ASSOC IAT I ON 
PANHANDLE AREA COUNC I L  
REGI ON I V  DEVELOPMENT ASSOC IAT I ON 
SOUTHEAST I DAHO COUNC I L  O F  GOVERNMENTS 

MONTANA 

C IT I ES 

C I TY O F  BOZEMAN 
C I TY O F  M I SSOULA 

P LANNING OFF ICE  
M I S SOULA C ITY COUNTY 
TOWN OF ST I GNAT I US 

COUNT I ES 

COUNTY O F  ANACONDA DEER  LODGE 
COUNTY OF LAKE 

P LANNI NG BOARD 
COUNTY O F  LINCOLN 

DEPARTMENT OF  P LANN ING 
COUNTY O F  M I NERAL 

P LANNING OFFI C E  
COUNTY O F  RAVALLI 

P LANN I NG BOARD 
COUNTY O F  SANDERS 

P LANN I NG BOARD 
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BOARDS OF  COMM I SS I ON ERS 

COUNTY OF BEAVERH EAD 
COUNTY OF BROADWATER 
COUNTY OF DEER LODGE 
COUNTY OF FLATH EAD 
COUNTY OF GALLAT I N  
COUNTY O F  GLAC I ER 
COUNTY OF  GRAN ITE  
COUNTY OF  J EFFERSON 
COUNTY OF LAKE 
COUNTY OF LEWIS  AND C LARK 
COUNTY OF  L I NCO LN 
COUNTY OF MADI SON 
COUNTY OF  MEAGHER 
COUNTY OF  M I NERAL 
COUNTY O F  M I S SOU LA 
COUNTY OF  POWELL 
COUNTY OF  RAVALLI 
COUNTY O F  SANDERS 
COUNTY OF  S I LVER BOW 

AREAWI DE 

BUTTE S I LVER BOW GOVERNMENT 
ENERGY O FF I C E  

BUTTE S I LVER BOW P LANN I NG BOARD 
FLATH EAD AREAWIDE  P LANN I NG ORGAN IZAT ION  
FLATH EAD I RRIGAT ION  P ROJECT 
MONTANA LEAGUE  OF C I T I ES AND TOWNS 
MONTANA LOCAL GOV ENERGY OFF ICE  
NORTH ERN P LAINS RESOURCE COUNC I L  

N EVADA 

COUNT I ES 

BOARDS OF  COMM I S S IONERS 

COUNTY OF  HUMBO LDT 

OREGON 

C I T I ES 

C ITY O F  ALBANY 
P LANNING DEPARTMENT 

C ITY OF CORVALLIS  
COMMUN I TY DEVELOPMENT DEPARTMENT 

C I TY OF  EUGENE 
ENERGY CONS ERVAT ION CENTER 

C I TY OF  LEBANON 
C I TY OF MEDFORD 

PUB LIC  WORKS DEPARTMENT 
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CITY  O F  OREGON C ITY 
C I TY OF PORTLAND 

BUREAU O F  HYDRO POWER 
ENERGY O FF I C E  

C ITY O F  SALEM 
D EPARTMENT OF GENERAL SERV I C ES 

C I TY O F  SODAV I LLE 
CITY  O F  S P R I NG F I E LD 
CITY  O F  THE  DALLES 

DEPARTMENT OF ENERGY 
CITY  OF TOLEDO 
C I TY O� WOODBURN 

P LANN I NG DEPARTMENT 
PORTLAND DEVELOPMENT COMM I SS ION 

COUNT I ES 

C LAC KAMAS COUNTY COMMUNITY 
DEVELOPMENT D I V I S I ON 

COUNTY O F  BAKER 
SEN I OR S ERVICES  

COUNTY O F  C LACKAMAS 
D EPARTMENT O F  ENVI RONMENTAL S ERVICES  

COUNTY O F  COLUMB IA  
P LANN I NG D EPARTMENT 

COUNTY O F  C ROOK 
P LANN I NG DEPARTMENT 

COUNTY .O F LAN E  
I NTERGOVERNMENTAL RELAT I ONS O F F  

COUNTY OF  MU LTNOMAH 
COMMUN I TY ACT ION AGENCY 
D I V I S ION O F  SUP PORT S ERV I CES 
O FF I C E  OF  COUNTY MANAGEMENT 
P LANN I NG 

COUNTY O F  SHERMAN 
SHERMAN COUNTY COURT 

COUNTY O F  T I LLAMOOK 
COUNTY OF UN ION 

BOARD O F  ECONOM I C  DEV 
COUNTY O F  WASH I NGTON 

COUNTY ADM I N I STRATOR O FFI C E  
COUNTY O F  YAMHI LL 

BOARDS O F  COMMI SS I ONERS 

COUNTY OF B ENTON 
COUNTY OF C LACKAMAS 
COUNTY O F  C LATSOP 
COUNTY OF COLUMB IA 
COUNTY OF  COOS 
COUNTY OF CURRY 
COUNTY O F  DESCHUTES 
COUNTY O F  DOUG LAS 
COUNTY O F  G I LLIAM 
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COUNTY O F  GRANT 
COUNTY OF HARN EY 
COUNTY OF HOOD RI VER 
COUNTY O F  JAC KSON 
COUNTY OF J EFFERSON 
COUNTY OF JOSEPH I N E  
COUNTY O F  KLAMATH 
COUNTY O F  LAN E 
COUNTY O F  L I NCOLN 
COUNTY O F  MALH EUR  
COUNTY O F  MARI ON 
COUNTY O F  MU LTNOMAH 
COUNTY O F  POLK 
COUNTY OF T I LLAMOOK 
COUNTY OF UMAT I LLA 
COUNTY O F  WASH I NGTON 
COUNTY OF WHEELER  
COUNTY O F  YAMH I LL 

AREAWIDE  

B LU E  MOUNTAI N I NTERGOVERNMENTAL COUNC I L  
C ENTRAL OREGON I NTERGOVERNMENTAL COUNC I L 
C LATSOP T I LLAMOOK I NTERGOVERNMENTAL COUNC I L  
COMMUN I TY ACTION TEAM 
COOS CU RRY COUNC I L  O F  GOVERNMENTS 
D I ST R I CT 4 COUNC I L  OF GOVERNMENTS 
EAST CENTRAL OREGON ASSOC IAT I ON OF  COUNT I ES 
KLAMATH LAKE P LAN N I NG AND COORD I NATI NG COUNC I L  
LAN E COUNC I L  OF  GOVERNMENTS 

HOU S I NG AND COMMUN I TY DEVEL P ROGRAM 
NORTH P LAZA LEVEL PSB  

LANE  REGI ONAL AIR  POLLUTION AUTHORI TY 
METROPOLITAN SERV I C E  D I ST R I CT 
M I D  CO LUMB IA COUNC I L  O F  GOVERNMENTS 
M I D  CO LUMB IA  ECONOM I C  DEVELOPMENT D I STRI CT 
M I D  W I L LAMETTE VALLEY COUNC I L  O F  GOVERNMENTS 
ROGU E  VALLEY COUNC I L  OF GOVERNMENTS 
UMPQUA REG I ONAL COUNC I L  OF GOVERNMENTS 

UTAH 

COUNT I ES 

BOARDS O F  COMM I S S I ON ERS 

COUNTY OF BOX ELDER 

WASH I NGTON 

C I T I E� 

C ITY O F  ABERDEEN 
O FF ICE  OF THE MAYOR 
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C I TY O F  AUBURN 
C I TY OF BELLEVU E 

PUBL I C  WORKS DEPARTMENT 
C I TY OF BELLI NGHAM 

P LAN N I NG AND DEVELOPMENT 
C ITY OF EASTSOUND 

P LANNING COMM I SSION  
C I TY O F  I SSAQUAH 
C I TY O F  LAC EY 
C I TY O F  M I LTON 
C I TY O F  MOUNTLAKE TERRACE 
C I TY. OF -OKANOGAN 
C ITY O F  REDMOND 
C I TY OF RENTON 

�U I LD I NG AND ZON I NG DEPARTMENT 
C ITY O F  S EATTLE 

DEPARTMENT OF CONSTRUCTION AND LAND USE  
O FFI C E  O F  MANAGEMENT AND BUDGET 

C ITY O F  VANCOUVER 
C I TY OF YAKIMA 
C LARK COUNTY PUD 
R ICHLAND ECOLOGY COMM I S S ION 

C ITY MANAGER 
TOWN OF ELECTRI C  C I TY 
TOWN O F  LA CONNER 

COUNT I ES 

COUNTY O F  ADAMS 
COUNTY O F  C LALLAM 
COUNTY O F  COWLITZ 

DEPARTMENT O F  COMMUN I TY DEVELOPMENT 
COUNTY OF FRANKLIN  
COUNTY OF  GRAYS HARBOR 

P LAN N I NG D EPARTMENT 
COUNTY OF I S LAND 

P LAN N I NG DEPARTMENT 
COUNTY O F  KING 

DEPT PLAN N I NG AND COMMUNITY DEVEL 
KING  COUNTY COUNC I L  
O FFI C E  O F  ENERGY MANAGEMENT 

COUNTY OF KITSAP 
DEPT OF COMMUNITY DEV AND P LANN I NG 

COUNTY O F  MASON 
DEPARTMENT OF GENERAL S ERVI C ES 

COUNTY O F  P I ERCE 
COUNTY COUNC I L O FFI C E  
P LANNI NG DEPARTMENT 

COUNTY OF SKAGIT  
P LANNI NG DEPARTMENT 

COUNTY OF SNOHOM I SH 
COUNTY EXECUTIVE  O FFI C E  
HOU S I NG AUTHORITY 
P LANN I NG DEPARTMENT 
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COUNTY O F  SPOKAN E 
P LANN I NG DEPARTMENT 

COUNTY OF THU RSTON 
PUBL IC  WORKS 

COUNTY OF  WHATCOM 
GRANT OFF ICE  

COUNTY OF  YAKIMA 
P LANN I NG DEPARTMENT 

COWLITZ COUNTY COOP ERAT I VE EXTENS 
GRAYS HARBO R COMMUN ITY ACT ION COUNC I L  
SAN JUAN COUNTY P LANN ING  DEPARTMENT 
SKAGIT  COUNTY COMMUN I TY ACT I ON AGENCY 
WHATCOM WATER D I ST NO 10 

BOARDS OF  COMM I S S I ONERS 

COUNTY OF  ADAMS 
COUNTY OF ASOT I N  
COUNTY O F  BENTON 
COUNTY OF CHELAN 
COUNTY OF C LALLAM 
COUNTY OF  C LARK 
COUNTY OF COLUMB IA 
COUNTY OF  DOUGLAS 
COUNTY OF FERRY 
COUNTY OF  FRAN KLIN  
COUNTY OF  GAR F I E LD 
COUNTY OF  GRANT 
COUNTY OF I S LAND 
COUNTY OF J E FFERSON 
COUNTY OF  K ITSAP 
COUNTY OF  K ITT ITAS 
COUNTY OF KL ICK ITAT 
COUNTY OF  LEWI S 
COUNTY OF  L I NCO LN 
COUNTY OF  MASON 
COUNTY OF OKANOGAN 
COUNTY OF PAC I F I C  
COUNTY OF  P END OREI LLE 
COUNTY OF  SAN JUAN 
COUNTY OF SKAGIT  
COUNTY OF  SKAMAN IA 
COUNTY OF  SNOHOM I S H  
COUNTY OF  S POKAN E 
COUNTY O F  STEVENS 
COUNTY OF  THURSTON 
COUNTY OF  WAHKIAKUM 
COUNTY OF  WAL LA  WALLA 
COUNTY O F  WH ITMAN 
COUNTY O F  YAKI MA 
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AREAW I DE 

ASOT I N  COUNTY P LAN N I NG COMM I SS I ON 
BENTON FRANKLI N GOVERNMENTAL CON FERENCE 
CHELAN COUNTY REG I ONAL P LAN N I NG COUNC I L  
C LALLAM COUNTY GOVERNMENTAL CON FERENCE 
C LARK COUNTY REG I ONAL P LANN I NG COUNC I L  
COW L I TZ WAHKIAKUM GOVERNMENTAL CONFERENCE 
DOUG LAS COUNTY REG IONAL P LAN N I NG COMMM I S S I ON 
GRANT LI NCOLN ADAMS COUNTY CONFERENCE O F  GOVERNMENTS 
GRAYS HARBOR REG IONAL P LANN I NG COMM I S S ION  
J E FFERSON PORT TOWNSEND REG I ONAL COUNC I L  
K ITT I TAS COUNTY COUNC I L  O F  GOVERNMENTS 
KL ICK ITAT REG I ONAL COUNC I L  
LEWI S  REG IONAL P LANN ING COMM I S S ION 
MASON  REG IONAL P LAN N I NG COUNC I L  
OKANOGAN C I T I ES AND COUNTY REG IONAL P LAN N I NG COUNC I L  
PAC I FI C  COUNTY REGIONAL P LAN N I NG COUNC I L  
PUGET SOUND COUNC I L  O F  GOVERNMENT 
REGIONAL P LANN I NG COUNC I L  OF C LARK COUNTY 
SKAMAN IA REG I ONAL P LANN I NG COUNC I L  
SOUTH COLUMB IA  BAS I N  I RRIGATION D I STRICT  
SOUTHWEST WASH I NGTON HEALTH D I STR ICT 

VANCOUVER C LARK COUNTY HEALTH C ENTER 
SPOKANE REG I ONAL P LANN I NG CON FERENCE 
THU RSTON REGI ONAL P LANN ING COUN C I L 
T R I CO ECONOM I C  DEVELOPMENT D I STRICT 
WH I TMAij COUNTY REG IONAL P LANN I NG COUNC I L  
YAK I MA VALLEY CONFERENCE O F  GOVERNMENTS 

WYOMI NG 

COUNTI ES 

BOARDS O F  COMM I S S I ONERS 

COUNTY OF L I NCOLN 
COUNTY O F  TETON 

OTHER  

C I T I ES 

FLO R I DA 
C I TY O F  JACKSONVI LLE 

ELECTR IC  AUTHOR ITY 
I LL I NO I S  

C I TY O F  EVANSTON 
M I C H I GAN 

C I TY OF DETRO I T  
NE I GHBORHOOD SERV I CES DEPARTMENT 

NEW J ERSEY 
C ITY OF M I LLV I LLE 

COMMUN ITY DEVELOPMENT 
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AREAW I D E  

MARY LAND 
MONTGOMERY COUNTY GOVERNMENT 

DEPARTMENT OF  ENVI RONMENTAL PROTECT I ON 

ENVI RONMENTAL ORGAN I ZAT I ONS 

ENVI RONMENTAL DEFENSE FUND 
NATURAL RESOURCES DEFENSE COUNC I L  
NORTHWEST ENVI RONMENTAL DEFENSE  CENTER 
SEATTLE K I NG COUNTY BAR ASSOCIATION 
UN I VERS I TY O F  WASH I NGTON 
WASH I NGTON ENVI RONMENTAL COUNC I L 

L I BRARI ES 

BO I S E  PUB L I C  L IBRARY 
BO I S E  STATE UN I VERS I TY 

ANDREW R I BNER  L IBRARY 
CALI FORNIA STATE L I B RARY 

REG I ONAL DEPOS ITORY 
GOVERNMENT PUB L I CATI ONS SERVI CE  

CALI FORNIA STATE UN I VERS I TY AT SACRAMENTO 
L IBRARY DOCUMENTS SECT I ON 

CAROLINE  COUNTY PUB L I C  L I B RARY 
CENTRAL L IBRARY 

CARRO LL COLLEGE L IBRARY 
CENTRAL WASH I NGTON UN I VERS I TY 

VI CTOR J BOU I LLON L IBRARY DOCUMENTS DEPT 
CO LLEGE O F  IDAHO 

TERTE L I NG L I B RARY 
CO LLEGE OF SOUTH ERN I DAHO L IBRARY 
CO LORADO STATE UN I VERS I TY L IBRARY 
EASTERN MONTANA COLLEGE L IBRARY 

DOCUMENTS DEPARTMENT 
EASTERN OREGON COLLEGE L IBRARY 
EASTERN WASH I NGTON UN I VERS ITY 

JOHN F KENNEDY MEMORIAL L IBRARY 
ENVI RONMENTAL L IBRARY 

UN I VERS ITY O F  MONTANA 
ENVI RONMENTAL RESOURC E CENTER LIBRARY 
EVERETT PUB LI C L IBRARY 
EVERGREEN STATE CO LLEGE 

DAN I E L  J EVANS LI BRARY 
EVER I LL  S CO LLINS  MEMORIAL LI BRARY 

U N I VERS I TY OF PUGET SOUND 
FORT VANCOUVER REG I ONA L L IBRARY 
GONZAGA UN I VERS I TY 

SCHOOL O F  LAW L IBRARY 
HARVEY W SCOTT MEMORIAL L IBRARY 

PAC I FI C  UN I VERS I TY 
I DAHO STATE U N I VERS I TY L IBRARY 
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LEWIS  AND C LARK CO LLEGE 
AUBREY R WATZEK LIBRARY 

LIBRARY 
EVERETT COMMUN ITY COLLEGE  

LIBRARY 
I DAHO STATE 

LIBRARY ASSOC IATION O F  PORT LAND 
LIBRARY FOI U S DOE  

PUBLIC  READ ING ROOM I E  190 
L INF IELD COLLEGE 

NORTH RU P LI BRARY 
M I D  COLUMB IA LIBRARY 
MONTANA COLLEGE OF MIN ERAL S C I ENCE  AND 

TECHNOLOGY L I BRARY DOCUMENTS D I V I S ION 
MONTANA H I STORICAL SOC I ETY LIBRARY 
MONTANA STATE LIBRARY 
MONTANA STATE U N I VERS ITY LIBRARY 
NORTH OLYM P I C  LI BRARY SYSTEM 

LI BRARY SERV I C E  C ENTER 
NORTH ERN MONTANA COLLEGE LIBRARY 
NORTHWESTERN SCHOOL OF LAW 

PAU L L BOLEY LAW LIBRARY 
OREGON INSTITUTE OF TECHNOLOGY 

LEARN ING AND RESOURCES C ENTER 
OREGON STATE LI BRARY 
OREGON STATE U N I VERSITY 

WI LLIAM JASPER  KERR LIBRARY 
OREGON S U P R�ME COU RT LIBRARY 
P I ERCE COUNTY RU RAL LIBRARY D I STRICT 
PORT ANGELES PUBLIC  LI BRARY 
PORTLAND STATE U N I VERSITY LI BRARY 

REG IONAL DEPOS ITORY 
REED COLLEGE 

ERI C V HAUSER MEMORIAL LI BRARY 
R I C KS COLLEGE 

DAVI D  0 MCKAY LI BRARY 
SEATTLE PUBLIC  LI BRARY 
SOUTHERN OREGON STATE COLLEGE LI BRARY 
SPOKANE PUBLIC  LI BRARY 
STATE OF WASHI NGTON 

ENERGY OFFICE  LIBRAR IAN 
TACOMA PUBLIC  LI BRARY 
U N I VERS ITY OF I DAHO 

COLLEGE OF LAW LIBRARY 
U N I VERS ITY OF I DAHO LIBRARY 

REG IONAL DEPOS ITORY 
U N I VERS ITY OF MONTANA 

MAN S F I E LD LIBRARY 
U N I VERS I TY OF OREGON LAW LIBRARY 
U N I VERS ITY OF OREGON LIBRARY 
U N I VERS ITY OF P UGET SOUND 

COLLINS  MEMORIAL LIBRARY 
U N I VERS I TY OF P UGET SOUND 

SCHOO L OF  LAW LIBRARY 
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U N I VERS I TY OF  WASH I NGTON 
GALLAGHER LAW L I B RARY 

UN I VERS I TY OF WAS H I NGTON LI BRAR I ES 
GOVERNMENT DOCUMENTS 

US  COU RT OF AP P EALS 
9TH C I RC U I T  L I BRARY 

USDOE REFERENCE ROOM 
USDOE TENNESSEE  VALLEY AUTHORITY 

TEC H N I CAL L I BRARY ACQU I S I T I ONS 
WAS H I NGTON STATE L I B RARY 
WASH I NGTON STATE U N I VERS ITY LIBRARY 
WESTERN OREGON STATE COLLEGE L I BRARY 
WESTERN WASH I NGTON U N I VERS ITY 

MABEL  ZOE W I LSON L I BRARY 
WH ITMAN COLLEGE 

PENROS E MEMORIAL LI BRARY 
NORTHWEST COLLECT I ON 

W I L LAMETTE U N I VERS I TY 
COLLEGE OF  LAW L I B RARY 

W I LLAMETTE UN I VERS I TY 
MAI N  L I BRARY 

MED IA  

COLUMBIA GORGE BROADCASTERS INC , HOOD R I VER , OR  
ENERGY USERS NEWS , NEW YORK , NY 
FLATH EAD ENVI RONMENTAL REPORT , KAL I S P E LL ,  MT 
FREEDOM STAR , LACEY , WA 
K I H R  AND KCGB FM , HOOD RI VER , OR 
KO I N  TV , PORTLAND , OR 
KPBX , S POKANE , WA 
KVOW FM S EATTLE , S EATTLE , WA 
KXLF TV , BUTTE , MT 
LA GRANDE OBSERVER , LA GRANDE , OR 
MEDFORD MAI L  TR IBUN E ,  MEDFORD , OR 
S EATTLE T IMES , S EATTLE , WA 
SOLAR AGE MAGAZ I N E ,  HARRI SVI LLE , NH  
SOLAR UT I L IZAT I ON NEWS , ESTES PARK , CO 
SOLAR WENATCHEE , CASHMERE , WA 
THE DAI LY NEWS , LONGVI EW ,  WA 

BPA CUSTOMERS 

ALCOA 
ALDER MUTUAL L I GHT CO 
ALUMAX I NCORPORATED 
ARCO METALS CO 
BENTON COUNTY PUD  
BENTON RURAL E LECTR I C  ASSOC IATION 
BIG BEND E LECTRIC  COOP I NC 
B LACH LY LAN E  COUNTY COOP 
CANBY UT I LITY BOARD 
CARBORUNDUM COMPANY 
C ENTRAL E LECTRI C  COOP I NC 
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C ENTRAL L I NCOLN PUD 
CHELAN  COUNTY PUD NO 1 
C I TY O F  ALB I ON , 1 0  
C I TY O F  ASH LAND , O R  
C ITY O F  BANDON , O R  
C I TY O F  BLAI N E ,  WA 
C I TY O F  BONNERS FERRY , 1 0  
C I TY O F  BURBAN K ,  CA 
C I TY OF BURLEY , 1 0  
C I TY O F  CASCADE LOCKS , O R  
C I TY O F  C ENTRALIA , WA 
C I TY O F. C H�NEY , WA 
C I TY O F  COULEE DAM , WA 
C I TY O F  DECLO , 1 0  
CITY  O F  DRAI N ,  O R  
C I TY O F  ELLENSBURG , WA 
C I TY O F  FOREST GROVE , OR  
C I TY O F  G LENDALE , CA 
C I TY O F  HEYBU RN , 1 0  
C I TY O F  I DAHO FALLS , 1 0  
C I TY O F  LOS ANGELES , CA 
C I TY O F  MC CLEARY 
C I TY O F  MCMI NNVI LLE , OR 
C I TY O F  M I N I DOKA , 10  
C I TY OF MONMOUTH , OR  
C I TY O F  PASADENA , CA 
C I TY O F  PORT ANGELES , WA 
C I TY O F  RI �H LAND , WA 
C I TY O F  RUPERT , 1 0  
C I TY O F  SODA S P R I NGS , 1 0  
C I TY O F  SUMAS , WA 
C I TY O F  TACOMA , WA 
C LALLAM COUNTY PUD 
C LARK COUNTY PUD 
C LATS KAN I E  PUD 
C LEARWATER POWER COMPANY 
COLUMBIA BAS I N  ELECTRIC  COOP 
COLUMBIA POWER COOP ASSOC IATION 
CO LUMB IA R IVER  PEO P LES UTI LITY D I STR ICT 
COLUMBIA RU RAL E LEC ASSOC I NC  
CONSOLI DATED I RR I GATION D I ST 1 9  
CONSUMERS POWER I NC  
COOS CURRY E LECTRI C COOP I NC 
COWLITZ COUNTY PUD 
CP NAT IONAL CORPORATION 
C ROWN Z ELLERBACH CORPORATION 
DOUGLAS COUNTY PUD NO 1 
DOUGLAS ELECTRIC  COOP I N C  
EAST E N D  MUTUAL ELECTRIC  CO LTD 
ELMHURST MUTUAL POWER AND LIGHT CO 
EMERALD PUD 
EUG EN E  WATER AND E LECTR IC  BOARD 
FALL R I VER RURAL E LEC COOP I NC 
FARMERS ELECTRIC  COMPANY 
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FERRY COUNTY PUD NO 1 
F LATH EAD E LECTR I C  COOP I NC 
FRANKLI N COUNTY PUD 
GEORG IA  PAC I F I C  CORPORAT I ON 
G I LMORE STEE L  CORP 
G LAC I ER E LECTR I C  COOP I NC 
GRANT COUNTY PUD 
GRAYS HARBOR COUNTY PUD NO 1 
HANNA M I N I NG COMPANY 
HARN EY ELECTRI C  COOP I NC 
HOODRI VER E LECTR I C  COOPERAT I VE 
I DAHO L IGHT AND POWER COOP  ASSOC IATION I NC 
I DAHO POWER COMPANY 
I N LAND POWER AND LIGHT COMPANY 
I N TALCO ALUMI NUM CORPORATION 
KAI S ER ALUMI NUM AND CHEM I CAL CORP 
KITTITAS COUNTY PUD NO 1 
KL ICKITAT COU NTY PUD 
KOOTENAI E LECTR I C  COOP ERAT I V E  I NC  
LAKEV I EW L I GHT AND POWER COMPANY 
LAN E ELECTRI C  COOPERAT I VE I NC 
LEW I S  COU NTY PUD 
L I NCOLN E LECTRIC  COOP ERAT I VE I NC  
LOST R I VE R  E LECTRI C  COOP I NC 
LOWER VALLEY POWER AND L IGHT I NCORPORATED 
MART I N  MAR I ETTA ALUMI NUM I NC 
MASON COUNTY PUD NO 3 
MASON PUD NO 1 
M I DSTATE E LECTRI C  COOP I NC 
M I LTON FREEWATER LIGHT AND POWER 
M I SSOU LA E LECTR IC  COOP I NC 
MODERN E LECTR I C  WATER CO 
MONTANA POWER CO 
N E S P E LEM VALLEY E LEC COOP I NC 
NORTHERN L IGHTS I NC  
NORTHERN WASCO COUNTY PUD 
OHOP MUTUAL L I GHT CO 
OKANOGAN COUNTY E LECTR IC  COOP I NC 
OKANOGAN COUNTY PUD NO 1 
ORCAS POWER  AND L IGHT COMPANY 
OREGON M ETALLU RGI CAL  CORPORAT ION 
PAC I FI C  CARB I D E  AND ALLOYS COMPANY 
PAC I F I C  COUNTY PUD NO 2 
PAC I FI C  GAS AND ELECTR IC  COMPANY 
PAC I F I C  POWER AND L I GHT CO 
PARKLAND L IGHT AND WATER  
PEND  OREI LLE COUNTY PUD  NO 1 
P EN I NSULA LIGHT COMPANY 
P ENNWALT CORPORATION 
PORTLAND GENE RAL E LECTRI C  
P RAI R I E  POWER COOPERAT I VE I NC 
PUG ET SOUND POWER AND LI GHT COMPANY 
RAFT R I VER  RURAL  E LECTR I C  COOP 
RAVALLI COUNTY E LECTR I C  COOP INC  
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REYNOLDS METALS COMPANY 
RI VERS I D E  ELECTR IC  COMPANY 
RURAL E LECTRI C  COMPANY 
SAC RAMENTO MUN I C I PAL UT I LITY D I STR I CT 
SALEM E LECTR IC  
SALMON R I VER ELECTRI C  
S EATTLE C I TY L IGHT 
SKAG IT  COUNTY PUD 
SKAMAN IA COUNTY PUD 
SNOHOM I SH COUNTY PUD NO 1 
SOUTH S I DE ELECTRIC  L INES I NC 
SOUTHER� CAkI FORN IA EDI SON CO 
S P R I NGFI E LD UT I LITY BOARD 
SURP R I S E  VALLEY ELEC CORPORAT I ON 
TANNER ELECTR I C  
J I LLAMOOK PUD 
TOWN OF EATONV I LLE , WA 
TOWN O F  FI RCREST , WA 
TOWN O F  M I LTON , WA 
TOWN O F  STE I LACOOM , WA 
UMAT I LLA COUNTY PUD 
UMAT I LLA E LECTR IC  COOP ASSOC IATION 
UN ITY LIGHT AND POWER COMPANY 
US DEPARTMENT OF THE A I R  FORCE 
USDOE R I CH LAND OPERATI ONS O FFI CE  
USDO I BUREAU O F  I ND IAN AFFA I RS 

FLATHEAD I RR I GAT ION P ROJ ECT 
WAPATO I RR IGATION  PROJ ECT 

USDO I BUREAU OF M I N ES 
ALBANY RESEARCH C ENTER 

USDOI BUREAU O F  REC LAMATION  
ROZA D I V I S ION YAKIMA P ROJ ECT 

USN NAVAL FAC I L IT I ES ENGR COMMAND 
UT I LI T I ES CONTRACT SECT I ON 

USN  NAVAL RAD IO  STAT ION T 
USN PUGET SOUND NAVAL SH I PYARD 
USN SUBMARI N E  BAS E BANGOR 
UTAH POWER AND LI GHT COMPANY 
VERA I RR IGAT ION D I STR I CT NO 1 5  
V I G I LANTE E LECTR IC  COOP I N C  
WAHKIAKUM COUNTY PUD 
WASCO E LECTRI C  COOP I NC 
WASH I NGTON PUBLI C POWER SUPPLY 
WASH I NGTON WATER POWER CO 
WELLS RURAL E LECT R I C  CO 
WEST OREGON E LECTRIC  COOP I N C  
WHATCOM COUNTY P U D  NO 1 

I NTEREST GROUPS 

AMERI CAN GAS ASSOC IATION  
AMERI CAN LUNG ASSOC IATION  
AMERI CAN P LYWOOD ASSOCIATION 
COMMON CAUSE  
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EUGENE FUTURE POWER COMM I TTEE 
FRI ENDS OF  THE  EARTH 
OS P I RG 
PAC I FI C  NORTHWEST UT I LI T I ES CON FERENCE COMM 
S I  ERRA C LUB 
WAS H I NGTON VO I C E  O F  ENERGY 

UN I VERS I T I ES 

U N I VERS ITY O F  I LL INO IS  

BUS I NESSES 

AI R EXCHANGE I NC 
B LU E  SKY TEST I NG LAB 
COMP LIANCE SYSTEMS PUBL ICATI ONS I NC 
FORMALDEHYDE I NST I TUTE 
FRAN KLIN  COUNTY PUD 
LAWRENCE BERKE LEY LABORATORY 
P U B L I C  POWER COUNC I L  
RUSH  HAMPTON I NDUSTRI ES I NC 
TH EODOR D STERL ING LTD 
U S  SO LAR HOMES O F  SEATT LE 
WEST OREGON E LECTR I C  COOP I NC 

I N D I V I DUALS 

TE LMA F ARN ETT 
NAT BONANNO 
HARRY L BRUNSDON 
V JAY BU RCO 
DAV I D  BUSCH ER  
JUDE  C LEAI RMONT 
GARY DECKER 
P H I LLI P F DOUGLASS 
LARRY EDINGTON 
C LI FFORD F EP LER 
GENE M ERBSTOESSER  
R I CHARD FI DDLER 
ALLEN GERVAI S  
R I CHARD L G I LMORE 
GEORGE GRI EGG 
A L I C E  HOLVSE 
SONNY J EPSON 
E I NAR JOHANSON 
LEW I S  C JONES 
B I LL KENT 
R I CHARD KN IGHTS 
SARAH M KRANZ 
STEVE LUJAN 
ROS E  MAGNUSON 
JOHN MAHER  

( WP-SWHW-5885 L) 
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8 . 0  GLOSSARY 

Acute--When referr i n g  to  the hea l th effects of ai r pol l utant s ,  acute means  
t h ose  effect s that i mmed i ate l y fol l ow the exposu re and d i sappear  wi t h  the  
removal  of the  a i r po l l ut i on .  

A i r- I n f i l t rat i on--Th i s  i s  the p roces s  by wh i c h out s i de a i r enters  a bu i l d i n g 
t h rough c rack s ,  j o i n t s ,  and other non i ntent i onal  open i n g s .  The ai r
i n f i l t rat i on process a l l ows the t rad i n g  of outs i de a i r for i n s i de a i r ( see 
I t i ghten i n g l ) .  

Amb i ent Ai r--That port i on of the atmosphere , externa l  to  bu i l d i n gs , to wh i ch 
the  general  p ub l i c  has access . 

Angi na --An g i n a  pector i s .  A d i sorder  cha racteri zed by i ntense pai n ,  u s ua l l y  i n  
the  chest a re a .  Ari ses as a res u l t of i n suff i c i ent b l ood f l ow to  the  heart . 

ASHRAE --Ameri can Soci ety of Heat i n g ,  Ref ri gerat i on ,  and Ai r Cond i t i on i n g 
E n g i neers . 

Atta i nment--Atta i nment areas , as used i n  reference to  a i r qua l i ty ,  refer to 
a i r-q u a l i ty cont rol reg i ons  that meet an ap p l i cab l e NAAQS . A reg i on may be 
an atta i nment area for one pol l utant  and a nonattai nment area for another 
po l l u tant . 

Average Megawatts--An average power computed by d i v i d i n g  the  tota l  ene rgy 
( generated ,  de l i vered , t ra n smi tte d ,  or  othe r )  i n  megawatt-hours by the  t i me ,  
i n  hou rs ( over wh i ch the  energy wa s gene rated , del i vered , t ransmi tted , o r  
othe r ) .  Defi ned by the  peri od o ver  wh i ch the  average i s  take n ,  e . g . , a n n u a l 
a verage MW . 

Background--As used here , background refers to  a qua l i ty ( f o r  i n s tance , of an 
a i r po l l utant ) t hat i s  near ly  constant over a wi de a rea . The effects of 
l oca l  sou rces are to be added to  bac kgrou nd . 

Basa l t - -A hard ,  dense ,  d a rk vo l can i c  rock composed c h i ef ly  of p l a g i o c l ase of  
aug i te .  

Base l oad --Base l oad , when referri n g  t o  powerp l ants , refers t o  those  faci l i t i es 
t hat operate at near to  f u l l capac i ty near ly  a l l of the ava i l ab l e t i me .  
F l uctuat i ons  i n  e l ect ri ca l  demand are hand l ed by other  powerp l ants  ( by 
i ntermed i ate-l oad and peak i ng fac i l i t i es ) .  

Benzo-[aJ -Pyrene (BaP ) - -A tarry ,  organ i c  mater i a l  composed of f i ve a romat i c  
r i ngs . BaP has been s h own t o  i nduce cancers i n  an i ma l s .  

Btu - -B r i t i s h  therma l u n i t s ;  the q uant i ty of heat neces s a ry t o  ra i se the  
�emperature of 1 l b  of  water  1 °F at o r  near 3 9 . 2 °F .  ( One Btu equa l s �252 ca l  

( g ram ) , 778 ft- l b ,  1055 j o u l es , and 0 . 293  W-h r . ) 
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B u i l d i ng Code--A l ega l  i nst rument that i s  i n  effect i n  a state or  un i t  of 
general  p u rpose l ocal government , the prov i s i ons of wh i ch mu st be adhered to  
i f  a b u i l d i n g i s  to b e  con s i de red to b e  i n  conformance wi t h  l aw and to  be 
s u i tab l e for occupancy and u s e .  

Carbon Di oxi de (C02) --A col or l e s s , odo rl ess  gas , heav i e r  than ai r that ri ses 
f rom the comp l ete combu st i on of carbon . Ca rbon d i ox i de i s  a norma l  
const i tuent of a i r ,  amount i n g to  �O . 03% by vol ume . 

C a rbon Monoxi de ( CO )--A co l or l ess , odorl ess tox i c gas of a pprox i mate l y  neu t ra l  
den s i ty rel at i ve t o  a i r ar i s tn g  a s  a res u l t of the i ncomp l ete combust i on of 
carbon-beari ng  mater i a l s .  

Ca rboxyhemogl ob i n --Hemogl ob i n to wh i ch carbon monox i de has  bound . C ont rast 
wi th oxyhemog l ob i n .  See hemog l ob i n .  

C a rc i nogen --A mater i a l  capab l e of cau s i n g  cancer .  

C h ro n i c--When referri ng  to  the  h ea l th  effects of a i r po l l utant s ,  c h ron i c  means  
t hose effect s t hat  are  del ayed a nd  are  exh i b i ted after o ne  or  repeated 
expo s u res . 

C l aud i cat i on --Lame or  l i mp i n g .  

C l i mate Zone--Th i s  i s  part of the  reg i on for wh i ch heat i n g  req u i rements  are 
s i mi l a r .  Zones a re g rouped accord i n g t o  heat i n g -degree days . 

CPSC--Consumer P roducts Safety Commi s s i on  

C ri ter i a Ai r Po l l utants- -Po l l utants for wh i ch a i r q u a l i ty standards  h ave been 
i ss ued . For these pol l utants the emi s s i ons  cau s e  or  cont r i bute to a i r 
po l l ut i on t h at may reasonab ly  be ant i c i pated to endanger  p ub l i c  hea l th  o r  
we l fare .  C u rrent l y ,  these  are ca rbon monox i de , hyd roca rbons , n i t rogen 
ox i des , part i cu l ate matte r ,  p hotochemi cal  o x i dant s ,  s u l fu r  ox i des , and l ead • 

.s!..--day . 

Degree Days (Heat i ng ) --A meas u re of temperatu re as i t  affect s energy demand for 
s pace heat i n g .  Most b u i l d i n gs req u i re no h eat to  mai nta i n an i n s i de 
t emperatu re of about 70°F  when the  dai l y  mean temperatu re i s  65°F  o r  
h i ghe r .  I f  the  average o f  a d ay ' s  h i gh a n d  l ow temperat u re ext remes i s  a t  o r  
above 65°F , the deg ree-days for t hat day are taken  t o  be zero ; ot herwi se , 
t hey a re equ a l  to the d i fference between the ave rage and 6 5 °F . Note t hat a 
l a rger number of degree-days i mp l i es co l de r  tempe rat u res . 

Del ayed Act i on--U nder t h i s p rogram,  the  P roposed Act i on wou l d not be 
i mp l emented i mmedi atel y ,  but wou l d  be reco n s i de red i n  3 to  5 years . 

D i scount Rate--The t i me va l ue of money .  F o r  i n stance , a d o l l a r today i s  worth 
more to an i nd i v i dua l  than  the  p romi se of a dol l a r i n  a yea r .  The  d i fference 
i n  va l ue i s  the  annual  d i scount rat e .  The real  a n nua l  d i scou nt rate i s  t h e  
a n n u a l  d i scount rate co rrected f o r  i nf l ati on . 
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DOE --U . S .  Depa rtment of Energy. 

Eff l uent --D i scha rges i nto  nav i gab l e waters ( t he  waters  of the cont i guous  zone 
or  the ocea n )  of chemi ca l , phys i ca l , or  b i o l og i cal mater i a l s .  

E l i gi b l e --Used here , el i g i b l e  refers to el i g i b l e  el ect ri ca l l y  heated res i dences 
for wh i ch e l ect ri c i ty was the p r i n c i pa l  sou rce of h eat i n g ,  as of the 
effect i ve date of the Reg i ona l  Act ( December  8 ,  1980 ) . Th i s  i nc l udes 
res i dences u s i n g  wood stoves for s upp l emental  heat i n g .  

Emi s s i on --Gasborne pol l utants  rel eased to  the  atmosphere .  

EPA--U . S .  E n v i ronmental  P rotect i on Agency .  

Epi demi o l og i ca l --As u sed here , ep i demi o l og i ca l  refers to stat i st i ca l  stud i es 
t hat attempt to  re l ate h ea l th effects due to  sma l l exposu res to  po l l utants by 
observ i n g  human popu l at i on s  exposed nat u ra l l y  or  i n  emp l oyment . 

FERC --Federa l  Ene rgy Regu l atory Commi s s i o n .  

F i rm--As appl i ed t o  el ect r i ca l  power l oad s ,  ' f i rm '  i s  the  power that the 
�i l i ty i s  requ i red , by cont ract , to  de l i ver i f  the customer demands ( see 

' i nterrupt i b l e '  ) .  

F o rmal dehyde ( HCHO ) --An o rga n i c  chemi cal  wi de ly  used to  l i n k  one mol ecu l e to  
a n othe r .  F o rmal dehyde-based g l ues and b i nders are w i de ly  u sed , i n  p l ywood , 
part i c l e  boa rd , and fu rn i tu re ,  fo r examp l e .  

F ugi t i ve Dust--Th i s  i s  s u s pended part i cu l ate matter comi ng  from an  a rea , a s  
oppo sed t o  comi n g  from an i dent i f i ab l e po i nt . Examp l es o f  fu g i t i ve s ou rces 
a re d u st storms on c oa l  p i l es .  

G u i de l i nes--C r i ter i a recommended by government agenc i es ,  p rofes s i ona l  
o rgan i zat i on s ,  or  other  g rou p s .  Gu i del i nes are n ot l egal l y  b i nd i n g .  

h--hou r .  

Hemogl o b i n --Th e  mol ecu l e i n  t h e  b l ood respons i b l e  f o r  oxygen transport . The 
gl ob i n mo l ecu l e  has  s i tes on wh i ch oxygen can b i n d .  I n  t h i s way oxygen i s  
carr i ed from the oxygen-ri ch  l u n g  t i s sue  to  the  rema i nder  of the  body . 
Ca rbon monox i de ( C O )  can a l so  b i nd to  the hemog l o b i n .  Becau se CO b i nds  t o  
t h e  hemog l ob i n  better than  oxygen , th i s  ca n i nterfere wi t h  t h e  t ransport of 
oxygen to  the t i s sue . 

H i gh-Radon Area-U sed here , a mi nera l i zed a rea dec r i bes that part of the Paci f i c 
Nort hwest t hat has not been covered by basa l t .  The mi nera l i zed z one conta i n s  
a mi nor i ty o f  t he popu l at i on o f  t he reg i on .  The su rface so i l of  t he 
mi nera l i zed zone i s  r i cher  i n  t race e l ements than i s  the so i l i n  most areas 
of t he reg i  on . 
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I ncome Mu l t i pl i er--The  factor � wh i ch a d i rect change  i n  i ncome i s  mu l t i p l i ed 
to  determi ne the t otal  commun i ty change i n  i ncome . For  i n stance ,  emp l oyees 
at a factory wi t h  a payro l l of $1 mi l l i on spend a fract i on of the i r i ncome . 
T hese e xpend i t u res support other emp l oyment w i th i n the l ocal  economy .  The  
f actor by wh i ch the $1 mi l l i on i s  mu l t i p l i ed to  determi ne  the  tot a l  effect of 
the factory on the economy i s  the i ncome mu l t i p l i e r .  

I n f i l t rat i on --The act o f  permeati n g wi t h  a l i qu i d  or  a gas by pas s i n g  t h rough 
i nterst i ces ; as u sed h e re ,  the i nt roduct i on of a i r to  the b u i l d i ng f rom the  
outs i de t h rough  cracks  or  other  open i ngs . 

I ns o l at i o n--So l ar  ene rgy f al l i n g on a s u rface i s  k n own as i ns o l at i on .  

I nterrupt i b l e --As app l i ed to  e l ect ri ca l  power l oad , i nterrupt i b l e i s  the  powe r 
t hat the customer may buy , i f  excess capac i ty i s  ava i l ab l e .  I f  the exces s 
capaci ty i s  unava i l ab l e ,  the power may not be p u rchased . I nterrupt i b l e  power 
i s  u s u a l l y  so l d at a d i scounted p ri ce from f i rm powe r .  

I on i z i n g Rad i at i on --Rad i at i on capab l e of p roduc i n g  i on i z at i on ,  i nc l ud i n g  
energet i c cha rged part i c l es s uch  as al pha  a n d  beta ray s ,  a n d  nonpart i cu l ate 
rad i at i on such  as X- rays and neut ron s .  

kWh --k i l owatt-hou r .  

M i cro--A pref i x mean i n g one mi l l i onth , abbrevi ated as � .  For  i n stance , a 
mi c rogram ( � g )  i s  one mi l l i onth of a gram. 

M i l l i --A pref i x mean i n g one thousandt h , abbrevi ated as m. For  i n stance , a 
mi l l i g ram ( mg )  i s  one thou sandt h  of a g ram. 

M i l l i on E l ecton Vo l t s  (MeV --Th i s  i s  a mea s u re of ene rgy s u i tab l e for atomi c 
p a rt i c es . A MeV i s  the  energy gai ned by one e l ectron i c  cha rge i n  pass i n g  
t h r2eg h  a potent i a l of o ne  mi l l i on vol t s .  One  MeV i s  approxi mate ly  4 . 4  x 
1 0- kWh .  

M i t i gated --To avoi d ,  mi n i mi z e ,  rect i fy ,  red uce , e l i mi n ate , or compensate  for 
negat i ve i mpact s .  

M i t i gat i on -By-Act i on Measu res --Th ese  are vari ous  measu res that cou l d mi t i gate 
or  modi fy pol l utant concent rat i on l eve l s ( e . g . , a i r-to-a i r h eat e xchangers , 
sea l i n g foundat i on c rack s )  

M i t i gat i on -By-E xcl u s i on No . 1 --Th e  Proposed Act i on ,  excl ud i n g res i dences wi t h  
u rea-formal dehyde foam i n s u l at i on ( U FF I ) .  

M i t i gat i on -By-E xc l u s i on No . 2--The  Proposed Act i on ,  exc l ud i n g  res i dences wi t h  
u n vented combust i on app l i ances . 

M i t i gat i on-By-Excl u s i on No . 3--The  Proposed Act i on ,  excl ud i n g  res i dences bu i l t  
s l ab-on-grade , w i t h  basement s ,  or  wi th  u n vent i l ated crawl spaces , o r  wi thout 
g round cover vapor barri ers . 
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M i t i gat i on -By-Exc l u s i on No . 4--The P roposed Act i on ,  exc l ud i n g  res i dences served 
by g round-water-supp l i ed d omest i c  water .  

M i t i gat i on -B�-Exc l u s i on  No . 5--The P roposed Act i on ,  exc l ud i n g res i dences wi t h  
wood stove s .  

M i t i 9at i on -B�-Exc l u s i on  No . 6--The P roposed Act i on ,  exc l ud i n g  mob i l e  homes 
M i t i gat i on -B�-Exc l u s i on No .  7 - -The P roposed Act i o n ,  exc l ud i ng apa rtment s .  
Most Areas of the Regi on--Used here ,  descri bes that part of the Pac i f i c 

Northwest that has been covered by basa l t f l ows .  Most of the popu l at i on of  
the  reg i on l i ves i n  t h i s zone . 

MSHA--U . S .  M i ne Safety a nd Hea l th  Admi n i st rat i on .  

Myoca rd i a l  I n farct i on --A b l ock age o f  the b l ood vesse l s i n  the  mu sc l e t i s s ue  of 
the  heart .  A ' heart attack · .  

NAAQS --Nat i ona l  Amb i ent Ai r Qu a l i ty Standard s . 

Nano--A p ref i x mean i ng one b i l l i ont h ,  abbrev i ated as  n .  For  i n stance , a 
--rulnogram ( n g )  i s  one b i l l i onth  of a g ram.  

NASA--Nat i ona l  Aeronaut i cs and Space Admi n i st rat i on 
NECPA--Nat i ona l  Ene rgy Conservat i on Po l i cy Act 

NEPA--Nat i ona l  E n v i ronmental  Pol i cy Act of 1 969  

Net P resent Va l u e--An economi c term for descri b i n g  the effect i ve val ue  of an 
act i on based on the  f i n a nc i a l  rewa rd of t hat act i on ;  the p resent val ue  of t he  
expected retu rn st ream ( Vo ) mi n u s  the pr i ce ( Co ) ,  Vo - Co ' i s  ca l l ed t he  net 
p resent val u e .  Th i s  concept i s  often u sed i n  aeci d l ng  i n vestments . 

Neu rophys i o l ogi ca l  Effect s --Used here ,  the effects of pol l utants  on the  cent ra l  
ne rvous sy stem. 

N I OSH --Nat i ona l  I n s t i tutes of Occupat i ona l  Safety and Hea l th  
Ox i des of N i t rogen (or  N i t rogen Ox i de s )  (NO�--Al l o x i des of n i t rogen except 

n i t rous  ox i de as meas u red by test methods p rescr i bed by E PA .  

No-Act i on Al ternat i ve--Under  th i s  p rog ram , t i ghten i n g measu res wou l d  cont i nue  
to  be offered to  res i dences cu rrent ly e l i g i b l e  for the  p resent BPA Reg i onwi de  
Weathe ri zat i on P rogram. 

NRC--Nat i ona l  Resea rch Counc i l .  
OSHA--Occupat i ona l  Safety and Hea l t h  Admi n i s t rat i on .  

Oxyhemogl ob i n - -Hemog l obi n to  wh i ch oxygen has  bou nd .  See hemog l ob i n .  
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Paci f i c Northwest --For the purposes  of t h i s document , the Paci f i c Nort hwest i s  

t he servi ce a rea of the Bonnev i l l e Power Admi n i st rat i on .  

Peak --Peak refers to  power l oad s .  U sed here , peak power l oad s are maxi mum 

�-mi n ute average power l oad s .  

P i co--A p refi x mean i n g one t ri l l i ont h ,  abbrevi ated as  p .  F o r  i nstance , a 
�co gram ( pg )  i s  one t ri l l i onth of a g ram . 

P i co  C ur i e (pC i ) --1�o1 2  C u r i e .  The  C u ri e i s  a mea s u re of rad i oact i v i ty .  A 
c u ri e i s  3 .7 x 1 0  d i s i ntegrat i on s  per second . 

PNUCC --Paci f i c Nort hwest Ut i l i t i es Conference Commi ttee 

Poi nt Sou rce--Th i s i s  a h i gh ly  l ocal i zed sou rce of emi s s i o n s  ( fo r  exampl e ,  a 

smoke stack ) .  

�--P a rt s  per mi l l i on .  When u sed appl y i n g  t o  ai r pol l utant s , refers to  l i ters  

of po l l utant per  mi l l i on l i ters  of a i r .  

P roposed Act i on --Th i s  program wou l d  expand the  exi st i n g BPA Reg i onwi de  
Weather i zat i on P rogram to i nc l ude res i dences  that c u rrent ly fa i l to  meet t he  

i nc l u s i on c ri teri a ( see p .  3 . 1 ) .  

P u l mona ry Edema--A swel l i n g of the l un g  t i s sue  due to  ent rapped l i q u i d .  

Pu l monary I n suff i c i ency-- I n ab i l i ty of the  l u n gs to  contai n enough oxyge n . 

PURPA--P ub l i c  Ut i l i t i es Regul atory Pol i ci es Act 

Quad---U s u al l y  refers to q u ad ri l l i on Btu of energy or 1 01 5  

�, 000 , 000 , 000 , 000 , 000 ) Btu . 

R adon (Rn ) --A col or l e s s , rad i oact i ve ,  i nert , gaseou s el ement formed by the  

d i s i ntegrat i on of  rad i um.  

Radon Daughters --P roduct of the rad i oact i ve decay of radon . R adon decay s  by 

emi s s i on of a n  apart i c l e  ( ch a rged hel i um n uc l eu s )  t o  pol on i um ( P o ) . 
S ubsequent decays through  the  rel ease of a- and B -part i c l es ( el ect ron s ) 

res u l t i n  l ead ( P b ) , b i smuth ( B i ) ,  and pol on i um n u c l e i . The radon d aughters  

d i scu s sed i n  th i s document are the  short -l i ved daughters th rough pol on i um-

2 1 4 .  The decay of the radon l eaves a cha rged metal  atom that can attach t o  

d u st . I f  the dust  i s  l od ged i n  t h e  l un g ,  the a - and B-part i c l es emi tted by 

the  radi oact i ve n uc l ei  d amage the  t i s s u e .  Th i s d amage can res u l t i n  cance r .  
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Represe ntat i ve Re s i dence - - I n  th i s  E I S ,  factors such  a s  ai r qua l i ty and energy 
u se were ca l cu l ated for rep resentat i ve res i dences ( i  . e . ,  for apartment s ,  
mobi l e  homes , s i ng l e- fami l y  attac hed res i dences , and s i n g l e-fami l y  detached 
res i dences ) .  The rep resentat i ve res i dence i s  a compos i te of a l l res i dences 
of  i ts type i n  the reg i on .  Pa ramete rs ( e . g . ,  a i r exchange rate , res i dence 
vol ume ,  emi ss i on rate of t he po l l utant of conce rn ) for rep resentat i ve 
res i dences were determi ned by the best ava i l a b l e i nformat i on .  U s ua l l y ,  the 
va l ues assoc i ated wi th  the pa rameters were the a ve rage ,  or  the average of  
reported most-probab l e ,  va l u es . A rep resentat i ve res i dence i s  ass umed to  
have a l l pos s i b l e  i n door po l l utant sou rces that were used i n  the ca l cu l at i on 
of  that res i dence ' s  poss i b l e  concent rat i on l evel s .  

Respi rab l e Su spended Part i c u l ate ( R S P )  Matte r--RSP a re part i c l es l ess  t ha n  
�a3 . 5  � i n  d i amet e r .  R S P  tends to  be  ca rr i ed to a nd  l odge i n  t he  deepest 
part of  the l u n gs du r i n g  breat h i n g  act i on .  

S l a b-On-Grade--A res i dence i s  s a i d to  be bu i l t s l ab-on-grade when i t  i s  bu i l t  
on a conc rete s l a b that i s  at or  near the p revai l i n g  ground su rface . 

Standards--Cr i ter i a enacted by statute or  regu l at i on and a re l e gal ly  b i n d i n g .  

Thres ho l d --As used here , refers to a concent rat i on or exposu re be l ow wh i c h no  
hea l th effects occu r .  

T i ghten i ng-- ( a l s o  a i r- i n f i l t rat i on reduct i on - -see ai r i nf i l t rat i on ) - -Ti ghten i n g 
i s  t he p rocess of sea l i n g c racks , j o i nt s ,  and other non i ntent i onal  paths by 
wh i ch outs i de a i r may enter  a res i dence . 

T i me-Averaged--Refers to concent rat i on l e vel s averaged over t i me .  
Tota l  Su spended P a rt i cu l ate  (TS P )  Matter--The quant i ty of al l s uspended 

part i c l es .  See Res p i ra b l e Suspended Part i cu l ate Matte r .  

U se  Cyc l es --A descri pt i on  of the pattern of use of a sou rce of i ntermi ttent 
emi s s i ons . For  i nstance , the pattern of  use  of a gas range or  t he pattern o f  
smok i n g by t h e  i n hab i tants  of a res i dence . 

WHO--Wor l d Hea l th Orga n i zat i on . 
Work i ng Level --A quant i ty of short- l i ved radon daughters that wi l l  res u l t  i n  

1 30 thousand  mi l l i on e l ect ron vo l ts ( MeV )  of potent i a l a l pha  ( a ) part i c l e 
acti v i ty per l i te r  of a i r ( s ee :  M i l l i on E l ect ron Vo l t ,  Radon Dau ghters ) .  

Work i ng Level Mont h--An equ i va l ent expos u re to  1 WL for 1 7 3  hours . 
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APPEND I X  A 

A IR  QUAL ITY EFFECTS 

I n  t h i s  append i x ,  s pec i f i c  i n format i on i s  p rov i ded on 
s i on rate s )  used i n  the a i r-q ua l i ty effect s ana lys i s .  
p rov i ded on the  tech n i ques u sed to est i mate po l l utant 
u s i n g  the  i n fo rmat i o n on emi ss i on rates . 

SOURCE TERMS 

sou rce te rms ( i . e . , emi s 
I n format i on i s  a l s o  

concent rat i on l e ve l s  

Sou rce te rms a re defi ned as the ema nat i on rate i n  ma ss  per u n i t t i me of the  
po l l utant of conce rn ( e i t her  gaseous  o r  p a rt i c l e )  f rom the sou rce rel eas i n g the  
po l l utant . The sou rce te rms a re u sed i n  a mat hemat i ca l  fo rmu l a  wi t h  room vo l 
ume and ai r exchange rate to ca l cu l ate the  i ndoor concent rat i on of po l l utants . 

Not a l l sou rce te rms a re steady state . That i s ,  the rate of ema nat i on cha n ges  
wi th  t i me .  For  examp l e ,  the emanat i on rate of po l l utants f rom wood stoves  
va r i es wi th  the bu rn i n g rate of wood , tempe ratu re of the fl ame , how often the 
door i s  ope n ,  and e ven the s i ze of  the  wood bu rned . Accord i n g l y ,  fo r the cate
go ry of sou rces , a ra n ge of  sou rce te rms a re u sed that have bee n  repo rted i n  
the l i te ratu re f rom act�al  measu rement s .  Th i s  range takes i nto accou nt the  
nonsteady-state natu re of  sou rces as we l l a s  the va r i at i ons  i n  measu red conce n 
t rat i ons among  t h e  stud i es .  Tab l e A . 1  i s  a l i st o f  sou rce te rms o f  conce rn i n  
th i s  E nv i ronmenta l  Impact St atement ( E I S ) . 

W here ra n ges of sou rce te rms a re n oted ,  the ra n ges rep resent typ i cal  l ow to  
h i gh emi s s i on rates f o r  a 24-h ema nat i on .  F o r  some pol l utants , sou rce te rms 
have not been measu red and repo rted ; howeve r ,  conce nt rat i ons h ave bee n 
rep o rted . Fo r these po l l utant s , the emi s s i on  rates ( s ou rce te rms ) a re ca l cu 
l ated u s i ng  t h e  correspond i n g repo rted i n fo rmat i on rega rd i ng  a i r-exchange rates 
and room vol ume . A br i ef  descr i pt i on  of each of the po l l utant sou rce t e rms i s  
gi ven be l ow .  

F o rmal dehyde ( HCHO ) 

The maj o r  sou rces of fo rma l dehyde ( HCHO ) ( vapo r )  a re va ri ous  types of p lywood , 
fu rn i sh i n gs , ca rpet , and u rea -fo rma l dehyde foam i n su l at i on ( UFF I ) .  Measu red 
HCHO concent rat i ons  of 0 . 0 3  to 2 . 4  ppm have bee n fou nd i n  mob i l e  homes ( n one of 
wh i ch conta i ned UFF I )  w i th  a i r-exchange rates of 0 . 2 to  0 . 6 ai r changes pe r 
hou r (ACH ) .  Mo b i l e  homes tend to have h i g her  concent rat i ons of HCHO than  ot he r  
res i dences (w i t hout UF F I )  becau se they have mo re p l ywood ( pane l l i n g ) .  Conce n 
t rat i ons  o f  HCHO fo r ot he r res i dences ( not contai n i n g  UFF I ) range f rom 0 . 0 1  t o  
0 . 1  p pm a t  0 . 29 to 0 . 59 ACH ,  o r  about an o rder  o f  ma g n i tude l ess t h a n  for  
mob i l e  homes . A sou rce term of 0 . 07 t o  0 . 2 1  g/mi n of  HCHO f rom fu rn i s h i ngs has 
a l so been measu red for res i dences other than mob i l e  h ome s .  
The sou rce st rength of HCHO f rom bu i l d i n g mate r i a l  and fu rn i s h i n gs/ca rpet wi l l  
dec rease wi th  t i me based on a ha l f- l i fe of HCHO ema nat i on of 58 months ( NRC 
1981 ) .  Ot he r  factors  that i nf l uence sou rce strength are tempe ratu re and  
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TABLE A . I . Sou rce Te rm for I ndoor Ai r Concent rat i on Ca l cu l at i ons  

P o  1 1  utant Source 

Formal dehyde B u i l d i ng materi al s 
( HCHO ) and Fu rni shi ngs 

Res p i rab l e  
Part i cu l ate 
Matter 

Benzo
[ a ] -pyrene 

N i t r i c  
Oxi de ( NO )  

H i t rogen 
D i oxide 
( H02 ) 

Carbon 
Monoxide 
(CO)  

Carbon 
D i oxi de 
(C02 ) 

Radon 

Wal l s  with u rea
formal dehyde i ns u l at i on 

Wood stove 

Ci garette smok i ng 
Gas stove 
Outdoor 

Ci garette smok i ng 
Gas stove 
Wood stove 

Outdoor 

C i garette smok i ng 
Wood Stove 

Outdoor 

Gas stove 

Space ( k e rosene ) heater 

Outdoor 

Gas stove 

Space (kerosene) heater 

Outdoor 

C i ga rette smok i ng 
Gas stove 

Space (kerosene) heater 
Wood stove 

Outdoor 

Metabol i sm 
Ci garette 
Gas stove 

Wood stove 

Space ( k e rosene ) heater 

Soi l 
Soi l 
Soi l covered by concrete 
Conc rete 
Conc rete wa 1 1  s 

Emanat i on Rate 
o r  Concentrat i on 

40 to 2900 � g/ �
3 

10 to 120 � g/m 

0.2 to 1 mg/m2/h 

0 . 25 to 0 .7 mg/h 

1 mg/ c i  garette 
0 . 9 3  m§/ h  
5 �g/m 

80 mg/ c i ga rette 
0 . 01 to 0 .03 g/h 
9 . 4  mg/h 

14 ,326 � g/m3 
3 16 to 40 � g/ m  

1 . 7 x 1 0-4
3mg/ c i 9.  

1 . 35 x 10- mg/ h  

0 . 1  ng/m3 

0 . 03 to 0 . 09 g/h 
0 . 05 to 0 . 1 2  g/h 
0.2 to 0 .8 g / h  

2 7 4  � g /�
3 

48 � g/m 

0 . 25 to 0 . 43 g/h 

0 .039 g/h 

0 .085 g/h 

235 �g/�
3 

35 �g/m 

Conment s 

Mob i l e  homes w i t h  0 .6 to 0 .2 ACH 
Rest of dwel l i ngs wi th 0 . 5 9  to 

0 . 29 ACH 

Wal l s  are constructed of pai nted 
gypsum wa l l  board 

Ca l cu l ated based on formal dehyde/ 
CO stack em i s s i on rat i o  

Average 
Per burner 
Nati onal Average 

Average si dest ream 
Per burner 
Average 

Regi onal 24-h maxi mum TSP 
Regi onal An nual  mi n i mum TSP 

Average resp i rab l e  p a rt i c l es 
Average resp i rabl e part i c l es 

Average , ru ral areas - no cook i ng 
ovens 

Oven 
Per burner 
Hi gh fl ame 

Regi onal 1-h maximum 
Regi ona 1 annual ar1 thmet 1 c mean 

Oven - cal c u l ated from HO and 
H02 data above 

Per burner 

Convect he type 

Regional 1-h maximum 
Regi ona 1 annual ar1 thmet 1 c mean 

References 

NRC 1981 
L i pschutz et al . 1981 ; 

Offerma n ,  G i rman and 
Ho 1 1  owe 1 1  1981 ; Bryant 
Lamb and Westberg 1981 

Osborn et a l .  1981 

Al l en 1981 

NRC 1981 
Col e et al . 1983 
NRC 1 981 

NRC 1981 
Gi rman et a l . 1981 
Moschandreas and 

Zabransky 1981 
See Append i x  C 
See Append i x  C 

NRC 1981 
Moschandreas and 

Zabransky 1981 
Moschandreas 

Zabransky 1981 

G i rman et a l . 1981 
Gi rman et al . 1981 
Hol l owel l et a l . 1981 ; 

NRC 1981 
See Append i x  C 
-See Append 1 x C 

Col e et a l . 1983 

Leaderer 1982 

See Append i x  C 

105 mg/ci garette 
0 .036 g/h 

Average s i dest ream pl us ma i n st ream HRC 1981 
Per burner Col e et al . 1983 

0 . 393 g/h 
0 .5 g/h 

1 2  to 22 mg3m3 
2 to 3 mg/m 

902 g/h 
143 mg/ci garette 
383 to 400 g/h 
483 to 550 g/h 
7 g/h 

420 g / h  

0 . 1  to 1 pC i /m2/ s2c 
0 . 25 to 2 .5 pCi /m

2/sec 
0.01 to 0 . 1  pC i /m / sec 
0 . 4  to 1 .2 pCi / kg/� 
0 . 02 to 0 . 06 pC i / m  /sec 

Rad i ant type 
Average 

Regi onal 8-h maxi mum 
Regi onal annual mi n i mum 

Average per hou sehol d 
Average s i destream p l us mai nst ream 
Oven 
Per burner 
Average cal c u l ated based on 

C02/CO stack emi s s i on rat i o  
Convect i ve type 

Basa I t  
H i gh-radon regi ons 
Most of area 
Al l a reas 
A 1 1  areas 
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Al l en 1981 

Leaderer 1982 

B runo 1981 
Thor 1 984 
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h umi d i ty .  I n c reas i n g tempe rat u re and humi d i ty i n creases the ema nat i on rate of 
the HCHO f rom mate ri a l s .  The reco rded measu rements of HCHO concent rat i ons  ( fo r  
both mob i l e  homes and ot her  dwe l l i n gs ) i n  Ta b l e A . 1  a re not correl ated wi t h  
home age , tempe rat u re ,  humi d i ty ,  or  amount of HCHO-emi tt i ng mate r i a l s  i n  t h e  
home , b u t  do rep resent a n  average range o f  val ues . 

U rea -forma l dehyde foam i n s u l at i on i s  another maj o r  sou rce of HCHO i f  t h i s  
i n s u l at i on i s  i n  the wa l l s  of the res i dence . Labo rato ry experi me nts have 
measu red the ema na2 i on rate of forma l dehyde t h rough  5/8-i n .  wa l l boa rd , ra ng i n g  
from 0 . 2  t o  1 mg/m / h .  Th i s  ema nat i on rate i s  di rect ly p ropo rt i ona l  t o  
tempe ratu re and humi d i ty .  The above range i s  for res i dences under  ave rage 
cond i t i on s  of tempe rat u re and humi d i ty i n  the home . 

Gas stoves , wood stoves , and tobacco smok i n g a re l ess  s i gn i f i cant sou rces of 
HCHO . Forma l dehyde i s  a combu st i on p roduct , r�n Q i ng  from 1 5  to 25 mg/ h  fo r gas 
combust i o n ,  0 . 25 to  0 . 7 mg/ h  for wood bu rn i n g , � a 7 and a vera g i n g  1 mg/ci ga rette . 
Leve l s of HCHO i n  the amb i ent ai r ave rage 0 . 004 ppm . 

Respi rab l e Su spended Pa rt i c u l ate ( R S P ) Matte r  
Tobacco smok i n g i s  the p r i ma ry cont r i butor  t o  the i ndoor concent rat i on of 
res p i rab l e s u spended pa rt i cu l ate ( RSP ) matte r  « 3 . 5  �m d i amete r ) . An average 
of 80 mg/ ci ga rette has been repo rted for s i dest ream c i garette smoke .  Wood 
stoves can a l s o  cont ri bute part i c l es to the i ndoor env i ronment wi t h  an ave rage 
s ou rce term of 9 . 4 mg / h  u nder  steady-state ope rat i on .  Gas stoves cont ri bute 
RSP emi ss i on s  ra ng i ng  f rom 0 . 0 1  to 0 . 03 mg/ h , a sma l l cont ri but i on when 
compa red to other sou rces . 

Repo rted outdoo r concent rat i on s  of to§a l  suspended part i cu l ate  matter  (TSP ) i n  
the  Pac�f i c  No rthwest a re 1 4 , 23 6  �g/m ( maxi mum 24-h a ve rage ) and 16 t o  
40  � g/m  , ann u a l  mi n i mum range . Al t h ough  TSP i nc l udes pa rt i cu l ate matter  
>3 . 5  �m d i amet e r ,  a l l amb i ent TSP  i s  taken to be  respi rab l e pa rt i cu l ate matter  
as a n  i ndoor  sou rce term .  

Benzo-[a] -Py rene ( B aP ) 

The maj o r  sou rces of benzo - [a ] -py rene (BaP ) i n  the 1�doors . a re from tobacco 
smok i n g and wood stove u s e . An ave rage of 1 . 7 x 1 0  mg /c l garette o f  BaP has 
been measu red and an ave rage of 1 . 3 5  x 1 0- 3  mg/ h has bee n measu red for steady
state ope rat i on of  a wood stove ove r  a 24-h  peri od . For  those a reas of the  
regi on whe re woodstoves a re not used , the outdoor concent rat i ons  of  BaP  as an  
i ndoor sou rce term a re i n s i gn i f i cant . 

Ox i des of Ni t rogen ( NO ,  N021-
The i ndoor a i r emi s s i ons  of NO and N02 a re be st exp re ssed as ox i des of n i t rogen 
( NOx ) measu red as total N02 • A sou rce term for ox i des of n i t rogen e xp res sed at 
t ota l  N02 can be cal c u l ated from the measu red sou rce te rms for NO and N02 • 

( a )  I ndoor  concent rat i on ca l cu l ated from equ at i on :  HCHO i ndoors = 

( HCHOstack ) / ( COstack ) x (CO i ndoor ) 

A . 3  



These ca l cu l ated sou rce terms for gas stoves and kerosene heate rs , the pr i ma ry 
sou rces of oxi des of n i t rogen , are g i ven i n  Ta b l e A . 1 .  These va l u es a re 
0 . 039  g/ h for a bu rner and 0 . 085 g / h  for a kerosene space heate r .  

An ox i de of  n i t rogen sou rce term for tobacco smok i ng has  been mea su red a n d  
averages 0 . 06 5  mg/ c i garette . Genera l l y ,  wood stoves d o  n ot p roduce s i gn i f i cant 
emi s s i ons of  N02 because of l ow f l ame temperat u re .  

Concentrat i on s  of oxi des of n i t rogen ( a s  NOZ ) are genera l l y  recorded i n  the 
amb i ent a i r .  F or t he Pac i f i c  Nort hwest reg l o n ,  data have been recorded on  NO 
and N02 ' as wel l as tota l  oxi des of n i t rogen ; h oweve r ,  on l y  one record i n g  
stat i on i n  the  reg i on mea su red ox i des o f  n i t rogen i n  1 980 . T� i s  stat i on wa� i n  
western Mo ntana and i t  recorded one-hou r maxi mums of 2 74  � g/m  NO , 235  �g/m 
N02 , an� 568 � g/m3 NOx ( a� N02 ) ,  and a n n ua l  a r i t hmet i c  means of 48 �g/m NO , 
3 5  � g/m  N02 , and 5 1  � g/m NOx ( as N02 ) .  

Carbon Monoxi de ( CO )  

The  g reatest sou rce of carbon monoxi de  (CO ) i s  from combust i on .  Ca rbon 
monox i de emi s s i ons  a re est i mated to be 0 . 036 g / h  for steady-state operat i on of 
a gas bu rner and an average of 0 . 3 93  g/ h fo r steady-state operat i on of a 
ke rosene s pace h eate r .  Ca rbon monox i de emi s s i ons  from a wood stove cal cu l ated 
from mea s u red i ndoor concent rat i on s , ai r-exchange rate , and room vol ume ave rage 
0 . 5 g/h for a l l -day , steady-state operat i on w i th the wood stove door c l osed . 
Th i s  average emi ss i on rate for wood stoves i s  for one experi ment . H i gher  peak 
concent rat i on s  have been measu red when the door i s  open (Moschandreas a nd  
Z abran s ky 1 981 ) .  
Tobacco smok i n g i s  a l s o  a source of CO . An average of 1 05  mg i s  emi tted pe r 
c i ga rette .  Th i s  average i nc l u des s i dest ream CO as  wel l as CO i nh a l ed a n d  
exh a l ed du ri n g  smok i n g .  Outdoor C O  a l s o  cont ri butes somewhat t o  t h e  i ndoor a i r 
q u a l i ty t h ro u gh i n fi l t rat i on .  Maxi mum outdoor c oncent rat i ons  of CO from 1 980 
amb i ent a i § q ua l i ty data i n  the Paci f i c Nort hwest ranges from j maxi mum of 12 
to 22 mg/m for an 8-h t i me peri od to  a m i n i mum of 2 to  3 mg/m  on an a n n ua l  
bas i s .  

Carbon  D i ox i de (C02.L 
As i de from generat i on of ca rbon d i ox i de (C02 ) from metabo l i c  act i v i ty ,  wh i ch 
res u l ts i n  emi s s i ons of 30 to  190  g / h/ hou seho l d ( a ve rage 90 g / h/ househo l d ) ,  
comb u st i on s ou rces cont ri bute the  greatest emi s s i on of CO2 to  i ndoor a i r .  A 
gas stove o ven wi l l  emi t 383 to  400 g / h  CO2 and a gas bu rner w i l J  emi t 483 t o  
5 50 g/ h CO2 • A kerosene space heater  wi l l  emi t a n  average o f  420 g/ h under  
normal  f l ame cond i t i on s .  Wood stove emi s s i ons data a re genera l ly  l ac k i n g .  
Consequent l y ,  the emi s s i on s  of CO2 a re ca l cu l ated from i ndoor CO emi s s i ons  and 
the meas u red rat i o  for CO/C02 emi tted Qut the ch i mney , assumi n g  the s ame rat i o 
for CO/CO emi tted i nto  the  res i dence . � a ) An average of 7 g/ h CO2 i s  
ca l cu l ate� for wood stoves . An average emi s s i on of 1 43 mg CO2/ c i ga rette h a s  
been meas u red for t h e  comb i ned mai n stream a n d  s i dest ream CO2 • 
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Radon ( R n ) 
The sou rce terms fo r radon a re for ga seous radon-222  and a re a l l taken  to be steady stat e .  Radon wi l l  decay i nto a l p h a-em i tt i n g daughte r p roduct s ,  wh i ch att ach to pa rt i c l e s .  The g2eatest s i n g l e sou rce of  radon  i s  from the so i l ,  ra n g i n g f20m 0 . 1  to 1 p C i /m / sec i n  mo st a reas of  the reg i on to 0 . 2 5  to  2 . 5  pC i /m / s ec i n  ot h e r  a reas . The oth e r  a reas a re not  cove red by basa l t  and i nc l ude a l l of  weste rn Montana and the Rocky Mou nta i n  re g i ons of  n o rt hern and  easte rn Idaho . These  reg i ons  conta i n  l ow-grade u ra n i um i n  the so i l ( a  sou rce of  rad i um that decays to  radon ) as wel l as mi ned and p rocessed coppe r ,  phosphate , ma n ganese , s i l ve r ,  gol d ,  and oth e r  o re s .  Remova l of  the p rotect i ve o ve rbu rden du r i n g  m i n i n g and p roces s i n g  resu l ts i n  re l ease of  s l i ght ly e l e vated l e vel s of radon cont a i ned i n  these o res  ( L l oyd 1 981 ) .  

Because k nowl edge of  i n doo r radon concent rat i ons and the i r ra n ges i s  l i m i t ed i n  t he  Pac i f i c  No rthwest , BPA conducted a Radon F i e l d Mo n i tor i n g  Study du r i n g  the  1 982-83 wi nte r  heat i n g seaso n .  Ap p ro x i mate ly 290 homeowners rece i ved up  to  t h ree sma l l ,  pass i ve radon  detecto rs to be  p l aced wi t h i n  the res i dence . They we re as ked to i n sta l l the detectors wi th i n  t he i r homes accord i n g to  the  fo l l owi n g  d i rect i ons : 
1 .  P l ace one detecto r  i n  a f i rst fl oor  " l i v i n g a rea " such as a l i v i n g room o r  fami ly  room. 
2 .  P l ace anot h e r  detecto r  i n  a f i rst fl oor  bed room remote from the fi rst detector o r  i n  a second f l oor  bedroom. ( I f both rooms e x i st , put t he  detect o r  i n  the second fl oor  bed room ) ,  and 
3. P l ace the l a st detect o r ,  i f  the res i dence i s  not bu i l t  s l a b -on - g rade , i n  t he  ba sement or  c rawl space . ( I f bot h l ocat i ons  ex i st , put the detect o r  i n  the  basement . )  

Homeowne rs we re d i rected to hang  o r  p l ace the  detect o r  anywhe re i n  the  se l ected s pace , away f rom d rafts a r i s i n g  f rom heat i n g vents o r  wi ndows . Detecto rs i n  c rawl spaces we re to be sus pended from the fl oor  above the g round . Gene ra l l y ,  the  detectors we re hung  a g a i nst the wa l l ,  i n  f ree a i r ,  o r  p l aced on she l ve s .  
The homeowne rs we re a l so  asked t o  comp l ete  a n  i nfo rmat i on fo rm rega rd i n g  the  house . Th i s  fo rm cont a i ned quest i ons  that wou l d  i nd i cate what radon sou rces m i ght  be p resent , o r  cond i t i ons  that affected the a i r-exchange rate wi th i n  the res i dence . 
Of  the  290  re s i dences that we re mon i to red , res u l t s  we re obta i ned fo r 270  h omes . F i g u re A . 1 ,  a map of the  Pac i fi c  Northwest , shows whe re the  res i dences we re l ocated . The  s i ze of  the dot  i nd i cates the numbe r of  res i dences mon i to red i n  the part i cu l a r  c i ty .  I n  a l l ,  1 1 1  d i ffe rent l ocat i on s  we re mon i to red . O f  that tota l , s i x  c i t i e s had seven o r  more res i dences mon i to red : 
1 .  P o rt l and , Oregon - 3 1  houses  ( d oes  not i nc l ude s u r rou nd i n g c i t i es i n  the  met ropo l i tan a rea ) 2 .  Wa l l a  Wa l l a ,  Wa s h i n gton  - 1 2  houses 3 .  Vancou ve r ,  Was h i n gton - 11  houses 
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4 .  Sa l em ,  Oregon - 1 1  houses 
5 .  Seatt l e ,  Was h i n gton - 8 houses  
6 .  The Da l l es ,  Oregon - 7 houses  

I n i t i a l res u l t s  of t h i s mon i tor i n g  p rog ram have been re l eased by BPA 
( Thor  1984 ) . The ave rage mea s u red concentrat i on s ,  by BPA a reas , a re l i sted i n  
Ta b l e A . 2 .  The Pu get Sou nd reg i on had the l owest mea s u red va l ue s  for a l l mon i 
tor i n g  l ocat i on s . The h i ghest va l ues  for the  mon i t or i ng  l ocat i ons  occu rred i n  
e i t her  the  Uppe r Co l umb i a  o r  Port l and  Met ro regi on . The data a l s o  i nd i cate 
t hat ave rage , measu red radon concentrat i on i n  ba sements  i n  the  re g i on wou l d  be 
a p prox i mate ly  twi ce that measu red i n  the  fi rst fl oor  l i v i n g a rea . D i fferences 
i n  data for the  f i rst f l oor l i v i n g a rea and second and t h i rd f l oors i s  somewhat 
mi xed . Regi ona l  data i nd i cate ave rage va l u es  are a l most the  same . Ave rage 
data for  the  i nd i v i dua l  a reas , h oweve r ,  i nd i cated t hat second or  th i rd fl oor  
concent rat i ons  cou l d  be 60 to  70% of those measu red at the  fi rst fl oor  l i v i n g 
a rea ( Pu get Sound and Lower Co l umbi a )  o r  h i gher  ( Upper  Co l umbi a ) .  The data do  
show that ave rage radon concent rat i on s  do va ry across  the  reg i on wi t h  concen 
t rat i ons i n  those areas k n own to  be nonbasa l t i c  about 2 .5 t i mes  concent rat i on s  
mea s u red i n  most a reas o f  t h e  regi on . 

A h i stogram of the  h i ghest read i n g  obta i ned for each res i dence , exc l u d i n g  data 
for c rawl spaces , i s  p rov i ded i n  F i gu re A . 2 .  The d i str i but i on i s  s k ewed and  
i nd i cates a l a rge fract i on of the h i ghest concent rat i on s  wou l d  be  bel ow 
2 pCi /� . 

Radon i s  a l s o  re l eased �rom the aggregate conta i n ed i n  concret e ,  and ran ges 
from 0 . 02 to  0 . 06 pC i /m /sec . A concrete s l ab on so i l wi l l  ema nate radon both 
from the  concrete aggre gate and  from the d i ffu s i on  of the  radon from the so i l 
t h rough the  pores  of the  concrete . B ri ck  ( adobe and  red )  a l so  conta i n s  radon . 

Radon d i s so l ves i n  wate r  and , i f  water  i s  drawn f rom we l l s ,  i t  may rema i n d i s 
so l ved u nt i l t h e  water  i s  u sed i n  t h e  res i dence . Avai l ab l e measu rements o f  
radon i n  water  a re n ot  s u i tab l e to  est i mate wei ghted mean va l ues  f o r  a cou ntry 
as a whol e ,  o r  even very l a rge reg i ons , becau se the  measu rements often refer t o  
a reas  of spec i a l  geol og i c i nt e rest conta i n i n g h i gh  natu ra l  rad i oact i v i ty .  The 
ave rage concent rat i on of  radon i n  g l obal  g round  water  was i de nt i fi ed i n  an 
ear l i e r UNSCEAR report ( U N  1 9 7 2 )  to  be about 5000 pC i /� .  

The 1 982 UNSCEAR report ( UN 1982 )  states t hat on ly  a sma l l p roport i on of the  
worl d ' s  popu l at i on ,  perhaps  between  1 and 10% , cons ume wate r  conta i n i n g conce n 
t rat i ons o f  radon o f  the  o rder o f  3000 pC i /� or  h i g h e r ,  d rawn from deep 
we l l s .  For  the  rema i nder  who consume water  f rom we l l s  or  su rface sou rces , the 
wei ghted worl d average concent rat i on from a l l sou rces i s  p robab ly l es s  t ha n  
a bout 30  pC i /� .  A sma l l p roport i on « 1% ) cons ume water  conta i n i n g  about 30 , 000 
to 300 , 000 pC i /� of radon , w i t h  s ome except i ona l  va l ues  reach i n g  about 
3 , 000 , 000 pC i /� .  
Concent rat i ons  of radon-222 , pr i mar i ly  i n  ground wat e r ,  have been revi ewed by 
Duncan et a l . ( 1 9 7 6 )  to ra n g e ,  i n  genera l , u p  to 30 , 000 pC i /� i n  G reat B r i t a i n ,  
I s rae l , and the  Un i ted St ates ( e xc l ud i n g  Ma i n e ) . I n  g ran i t i c  a reas , such  as 
Mai n e ,  concentrat i on s  were h i gher  ( u p  to  300 , 000 pC i /� ) . Concent rat i ons  of  
t h i s magn i tude were a l s o repo rted i n  out l y i n g  areas  of He l s i n k i , F i n l and ; 
J apan ; and New Zea l an d . The U . S .  data ( re p resent i n g on ly 438 samp l e s ) ,  except 
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Ba sement 
( F requency ) 

C rawl Sp ace 
( F requency )  

F i rst F l oor  
L i v i ng Area 

( F  requency ) 

F i rst F l oor 
B ed room 

( F requency )  

Second and 
Thi rd F l oors 

( F requency )  

TABLE A . 2 . Average Radon Concent rat i on s  ( pC i / t )  
Obtai ned Under BPA Mon i t or i n g  P rogram 

Lower Upper  Snake  Pu get Port l and Regi onal  
Co l umb i a  Co l umb i a  R i ver Sound Met ro Tota l  

1 . 50  
( 1 5 )  

1 . 46 
( 24 )  

0 . 7 6  
( 45 )  

0 . 83  
( 24 )  

0 . 52 
( 1 0 )  

2 . 20 ( a )  
( 36 )  

3 . 89 
( 1 6 )  

1 . 45 ( a )  
( 5 9 )  

1 . 65 ( a )  
( 36 )  

1 . 57 
( 1 5  ) 

3 . 04 
( 30 )  

2 . 2 3 
( 22 )  

1 . 3 1  
( 58 )  

1 . 18  
( 3 2 )  

0 . 97 
( 9 )  

0 . 7 1  
( 2 4 ) 

1 . 2 5  
( 1 7 )  

0 . 5 3 
( 49 )  

0 . 84 
( 2 6 )  

0 . 32 
( 1 6  ) 

4 . 07 
( 2 9 )  

1 . 62  
( 1 2 )  

1 . 92 
( 44 ) 

1 . 49 
( 2 0 )  

1 . 82 
( 2 2 )  

2 . 45 
( 1 34 )  

2 . 06 
( 9 1 )  

1 . 20  
( 2 5 5 )  

1 . 22  
( 1 39 ) 

1 . 1 5  
( 7 2 )  

( a )  Not e :  I f  t h e  one hou se i n  I daho  havi n g  i nd i v i dua l  read i ngs  of between 
30 to 60 pC i / t i s  i nc l uded , then the a ve rages  for the basement , f i rst 
f l oor  l i v i n g area , and fi rst f l oo r bedroom i n  the  Upper  Co l umb i a area 
i n c rease to  3 . 7 0 ,  2 . 07 , and 2 . 74  pC i /t ,  respect i ve l y .  

for Ma i ne ,  showed that 74% o f  the  g round wate r  sou rces fel l between 0 and 
2000 pC i /t ;  26% we re above 2000 pC i /t ,  and 5% were above 20 , 000 pC i /t . Many 
( but not al l )  of the  samp l e s  were taken  i n  areas thought to be h i gh  i n  nat u ra l  
rad i oact i v i ty .  The  data a l so ge nera l ly  rep rese nted we l l -h ead concent rat i on s  
rather  than  con sume r-use  concent rat i on s .  Average U . S .  radon concent rat i ons , 
therefo re , cou l d be su bstant i a l l y l owe r than  these val ues because of rad i o 
act i ve decay and other l osses  between a water  pl ant or  we l l  head and the 
cons ume r-u se po i nt . 

A statewi de su rvey of radon concent rat i on �  i n  Oregon grou nd-water  dr i n k i n g  
supp l i es s h owe� , popu l at i on -wei ghted average concent rat i on of about 300 pC i /t 
( Toombs 1982 ) . a Th i s  va l ue i s  s i mi l a r to  unpub l i s hed data ( p resented at the  
Nat i ona l  Works hop for Rad i oacti v i ty i n  D ri n k i ng  Wate r ,  E a ston , Ma ryl a nd , May 
24-26 , 198 3 )  showi n g  t hat the popu l at i on-we i ghted radon  concent rat i on i s  
<1 000 pC i /t i n  U . S .  grou nd-water s upp l i es .  

( a )  Pe rson a l  commu n i cat i on ,  dated Ap ri l 29 , 1982 , from G .  L .  Toombs , 
S uperv i sor of E n v i ronmental  Rad i at i on Su rvei l l ance , Rad i at i on Control  
Sect i on ,  PNL , R i ch l a nd , Was h i n gton . 
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COMPUTAT I ON OF DAILY  AVERAGE POLLUTANT CONCE NTRAT I ONS 

To est i mate concent rat i on s  from contr i but i on s  of the  va r i ous  combu st i on pol l u 
tants f rom the combu st i on sou rce s ,  the  fo l l owi ng  equ at i on shou l d  be u sed : 

Average Da i l y CAVG = Concentrat i on ( A .  1 ) 

where M i s  the constant sou rce term emi s s i on rate ( e . g . , mg/ h ) ,  t i s  the  
d u rat i on of t hat sou rce t e rm ,  I i s  the  a i §- i n f i l t rat i on rate ( total a i r changes 
per hou r ) , and V i s  the hou se  vol ume i n  m • 

The fo l l owi ng  tab l es  ( Tab l es  A . 3 t h rough  A . I 0 )  are s u ggested as gu i de l i ne s  for  
e st i mat i n g  concent rat i on s .  Several  examp l e s fol l ow the  tab l e s . 

Exampl e 1 .  F o rma l dehyde f rom you r w20d stove i s  your concern . Your  house  i s  a 
s i n g l e -fami l y  detached home of 400 m vo l ume and the  ave rage i nf i l t rat i on rate 
i s  0 .6 ACH . Your  wood stove i s  rated at 8 kw ( an ave rage s i ze ) . Norma l 
operat i on i s  4 to  12  p .m .  ( fu e l i n g and stok i n g )  d ur i n g  wi nter day s .  F rom 
Equat i on ( A . l ) ,  

CAVG = Mt / ( 24 I V ) 
M = 66� �g/h  ( Tab l e  A .6 )  

t l = 8 h (Tab l e A . 6 ) 
I = 0 .6 ACH 
V = 400 m3 

CAVG = 0 . 9 19  n g/w3 
( j -4 3 790 n g/m o r  6 . 90 x 10  mg/m . 

E xampl e 2 .  You ra re ly  have smokers i n  you r apartment , so you want to  s u bt ract 
t he part i c l e  l evel s cont ri buted by smokers reported i n  the E I S .  
The average CAVG u sed i s  a comb i n at i on of the  ave rage Mt l ' I ,  and  V i n  the  
appropr i ate tab l es . The h i gh  CAVG i s  a comb i nat i on of tne H i g h  Mt 1 , l ow V i n  
the range , and l ow I i n  the ran g e .  The l ow CAVG i s  a combi nat i on of the  l ow 
Mtl ' h i g h  V ,  and h i gh  I .  

T h us , for part i c l es from c i ga rettes , to  ca l cu l ate  CAVG ( ave rage apartment 
s i tu at i on )  

= 77 . 5  ( 1 6 )  mg (Tab l e A . 8 )  
= 0 . 47 5 3ACH ( Tab l e A . 3 ,  No Act i on )  

V = 1 70  m ( Tab l e A . 4 )  

A . I 0 



::t:> 
I---' 
I---' 

TABLE A . 3 .  Ai r - I nf i l t rat i on Rates ( I )  Expected i n  Res i dences Accord i n g  to  
Res i de nt i a l Type and Weather i zat i on O pt i on  

Opt i on ( a )  S i n g l e -Fami l y  
Detached 

S i n g l e -Fami l y  
Attached Mobi l e  Homes 

No Act i on 0 . 8  a ve rage 0 . 556 a ve rage 0 . 28 a ve r a ge 0 . 47 5  a ve rage  
Range : 0 . 5 to 1 . 5  Ra nge : 0 . 348 to  1 . 042 Range : 0 . 1 to 0 . 7 5 Range : 0 . 29 7  to  0 . 89 1  

Apa rtment s  

( 1 )  o n l y  0 . 7 1 4  
0 . 447 to  1 . 340 

0 . 424 
0 . 265  to 0 . 796  

0 . 497  
0 . 3 1 1  to  0 . 93 1  

0 . 250 
0 . 089 to  0 . 700  

( 2 ) on ly  0 . 747  
0 . 46 7  to  1 . 40 1  

0 . 443  
0 . 27 7  to 0 . 832  

0 . 5 1 9  
0 . 3 25  t o  0 . 97 3  

0 . 262 
0 . 093 to 0 . 7 0 1  

( 3 ) o n l y  0 . 760 
0 . 47 5  to 1 . 425  

0 . 45 1  
0 . 282 to 0 . 846 

0 . 528 
0 . 33 1  to 0 . 990  

0 . 266 
0 . 095 to  0 . 7 1 3  

( 4 )  0 . 7 1 4  
0 . 447 to  1 . 340 

0 . 424 
0 . 265  to 0 . 7 96  

0 . 497  
0 . 3 1 1  to  0 . 93 1  

0 . 250 
0 . 089 to  0 . 700  

( 5 ) 0 . 674  
0 . 422  to 1 . 265  

0 . 400 
0 . 2 50 to 0 . 7 5 1  

0 . 469  
0 . 293  to 0 . 878 

0 . 236  
0 . 084 to  0 . 6 32  

( 6 ) 0 . 707  
0 . 442 to 1 . 326 

0 . 420 
0 . 263  to 0 . 788 

0 . 492  
0 . 308 to  0 . 92 1  

0 . 248 
0 . 088 to 0 . 66 3  

( 7 )  0 . 674  
0 . 422  to 1 . 265  

0 . 400 
0 . 250  to 0 . 7 5 1  

0 . 469  
0 . 293  to  0 . 878 

0 . 236 
0 . 084 to 0 . 6 32  

( 8  ) 0 . 533  
0 . 35 1  to  1 . 042 

0 . 329 
0 . 206 to  0 . 6 1 7  

0 . 385 
0 . 241  to 0 . 7 22  

0 . 1 94 
0 . 069  to  0 . 520  

( a )  ( 1 ) = Sto rm doors/w i ndows ; ( 2 ) = weat herst r i p p i n g ; ( 3 )  = cau l k i n g/ ga s k et s ; ( 4 ) ( 1 ) + ( 2 ) ; 
( 5 ) = ( 1 ) + ( 3 ) ;  ( 6 ) + ( 2 ) + ( 3 ) ;  ( 7 ) = ( 1 ) + ( 2 ) + ( 3 ) ; ( 8 ) = ( 1 ) + ( 2 ) + ( 3 ) + wa 1 1  
i n s u l at i on .  



TABLE A . 4 . V o l umes ( V ) Accord i n g  to Re s i dence Type , m3 

T��e Detached Attached Mobi l e  Homes A�a rtments  
Ave ra ge 383 240 225 1 7 0  
Range 180 to  540 1 80 to 540 1 80 to  360 142 to  360 

TABLE A . 5 . Sou rce Te rm Rates ( M )  and Sou rce Du rat i on ( t 1 ) for Carbon 
Monoxi de by Type of  Combust i on  Sou rce 

C i Ja rettes Wood Stoves S�ace Heaters Gas Stoves 
Ty�e M ( a  t (5) M � M 1.1 M 1.1--1-

Ave rage 203 16 500 8 393  1 2  36 . 9  1 
H i gh  6 54 1 6  2774 24 366 24 57 .4  6 
Low 6 5 . 4  1 6  52 4 369 8 36 . 9  1 / 6  

� � �  M = mg/ h . 
t 1 = hou rs .  

TABLE A . 6 . Sou rce Te rm Rates ( M ) and Sou rce Du rat i on  ( t 1 ) for 
F o rma l dehyde by Type of  Combu sti on Sou rce 
C i ra rettes Wood Stoves S�ace Heaters Gas Stoves 

Ty�e M ( a  t ( b )  _M_ � M .!.J. M !L �-

Ave rage 2044 16  662  8 0 930 1 
Hi gh  6 586 1 6  827 24 0 930  6 
Low 659  16  248 4 0 930 1 /6  

� a )  M = �g/ h . 
b )  t 1 = hou rs . 
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TABLE A . 7 . Sou rce Te rm Rates ( M )  and Sou rce Du rat i on ( t 1 ) for Oxi des 
of N i t rogen ( as N02 ) by Type of Combu st i on Source 

C i yarettes Wood Stoves Seace Heaters ( a )  Gas Stoves 
M ( b  t ( c )  M Tyee .11 M .!J M t -1- -- -1-

x 104 Average 1 26 1 6  0 8 . 5  12 3 . 9  4 1 x 104 H i gh 406 16 0 6 . 6 x 1 04 24 6 . 1  x 6 
Low 41 16 0 3 . 4  x 104 8 3 . 9  x 

1 04 10 1 . 6 

( a )  Convect i ve-type heater .  
( b )  M = )1 g/ h .  
( c )  t 1 = hours . 

TABLE A . 8 . Sou rce Term Rates ( M )  and Sou rce Du rat i on ( t 1 ) for Part i c l es 
by Type of Combust i on Sou rce 

C i yarettes Wood Stoves Seace Heaters Gas Stoves 
M(a  t (6) T.lee -1- M .11 

9 . 4 ( c )  
M � M .11-

Avera ge 7 7  . 5  1 6  8 0 20 1 
H i gh 250 1 6  9 . 4 24 0 30 2 
Low 25 16 9 . 4  4 0 10  1 / 6  

( a )  M = mg/h . 
( b ) t l = hou rs . 
( c )  tnese  va l u es based  on one  dat um o n ly  (Moschandreas and  

Zabr i n s ky 1981 ) .  

TABLE A . 9 . Sou rce Te rm Rates (M ) and Sou rce Du rat i on ( t 1 ) for 
Benzo-CaJ -Pyrene by Type of Combust i on Sou rce 

Ci ya rettes Wood Stoves Seace Heaters Gas Stoves 
M(a t ( b )  T.lee M � M -S M -1-

1350 ( c )  -
Average 320 16 8 0 0 
Hi gh  1040 1 6  1 350 24 0 0 
Low 104 16  1 3 50  4 0 0 

( a )  M = )1 g / h . 
( b )  t 1 = hou rs . 
( c )  t hese  va l u es bas ed on the  datum on ly  (Moschandreas and 

Zab ri n s ky 1981 ) .  
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TABLE A . 1 0 . Sou rce Te rm Rates ( M )  and Sou rce Du rat i on ( t 1 ) for 
D i oxi de by Type of Combu st i on  Sou rce 

C i Jarettes Wood Stoves SQace Heaters 

TYQe M( a  t ( b )  
�-

M !J _M_ !J 
Average 0 . 3  
H i gh  0 . 9 
Low 0 . 1  

( a )  M = g/ h .  
( b )  t 1 = hou rs . 

1 6  
16  
1 6  

7 8 420 12 
1 2 . 5  24 650 24 
12 . 5  4 1 9 0  8 

For 
CAVG ( av g )  = 0 . 640 mg/m3 o r  640 � g/m3 

the  h i gh end of the  s pect rum of poss i b l e  
Mt = 250 ( 1 6 )  mg (Tab l e A . 8 )  

l eve l s 

1 = 0 . 297 3ACH (Tab l e  A . 3 ,  No -Act i on )  
V = 142 m ( Tab l e A . 4 )  

and t hu s , 3 3 
CAVG ( h i gh )  = 3 . 9 5 mg/m = 3950 � g/m • 

For the  l ow end  of the  s pectrum of poss i b l e  l eve l s 
Mt1 = 25 ( 1 6 )  mg (Tab l e A .8 )  

I = 0 . 891 3ACH (Tab l e A . 3 ,  No-Act i on )  
V = 360 m (Tab l e A . 4 )  

a n d  t hu s , 
CAVG ( l ow )  = 0 . 052  mg/m3 

= 52  � g/m3 . 

COMPUTAT ION  OF I NDOOR RADON CONCENTRAT IONS 

Gas Stoves 
M .1.1-

910  1 
910  6 
910  1/ 6 

I ndoor radon concent rat i ons  are computed u s i n g  E q u at i on ( A . 2 ) :  

whe re 

S + B + W C = V * I 

C = radon  concent rat i on ,  pC i / t 
S = so i l emi s s i on  rat e ,  pC i / h  
B = bu i l d i n g emi s s i on  rate , pC i / h 
W = water emi ss i on rat e ,  pC i / h  
V = bu i l d i n g vol ume , t 
I = i nf i l t rat i on rate of f resh  a i r ,  ( ACH ) 
* = natu ra 1 gas . 

Ca rbon 

PeoQl e 
� .1.1 

90 24 
190 24 

30 16 

( A . 2 )  

Radon emi s s i on  rates  are g i ven a s  a gu i de t o  typ i ca l  val u es i n  Tabl e A . 1 1 .  To 

convert th ese to the  req u i red emi s s i on rates , i t  i s  necessary to accou nt for  

b u i l d i n g cha racter i st i cs and  water  use .  Al t hough  rado n  i s  fou nd  i n  nat u ra l  

gas , t h e  amou nt p resent i s  i ns i gn i f i cant . 
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TABLE A . l 1 .  Radon Emanat i on Rates 

Sou rce Rate Reference 
So i l  0 . 2 5  to 2 . 5  PC i /�2/ s  H i gh- radon a reas ( a )  T hor  1 984 

0 . 1  to 1 . 0 pC i /m / s  Most a reas of  reg i on B runo  1981  
So i l  cove red 0 . 02 5  to 0 . 2 5  PC i /�2/ s  H i g h-radon areas Thor 1984 
by concrete 0 . 01 to  0 . 10 pC i /m /s  Most  a reas of reg i on B runo  1981 

Concrete 0 . 4  to 1 . 2  pC i / k g / h  H o  1 1  owe 1 1  
et a l e 1981  

Concrete wal l 0 . 02  t o  Hol l owel l 
( 0 . 2  m th i ck ) 0 . 06 pC i /m2/ sec et al e 1981 

Red br i  ck 0 . 10 pC i / kg/ h Ho l l owe l l 
et a l e 1981 

Wood (western ) 0 . 02 pC i / k g / h  Mean Ho l l owel l 
et a l e 1981 

Wel l water  2 5 , 000 t o  H i gh -radon areas Pa rt r i  dge , 
30 , 000 pC i / R- Horton , and 

Se n s i ntaffe r 
1 9 79 ; Th o r  
1 984 

1 0 , 000 pC i /R- Average Nat i onwi de EPA 1 9 79  
Va l u e 

( a )  H i g h - radon areas gene ra l l y  i nc l ude  western Mo ntana , and nort hern 
and eastern I daho . 

So i l emi ss i on rate i nto  a bu i l d i n g depends p r i ma ri l y  on t he  cha racter i s t i cs of 
the f l ow of radon t h ro u gh the foundat i on .  Ta b l e A . 1 1  s h ows an o rder of  magn i 
tude  d rop  i n  the  soi l ema nat i on rate when t he  soi l i s  cove red by conc ret e .  Ai r 
vent i l at i on between the s o i l and t he  b u i l d i n g and t he  under ly i n g  so i l w i l l  
reduce  the  amount  of th i s  radon ent e r i ng  t he  bu i l d i n g .  A genera l  fo rmu l a  for 
comp ut i n g  so i l emi s s i on rates i nto  a bu i l d i n g i s  as fol l ows : 

S = F * R * A * 3600 ( A . 3 ) 

whe re 
S = radon  emi s s i on  rat e ,  pC i / h  2 R = radon ema nat i on rate ,  pC i /m /sec ( s ee Tabl e A . 1 1 ) .  

A . 1 S  



B u i l d i n g emi s s i on  rates  are de r i ved by con s i der i n g  the  radon emi tted by the  
mater i a l s used  to con struct t he b u i l d i n g .  Tab l e  A . 1 1  g i ves typ i cal  va l ues for 
concrete , red br i ck , and western wood . These  are used  to compute radon 
emi s s i on rates by Equat i on ( A . 4 ) : 

B = R * M ( A .4 )  

where R i s  the  emanat i on rate from Tabl e A . 1 1 ,  and  M i s  the  mass of t h e  
mater i a l  u s ed  i n  the  con struct i on of t h e  bu i l di n g .  The  mas s  i s  computed by 
us i n g the  p hys i ca l  d i me n s i ons  of the  b u i l d i n g and  the  vo l ume to  mass con vers i o n  
g i ven i n  Tab l e A . 1 2 . F o r  exteri o r  wa l l s ,  i t  i s  approp r i ate to  use  on ly  ha l f 
the  mass  t o  a l l ow for the  fact t hat the  radon emanat i on occu rs t h rough  bot h 
s i des of the  wa l l .  The  wood rate i s  suff i c i ent ly  sma l l that i t  may be i gnored 
wi thout  i nt roduc i n g  ser i ous e rrors . 

The  wate r-deri ved radon i s  from wel l  water .  Su rface-water supp l i es have very 
l ow radon content . The va l ues g i ven i n  Tab l e  A . 1 1  are on ly  gu i des  for compu
t at i on of re l at i ve chan ges . Actua l  measu red radon content of we l l wate r  may 
ran ge over many o rders of magn i tude ; the  va l u es must be l oca l ly  measu red t o  
a l l ow reason ab l e  accu racy i n  t h i s va l u e .  T h e  formu l a for steady-state radon 
emi s s i on i s  as fo l l ows : 

W = r * U * E ( A .5 )  

where r i s  an emp i ri cal  constant re l ated to  the  fract i on of radon re l eased , E 
i s  the  radon content of water  from Tab l e A . 1 1  ( pC i / t ) , and U i s  the  wate r  u se  
per  hour  i n  the  b u i l di n g .  Tab l e A . 1 3  cont a i n s  typ i ca l  i n door water  u se  
va l ues . 

The  vol ume of the  bu i l d i n g i s  computed u s i n g  the  p hys i ca l  d i men s i ons  of the  
l i v i ng a rea of the  stru ctu re . Att i c and ga rage areas  a re n o rma l ly  exc l uded . 
The  vent i l at i on  rate of outs i de ai r ,  I ,  exp ressed  i n  comp l ete  ACH i s  n eeded for 
the  b u i l d i n g .  Tab l e  A .3 p rov i des ranges  of vent i l at i on rates used  i n  t h i s 
a na lys i s for vari ous structu res and con servation opti ons . 

TABLE A . 1 2 . Typ i cal  Den s i t i es of Materi a l s 

Materi a l  Den s i t� ,  kg/m3 
Concrete 2 300 
B r i c k  1520  
Wood 435 
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TABLE A . 1 3 . Wate r  Req u i rements  for Domest i c  Se rv i ce , Pu b l i c  B u i l d i n gs , 
Schoo l s ,  and Camps ( Go l den et a l e 1 980 ) 

Domest i c F i xtu res 
Fi  1 1  1 avato ry 
F i  1 1  batht u b  
S howe r bat h  
F l u s h  t o i l et 
D i s hwas he r  
Automat i c  l au n d ry mach i ne 

P r i vate Homes 
F o r  each member of fami l y  
i nc l ud i n g k i tche n ,  l au n d ry 
and bath 

2 gal 
30 gal 
30  to 60 ga l 
6 gal  
3 gal / l oad 
30 to  50 ga l / l oad 

40 gpd 

Samp l e Computat i on :  G i ven a wooden bu i l d i n g ,  u s i n g  we l l wate r , on a we l l 
sea l ed conc rete s l a b ,  to est i mate changes i n  concent rat i ons  from conse rvat i on 
measu res that resu l t  i n  an ai r exchange reduct i on of 1 . 0  to  0 . 8  ACH , one does 
the fol l ow i n g :  

Data needed : 
He i ght of rooms - 2 . 44 m ( 8  ft )  
F l oor  a rea = 1 16 m ( 1 250 ft ) 
Conc rete fl oor  t h i ckness  = 0 . 1 5  m 3 Vo l ume of Conc rete = fl oor  a rea and 3th i c k ness  4 1 1 6* . 1 5  = 1 7 . 4  m 
Mass of conc rete = 1 7 . 4 * ( 2 . 3 x 1 0  ) = 4 x 3 1 0  k g  3 Vo l ume of bu i l d i n g ( V )  = 1 1 6  * 2 . 44 = 283 m = 283 x 1 0  £ 
Wate r u sage = 160 ga l /day o r  6 . 66 ga l /h  o r  2 3 . 7  l / h .  

Se l ect app rop r i ate radon  ema nat i on rate� , 
Conc rete s l ab on  so i l = 0 . 10 pC i /m / s  
Concrete rate = 1 . 2  pC i / k g / h  maxi mum 
Wel l -wate r  radon concent rat i on = 1 0 , 000 pC i /£ 
Compute  radon concent rat i ons , 

Soi l t e rm f rom Equ at i on ( A . 3 ) : 
S = F * R * A * 3600 

= 1 . 0  * 0 . 1 0  * 1 1 6  * 3600 = 4 . 2  x 1 04 pC i / h  
Bu i l d i n g t e rm f rom Equat i on ( A . 4 ) : 

B = R * M 
= 1 . 2  * ( 4  x 1 04 ) = 4 .8  x 104 pC i / h 

Wate r term f rom Eq uat i on ( A . 5 ) : 
W = r * U * E 

= 0 . 6  * 2 7 . 3  * 1 0 , 000 = 16 . 4  x 104 pC i / h 
E st i mate u nder  concent rat i on :  

At 1 ACH : 

C = S + B + W 
V * I 

C = 4 .2 x 104 + 4 .8 x 104 + 1 6 .4 x 1 04 

283 x 1 03 x 1 . 0 
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C = 0 . 90 pC i / £ 

At O .S ACH : 

= 1 . 12 pCi /£  
Show i n g  an est i mated i nc rease i n  i ndoor  radon  concen
t rat i on of a bout 0 . 2 pC i / £ .  

Then to  est i mate act u a l  i ndoor  concent rat i on s  the computed va l u e  shou l d be 
added to  ave rage back g round va l ue  ( 0 . 25  pC i /£ ) .  

COMPUTAT I ON OF I NDOOR FORMALDEHYDE CONCENTRAT I ONS 

Cont i nuou s sou rces a re t reated wi t h  a s i mp l e  steady-state app roach . Emi s s i on 
rates ,  f rom components  of b u i l d i ng mate r i a l s ,  a re ava i l ab l e i n  the  l i te ra 
t u r e .  These rate s  a re u s u a l l y  gi ven o n  a mas s  pe r u n i t area p e r  u n i t t i me ,  o r  
mass per  u n i t  ma s s  per  u n i t  t i me bas i s .  

Equat i o n s  for cal c u l at i n g  po l l utant concent rat i on s  at steady state take  the  
fo l l ow i ng  fo rm ( typ i cal  u n i ts s h own be l ow i n  p a renthese s ) : 

Po l l utant 
Concent rat i on = Emanat i o n  Mass  of 

Rate 
* Ema nat i n g  

Mate r i a l  

= � k g · h  * ( k g ) 

F re s h  Ai r 
. Exchange 

Rate 
B u i l d i n g  
Vo l ume 

F o rmu l a :  I ndoor  forma l dehyde concent rat i on s  are est i mated u s i n g  the  fo l l ow i n g  
equ at i on :  

whe re 

( A .6 ) 

C = fo rma l dehyde concent rat i on 
F = bu i l d i n g and fu rn i sh i ngs  emi s s i on  fact o r  
W = wal l and cei l i n g i n s u l at i on emi s s i on rate 

C i  = the  s um of fo rma l dehyde concent rat i ons  f rom smok i n g ,  gas stove s ,  and  
wood stoves 

V = the vol ume of the  bu i l d i n g 
I = the i nf i l t rat i on rate of outs i de ai r ,  tot a l  changes  a i r pe r  hou r .  
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Typ i ca l  forma l dehyde emi s s i on rates a re gi ven i n  Ta b l e A . 1  for est i mat i n g  the  
i ndoor concent rat i on .  The fol l ow i ng  g i ves the  p rocedu re for comput i ng i ndoor  
forma l dehyde concent rat i ons . 

The  bu i l d i n g mater i a l  and fu rn i s h i n gs emi s s i on rates  a re based on observed 
ran ges of forma l dehyde w i t h i n s t ru ctu res . The con s i de rat i on of the mu l t i p l e  
t i me-dependent sou rces contr i but i n g  to  these obse rved concent rat i on s  can be 
made for est i mates i n  s pec i fi c  s t ructu re s .  To avoi d u n n eces s a ry deta i l s  i n  
computat i on of changes  i n  fo rma l dehyde concent rat i ons  from con s e rvat i on efforts 
the obse rved concent rat i ons  we re sca l ed d i rect ly w i th  a i r-exchange rate s . 
Ta b l e A . 1 4  cont a i n s  the ranges of the  va l u es u sed i n  the  computat i ons  i n  t h i s 
E I S .  Th i s  app roach a s sumes the  same emi s s i on f rom bu i l d i ng mat e ri a l s  and  
fu rn i s h i ngs  regard l e s s  of  room s i z e .  

T h e  amount o f  forma l de hyde re l eased f rom foam i nsu l at i on i s  h i g h l y  va r i ab l e .  
The fol l owi ng  rel at i ons h i p  p rov i des a typ i ca l  emi s s i on rate f rom the  
i ns u l at i on :  

W = S * A w ( A . 7 )  

whe re Sw i s  the  emi s s i on rate per  a rea of wa l l ,  and A i s  the  t ota l  i n s u l at i on 
wal l a rea computed from the  d i mens i ons  of the  bu i l d i ngs . The ra nge of ave rage 
va l ue s  for Sw a re g i ven i n  Tabl e A . 1 4 .  U n l i ke the  f i rst two categori es  a bove  
( bu i l d i n g mate r i a l s and UF F I ) ,  comb u st i on sou rce s a re i ntermi ttent i n  nat u r e .  
The app roach a n d  computat i on met hods f o r  combu st i on sou rces a re d i scus sed 
a bove . The fol l ow i n g  steady-state  rel at i on s h i p wa s der i ved from res u l t s  i n  
that sect i on :  

C i  = C * I + C * I + C * I s g w ( A . 8 )  

whe re C , C , and Cw a re the  computed a i r concentrat i ons f rom smok i n g ,  a n  
u n vente� ga� stove , and a wood stove , res pect i ve l y , for a speci f i c bu i l d i n g at 
an a i r-exchange rate of 1 .  Tabl e A . 1 5  conta i ns a summa ry of C , C , and Cw va l ues for va r i o u s  struct u res der i ved u s i n g  met hods  descr i bed abov� . 

TABLE A . 1 4. Summa ry of 

Re s i dence T.l':�e 
S i ng l e -fami l y  detached 
S i n g l e -fami l y  attached 
Mobi l e  homes 
Apa rtments 

Emi s s i on Va l ues fo r F o rma l de hyde Computat i on 
B u i l d i ngs  & F u rn i s h i n g s  

3 F ,  \lg/m / h  
Mi n M i d  Max 
6 . 3  20 . 3 5 .  
6 . 3 2 0 .  3 5 .  
5 . 6  250 . 580 . 
6 . 3  2 0 .  3 5 .  
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Foam I n s u l at i on 
2 -2w \lg/m / h  

Mi n Mi d Max 
200 600 1 000 
200 600 1000 

a a a 
200 600 1000 



TABLE A . 1 5 .  Pa rameters for Forma l de hyde Concentrat i o n s  from 
I ntermi ttent Combust i on Sources 

Smok i n g Gas Stove Wood Stove 

Cs , \.Ig/m3 Cg , \.Ig/m3 Cw , \.I9/m3 

Res i dence Type M i  n M i d Max Mi n M i d Max Mi n M i d Max 
-

S i  n g l  e -fami ly detached 0 . 54 4 . 4  49 . 0 . 01 0 . 1 3  2 . 57 0 . 1 0  0 . 7 2  9 . 1  

S i n g l e -fami l y  attac hed 0 . 78 10 . 2  69 . 7  0 . 0 1  0 . 29 3 . 69 0 . 1 5  1 . 65  1 3 . 1  

Mobi l e homes 1 . 62 2 1 . 6  242 . 7  0 . 0 2  0 . 62  1 2 .85 0 . 30 3 . 5  45 . 7  

Apa rtments  1 . 4 1 6 . 8  104 . 2  0 . 02  0 . 48 5 . 51 0 . 26 2 . 7 3  1 9 . 6  

After each of t h e  emi s s i on rates h a s  been computed , t h e  p roj ected forma l dehyde 

concentrat i on s  for d i fferent a i r-exchange rate may be computed u s i n g  t h e  

Equat i on ( A . 6 ) .  

E xampl e--For a s i n gl e -fami l y  detached res i dence wi t h  foam i ns u l at i on undergoi n g  

a conservati on  meas u re t hat changes  t h e  vent i l at i on rate from 1 .0 ACH t o  

0 . 8  ACH , the  forma l dehyde concent rat i on s  are computed a s  fol l ows : 

I n s u l at i on wa l l area = per i meter  x l i v i n g h e i ght  
= 43 . 1  m x 2 . 44 m ( 1 250  square ft  f l oor  area , 

8 ft ce� l i n gs ) 
= 105 . 2  m 

Vo l ume of l i v i ng space = f l oor2area x l i v i n g he i ght  
1 1 6 m2 x 2 . 44 m 
283 m 

Se l ect emi s s i on pa rameters from tab l es (mi n i mum ,  mi dd l e ,  and maxi mum ) : 
F ,  bu i l d i n g and f urn i s h i n gs ,  6 . 3 ,  2 0 ,  and 35  ( Tab l e A . 1 4 )  

Sw ' foam i ns u l ati on , 200 , 600 , 1000 (Tab l e A . 1 4 )  
C S ' smok i n g ,  0 . 5 4 ,  4 . 4 ,  49 .0  (Tab l e A . 1 5 )  
C , n o  gas stove , 0 ,  0 ,  0 (Tab l e A . 1 5 )  c�, n o  wood stove , 0 ,  0 ,  0 (Tab l e A . 1 5 )  

C ompute  Concent rat i o n s : 
at 1 ACH , C = 6 . 3/ 1  + 200*105/ ( 1  x 283 ) + 0 . 54/ 1 . 0 = 81 \.I g/m� ml n l mum 

C = 2 0 . / 1  + 600*105/ ( 1  x 283)  + 4 . 4/ 1 . 0 = 248 \.I g/m �i dd l e 
C = 35 . / 1  + 1000*105/ ( 1  x 283 ) + 49 . 0/ 1 . 0 = 453 \.I g/m maxi mum 

at 0 .8 ACH C = 6 . 3/0 .8 + 200*105/ ( 0 .8 x 283 ) + 0 . 54/ 0 . 8 = 1 0 1  \.I g/�3 mi n i mum  
C = 20 . / 0 . 8  + 600*105/ ( 0 . 8  x 283 ) + 4 . 4/ 0 . 8 = 3 1 0  \.I g/m �i dd l e 
C = 3 5 . / 0 .8  + 1 000*105/ ( 0 .8 x 283 )  + 49 . 0/0 .8  = 566 \.Ig/m  maxi mum 

In the  ana l y s i s for th i s  E I S ,  the vari at i on i n  b u i l d i n g s i zes , pol l utant  

emi s s i on rates , and a i r-exchange rates  were u sed to  est i mate the  extreme , both 

maxi mum and mi n i mum ,  concent rat i on s .  For examp l e ,  mi n i mum concent rat i o n s  wou l d  

occur i n  res i dences w i t h  the  l a rgest vo l umes , l owest po l l utant emi s s i on rates , 

and  h i ghest a i r exchange rat e .  Maxi mum concentrat i o n s  wou l d  occur  i n  res i 

dences w i t h  the  sma l l est vo l umes , h i g hest po l l utant emi s s i on rates , and l owest 
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ai r exchange rate . There a re numerou s comb i nat i o n s  of these t h ree  pa ramete rs 
that wou l d  p roduce c oncentrat i ons between the  est i mated maxi mum and mi n i mum  
concent rat i on s , as  i l l u st rated i n  Fi gu re 4 . 1 . 

Becau se of the  vari ab i l i ty i n  emi s s i on rates of s everal p o l l uta n t s ,  as  deter
mi n ed by the  ha b i t s  of atmos pher i c cond i t i on s  and occupant s , the  est i mated 
po l l utant c oncent rat i ons  a re expected to  be s omewhat between our est i mated 
max i mum and mi n i mum val ue s . H oweve r ,  by l ook i n g at al l the res i dences i n  the  
regi on , the  average or  most reasonab l e va l ue  i s  expected to  be near our  mi dd l e 
va l u e ,  as sumi n g  po l l utant  sou rces con s i de red actu a l l y  a re p re sent i n  the  
res i dence . 

E st i mat i n g  exact va l ue s  for speci fi c res i dences  i s  cu rrent l y  beyond the  state 
of the a rt becau se  i n  s i tu mea s u rements a re req u i red and because  our mode l i n g 
tec h n i q ue , i n  some cases , fa i l s  to  accou nt for proces s es that wou l d  red uce 
concent rat i ons  ( i  . e . ,  depos i t i on of  p a rt i c l es  and occupant u se  cyc l e ) .  

Ou r est i mates  can , for some pol l utants  such  as  part i c l es ,  be con s i dered conser
vat i ve .  However ,  of most i nterest i s  the  i n c rease i n  po l l utant concent rat i o n s  
a s the  resu l t  of i n sta l l at i on of  t i ghten i n g  measu res , not abso l ute  numbers . 
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APPEND I X  B 

CONTR IBUTORS TO I NDOOR CONCENTRAT I ONS OF POLLUTANTS 

I f  any of the  t i ghten i ng measu res a re u s e d ,  the  i ndoo r a i r concentrat i on s  of 
the po l l utants  wou l d  i nc rease . The  maj o r  sou rces of each pol l utant , as wel l as  
the  percentage each sou rce wou l d  add to the  tota l wo rst-case mi n i mum and  
max i mum i ndoor concent rat i on s , are g i ven i n  t h i s append i x . Thu s , a person can  
f i g u re out the  i ndoor concent rat i on of a po l l utant i n  a spec i f i c res i dence by 
1 )  l ook i n g at each maj o r  sou rce , 2 )  then determi n i n g  what sou rce ( s )  i s  p resent 
i n  the res i dence , 3) reduc i ng  the concent rat i on range by a g i ven percentage i f  
that sou rce ( s )  i s  not p resent , and 4 )  e st i mat i n g  Q reasonab l e wo rst-case val u e  
from t h e  worst-case max i mum and mi n i mum va l u es . � a ) The cont ri bu t i on s  va ry 
accord i n g  to a s s umpt i on s  regard i n g  max i mum and mi n i mum emi s s i on cond i t i on s . 
Append i x  A cont a i n s  i n format i on on res i dence vol ume , a i r-excha nge rates , and  
u s e  cyc l es that  were u sed to  ca l cu l ate the  i ndoo r a i r concentrat i ons . C l o ser  
est i mates of i ndoor a i r concent rat i ons  i n  a s pec i f i c  res i dence may be made by 
tak i n g  i nto  con s i derat i on the  d i fferences between the  va l u es used to ca l cu l ate 
the  i ndoor a i r concent rat i on ( such  as  the  typ i cal res i dence vol ume )  and t h e  
act u a l  va l u es of a spec i f i c  res i dence . 

Tab l es a re not p rov i ded for M i t i gat i o n -By-Exc l u s i on No . 6 and 7 and t h e  
M i t i gat i o n s -By-Act i on .  F o r  Mi t i gat i on-By-Excl u s i on No . 6 ,  a l l va l u es , except 
those  for mob i l e  h omes , a re the  s ame as  prov i d ed i n  the  tab l es  for the P roposed 
Act i on .  For Mi t i gat i on -By-Exc l u s i on No . 7 ,  a l l va l u es , except those  fo r apart 
ment s , a re the  s ame as  p rov i ded i n  t h e  tab l es  for t h e  P roposed Act i on .  Appro
pri ate va l u es for  e i t h e r  mob i l e  homes o r  apartments  can  be obt a i ned from the  
tab l es for  the  No -Act i on Al ternat i ve .  Va l ues  for  res i dences u nder t h e  
M i t i gat i ons -By-Act i on i s  the  s ame as  the  No-Act i on Al t e rnat i ve tab l e s  wh i l e  fo r 
those  res i dences not rece i v i n g  a i r-to-a i r h eat exchan gers the  tab l es  for t h e  
P roposed Act i on can be used . 

( a )  The l ast i tem wi l l  req u i re the  reade r to  dete rmi n e  the  rel at i ve 
pos i t i on the  reasonab l e wo rst-case va l ue i s  w i th i n the  ra nge ( see  
Chapter  4 ,  e . g . , Tab l e 4 . 2 ) and then  compute a new ,  reas onab l e va l u e  
based o n  t h e  new range . 
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TABLE B . l . Contr i butors  to I ndoor Concentrat i o n s  of Formal dehyde 
( P roposed Act i on )  

Cont r i but i on to 
Concentrat i o n ,  % 

Re s i dence Tt�e Sou rce of F o rmal dehtde M i n i mum Maxi mum 
Apartment Urea-formal dehyde foam i n su l at i on 86 to  88 81 

Gas stove comb u st i on < 1  9 
B u i l d i n g mater i a l s/fu rn i s h i n g s  7 to  8 5 
C i ga rette smok i n g  2 4 
Wood stove combu st i on < 1  1 
Out s i de ai r 4 to  5 < 1  

Mob i l e home Gas stove combu st i on 1 9 
Bu i l d i n g mater i a l s/fu rn i s h i n g s  3 9  to  53  87  
C i ga rette smok i n g 8 to  1 0  4 
Wood stove combust i on  1 1 
Outs i de ai r 38 to 49 < 1  

S i n g l e-fami ly  U rea -formal de hyde foam i n su l at i on 83 to  86 80 
attached Gas stove combu st i on <1 9 

Bu i l d i n g  mate ri al s /fu rn i s h i n gs 9 5 
C i garette smok i n g 1 4 
Wood stove combu st i on < 1  1 
Ou ts i de a i r 4 to 6 < l  

S i n g l e -fami ly U rea -formal dehyde foam i n su l at i on 74 to 78 76 
detached Gas  stove combu st i on <1 1 1  

B u i l d i n g mate ri a l s / fu rn i s h i n gs 1 2  7 
C i garette smok i n g 2 5 
Wood stove combu st i on <1 1 
Out s i de a i r 8 to  12  <1  
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TABLE B . 2 .  Cont ri butors to Indoor  Concent rat i on s  of 
Benzo-[aJ -Pyrene ( P roposed Act i on )  

C ont ri but i on to  
Concent rat i on ,  % 

Res i dence Ti:�e Sou rce of BaP Mi n i mum Maxi mum 
Apa rtment C i ga rette smok i n g 85 . 0  20 . 0  

Wood stove combu st i on 1 5 . 0 80 . 0  

Mobi l e home C i ga rette smok i n g 98 . 0  19 . 4  
Wood stove combu st i on 2 . 0 80 . 6  

S i ng l e -fami l y  C i garette smok i n g 90 . 4  19 . 7  
attached Wood stove combu st i on 9 . 6  80 . 3  

S i ng l e-fami l y  C i ga rette smok i n g 97 . 9  1 9 . 4  
detached Wood stove combu st i on 2 . 1 8 0 . 6  
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TABLE B . 3 .  Cont r i butors  to I ndoor  Concent rat i on of Radon i n  
Most Areas of  the  Reg i on ( P roposed Act i on ) 

Cont r i bu t i o n s  
to Concentrat i o n ,  % 

R e s i dence Tl'�e S o u r ce of Radon � � 
Apartment 

w i t h  basement C o n c rete ( p l u s  soi l 
under con c ret e )  5 0  to 51 

We 1 1  water 45 62 to 7 1  
Out s i de a i r to 24 to 32 
B r i  c k  2 1 

bui  1t s l ab-on-g rade Conc rete ( p l us soi l 
under con c r et e )  66 6 to 7 

We 1 1  water 31  58 to 68 
Out s i de a i r to 23 to 32 
B r i c k  1 1 

w i t h  unvent i l ated S o i l under res i dence 40 to 45 45 to 47 
c rawl space Wel l wate r 54 to 5 5  36 to 39 

Out s i de ai r 3 to 5 1 3  to 19 
Bri ck 2 1 

Mobi l e  home 
w i t h  unvent i l ated Soi 1 under res i dence 29 to 30 55 to 59 

c rawl space We 11  water 65 to 66 24 to 26 
O u t s i d e  a i r 4 to 6 1 5  t o  2 1  

w i th unvent i l ated C o n c rete ( p l us soi  1 to  12 to 14  
c rawl space--p 1 aced under concret e )  
o n  conc rete pad We 1 1  Water 88 to 90 48 to 5 4  

Out s i de ai r 5 to 8 32 to 42 

S i  n g l  e- fami ly attached 
w i t h  basement C o n c rete ( p l u s soi l 

under coneret e )  7 0  t o  7 1  7 t o  9 
We 1 1  wat e r  2 6  47 to 57 
Out s i de a i r to 33 to 42 
B r i  ck 1 1 

bu i l t  s l ab -on-grade Conc rete ( p l us soi l 
under c o n c ret e )  48 to 49 7 to 8 

W e l 1 wat e r  46 4 7  to 5 7  
Out s i de a i r to 33 to 42 
B r i  ck 2 1 

wi th unvent i 1 ated Soi 1 under res i d e n ce 25 33 to 36 
crawl space We 11 water 66 to 67 35 to 40 

Out s i de ai r 4 to 7 23 to 3 1  
B r i c k  3 1 

S i  n g l  e - fami l y  detached 
w i t h  basement C o n c rete ( p l u s  soi l 

under c o n c ret e )  6 5  to 66 to 
W e l 1 water 30 50 
O u t s i d e  a i r to 42 to 52 
8 r i c k  1 1 

bu i  l t  s l ab-on-grade Conc rete ( p l us s o i l 
under conc r et e )  6 3  to 64 8 to 10  

Wel l water 31 4 1  
Out s i de ai r to  4 4 1  t o  5 1  
B r i  c k  2 2 

w i t h  unvent i l ated Soi l under res i dence 38 to 39 44 to 48 
c rawl space W e l l water 53  to 54 25 to 28 

Out s i de a i r 5 to 8 2 3  t o  3 1  
B r i  c k  2 1 
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TABLE B . 4 .  Cont r i butors  to  I ndoor  Concent rat i ons  of  Radon  i n  the 
H i g h -Radon Areas of the Regi on ( P roposed Act i on ) 

Con t r i bu t i on s  
to Concent rat i o n ,  % 

Res i dence Ti:�e Sou rce o f  Radon M i n i mum Maxi mum 
Apartment 

w i t h  basement Conc rete ( p l u s  soi l 
u nde r conc ret e )  7 6  to 7 7  

Wel l water 70 to 7 1  2 2  
O ut s i de ai r 24 to 32 to 
B r i  c k  <I <I  

bu i l t s l a b - o n - g rade Conc rete ( p l u s soi l 
u n d e r  c o n c ret e )  9 to 1 0  86 

Wel l water 59 to 67 1 3  
O ut s i de ai r 23 to 31 <1 
Bri ck < 1  < 1  

w i  th  unvent i 1 ated Soi 1 under res i de n ce 7 3  t o  7 5  67 
c rawl space Wel l water 1 8  t o  1 9  3 0  t o  3 1  

O ut s i d e  a i r 6 to 9 2 to 3 
B r i  c k  < 1  < 1  

Mobi l e  home 
wi  t h  unvent i 1 ated Soi 1 under res i dence 80 to 83 58 to 59 

c rawl space Wel l w a t e r  1 1  39 
O u t s i d e  ai r to to 

w i th unvent i 1 ated Conc rete ( p l u s soi l 
c rawl space--p 1 aced under conc r et e )  3 1  t o  3 5  1 3  t o  1 4  
on conc rete pad Wel l water 37 to 41 80 to 82 

O u t s i d e  ai r 24 to 32 5 to 7 

S i  n g l  e - fami ly attached 
wi  t h  basement Conc rete ( p l u s  so i l  

u nd e r  concret e )  1 1  t o  1 2  88 to 89 
We 1 1  water 4 7  t o  55 10 

O u t s i d e  ai r 32 to 42 1 
B r i  ck  <1 <1 

bui l t  s l a b -on-g rade Conc rete (p 1 us soi l 
u n d e r  conc rete ) 6 to 8 75  to 76 

We 11 water 49 to 58 23 
O u t s i d e  ai r 34 to 4 3  1 
B r i  c k  < 1  < I  

w i t h  unvent i l ated Soi 1 under res i dence 6 1  t o  65 50 to 51  
crawl space We 11  water 21  to 22 45 to 46 

O u t s i d e  ai  r 1 3  to 18 3 to 4 
B r i  c k  < 1  < 1  

S i  n g l  e-fami ly detached 
w i t h  basement Conc rete ( p l u s  soi l 

u n d e r  conc ret e )  7 to 9 86 to 87 
We 1 1  water 40 to 49 1 2  

O u t s i d e  ai r 4 1  t o  51  to 2 
B r i c k  1 < 1  

b u i l t  s l a b -on-g rade Conc rete ( p l u s soi l 
under conc rete ) 9 to I I  85 to 86 

Wel l water 40 to 48 1 3  

O u t s i d e  ai r 4 1  to 51 1 
B r i  ck  1 < 1  

w i t h  u n vent i l ated So i l  under res i d ence 72 to 76 66 to 6 7  
c rawl space Wel l water 12 to 1 3  3 0  

O u t s  i d e  ai  r I I  to 16 to 
Bri c k  < 1  < 1  
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TABLE B . 5 .  Cont r i butors  to I ndoor  Concent rat i on s  of F o rmal dehyde 
( No-Act i on Al ternat i ve )  

Cont r i but i on to 
Conce nt rat i o n ,  % 

Res i dence T�Ee Sou rce of F o rma l deh�de Mi n i mum Maxi mum 
Apa rtment U rea-forma l dehyde foam i n s u l at i on 86 82 

Gas stove combu st i on <1  5 
B u i l d i n g mater i a l s/fu rn i s h i n g s  7 5 
C i ga rette smok i n g 7 4 
Wood stove combu st i on <1  1 
Out s i de a i r 5 < 1  

Mobi l e home Gas stove combu st i on <1  9 
Bu i l d i n g mater i a l s/fu rn i s h i n g s  39  87  
C i ga rette smok i n g 1 0  4 
Wood stove combust i on 1 1 
Outs i de a i r 49 <1 

S i n g l e-fami l y  U rea -forma l dehyde foam i n su l at i on 83 80 
attached Gas stove combu st i on < 1  9 

Bu i l d i n g mater i a l s/fu rn i s h i n gs 9 5 
C i ga rette smok i n g 1 4 
Wobd stove combu st i on <1 1 
Out s i de a i r 7 <1 

S i n g l e -fami l y  U rea -fo rma l de hyde foam i n su l at i on 74 75 
detac hed Gas  stove comb u st i on  <1  1 1  

B u i l d i n g mate r i a l s/fu rn i s h i n gs 1 1  7 
C i ga rette smok i n g 3 5 
Wood stove combu st i on <1  1 
Outs i de a i r 1 2  1 
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TABLE B . 6 .  Cont ri butors t o  I ndoor Concent rat i ons  of 
Benzo-[a ] -Py rene ( No -Act i on A l ternat i ve )  

Cont ri but i on  to 
Concentrat i o n ,  % 

Res i dence TXee Sou rce of BaP  M i n i mum Maxi mum 
Apartment C i garette smok i n g 91 . 6  1 9 . 7  

Wood stove combu st i on 8 . 4  80 . 3  

Mobi l e  home C i ga rette smok i n g 9 9 . 4  1 9 . 3  
Wood stove combust i on 0 . 6 80 . 7  

S i n g l e -fami l y  C i garette smok i n g 95 . 4  19 . 5  
attached Wood stove combu s t i on  4 .6 80 . 5  

S i n g l e -fami l y  C i garette smok i n g 9 9 . 3  1 9 . 3  
detached Wood stove combu s t i on 0 . 7  80 . 7  
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TABLE B . 7 .  Cont r i butors  to  I ndoor  Radon  Concent rat i on i n  Most  
Areas of t he Reg i on ( No -Act i on Al ternat i ve )  

Res i dence Type 
Apa rtment  

w i t h  basement 

b u i l t  s l a b -o n -g rade 

w i t h  u n vent i l ated 
c rawl space 

w i t h  vent i ated 
c rawl space 

Mobi l e  home 
w i t h  u n ve nt i l ated 

c rawl space 

w i t h  u n ve nt i l ated 
c rawl s pace--p l aced 
on con rete pad 

vent i l ated c rawl s p ace 

vent i l ated c rawl 
s pace --p l aced 
on con c rete pad 

Sou rce of Radon  

Conc rete ( p l u s  soi l 
u nd e r  con c rete ) 

Wel l wate r  
Ou t s i de a i r 
B ri c k  

Conc rete ( p l u s  s o i l 
u nde r  con c rete ) 

Wel l wat e r  
Out s i de a i r 
B ri c k  
Soi l u n d e r  res i dence 
Wel l wat e r  
Outs i de a i r 
B r i c k  
Soi l u n d e r  re s i dence 
Wel l wat e r  
Outs i de a i r 
B r i c k  

Soi l u n d e r  re s i dence 
We l l  wat e r  
Out s i de a i r 
Concrete ( p l u s s o i l 

u nder  conc rete ) 
Wel l wat e r  
Out s i de a i r 

Soi l u nder  res i dence 
We l l  wate r  
Outs i de a i r 
Conc rete ( p l u s  s o i l 

u nder  conc rete ) 
Wel l wat e r  
Outs i de a i r 

B . 8 

Cont r i bu t i o n s  
t o  Concent rat i on ,  % 
Mi n i mum Ma xi mum 

3 
6 1  
3 6  

1 

7 
58 
35 
1 

43 
36  
21  
< 1  

< 1  
6 3  
37  
< 1  

53  
24  
24 

1 1  
45 
45 

1 1  
45 
49 

<1 
50 
50 

50 
45 

4 
6 5  

6 5  
30  

3 
1 

39 
54  

5 
2 

6 
8 3  

8 
3 

29 
64 

6 

4 
87 

9 

4 
87 
9 

< 1  
9 1  

9 



Res i dence Type 
S i n g l e -fami ly  detached 

w i t h  basement 

bu i l t  s l a b -on-grade 

w i t h  u n ve nt i l ated 
c rawl space  

w i t h  vent  i l  ated 
c rawl s pace 

w i t h  ve nt i l ated 
c rawl s pace 

S i ng l e -fami ly  d etached 
wi t h  basement 

b u i l t  s l a b -on -grade 

u n vent i l ated c rawl 
s pace 

vent i l ated c rawl 
s pace 

TABLE B . 7 . ( contd ) 

Sou rce of  Radon 

Conc rete ( p l u s  so i l under  
under  conc ret e )  

Wel l water  
Out s i de a i r 
B r i ck 

Conc rete ( p l u s  s o i l 
u nde r  conc rete ) 

Wel l water  
Ou t s i de a i r 
Br i  c k  

So i l  under  res i de nce 
We l l water  
Outs i de a i r 
B ri c k  

So i l u n d e r  res i dence 
Wel l wate r  
Out s i de a i r 
B ri c k  
So i l  under  res i dence We l l  wate r  
Outs i de a i r 
Br i  c k  

Conc rete ( p l u s so i l 
u nd e r  conc rete ) 

We l l  wate r  
Out s i de a i r 
B r i c k  

Conc rete ( p l u s s o i l 
u nde r conc ret e )  

We l l  water  
Out s i de a i r 
B r i  c k  

So i l  under  res i dence 
We l l  wate r  
Outs i de a i r 
B r i c k  

So i l  under  res i dence 
We l l  water  
Outs i d e  a i r 
B r i  c k  

B . 9  

Cont r i bu t i ons  
to Concent rat i o n ,  % M i n i mum Maxi mum 

9 
44 
46 
1 

7 
44 
46 
2 

3 1  
3 3  
35  
1 

<1 
48 
50  
2 

< 1  
48 
5 0  
2 

6 
3 7  
5 6  
< 1  

7 
38 
56 
<1 

42 
23  
35  
<1  
1 

40 
58 
<1 

7 0  
26 
3 
1 

47 
45 
5 
3 

24 
6 5  
8 
3 

3 
83  
10  
4 
3 

83  
1 0  
4 

65  
2 9  
5 

< 1  

64 
3 1  
5 

< 1  

3 7  
5 2  
9 
2 

6 
78  
13  
3 



TABLE B . 8 .  Cont r i butors  to I n door  Radon Concent rat i on i n  the  
H i g h -Radon Areas  of the  Reg i on ( No -Act i on A l t e rnat i ve )  

R e s i dence Type 
Apa rtment 

w i t h  basement 

b u i l t  s l ab -on -grade 

w i t h  u n vent i l ated 
c rawl s pace 

w i t h  vent i 1 ated 
c rawl s pace 

Mobi l e  h ome 
w i th  u nvent i l ated 

c rawl s pace 

w i th  u n vent i l ated c rawl 
s p ace--p l aced on 
c on c rete p ad 

vent i l ated c rawl s pace 

vent i l ated c rawl 
s pace- -p l aced on 
conc rete pad 

Sou rce of Radon 

Conc rete ( p l u s  soi l 
u nd e r  conc rete ) 

Wel l wate r 
Out s i de ai r 
B ri c k  

Conc rete ( p l us o i l 
u nde r  conc rete ) 

Wel l wat e r  
Outs i de a i r 
B r i  c k  

Soi l u nde r res i dence 
Wel l wat e r  
Outs i de a i r 
B ri c k  

So i l u nde r  res i dence 
Wel l wate r  
Outs i de ai r 
B ri c k  

Soi l u nder  res i dence 
Wel l wat e r  
Outs i de a i r 

Conc rete ( p l us s o i l 
u nde r  conc rete 

Wel l wat e r  
Outs i de a i r 

Soi l u nder  res i dence 
We l l  wat e r  
Out s i de  a i r 

So i l u nder  res i dence 
Wel l wate r  
Out s i de a i r 

B . 1 0  

Cont r i  b u t i  o n s  
to  Concent rat i on ,  % 
Mi n i mum Maxi mum 

4 
60 
36 
<1 

9 
57 
34 
<1  

7 1  
18  
1 1  
< 1  

2 
6 1  
37 
<1 

79 
10 
1 1  

29 
35 
36 

4 
48 
48 

1 
49 
50  

7 6  
2 2  
2 

< 1  

86 
1 3  
1 

< 1  

66  
30 
4 

< 1  

1 7  
7 5  
7 
1 

58 
39  
3 

1 3  
7 9  
8 

1 2  
80 
8 

1 
90 
9 



Res i dence Type 
S i n g l e -fami l y  attached 

w i t h  ba sement 

b u i l t  s l a b -o n -g rade 

w i t h  u n vent i l ated 
c rawl space 

w i t h  ve nt i l ated 
c rawl s pace 

S i n g l e -fami l y  detached 
w i t h  basement 

bu i l t s l a b-on-grade 

u n vent i l ated c rawl 
space 

vent i l ated c rawl space 

TABLE B . 8 .  ( contd ) 

Sou rce of Radon 

Concrete ( p l u s  so i l 
u nde r conc rete ) 

We l l  wate r  
Outs i de a i r 
B ri ck 

Conc rete ( p l u s  s o i l 
u nder  conc rete ) 

We l l  wate r 
Outs i de a i r 
B r i ck 

So i l u nde r re s i de nce 
We l l wat e r  
Outs i de a i r 
B r i c k  

So i l  u nd e r  res i dence 
We l l  wate r 
Out s i de a i r 
B ri c k  
Out s i de a i r 
B ri c k  

Con c rete ( p l u s  s o i l 
u nd e r  conc rete ) 

We l l wat e r  
Ou t s i de a i r 
B r i c k  

Concrete ( p l u s  s o i l 
u nde r conc rete ) 

We l l  wat e r  
Out s i de a i r 
B r i ck 

So i l  u nde r re s i de nce 
We l l wat e r  
Outs i de a i r 
B ri ck  
So i l  u nde r res i dence 
We l l  wate r 
Ou ts i de a i r 
B ri ck 

B . 1 1  

Cont r i b ut i ons  
to  Concent rat i o n ,  % 
M i n i mum Maxi mum 

1 0  88 
44 1 0  
45 2 
1 < 1  

6 74 
46 2 3  
48 3 
< 1  < 1  

59 49 
20 45 
2 1  5 
< 1  1 

1 9 
48 80 
50  9 
1 2 

50 9 
1 2 

7 86 
38 1 2  
5 5  2 
< 1  < 1  

9 85 
3 7  1 3  
5 4  2 
< 1  < 1  

70  65 
12 30  
18  5 
< 1  < 1  

2 16 
40 7 1  
58 12 
<1 1 



TABLE B . 9 .  Cont r i butors  to  I ndoor  Conce nt rat i ons  of 
F o rma l dehyde for Mi t i gat i on -By-Exc l u s i on  
No . 1 

Cont r i but i on to 
Conce nt rat i on , % 

Res i dence T,tEe Sou rce of F o rma l deh,tde Mi n i mum Maxi mum 
Apa rtment Urea-fo rma l dehyde foam i n su l at i on 53 to  6 1  29 

C i ga rette smok i n g  1 3  to  14  2 0  
Gas  stove. 1 47 
Wood stove 1 4 
Out s i de a i r 2 3  t o  3 3  1 

Mob i l e  h ome B u i l d i n g mater i a l s / f u rn i s h i n g s  39 to 53 87 
C i ga rette smok i n g 8 to  10  4 
Gas stove 1 9 
Wood stove 1 1 
Outs i de a i r 38 to 49 < 1  

S i n g l e -fami l y  B u i l d i n g  mater i a l s /fu rn i s h i n gs 54 to  65  2 7  
attached C i ga rette smok i n g  6 to  8 2 2  

Gas  stove 1 46 
Wood stove 1 4 
Out s i de ai r 29 to  38 1 

S i n g l e -fami ly  B u i l d i n g mater i a l s / f u rn i s h i n g s  45 to 56 29  
detached C i ga rette smok i n g 7 to  9 20  

Gas stove 1 46 
Wood stove 1 4 
Out s i de ai r 35 to  45 1 

B . 1 2  



TABLE B . 1 0 .  Cont r i butors  to I ndoor  Concent rat i on s  of Forma l de hyde 
fo r M i t i gat i on -By-Exc l u s i on No . 2 

Res i dence Type Sou rce of F o rma l dehyde 
Apa rtment U rea-forma l de hyde foam i nsu l at i on 

Bu i l d i n g mate r i a l s / fu rn i s h i n g s  
C i ga rette smok i n g 
Out s i de a i r 

Mo b i l e  home Bu i l d i n g mate r i a l s / fu rn i s h i ngs 
C i ga rette smok i n g 
Out s i de a i r 

S i n g l e -fami l y  U rea -fo rma l dehyde foam i n s u l at i on 
attached Bu i l d i n g mater i a l s / f u rn i s h i n g s  

C i ga rette smok i n g 
Out s i de a i r 

S i n g l e -fami l y  U rea-fo rma l dehyde foam i n su l at i on 
detached Bu i l d i n g mate r i a l s / fu rn i s h i n gs 

C i ga rette smok i n g 
Out s i de a i r 

B . 1 3  

Cont r i but i on to 
Concent rat i o n ,  % 

M i n i mum Maxi mum 
86 to  88 90 
7 to  8 6 

2 4 
4 to  ') < 1  

4 0  t o  54 96 
8 to 10 4 

38 to 50 < 1  

83 to  86 89 
9 6 
1 5 

4 to 6 < 1  

74  to  78  86  
1 2  8 
2 5 

8 to 1 2  < 1  



TABLE B . 1 l .  Cont r i butors  to I ndoor  Radon  Conce nt rat i on i n  Most  Areas 
Areas of the Regi on for Mi t i gati on -By-Excl u s i on No . 3 

,� 

Cont r i but i on s  
t o  Concent rat i on ,  % 

Re s i dence T,l�e Sou rce of Radon Mi n i mum Maxi mum 
Apa rtment Concrete ( p l u s  soi l 

w i th  vent i l ated under  res i dence ) < 1  6 
c rawl space Wel l water  65 to  73  84 to  86 

B ri c k  1 3 
Out s i de ai r 25  to 34 5 to  7 

Mobi l e  h ome Soi l u nder  res i dence 1 to  2 5 
w i t h  vent i l ated Wel l water  54  to 62 88 to 9 1  

c rawl s pace Out s i de ai r 36 to 45 5 to  8 

w i t h  vent i l  ated Concrete ( p l u s  soi l 
c rawl space--p l aced under  conc rete ) < 1  < 1  
on  conc rete pad Wel l wate r  53  to  63  92 to  95  

Outs i de a i r 37  to  47  5 to  8 

S i n g l e -fami ly  attached Conc rete ( p l u s  s o i l 
w i th vent i l ated under  res i dence ) < 1  3 to  5 

c rawl space Wel l water  52 to  62  84  to  87  
B r i ck  1 to  2 4 
Out s i de ai r 36 to  46 6 to  8 

S i n g l e -fami ly detached Conc rete ( p l u s  so i l 
w i t h  vent i l ated u nde r res i dence ) < 1  5 to  6 

crawl s pace We l l wate r  44 to  54 80 to  8 3  
B r i ck  1 to 2 3 
Outs i de a i r 45 to 56 8 t o  1 1  

B . 1 4  



TABLE B . 1 2 .  Cont r i butors  to In door Radon Concent rat i on i n  the  H i gh-Radon 
Areas of the  Reg i on for  Mi t i gat i on -By -Exc l u s i on No . 3 

Cont ri but i ons  
to Concent rat i o n ,  % 

Res i dence T�ee Sou rce of Radon Mi n i mum Ma xi mum 
Apa rtment 

w i t h  vent i l ated Concrete ( p l u s  so i l 
c rawl s pace u nde r res i de nce ) 3 1 7  

We l l  wate r 64  to  72  76  to 78 
Br i  c k  < 1  1 
Ou t s i de a i r 25  to  33  4 to  6 

Mobi l e  home 
w i t h  ve nt i l  ated So i l under res i de nce 4 to 5 1 2  

c rawl s pace We l l wate r 51 to 60 81 to  83  
Outs i de a i r 35  to  45 5 to 7 

w i t h  ve nt i l  ated Conc rete ( p l u s so i l 
c rawl space--p l aced u nder concrete ) 1 1 to 2 
on concrete pad Wel l water  53  to 6 3  91  t o  9 3  

Outs i de a i r 36 to 46 5 to 8 

S i n g l e -fami l y  attached 
w i th  ve nt i l  ated Concrete ( p l u s  so i l 

c rawl space u nder res i dence ) 1 to 2 9 
We l l  water 52 to 62  82  to 84 
Br i  c k  1 1 
Out s i de a i r 36  to 46 6 to 8 

S i n g l e -fami ly detached 
w i t h  vent i l ated Concrete ( p l u s  soi l 

c rawl space u nder res i dence ) 2 to 3 16  to 1 7  
We l l  water  4 3  t o  5 2  7 3  to 75 
Bri ck 1 1 
Out s i de a i r 44 to 54 7 to 10 

B . 1 5  



TABLE B . 1 3  • Con t r i butors  to  I ndoor  Radon i n  Most Areas of the Reg i on 
for M i t i gat i o n-By -Excl u s i on No . 4 

Cont ri but i ons 
to Concent rat i o n ,  % 

Res i dence T:t�e Sou rce of Radon Mi n i mum Maxi mum 

Apartment 
w i t h  basement C o n c rete ( p l u s  soi l 

unde r concret e )  10 to 1 3  9 0  t o  9 3  

W e  1 1  wat er 3 to 4 3 

O u t s i d e  ai r 83 to 86 to 

bui I t  s l a b - o n - g rade Conc rete ( p l us s o i l 
under conc ret e )  1 7  t o  2 4  95 to 96 

B r i  ck  3 1 to 2 

O u t s i d e  ai r 7 6  t o  B3 3 to 4 

w i th u n vent i l ated Soi l under res i dence B6 to 89 7 0  to 77  

crawl space B r i c k  4 22 to 29 

Out s i de ai r to 1 0  1 

Mobi l e  home 
w i t h  unvent i l ated Soi l unde r re s i dence 72 to 80 84 to 89 

c rawl space Out s i de ai r 20 to 28 1 1  to 1 6  

w i t h  unvent i l ated C o n c rete ( p l u s  soi l 
c rawl space--p 1 aced under c o n c r e t e )  2 2  to 31  36 to 4 7  

o n  c o n c rete pad O u t s i d e  ai r 69 to 7 8  5 3  to 64 

S i  n g l e -fami ly attached 
w i t h  basement Conc rete ( p l u s soi l 

under conc rete ) 1 6  to 2 1  95 to 96 

B r i  ck  3 2 

O u t s i d e  ai r 7 6  to 81 2 

bui l t  s l ab-on-g rade C o n c rete ( p l us soi l 
under concre t e )  1 3  to 1 9  8 7  t o  92 

B r i  c k  3 4 to 5 

Out s i de ai r 81 to 83 6 to 8 

w i t h  u n ven t i l ated Soi l under resi dence 50 to 59 7 1  to 7 6  

crawl space B r i  c k  2 1 0  

Out s i de ai r 39 to 48 1 3  to 19 

Si  n g l e -fami ly detached Conc rete ( p l us soi l 
w i t h  basement under c o n c rete ) 1 1  to 13  9 3  t o  9 5  

B r i c k  3 1 

Out s i de ai r 83 to 89 to 

b u i l t  s l ab-on-grade C o n c rete ( p l us s o i l 
u nder concret e )  1 4  to 19 92 to 94 

Bri ck 3 2 

O u t s i d e  ai r 81 to 86 to 

w i t h  u n vent i l ated Soi l under residence 58 to 68 80 to 85 

crawl space Bri c k  1 to 2 4 

Out s i de ai r 32 to 42 1 1  t o  1 6  

B . 1 6  



TABLE B . 14 . Contr i butors 
of the Re g i on 

Resi dence Tlee 

Apa rtment 
w i t h  basement 

bu i l t  s l a b-on-g rade 

w i t h  u n ven t i l ated 
c rawl space 

Mobi l e home 
w i t h  u n vent i l at ed 

c rawl space 

w i t h  u n vent i l ated 
c rawl space--pl aced 
on c o n c rete pad 

S i  n g l e-fami ly attached 
w i t h  basement 

b u i l t  s l a b-on-g rade 

wi  th  u n vent i 1 ated 
c rawl space 

S i n g l e-fami ly detached 
w i t h  basement 

bu i l t  s l ab-on-g rade 

w i t h  u n vent i l ated 
c rawl space 

to I ndoor  Rado n  i n  the H i gh -Radon 
for M i t i gat i on -By-Exc l u s i on No . 

Sou rce of Radon 

Conc rete ( p l u s  soi l 
u nder c o n c ret e )  

B r i  c k  
O u t s i d e  ai r 

Co n c rete ( p l u s  soi l 
u nder con c rete ) 

B r i  c k  
Out s i de ai r 

Soi l u nder resi dence 
Bri ok 
Out s i de ai r 

Soi 1 unde r res i dence 
Outs i de ai r 

Conc rete ( p l  us soi l 
under c o n c re t e )  

Out s i de ai r 

Conc rete ( p l u s  soi l 
u nder conc rete ) 

B r i  ck  
Out s i de ai r 

Conc rete ( p l us soi l 
under conc rete 

B r i  ck  
Outside ai r 

Soi l under res i dence 
B r i  ck 
Ou t s i de ai r 

Concrete ( p l  us soi l 
u nd e r  conc ret e )  

B r i  c k  
Out s i de ai r 

Conc rete ( p l u s  soi l 
u n d e r  con c re t e )  

B r i  c k  
O u t s i d e  ai r 

Soi 1 under res i dence 
Bri ok 
O u t s i d e  ai r 

B . I l  

C o n t r i bu t i on s  
to Concentra t i o n ,  % 
Mi n i mum Maxi mum 

1 3  to 17 9 7  to 98 

I < I  

82 to 87 to 

23 to 31 9 9  

I < I  

6 9  t o  7 7  I 

88 t o  92 96 to 9 7  

< I  I 

8 to I I  to 

90 to 9 3  95  to 96 

7 to 10 4 to 5 

4 9  to 59 66 t o  7 4  

4 1  t o  51  26 to 34 

20 to 28 9 9  

I < I  

7 1  to 79 I 

1 3  to 18 97 to 98 

I < I  

81 to 87 2 

7 7  t o  83 90 to 9 3  

< I  I 

1 7  t o  2 3  t o  8 

1 3  to 18 98 to 9 9  

I < I  

8 1  t o  86 to 

1 3  t o  18 94 to 95 

<I I 

82 to 87 to 

78 to 84 98 

I <I 

16 to 22 to 

Areas 
4 



TABLE B . 1 5 .  Cont r i butors to I n door  Radon i n  Mo st Areas  of 
the Reg i on for M i t i gat i 6n -By-Exc l u s i on No . 5 

Cont ri but i on s  
t o  Concentrat i o n ,  % 

R e s i dence T.tEe Source of Radon � � 
Apartment 

w i t h  basement Concrete ( p l u s  soi l 
u nder con c rete ) 5 1  

We 1 1  water 63 to 72 4 6  

O u t s i de ai r 25 to 33 3 

b u i l t  s l ab-o n -grade Conc rete ( p l u s  soi l 
under concret e )  6 to 8 66 to 67 

We 11 water 62 to 69 31 

O u t s i de ai r 24 to 32 to 

w i th u n v e nt i l ated Soi l u nder resi dence 45 to 47 40 t o  4 1  

c rawl space lie 1 1  wat e r  3 6  to 39 55 to 56 

Out s i de a i r 1 3  to 19 3 to 5 

M o b i l e  home 
w i t h  unvent i l ated So i l  under res i de n c e  5 5  to 59 29 to 30 

c rawl space We 1 1  water 24 to 26 65 to 66 

O u t s i d e  ai r 15  to 21  4 to 6 

w i th u n vent i 1 ated Concrete ( p l us soi l 
c rawl space - -pl aced under concret e )  1 2  to 14 4 to 5 

on conc rete pad We l l  water 48 to 55 88 to 90 

Out s i de ai r 32 to 42 5 to 8 

S i n g l e -fami ly attached 
w i t h  basement Con c rete ( p l u s  soi l 

u nde r conc rete ) 72 to 74 

Wel l water 48 to 57 26 to 2 7  

Out s i de ai r 33 to 43 2 to 3 

b u i l t  s l ab-on-g rade Concrete ( p l u s  soi l 
under concrete ) 7 to 8 49 to 50 

We 1 1  water 48 to 58 46 to 47 

Out s i de ai r 34 to 43 3 to 5 

w i th unvent i l ated So i l  u nder res i dence 3 3  to 36 25 to 26 

c r awl space We 1 1  wat e r  3 5  to 4 1  68 to 69 

O u t s i de a i r  24 to 32 5 to 7 

S i n g l e-fam i l y  detached 
w i t h  basement C o n c rete ( p l u s  soi l 

under concrete)  6 to 7 66 to 67 

Wel l water 42 to 5 1  3 0  

O u t s i d e  a i r  42 to 52 to 

b u i l t  s l a b - o n - g rade C o n c rete ( p l u s  s o i l 
u n d e r  con c ret e )  8 to 1 0  6 4  t o  6 5  

Wel l water 42 to 50 3 1  to 32 

Out s i de ai r 42 to 52 3 to 4 

w i th un vent i l ated So i l  u nder res i dence 44 to 50 38 to 4 0  

crawl space We 11 wat e r  25 to 28 5 3  to 55 

Out s i de a i r  23 to 32 5 to 8 

B . 1 8  



TABLE B . 1 6 .  Cont r i  butors to  I ndoor  Radon i n  Hi gh-Radon Areas 
of the Re g i on for Mi t i gat i o n -By-Exc l u s i on No . 5 

Con t r i b u t i ons 
to Concentrat i on ,  % 

Res i dence T,)'ee Sou rce o f  Radon Mi n i mum � 
Apa rtment 

w i t h  basement C o n c rete ( p l u s  soi l 
u nd e r  concrete ) 76 to 7 7  

We l l  wat e r  70 to 71 22 

Ou t s i de ai r 24 to 32 to 

b u i  I t  s l a b -o n - g rade Conc rete ( p l u s soi l 
u nd e r  con c re t e )  9 to 1 0  8 6  

W e  1 1  wat e r  5 9  t o  6 7  1 3  

Ou t s i d e  a i r 23 to 31 1 

wi th u nvent i 1 ated Soi l u nder resi dence 73 to 75 67  

c rawl space Wel l water 1 8  to 19 30 to 3 1  

Out s i de a i r 6 to 9 2 to 3 

Mobi  l e  home 
w i t h  unvent i l ated Soi  1 under res i dence 80 to 83 58 to 59 

c rawl space We 11 wate r  1 1  3 9  

O u t s i de ai r to to 

wi th u n  vent i 1 ated C o n c rete ( p l u s so i l  
c rawl space--pl aced under c o n c rete ) 3 1  to 35 1 3  t o  1 4  

o n  concrete pad Wel l wat e r  3 7  t o  4 1  8 0  t o  82 

Out s i d e  a i r 24 to 32 5 to 7 

Si n g l e -fami ly attached 
w i t h  basement Concrete ( p l u s  soi l 

u nder conc re t e )  1 1  t o  1 2  88 to 89 

We 1 1  water 4 7  to 55 10 

O u t s i de a i r 32 to 42 to 2 

b u i l t  s l a b - o n - g rade Conc rete ( p l u s s o i l 
u n d e r  con c ret e )  6 to 8 7 5  to 76 

Wel l wate r  4 9  t o  58 58 to 2 3  

O u t s i d e  a i r 34 to 43 1 to 2 

w i t h  u n vent i 1 ated Soi l under res i dence 6 1  to 6 5  50 to 5 1  
c rawl space We 1 1  water 21 to 22 45 to 46 

O u t s i d e  a i r 1 3  t o  18 3 to 5 

S i n g l e -fami ly detached Conc rete ( p l u s s o i l 
wi t h  basement under c o n c rete ) 7 t o  9 86 to 87 

Wel l wat e r  4 0  to 49 1 2  

O u t s i d e  a i r  4 1  t o  5 1  t o  

b u i l t  s l a b-on-g rade Conc rete ( p l u s s o i l 
under con c re t e )  9 to I I  85 to 86 

We 11 water 40 to 48 1 3  

Outs i de ai r 4 1  t o  51  1 

w i t h  unvent i l ated Soi 1 under res i dence 72 to 76 66 to 67 
c rawl space Wel l wat e r  1 2  t o  1 3  30 

O u t s i d e  a i r I I  t o  1 6  t o  
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APPEND I X  C 

OUTDOOR A I R  QUAL ITY 

The q u a l i ty of outdoor a i r i s  d etermi ned p redomi nate ly  by c l i mate an d ,  to  a 
l es s e r  deg ree popu l at i on and geography . Each of these  factors  va ri es  w i de ly  
th rou ghout the  Pac i f i c  Nort hwest , affect i n g  regi ona l  a i r q u a l i ty .  

C L IMATE 

The  cl i mate of an area affects the  abi l i ty of the a i r to d i sperse  po l l utant s . 
I f  the  po l l utants are poor ly  d i spe rsed , the  po l l utant concent rat i ons i n c rea s e .  
Du r i ng  t h e  wi nte r ,  rad i at i ve i n ve rs i on s  are common . Du r i n g  such  a n  i n vers i on 
the  a i r t emperatu re i n creases  wi th  i nc reas i ng a l t i t ude ,  ho l d i ng s u rface a i r 
down . Th i s  reduces a i r d i s pers i on and t rap s  pol l utant s beneath the  i n vers i on ,  
cau s i ng po l l utant concentrat i on s  to  become q u i te h i g h .  Th i s i s  espec i a l ly  t ru e  
d u ri n g  t h e  heat i n g  season when res i dents  cont rol t h e  temperatu re o f  the i r 
dwe l l i n gs . 

The Ca scade and Rocky Mounta i n ranges  separate the  Pac i f i c  No rt hwest i nto  t h ree 
c l i mat i c  regi on s .  The coasta l  reg i ons h ave a t emperate ocean i c c l i mate .  The 
Cascade and Rocky Mou nta i n ranges  have mou nt a i n-va l l ey c l i mate s . And the 
i nt e rmou nta i n p l ateau has  a c l i mate as soc i ated with steppe cond i t i on s .  
The t emperate ocea n i c c l i mate west of the Cascades i s  character i z ed by mi l d  
w i nters and cool summers . Normal dayt i me h i g h s  for J u ly are a round 65  to  7 5°F ; 

An nua l  norma l dayt i me l ows fo r J a n u a ry are arou nd 30 to 40 °F  ( Ba l dw i n 1 9 7 4 ) . 
p rec i p i t at i on can va ry from as  much as  1 80 i n . on Was h i n gto n ' s  Ol ymp i c 
Pen i n s u l a to as  l i tt l e as  30 i n . i n  the  Puget Sound Area ( Trewa rt ha  1 968 ) . The 
d ry summe rs a l ong  t he coa s t ,  wh i ch may recei ve only an i nch of rai n per  mont h , 
a re att r i buted to  a h i gh atmospheri c pre s s u re a rea . Th i s h i g h  p res s u re 
st ab i l i zes the  a i r and keeps  most s ummer storms f rom enteri n g  the reg i o n .  St ag
nant cond i t i ons  can  occ u r  d u ri n g  the  s umme r ,  often  t rapp i n g outdoor po l l utants  
and caus i n g h i gh po l l utant concent rat i on s . 

West of the Ca scades , the  g reatest p reci p i t at i on and the  h i ghest  wi n d  s peeds 
take p l ace d u ri n g  the wi nte r .  The h i ghest wi nd  s peeds a re as soci ated w i t h  
storms a n d  front s mov i n g  i n  off t h e  ocea n .  These freq uent wi nds genera l l y  
d i s perse outdoor po l l utant s .  Res i dences t hat a re exposed t o  these  p reva i l i n g  
wi nds have greate r  ai r-exchange rates  than do  res i dences i n  l e s s  wi ndy ,  o r  more 
s he l t e red , a reas . 

I n  the  mou nta i n reg i o n s , the  ri d ge c rests , summi ts , and ot her  exposed areas  
recei ve the  maxi mum wi nter wi nd  s peed because  the  average u pper-a i r wi nd s peed s 
a re h i ghest du r i n g  t h i s season . However ,  the  comp l e x  mou nt a i n terra i n ( va ry i n g  
i n  h e i ght , s l ope a n d  pos i t i on i n  re l at i on  to  other mou nta i ns a n d  ri d ge s )  causes  
the  wi n d  s peeds to  va ry a g reat dea l ( E l l i ott  and  Barchet 1980 ) . Mounta i n 
va l l eys often experi ence l ow wi nd  s peeds because of the  s he l t e ri n g  s u rround i n g  
mounta i n s .  Res i dences i n  t h i s reg i on  genera l l y  have l owe r a i r-exc hange 
rates . Du r i n g  the  wi nte r ,  t h ese va l l eys  a re a l so s ubj ect to  ai r d ra i n age--t he  
col l ect i n g of col d ,  den s e  su rface a i r i n  val l ey l owl and s .  A s  a resu l t ,  we l l -
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deve l oped temp eratu re i nvers i ons  occu r ,  creat i n g  st ron g stab l e cond i t i on s . 
These stab l e con d i t i ons  encou rage outdoor a i r po l l ut i on .  

The  h i gh l and cond i t i on s  of the  mou nta i n s  are a l so  res pon s i b l e for l a rge dai l y  
t emperatu re v a r i at i ons . I n  J an u ary ,  norma l maxi mum temperatu res a re 20  t o  
35°F . ( Temp e ratu res va ry wi th  e l e vat i on . )  I n  J u ly , da i l y ml n l mum temp eratu res 
a re 40 to  50°F , whe reas da i l y maxi mum temperatu res ave rage b etween 60 to  80°F  
( Ba l dwi n 1 9 7 4 ) . 

P reci p i tat i on i n  the  mou nta i n s  i ncreases  as  the  weste rl y wi nds b l ow acro s s  the  
Paci f i c No rthwest . An n ua l  t ota l  p rec i p i t at i on i s  between 30 and 50 i n . for the  
Rocky Mou ntai n s , a nd  between 60 to  100  i n .  for  the  Cascade Mounta i n s . 

The Co l umbi a-Snake  R i ver  P l ateau i s  sandwi ched between the  Cascade and t h e  
Rocky Mou nta i n  ran ge s , and exper i ences a cl i mate assoc i ated wi t h  steppe geo
graphy .  The Cas cades b l ock the c l i mat i c  i nf l uences of the ocean and t h e  
Rock i es s h i e l d the  area from col d ,  arct i c  a i r i n  the  wi nter  and moi st , Gu l f  a i r 
i n  the  summe r .  Togethe r ,  the  mou nta i n ranges  c reate very d ry cond i t i on s  for  
the  i nte rmou nta i n p l ateau . Most  of  the p rec i p i tati o n , from 6 t o  20 i n . ,  fa l l s  
du r i n g  the  w i nte r ,  wi th  a secondary amount fa l l i n g i n  s p ri ng  or  ear ly  summe r 
( B a l dwi n 1 9 7 4 ;  Trewa rtha 1 968) . The  rai n s hadow effect from the two mou ntai n 
ra n ges  c reates l ow h umi d i ty ,  e s peci a l ly  du r i n g  the  wa rmer mont h s .  

The  tempe rat u re va r i es  a g reat dea l  i n  the  p l ateau reg i on ,  wi t h  ave rage ml n l mum 
tempe rat u res  of 1 0  to  2 5 °F i n  J a n u a ry to average maxi mum temperat u res  of 85 t o  
9 5 ° F  i n  J u l y  ( Ba l dw i n 1 9 7 4 ) . Du r i n g  t h e  wi nter  mont h s , t h e  tempe ratu res may 
rema i n sta b l e because of l ow so l a r  i n so l at i on ( see G l o s s a ry ) .  Under these  
stab l e cond i t i o n s , wi nd s  may be very l i ght  i n  t he  r i ver  bas i n .  Th i s may cau se  
stagnat i on and h i gh outdoor a i r p o l l ut i on .  

POPULAT ION 

Most of the maj o r  popu l at i on centers of the Paci f i c  No rthwest  are l ocated i n  
Was h i n gton and O regon west of the  Cascade Mou nta i n s , w i t h i n  the Puget Sound and 
W i l l amette V a l l ey area s . The cente r s  of popu l at i on east  of the Cascades are 
more i so l ated . Thu s ,  a i r q u a l i ty p rofi l es for these popu l at i on centers  ( e . g . , 
Spok ane , Bo i se , Mi s s ou l a )  a re s i te- speci f i c .  

GEOGRAPHY 

Geog raph i c  l ocat i on a l so  affect s the  d i s p e rs i on of po l l utant s . The geography 
can h ave a l oca l  effect ( e . g . , i n  a va l l ey o r  canyon e n v i ronment ) ,  or  a muc h  
w i d e r  effect ( e . g . ,  i n  t he t hou s ands  o f  square  mi l es cove red by the  W i l l amette 
Va l l ey or  by the  Pu get Sound a rea ) . 

REG I ONAL A I R  QUAL ITY  
Bot h federa l  and state  outdoo r ai r qua l i ty standards  have  bee n estab l i s hed . 
The Nat i onal  Amb i ent Ai r Qu a l i ty Standa rds ( NAAQS ) were p romu l gated i n  1 97 1 .  
Each  state may set i t s  own st andards ; howeve r ,  these  standard s  mu st  be equ a l  
t o ,  or  more seve re t h a n  t h e  fede ral standard s . The n at i ona l  a n d  state a i r 
q u a l i ty standards for Tot a l  Su spended Pa rt i c u l ates (TSP ) , s u l f u r  d i ox i de  ( S02 ) ' 
carbon monoxi de ( CO ) ,  ozone ( 03 ) ,  and n i t rogen d i ox i de ( N0 2 ) a re g i ven i n  
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Tab l e C . 1 .  An amb i ent sta�da rd al so  exi sts  fo r l ead . Howeve r ,  s i nce l ead 
emi s s i ons p r i mar i ly occu r i n  t he outdoor e n v i ronment , the l ead standard i s  n ot 
i nc l uded i n  Ta b l e C . 1 . The p r i ma ry standa rds  refe r to pol l utant l e ve l s that , 
i f  exceeded , cou l d  h ave h a rmful effects to the  p u b l i c  hea l t h .  The seconda ry 
standards refer  to pol l utant l e ve l s that , i f  exceeded , cou l d damage the  pub l i c  
we l fa re ( e . g . , c rops ) .  

A reas  whe re po l l utants ha ve exceeded ai r qua l i ty standa rds  a re ca l l ed " non
atta i nment"  a reas . Approxi mate ly  24  non-atta i nment a reas a re i dent i f i ed i n  the  
Pac i f i c No rt hwest ( E PA 1980a ) .  Seve ra l of  these  a reas  may be  g rouped toget he r  
to fo rm the fo l l ow i n g  s u b reg i o n s : 1 )  Rogue Va l l ey ,  O regon (Medfo rd , Ash l and ) ,  
2 )  W i l l amette Va l l ey ,  O regon ( Sa l em ,  Al bany , Eugene-S p r i ngf i e l d ) ,  3 )  Po rt l and , 
O re gon--Met ropol i tan A rea ( Po rt l and , Vanco u ve r ) ,  4 )  Pu get Sou nd , Was h i ngton 
( Seatt l e ,  Tacoma ) ,  5 )  Spokane , Wa s h i n gton , 6 )  Bo i s e ,  I daho , and 7 )  Mi s s ou l a ,  
Montan a .  

The ci t i es of Medford and As h l and a re l ocated i n  the  Rogue Va l l ey i n  south
weste rn O regon . P u l p mi l l s  and othe r  pape r-re l ated i nd u st r i es a re the maj o r  
sou rce o f  TSP . Wood bu rn i n g i n  res i dences i s  anot h e r  maj o r  sou rce du ri n g  the  
heat i ng season ( October to Ap r i l ) .  I n  1 980 , 18% of the obse rved days had  TSP 
l evel s that exceeded a i r qua l i ty stand a rds  ( E PA 1981 ) .  Th i s  i s  l es s  than the 
1978 and 1979  v i o l at i ons ( 2 5% ) ( E PA 1 9 79a ; E PA 1 980a ) .  Howe ve r ,  i n  the  per i od 
of 1974  to 1979 , the a i r qua l i ty det e ri o rated becau s e  2f TSP .  The annua l  TSP 
ave rages du r i n g  t h i s pe r i od ran ged f rom 72 to 1 0 7  � g/m ( E PA 1981 ) .  Medford 
As h l and cont i n ues t o  have t h e  h i ghest concent rat i on s  o f  CO . I n  1 980 , 24% of 
the observed days had CO concent rat i ons that exceeded a i r q u a l i ty standard s  
( E PA 1980a ) . T h e  days  t h e  C O  concentrati ons  exceeded ai r qua l i ty standa rds  
we re fewer than i n  1 9 78 and 1 9 79 , h oweve r ,  when  58% and  35% ,  res pect i ve l y , of  
the  obse rved days d id  not meet CO standa rd s  ( E PA 19 79a ; EPA 1980a ) .  

The W i l l amette Va l l ey i n  weste rn O regon i s  s i tuated between the Coast Mount a i n 
range and the Cascade Mou nta i n s . E ugene-Sp ri ngf i e l d ,  Al bany , and Sa l em a re the  
ma i n  popu l at i on cente rs i n  the va l l ey .  Ai r q ua l i ty standa rds  for  TSP we re 
exceeded on 2% of the days  obse rved i n  the Eu gene-S p ri n gf i e l d a rea i n  1 980 ( E PA 
1980b ) .  Th i s  i s  t he l owest pe rcentage of v i o l at i ons i n  the l ast seven yea r s .  
Standa rds  for C O  and 03 l evel s have been exceeded i n  Sa l em o n  on ly  1 %  of the 
days obse rved i n  1979  and 1 980 ( E PA 1 980a ) . The ma i n  sou rce of TSP i s  f rom 
wood p rod ucts  and assoc i ated i nd u st r i es ( p u l p/ pape r ,  b r i quet ma n ufactu r i n g ,  and 
fu g i t i ve dust ) .  Agri cu l tu ra l  f i e l d bu rn i n g i s  a maj or sou rce of  TSP po l l ut i on 
du r i n g  the bu rn i n g  season ( J u ly t h rough  Septembe r ) . 

Port l and , O regon , i s  l ocated i n  weste rn O re gon near  the  Was h i n gton bo rde r .  The  
met ropo l i tan a rea i nc l udes Vancouve r ,  Was h i n gton , wh i ch i s  d i rect ly  across  the 
Co l umb i a  R i ve r to  the n o rt h .  The a i r q ua l i ty standa rd s  for TSP we re exceeded 
i n  the met ropo l i tan  a rea of Port l and on 28% and 22% of the days  obse rved i n  
1 978 and 197 9 , respect i ve ly ( E PA 1 9 7 9a ; EPA 1 980a ) .  Motor veh i c l e s ,  wood and 
meta l l u rg i ca l  p roducts , and vegetat i ve bu rn i n g we re the  common sou rces of 
TS P .  Vancouver has the h i ghest pe rcentage i n  the st ate of days on wh i ch TSP 
l e vel s exceeded a i r qua l i ty stand a rds . In 1 9 79  and 1980 , respect i ve ly , 64% and 
52% of the  days obse rved had TSP l evel s that exceeded standa rds ( E PA 1 980a ; EPA 
1 981 ) .  A mi n e ra l  p roce s s i n g p l ant that ma n ufact u res  i nd u str i a l  a b ras i ves was 
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TABLE e . l . Ai r Qua l i ty Standards ( F edera l , Montana ,  I d ah o ,  Oregon , Was h i n gton ) 

T i me Fede r a l  Montana  Idaho O re9on Was h i n9ton 
P o l l utant Ave rage P r i ma r,t Secon d a r,t P r i ma r,t Secondar,t P rl ma r,t Secon d a r,t P r i ma r,t Second a r,t P r i ma ry Second a ry 

TSP (v �,�3 ) Annual  7 5  60 7 5  7 5  60 7 5  60 60 60 24 h 260 1 5 0  200 260 150 260 1 5 0  150 150 
SO

�4
( ���� Annua l  0 . 03 0 . 02 0 .03 0 . 03 0 . 03 0 . 1 4 0 . 1 0 0 . 1 4 0 . 1 4  0 . 1 4 3 h ( a )  0 . 5  0 . 5  0 . 5  0 . 5  

n 1 h ( b )  0 . 5  . 
.po 

CO ip��L 
8 h ( a )  9 9 9 9 9 9 9 9 9 35 35 23 35 35 35 35 35 35 

03 ( ppm)  1 h ( a )  0 . 1 2 0 . 10 0 . 08 0 . 08 0 . 1 2 0 .• 1 2  
N02 ( p�m l Annu a l  0 . 05 0 . 05 0 . 05 0 . 05 0 . 05 0 . 05 0 . 03 0 . 05 0 . 05 1 h a 0 . 30 
( a )  Not to be exceeded more than  once per  yea r .  
( b )  Not t o  be exceeded more th an 18 t i mes pe r  yea r .  



the  maj o r  sou rce . Res i de nt i a l wood bu rn i n g al so  was a maj o r  cont r i butor  to TSP 
d u r i ng  the heat i ng season . Both Port l and and Vancouve r had CO l eve l s  i n  1 980 
that exceeded standa rd s . Both c i t i es , howeve r ,  show an i mp rov i n g  t rend . I n  
Port l a n d ,  days wi th CO l e ve l s  exceed i n g standa rds h ave decreased f rom 23% i n  
1 9 74  to  5% i n  1 980 ( E PA 1 981 ) .  

Seatt l e  and Tacoma are l ocated i n  the Pu get Sou nd a rea of Wa s h i n gton  and are 
the maj o r  popu l at i on centers of the stat e .  Both  Seatt l e  and Tacoma have 
exceeded standards fo r TSP .  F ug i t i ve du st and i ndust ry a re maj o r  cont r i butors  
( E PA 1 9 7 9a ) . The  number of days e xceed i ng standa rds i s  d ec reas i ng i n  both 
c i t i es . In Seatt l e  i n  1 980 , about 8% of the day s  exceeded TSP a i r qua l i ty 
stand a rd s ,  wh i l e  i n  Tacoma about 23% of the days exceeded TSP stand a rds  ( E PA 
1 981 ) .  Ca rbon monox ide  l eve l s i n  Seatt l e  and Tacoma a re i mp rov i n g  but st i l l  
exceed the a i r q u a l i ty standard s .  Seatt l e  has the  h i ghest CO concent rat i ons , 
a nd has the most days exceed i n g standa rds , of any a rea i n  the stat e .  Th i s  i s  
cau sed by the l a rge vo l ume of moto r  veh i c l e  t raff i c i n  the a re a .  I n  1 9 7 9  i n  
Seatt l e ,  22% of the obse rved days  had CO l eve l s that exceeded a i r qua l i ty 
stand a rds ( E PA 1 980a ) .  Th i s  was d own f rom 6% i n  1 9 7 9 .  

Spokane  i s  l ocated i n  eastern Was h i n gton  nea r t h e  Idaho  bord e r .  I t  i s  the 
l a rgest c i ty i n  the st ate east of  the  Cascade s . I n  1980,  TSP l eve l s  e xceeded 
stand a rds about 61% of the days  obse rved ( E PA 1 981 ) .  Th i s  i s  a ma rked i nc rease 
over the  40% noted i n  1 9 79  ( E PA 1 980a ) .  Th i s  i nc rease res u l ted from the  
May 18 , 1980 , erupt i on of Mou nt St . He l e ns , f rom wh i ch vol can i c ash  wa s 
depos i ted th roughout m�ch of eastern Was h i ngton . Twenty-fou r-h o u r  TSP l e ve l s  
a s  h i gh as 20 , 000 � gsm we re measu red afte r  the  e rupt i on ( compa red to  a p r i ma ry 
standard of 1 50  � g/m --EPA 1 980a ) .  Leve l s  of TSP t h roughout much of eastern 
Wash i n gton  p roba b ly  wi l l  rema i n h i gher  than  norma l as  l on g  as u nsett l ed ash  i s  
b l own by the wi nd . Ca rbon monoxi de l evel s e xceeded standards on  3% of the  
obse rved days i n  1 980 . Th i s  wa s down f rom 6% i n  1 9 7 9 . 

Bo i se i s  l ocated i n  southweste rn I daho  and i s  the  l a rgest c i ty i n  the  stat e .  
Bo i se  i s  a n  atta i nment a rea for TSP , S02 ' 03 and CO ( E PA 1979b ) .  An att a i nme nt 
a rea i s  an  a rea i n  wh i ch po l l utant l e veTs do  not e xceed a i r q u a l i ty 
standards . Bo i se  i s  the  o n ly  a rea i n  Idaho  that i s  non -atta i nment fo r CO ; that 
i s ,  it i s  the  o n ly  a rea i n  I daho whe re CO l eve l s  e xceed e stab l i s hed a i r q u a l i ty 
stand a rds . I n  1 980 , �8% of the observed days  had CO l evel s that exceeded 
standards  ( E PA 1981 ) .  Th i s  was d own f rom 1 5% i n  1 9 7 9 ,  ref l ect i ng a genera l  
i mp rov i n g  t rend ( E PA 1 980a ) .  

M i s s ou l a i s  l ocated i n  western Montana  i n  the  Mi s s ou l a  Va l l ey .  Bot h TSP �nd CO. 
exceed a i r q u a l i ty standard s .  The annua l  TSP l e ve l for 1 980 was 1 1 5  �g/m 
( compa red to a p r i ma ry stand a rd of 75  � /m3_-C h u rch 1980 ) .  Th i s  h i gh l eve l i s  
ma i n l y  caused by fu g i t i ve d u st and po i nt sou rces ( e . g . , smoke stack s ) .  Du r i n g  
w i nte r  months  when tempe ratu re i n vers i ons  a re common ,  res i de nt i a l wood bu rn i n g 
cont r i butes to  TSP l eve l s  ( C h u rch 1 980 ) .  

Severa l  sma l l c i t i es wi t h  speci f i c po l l ut i on sou rces may not be attai nment 
a reas . These a reas a re ca l l ed " u n c l a s s i f i ed "  a reas ( E PA 1 980b ) .  Leve l s of TSP 
i n  C l a rk ston , Wa s h i n gton , and Lewi ston , Ida h o ,  exceed standa rd s  becau s e  of the 
l ocal wood p rodu cts i nd u s t ry ( EPA 19 79b ) .  Standards  for S02 a re e xceeded i n  
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Kel l ogg , Idaho , because  of l ead and z i n c  sme l t e rs ; i n  Pocate l l o ,  I daho , from 
fe rt i l i ze r  and i nd u st r i a l  chemi ca l s i nd u s t ri es ; and i n  Port Ange l es , 
Wa s h i n gton , from pu l p/ pape r i nd u st ri es  ( EPA 1979a , b ) . 

Ai r q u a l i ty i n  the Paci fi c Northwest i s  gene ra l ly  good . Most a reas meet the  
state  and  federa l  standa rd s . Mo st ru ra l a reas  th roughout the reg i on a re 
atta i nment a reas , a l though TSP standards may be occas i ona l ly  exceeded as a 
resu l t  of fu g i t i ve du st  ( EPA 1 980a ; EPA 1 980b ) .  Th i s  i s  especi a l l y  t ru e  i n  
fa rmi n g  a reas of eastern O re gon and easte rn Was h i n gton . 
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APPEND I X  0 

FORMALDEHYDE CONCENTRAT I ONS AND EST I MATED HEALTH EFFECT R I SKS 

Data have been  co l l ected on forma l dehyde ( HCHO ) l e vel s i n  mob i l e  homes and 
convent i ona l  res i dences i n  seve ra l  areas , i nc l ud i n g  Was h i n gton  St at e .  
Ta b l e 0 . 1 p rov i des a s umma ry o f  HCHO measu rements i n  mob i l e  h omes i n  wh i ch 
res i dents  reg i stered comp l a i nt s  about i rri tat i on o r  odo r .  The mobi l e  homes 
we re i n  Was h i n gton , Mi n nesota , a nd W i scon s i n .  Ta b l e 0 . 2  p res ents a f requency 
d i str i but i on of  HCHO concent rat i on s  from 334 Was h i n gton  mob i l e  home s i n  wh i ch 
one o r  more i nd i v i du a l s experi enced " h ea l th  p rob l ems" ( B reysse  1980 ) .  A tota l  
of  5 23  peop l e i n  t he se  mob i l e  homes exper i enced o ne  or  more symptoms . I rri ta
t i on of the eyes was  reported by 58% of  the adu l ts and  41% of the ch i l d re n . 
U pper  res p i ratory system i rri tat i on was repo rted by 62% of the  ch i l d ren  and 55% 
of the  adu l t s .  Th i rty-th ree percent of the ch i l d ren  exper i e nced ch ron i c  co l d s  
o r  cou gh s  ( B reys se  1981 ) .  The ave rage HCHO concent rat i on wa s app roxi mate ly  
0 .4  p pm ( Suta 1 980 ) .  

Ta b l e 0 . 3  p resents  data on HCHO concent rat i ons  i n  39 home s and apa rtments  i n  
Was h i n gton wi th u rea-HCHO foam i ns u l at i on ( UFF I ) .  These homes we re stud i ed 
fol l ow i n g  report s  of a va r i ety of symptoms . The  ave ra ge concent rat i on of HCHO 
i n  these homes was 0 . 39 ppm,  w i t h  a standard dev i at i on of 0 . 58 p pm ( Suta 1 980 ) .  

TABLE 0 . 1 . Summa ry of F o rma l d ehyde Measu rements  i n  Mo b i l e  Homes Reg i ster i ng  
Comp l a i nts ( NRC 1981 ) 

Sampl i ng S i te 
Mo b i l e  homes res i dents  

reg i steri n g  comp l a i nts i n  
the  state of Wa s h i n gton  

Mobi l e  home res i dents  
re g i ste ri ng  comp l ai nts  
i n  Mi n nesota 

Mob i l e  home s res i dents 
re g i ste r i ng  comp l a i nt s  
i n  Wi scon s i n  

Concentrat i on , ppm 
Ra nge Mea n 
o to 1 . 7 7  0 . 1  to 0 . 44 

o to 3 . 0  0 . 4  

0 . 023  t o  4 . 2  0 . 88 

Tab l e 0 . 4  cont rasts HCHO concent rat i ons  i n  two gro u p s  of mob i l e  homes i n  
W i scon s i n - -a g roup of randomly se l ected mob i l e  homes and a g roup of  mob i l e  
homes that we re mon i t o red as  a res u l t  of comp l a i nt s . F o r  the randomly samp l ed 
mob i l e  homes , the average HCHO concent rat i on was 0 . 24 p pm wi th a standa rd 
de v i at i on of 0 . 2 3 ppm. Th i s  contrasts  wi t h  the ave rage of 0 . 65 ppm and 
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TABLE 0 . 2 .  F requency Di str i but i on  o f  Forma l d ehyde Concent rat i on s  i n  
3 34 W as h i n gton Mob i l e  Homes w i th  Comp l a i nt s  Regard i n g  
Po s s i b l e  Hea l t h  Effects ( B reysse  1 980 ) 

Forma 1 dehyde % of  
Conce nt rat i on , EEm Ki tchen Bedroom Other Total Tot a l  

> 1 . 0  7 7 2 1 6  3 

0 . 5  to  0 . 99 53  44 1 5  1 12 18 

0 . 1 to  0 . 49 198  1 6 1  48 407 6 7  

<0 . 1  34  36  3 7 3  1 2  

TOTAL 292  248 68 608 

TABLE 0 . 3 .  F requency Di str i but i on  of Formal dehyde Concentrat i o n s  i n  
T h i rty-Ni ne  Wash i n gton  Homes and Apartments w i t h  U rea
Formal d ehyde Foam I n s u l ati o n --Concent rat i ons  Determi ned 
F o l l owi n g  Comp l a i nts of Symptoms ( B reys se 1 9 78 ;  Suta  1 980 ) 

F orma l dehyde Number of % of Cumu l at i ve 
C oncent rat i o n !  EEm Observat i o n s  Tot a l  % 

<0 . 0 5  5 1 1 . 4 1 1 . 4  

0 . 5  t o  0 . 09 1 1  2 5 . 0  3 6 . 4  

0 . 1 0  t o  0 . 19 9 20 . 4  56 . 8  

0 . 20 to  0 . 29 5 1 1 . 4 6 8 . 2  

0 . 30 to  0 . 39 5 1 1 . 4  7 9 . 6  

0 . 40 t o  0 . 69 2 4 . 5  8 4 . 1  

0 . 7 0  to  0 . 99  1 2 . 3  86 . 4  

1 . 00 to  1 . 49 2 4 . 5  90 . 9  

1 . 50  to  1 . 99  3 6 . 8  9 7 . 7  

2 . 00 t o  2 . 99  1 2 . 3 100 . 0  
44 100 . 0  

standard dev i ati on o f  0 . 7 0  p pm i n  t h e  g roup  stud i ed because o f  comp l a i nts  ( Suta  

1 980 ) . The  data  presented i n  Ta b l e 0 . 4  s how that the  HCHO l eve l s fou nd  i n  

mobi l e  h omes where comp l a i nts have  or i g i n ated are h i gher  t han l eve l s i n  mobi l e  

h omes i n  genera l . 

I n  comment i n g  on an edi tor i a l  i n  the  Lancet ( 1 981 ) ,  Be rger and Lamm ( 1 981 ) n ote  

t hat much  o f  the  d i scu s s i on of h ea l t h  effects o f  HCHO a t  l ow l eve l s i s  based o n  

the  work o f  Breysse  a t  the  U n i vers i ty of Was h i n gton . They poi nt o u t  t hat the  

comp l a i nts  B reys se has  reported do  n ot s h ow a dose-response  effect and  t hat he  
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TABLE 0 . 4 .  D i s t r i but i on of Forma l dehyde Concent rat i ons  i n  Two 
Groups  of W i scons i n  Mob i l e  Homes ( Suta 1 980 ) 

65 Ra ndoml y 45 Comp 1 a i nt 
Sam�l ed Mobi l e  Homes Mob i l e Homes 

Forma l de hyde Cumu l at i ve Cumu l at i ve 
Concent rat i on ,  ��m Number % Number  % 

<0 . 1 0 1 0  1 5 . 4 2 4 . 4  
0 . 1 0  to 0 . 1 4  14  36 . 9  4 1 3 . 3  
0 . 1 5  to 0 . 1 9 16  6 1 .5  2 1 7  . 8  
0 . 20  to 0 . 2 5  8 7 3 . 8  5 28 . 9  
0 . 26 to 0 . 29 4 80 .0  3 3 5 . 6  
0 . 30  to 0 . 39 3 84 . 6  7 51 . 1  
0 . 40 to 0 . 49 5 92 . 3  1 5 3 . 3  
0 . 50 to 0 . 59 2 95 . 4  7 68 . 9  
0 . 60 to 0 . 69 1 9 6 . 9  1 7 1 . 1  
0 . 70  to  0 . 7 9  0 96 . 9  2 7 5 . 6  
0 . 80 to 0 . 89 1 98 . 5  2 80 . 0  
0 . 90 to 0 . 99 1 ( >0 . 9 0 )  100 . 0  1 82 . 2  
1 . 00  to  1 . 49 4 9 1 . 1  
1 . 5 0  t o  1 . 99  2 95 . 6  
2 . 00 to 2 . 99  1 9 7 . 8  
3 . 00 to 3 . 99 1 100 . 0  

has n ot done cont rol l ed stud i es .  Be rger and Lamm a l so stat e ,  " None o f  t h e  
symptoms l i sted i n  t h e  ed i t or i a l  ( La ncet 1981 ) have eve r  been attri buted 
sc i e nt i f i ca l l y  i n  the i ndoor e n v i ronment I at 1 eve 1 s wel l be l ow 1 ppm I • They 
have been assoc i ated becau s e  on ly  HCHO has been measu red . "  

The potent i a l cu rrent ly  ex i sts i n  homes i n  the  Pac i f i c  Nort hwest for hea l t h  
effects assoc i ated wi t h  HCHO exposure .  Th i s  h a s  been shown i n  t h e  wo rk i n  
Wa s h i n gton by B reys se ( 1 9 78 ,  1980 ,  1981 ) d i s c u s sed above . The extent of t h e  
ri s k s  i s  unk nown . C l ear l y ,  there are d i ffe rences o f  op i n i on rega rd i n g  the  
acute effects of exposu res bel ow 1 . 0 ppm.  

One way to app roach the  i s s ue  of the  l eve l  at  wh i c h acute  hea l t h  effects occu r 
wou l d  be to  u s e  the  ave rage ( mea n )  l evel from homes where symptoms have been 
reported . Th i s  l evel  wou l d  be approx i mately 0 . 4 p pm ,  on the  bas i s of the data 
presented above . I n  the  Was h i n gton dat a ,  over 7 5% of  both mob i l e  and conven
t i ona l  homes where symptoms we re reported had  concent rat i ons  at  o r  bel ow th i s  
l evel ( Tab l es 0 . 2 and 0 . 3 ) .  S i n g l e measu rements of HCHO concent rat i ons i n  
h omes , however ,  va ry s i gn i f i cant l y  wi t h  the  season of the  year and the  t i me of 
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day .  Concent rat i o n s  have been fou nd t o  vary by a factor  of 30 over  a two-week 
per i od i n  the  s ame h ome becau se  of changes i n  atmos pher i c cond i t i o n s , hou s eho l d 
venti l at i on ,  and outdoor concentrat i o n s  ( Bea l l and U l s amer 1 981 ) .  

Another  app roach i s  to  u se  s uggested standards  to  a p pro x i mate a n o-effect 
l eve l . Cu rrent l y  there i s  no  U . S .  stand a rd fo r nonoccupat i on a l  HCHO exposu re .  
T he Ame ri can Soci ety of Heat i n g ,  Refri gerat i n g and Ai r Cond i t i on i ng E n g i neers  
( ASHRAE ) recommended a 24-h res i dent i a l  expos u re l i mi t of  0 . 2 0  ppm i n  1979  ( NRC  
1 981 ) .  The  recommended standard was  reduced to  0 . 10 p pm i n  1 981 ( ASHRAE 1 98 1 ) ,  
a l eve l  cha l l e n ged  as u n reasonab ly  l ow .  Th i s more recent l eve l  i s  comp arab l e 
wi t h  res i dent i al standards i n  West Ge rmany ( 0 . 1 0  p pm ) , t he  Net he rl ands ( 0 . 1 0  
ppm ) , and Denma rk ( 0 . 1 2  ppm ) ( NRC 1 981 ) .  Andersen  ( 1 97 9 )  has  suggested t hat a 
standard at or  l ower t h an 0 . 12 p pm wou l d p rotect a l l s u b jects ( e xcept t hose  
s en s i t i zed to  HCHO ) aga i n s t  any adverse  hea l t h  effect and t h e  maj or i ty of 
s u b j ects aga i nst  d i scomfort . 

I n  our  s ub sequent d i scu s s i on of acute hea l t h  ri s ks we wi l l  u s e  0 . 1 0  ppm as  a 
n o-effect l eve l . We w i l l  con s i der l eve l s above 0 . 40 p pm as carry i ng some 
i nc reased ri s k  and va l u es i n  the 0 . 1 0  to 0 . 40 range as quest i onab l e ,  but 
p robab ly  n o -effect , l eve l s . 

Much of the  cu rrent concern  about hea l t h  effect s of HCHO exposure rel ates  to 
accumu l at i ng ev i dence for i ts carc i n ogen i c i ty .  Stud i es carr i ed  out by t he  
C hemi ca l  I ndu stry I ns t i t u te o f  Toxi co l ogy ( C I I T )  fou nd  an exces s  o f  squamou s 
ce l l carci noma of the  nasa l  t u rb i n ates i n  rats and mi ce exposed to  1 5  p pm of 
HCHO vapor ( Swenberg et a l e 1 980 ) . Su b sequent  stud i es demonstrated carci n omas 
i n  rats at exposure l eve l s  of  6 p pm ( C I IT 1 981 ) . 

An i ma l  stud i es  and l i mi ted h uman ep i d emi o l o g i ca l  stud i es rel at i n g to  the  
carci n ogen i c i ty of HCHO h ave been  revi ewed by the  F edera l  Pane l  on F o rmal dehyde 
( Gr i e semer 1982 ) . On the  bas i s of the i r rev i ew ,  the  panel  concl uded t hat i t  i s  
prudent to  re gard HCHO as  p o s i n g  a carci n ogen i c r i s k  to  human s .  A s i mi l ar 
conc l u s i on was reached by Se l i k off and  Hammond  ( 1981 ) .  

D i fferences of op i n i on e x i st  on  the  h uman e p i demi o l og i ca l  dat a .  For  e xamp l e ,  
B ryson ( 1 981 ) stated t hat i n  fou r ret rospect i ve stud i es ( p resented at a 1 980 
C I IT s emi nar  on  HCHO ) of peop l e en gaged i n  the  manu fact u re and u se  of  HCHO ,  n o  
overa l l exces s of death s  from cancer or excess  death s  from res p i ratory d i s ease  
were reported . I n fante et  a l e ( 1981 ) ,  i n  rebutt i n g  B ryson ' s  commun i cati o n , 
noted t hat exces s  mort a l i ty was observed for some cancer  s i tes  i n  two of  those 
stud i e s . It  was t he i r  op i n i on ,  becau se  of l i mi tat i on s  i n  study d e s i gn and 
methodo l ogy , that lit h e  stud i e s  do not prov i de  any defi n i t i ve ev i dence upon  
wh l ch to  eva l u ate the carc i n ogen i c i ty of HCHO  to  man " ( I nfante et  a l e 1 98 1 ) .  

O n  the  bas i s  of exten s i ve revi ew of the  an i ma l  data and i nformati on on HCHO 
l eve l s i n  h omes w i th  UFF I ,  the Consumer P roduct S afety Commi s s i on ( CPSC ) h a s  
deve l oped ri s k  est i mates  for cance r assoc i ated wi t h  expo s u re t o  the  re l ea sed 
HCHO ( CPSC 1 981a , b ) . The i r upper  est i mate of r i s k  i s  t hat an i nd i v i dua l  l i v i n g 
i n  a home wi t h  UFF I for 9 years afte r i n st a l l at i on wou l d  have an add i t i on a l  

0 . 4  



r i s k  of 51  i n  a mi l l i on of  deve l op i n g  cancer from the  HCHO re l eased by the  
i nsu l at i on .  Before a f i g u re such  as  t h i s can  be accepted , the  met hods u sed fo r 
est i mat i on need to be cr i t i ca l l y  rev i ewed . 

Th i s  carci nogen i c  r i sk est i mat i on be l ow was deve l oped by Cohn ( 1 981 ) for t h e  
CPSC . It  i s  ba s ed on f i tt i n g a l i near  equat i on to the  l ow expo s u re l evel s from 
the  C I IT rat data and a s s umpt i ons  from human exposu re dat a .  The r i s k i s  ca l c u 
l ated as  l i fet i me ri s k  fol l ow i n g  a 9-yea r ,  16-h/day expos u re o ut  of an average 
l i fet i me of  70  years . Cohn ' s  ( 1 981 ) est i mat i on was based on est i mated decay i n  
HCHO rel ea s e  from UFF I . L i tt l e i s  k nown about d ecay rates  from other  sou rces . 
S i nce we a re dea l i ng w i th  est i mated concent rat i on s ,  i n  our  r i sk  ca l cu l at i ons  we 
a s sume that the  concentrat i ons  a re constant over a 9-year  per i od . Th i s  p ro
v i des  a very conservat i ve est i mate of the  upper  va l ue of r i s k . As  Cohn  st ated , 
" I t  ca nnot be emphas i zed enough  that th i s ri s k  asses sment i s  ba s ed on assump 
t i ons , wh i ch i n he rent ly  a re s u bj ect to error"  ( Cohn  1 981 , p .  1 5 ) . 

The  equat i on devel oped i s  as  fo l l ows : 

Upper  Va l ue  of R i s k = 0 . 00 109 x E xposu re [Ave rage Concent rat i on ( p pm ) 
i n  Re s i dence]  

Two i mportant po i nts need to  be made w i th  rega rd to  th i s  e st i mat i on .  F i rst , 
r i s k  i s  d i rect l y  p roport i ona l  to exposu re ; a dou b l i n g of exposu re wi l l  dou b l e 
the  r i s k . Second , the  fo rmu l a  i mp l i es that any exposu re to HCHO carri es  wi t h  
i t  a n  i nc rease  i n  ca rc i nogen i c  r i s k . T h e  p roj ected i ncrease i n  ri s k  i s  sma l l 
wi th  l ow l evel s of exposu re .  When r i sk i s  a s s umed to  be i nc rea sed at e ven  the  
l owest l e vel s of exposu re , the ri s k  mode l  i s  k nown as  a no-t h res ho l d mode l .  

The CPSC ri sk  a s ses sment we are u s i n g i s  a re v i s i on of an ear l i e r a s ses sment 
devel oped by Cohn ( 1 980 ) . At  the CPSC pub l i c  meet i n g on the p roposa l  to ban  
UFF I  he l d on March 20 ,  1 981 , Lamm ( 1 981 ) made seve ra l  p o i nts re gard i ng the r i s k  
a s ses sment t h at  are pert i nent here . O n e  i s  that the  ri s k  est i mates a re based 
on t he 95% upper  conf i dence l i m i t s .  Th i s d oes not i nd i cate what the typ i cal o r  
a verage expected r i s k  mi ght be . T h e  centra l  tendency of  t h e  d i s t ri but i on i s  
the factor of the r i sk  est i mate that needs to be con s i de red . Lamm ( 1 981 ) 
reported that Gi bson of C I I T has  p resented r i s k  a sses sments  for HCHO u s i n g  fi ve 
d i ffe rent mode l s .  In each case he  found the centra l _sendency to be t hat w i th  § 
l i fet i me exposu re of 1 ppm , the l i fet i me ri s k  wa s 1 0  ; a l i fet i me ri s k  of 1 0-
occu rred at an exposu re of about 0 . 2  p pm .  Th i s  i s  a l ower e st i mate of ri s k  
than  that u sed by t he  CPSC and t h a n  that used he re . 
To determi ne the  effect of weathe ri zat i on p ro g rams on i ndoor ai r q ua l i ty ,  and 
s u bsequent l y  on hea l t h ,  requ i res  i n fo rmat i o n on po l l utant concent rat i ons  and 
t he i r est i mated changes fol l owi n g  t i ghte n i ng  meas u res . I nd i v i dua l s h ave 
e xp res sed conce rn rega rd i n g the  pote nt i a l hea l t h effects of hou se  t i ghten i n g .  
B reys se ( 1 981 , p .  26 7 )  h a s  stated , "There i s  n o  d ou bt that u n l ess  a reasonab l e 
and l og i ca l  p l a n  i s  deve l oped , the  de l et e ri ous  hea l t h  i mpacts of exces s i ve home 
t i ghte n i ng  wi l l  be e normou s . "  On the  other hand , i n  re sponse to a q uest i o n 
rega rd i n g i n  what fract i on of ene rgy-conserv i ng  t i ght  hou ses  wa s the re a sense  
that t h e re was  a p rob l em w ith  HCHO l e vel s ,  C .  D .  Ho l l owe l l rep l i ed t hat i n  the  
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houses they had checked they had not found  exces s i ve l eve l s of HCHO ( H o l l owel l 

and M i k sch 1 981 ) .  The h i ghest l evel  t h ey observed as  0 . 20 t o  0 . 30 ppm ,  but  

t h ey had not stud i ed mob i l e  homes . Moschandreas of GEOMET i nd i cated they had 

found l eve l s of 0 . 7 0  p pm i n  mob i l e  homes . He a l so n oted that concentrat i ons  of 

g reater than 0 . 20 ppm were not found i n  res i dences wi t h  wood-burn i n g  app l i ances 

i n  a study conducted for the  EPA ( Ho l l owel l and M i k sch  1 981 ) .  
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BENZO- [a J -PYRENE CONCE NTRAT I ON AND HEALTH EFF ECT R I S KS 
Ev i dence of t he ab i l i ty of benzo-[a J -pyrene ( B aP ) to cause cance r comes both 
f rom an i ma l  stud i es and from human e p i demi ol og i cal  stud i es .  An i ma l  stud i es 
have demonst rated the c a rc i nogen i c i ty of BaP i n  seve ra l spec i es and t h rough  
seve ra l  routes of expos u re .  
The be st ev i dence fo r t he carc i noge n i c i ty of BaP i n  huma ns comes from 
ep i demi ol og i ca l stud i es of  worke rs who have been exposed i n  t he i r occupat i ons  
t o  t h i s substance . Ca nce rs of severa l  parts  of the body have been fou nd to  be 
i n c reased among  such  worke rs . These cancers i nc l ude cance r of t he sc rot um 
among  c h i mney sweeps , t he c l a s s i c  occu pat i ona l  cance r desc r i bed by Pe rc i va l  
Pott i n  the 1 8t h  Centu ry ;  i n c reased rates of l u n g  cancer  i n  roof i n g tar  
app l i cators ( Hammond et  a l . 1976 ) a nd  B r i t i s h  gas - retort wo r k e rs ( Do l l 1 9 5 2 ) ; 
and i n c reased rates of cance r of t he l u ng  and ot her  o rgans i n  wo rkers e xposed 
to the emi s s i ons  f rom coke ove ns ( Redmond , St rob i no  and Cype s s  1 9 76 ) . 

I n  add i t i on to t he stud i es of  wo rkers , seve ral  i n ve st i gators h ave s u ggested 
re l at i on s h i p s  between l e ve l s  of BaP i n  outdoor  a i r and l u n g  cance r rates . 
These stud i es i n c l ude corre l at i on of l u ng  cancer mortal i ty rates i n  u rban and 
rural  popu l at i ons  wi t h  BaP l e ve l s ( C a rn ow and Me i e r  1 9 7 3 ) , h i g her  rates  of 
l u ng  cancer i n  a reas of c i t i es where BaP l e ve l s  a re h i gh ( Menc k ,  Cas a grande and 
Hende rson 1 9 74 ) , and ot he r corre l at i ve stud i es ( P i ke et a l . 1 9 7 5 ) . St ud i e s of 
t h i s typ e ,  w h i c h  a re based on corre l at i n g popu l at i on rates and a i r po l l u t i o n 
data , do  not p rove a ca use-effect re l at i on s h i p .  They do , howeve r ,  p rov i de  
add i t i ona l  s u ggest i ons re ga rd i ng  t he hea l t h effects of  expos u res  to haza rdous  
s u bstances . 
F i n a l l y ,  BaP i s  an i mp o rtant component of ci ga rette smoke  ( NRC 1 981 ) . Whe reas  
the ent i re ca rci nogen i c i ty of c i ga rettes can not be att r i buted to BaP , i t s  
cont r i bu t i on s hou l d  not be ove rl ooked ( S a ntodonato , Howard and Basu  1981 ) .  
C i ga rette smoke i s  a maj or cont r i butor  to  i ndoor  BaP  l e vel s .  

Rece nt l y , t he U . S .  En v i ronmenta l  P rotect i on Agency ( E PA ) deve l oped est i mates of 
cance r ri sk  for  popu l at i ons exposed to coke oven emi s s i ons ( E PA 1 981 ) .  They 
d i scu s sed exposu re to t he be nzene so l u b l e o rgan i c  ( B S O )  fract i o n of emi s s i ons , 
of  wh i c h BaP i s  a compone nt . They der i ved a u n i t  ri sk  fact o r ,  t he l i fet i me 
p robab i l i ty of dy i n g f rom l u ng  cance r as a res u l t  of coke-oven emi ss i ons , as 
i nd i cated by a mea s u re of BSO per c u b i c  meter  of ambi ent a i r .  Th i s  mea s u re was 
obta i ned by tak i n g t he dose-response  re l at i on s h i p known f rom stud i e s of l u ng  
ca ncer  amon g cok e -oven wo rkers and est i mat i n g  what the rate of l u ng  cance r 
wou l d be wi t h  l owe r l e ve l s  of expos u re to  t he ge ne ra l  popu l at i on .  Th i s  facto r  
i s  based on  a n  app roach to  r i s k  est i mat i on t hat a s s umes t here i s  no  l e ve l o f  
exposu re t hat does not have some--howeve r s l i ght-- i n c rease i n  r i s k  a ssoc i ate94 w i t h  i t .  The est i mated l i fet i me ri s k  of dy i n g from l u ng  cance r i s  9 . 25 x 1 0  , 
i f  a person i s  exposed cont i nuou s l y to  1 � g  of BSO from coke oven s  pe r cu b i c 
mete r  of a i r .  Th i s  r i s k  est i mate cou l d ,  w i t h  g reat caut i on ,  be u sed t o  
est i mate ri s k s  a ssoci ated w i t h  B a P  exposu re .  
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P i ke  and Hende rson ( 1 981 ) h ave recent ly  deve l oped ri s k  est i mates for l u n g  

cance r assoc i ated wi th  B aP ai r po l l ut i on . Tabl e E . 1 s h ows the rel ati ve r i s k  

f o r  l u n g  cance r i n  neve r-smoke rs a t  va r i o u s  l evel s of BaP . Tabl e E . 2 s hows the 

cumu l at i ve l i fet i me l u n g  cancer i n ci dence ( mo rta l i ty )  p rojected for var i o u s  

l e vel s of  BaP  exposu re . T hese  ri s k  est i mates are based o n  a mode l 

TABLE E . 1 .  Re l at i ve R i s k of Lung  Cancer i n  Neve r -Smoker s  
at Var i o u s  Le ve l s of  Be nzo-[aJ -Pyrene Ai r 
Po l l ut i on ( P i ke and Henderson 1 98 1 ) 

BaP  3 Le ve l , n g/m 
o 
0 . 4 
1 
2 
5 
6 
1 0  

Rel at i ve 
R i s k  
1 . 00 
1 .0 7  
1 . 1 7  
1 . 3 3  
1 . 83  
2 . 00  
2 . 67 

TABLE E . 2 .  Cal c u l ated L i fet i me Lung  Cance r I nc i dence Amon g 
Neve r-Smokers at Var i o u s  Le ve l s of Benzo-[aJ 
Py rene Ai r Pol l ut i on ( P i ke and Henderson  1981 ) 

B aP 3 Level , n g/m 
0 . 0 1 4  
0 . 1  
1 
5 
1 0  
2 0  

Cumu l at i ve 
I nc i dence 

Rate/ 1 00 , 000 
1 
7 

7 3  
3 63  
7 24 

1 443  

deve l oped f rom the  r i s k  of  l un g  cance r among  c i ga rette smokers and tested u s i n g  

data f rom occupat i ona l  popu l at i on s  e xposed to  BaP . Because these  est i mates are 

speci f i c to  BaP , they wi l l  be used i n  p refe rence to  the  E PA est i mates based on 

BSO . The EPA est i mates we re i nc l uded i n  our d i s cu s s i on as they a re deve l oped 

f rom the  most thorough ly  stud i ed occupat i ona l  popu l at i on ,  the coke-oven  

wo rke rs . 
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APPEN D I X  F 

R I SK OF LUNG CANCER FROM RADON (RADON DAUGHTER )  EXPOSURES 

Ba l e  ( 1 9 5 1 )  and Har l ey ( 1 9 5 3 )  were the  f i rst to po i nt out t hat the l u ng  cancer  
hazard from expos u re to  radon  and radon  dau ghters wa s from the  a l p ha dose 
d2 1 �vered t h r���h l u ng  de��� i t i on of the2��ort- l i ved daughters of radon 
[ Po ( RaA ) , P b ( RaB ) ,  B�f�ac ) and P�f�ac ' J  a nd not from the  radon  
i t se l f .  Two al pha  emi tters , P o ( RaA)  and  P o ( R aC ' ) , u l t i mate l y  de l i ve r  the  
carc i nogen i c  dose to t racheobronch i a l  ep i t h e l i um .  The comp l ex i ty i n  the  dose 
e st i mates req u i red to account for daughter depos i t i o n ,  rad i oact i ve bu i l dup  and 
decay , remova l  by phys i o l o g i ca l  c l earance p roces ses , and phy s i ca l  dose ca l cu 
l at i ons t o  spec i fi c  ce l l s  i n  b ronch i al mucos a ,  h a s  been deta i l ed by many 
authors and con s i de red by va ri ous  nat i ona l  a nd i nternat i on a l  o rga n i zat i ons  (See  
A l t s hu l e r ,  Nel son and Kuschner  1964 ; Jacob i  1964 ,  197 2 , 1 9 7 7 ; Haque  1 966 , 1 967 ; 
Haque  and Co l l i n son  1 967 ; Pa rke r  1969 ; Wa l s h 197 0 , 1 9 7 1 , 1 9 79 ; Ha r l ey and 
Pasternack 1 9 7 2 ,  1 981 ; Ne l son et a l e 1 9 74 ; F ry 1 9 7 7 ; McPherson 1 9 7 9 ; J acobi and 
E i sfe l d 1980 ; James , Gree n ha l gh and B i rchal l 1980 ; J ames , Jacob i  and 
Ste i nhaus l e r 1 981 ; Hofman n  1982 ; W i se 1 982 ; US PHS 1 9 5 7 , 1961 ; FRC 1967 ; JCAE 
1 96 7 , 1969 ; ICRP 1 9 7 7 , 1 981 ; UNSCEAR 1 9 72 , 1 9 77 ; N I OSHj N I ESH  1 97 1 ; NAS 1972 , 
1980 ) .  

H i stori ca l l y ,  expo s u re i s  defi ned i n  terms of the a i r concent rat i on of radon  
dau ghters in  u n i t s of  work i n g l e vel ( WL ) .  A work i n g  l eve l i s  defi ned to be a 
cogcent rat i on of short - l i ved radon  daughters ( t h rough  RaC ' )  tota l i n g 1 . 3  x 
1 0  MeV of potent i a l a l pha  energy per  l i ter  of a i r .  A wo rk i ng l e vel mont h  
( WLM ) i s  an equ i va l e nt expos u re to 1 WL f o r  1 7 3  hou rs . These defi n i t i ons  avo i d  
the  p rob l ems o f  d i sequ i l i b r i um o f  the  dau ghters and o f  whether  t h e  dau ghters 
a re attached to  a ca rr i e r  aerosol  or  rema i n unatt ached . Attached radon  
dau ghters depos i t  w ith  some f i n i te probab i l i ty to the  l un g  s u rface s ;  u n attached 
radon daughters depos i t  i n  the  res p i ratory t ract wi t h  vi rt ua l  1 00% p roba
b i l i ty .  Thu s ,  the mi x of  attached and u n attached radon dau ghte rs i s  an  i mpor
tant con s i derat i on i n  a s sess i n g l u n g  dos i met ry .  Fort u nate l y , the  u natt achment 
fract i on va l ues found i n  the work p l ace and i n  the e n v i ronment are reasonab l y  
constant and not suff i c i e nt l y  d i ffe rent t o  cause  a l a rge d i s pa ri ty i n  the  
rad i o l og i ca l  dose asses sment of e n v i ronmenta l  and occupat i ona l  e xpos u res t o  
radon daughters . The  same c a n  b e  sa i d fo r t h e  ot her  pa rameters i nf l uenc i n g 
radon da ughter  l u n g  dose s uch as d i ffere nces i n  daughte r p roduct eq u i l i b r i u m ,  
p a rt i c l e  s i ze d i st ri but i ons , b reat h i n g  patterns , b ronch i a l  morphomet ry ,  and 
phys i o l og i c  c l ea rance p rocesses . 

LUNG DOS IMETRY MODELS 

The more recent l u n g  dos i met ry mode l s  fo r radon  daughters are i n  s ubstant i a l 
a greement wi th  one another  and p l ace the b ronc h i a l  e p i t he l i um exposu re-to-dose  
conve rs i on factor  at  about  0 . 5  radjWLM for u ran i um mi ners . The dose per  un i t 
cumu l at i ve e xpos u re has  a l so been d e ri ved for env i ro nmental  cond i t i ons  ( Har l ey 
and Paste rnack 1 981 ) .  The  fortu i t ou s fi nd i n g i s  the  c l ose agreement fo r the 
adu l t  ma l e  ( 0 . 7 1  radjWLM ) ,  adu l t  fema l e ( 0 . 64 radjWLM ) ,  a 1 0 -year-o l d c h i l d  
( 1 . 2 radjWLM ) ,  and a 1 -yea r-o l d i n fa nt ( 0 . 64 radjWLM ) .  The sma l l d i ffere nces 
p ri mar i l y  refl ect the  reduced b reat h i n g  rates d u r i n g  n o rma l e n v i ronmenta l 
expos u res , l u n g  morphomet ry ,  part i c l e  s i ze d i fference s , and the  i nc reased 
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percent age of u nattached RaA i n  ord i n ary atmospheres  (�7% env i ronmenta l  vs �4% 
i n  mi nes ) .  These convers i on factors i nd i cate t h at a cumu l at i ve e xpos u re i n  t h e  
e n v i ronment i s  somewhat more effect i ve i n  de l i ve r i n g  a rad i at i o n  d o se  than  
exposu res under work i n g cond i t i ons  i n  a m i n e .  Certa i n h ome energy conservat i on 
p ract i ces cou l d  produce expo s u re-to-dose  con vers i on factors even c l o ser  to  
those  ca l cu l ated for the  mi ners as  a res u l t  of l ower R aA u n attachment fract i o n s  
res u l t i n g  from any d u st i er home cond i t i on s . I n  some t reatments  of mode l i n g of 
ri s k  from radon dau ghter expo s u re ,  a tendency h as been e v i dent to a rt i f i c i a l l y  
l ower the cumu l at i ve exp os u re i n  t h e  env i ronment , pre s umab ly to  account for 
decreased b reath i n g rates under  nonwork i ng cond i t i on s  ( E PA 1980 ) .  T h i s ,  i n  our  
o p i n i on ,  i s  ne i t her  warranted nor  j u st i f i a b l e i n  v i ew of  the uncerta i nt i es 
assoc i ated w i t h  the  var i ous  rad/WLM va l ue s .  The WL and WLM , therefore , are  
g i ven equ a l  wei ght  i n  ou r t reatment of ri s k , whet her  the  expos u re i s  env i ron 
mental  or occupat i ona l . 

RADON DAUGHTER EP IDEM I OLOGY STUD I E S  

The ep i demi o l o g i ca l  d at a  deri ved from many types  of u nderg rou nd ml n l n g  s how a 
re l at i ve ly  con s i stent re l at i on s h i p  between l un g  cancer i nc i dence and expo s u re 
t o  radon daughters  i n  WLM . Th i s  under ly i n g con s i stency i s  pro ba b l y  rel ated to 
the  re l at i ve ly  n a rrow range of  b ronch i al dose per WLM . 

The  asses sment of the  ri s k  of attr i butab l e l un g  cancer through  human ep i demi o
l og i ca l  stud i es i s  d i ff i cu l t  becau s e  t he d et a i l ed i n format i on req u i red i s  n ot 
ava i l ab l e .  I n  the  i dea l  cas e , the exposu re of each mi ner  as  a fun ct i on of  t i me 
wou l d be ava i l ab l e  and the  fo l l ow-up per i od wou l d  be  s u ffi c i ent for al l of t h e  
group  t o  have d i ed from l u n g  cancer or  other cau ses . I n  add i t i on ,  separat i n g  
attr i butab l e l un g  cancers from those  ar i s i n g  spontaneous ly o r  from c i garette 
smok i ng wou l d  be pos s i b l e .  The  cumu l at i ve expo s u re ,  person-years  at ri s k ,  and 
the  number of  att ri butab l e l un g  cancers wou l d  a l l ow the  e xact ca l cu l at i on of a 
r i s k  factor .  
The  present  dat a  do  n ot  fu l f i l l  t h e se  req u i rements  beca u se  exposu res  a re  on l y  
est i mates  and t h e  fo l l ow-up per i ods are n ot s uffi c i ent ly l on g .  Neverthe l e s s , 
by recogn i z i n g the  l i mi tat i on s  of the  dat a ,  we can e st i mate a mean  ri s k  factor 
b ased on the  ava i l ab l e e p i demi o l o g i cal dat a .  

H uman  data are now ava i l ab l e from several  g roups  o f  underground meta l  ore 
m i n e rs : the  U . S . , Canad i an ,  and C zechos l ov a k i an u ran i um mi ners ; Swed i s h and 
Br i t i s h  i ron mi ners ; Swed i s h l ead and z i nc  mi n e rs ; and Newfou nd l and fl u or spar  
mi ners . Al though  other potent i a l  carc i nogens  s uch as  d i ese l  smo k e ,  t races of  
arsen i c  or  n i c k e l  and  i ron ore are found i n  these  mi nes , the  lung  cancer 
res pon se  appears to  be p red i ctab ly  based on radon dau ghter e xposu re .  Some of 
these  stud i es have d i v i ded the workers i nto  subgroups  on the bas i s  of expo
s u re .  E i ghteen of these s u b group s  were se l ected ( Arc h e r ,  Radford and Axe l so n  
1 97 9 )  as bei n g  most  su i t ab l e  ( con s i de r i n g  both ep i demi o l og i ca l  a nd  e nv i ron
menta l  data ) for q u ant i tat i ve t reatment of the  l ower expos ure l eve l s .  I n  add i 
t i on to t h i s treatment , these  mi n i n g  popu l at i o n s  have been rev i ewed by other 
authors and organ i zat i on s  ( N I OSH/N I EHS 1971 ; NAS 1 9 7 2 ,  1 980 ; Sevc , Kunz and  
P l acek 1976 ; Jorgenson  1 973 ; Axe l so n  and  Su n de l l 1978 ; Sn i h s 1 97 3 ,  1 97 4 ;  Renard 
1974 ; DeVi l l i ers and W i n d i sh 1 964 ; W r i ght and Couves  1 97 7 ; McCu l l ou gh , Stocker  
and Make peace 1 97 9 ;  UNSCEAR 1 97 7 ;  Evans  et  a l  1981 ; Radford , E . P .  1981 ) .  
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D i s c u s s i on and Summa ry 

The data thus  fa r suggest that an abs o l ute t h re s ho l d expos u re fo r l u n g  cance r 
i nduct i on i s  h i gh ly  u n l i k e l y .  Th i s  i s  i n  keep i n g  w i th cu rrent v i ews of 
rad i at i on b i o l ogy and rad i at i on p rotect i on ,  that rad i at i on - i nduced cance r i s  a 
stochast i c  p rocess . Some a rgue that the l u n g  cance r mortal i ty data at the  
l owest  reported exposu res are not stat i s t i ca l l y  d i fferent from expected ( E vans 
1 96 7 ; S tranden 1 980 ) a nd that at l east a " p ract i cal " t h resho l d for radon  
daughter ca rc i nogenes i s  may exi st . A rch e r ,  Radford and  Axe l son  ( 1 979 ) conc l ude 
f rom the i r a n a ly s i s  of the 18 s u b groups  that i f  a t h resho l d ex i sts it i s  be l ow 
from 20 to 30 WLM . S n i h s  ( 1 9 7 3 , 1974 ) con s i ders the  l owest u nderground 
expos u re re su l t i n g i n  an  apparent i nc rease i n  l u ng  cancer deaths  i n  Swed i s h 
m i ners to be about 15  WLM , a l though  he states that d rawi n g  concl u s i ons  about 
the  expos u re-re s ponse  re l at i ons h i p  bel ow 100 WLM i s  i mposs i b l e .  Hew i tt ( 1 979 ) 
conc l udes from the a na ly s i s of Canad i a n u ra n i um mi ners that i f  a t h re s ho l d 
ex i st s ,  i t  i s  be l ow 60 WLM . Thu s ,  the pos s i b i l i ty ex i sts th at env i ronmenta l  
radon  dau ghters i nduce no  l u n g  cance r .  

T h e  i nc i dence o f  l u ng  ca ncer  att ri butab l e t o  radon  daughte r  exposu re obse rved 
i n  the var i gus  m i n i ng s u b g rou p s  ra n ges ove ra l l f rom about 1 . 5 to gO cases p e r  
WLM/year/ 1 0  persons , wi t h  a reasona b l e ave ra ge val u e  o f  10  x 10- per  person 
per  year per  WLM . Th i s  a ve ra ge va l ue  has  been accepted i n  the  l u ng  cance r 
est i mat i on mode l  of Ha rl ey and Pasternack ( 1 981 ) as be i n g rea sonab ly  rea l i st i c  
when p red i ct i ve d ata a re compa red t o  back g round ( no rma l l y  occu rr i n g )  l u n g  
cancer  i nc i dence i n  nonsmokers from env i ronmenta l  expos u re to radon . 
I n  est i mat i n g the  effect of radon daughter expos u re at e nv i ronmental l e ve l s 
( no rma l l y  l es s  than about 20 WLM pe r l i fet i me ) ,  the att ri butab l e ri s k  at h i gh 
exposu res mu st somehow be extrapo l ated to the  l ow expo s u re regi o n .  I n  k eep i n g 
w i t h  p rudent , con vent i ona l  p ract i ce ,  the extrapo l at i o n i s  l i nea r ,  even though  
some stud i es s u ggest t hat expos u res may be e ven  more effi c i ent i n  i nduc i n g  l u n g  
cancer  as t h e  exposu re rate approaches back g round l e vel s (Archer  1 9 78 ) . 

I nf l uence of C i ga rette Smoke  

The  effect of  c i ga rette smoke  on mod i fy i n g  rad i at i o n- i nduced cance r p robab i l i 
t i es rema i n s  un resol ved at t h i s t i me .  D u ri n g  per i ods of re l at i vely s hort 
fol l ow-u p  ( 1 5  to 25 yea rs ) c i ga rette smok i n g i s  a s soc i ated wi th  a ma rked ly  
i n c reased i nc i dence of l u n g  cancer i n  m i ners . Du ri ng  per i ods of fol l ow-u p that 
a re 30 to 60 yea rs after  i n i t i a l expos u re ,  l u n g  cance r i nc i dence i s  reported to 
be e i ther  somewhat g reater among  non smokers than smokers ( Axe l son and Edd i n g  
1 980 ) , or  about the same ( Radford , T .  1981b ) .  The human ev i dence h a s  been 
confi rmed i n  stu d i es w i th  beag l e dogs where those dogs that smoked h ad fewe r 
res p i ratory t ract tumo rs than dogs that d i d  not smoke , but had comp a rab l e radon  
dau ghter exposu res ( C ross  et  a l e 1 9 78 ) . The  data wi th res pect to  c i garette 
smok i n g suggest that the p r i nc i pa l rol e of smok i n g i n  l u n g  ca ncer  among  u ra n i um 
mi n e rs i s  to acce l e rate the  appearance of cance rs i nduced by rad i at i o n .  The 
rol e of smok i n g at reduced radon  l e ve l s  i s  u n k nown . 

AN IMAL STUD I E S  
An i ma l  stud i es we re conducted seve ra l decades ago i n  i n i t i a l attempts  t o  
i de nt i fy t he  natu re a n d  l e ve l s  of u ran i um mi ne a i r contami nants  that we re 
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res pons i b l e  fo r p roduc i n g  the  l un g  cancers observed among  u ran i um mi n i n g  popu
l at i on s .  Many of  t h ese  stu d i es were  concerned w i th ear ly  effects or  s h o rt -term 
p atho l og i c changes  ( J an s en and Schu l t zer  1926 ; Read and Mottram 1939 ; J ack son  
1940 ) . I n  add i t i on ,  exposu res were p ri mar i ly  based on radon gas  concent ra
t i on s , thus l eav i n g  l i tt l e  or  no i nformati on on the  radon dau ghter  concentra 
t i ons t hat h a ve  s u b sequent ly been s h own to contr i bute the  g reatest rad i at i on 
dose  to  the  l u n g .  The  ear l i er stud i es i n  wh i c h  l u n g  tumors were p roduced were 
methodo l o g i ca l l y  or  stat i st i ca l ly  i n adequate to s h ow an u nequ i vocal a s soc i at i on 
of l u n g  tumors after  exposure to radon  or  radon daughters ( Huech  1939 ; 
Rajewsky , S h raub and S h raub  1 942a , 1 942b ; K u s h ne va 1 959 ) . 
Beg i n n i n g  i n  the  1 950s , a g row i n g  concern emerged t hat the  i nc reased i n ci dence  
of res p i ratory cancer  observed i n  t h e  E u ropean u ran i um m i n i ng popu l at i on wou l d  
a l so be fou nd i n  the  U . S . mi n i n g  popu l at i on ( Se ve n  State UMCHH 1955 ; Wagoner  
et a l e 1 964 ) . Systemat i c  stud i es were su b sequent ly  begun  i n  t h i s country to  
i dent i fy the  agents res pons i b l e  f o r  the  exce s s  l u n g  cancer a n d  to  deve l op 
exposu re-res ponse re l ati on s h i ps w i t h  a n i ma l s .  The i mportance of accu rate l y 
d etermi n i n g  the  l eve l s of radon  daughter  rad i onuc l i de s  i n  mi n e  a i r was a l s o  
poi nted out by s everal  i n vest i gat ors ( Ba l e and S hap i ro 1 956 ; Har l ey 1 9 5 3 ) .  
Resea rchers at the  U n i vers i ty of Rochester began to  focu s  attent i on on the  
b i o l og i ca l  a nd  p hys i ca l  behav i o r  of  radon dau ghters as  wel l as  t he i r contr i b u 
t i on t o  t h e  rad i at i on dose of t h e  resp i ratory t ract ( Ba l e  1 951 ; Harri s 1 954 ; 
Morken 1 9 55 ) . S hap i ro ( 1 954 )  e xposed rats and dogs to  s everal  l eve l s of radon 
a l one  and i n  the p resence  of radon  dau ghters attached to  " room du s t "  aeroso l s .  
He s howed that the  degree of attachment of radon dau ghters to carri e r  d u st  
part i c l es wa s  a pr i ma ry factor  i nf l u e nc i n g  the  �-rad i at i on dose  to  the  a i rway 
ep i t he l i um and d emonstrated that 2��s dose  was due2�si ma ri ly  ( > 95% ) to t h e  
s hort- l i ved radon  daughters  RaA ( Po ) and RaG ' ( Po ) ,  rat her  t h a n  to  t h e  
pare nt radon . 

Coh n ,  Skow and Gon g ( 1 9 5 3 )  reported rel at i ve l eve l s of rad i oact i v i ty found i n  
the  nasa l  pas s ages , t rachea p l u s  major  b ronch i , and the  rema i nder of rat l u n g s  
after  exposu re to  radon  a nd  radon  daughter  p rod uct s . The  res p i ratory t racts of 
an i ma l s t hat i n ha l ed radon p l u s  i t s  decay p roducts conta i ned 1 25 t i mes more 
act i v i ty compared wi t h  those  of a n i ma l s that i nh a l ed radon a l on e .  

Beg i n n i n g  i n  t h e  mi d 1950s , Morken i n i t i ated a p i oneer i n g  s er i es of exper i ments  
t o  eva l u ate the  b i o l og i ca l  effects of  i nha l ed rado n  and radon daughters i n  
mi ce ,  w i t h  l ater  exper i ments u s i n g  rats , as  wel l as  beag l e dogs ( Morken and 
Scott 1966 ; Mo rken 1 97 3a , 1 97 3b ) . The  essent i a l l y  negat i ve character  of the  
b i o l o g i ca l  res u l ts seen i n  these  stud i es s u ggested t hat �-i rrad i at i on i s  
i neff i c i e nt i n  p roduc i n g rad i'at i on- s peci f i c  t umors i n  t h e  res p i ratory system. 
The only apparent l ate and perma nent changes occurred i n  the  a l veo l ar  and 
res p i ratory bronch i o l e  reg i ons  of the  l u n g  fo r a w i d e  ran ge of exposu re l eve l s 
and for observat i on t i mes  to  t h ree years i n  the  dog  and one and two years i n  
the  rat and mou s e .  I n j u ry was p roduced i n  the  bronc h i a l  t i s s u e  but i t  was 
qu i ck l y  repa i red after i rrad i at i on ceased . 
I n  the  l ate  1960s  and ear ly  1970s , stud i es i n  'France and the  U . S .  we re 
i n i t i ated , wh i ch l ater  p roved succe s s fu l  i n  p roduc i n g  l un g  t umors f rom i n ha l ed  
radon  dau ghters . At an  ave rage est i mated l u n g  dose  of about 3000 rad from 
radon dau ghters , fol l ow i n g  p r i or  l ung  s t res s i n g  w i t h  stab l e  cer i um ,  7 3% of the  
rats  i n  t he French  stud i es deve l oped ma l i gnant  tumors ( Pe rraud et  al e 1 9 70 ) . 
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Su bsequent F rench  stud i es wi t h  rat s  exposed e i t h e r  to radon daughters a l one  or  
i n  combi nat i on w i th u ran i um ore d u st and c i ga rette smoke were a l so s ucces sfu l 
i n  p roduci n g  tumors i n  the  l u n g  ( C hameaud et al . 197� , 1 980 ) .  The U . S .  stud i es 
were des i gned to systemat i ca l l y  determi ne  the  pathogen i c  ro l e  of radon 
daughters , u ra n i um ore du st , d i es e l  eng i ne exhaust fumes , and c i ga rette smoke , 
a l one Qr i n  var i ous comb i nat i ons . These studi es i n vo l ved l i fe-span exposu re s  
o f  beag l e dogs and Syr i a n  go l den  hamsters  ( C ross  et a l . 1 9 78 ) . Fo l l ow-up  
stud i es are cu rrent ly  bei ng  conducted wi th  rat s . The  l ater  U . S .  stud i es were 
a l so  succes s f u l  i n  p roduc i n g  tumors i n  the res p i ratory t racts of the  an i ma l s .  

D I SCUSS I ON AND SUMMARY 

The a n i ma l  stu d i es  have s upported the human epi demi o l ogy stud i e s .  Noted 
s i mi l a r i t i es a re :  

1 .  Tumor p roduct i on per  WLM at very h i gh  expo s u res  i s  l ower than  at moderate 
exposu re s . Th i s  has  been t ested p r i ma ri ly  i n  rat s ( C ross  et a l . 1 980 ; 
C hameaud  et a l . 1 980 ) . The  l owest att ri butab l e l u ng  cancer rate s  per  u n i t  
exposu re were obse rved i n  the  U .S .  u ra n i um mi ners and Canad i an f l uorspar  
mi ners  whe re radon  daughter  l evel s were the  h i ghest  of a l l the  u ndergro u nd 
mi nes . 

2 .  Tumor p roduct i on a ppears to i n c rease  wi t h  decrea s e  i n  expos u re rate ( C ross  
et  a l . 1 980 ) .  Th i s  i s  suggested i n  both the  h uman and  a n i ma l  stud i e s  
a l though  expos u re rate  i s  con s i de red t o  be of l es s  i mp o rta nce than  cumu l a 
t i ve exposu re .  

3 .  A l ower l i fet i me i nc i dence o f  l u n g  cancer i s  obse rved i n  dogs exposed to  
c i ga rette smoke i n  succes s i on wi th radon dau ghters and u ran i um ore dust  
than  to radon daughters  and u ran i um ore du st wi t hout c i ga rette smoke  
( C ross  et  a l . 1 9 78 ) . Th i s  effect was a l so obse rved i n  a sma l l g roup of  
Swed i s h  z i nc- l ead mi n e rs , a nd i s  tentat i ve ly  ascr i bed to the  p rotect i ve 
e ffect of i n c reased mucu s p roduct i on from smok i n g ( Axe l s on and S u nde l l 
1 9 7 8 )  o r  of the t h i ckened mucosa resu l t i n g from smoker ' s  bronch i t i s .  
Tobacco smoke has  been found to  be coca rc i nogen i c  w i t h  radon dau ghters  
when g i ven to  rat s  fol l owi n g  the i r cumu l ati ve expo s u re to the  dau ghters 
( C hameaud et a l . 1980 ) . Th i s  effect i s  not observed , h oweve r ,  whe n 
smok i n g p recedes the  radon daughters ( C hameaud  et al . 1981 ) .  Th i s  may 
p a rt i a l ly  exp l a i n the  d i s c repanc i es  obse rved i n  the  i nt e rp retat i on of  
e p i demi o l og i ca l  data . 

4 .  Emp hysema can be att r i buted to radon daughter  expo s u re i n  both an i ma l s 
( hamsters , rat s , and dogs ) and underground mi n e rs . The s i mu l taneous  
p resence of ore du st or  d i ese l  fumes does  not  appear to i nc rea s e  the  
number of tumors p roduced by exposu re to radon dau ghters ( C ross  et a l . 
1 978 , 1980 ; Chameaud et al . 1 981 ) .  

5 .  For  equa l  cumu l at i ve exposu res , the  o l der  the age at the  start o f  
exposu re ,  the  s ho rter  t h e  l atency peri od and , wi t h i n l i mi t s , t he  h i g her  
the  a s soci ated r i sk  ( C hameaud et  a l . 1 981 ) .  I n  h uman s ,  t he  h i ghest r i s k  
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coeff i c i ent cal c u l ated , 50 x 1 0-6 l u n g  cancers per yea r per WLM , i s  for 
persons  f i rst exposed l ater i n  l i fe ( over 40 yea rs of age ) .  

6 .  The est i mat i ons  of the  vari o u s  dos i met ri c  mode l s  appear to be borne out i n  
t he va ri o u s  speci es . The t umo rs i nd uced i n  exper i ments w i t h  hamsters and  
rats , whi c h  have s i mi l a r l u n g  morphomet ry ,  occ u r  i n  the  d i sta l  port i onof 
the  conduct i n g a i rways or  i n  the  p u l monary reg i on . These reg i ons  rece i ve 
t he h i ghest  dos e ,  based  on cal cu l at i o n s  ( De s ros i e rs ,  Kennedy and L i tt l e 
1 9 78 ) . H uman t umo rs appear a l most e xc l u s i ve ly  i n  the  upper  generat i ons  of  
t h e  b ronch i a l  t ree . Abso rbed dose cal c u l at i ons  s how that bas a l  cel l s  i n  
the  upper  a i rways at a bout the  segmental  b ronch i  recei ve the h i ghest dose  
f rom radon  dau g hters ( Ha rl ey and Pasternack  1 9 72 ) .  

7 .  L i fet i me ri s k  coeffi c i ents a re s i mi l a r i n  both the4a n i ma l s and h uman s . 
The  rat data appear to range between 1 and 4 x 1 0- per WLM fo r a l l tumors 
( be n i gn and ma l i gnant ) at cumu l at i ve exposu res l es s  than 5000 WLM 
( Ch ameaud et al . 1981 ; Cros s --unpub l i sh ed data ) .  At exposu res whe re l i fe
s pan does  not  appear  to be s i g n i f i cant ly  s hortenea « 500 WLM ) , t he  l i fe 
t i me ri s k  coeff i c i ent  appears to  b e  abo�4 2 x 10- p e r  WLM for ma l i g
nanc i e s ,  and ran ges b etween 2 to  4 x 1 0  for  a l l t umors . There i s ,  a s  
yet , i n s uff i c i e nt data to determi ne  the  val u e  bel ow 1 00  WLM exposu res . 

LUNG CANCER R I SK PRED I CT I ON  MODEL 

The pred i ct i ve mode l  of Har l ey and Pasternack  ( 1 981 ; NCRP 1980 ) has been 
adopted for t h i s E n v i ronmenta l  I mpact Statement ( E I S )  as i t  a l l ows ri s k  coeff i 
c i ents  to be deve l oped for va ri o u s  age groups  and expos u re peri ods . Th i s  mode l  
i s  a l so be i ng  con s i dered by the  NCRP i n  t he i r fort hcomi ng  report on radon a n d  
radon daughter popu l at i on expos u res  i n  t h e  U n i ted States . I t  i s  based on  t h e  
most recent est i mates o f  l u ng  cancer among u nde rground u ran i um mi ners a nd  
accounts  for  the  apparent i nc rease  i n  l i fet i me ri s k  wi t h  i nc reas i n g age at 
f i rst expos u re noted i n  ep i demi o l og i cal  stu d i es  of u ndergrou nd mi ners . 
A l t h ough  the  mode l appea rs to  rep resent the  u ran i um mi ner  l u ng  cancer res ponse  
wel l ,  i t  i s  not  k n own whether e xt rap o l at i on t o  env i ronmental  l eve l s i s  va l i d .  
The  ext rapo l at i on t o  e nv i ronmenta l  l eve l s i s  adopted i n  th i s E I S ,  howeve r ,  
because  i t  i s  con s i stent w i th the  p resent rad i ob i o l og i ca l  concept that cancer 
i nduct i on i s  a stochast i c  p roce s s . The  adopted ave rage yea r ly  ri s k6 coeffi c i ent  
o bta i ned for a l l e xposu re categori es  and a l l age g roups  of 1 0  x 1 0- l u n g  
can�e rs p e r  yea r p e r  WLM co rres ponds  to a l i fet i me ri s k  o f  about  1 to  2 x 
1 0- per  WLM but i s  n at u ral l y  dependent on t i me ,  act i v i ty ,  and age at f i rst 
exposu re .  F� r compar i son , I CRP ( 1 981 ) has adopted a range  for l i fet i me ri s k  of 
1 to 5 x 1 0- per  WLM based p ri ma ri l y  on the  C zechos l ovak i an u n de rground mi n i n g 
dat a .  Evans  et a l . ( 1 981 ) e st i ma�ed the  l i fet i me ��s k  (wh i ch i s  stated to  be 
app l i cab l e  to the general  popu l at l o n )  to be 1 x 10 per WLM from the U !� . and  
C zechos l ovak i an u ra n i um mi ner  e p i demi o l ogy .  A val u e  twi ce t h i s ( 2  x 10  per  
WLM ) was adopted by J acobi  ( 1 97 7 )  as  the  l i fet i me ri s k  app l i cab l e to a l l types 
of mi ners and i s  used by C l i ff ,  Da v i es  and Rei s s l and  ( 1 9 7 9 )  to  mode l  l u n g  
cancer i nc i dence f rom e n v i ronmenta l  expo s u re .  U NSCEAR ( 1 9 7 7 )  has  revi ewed t he  
ep i d emi o l ogy on the  u ran i um mi n e rs i n  Canada , t h e  U . S . , a n d  Czechos l ova k i a ,  and 
i n  Swed i sh n o n u ra n i um mi ners and U n i ted K i n gdom !ron mi ners . U NSCEAR i nd i cates  
t h at a l i fet i me l u n g  cance r ri s k  of  2 to  4 x 10- per  WLM can  be  rega rded a s  
p robab l e .  The  Commi ttee on t he  B i o l og i ca l  Effects of  I on i z i ng Rad i at i on ( BE I R )  
( NAS 1 980 ) rev i ewed l u n g  cance r i n  U . S . , Canad i an , and Czechos l ovak i a n u ra n i um 
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mi n e rs , Newfou nd l and fl u o rs p a r  mi n e rs , and Swed i sh meta l  mi ners . The  ran ge of 
ri s k  for a l l g roups  (w i th emphas i s  on the6 l ower exposu re categor i es ) wa s 
exp res sed as a yea r ly  rate  ( 6  to  47 x 10- l u n g  cance r per yea r pe r WLM , wi t h  
the  u pper va l ue  f o r  t h o se  who began m i n i n g  at a ge  40  or  o l d e r )  rather  t h a n  
l i fet i me ri s k . I f  we assume that l u n g  cance r exp res s i on takes  p l ace ove r a 30-
year i nt erval ( to accou nt for the  BEIR Commi ttee ' s  exc l u s i on of tge l atent 
per i od i n  deve l op i n g the  yea r ly  rate of ri s k ) , then 6 to  47 x 10- per  person 
per4year per  WLM i s  equ i va l ent to  a ra n ge of l i fet i me r i s k  of about 2 to  1 4  x 
1 0- per  WLM . 

The  l i fet i me ri s k  est i mates for l u n g  cance r att ri butab l e to radon  dau ghter  
exposu re per  WLM a re therefore reasonab ly  cons i stent , cons i de r i ng  the d i ff i 
cu l ty i n  est i mat i n g  t h i s quant i ty wi thout comp l ete fol l ow-u p and the  va ri o u s  
met hodo l o g i ca l  p rob l ems encou ntered i n  ep i demi o l ogy stud i e s .  

F u rther  att ri butes of th i s  p red i ct i ve mode l  are that l u n g  cancer ri s k  i s  
expressed u n i fo rmly  wi th  t i me after exposure ( w i th the  rest ri ct i on that t umors 
do  not occu r e i t h e r  before a fi ve-year l atent i nterva l  or  before age 40 ) ;  ri s k  
i s  corrected from year o f  e xposu re by a n  exponent i a l factor ( 20 year ha l f
t i me ) , wh i ch accounts  for cel l u l a r repa i r ;  and an appropri ate l i fe tab l e va l u e  
i s  u s ed to account f o r  compet i ng  ri s k s  o f  deat h . 

Al though  the  bas i c  i nc i dence data from the u nde rground ml n l n g  ep i demi o l ogy 
stud i es cannot be app l i ed d i rect ly to  env i ronmental  s i t uat i ons ( becau s e  
pattern s  of exposu re d i ffer ) , a common factor exi sts  i n  t h e  ri s k  pe r rad fo r 
b ronch i a l dos e .  The l i fet i me l u n g  cancer ri s k  att ri butab l e to  an abso rbed dose 
of 1 rad per year has  been ca l cu l ated u s i n g  the  con ve rs i on factor  of 0 . 5  rad/ 
WLM est i mated for mi n e rs .  For e n v i ronmental  exposu re start i n g at one year of 
age� the l i fet i me ri s k  ( for  exposu re to  age 85 years ) i s  ca l cu l ated to  be 1 . 3 x 
1 0- . Becau se expo s ure of a popu l at i on i n vol ves persons  of vari ous  age s , i t  i s  
a l so  nece s sary to known the  l i fet i me ri s k  ( for  exp o s u re to  age 85 yea rs ) of 
radon daughte r-i nduced l u n g  cancer for a popu l at i on w i t h  age characte ri st i cs  
typ i ca l  of  the  Un i ted States . Th i s  val u e ,  u s i n g  !�e 1 9 7 5  age  d i s t ri but i on for 
the U . S .  ( WHO 1 9 78 ) , i s  ca l c u l ated to be 8 . 0  x 10 per rad per year exposu re .  
These  ri s k  coeffi c i ent s are su i t ab l e for cal c u l at i n g  l u n g  cancer ri s k  from any 
sou rce of radon daughter e xpo s u re .  

R i s k  from a bronch i a l dose i n  rad pe r yea r  to bas a l  cel l s  i s  one way to 
eva l uate env i ronmental  exposu res . Two other l i fet i me ri s k  coeffi c i ents  can be  
der i ved t hat re l ate ri s k  to env i ronmenta l  exposure2�2 WLM3 per yea r ,  and  an 
annua l  exposu re to a radon concent rat i on of 1 pCi  Rn/m . 

As p rev i o u s l y  i nd i cated , the ave rage env i ronmental  exposu re-to-dose  con ve rs i on 
factors for the adu l t  mal e ,  fema l e ,  ten-yea r-o l d ch i l d , and i nfant are 0 . 7 1 , 
0 . 64 , 1 . 2 ,  and 0 . 6 4  rad/WLM , respect i ve l y .  The d i ffe rences  ref l ect reduced 
b reat h i ng  rates u nder no rma l e nv i ronmental  cond i t i o n s , d i ffe re nt l u ng  mor
phomet ry ,  d i fferent part ;- c l e s i zes , and the i nc reased pe rcentage of u nattached 
RaA i n  o rd i n ary atmosphere s . The ext rapo l at i on to e nv i ronmental  exposu res i s  
s i mp l i f i ed con s i derab l y ,  and wi t h  ve ry l i tt l e erro r ,  i f  we accept the env i ron
mental dose convers i on factor  of 0 . 7 rad /WLM , wh i ch app l i es to  adu l t  ma l es , for 
a l l peop l e .  The l i fe -t i me ri s k  est i mat e ,  wh i c h i nc l udes  the effect of the  
h i gher  dose conve rs i on factor  i n  c h i l d hood , i s  wi t h i n 1 0% of t h i s va l ue  ( see 
Tab l e s  2 and 3 ,  i n  Har l ey and Pasternack 1 981 ) .  T h i s conve rs i on to WLM un i t s  
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p l a§es  the l i fet i me ri s k  coeffi c i ent for beg i n n i n g  exposu re at i nfa ncy at 9 . 1  x 
1 0- and for popu l at i ons wi th age §h a racteri st i cs equa l  to t hat i n  the who l e 
U n i ted States  i n  1 9 7 5  at 5 . 6  x 10- per WLM per yea r  envi ronmenta l  expos u re .  

F o r  the case of e xposu re measu red a s  radon concent rat i on and t i me ,  the ave rage 
���u a l  �ronch i a l dose to adu l t  ma l es from the daughters  associ ated wi t h  1 pC i 

Rn/m wi th a 70% equ i l i b ri um4factor ( as sumi ng  1 6  h id  a re acti ve and 8 h i d  
a re spent rest i ng )  i 3 2 . 7  x 10- rad/yea r .  Th u s , tge l i fet i me ri s k  fo r annua l  
e xposu res to  1 pC i /m 6 i s  ca l cu l ated to be  3 . 6  x 1 0- for begi n n i n g  e xposu re at 
i nfancy and 2 . 1  x 10- for popu l at i o n s  of mi xed age . 

Li fet i me R i sk  from E n v i ronmenta l  E xpo s u re s  

L i fet i me l u n g  cancer r i s k  to  popu l at i ons  f rom cont i nuous  env i ronmental  radon  
daughter  exposu re may be ca l cu l ated wi t h  any of the l a st fou r coeff i c i ent s , 
depend i n g on the2��i ts of e xpo su re .  For  e xamp l e ,  a l i fet i me e xp�su re to  t he  
ave rage outdoor R n  concent rat i on over cont i n�at s  of  200 pC i /m ( Ste i n hau s l e r  
e t  a l e 1978 ;  Geo rge and B re s l i n  1 980 ) i s  7 x 1 0  . For  compa ri so n , Evans  et a l e 
( 1 981 ) ca l cu l ate a val ue  one-t h i rd l owe r for equ i va l ent concentrat i on s .  I ndoor 
concent rat i on s  of radon a re a l most a l ways h i gher than outdoor concent rat i on s , 
p r i ma ri l y  because  ve rt i ca l  mi xi n g  cannot 2��e p l ace . Al s o ,  i n  some cases , 
radon l evel s may be enhanced by e l evated Ra concent rat i on s  i n  b u i l d i n g 
mater i a l s and radon i n  the  water  supp l y .  The p rev i o u s  two references i nd i cate 
t hat the �verage va l ue for i ndoor radon concent rat i on ran ges between 600 and 
800 pC i / m  , excl u d i n g  basement concent rat i on s . T h u s  a more typ i ca l  ave rage 
e nv i ronmental  e xpo s u re for s i n g l e-fami l y  dwel l i n gs may be c l oser  to 500 pC i /m3 
( account i n g for bot h i ndoor and out��or  exposu res ) ,  wh i ch wou l d  res u l t i n  a 
l i fet i me l u n g  cancer r i s k  of 2 x 1 0  • S i n ce about h a l f of the U . S .  popu l at i on 
res i des  i n  mu l t i story bu i l d i n gs  ( Ha rl ey and Pasternack 1981 ) ,  and i ndoo r l evel s 
re l ate p ri ma ri l y  to p rox i mi ty to g round beneath the  st ructu re , the  t rue  a verage 
env i ronmenta l  e�pos u re mi ght be expected to  l i e  between these  two va l u es  ( i . e . , 
about 1 . 3  x 1 0- ) .  

Haen sze l , Sh i mk i n and Mantel  ( 1 9 58 ) prop��ed annua l  l u n g  cancer rates  ( n o n 
smok i n g-re l ated ) o f  33  to  3 9  a n d  57 x 1 0  f o r  women a n d  men ,  respect i ve l y .  A 
l i fe-t i me ri s k  ( a ge 40 t� 85 ) wou l d  mu l t i p l y  these va l ues  by 45 fo r an overa l l 
average va l ue of 2 x 1 0- . There i s  ev i dence ( C a -A 197 6 )  t hat i n  1930 , befo re 
c i garette smo k i n g  had begun  to cau s�6a maj or  i nc r�gse  i n  l u n g  cance r deat h s , 
the  a n n ual rates were a bout 1 6  x 1 0  and 29 x 10  for fema l es  and ma l e s ,  
respect i ve l Y . 3 Th i s  wou l d  l owe r the  average l i fet i me bac kground i nc i dence to 
about 1 x 1 0- . Enst rom and Gad l ey ( 1 980 ) and Garf i n ke l  ( 1 980 ) have a l s o  
re�orted t h e  ann u al age-adju sted back g round  l u n g  cance r rates i n  the Un i ted 
States  for nonsmokers . F rom the i r dat a ,  a l i fet i me r i s k  ( age 40 to 85 ) of l u n g  
cancer for men and women a re 0 . 0 1  and 0 . 005 , and 0 . 006 and O . OO� , res pect i ve l y , 
for the two stud i es . An ave rage rou nded va l ue wou l d  be 6 x 1 0-

• 

To check the performance of the l u n g  cancer est i mat i on mode l  wi t h  nat u ra l  
bac kground exposu res t o  radon daughters i s  not st ri ct ly  pos s i b l e . The model 
wou l d p roject , howeve r ,  that between about 20 and 100% of the bac k g round  
( n on smok i n g )  l u ng  cancer i nc i dence cou l d  be  att ri buted to  nat u ra l  radon  
daughter  exposure .  The most p robab l e va l ue i s  thought to be c l oser  to 20% 
because  of t he uncerta i nty i n  the ear l i er data on n on smoker l un g  cancer rate s . 

F . 8 



Ca l c u l at i on of R i s k s  for the BPA Weather i zat i on Program 

Radon concent rat i on s  ca l c u l ated for apartments , mob i l e  home s , and s i ng l e-fami l y  
homes ( attached a n d  detached ) ,  both before a n d  after var i ous weat her i z at i o n 
act i o n s , a re mu l t i p l i ed by the  approp r i ate l i fet i me ri s k  coeffi c i ent ( s )  to  
determi ne the  effects of the  weather i z at i on act i on .  So as n ot to  underest i mate 
the i mpact of a part i cu l a r  weather i z at i on act i on ,  i t  i s  con s i de red approp r i ate 
to use the  l i fe5 i me r i sk  c�effi c i ent , wh i ch app l i es to  popu l at i ons  of mi xed 
ages  ( 2 . 1  x 10- per pC i /m ) ,  when compa ri n g  act i on s  to  the No-Act i on case . 
Th i s  i s  j u st i f i a b l e ,  i n  o u r  v i ew ,  con s i de ri ng  the  h i gh mob i l i ty of the  res i 
dences of the Un i ted St ates . Bogue ( 1 959 ) has  stated t hat dur i n g  the  cou rse of 
a s i n g l e yea r ,  20 to  22% of the i n h ab i tants of the U n i ted states move from one  
h ou s e  or  apartment to  anot h e r .  Not  more than 2%  of the  adu l t  popu l at i on w i l l  
s pend an ent i re l i fet i me i n  the  same dwe l l i n g ,  and l es s  than 1 5% w i l l  rema i n a 
l i fet i me i n  the  same cou nty . The  t endency to rel ocate often i s  l east  f requent 
among  c h i l d ren and the  e l der l y ,  and most f requent among  those  betwen 17  and 
32  yea rs of age . Mobi l e  h ome s and apartment u n i t s have h i gh  rates  of tu rn ove r ,  
whereas mi dd l e- and upper-c l ass  convent i ona l  homes have the  l owest . The aver
age occu pancy t i me i s  p ro bab ly  c l o se  to  5 yea rs for  a l l ages  of  res i dents  and 
a l l types of h omes . The g raph i c  d i st ri but i on of res i dency t i me versus  f re
quency wou l d  p robab l y  be l ognorma l . The  s i g n i f i cance of  popu l at i on mob i l i ty i s  
s i mp l y  t hat the  add i t i ona l  i nd i v i dua l  l u n g  cancer r i sk  for res i dents i n  h omes 
w i t h  h i gh radon  concent rat i on wi l l  be sma l l i f  the  res i dence t i me i s  s hort , and 
the probab i l i ty that an i nd i v i dua l  w i l l  s pend a whol e l i fet i me i n  such  homes i s  
very sma l l .  The effect of popu l at i on mob i l i ty tendenc i es i s  to  d i str i bute the  
cancer  ri sk  among a g reater  n umber of persons  who  may at  s ome t i me res i de i n  
one  of the dwe l l i n gs  wi t h  i nc reased l evel s of i ndoor radon . 

F i n a l l y ,  a 75% occupancy factor i s  a s s umed for persons  exposed t o  i ndoor radon 
concentrat i on s .  The ri s k  data i n  the BPA �2S wi l l  be compa red to  the p re sent 
l i fet i me r i s k  of l u n g  cancer ( a bout 4 x 10 i n  the U n i ted St ates --Evans  et a l e 
1 981 ) ,  wh i ch i s  l a rge l y  att ri butab l e to  c i garette smok i n g .  

Accu racy of Lung Cancer Pred i ct i o n s  
Mye rs a nd  Stewa rt ( 1 9 7 9 )  h ave  s hown an underl y i n g  l u n g  cancer i nc i dence i n  
u ran i um mi nes t hat does n ot depend on  expo s u re ,  and th i s  may rep resent t h e  
effect of  ot her  ca rc i nogens . I t  i s  t h i s 4fact o r ,  amo n g  others , that cau sed 
E vans  et a l e ( 1 98 1 )  to  conc l ude that 1 0- per WLM was an u pper bound for t h e  
l i fet i me ri s k  fo r popu l at i on expo s u res . They state t hat any val u e  greate r  than 
th i s  wou l d  be i n compat i b l e  wi th bot h  B ri t i s h and U . S .  e p i d emi o l og i ca l  ev i dence . 
Of cou rse , a s i mi l a r factor  ( exposu re to  env i ronmenta l  coca rc i n ogen s ) may 
confound the  i nt e rp retat i on of popu l at i on expos u re s . 

The  p red i ct i ve mode l  u s ed i n  the  BPA E I S  u ses a l i fet i me ri s k  coeffi c i ent 
s i mi l a r to  the  Evans  et a l e ( 1 981 ) va l ue  and conc l udes  that a s i g n i f i cant 
f ract i on of the  non smok i n g l u n g  cancer i nc i dence may be due  to  bac kground  radon  
exposu res . The p red i ct i ve mode l , t h e refore , i s  n ot u n reasonab l e from t h e  
standpo i nt o f  overest i mat i on o f  t h e  back g round i nc i dence ; thu s , t he  va l ues  
der i ved from th i s  mode l  may be  c on s i dered u pper-bound i n c i dences  w i t h  t ru e  
va l ues  pos s i b l y  l y i n g  l ower .  How mu ch  l owe r ,  howeve r ,  i s  uncerta i n .  T h e  mode l  
shou l d  be u sefu l  for est i mat i n g changes i n  ri s k  wi th changes  i n  expos u r e ,  a s  
l on g  as part i c l e s i zes  of the carri e r  aeroso l s for  the  radon  daughters , the  
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degree of d i s eq u i l i b ri um , and the  degree of unattachment of radon daughters 
rema i n  reasonab ly  constant . We conc l ude t hat the  abso l ute val ues of r i s k  a re 
pos s i b ly  overest i mated by at l east a factor  of 2 ,  but the  change i n  ri s k  for a 
change i n  e xposu re i s  thought to be accurate ly  mode l ed .  
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APPEND I X  G 

ADD IT I ONAL L I FET IME R I SKS OF RADON AT 7 5% OCCUPANCY (pERCENIAGE OF NORMAL LIFETIME RISk) 





GJ 
,....., 

TABLE G . l .  Add i t i on a l  Li fet i me R i s k  of Lu n g  Ca ncer  at Seventy-fi ve Pe rcent 
Occu pancy ( No-Act i on Al ternat i ve ) ( Pe rcentage of Norma l L i fet i me 
R i s k ) 

C onst ruct i on Water Aea rtments ( b ) Mobi l e  Homes ( b )  S i n g l e-Far� �Y S i n g l e-Fan �Y 

Regi on ( a ) Attached Detached 
Materi a l  Sou rce A B C D A B C D A C B D A B C D 

Non-
1 Wood we l l 1 . 3  6 . 2  5 . 4  2 . 4  1 . 5 1 0 . 9  - 1 . 1  3 . 3  2 . 8  3 . 7  1 . 1  4 . 0  2 . 6  2 . 6  

Wel l 7 . 9 1 2 . 6  1 1 . 8 9 . 1  1 . 6 1 9 . 7  5 . 1  7 . 1  7 . 1  7 . 9  2 . 8 5 . 9  4 . 3  4 . 3  

Non -
2 Wood we l l 3 . 2  1 5 . 1  1 2 . 4  5 . 8  3 . 8  26 . 6  2 . 8  8 . 0  6 . 6  8 . 7  2 . 9  9 . 9  6 . 1  6 . 1  

Wel l 1 9 . 7  3 1 . 5  28 . 7  2 2 . 4  2 5 . 6  48 . 4  - - 1 3 . 4  1 8 . 5  1 6 . 9  1 9 . 3  7 . 5 1 4 . 2  1 0 . 6  1 0 . 6  

( a ) Most a reas  of the regi on ( outdoor radon concent rat i on = 0 . 2 5 pC i /� ;  We l l  wat e r  concen t ra t i on = 
1 0 , 000 pC i / :;,) • 

2 Hi gh-radon a reas of the reg i on ( outdoor radon concent rat i on = 0 . 6 5  pC i /z ;  We l l wat e r  concen t ra t i on 
2 5 , 000 pC i /.9. ) . 

( b ) A Vent i l ated crawl space ; B = Unvent i l ated c rawl space ; C = S l a b  on g rade ; D = Basement . 
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HEALTH EFFECTS OF OX IDES OF N I TROGEN 
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Refe rence Document for the Hea l t h Effects of Ai r Pol l ut i on .  

1 98 1 .  ANL/ES -1 2 1 ,  Argonne Nat i ona l  Laboratory ,  Argon n e ,  I l l i no i s . )  





APPEND I X  H 

HEALTH EFFECTS OF O X I DES OF N I TROGEN 

Of t he two ox i des of n i t rogen common ly  mon i to red i n  ambi ent a i r ,  n i t r i c  ox i de 
( NO )  i s  re l at i ve ly  nontox i c at amb i ent concent rat i on s , whereas  n i t rogen  d i ox i de 
( N0 2 ) has  effects on t he res p i ratory sy stem that are s i mi l a r to  those of ozone 
( 03 ) ,  but wh i ch are l e�s severe . Atmospheri c concent r�t i on s  i n  non�rban 
regi ons ave rage 8 �g/m (4 p pb )  N02 ( 1  p pm = 1880 � g/m  ) and 2 � g/m ( 2  p p b )  NO 
( 1  ppm = 1 2 30 � g/m ) ( EPA 1 9 7 1 ) ,  wnereas i n  u rban area s , concent rat i on s  of 
ox i des of n i t rogen a re 10 to  100  t i mes h i ghe r .  Dayt i me u rban l evel s depen� on 
motor  t raff i c and s u n l i ght , and peak concent rat i on s  ra re l y  exceed 940 � g/m 
( 0 . 5 ppm ) . 
The hea l t h effect s of NO have been rev i ewed by the Nat i ona l  Academy of 
Sc i ences ( NAS 1 97 7 )  and �hY ( 19 7 0b ) .  These rev i ews s h ow that h i gh l eve l s 
( a bove 1 50 ppm , 282 mg/m ) of N02 can be l et h a1 . Expos u re s  that i n vol ve 
mode rate l evel s ( 50 to  1 50 ppm ,  94  t o  282  mg/m ) can p roduce c h ron i c  l u n g  
d i sease , such  a s  bronc h i o l i t i s  ob l i te ran s , but t h e  p rec i s e  l eve l s o f  acute  
e xposu re req u i red to  d o  t h i s a re n ot c l ea r .  

Tabl es  H . 1  and H . 2  s ummar i ze  the res u l t s  o f  l abo ratory and ep i demi o l og i ca l  
stud i es ,  respect i ve l y .  E h r l i ch et  a l e ( 19 7 7 ) and others h ave s h own t hat p re 
exposu re t o  N02 , at l eve l s o f  about 1 ppm , i nc reased morta l i ty rate s  i n  an i ma l s 
l ater cha l l en ged w i t h  bacteri a as  compared to  s i mi l a r an i ma l  popu l at i ons n ot 
e xposed to  NO� . Th i s  has  been exp l a i ned by the i nterference of N02 wi t h  
macrophage act i v i ty and h as been confi rmed by other stud i es ( V o i s i n et a l e 
1 9 7 7 ) .  I n  a study ( Vo n  Ne i d i n g et a l e 1 97 3 )  whe re hea l thy human s ubj ect s and 
pat i ents  w i t h  c h ron i c  l u n g  d i s ea se were e xposed to  vary i n g l eve l s  of N02 for 1 5  
t o  60 mi n ' 3 n o  change i n  a i rway res i stance was detected at l eve l j be l ow 1 . 5  ppm 
( 2 .82 mg/m ) .  Expos u re l evel s a bove t h i s up  to 5 p pm ( 9 . 4 mg/m ) for 1 5  mi n 
p roduced a reduct i on i n  the l u n g -d i ffu s i n g  capac i ty .  

I n format i on on c h ron i c  N02 po i s on i n g i s  ext reme ly  scarce beca u se 1 )  no  response  
has  been obse rved u nt i l a cri t i ca l  concentrat i on i s  reached ; 2 )  damage deve l ops  
s l owl y ;  and 3 )  N02 i s  u s u a l l y  a s s oc i ated w i th other  po l l utant s . Accord i n g  to  
the  i ntens i ty and du rat i on of  expos u re ,  res p i ratory i l l ne s s  ran ges from s l i ght 
i rr i t at i on to  bu rn i n g and pa i n i n  the t h roat and chest t o  v i o l ent cough i n g a nd  
s ho rtness  of  breath (Wa l dbott 1 9 7 3 ) .  
The  effect s of commu n i ty expos u re t o  N02 were stud i ed i n  fou r res i dent i a l areas 
i n  C hattanooga , Tennes see . These stud i es l i n ked h i gh N02 e xposu re t o  an 
i nc rease i n  chi l d hood res p i ratory i l l ne s s  and to  a decreased res p i ratory per
formance of s econd-grade schoo l  c h i l d ren ( S hy et a l e 1 970a , b ;  Perl man et a l e 
1 9 7 1 ) .  One  of the fou r areas  i n  the  Chattanooga study was c l ose  to  a l a rge TNT 
p l ant and had h i gh N02 l eve l s ;  a nother had h i gh s u s pended part i cu l ate e xpos u re ; 
the  rema i n i n g  two areas served as  control s .  The mean range  of dai l y  N02 co�
cent rat i on s ,  mea s u red o ver  a s i x -month peri od , was between 1 1 7  and 205  �g/m , 
i n  areas of h i gh  N02 concentrat i on s . The mean s u s pended n i t rate l evel was 
3 . 8  � g/m3 or  g reat3 r .  The two control  areas had average da i lY  N02 l 3vel s 
of  1 1 8  and 80 � g/m and s u s pended n i t rate l evel s of 2 . 6  and 1 . 6  � g/m • 

H . 1  



TABLE H . 1 . Summa ry of Resu l t s of Chamber St ud i es of Human Be i ngs  
Exposed to  N i t rogen D i ox i de ( F e rri s 1 9 78 )  

mg/m3 ( ppm) 
o • 200 ( 0 . 1 1  ) 

0 . 564 ( 0 . 3 )  
( added 03 e xposu re ) 

1 . 316  t o  1 . 880 
( 0 . 7 to  1 . 0 )  
( p l u s  other  
components ) 

<2 . 820 « 1 . 5 )  

1h  

2 h 

E xposu  re 

Not spec i f i ed 
( u nt i l p u l  s e  
150/mi n 

0 . 2 5  h 

Effect s 
3/20  Ast hma i ncl u d i n g  ai rway res i stance 
( R aw) 1 3 / 20 I n c reased sens i t i v i ty 

No i nc rea sed respon se i n  " react i ve "  
s u bj ect s 

No s i gn i f i cant change i n  react i o n 
t i me o r  card i o re s p i ratory wo rk 
effi c i ency i n  hea l t hy subject s 

No change Raw hea l t h  subject s 

The vent i l atory pe rfo rmance of second-grade school  c h i l d ren i n  the  a rea of h i  gh  
n i t rogen oxi de exposu re wa s s i g n i f i cant l y  l ower than the  performance of  
ch i l d ren i n  the cont ro l  a reas . I n  the  s econd part of the study ( Shy et a l e 
1970b ) ,  a s i mi l a r tempora l pattern of resp i ratory i l l ne s s  was observed i n  the  
fou r a reas d u r i n g  the  24-week study per i od . A con s i stent e xcess of res p i rat o ry 
i l l ne s s  was reported by fami l i es res i d i n g  i n  the two exposed a rea , pa rt i c u l a r ly  
du ri n g  t he  A2/Hong  Kong  i nf l uenza ep i demi c a nd  t he pe ri od between the  A2 a nd  
i nfl uenza-B out b rea k s .  D i ffe rences i n  i l l ne s s  rate cou l d  not be  exp l a i ned by 
d i fferences i n  fami ly  compos i t i on ,  economi c l eve l , o r  p reva l ence of ch ron i c  
cond i t i on s . Pa renta l  smok i n g hab i t s  d i d  not appear to  i nfl uence res p i ratory 
i l l ness  rates of second-grade ch i l d re n .  Howeve r ,  concent rat i on s  of s u s pended 
n i t rates and tota l  s u spended part i cu l ates ( TSP ) were a l s o  h i g her  i n  the h i g h 
expo s u re g roups as compa red w ith  the med i um- and  l ow-exposure commu n i t i es . 
S u spended su l fates d i d  not d i ffer between commu n i t i es wh i l e  concent rat i on s  of 
other pos s i b l e contami nants  such as  s u l fu r  d i ox i de ( S02 ) were not reported . 

The Nat i ona l  Ai r Su rvei l l ance Network ( NAS N )  meas u red N02 l evel s for the yea rs 
1967 , 1968 ,  and 1 969 and found t hat yea rly N02 averages refl ect var i at i on s  
acco rd i n g  t o  popu l at i on den s i t i es .  S i nce N02 does not exh i b i t  ma rked seasona l  
vari at i on s ,  there was a d i rect compari son of  the NASN year ly  averages  w ith  t he  
l ower l i mi t  at wh i ch hea l t h  effect s were noteg i n  the  Ch attanooga stud i es ( EPA 
1 9 7 1 ) .  A concent rat i on of 0 . 06 p pm ( 1 1 3  � g/m ) or  g reater e xceeds t he  
C hattanooga hea l t h -effect-rel ated N02 va l ues . Ten percent of the  ci t i es i n  the 
U n i ted St ate hav i n g  popu l at i on s  <50 , 000 and 54% of those hav i ng  popu l at i o n s  
between 50 , 000 a n d  500 , 000 have a yea r ly  average N02 concent rat i on equ a l  t o  o r  
e xceed i ng 0 . 06 ppm;  85% o f  t h e  >500 , 000-popu l at i o n -c l ass  c i t i es e xceeded th i s  
year ly  average . The cu rrent Amb1ent Ai r Qu a l i ty Stand a rd for oxi des  of 
n i t rogen i s  0 . 05 ppm or  100  � g/m , expressed as  the yea rly a ri thmet i c  mean  
concent rat i on .  Mo rrow ( 1 9 7 5 )  does  not con s i de r  th i s  f i g u re con servat i ve ,  after  
t ak i ng i nto  accou nt bas i c  tox i co l og i cal  concepts a nd  estab l i s hed p rocedu res fo r 
s ett i n g safety standards  fo r gene ra l popul at i on s . 

H . 2  



I 

W 

TABLE H . 2 .  Summa ry of Ep i demi o l ogi cal  Stud i es of Ni t rogen D i oxi de  Expos u re and Acute  
Resp i ratory D i sease ( NAS 1 97 7 )  

Study Popu 1 at i on 
Czechos l ovak i an ch i l d ren ,  
a ge 7 to  12  yr 

U . S . S . R .  p reschool  and school  
ch i l d ren  l i v i ng nea r a fe rt i l i ze r  
p l a nt 

U . S . S . R .  ado l escent s i n  vocat i ona l  
t ra i n i ng at  chemi cal a nd  fert i l i zer  
p l ants  

Res i dents l i v i ng wi th i n 1 km of  a 
U . S . S . R .  chemi ca l  works  

Sov i et ch i l d ren a ged 8 to  11  yr  
l i vi n g nea r a ferrou s  meta l l u rgi c 
p l ant 

N02 Concentrat i on ,  
mg/m3 (ppm) 

NO averag3 ( = ) 0 . 02 to 
0 . 07 mg/m a 

0 . 32 ' B , 1 7 )  to 3 . 4  
( 1 . 8 )  C 

<0 . 1 0 ( 0 . 05 3 )  ( c )  

0 . 58 ( Od 31 ) to  1 . 2 
( 0 . 6 4 ) ( ) 

N i t rogen oxi des = 46 . 3  
( 8 7 ) to  93 . 6  ( 1 9 7 6 ) ( e )  

Reported Effect 
E xces s  of hypert roph i ed tons i l s  and 
l ymph nodes ; chan ges i n  hemato l og i c 
i ndexe s  

1 7 -fo l d  excess of  u pper res p i ratory 
d i s ea s e ; 6- to 12-fol d exces s  of 
a bnormal chest f i l ms 
1 1  to  27% exces s  of acute res p i ra 
tory d i s ea s e ,  i ncreased b l ood 
l i pop rote i n s , and chol esterol  

44% i nc rease in  c l i n i c  v i s i ts for 
res p i ratory ,  vi s u a l , nervou s system ,  
and s k i n  d i so rders  

5-fo l d  excess of u pper res p i ratory 
d i sease ; 3-fo l d exce s s  of tons i l 
i t i s ;  2 . 5-fol d excess of atroph i c  
t h i n i t i s ,  s i g n i fi cant l a g i n  growth , 
we i ght , a nd chest c i rcumference ; 
decreased ur i n a ry excret i on of 
v i tami n C 
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Study popu l at i on  
Pati ents admi tted to P h i l ade l p h i a 
General  Hosp i t a l  for res p i ratory 
cau ses  

C hattanooga school  ch i l d ren , thei r 
s i b l i n g s , and parents  

C h attanooga i n fants and  c h i l d ren  
6 to  9 yr  

TABLE  H . 2 .  ( contd ) 

N02 Conce nt rat i o n , 
mg/m3 ( ppm ) Reported Effect 

Average 
0 . 1 5  ( Of08) to  0 . 28  
( 0 . 1 5 ) � } 

90th Percent i l e  
0 . 1 9  ( 0 . 1 0 )  to  0 . 94 ( 0 . 50 )  
0 . 1 5  ( Of08) to 0 . 28  
( 0 . 1 5 ) � } 

No cons i stent corre l ati on of 
resp i ratory admi s s i o n s  wi t h  N02 

1 to  17%  excess  of acute res p i ra 
tory d i s ea se i n  ch i l d ren ; 9% t o  
3 3%  excess  i n  adu l t s  

1 0  t o  58% excess of acute bron
ch i t i s amon g  i nfant s ; 39 t o  7 1%  
excess among  6- to  9-yr-ol d ch i l d ren  

( a ) Other  pol l u tant exposu res i nc l uded S02 at  0 . 0 1  t o  0 . 1 2  mg/m3 • 
( b ) H i gh concentrat i ons  of S02 and s u l fu ri c ac id  were a l so  mea s u red . 
( c )  E xposu re to  ammon i a bel ow the  U . S3S .R .  maxi ma l  permi s s i b l e conce�t rat i on  were reported . 

( d )  Concent rat i ons  of S02 ( 0 . 22 5  mg/m ) and s u l fu ri c ac i d  ( 0 . 10 mg/m ) were a l so measu red . 

( e )  Hi gh  concentrat i o n s  of S02 and hyd rogen su l f i de and moderate concent rat i on s  of phenol  were 

reported . 
( f )  Su spended3 n i t rate concentrat i o n s  of 1 . 8  t o  7 . 2  � g/m3 and su spended su l fate concentrat i o n s  of 

1 0 . 0  � g/m were a l so meas u red . 



Al l l aboratory ani mal speci es  stu d i ed su rvi ved cont i nuo u s  exposu re s  of a yea r 
o r  more to peak ambi ent concentrat i ons  of N02 • Ta b l e  H . 3  summa ri zes these  
stud i e s , Ta b l e H . 4  the res p i ratory effects on chron i c  exposu re ,  and  Ta b l e H . 5  
the patho l o gy i n  a n i ma l s exposed ch ron i ca l l y  ( NAS 1 9 7 7 ) .  The Offi ce o f  
Techno l ogy As sessment ( OTA 1979 ) summa ri zed the reported effect s o f  l ow- l eve l , 
s h o rt-du rat i on expo s u re to N02 , the l e ve l s  reported i n  U . S .  c i t i e s ,  and the  
p roposed Wo r l d Hea l t h Organ i zat i on (WHO ) and U . S .  E nv i ronmenta l  P rotect i on 
Agency ( E PA) standards i n  Tabl e H . 6 .  

TABLE H . 3 .  S u rvi va l o f  An i ma l s Exposed Ch roni ca l l y  to Hi gh Concent rat i ons  
of N i t rogen  D i oxi de [NAS ( 1 9 7 7 ) .  Refe rences to  stud i es c i ted 
he re a re i n  the sou rce and omi tted i n  th i s  report . ]  

Spec i e s  
Concgnt rati on  
mglm � 

M i ce 0 . 94 0 . 5  

Rats  1 . 52 
3 . 76  

23 . 50 

Gu i nea P i g s  7 . 52  
2 8 . 20 

Squ i rrel 1 . 88 
Monkeys  

Stump -ta i l ed 3 . 7 6  
Macaque 

Dogs  9 . 40 

Rabb i t s  2 . 44 

0 . 8  
2 . 0 

1 2 . 5  

4 . 0  
1 5 . 0  

1 .0 

2 . 0  

5 . 0  

1 . 3 

Expo s u re 
1 2  mo 

Li fet i me 
L i fet i me 
2 1 3  d 
4 hid , 5 d lwk 
for  6 mo 
6 mo 

16 mo 

2 yr  

1 5  mo 

1 7  wk 

H . 5  

Fata l i t i es 
Att ri buted 
to  Expos u re 

None reported 

None 
None 
1 1% fata l i ty 

None 
None 

None 

None 

None 

None 

Refe rence 
1 2 9  

1 59 
1 6 1  
160  

2 7  
2 7  

1 44 

1 58 

586 

358  
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TABLE H . 4 .  Resp i ratory E ffects of C hron i c E xposu re t o  Ni t rogen D i ox i de ( NAS 1 9 7 7 ) 

Spec i es  
Rats  

C oncentrat i on 
mg/m3 ppm 

1 . 504 0 . 8 
3 . 760  2 . 0  

Gu i nea p i g s  9 . 4 50 ( a )  

Rabb i t s  

Dogs  

Squ i rrel 
mon keys 

Stump-tai l ed 
macaque 

1 . 88 
9 . 4 
1 5 . 04 to 22 . 56 

0 . 94 to 1 . 88 

9 . 4 

9 . 4 

3 . 76 

1 .0 
5 . 0  
8 . 0  t o  12 . 0  

0 . 5  to 1 .  0 ( b )  

5 .0 

5 .0 

2 . 0  

( a )  For  4 o r  7 . 5 h /� , 5 d /wk . 
( b )  P l u s  0 . 250  mg/m ( 0 . 2 ppm ) NO . 

Du rat i on 
L i fet i me 
L i fet i me 

5 . 5 mo 

18  mo 
18  mo 

16 h id  for 
1 8  mo 

2 mo 

2 wk 

2 yr 

Effect 
Tachypnea 
Tachypnea , normal res i stance 
and dyn ami c comp l i ance 

No c ha nge expi ratory f l ow 
res i stance 

Normal o xygen consumpt i o n  
Decrea sed arteri a l  b l ood oxygen 
stat i c  l u n g  comp l i ance , i nc rease 
i n  none l a st i c res i stance and 
funct i ona l  res i dua l  capac i ty .  
These effects  d i sappea red 
when rabb i t s  we re permi tted 
to b reathe room ai r .  

Normal DL CO 

Tachypnea , decreased t i da l  
vol ume , normal  mi n ute vol ume 

Decreased t i dal  vo l ume 

Tachypnea 



TABLE H . 5 .  Patho l ogy i n  An i ma l s Exposed Ch ron i c a l l y  to H i gh  Concent rat i on s  
o f  N i t rogen D i oxi de ( NAS 1 9 7 7 ) 

Concent rat i on 

Speci es ppm 

M i ce 0 . 9  0 . 5  

Durat i on of 
E xpo s u re 

3 mo 

P a t h o l ogy 
At t r i buted to Expo s u re 

C i l i a ry l os s ,  a l veo l a r  cel l 
d i s ru pt i on 

0 . 9  0 . 5  6 ,  1 8 ,  and  
24 hi d for 
3 to 4 mo 

E xpanded a l veo l i ,  reduct i on o f  
d i s t a l  a i rway s i z e ,  p ro g res s i ve 
p a ren chyma l damage 

0 . 6 to 0 . 9  0 . 3  to 0 . 5  6 mo Dest ruct i on of bronc h i a l  
e p i the l i um ,  l ymph ocyt i c  
i n f i l t rat i on 

7 5 . 2  40 . 0  6 t o  8 wk E p i t h e l i a l  a b n o rma l i t i es of 
t e rmi n a l  bronc h i o l es 

Rats  1 . 5 to 3 . 8 0 . 8  to 2 . 0  L i fet i me C i l i a ry l os s ,  ep i t h e l i a l  
hyperp l a s i a  

Gu i nea 
p i gs 

3 . 8  

3 1 . 9  

1 8 . 8  to 
4 7 . 0  

9 . 4 

1 8 . 0  

28 . 2  t o  
3 7 . 6  

4 1 . 4  

R a bb i ts 1 5 . 0 to  
2 2 . 6  

28 . 2  t o  
4 7 . 0  

Hamsters 84 . 6  t o  
1 0 3 . 4  

Dogs 9 . 4  

48 . 9  

Squ i  rre1  9 . 4 
monkeys 

2 . 0  

1 7 . 0  

1 0 . 0 to 
25 . 0  

5 . 0 

1 0 . 0  

1 5 . 0 t o  
20 . 0  

22 . 0  

8 . 0  to  
1 2 . 0  

1 5 . 0 to  
2 5 . 0  

4 5 . 0  t o  
5 5 . 0  

5 . 0  

2 6 . 0  

5 . 0  

2 or mo re y r  T h i ckened basement memb rane  

20 mo Mas s i ve i nc rease i n  co l l agen 
f i b r i l s  

3 o r  mo re mo E n l a rged t h o rac i c  c a v i t i es ,  
dorsa l  kyp ho s i s ,  d i stended 
a1  veo 1 i and  a1  veo1 ar ducts  

7 . 5  h i d , 
5 d/wk , 
5 . 5  mo 

6 wk 

2 h i d , 
5 d/wk , 
21 mo 

2 hi d ,  3 wk 

3 to 4 mo 

2 hid  up 
to 2 yr 

P e r i vascu l a r and  t rachea l 
i nf l ammat i o n ,  desqu amat i ve 
p neumo n i t i s  

Hyperp l a s i a of type 2 
pneumatocytes 

I n f l ammat i on of b ronc h i o l a r 
ep i t h e l i um 

Mu 1 t i foca 1 emp hy sematous  
c h a n ges 

Necros i s  of a l veo l a r  wa l l s  
w i t h  en l a rgement of a i r space 

No emphysematous l es i o n s  

2 1  t o  2 3  h i d  Di l ated a l veo l a r  s p a ces , i nf l am
mat o ry ce l l s ,  ep i t he l i a l  hyper
p l a s i a ,  i nc reased l u n g  vo l ume 

1 5  to 18 mo No a bnorma l i t i es 

6 mo B u l l ou s  emphysema 

1 69 d Foca l a l veo l a r  edema 
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TABLE H . 6 .  Ni t rogen D i ox i de : Level s and Effects ( OTA 1 9 7 9 )  

Comments  

E PA l owest 
2.u .9..g e s �e � l.-J:!.. 2.t �d.l. 

WHoh i ghest  ( 320 ) 
l owest ( 1 90)  

s u ggested 1-h  study 

Concent rat i ons  
�g/m3 , ppm 

2000 
1800 
1 600 
1400 
1 200 

1 

- 1000 0 . 5  

-800 0 . 4 

-600 -- 0 . 3 

400 

200 
o 

0 . 2  

1----

0
,
. 1 -\ 

H . 8  

Reported Effects 
( e xpos u re t i me )  

- I n fect i v i ty ,  mou se ( 3  h i nter
po l ated , 1 7  h )  

- Mu l t i p l e  bi ochemi ca l  changes , 
gu i nea p i g ( 8  hi d ,  1 wk ) 

- I n crease i n  p rote i n u ptake  by 
l u n g ,  g u i nea p i g ( 4  hi d ,  8 d )  

- I n fect i v i ty ,  mou se ( 1  wk ) 
- Trachae l  mucosa and c i l i a ,  

auto- i mmu ne response , mou se 
( 1  mo ) 

- Ci l i a ,  c i ara ce l l ,  and 
a l veol ar  edema , mouse ( 1 0 d )  

- Ac i d  phosphates and serum  
p rote i n s  enter  l u n g ,  gu i nea 
p i g ( 1  wk ) 

- Detected i n  b l ood , monkey 
( 9  mi n )  

- Human dark adaptat i on i mpa i r
ment ( i mmed i ate )  

- Co l l agen , rabbi t ( 2 0  h/wk for 
24 d )  

- Human asthmat i cs provoked 
res i stance ( 1  h )  
Bronch i a l  ep i t he l i a l ce l l s , 
a l veol ar  macrophages  ( 1 -2 h ,  
i n  v i t ro ) 
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APPEND I X  I 

C UMULAT I VE R I SKS OF HEALTH EFF ECTS OF 
RADON ,  FORMALDEHYDE , AND BENZO-taJ-PYRENE 

The pu rpose of t h i s  append i x  i s  t o  est i mate the  cumu l at i ve reg i ona l  hea l t h  
effect s of exposu re t o  i ndoor ai r pol l utant s . Becau se  ri s k  factors  have on l y  
been deve l oped for radon , forma l dehyde ( HCHO ) ,  a nd Benzo-[aJ -Py rene ( Ba P )  ( s ee 
Append i xes F ,  0,  and E ,  respect i ve l y ) ,  o n ly  reg i ona l  hea l t h  effect s for these  
po l l utants h ave been e st i mated . I n  est i mat i n g  these  hea l th  effect s var i o u s  
a s s umpt i on s  we re made regard i n g the  i ndoor a i r qua l i ty l evel s to  wh i ch the  
popu l at i on i s  exposed and t he comb i nat i on of  pol l utant sou rces wi t h i n a 
spec i f i c  res i dence type . These a s sumpt i on s  are l i sted bel ow : 

• The est i mated concent rat i on l evel s i n  var i ous  res i dence types ( see 
Sect i on 4 . 1  and Append i x  A )  wou l d  occu r ove r l on g  t i me peri od s .  

• The amount of t i me the reg i ona l  popu l at i on i s  exposed to  these  l evel s 
i s  not i nc l uded i nto  the cal c u l at i on s  d i rect l y , but i s  taken i nt o  
accou nt i n  t he  va r i ou s r i s k  factors u sed t o  re l ated cancer occ u r rence 
based on number of peopl e exposed . 

• The s o urce te rms and u se rates u sed i n  e st i mat i ng concent rat i on 
l evel s are for the heat i n g s ea son ( Octobe r th rou gh  Ma rch ) .  

• Po l l utant concent rat i ons i n  a l l apa rtments a re e st i mated to  be equ a l  
t o  those cal c u l ated for t h e  f i rst -story o r  ma i n  fl oo r .  

• S i x  pe rcent o f  the res i dences a re con s i de red to  b e  l ocated i n  h i g h 
radon areas  o f  t h e  reg i on  a n d  thus , radon  emi s s i o n s  from so i l and 
we l l  water  a re a s s umed to  be two and h a l f t i mes  g reater than  
e st i mated for  ot her  areas of  the reg i on .  

• Mob i l e  h omes and apa rtments a re n ot c on s i de red to  have u rea-HCHO foam 
i ns u l at i on ( UF F I ) .  

• The proba b i l i ty of having  n o ,  one , o r  two smoke rs i n  a res i dence has 
been i ncorporated . 

• Po l l utants  i n  t he outdoor a i r cont ri bute to  i ndoor pol l ut i on ,  
enter i n g  by the exchange of a i r .  The i nd oor concent rat i on s  are taken  
t o  be the  same as  outdoor concentrat i o n s  if  the re are no  i ndoor 
sou rces of the  po l l utant . Outdoor concent rat i ons  are c on s i de red t o  
b e  bac kground  whenever i ndoor concent rat i on s  are h i gh e r .  

• The occu rrence o f  one exc l u s i on c r i t e r i a  i tem i n  each res i dence i s  
i ndependent of the ot her  cr i ter i a i tems . 
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• The  ri s k  factor for radon exposu re i s  based on data for peop l e to 
age 85, wh i l e  ri s k  factors for B aP and HCHO are based on an ave rage  
l i fespan  of  70  yea rs . L ung  cancer  genera l l y  occ u rs i n  peop l e 
40 yea rs or o l d e r ;  t herefore , 45 years ( 85-40 ) and 30 years ( 7 0-40 ) 
are the  peri od at ri s k  and wi l l  be u sed to con vert average l i fet i me 
ri s k  of radon and B aP to  annua l  r i s k ,  respect i ve l y .  

• The occu r rence of a t i ghten i n g  mea s u re i n  a res i dence pr i o r  t o  i mp l e
ment i n g the  p resent p rog ram o r  P roposed Act i on i s  i ndependent of 
other  meas u res  that may be i n sta l l ed .  

I n  t h i s append i x ,  t he cumu l at i ve regi ona l  h ea l t h  effect s are est i mated f i rst 
for the  bas e l i ne cond i t i on ,  then  the  present p rogram , and fi n a l l y  the  proposed 
act i on and va ri ous  m i t i gat i on s  to  that act i on .  For  radon and B aP the  h ea l t h  
effects are i n  terms o f  add i t i on a l  l u n g  cancers above l u n g  cancers est i mated to 
occur for the  base l i ne .  Hea l th  effects for HCHO a re expressed i n  terms of 
add i t i o na l  cancers , ma i n l y  nasa l , above est i mated bas e l i ne l eve l s .  Becau se  of 
vari at i on i n  emi s s i on rat es , a i r-exchange rates , and vo l umes among  res i dences  
for  each  res i dence types , upper  and  l�wer l eve l s are g i ven . The  wo rst-case 
va l ues are based on the  most common ly  found po l l utant emi s s i on rates , a i r
exchange rat e ,  and vo l ume , but assume a l l sou rces are p re sent . 

F i g u re 1 . 1 prov i des a rep resentat i on of the  met hodo l o gy u sed i n  obtai n i n g t h e  
est i mated hea l t h  effect s . T h i s methodo l ogy assumes the  esti mated n umber of 
h ea l th  effect s f rom e i t her  radon , HCHO , or  B aP i s  i n dependent of the  others . 
That i s ,  the  tot a l  for the  reg i on i s  the  sum of the i nd i v i dua l  effect s . Tab l es  
i n  the  append i x  correspond i n g to the  vari ous  steps  are l i sted at  the  ri ght i n  
the  f i g u re .  

The  l a rgest bas e l i ne l i fet i me h ea l t h  effect s are est i mated for norma l l eve l s of 
radon . Base l i ne h ea l th effects for B aP are about 70% of the est i mated rado n  
l eve l . Base l i ne h ea l t h effect s f o r  HCHO are much  l ower t h a n  bot h radon and 
BaP . 

For  the  P roposed Act i on ,  the  l a rgest effect s are est i mated to occur  as  a res u l t  
of e l e vated B aP l eve l s .  The est i mated effects are s l i g ht ly l es s  for e l evated 
radon l eve l s and muc h  l es s  for e l evated HCHO l eve l s .  

A l l h ea l th  effects are est i mated as  l i fet i me occurrences  of l un g  cancer o r  
cancer .  T o  obta i n a va l u e  o n  a per yea r bas i s ,  these  va l ues  are d i v i ded by the  
l en gth  of t i me a person wou l d be  at  r i s k .  For  B aP and radon , v a l u es of 45 and  
30 years  were used , wh i l e  for HCHO , a val u e  of  70  yea rs i s  more appropr i at e .  

Tab l e 1 . 1 l i st s  t h e  n umbe� o f  e l ect ri ca l l y  h eated res i dences by res i dence type  
t h at  meet t h e  B PA  cri t er i a f o r  recei v i n g  weather i z at i on mea s u res . Th i s  data 
were obta i ned f rom the  second Pac i fi c Nort hwest R e s i dent i al E nergy Su rvey . 
Note that the numbers gi ven i n  the  fol l owi n g  tab l es  for est i mated l u n g  cancers 
from i n creased radon and B aP concent rat i ons  and for cancers from i n c reased HCHO 
concent rat i on s  have vary i n g  degrees  of u ncertai nty assoc i ated wi t h  them .  For  
examp l e ,  e st i mated l un g  cancers cau sed by i n creased B aP concent rat i on s  a re 
based on one datum for BaP emi s s i o n s  from wood stoves and from ri s k  factors 
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TABLE 1 . 1 .  Number of Re s i dence s  E l ect ri ca l l y  Heated 
by Res i dence Type 

Mob i l e  Homes 
S i n g l e -Fami l y  Detached 
S i n g l e-Fami l y  Attached 
Apartment 

TOTAL 

N umber 
E l ectri ca l l y  

Heated 
225 , 468 
835 , 046 
226 , 294 
249 , 428 

1 , 536 , 2 36 

from a study ( P i ke  and Hende rson 1 981 ) that has  yet to  be accepted by the 
sc i ent i f i c  commu n i ty .  Howeve r ,  these i nformat i on sou rces are the best ava i l 
ab l e at t h i s t i me .  E st i mated l u n g  cancers deve l op i n g  f rom e l evated radon 
concent rat i on s  a re ba sed on  h i stor i ca l  researc� f i nd i n g s . Therefore , the  
reade r  shou l d  be  awa re that the est i mat i on of add i t i ona l  l u ng  cancers  from 
e l evated radon concent rat i ons  has t he l east u n ce rta i nty as soci ated wi th  i t ,  
whereas  va l ues  for BaP have the most  uncerta i nty . 

The total  number of persons  potent i a l l y  affected by the p rogram i s  l i sted i n  
Tab l e 1 . 2 .  The tota l s  we re based on the fol l owi n g  averages : mob i l e  homes 
( 2 . 2 person s ) ;  s i n g l e-fami l y  detached ( 2 . 9  person s ) ;  s i n g l e-fami ly  attached 
( 2 . 6  person ) ;  and apartments  ( 1 . 8 persons ) .  The pe rcentages  of res i dence s  wi t h  
s l ab -on-grade construct i on ,  wi t h  basement s ,  or  u n vent i l ated ' c rawl spaces 
( PSOG ) ;  wi t h  unvented combu st i on app l i ances ( PUC ) ;  wi t h  UFF 1 ( PUF ) ;  wi t h  we l l 
water . ( PWW ) ;  wi th  gas stoves ( PGS ) ;  and w i th wood stoves ( PWS ) a re l i sted by 
type l n  Tab l e 1 . 3 .  

The i nformat i on conta i ned i n  Tabl e 1 . 3 i s  based on data obta i ned du ri n g  a 
recent BPA supported su rvey of res i dences i n  the Paci fi c Nort hwest . The n umbers 
w i t h  the greatest unce rta i nty are those for UFF 1 .  

Seven combi nat i ons of the exc l u s i on factors are g i ven for res i dences i n  t h i s  
d i scu s s i on :  

1 .  wi t h  unvented combust i on sou rce s and not wi t h  UF F 1 --r i s k  of HCHO and 
combu st i on p roducts expo su re 

2 .  wi t h  UFF 1  and not w i t h  u nvented combu st i on sou rces --r i s k  of HCHO 
e xpos u re 

3 .  wi t h  UFF 1 and wi t h  un  vented combu st i on sou rces --ri s k  of HCHO and 
combu st i on�oducts  expos ure 

4 .  wi t h  s l ab-on-grade con struct i on ,  or  wi t h  basements , or wi t h  u nven 
t i l ated c rawl space s , and n ot w i t h  we l l wate r--r i s k  of radon 
expos u re .  
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TABLE 1 . 2 .  Pe rson s  Potent i a l l y  Affected by Prog ram 

Tot a l  
Mob i l e  Home 496 , 030 
S i ng l e-Fami l y  Detached 2 , 421 , 6 33  
S i n g l e-Fami ly  Attached 588 , 364 
Apa rtment 448 , 970  

TOTAL 3 , 954 , 997  

TABLE 1 . 3 .  Pe rcentage s  of Res i dences Meet i n g Each of the Excl u s i on Cr i teri a 
S l ab-on-G rade 

U n  vented Basement or Un  vented 
Combu st i on U n vent i l ated Wel l Wood Gas  Combu st i on 
App l i a nces , C rawl Space , UFF I ,  Wate r ,  Stoves , Stoves , Sou rces , 

PUC PSOG P UF PWW PWS P GS PUV 
Mobi l e  Home 2 . 1  2 0 . 8  0 . 0  1 6 . 6  2 2 . 7  0 . 2  2 5 . 0  

S i  n g l  e-Fami l y  0 . 4  
Detached 

4 3 . 7  3 . 4 7 1 6 . 4  40 . 0  0 . 8  4 1 . 2  

S i n g l e-Fami l y  0 . 4  4 3 . 7  2 . 2 9 1 . 5  1 5 . 3  0 . 6  1 6 . 3  
Attac hed 

Apa rtment  1 . 7  1 00 . 0  0 . 0  40 1 . 4 1 . 3  4 . 4  

Not e :  PUV = PUC + PWS + PGS ( P roba b i l i ty of an u n vented combu st i on sou rce equa l s  the 
p roba b i l i ty of  u n vented combu st i on app l i ances  p l u s  the 
p robabi l i ty of wood stoves p l us  the p robabi l i ty of gas stoves . )  

5 .  wi t h  we l l water  and not s l ab-on-grade construct i on ,  nor wi t h  basement s ,  
nor  w i t h  u n vent i l ated c rawl s paces --r i sk  of radon exposu re .  

6 .  wi t h  we l l water and s l ab-on-grade con st ruct i on ,  or  wi th  basements , o r  wi t h  
u n vent i l ated cra�spaces--r i s k  of radon exposu re .  

7 .  res i dence s  wi t hout we l l water  and not bu i l t  s l ab-on-grade con st ruct i on ,  
nor  w i t h  basement s ,  nor  w i t h  u n vent i l ated crawl space s .  Combi nat i on 7 
i nc l udes  a l l those  res i dence s  not i nc l uded i n  4 ,  5 ,  and 6 .  

By convert i n g the  pe rcentages  t o  p roba b i l i t i es ( i . e . , 4% = 0 . 04 ) ,  the prob
a b i l i t i es of  these comb i nat i on s  were ca l cu l ated and are gi ven i n  Ta b l e 1 . 4 .  
Note t hat p robab i l i t i es for u n vented combu st i on app l i ances , PUC � wood stoves , 
PWS ' and gas stove s ,  PGS ' were added to gi ve a pro ba b i l i ty of an u nvented 
combu st i on  sou rce ( P uv ) .  These p robab i l i t i es were conve rted to  n umbers of  
potent i a l l y  affected pe rsons  by mu l t i p l y i n g by the approp ri ate numbe rs from 
Tab l e  1 . 2 .  
The number o f  persons  for comb i nat i o n s  1 th rou gh  7 are agg regated for the 
reg i on and l i sted i n  Tab l e 1 . 5 .  The n umbers for combi nat i ons  4 t h rough  7 can 
be fu rther  broken  down i nto  peop l e l i v i n g i n  a h i g h-radon a rea ( approxi mate ly  
6%  of the  t ota l ) and peop l e l i v i ng i n  other  a reas ( ap p rox i mate ly  94% of t h e  
t ot a l ) • 
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TABLE 1 . 4 .  P robabi l i ty of Appearance of Var i o u s  Comb i nat i on s  
of  E xc l u s i on Factors 

Mob i l e  Si  n g l  e -F ami l y  Comb i nat i on S i  n g l  e -F ami l y  
( See Text ) P robab i l i t� Home s Detached Attached A�artments  

1 Puv ( 1 -PUF ) 0 . 2 5000 0 . 39 7 70  0 . 1 5927  0 . 0440 
2 PUF ( l -PUV ) 0 . 0  0 . 02040 0 . 0 1 9 1 7  0 . 0  
3 PUF ( PUV ) 0 . 0  0 . 01430  0 . 003 7 3  0 . 0  
4 PSOG ( l -PWW ) 0 . 1 7 347 0 . 36533  0 . 43045 0 . 96000 
5 Pww ( 1 -PSOG ) 0 . 1 3147  0 . 09233  0 . 00845 0 . 0  
6 PWW ( PSOG ) 0 . 03453 0 . 0 7 167  0 . 00655 0 . 04000 
7 ( l -PWW ) ( l -PSOG ) 0 . 66053  0 . 47 067 0 . 5 5456 0 . 0  

TABLE 1 . 5 .  Number of Pe rsons i n  Res i dences  That Meet Combi nat i o n s  
of  Exc l u s i on Cr i teri a 

S i  n g l  e -F ami l y  S i n g l e -Fami ly  
Combi nat i on Mob i l e Homes Detached Attached A�a rtments  Tot a l  

1 1 24 , 008 963 , 083 93 , 7 09 19 , 7 55 1 , 200 , 5 5 5  
2 0 49 , 40 1  1 1 , 279  0 60 , 680 
3 0 34 , 6 29 2 , 1 9 5  0 36 , 824 
4 0 884 , 695  2 5 3 , 26 1  43 1 , 0 1 1  1 , 568 , 967  
5 6 5 , 2 1 3  223 , 589 4 , 9 72  0 293 , 7 74  
6 0 1 7 3 , 558 3 , 854 1 7 , 9 59 1 9 5 , 37 1  
7 1 7 , 1 28 1 , 1 39 , 7 90 326 , 283 0 1 , 483 , 2 01  

RADON E X POSURE 
Tabl e 1 . 6 gi ves base l i ne ri s k s  of deve l op i n g  l u ng  cance r f rom radon i n  vari ous  
res i dence types , construct i on types , and geo l og i cal  re g i on .  Th i s  i n format i on 
a l l ows  the  tota l  numbe r of cance rs i n  a l l e l ect ri ca l ly  heated re s i dences ari s 
i n g from expo s ure to  radon t o  b e  est i mated . These are l i sted i n  Ta b l e 1 . 7 .  
These va l u es  we re obta i ned by mu l t i p ly i n g  the  numbe r of peop l e  i n  each comb i 
nati on ( Tab l e 1 . 5 )  by the  appropri ate ri s k  ( Tab l e 1 . 6 ) ,  and d i v i d i n g by 1 0 , 00 0 .  
S l ab-on-grade sou rce terms were used a s  a s u rrogate fo r those  for s l ab-on-grade 
const ruct i on ,  wi th basement s , wi th  u n vent i l ated crawl space s . The total l i fe 
t i me numbe r of radon- i nduced cance rs i n  a l l e l i g i b l e  re s i dences i s  the  s um  of 
a l l numbers i n  Tab l e 1 . 7 ,  or  4 , 49 3 .  Because  any person i s  at ri sk  for  
45 yea rs , about 100  l u n g  cancers i n  the absence of hou se  t i ghten i n g are 
est i mated to occu r a n n ua l ly  f rom radon expos u re .  Th i s  i s  equ i va l ent t o  
2 . 5 3  cancers p e r  yea r p e r  1 00 , 000 peopl e .  
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TABLE 1 . 6 .  Base l i ne Li fet i me Ri s k  of Lu n g  Cancer  Re s u l t i n g from Radon Exposu re 
at Seventy-fi ve Pe rcent Occupancy ( Radon - I n duced Cancers per  1 0 , 000 
Exposed Person s )  

Regi on ( a )  Const ruct i on Wate r  Al2a rtments ( b )  Mobi l e  Homes ( b )  S i ngl e-Fami ll Attac hed ( b )  S i ngl e -Fami ll Det ached ( b )  
Mate r i a l  Sou rce A B C 0 A B C 0 A B C 0 A B C 0 

Wood Non -we l l 5 . 2  24 .8  2 1 . 6  9 . 6  6 . 0  4 3 . 6  37 . 1  4 . 4  1 3 . 2  1 1 . 2  1 4 . 8  4 . 4  1 6 . 0  1 0 . 4  1 0 . 4  
Wel l 3 1 . 6  5 0  • .4 4 7 . 2  3 6 . 4  6 . 4  7 8 . 8  6 7 . 1  20 . 4  2 8 . 4  28 . 4  3 1 .6  1 1 . 2 2 3 . 6  1 7 . 2 1 7 . 2  

2 Wood Non-we l l 12 . 8  6 0 . 4  4 9 . 6  2 3 . 2  1 5 . 2  1 06 . 4  90 . 4  1 1 . 2  3 2 . 0  26 . 4  34 . 8  1 1 . 6 39 . 6  2 4 . 4  24 . 4  
Wel l 7 8 . 8  1 2 6 . 0  1 1 4 . 8  89 .6 1 0 2 . 4  1 9 3 . 6  1 6 2 . 7  5 3 . 6  74 . 0  6 7 . 6  7 7 . 2  3 0 . 0  56.8  4 2 . 4  4 2 . 4  

( a )  1 = Most areas of the reg i on (outdoor radon concent rat i on = 0 . 2 5  pC i / � ;  We l l  wat e r  concent rat i on = 1 0 , 000 pC i / � ) .  
2 = H i g h -radon a reas of t he regi on ( outdoor radon concent rat i on = 0 . 6 5  p C i / � ;  We l l  wat e r  concen t r a t i on = 2 5 , 000 pC i /� ) .  

( b )  A = Vent i l ated crawl space ; B = Unvent i l at ed c rawl spa c e ;  C = S l a b-on - g rade ; 0 = Basement . 



TABLE 1 . 7 .  Tota l  Radon - I n duced Cancers i n  Al l E l ect r i ca l l y  Heated Re s i dences 
by Res i dence Type and Comb i nat i on of Sou rces 

S i ng l e-Fami l y  S i n g l e-Fami l y  
Combi nat i on Mobi l e  Homes Detached Attached A�artment s 

Most Areas  
4 300 .08 864 .88 266 . 6 3  875 . 1 2  
5 39 . 23 235 . 39 9 . 52  0 . 0 
6 108 . 0 3  280 .60  10 . 29  7 9 .69  
7 187 . 7 9  47 1 .42 1 34 .95  0 .0 

H i gh -Radon Area s 
4 46 . 6 7  129 . 5 2  40 . 1 1  128 . 2 7  
5 40 .07  40 . 25 1 .6 1  0 .0 
6 16 . 7 1  44 . 1 5  1 . 5 7  12 . 38 
7 29 . 89 145 .97  2 1 . 9 3  0 . 0  

Morta l i ty stat i st i cs for the Pu get Sound reg i on i nd i cate the average annua l  
i nc i dence of l u ng  cancer i s  49 cases  per 100 , 000 peop l e  ( Young  et  a l . 1 9 78 ) . 
Therefore , rou g h l y  135 , 656  are est i mated to deve l o p l u ng  cancer du ri ng  the i r 
l i fet i me ,  wi th  a maj or i ty of these be i n g  smokers . I t  has  a l so been est i mated 
t h at of the  tot a l  number of person s devel op i n g l u n g  cance r ,  about 5% of the 
cancers cou l d  be due  to  radon expo s u re . The refore , a bout 6 , 783 persons i n  the 
Paci f i c No rthwest reg i on l i v i n g i n  e l ect ri ca l l y  heated homes are est i mated to  
deve l op l u n g  cancer from radon e xpo s u re d u r i ng  the i r l i fet i me .  Th i s  f i gu re i s  
not l es s  than what was est i mated above u s i n g vari o u s  ri s k  coeffi c i ents  for 
d i fferent res i dence types . Thu s ,  t he base l i ne est i mates of l u n g  cancers  
devel op i n g from radon exposu re are reasonab l e and can  be used as  a base l i ne for  
eva l uat i ng the h ea l th effects of t he P roposed Act i on and va r i ous  m i t i gat i o n s  
opt i ons . 

Radon concent rat i on s  wi l l  change as  a resu l t  of t i ghten i n g ( i n sta l l at i o n of 
a i r-i nf i l t rat i on reduct i on meas u re s ) .  The effect of t i ghten i ng on radon co n
cent rat i on s  i n  t he  ave rage res i dence wi th  each  comb i nat i on of sou rce te rms i s  
summa ri zed i n  Tab l e  1 . 8 .  These va l ues  are obta i ned from the worst -case 
concent rat i on s  and those concent rat i o ns  reduced by a percentage i n  Ap pend i x B ,  
wh i ch rep resents wel l wate r .  The i n crease i n  the proj ected n umber of radon
i nduced cancers from t i ghten i n g fo r each type of res i dence wi t h  each 
combi n at i on of sou rce terms was obta i ned by ca l cu l at i n g  t he rat i o  of  
concent rat i on s  before and after t i ghten i n g ( concent rat i o ns  after/concent rat i on 
befo re ) ,  s u bt ract i ng one , and mu l t i p l y i ng  by t he base case n umber of radon
i nduced cancers (Tab l e  1 . 7 ) .  T he  i nc reases  are  l i sted i n  Tab l e  1 . 9 .  Th ese  
f i gures are con s i de red tota l  l i fet i me va l ue s . 
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TABLE 1 . 8 .  The Effect of Ti ghten i n g on Radon Concent rat i ons  i n  the  
Ave rage Res i dence i n  pC i /�  i n  Most Areas of  the Reg i on  
( H i gh- radon reg i on  in  parentheses )  

Comb i nat i on  7 Comb i nat i on 6 
Before After  Before Aft e r  

Mob i l e  Homes 0 . 38 ( 0 . 96 )  0 . 43 ( 1 . 1 0 )  1 . 65 ( 4 . 6 )  2 . 3  ( 6 . 0 )  
S i  n g l  e -Fami  l y  Detached 0 . 29 ( 0 . 7 4 )  0 . 3 0 ( 0 . 7 8 )  1 . 1 ( 2 . 7 )  1 . 5 0 ( 3 . 6 )  
S i n g l e-Fami l y  Attached 0 . 28 ( 0 . 7 1 )  0 . 29 ( 0 . 7 5 )  1 . 8 ( 4 . 3 )  2 . 4 ( 5 . 9 )  
Apa rtments  0 . 32 ( 0 .81 ) 0 . 35 ( 0 .88 )  3 .0 ( 7 . 3 ) 4 . 3  ( 1 0 . 3 )  

Comb i nat i on 4 Comb i nat i on 5 
Before After Before Aft e r  

Mob i l e Homes 0 . 85 ( 2 . 0 0 )  1 . 2  ( 2 . 7 )  2 . 6 ( 6 . 5 )  3 . 6 ( 9 . 0 )  
S i n g l e -Fami l y  Detached 0 .6 5 ( 1 .54 ) o .82 ( 1 . 9 3 )  0 . 7 ( 1 . 9 )  0 . 95 ( 2 . 4 )  
S i n g l e-Fami l y  Attached 0 . 7 1 ( 1 . 6 7 ) 0 . 9 0 ( 2 . 1 0 )  1 . 3 ( 3 . 4 )  1 . 8 ( 4 . 6 )  
Apa rtments  1 .  38 (  3 . 1 4 )  1 . 88 ( 4 . 3 0 )  2 . 0 ( 5 . 0 )  2 .8 ( 6 . 9 )  

TABLE 1 . 9 .  Tot a l  I n c rease  i n  Radon - I nduced Li fet i me Lu n g  Ca ncers as a 
Res u l t  of  Res i de nt i al T i ghten i n g i f  Al l Res i dences a re 
T i ghtened , By Re s i dence Type and Sou rce-Te rm Comb i nat i on 

S i n g l e -Fami l y  S i n g l e -Fami l y  
Comb i nat i on Mob i l e  Homes Detached Attac hed A�artments 

Most Areas 
4 1 2 3 . 56 226 . 2  7 1 . 35 3 1 7 . 0 7  
5 15 . 09  84 . 0 7  3 . 6 7  0 . 0  
6 42 . 56  102 . 04 3 . 43 3 4 . 5 3  
7 ( a )  24 . 3 2  16 . 26  4 . 82 0 . 0  

H i gh-Radon Areas  
4 16 . 34 32 .8  1 0 . 3 3  47 .39  
5 15 . 4 1  10 . 59  0 . 56 0 . 0  
6 5 . 09 14 . 72 0 . 58 5 . 08 
7 ( a )  4 . 36 4 . 29  1 . 24 0 . 0  

( a )  Catego ry 7 i nc l udes persons  i n  res i dences of two types : 
A--w i t hout UFF I and w i t hout u n ve nted combust i on a pp l i a nces  
B --wi t h  UFF I or  wi t h  u n ve nted combust i on app l i ances . 
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Those res i dences  fal l i n g  out s i de vari ous  excl u s i on cr i ter i a ( i .e . ,  do n ot have 
s l ab-o n -grade con st ru ct i on ,  or  basements , or  un vent i l ated crawl s paces , o r  wel l 
wate r ,  UFF I , or  u n vented combust i on sou rces and mob i l e  homes ) are not part of 
t he Proposed Act i on because  they are p a rt of t he p resent B PA Re s i denti a l  
Weat her i zat i on P rogram ( p resent  p rogram ) . Thus , the i nc rease i n  radon- i nduced 
cancers associ ated wi th  the  p resent p rogram a re obta i ned by mu l t i p l y i n g  the  
n umbe rs i n  Category 7 by ( l -PUV ) ( l -P UF ) ;  see Tab l e 1 . 1 0 . These are defi ned to 
be Group 7A . Group  7B i s  the  rema i nder ( i  .e . ,  those from Category 7 t hat have 
e i t her  u n vented combu st i on sources or  wi t h  UFF I . When the n umbers of radon 
i nduced cancers i n  Group  7 a re d i  v i  ded by t h i  s p roport i on ,  the  re su  l ts a re a s  
l i sted i n  Tab l e 1 . 1 1 .  Tab l es  1 . 9 a n d  1 . 1 1  have the nece s sary i nfo rmat i on to  
est i mate the  n umber of  l u n g  cancers ar i s i n g  f rom i n sta l l at i on of a l l t i ghten i n g 
mea s u res  i n  each res i dence type for the  present  and P roposed Act i on ,  as we l l as 
the  M i t i gat i o n s -By-Exc l u s i on to  the  Proposed Act i on . The est i mated n umber of 
radon- i nduced l u n g  cancers for the  p resent prog ram i s  obta i ned by mu l t i p l y i n g  
the n umbe rs o f  Group  7 A  i n  Tab l e 1 . 1 1 ,  except t h at for mobi l e  homes , by the  
p roj ected penetrat i on rates for  each  res i dence type and  then  s ummi n g .  A val ue  
of about 1 3 .6 l i fet i me l u n g  cancers i s  obta i ned , o r  1 l un g  cancer deve l op i n g  
every t h ree years . 

TABLE 1 . 1 0 .  P robabi l i t i es of Re s i dences Not Hav i n g  
Exc l u s i on Cr i t e ri a 

( l -PUV ) ( l -BFF I ) ( l -PUFF I ) x ( l -P UV ) 

Mobi l e  Home 0 . 7 500 1 . 0000 0 . 7 500 
S i n g l e-Fami l y  Detached 0 .5880 0 . 9653  0 . 5676  
S i n g l e-F ami l y  Attached 0 . 8370  0 . 9 7 7 1  0 . 8 1 78  
Apa rtments  0 .9560 1 .0000 0 . 9560 

TABLE 1 . 1 1 . Tota l  I nc rease i n  Radon - I n du ced Cancer  as  a Res u l t of Re s i dent i a l  
T i ghten i ng o f  Al l Res i dences W i t hout S l a b -on-Grade Constru ct i on ,  
w i t h  Basements , wi t h  U n vent i l ated C rawl Spaces and Wi thout  
Wel l Water  

S i  n g l  e-Fami l y  S i n g l e-Fami l y  
Combi nat i on Mob i l e  Homes Detached Attached A�a rtments  

Most  Areas  
7A 18 .24 9 . 2 3  3 . 94 0 . 0  
7B 6 .83 7 . 03  0 .88 0 .0 

H i gh -Radon Areas  
7A 3 . 2 7  2 . 44 1 . 0 1  0 . 0 
7B  1 . 09 1 .85 0 . 23  0 .0 
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The numbers above ass ume that a l l re s i dences e l i g i b l e  to rece i ve t i ghte n i ng  
mea s u res  wou l d  acqu i re storm doors and wi ndows , cau l k i n g ,  and  out l et and  
swi tchbox  ga s k ets  and  wa l l  i n s u l at i on .  Weathe rst r i p p i ng  wou l d  not be  req u i red 
beca use  i ts t i ghten i n g e ffects a re o bta i ned by the storm wi ndows and doors . I n  
rea l i ty ,  some homeowne rs a l ready have i n sta l l ed t i ghte n i n g  meas u res  o n  the i r 
own . Thus , the numbe rs above need to be mod i f i ed to account for the  fact that 
n ot a l l res i dences wi l l  rece i ve a l l t i ghten i n g meas u res . 

E i ght probabi l i st i c  cond i t i ons i n vol v i ng  t i ghten i n g mea sures i n  a res i dence 
ex i st and are l i sted be l ow :  

• p robab i  1 i ty of hav i ng  weat herst ri p p i ng  = P ( A ) 
• p robab i  1 i ty of not hav i n g  weat he rst ri pp i n g  = P I ( A )  
• p robab i  1 i ty of h av i ng  ca u l k i ng = P ( B )  
0 probab i l i ty of not hav i ng  cau l k i n g = P I ( B )  
0 p robab i  1 i ty of  ha v i ng  storm wi ndows and doors = P ( C )  
0 probab i  1 i ty of  not hav i ng  storm wi ndows and  doors = p l ( C )  
0 probab i  1 i ty of  h a v i n g  wal l i n s u l at i on = p ( D )  
• p robab i  1 i ty of  not hav i n g  wa l l  i n s u l at i on = p l ( D )  

I n format i on on P ( A ) , P ( B ) ,  P ( C ) ,  and P ( D ) i s  obta i ned f rom Append i x K for 
vari o u s  res i de nce types  by c l i mat i c  lone . Va l u es for P I ( A ) , P I ( B ) ,  P I ( C ) ,  
P I ( D ) can be o bta i ned f rom the re l at i ons h i p  P I ( A )  = 1 - P ( A ) , P I ( B ) = 1 - P ( B ) ,  
P I ( C )  = 1 - P ( C ) ,  P I ( D )  = 1 - P ( D ) . 

W i t h  fou r  t i ghten i n g red uct i on meas u res , 1 6  comb i nat i o n s  are pos s i b l e .  These 
are l i sted be l ow :  

1 .  hav i n g  cau l k i n g ,  wa l l  i n s u l at i on ,  and storm wi ndows , but need i n g  
weatherstr i p p i n g  

P I = p i  ( A )  • P ( B )  • P ( C )  • P ( D )  

2 .  hav i n g  weathe rst ri p p i n g ,  wal l i n s u l at i o n ,  and ca u l k i n g ,  but need i ng  storm 
w i ndows 

P 2 = P ( A )  • P ( B )  • P I ( C )  • P ( D )  

3 .  hav i ng  storm wi ndows , wa l l  i n s u l at i o n ,  and weatherst r i p p i n g ,  but need i n g  
cau l k i n g 

P 3 = P ( A )  • P I ( B ) • P ( C )  • P ( D )  

4 .  hav i ng  wa l l  i n s u l at i on and weathe rst r i p p i n g ,  but need i n g  cau l k i n g and 
storm wi ndows 

P4 = P ( A )  • P I ( B ) • P I ( C ) • P ( D )  

5 .  hav i n g  a l l t i ghte n i n g  mea s u res  

P 5 = P ( A )  • P ( B )  • P ( C )  • P ( D ) 
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6 .  need i n g  a l l t i ghten i n g mea s u re s  

P6 = P ' ( A ) . P ' ( B ) . P I ( C ) . P ' ( D )  

7 .  ha v i ng  wal l i n su l at i on and storm wi ndows , but need i ng  weatherst r i p p i ng  and  
cau l k i n g 

P 7 = P ' ( A )  • P ' ( B )  • P ( C ) • P ( D )  

8 .  ha v i ng  wal l i n s u l at i on and cau l k i n g ,  but need i n g weat herst r i p p i ng  and 
storm wi ndows 

P8 = P ' ( A )  • P ( B )  • P I ( C ) • P ( D )  

9 .  hav i n g  storm wi ndows , cau l k i n g ,  and weathe rst r i p p i n g ,  but need i n g  wal l 
i n s u l at i on 

P 9 = P ( A )  • P ( B )  • P ( C )  • P ' ( D )  

1 0 .  hav i n g  storm wi ndows and cau l k i n g ,  but need i ng weathe rst r i p p i ng  and wal l 
i n s u l at i on 

P 1 0  = P ' ( A )  • P ( B )  • P ( C )  • P ' ( D )  

1 1 .  hav i n g  storm wi ndows and weat herst r i p p i n g ,  but need i ng  cau l k i n g  and wal l 
i n s u l at i on 

P l l  = P ( A )  • p I  ( B )  • P ( C )  • p I  ( D )  

1 2 .  hav i n g  weathe rst ri p p i ng  and cau l k i n g ,  but need i n g  storm wi ndows and wal l 
i n s u l at i on 

P 1 2  = P ( A )  • P ( B )  • P I ( C ) • P ' ( D )  

1 3 .  hav i ng  wal l i n s u l at i o n ,  but need i n g  weat he rst r i pp i n g ,  cau l k i n g ,  and storm 
wi ndows 

P 1 3  = P ' ( A )  • P ' ( B )  • P I ( C ) • P ( D )  

1 4 .  hav i ng  weat he rst ri p p i n g ,  but need i n g storm wi ndows , cau l k i n g ,  and wal l 
i n s u l at i on 

P 14  = P ( A )  • P ' ( B } • P I ( C )  • P ' ( D )  

1 5 .  ha v i ng  cau l k i n g ,  but need i n g weatherst r i p p i n g ,  storm wi ndows , and wal l 
i n s u l at i on 

P 1 5  = P ' ( A }  • P ( B )  • P I ( C ) • P ( D )  
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16 . hav i n g  storm wi ndows , but need i ng  weatherst ri p p i n g ,  cau l k i n g ,  and wa l l 
i n su l at i on 

P 1 5  = p i  ( A )  • p i ( B )  • P ( C ) • P ( D )  

For  each res i dence type i n  each c l i mat i c  zone , the fo l l owi ng re l at i on ho l d s :  

Sum = 

16 

2 Pi = 1 . 00 

i = l 

An adj u sted val ue  of l u ng  cance rs for the present program deve l op i ng  from 
i n c reased radon concent rat i on i s  e st i mated by t he fo l l owi n g  we i ght i n g funct i o n .  
Adj u sted Tota l  = P1 • ( 6 . 6 / 3 0 . 7 )  • PT 

+ 
P2 • ( 1 0 . 7 / 30 . 7 ) • PT 

+ P3 • ( 5/ 30 . 7 ) • PT + P4 ( 1 5 . 7/ 30 . 7 )  • PT 
+ P5 • ( 0/ 30 . 7 ) • PT 

+ 
P6 ( 30 . 7/ 30 . 7 )  • PT 

+ P7 • ( 1 1 . 6/ 3 0 . 7 )  • PT 
+ 

P8 ( 1 0 . 7/ 30 . 7 )  • PT 
+ P9 • ( 1 5/ 30 . 7 ) • PT 

+ 
P1 0  ( 2 1 . 6 / 30 . 7 )  • PT 

+ P l l  . ( 20/ 30 . 7 )  • PT 
+ 

P 1 2  ( 25 . 7 / 30 . 7 )  • PT 
+ P 1 3  • ( 1 5 . 7/ 30 . 7 )  • PT 

+ 
P1 4  ( 30 . 7/ 30 . 7 )  • PT 

+ P 1 5  • ( 2 5 . 7/ 30 . 7 )  • PT 
+ 

P 1 6  ( 26 . 7/ 30 . 7 )  • PT 
The factors ( e . g . ,  6 . 6/ 30 . 7 )  account for the  cond i t i on that , wi t h  certa i n  
comb i nat i o ns of  t i ghten i n g mea s u res , p a rt i a l t i ghten i n g i s  a c h i e ve d ,  and t he 
est i mated average radon concent rat i ons  shou l d not occu r .  PT i s  the est i mated 
n umber of  l i fet i me l u n g  cance rs a s s umi n g  a l l res i dences needed a l l measu res . 

App l y i n g  t h i s techn i q u e , the est i mated numbe r of add i t i ona l  l i fet i me l u ng  ca n 
cers occu rr i n g  u nder t h e  p resent p rog ram i s  now 7 . 9 cance rs , o r  about o n e  can
cer  eve ry s i x yea rs , or  0 . 004 ca nce rs pe r yea r  pe r 1 00 , 000 peop l e .  E s t i mati n g  
the  radon - i nduced add i t i ona l  l i fet i me ca nce rs f o r  t he P roposed Act i on i n vol ves 
s ummi ng  the numbe rs for  Groups  4,  5 ,  6 ,  7B , a nd 7A for mobi l e  homes , mu l t i p ly i n g  
by t he a p pro p r i ate penet rat i on rates a n d  a p p l y i n g  the  a p pro p ri ate we i ght i n g 
funct i on .  The re s u l t i s  about 564 cance rs , or  12  to 1 3  add i t i ona l  cance rs per  
yea r ,  or  0 . 3 cance rs per  yea r pe r 1 00 , 000 peop l e .  

The tec h n i que  can a l so  be u sed to  eva l uate va ri ous  Mi t i gat i ons -By-Exc l u s i on to 
the  P roposed Act i on .  The est i mated add i t i ona l  radon -i nduced cance rs for  the 
P roposed Act i on exc l ud i n g  res i dences wi t h  s l ab-on -grade const ruct i on ,  o r  wi t h  
basements , o r  w i t h  u n vent i l ated c rawl space s ,  i s  o bt a i ned by summi n g  Grou p s  5 ,  
7B , and 7A for mobi l e  homes , mu l t i p l y i n g  by the approp ri ate penet rat i on rates , 
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and app l y i n g  the app rop r i ate we i ght i n g funct i on .  A re s u l t of about 7 1 . 2  
add i t i ona l  l i fet i me cance rs i s  obta i ned , o r  about 1 t o  2 add i t i onal  cance rs 
every yea r ,  or  0 . 04 cance rs pe r yea r per 100 , 000 peop l e .  

App l y i ng  the same app roac h ,  the rate for  the  P roposed Act i on ,  e xc l ud i ng  wel l 
wate r ,  i s  414 . 2  add i t i on a l  l i fet i me cance rs , o r  about 9 addi t i o na l  l u n g  cancers 
per  yea r ,  o r  about 0 . 23  cance rs per  yea r pe r 100 , 000 peop l e .  In  t h i s opt i o n , 
near ly  one -h a l f of the est i mated add i t i ona l  cance rs wou l d occu r i n  those 
pe rsons l i v i n g i n  apartment s .  
To est i mate the numbe r of add i t i o na l  rado n - i nduced ca ncers fo r the  Proposed 
Act i on exc l ud i n g  UFF I ,  and the  Proposed Act i on exc l ud i ng  u n ve nted combu s t i on  
sou rces , those res i dences wi t h  UF F I  or  u n vented combust i on  sources mu st be  
e xc l uded f rom Groups  4 ,  5 ,  and 6 by mu l t i p l y i ng  by the factors ( 1  - PUF ) and 
( 1  - PUV ) '  res pect i ve l y .  The res u l t i s  that the numbe r of est i mated add i t i ona l  
l i fet i me cancers  for  the P roposed Act i on exc l ud i ng  UFF I i s  541 . 1 ,  or  about 
1 2  add i t i on a l  cance rs per yea r ,  or  0 . 3  cancers pe r yea r per 100 , 000 peopl e .  
Th i s  va l ue  i s  s i mi l a r to those  est i mated for  the Proposed Act i on . 

The Proposed Act i on ,  excl ud i n g u n vented combust i on  sou rces i s  est i mated to 
res u l t  i n  an add i t i ona l  423 .8 radon - i nduced l i fet i me cancers , or  about 9 add i 
t i ona l  l u n g-cance r per yea r ,  or  0 . 24 cancers per  yea r per  100 , 000 peopl e .  
These numbe rs , h oweve r ,  account for  e xc l ud i n g  res i dences wi th e i ther  a n  
u n vented combust i on app l i ance ( i  . e . ,  space heater or  ga s stove ) or  a wood 
stove . 
Two other  Mi t i gat i on -By-Exc l u s i on mea s u res  have been eva l u ated : the  Proposed 
Act i on ,  exc l ud i n g mob i l e  home s ,  and the  P roposed Act i o n ,  exc l ud i ng  apa rtments . 
The est i mated add i t i on a l  l i fet i me radon- i nc l uded cance rs are 481 . 1  and 356 . 9 ,  
respect i ve l y .  Therefore , on an a n n ua l  bas i s ,  about 1 1  and 8 add i t i ona l  radon
i nduced cancers , res pect i ve ly , a re est i mated to  occu r .  Th i s  i s  the same as  
0 . 27 and  0 . 2 cance rs per  yea r per 100 , 000 peop l e ,  respect i ve l y .  

F o r  the  Mi t i gat i o n -By-Act i on No . 3 ,  radon mon i to r i n g ,  the addi t i o na l  l i fet i me 
l u ng  cancer are ca l cu l ated s i mi l a r to  the  p roposed act i on except the  
concent rat i on after t i ghten i ng  i n  Ta b l e 1 . 3 are l i mi ted to  the  act i on l e ve l 
determi ned by BPA . The est i mated l i fet i me l u ng  cance rs ran ge f rom 41 7 . 7 to  
564 . 0 ,  i f  l eve l s of 2 or  1 0  pC i / t we re chosen , res pect i ve l y .  

The est i mated n umbe rs for  radon - i nduced l u n g  cance rs a s  the  re s u l t  of i n sta l l a
t i on of t i ghten i n g meas u res  ass ume that the res i dence has  an ave ra ge vol ume , 
ave rage a i r-exchange rate before weather i zat i on , and average po l l utant emi s s i on  
rates . Other cond i t i ons  can occu r ,  so cond i t i ons  creat i n g  ma xi mum and mi n i mum 
concent rat i ons  were eva l uated . For  examp l e ,  a res i dence wi th  a sma l l vo l ume 
and a l ow ai r-exchange rate befo re weatheri zat i on ,  and h i gh po l l utant emi s s i on 
rate wou l d  experi ence maxi mum po l l utant concent rat i on s .  A res i dence of l a rge 
vol ume , h i gh ai r-exchange rate , and l ow po l l utant emi s s i on  rate wou l d  exper
i en ce mi n i mum po l l utant concent rat i on l e vel s ( F i g ure 1 . 2 ) .  The refore , these  
cond i t i ons  establ i s hed the  upper  and  l owe r l i mi t s of ave rage 24-h  po l l utant 
concent rat i on l e vel s t hat wou l d  be expe ri e nced i n  var i ous res i dence types . 
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U s i n g  these  maxi mum and mi n i mum  average concent rat i on val ues , the  l i fet i me 
radon- i nduced cancers for  bas e l i ne cond i t i on s ,  p re sent p rogram , Proposed 
Act i on ,  and P roposed Act i on with vari ous  mi t i gat i on s  a re gi ven i n  Ta b l e 1 . 1 2 .  

To est i mate the  cumu l at i ve ( representat i ve ) l u ng  cance rs t hat were radon
i nduced fo r a l i fet i me ,  for t he  P roposed Act i on ,  t a ke  the  s um  of  t he  va l u es  for 
the base l i n e ,  e x i st i n g and p roposed p rog ram,  or  5065 . 2 .  Of t h i s va l u e ,  about 
89% a re est i mated to  occu r wi thout i nsta l l at i on of t i ghte n i n g  measu res . Most 
of the  remai n i n g est i mated radon - i nduced cancer wou l d  occu r f rom the  i n sta l l a 
t i on of t i ghten i n g measu res i n  re s i dences not el i g i b l e  to  rece i ve t hem unde r 
the  p resent p ro g ram . 

TABLE 1 . 1 2 . Tota l  E st i mated L i fet i me Radon - I ndu ced L u ng  Cancers  Occu rr i n g  
f rom t he  B PA  Res i de nt i a l Weathe r i zat i on P rog ram 

Act i on 

Base l i ne ( p r i o r  to  BPA prog ram ) 
P resent B PA p rogram 
P roposed BPA prog ram 
P roposed B PA p rog ram e xc l u d i n g  
Res i dences wi t h 

UFF I 
u n vented combu st i on app l i ances  
s l ab-on -grade con st ruct i on or  
basement s ,  or  u n vent i l ated 
c rawl s pace 

- wel l wat e r  
- wood stove s 

Proposed B PA p rog ram e xc l ud i n g  
- mob i l e homes 

a pa rtment s 
Radon mon i tor i n g  

( a ) Depends o n  Act i on Le vel  chosen . 

FORMALDEH YDE (HCHO ) EXPOSURE 

Ave rage 
Va l ue  

4493 . 1  
7 . 9 

564 . 2  

541 . 1  
384 . 8  

7 1 . 2  
414 . 2  
39 . 0  

481 . 1  
356 . 9  

417 . 7  to  564 . 0 ( a )  

E s t i mated 
Mi n 

2302 . 8  
1 . 9 

64 . 2  

6 1 . 2  
39 . 5  

3 1 . 4  
4 . 1  
4 . 0  

30 . 9  
57 . 8  

Ra nge 
Ma x 

16 , 6 7 4 . 5  
7 5 . 0  

65 1 3 . 4  

6 37 5 . 1  
442 5 . 3  

596 . 3  
2883 . 5  

448 . 4  

2892 . 7  
527 4 . 7  

A p red i ct i on of the numbe r o f  peop l e  who wi l l  deve l op  cancer from HCHO exposu re 
i s  based on the  i n fo rmat i on g i ven i n  Append i x D and i n fo rmat i on devel oped 
ea r l i e r i n  t h i s sect i on .  
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Tab l e 1 . 5 g i ves the numbe r of  persons  i n  res i dences  that have comb i nat i o n s  of  
the  i nc l u s i on c ri ter i a .  The f i rst t h ree comb i nat i ons a re i mportant for  
con s i derat i on of  HCHO expos u re .  These  numbers are g i ven bel ow i n  Ta b l e 1 . 1 3 .  

A fou rth comb i nat i on i s  i nc l uded , l abe l ed as 3a i n  Tab l e 1 . 1 4 ,  t hat p rov i des 
i n fo rmat i on on persons  i n  res i dences not hav i n g  UFF I o r  u n vented combust i on 
sou rces . Those n umbers we re computed� mu l t i p l y i n g  the  a p propr i ate n umbe r 
f rom Tab l e 1 . 1 0  t i mes  the tot a l  n umber of  peop l e for each type . 

As devel oped i n  Append i x D ,  e st i mated concent rat i on s  can be re l ated to  the  r i s k  
o f  deve l op i n g  cancer .  U s i n g  t h e  p redi cted concent rat i on s  under  t h e  No -Act i on  
Al t e rnat i ve , the  r i s k  factor g i ven i n  Append i x D ,  and t he n umber o f  p e rso n s  
affected by res i dence type , the  tota l  HCHO- i ndu ced cancers i n  a l l e l ect ri ca l l y  
heated res i dences , by res i dence type  a n d  comb i n at i on of  s ou rces , a re g i ven ( see  
Ta b l e 1 . 15 ) . If  the numbe rs f rom t h i s tab l e are s ummed , then  558 . 1  peop l e are 
p roj ected to deve l op cancer as  resu l t  of  HCHO expos u re .  I f  you as s ume a person  
i s  at  ri s k  fo r 70  years , then l es s  than 8 persons/y r  wou l d  be p rojected to  
deve l op cancer due  to  HCHO e xposu re . Th i s f i gu re i s  t a k e n  t o  b e  the  base l i ne 
va l ue ,  and a l s o  can be exp res sed as  0 . 20  cance rs per  yea r per  100 , 000 peopl e .  

TABLE 1 . 1 3 .  Number o f  Persons  i n  Res i dences w i t h  Var i ous  Comb i nat i on s  of  
E i t her  Un  vented Combu st i on Sou rces or  U rea-Forma l dehyde 
F oam I n s u l at i on  

S i n g l e-Fami l y  S i n g l e-Fami l y  
C ombi nat i on Mobi l e  Home Detached Attached A�artments  

1 124 , 008 963 , 083 93 , 709  1 9 , 7 55  
2 0 49 , 401  11 , 27 9  0 
3 0 8 , 414 2 , 1 95 0 

TABLE 1 . 1 4 .  Number of Persons  i n  Res i dences W i thout U n  vented Combu st i on 
Sou rce and U rea-Formal dehyde Foam I n s u l at i on 

S i  n g l  e -Fami l y  S i n g l e -Fami l y  
Combi nat i on Mob i l e Home Detached Attac hed A�artments  

3a 37 2 , 023  1 , 37 4 , 5 19 481 , 1 64 429 , 2 1 5  

U n der  t h e  Proposed Act i on ,  res i dences  wi l l  recei ve t i ghten i n g meas u res , and 
concent rat i ons  of HCHO i n  the  res i dence wi l l  i nc rease . U s i n g  t he est i mated 
concentrat i o n s  wi t h  t i ghten i n g  and the same app roach used for radon , the 
i nc reased n umber of devel oped cance rs due  to  HCHO expos u re under  the  P roposed 
Act i on ,  i f  a l l res i dences rece i ve a l l t i g hten i n g meas u res , are g i ven i n  
Tab l e 1 . 16 .- -
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TABLE 1 . 1 5 .  Tota l  Bas e l i ne Forma l dehyde- I nduced Cancers i n  a l l E l ect r i ca l ly  
Heated Res i dences by Res i dence Type and Comb i nat i on of Sou rces 

Si  n g l e -F ami l y  S i  n g l e -F ami ly  
Comb i nat i on Mobi l e  Home Detached Attached A�a rtments  

1 1 0 3 . 5 2  32 . 3 7  3 . 49 l o l l  
2 0 . 0 9 . 65 6 . 49 0 . 0  
3 0 . 0  6 . 824 1 . 26 7  0 . 0  
3a 309 . 20 43 . 7 0  1 7 .48 2 3 . 02  

TABLE 1 . 1 6 .  Tota l  I n crease i n  Forma l dehyde- I nduced Cancer as a Re s u l t  
o f  P roposed Res i de nt i al T i ghten i n g  

S i n g l e -Fami ly  Si n g l e -F ami l y  
Comb i nat i on Mob i l e Home Detached Attached A�a rtment s 

1 47 . 64 2 1 . 87 1 . 87 0 . 7 4 
2 0 . 00 4 . 67 2 . 92 0 . 00  
3 0 . 00  3 . 3 3  0 . 5 7 0 . 00 
3a 1 4 1 . 25  2 8 . 7 2  9 . 18  1 4 .43  

Category 3a  i nc l udes the  fo l l ow i n g  combi nat i ons : A--wi t hout we l l -wat e r ,  and 
s l a b -on -g rade , and u n vented c rawl s pace B - -wi t h  we l l -wate r ,  or  s l a b-on -grade , or 
u n ve nted crawl s pace . 

Some res i dences of Comb i nat i on 3a are not part of t he P roposed Act i on ,  but part 
of the  ex i st i ng  program . The a p propr i ate numbers for t h i s combi nat i on a re 
o bta i ned by mu l t i p l y i n g  the  n umbers i n  Grou p 3a by ( 1  - PSOG ) ( l - Pww ) for  
each res i dence type .  These  n umbers are def i ned to be Group 3aA . Grou p 3aB i s  
t he rema i nde r ,  or  the  number of re s i dences rema i n i n g  after s u bt ract i n g  
Group 3aA numbers from Group 3 a  n umbe rs . T h e  res u l ts of  th i s  computat i on are 
gi ven i n  Ta b l e 1 . 1 7 . 

TABLE 1 . 1 7 . Tota l  Ad j u sted I n crease i n  Forma l dehyde - I nduced Ca ncers as  a 
Re s u l t  of Res i d ua l  Ti ghte n i n g  wi t h  Res i dences wi th  U n ve nted 
Combu st i on  Sou rces and U rea-F o rma l dehyde Foam I n s u l at i on 

C omb i nat i on 
3aA 
3aB 

Mobi l e  S i n g l e -F ami l y  S i n g l e -F ami l y  
Home Detached Attached 

9 3 . 37 
47 . 88 

1 1 . 98 
16 . 7 4  

1 . 18 

5 . 09 
4 . 09  

A�a rtments 
0 . 0 
0 . 0  



The  i nformat i on conta i n ed i n  Ta b l e s  I . 1 6 and I . 1 7  can be used to est i mate the  
n umber of  add i t i onal  ca ncers deve l op i n g  from i nc reased HCHO concentrat i ons  f rom 
t he  P roposed Act i on and va ri o u s  Mi t i gat i o n s -By-Exc l u s i on opt i ons  to that 
act i on .  

The  data of Tab l e s  I . 1 6  a nd I . 1 7  a ssume that al l res i d ences wou l d  rece i ve a l l 
t i ghten i ng measu re s .  Howeve r ,  as  d i scu s sed under the  sect i on on rado n ,  some 
homeowners  have a l ready i nsta l l ed one or more of these  measu res . Therefore , a s  
wa s  d o ne  f o r  radon , a wei ght i n g fu nct i on wa s  u sed to account fo r these  
cond i t i ons . 
Summi n g  the  val u es , except that for mob i l e  home s , fo r Comb i nat i on 3aA , app l y i n g  
a wei ght i n g fu n ct i o n ,  a n d  u s i n g  the  penetrat i on rate the  e st i mated tot a l  
add i t i ona l  cancers for t h e  p re se nt p rogram i s  9 . 0 1  fo r a 70-yr  peri od at 
ri s k . Th i s  equ a l s 0 . 1 3  cance rs per  yea r ,  o r  about 1 cancer about every 
8 years , or  0 . 003  cance rs per  yea r per  100 , 000 peop l e .  

For  the  Proposed Act i on ,  va l ues  for Combi nati ons 1 ,  2 ,  3 ,  3 aB , and 3 aA for 
mob i l e  home s , are summed by res i dence type ,  mu l t i p l i ed by a we i ght i n g funct i on 
and a p prop ri ate penet rat i on rate to  g i ve a va l ue  of  97 .67  e st i mated add i t i ona l 
cance rs devel op i n g .  Ove r a 70-year  peri od of ri s k , t h i s amounts  to 
1 . 395 cance rs per yea r ,  o r  0 . 04 cance rs per year  per 100 , 000 peopl e .  

F o r  the opt i on of the  P roposed Act i on exc l ud i n g  those  res i dences  wi t h  UF F I , t he  
va l ues  for  Grou p s  1 and  3aB a re s umme d ,  a nd  mu l t i p l i ed by a we i ghti n g  funct i on 
and the  app rop ri ate penet rat i on rate to  gi ve a tota l  add i t i ona l  l i fet i me cancer 
i n c i dence of 92 . 0 2 .  Th i s  amounts  to  1 . 3 cancers per  yea r ,  or  0 . 03 cancers p e r  
year p e r  100 , 000 peop l e .  

F o r  the  opt i on of the  P roposed Act i on exc l ud i n g  those  res i dence s wi t h  unvented 
combust i on sou rces , the va l ues  for Grou p s  2 and 3 aB a re summe d ,  mu l t i p l i ed by a 
wei ght i n g  funct i on and appropr i ate penet rat i on rate to  gi ve a tota l  add i t i ona l  
l i fet i me cancer i nc i dence of 68 . 1 .  Th i s  amounts  to  0 . 97 add i t i onal  cancers per  
yea r ,  o r ,  i f  rou nded , 1 cance r per yea r .  Th i s  i s  the  same as  0 . 02  cancers  per  
year per  100 , 000 peop l e .  
F o r  Mi t i gat i on -By-Act i on No . 1 ,  HCHO mon i tori n g ,  the  add i t i ona l  cancers a re 
ca l cu l ated s i mi l ar ly  to the  P roposed Act i on e xcept that concent rat i on i n  a l l 
res i dence types  after  t i ghten i n g  were ass umed to at or  bel ow the  acceptabi l i ty 
l evel  ( 0 .4 p pm ) . No add i t i ona l  l i fet i me cance rs a re e st i mated . 

As - d i scu s sed i n  the  radon  sect i on ,  the  range of va l u es  fo r the  esti mated add i 
t i ona l  cance rs deve l op i n g  f rom e l e vated HCHO concent rat i ons  l eve l s can b e  
obta i ned by con s i der i n g  cond i t i on s  that wou l d  create maxi mum a nd  ml n l mum 
concent rat i on s . These va l u es are g i ven i n  Tab l e  I . 1 8  a l on g  wi th those  va l ue s  
con s i de red t o  b e  typ i ca l . 

BENZO - [a J -P YRENE (SaP ) EXPOSURE 

Peop l e  i n  res i dences  we re con s i dered to  be exposed to  BaP from t h ree sou rce s : 
t obacco smoke ,  u n vented combu sti on app l i ance s ,  and wood stoves . An est i mate 
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TABLE 1 . 1 8 .  Tota l  E st i mated Li fet i me Forma l dehyde- I nduced Cancers Occu rr i n g  
from the  B PA Res i dent i a l Weathe ri zat i on P rogram 

Act i on 

Base l i ne ( p ri or  to BPA program)  
P resent B PA p rogram 
P roposed BPA prog ram 
P roposed BPA p rogram , excl u d i n g 
Res i dences wi t h  

- UF F I  
u n vented combust i on app l i ances 
s l ab-on-grade con st ruct i on or  
basement s ,  or  u n vent i l ated 
crawl s pace 

- wel l water  
- wood stoves 

P roposed B PA p rogram , exc l ud i n g  
- mob i l e  h ome s 

apartments  
Formal dehyde mon i tor i n g  

Average 
Va l ue  

558 . 1  
9 . 1 0  

97 . 67 

92 . 02 
6 1 .85  

Affect s 
Affects  

6 . 2 7  

34 . 02 
89 . 89 
0 . 0  

E st i mated Ra n ge 
Mi n Ma x 
26 . 7 3  
1 . 22  
4 . 39 

3 . 69  
2 . 69 

3455 . 36 
30 . 26 

765 . 7 5 

515 . 1 5  
555 . 96  

Radon V a l ue s  
Radon V a l ue s  

0 . 2 7  56 . 3 3 

3 . 7 5  345 . 1 2  
3 . 56 7 40 . 7 0  

of the  n umber of peop l e who wi l l  deve l op cancer from B aP exposu re i s  based on  
i nformat i on gi ven i n  Append i x E and on the  number of  peop l e  potent i al l y 
affected , as p resented ear l i e r i n  t h i s  sect i on . 

The  BaP concent rat i on t o  wh i ch an i nd i vi d ua l  wi l l  be exposed wi l l  be dependent 
on whether  the  res i dence has  a wood st ove and what f ract i on of the  occu pants  
w i t h i n the  res i dence smoke .  The percentage of  res i dences  wi t h  and  wi t h out wood 
stoves i s  g i ven i n  Tab l e  1 . 1 9  ( f rom 1 . 3 ) . U s i ng  the i nformat i on on n umber of 
smokers pe r househol d ( Sect i on 3 . 1 , Smok i n g )  and the d i str i but i on of fami ly  
s i ze by res i dence typ e ,  the  percentage of  n on - ,  one - ,  a nd  two-smoker  househo l d s  
by res i dence type wa s obta i ned . 

TABLE 1 . 1 9 . Percentage of E l ect r i cal ly  Heated Re s i dences W i th  Wood St oves 
Mobi l e  Si n g l e-Fami ly S i n gl e-Fami l y  

C omb i nat i on Home Detached Attached AEa rtments  
1 22 . 7 40 . 0  1 5 . 3  1 . 4 
2 7 7  . 3  60 . 0  84 . 7  98 . 6  

1 .  2 0  



The i nfo rmat i on on smok i n g wa s used a l ong  wi t h  the  data conta i ned i n  Ta b l e 1 . 1 
to determi ne  what port i on of the  total  for each res i dence type wou l d  conta i n 
vari o u s  numbe rs of c i garette smokers . A one-smoker  res i d ence w ith  u n ve nted 
combu st i on app l i a nces and a wood stove was a s sumed to  have BaP concent rat i ons  
co rres pond i n g to  the l owest concent rat i on est i mated under the  Proposed Act i on .  
The percentage wi t hout these  sou rces wou l d  o n ly  exper i ence BaP concentrat i o n s  
d u e  to  t h e  one-smo ke r .  For  two-smoker  res i dences , t h e  cont r i but i on t o  the  
total  BaP concent rat i on l evel due  to smo k i ng i s  the same as the  Proposed 
Act i on .  For res i d ences wi t h  no smokers  and no u nvented combust i on app l i ances 
and wood stove s ,  the  B aP concent rat i on i n  the  res i dence was cons i dered the  same 
as amb i ent l evel s .  The esti mated BaP concent rat i on s  for the  vari o u s  comb i na
t i ons  cons i de red are l i sted i n  Tab l e 1 . 20 . 

TABLE 1 . 20 . Benzo- [ a J -Pyrene Concent rat i on s  ( n g/ m3 ) a s  a Funct i on of 
Number of Smokers and Occ u r rence of a Wood Stove 

Mob i l e S i ng l e -Fami l y  S i ng l e-Fami l y  
Comb i nat i on Home Detached Attached A�a rtment s 

2 smokers wi t h  1 0 . 6 ( 1 5 . 2 ) ( a )  2 . 2 ( 3 . 2 )  5 . 0 ( 7 . 2 )  8 . 2 ( 1 1 . 9 )  
wood stove 

2 smokers wi thout 3 . 4 ( 4 . 9 )  0 . 7 ( 1 . 0 )  1 . 6 ( 2 . 3 )  2 . 6 ( 3 . 9 )  
wood stove 

1 smo ker  wi t h  8 . 3 ( 1 1 . 9 )  1 . 7 ( 2 . 5 )  3 . 9 ( 5 . 6 )  6 . 5 ( 9 . 3 )  
wood stove 

1 smoker  wi t hout 1 . 1 ( 1 . 6 )  0 . 2 ( 0 . 3 )  0 . 5 ( 0 . 8 )  0 . 9 ( 1 . 3 )  
wood stove 

No  smokers wi th  7 . 1 ( 1 0 . 3 )  1 . 5 ( 2 . 1 )  3 . 4 ( 4 . 9 )  5 . 6 ( 8 . 0 )  
wood stove 

No smokers wi t hout 0 . 1 ( 0 . 1 )  0 . 1 ( 0 . 1 )  0 . 1 ( 0 . 1 )  0 . 1 ( 0 . 1 ) 
wood stove 

( a )  Concent rat i on s , after  a l l t i ghten i n g mea s u res  i n sta l l ed ,  are i n  
p a rentheses . 

As wa s the  case fo r HCHO , p red i cted concent rat i ons  can be re l ated to the  r i s k  
of  deve l op i n g cance r .  Append i x  E g i ves a r i sk  factor  devel oped by P i ke  a nd  
Henderson  ( 1 981 ) ,  fo r l i fet i me l u n g  cance r i nc i dence as  re l ated to typ i cal  BaP 
concent rat i on s .  U s i ng  th i s  fact o r , the n umber of peop l e  affected , and the  
i n format i on p rov i ded i n  Ta b l e 1 . 2 0 ,  the tota l  Ba P - i nduced cancers i n  a l l 
e l e ct r i ca l l y  heated re s i dence s ,  by re s i dence type and comb i nat i on of sources , 
a re g i ven i n  Ta b l e 1 . 2 1 .  
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TABLE 1 . 2 1 . Tota l Benzo-[a ] -Py rene- 1 n duced Cancers i n  Al l E l ect r i ca l l y  
Heated Res i dences by Re s i dence Type and C omb i nat i on o f  Sou rces 

Combi nat i on 
1 
2 

Mobi l e  
Home 

7 1 9 . 4 1  
2 30 .56  

S i n g l e-Fami l y  
Detached 

1229 . 1 2  
243 .66 

Si n g l e-Fami ly  
Attached 
266 . 1 8  
1 62 . 3 3  

Apartments  
88 . 20  

1 7 9 . 59  

Summi n g  the  numbe rs for  a l l co l umn s , a va l u e  of about 3 , 1 19  i s  obta i ned . Th i s  
represents the  t ota l  n umber of l i fet i me l u n g  cancers  i ndu ced f rom BaP expos u re . 
Us i n g a 30-yea r peri od i n  wh i ch a pe rson i s  at r i s k , about 104 cancers  a re 
deve l oped yea r l y ,  or  2 .6 cance rs per  year per  100 , 000 peop l e .  

As res i dences are t i g htened , the  concent rat i on s  of BaP  wi l l  i nc rease . U s i n g 
the  p redi cted conce ntrat i ons  w i t h  t i ghten i n g and the  app roach n oted above , the  
i nc rease or  cha n ge i n  cance r i nc i dence i s  g i ven i n  Ta b l e  1 . 2 2 . 

F o l l owi n g  the  ea r l i e r d i s cu s s i on s , Comb i nat i on 2 ,  or  res i dences wi thout  
combu st i on sou rces , mu st  be  b roken down i nto  two add i t i o na l  catego r i es : 

A--w i t hout wel l -wate r ,  s l a b -on-grade , basement , o r  u n vented crawl s pace 
B --w i t h  e i t her  we l l -wate r , s l ab-on-grade , o r  u n vented c rawl s pace . 

Those res i dences fa l l i n g i nto category A a re n ot pa rt of the P roposed Act i on , 
because  these res i dences  a re part of the  p resent  p rog ram . The app rop r i ate 
va l ues for each res i dence type a re o bta i ned by mu l t i p l y i ng the n umbers i n  
comb i nat i on 2 by ( 1  - PSOG ) ( l - PWW ) '  the va l ues  of wh i c h  are gi ven i n  
Tab l e 1 . 4 .  These n umbe rs are def , ned to  be group 2A . Group 2B i s  the  
rema i n de r ,  that i s ,  t hose  res i dences  meet i n g cr i ter i a B above and that are 
e l i g i b l e  for the P roposed Act i on ( see Tab l e 1 . 2 3 ) .  
W i t h  the i n format i on p resented i n  Tab l es  1 . 2 2  and 1 . 2 3 ,  t he numbe r  of Ba P
i n duced cancers resu l t i n g f rom house  t i ghten i n g for the  P roposed Act i on and  
var i ous  mi t i gat i ons  can  be computed . U s i n g an approp ri ate we i ght i n g  factor and 
the penet rat i on rate and summ i n g  the  va l ues for 2A , except t h ose for mobi l e  
h omes , t he tota l numbe r of l u n g  cancers att r i buted to  the  present  program i s  
48 .9  peop l e .  For  a 30-year peri od at ri s k , t h i s f i gu re means  t hat on a yea r ly  
ba s i s greater t h a n  one person wi l l  deve l op l u n g  cance r from B a P  exposu re , o r  
0 . 04 cancers per  year per  100 , 000 peop l e . 

F o r  the  P roposed Act i on ,  the Comb i nat i ons  1 ,  Category 2B , and mob i l e  home s of 
2A are summed and mu l t i p l i ed t i mes t he app ro p ri ate we i g ht i ng facto r  and 
penetrat i on rate to  g i ve 5 1 3 . 2  BaP- i n du ced cance rs . Over a 30-yea r  peri od of 
ri s k ,  t h i s  corresponds to  a va l ue of s l i g ht l y  g reater  t han 1 7  cancers i nduced 
yea rl y from i ncreased BaP concent rat i on s , or  0 .4 3  cance rs pe r yea r  per  
100 , 000 peop l e .  
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TABLE 1 . 22 . Tota l  I nc rease i n  Ben zo- [ a J -Py rene- I nduced Cancers as a 
Res u l t of P roposed Res i dent i al Ti g hten i n g 

Combi nati on 
1 
2 

Mobi l e  
Home 

316 . 1 6  
2 3 . 37 

S i ng l e -Fami l y  
Detached 
542 . 9 2  
39 .92  

TABLE 1 . 2 3 . Tota l  Adj u sted I n c rease i n  
as a Res u l t  of Res i dent i a l  

Mob i l e  S i n g l e-Fami l y  
Cate90r� Home Detached 

2A 15 .45  18 .80 
2B 7 . 92 2 1 . 12 

S i n g l e -F ami l y  
Attached 

1 1 6 . 86 
25 .00 

Apartments  
38 . 5 3  
56 . 54  

Be nzo- [a J -Py rene- I n duced Cancers 
Ti ghten i n g  

S i ng l e -Fami l y  
Attached Apa rtments  

13 . 7 5  0 . 0  
1 1 . 25  0 . 0 

F o r  the  mi t i gati on  to  the  P roposed Act i on excl ud i n g  those  res i dences  wi t h  
u n ve nted combu st i on  sou rce s ,  t h e  va l ues  for Categor i es  2A and 2B are s ummed a nd  
mu l t i p l i ed by the  app rop ri ate penet rat i on  rate to  gi ve  a tota l  cancer i nc i dence 
of 69 . 2 . Thi s c orres ponds t o  a s l i g ht l y  over 2 ca ncers per yea r ,  or  
0 . 06 cancers per yea r per  100 , 000 peopl e .  
BaP was con s i de red to  be emi tted f rom wood stoves and  t obacco smok i n g .  There
fore , another  mi t i gat i on by exc l u s i on opt i on was i n vest i gated , that i s ,  
exc l ud i ng  res i dences  w i t h  wood stove s . I f  that mi t i gat i on was chosen , about 
2 . 7  l i fet i me l u n g  cance rs a re est i mated to occu r ,  or  about 1 add i t i o na l  cancer 
every 10 yea rs . 

For  Mi t i gat i on-By-Act i on No . 2 ,  i n sta l l i n g AAHX i n  res i dences wi t h  wood stove s , 
the  add i t i ona l  number of l i fet i me cance rs were est i mated by a s sumi ng  n o  reduc
t i o n  i n  t he  a i r exchange rate , t h u s  there was no  i nc rea se  i n  B a P  concentra
t i o n s . The add i t i ona l  l i feti me l u n g  cance rs a re 2 . 7 o r  1 addi t i ona l  cance r 
every 10 yea rs . These va l u es a re equ a l  to  the  P roposed Act i on wi t h  Mi t i gat i o n
By-Exc l u s i on Measu re No . 5 ,  no  wood stoves . 

As was con s i de red for radon and HCHO , maxi mum and mi n i mum  average BaP 
concent rat i ons  were u sed to  est i mate t he ra n ge of  B a P -i n duced cance rs as  a 
re�u l t  of the BPA weat heri zat i on p rog rams . The ra nge and ave rage val u e  of 
e st i mated i ndu ced cancers for the  p resent and p roposed B PA weathe ri zat i o n  
p rogram , a n d  f o r  vari o u s  mi t i gat i ons  to the  Proposed Act i on ,  a re gi ven i n  
Tab l e 1 . 2 4 .  The u pper end  of the  ra n ge wou l d  be rea l i st i c  i f  a l l res i dences 
had sma l l e r than norma l vo l ume s , l ow a i r-exchange rates , used  a wood stove 
cont i n u ou s l y  and have 1 00 c i ga rettes per day smoked i n  the res i dence . 
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TABLE I . 2 4 .  Tota l  E st i mated L i fet i me Be nzo- [a J -Pyrene- I nduced Lung  
Cancer  Occu rri n g  f rom the BPA Res i dent i a l Weather i z at i o n 
P rogram 

Act i on 

Base l i ne ( p ri o r  to BPA program) 
P resent BPA p rogram 
P ropo sed BPA p rog ram 
P roposed BPA p rog ram excl ud i n g  

res i dences wi t h  
- u n ve nted combu st i on sou rces 
- wood stove s 

P roposed BPA p rog ram , exc l u d i n g 
- mob i l e  homes 
- apartments  

AAHX for  wood stoves 

REFERENCES 

Average 
Val u e  

3 1 1 9 . 0  
48 . 9  

5 1 3 . 2  

6 9 . 2  
2 . 7 

398 . 8  
47 2 . 3 

2 . 7  

E st i mated Range 
M i n 

555 . 9  
6 . 9  

69 . 3  

1 3  . 3  
0 . 5 

55 . 2  
60 . 2  

Ma x 

28 , 961 . 7  
4 1 0 . 0  

4 , 7 07 . 3  

483 . 9  
2 1 . 1  

3 , 47 3 . 9  
4 , 452 . 4  
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APPEND I X  J 

WEATHER I ZAT ION R I SK ASSESSMENT 

Al l soc i et i es and i nd i v i dua l s have recogn i zed expos u re to persona l  r i s k  as a 
normal pa rt of l i fe .  These  ri s k s  can be c l a s sed as  vol u nt a ry or i n vol u ntary .  
When  i nd i v i du a l s h ave " vo l untar i l y" taken r i s k s  for persona l  p l ea s u re o r  p rof i t  
( e . g . , fl y i n g i n  a n  ai rpl ane , rock c l i mb i n g ) , they appea r to  b e  wi l l i n g t o  
accept fa i rl y  h i gh r i s k  l evel s i n  retu rn f o r  rather modest quant i f i ab l e bene
fi ts  ( Starr  1 9 7 7 ) .  As s umi n g  that tang i b l e benef i t s  do  exi st , t he  cont rol l i n g  
pa rameter appears to  b e  t h e  i nd i v i d ua l · s  percept i on o f  h i s / her  own ab i l i ty to  
manage the  ri s k  created by the  s i t uat i on . I nd i v i d ua l s are mu ch  l es s  wi l l i n g to  
accept " i n vo l u ntary"  r i s k s  ( e . g . , l i v i n g i n  c l ose p rox i mi ty to a n uc l ea r powe r 
p l ant or  tox i c waste repos i to ry ) , even for potent i a l l y  l a rge quant i f i ab l e 
benefi t s .  

Here we a re i nt e rested i n  putt i n g  t h e  vol u ntary ri s k s  ( i . e . , res i de nce 
weatheri z at i on )  from expos ure t o  rad i at i on ( i . e . , radon ) and a k n own carc i nogen  
( i . e . , Benzo- [ a ] -Pyrene ( BaP ) ) , wh i ch may i nc rease  i n  concentrat i on wi th i n  
weather i zed res i dences , i nto  perspect i ve w i th  a var i ety of other  wel l - known 
vol u ntary ri s k s . 

There a re severa l  met hod s  of compari n g  u n re l ated vol u ntary r i s k s . The  f i rst 
met hod i s  to compare d i s s i mi l a r act i v i t i es t hat res u l t  i n  a common r i sk  ( e . g . , 
1 death i n  a popu l at i on of 100 , 000 peopl e partak i n g i n  the speci f i c act i v i ty 
for vari ous  l engths  of t i me ) . The second method i s  to  p resent d i s s i mi l a r 
act i v i t i es of va ri ab l e r i s k  over a common l en gt h  of t i me ( e . g . , 1 year ) .  An 
e xamp l e of the  f i rst method i s  p resented i n  Tab l e J . l .  Th i s  tabl e presents  
1 0  d i fferent vol u nt a ry act i v i t i es req u i r i n g vari o u s  l engths  of  i n vo l vement t hat 
wou l d  a l l res u l t  i n  a s i mi l a r r i s k .  R i sk i s  exprSs sed as 1 d eath i n  an e xposed 
popu l at i on of 100 , 000 part i c i pants  ( a  ri s k  of 10- ) .  In  other  wo rd s , i f  
100 , 000 peop l e al l t rave l ed 7000 mi l es by a i r ,  i t  i s  l i ke ly  t hat one person 
wou l d d i e  i n  an a i rpl ane  acc i de n t .  S i mi l a r ly , i f  100 , 000 peop l e smoked 10  to  
30 c i ga rettes , it  wou l d  be e xpected that one person wou l d d i e from l un g  cancer 
caused by smok i n g .  Th i s  method can be confu s i n g  because  t i me may ( e . g . , rock 
c l i mb i n g  for  1 5  mi nutes ) o r  may n ot ( e . g . , cross i n g the  ocean by a i r )  be  
i n vol ved . 

Therefore , a second met hod i s  p resented that re l ates  se l ected act i v i t i es l i sted 
i n  Tab l e J . l ,  p l u s  s everal  others , on an equa l  t i me-of-e xpos ure bas i s 
( Tab l e J . 2 ) .  Th i s  tab l e i l l u s t rates the  expected deaths per year i n  the  U . S .  
popu l at i on f rom each acci dent type .  The s h o rtcomi n g  of th i s  method i s  t hat 
each  member of the U . S .  pop u l at i on i s  assumed to  be an equ a l  member  of the  
popu l at i on at  ri s k .  C l eary ,  th i s  ass umpt i on i s  n onconservat i ve ly  l ow [e . g . , i n  
a l most al l cases the  act ua l  exposed popu l at i on i s  l owe r than  the  U . S .  popu l a 
t i on that wou l d  act to  e l e vate the  death rate ( ri s k ) ] .  Tornadoes and h u rr i 
canes  are c l ear  examp l es  of th i s  con servat i sm. We wou l d  gu e s s  that l es s  than  
h a l f the  U . S .  l and area i s  s u bj ect to  t h ese  nat u ra l  forces . Al s o ,  the  popu l a
t i on d i st ri but i on i n  the  mi dwest to  southeast probab ly  cont a i n s  l es s  than ha l f 
the  U . S .  popu l at i on .  However ,  i f  we a s s ume that 100 ,000 , 000 peopl e make u p  t h e  
exposed popu l at i on ( st i l l  somewh at con servat i ve ) , t h e n  the  comb i nat i on o f  
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TABLE J . l . Vo l u ntary Act i v i t i es that carr.(� ) a Ri s k  of One Death for Each 
100 , 000 Persons Part i c i p at i n g  

Act i v i ty 
T rave l i n g 7 000 mi l es by a i r 
C ross i n g the ocean  1 0  t i mes  by ai r 
T rave l i ng 600 mi l es by automob i l e  
L i v i n g  for 2 yr i n  De nver  
L i v i ng for  2 yr i n  a stone bu i l d i n g 
Wo rk i n g  fo r 1 5  weeks  i n  a typ i ca l  factory 
Wo rk i ng for 30 h i n  a coal mi ne  
Smok i n g from 1 0  to 30 c i ga rettes 
Roc k -c l i mb i ng  for 15  mi n 
3 h be i n g  a ma n aged 60 
B reath i ng 0 . 0048 pCi /t  radon fo r l i fe ( b )  
B reat h i n g  0 . 0 1 4  n g  BaP/m3 for  l i fe ( b )  

Cause  of Death 
Acci dent 
Cancer from cosmi c rays 
Acci dent 
Cancer from cosmi c rays 
Cancer from rad i oact i v i ty 
Acc i dent 
Acci dent 
Cance r ,  heart-l u n g  d i sease  
Acci dent 
Mo rta l i ty from a l l cau ses  
Lung  cancer 
Lung  cancer 

( a )  Taken from Upton 1 982 and mod i f i ed to exp re s s  a ri s k  of 1 0- 5  
( b )  Add i t i ons from t h i s st udy . 

TABLE J . 2 .  Av� rage R i s k  of Fata l i ty by Vari ous  Causes  ( NRC 197 5 )  

Acci dent Type 
Motor Ve h i c l e 
F a l l s 
F i res and Hot Substances  
D rown i n g 
F i rea rms 
B reat h j n g  1 ng/m3 BaP for 

l i fe � a J  
B reath i ng O�3 pC i /t radon 

for 1 i fe � } 
Ai  r Travel  
F a l l i ng Objects 
E l ect rocut i on 
L i ghtn i n g  
To rnadoes 
Hu rri canes 

( a )  Add i t i ons  from t h i s study . 

Death s /yr 
pe r U . S .  Popu l at i on 

J . 2  

5 5 , 79 1  
1 7 , 827  
7 , 451  
6 , 181  
2 , 309 

1 , 7 78  
1 , 27 1 
1 , 1 48 

1 60  
9 1  
9 3  

Deaths /y r 
pe r 1 00 , 000 Peopl e 

25  
8 
3 . 4 
2 . 8  
1 

< 1  
0 . 9 
0 . 8 
0 . 58 
0 . 52 
0 . 07 
0 . 04 
0 . 04 



deat h s  per yea r �rom Tabl e J . 2 ( 9 1  + 93 )  i s  d i v i ded by 108 peop l e and 
mu l t i p l i ed by 50 .  Th i s  resu l ts i n  an e st i mate of 0 . 18 deaths i nstead of 0 . 08 
deaths 1 yr/ 1 0  peopl e ,  wh i c h i s  a factor  of 2 h i g her  than presented i n  
Ta b l e J . 2 .  These examp l es i l l u s t rate how i mprec i se r i s k  asses sments can be 
and , thus , these asses sments  shou l d  be u sefu l as o n ly  g ro s s  mea s u re s  of 
pote nt i a l r i s k .  
RADON 

In Appe�d i x F ,  the l i fet i me r i s k  of dy i n g of l u n g  cance r from breath i n g 1 pC i 
radon/m for l i fe i s  a s sumed to  be 2 . 1  x 1 0-6 ( see sect i on on Lung  Cancer  R i s k  
P red i ct i on Mode l ) .  Th i s  r i s k  val u e  can be exp res sed mo re c l ea s l y  a s  0 . 2 1  
deaths over a l i fe� i me i n  a n  exposed popu l at i on of 100 , 000 ( 1 0 ) peopl e b reat h 
i n g radon ( 1  pC i /m ) f o r  l i fe .  T h e  potent i a l ri s k  from radon  exposu re that may 
a r i se from res i dence t i ghte n i ng  can be put i nto  perspect i ve w i t h  these ot he r  
vo l u nt a ry ri s k s .  

Reca l l that i f  100 , 000 peop l e  al l t rave l ed 7000 mi l es by a i r ,  i t  i s  l i ke l y  that 
one pe rson wou l d d i e  i n  an ai rp l ane acc i dent . To p redi ct 1 death from radon 
exposu re�1 00 , 000 exposed peop l e ,  the  §oncent rat i on wou l d  have t o  be i nc reased 
( 1  pC i /m = 30 . 21  deat h s )  to  4 . 8  pC i /m ; t herefore , the ph rase " b reath i n g 4 . 8  
pC i rado n/m fo r l i fe "  c� n be added t o  Ta bl e J . 1  and be equated t o  t h e  other 
ent r i es at a r i s k  of 1 0-

• 

Tabl e J . 1  i nd i cates that 1 death wou l d  be expected i n  a smok i n g popu l at i on of 
100 , 000 pe rsons  i n ha l i n g smoke f rom 1 0  to  �O c i ga rettes . The s ame r i s k  i s  
encou ntered from breat h i n g 4 . 8  pC i radon/m for  l i fe .  

The radon r i s k  factor can be reduced from a l i fet i me r i s k  factor  t o  an a n n ua l  
r i s k  facto r  ( to  compa re to val u 6s presented i n  Ta bl e J . 2 )  by d i v i d i ng  by 
70 yea r s . Therefore , 2 . 1 x 1 0- becomes an 3est i mate of  0 . 003  deaths/yr/ 1 0 5 
e xposed peop l e from breath i n g 1 pC i radon/m for l i fe .  Tabl e 1 . 8 est i mates 
t hat the average e l e vated radon concent rat i on t�at may occu § i n  weather i zed 
Pac i f i c No rthwest res i dences i s  about 300 pC i /m ( 0 . 3  pC i / � ) .  Th i s  concen
t rgt i on wou l d l ead to  an e st i mate of  0 . 9 deat h s /yr  i n  an exposed  popu l at i on of  
1 0  i nd i v i d ua l s .  Th i s  va l u e can  be  put  i nt o  Ta b l e J . 2 ,  for a ve ry gros s com
par i so n .  Remember that most va l ues i n  Tabl e J . 2 a re a rt i f i c i a l l y  l ow because  
of the ove r l y  con se rvat i ve assumpt i on that the who l e U . S .  popu l at i on ma kes  up  
the e xposed popu l at i o n .  Therefo r e ,  i t  i s  l i k e ly  that a more real i st i c  p l ace
ment of  radon r i s k  wou l d  be  i n  a l �wer pos i t i on i n  the  tabl e .  The l i fet i me r i s k  
from i n ha l at i on o f  300 p C i  radon /m i s  equa l  t o  smok i n g 625-187 5 c i ga rettes o r  
1 0  t o  3 1  days o f  smo k i n g for a 3-pack/day-smo k e r .  

BENZO- CaJ -PYRENE ( B a P )  

A second carc i nogen l i ke l y  to b e  encou ntered i n  s l i ght ly  h i gher  concent rat i ons  
i n  Pac i fi c  Nort hwest weather i zed res i dences  i s  BaP ( see Append i x E ) .  

P i k e  and Hend3rson ( 1 981 ) have dete rmi ned that an env i ronmenta l  concent rat i on 
of 1 ng BaP/m i s  l i k e l y  to  resu l t  i n  7 3  l u ng cance r deaths i n  a popu l at i on of 
1 0 5 persons  over a 70-year  pe r i od ( s ee Ta b l e E . 2 ) . Th i s  va l ue can be mod i f i ed 
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for  ent ry i nto  Tabl e J . 1 .  As sumi n g  a l i nea r nont h re s ho l d dose- response  
funct i on ,  1 l un g  cancer  deat� i n  a 1 0� person exposed popu l at i on wou l d  res u l t  
f rom i nh a l i n g 0 . 0 1 4  n g  BaP/m ( 1  ng/m + 7 3  deat h s ) .  I f  the l i fet i me ri s k  
factor  for radon i s  reduced t o  a n  a nnua l  r i s k  factor ( by d i v i d i n g the l i fet ime 
facto r  by 70  yea rs ) the res u l ts  can be compa red to  the va l u es  p resented i n  
Tab l e J . 2 .  

I f  the BaP l i fet i me ri s k  i s  reduced t o  a n  annua l  ri s k , i t  can be compa red to  
the  other  vo l u ntary r i s k s  i n  Tab l e J . 2 .  I f  the  l i fet i me r i s k  of  7 3  l un g  cance r 
deat h s  i s  d i v i ded by 70 yea rs , the  annua l  r i s � of about 1 l u n g  cance r deat h/y r 
i s  obta i ned from the  i n ha l at i on of 1 n g  BaP/m for l i fe .  Append i x  I i nd i cates  
t hat  the  ave rage e l e vated BaP concent rat i on jhat may occ u r  i n  weather i zed 
Pac i fi c Northwest res i dences i s  about 1 ng /m . Th i s  concens rat i on wou l d l ead 
to  an est i mate of 1 deat h/y r  i n  an exposed popu l at i on of 10  i nd i v i du a l s .  Th i s  
va l ue can n ow be p l aced i nto  Tabl e J . 2 for pe rspect i ve .  
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APPEND I X  K 

PRED I CT I ON OF ELECTR I CAL LOAD REDUCT I ON 

Th i s  append i x  p rov i des a bas i s for the energy sav i n gs u sed i n  t h i s E nv i ron
menta l  Impact St atement ( E I S )  a nd  exp l a i n s the  back g round of  the  met hod by 
wh i ch they we re cal cu l ated . 

BPA recent l y  perfo rmed a second s u rvey of res i dences  i n  the  BPA se rv i ce a rea . 
O n ly  a stat i st i ca l l y  s i g n i f i cant s ampl e was su rveyed .  For  the  pu rpose of  t h i s 
ana l y s i s ,  average s , as  p rov i ded by t h i s samp l i n g ,  we re taken to  be typ i ca l  of 
the  l a rger  samp l e of a l l res i dences i n  the  Pac i f i c  No rthwest . Excess  i ns i g
n i f i cant f i gu res  we re ca r r i ed t h rough  the cal c u l at i on s  to avo i d  compou nd i n g of  
rou nd-off e rrors . The s u rvey d i v i ded the  re g i on i nto  t h ree heat i n g zones  ( Zone  
1 :  4000 to  5999 heat i n g degree-day s ; Zone  2 :  6000 to  7999 heat i n g  degree
day s ; and Zone 3 :  8000 to  8999 heat i n g deg ree-day s ) .  The n umber of e l ect r i c 
powe r cu stome rs i n  each heat i n g  zone i s  g i ven i n  Ta b l e K . 1 .  F o r  the pu rpose of 
fu rther  a na lys i s ,  a typ i ca l  res i dence i n  Zone 1 i s  taken  to  have a 5000 heat i n g  
deg ree-day sea son  ( 6 5% bas i s ) ; for Zones  2 and 3 the  va l u es  u sed we re 7000 and 
8500 heat i n g deg ree-days , respect i ve l y .  

The  number o f  res i dences  meet i n g the  cr i ter i a of the BPA weat he r i zat i on p ro
g ram,  ( i . e . , t h ose h av i n g  permanent ly  i n sta l l ed e l ect r i c  space h eat ) ,  i s  not 
the same a s  e l ect r i c  powe r cu stome r s . Th i s  i nfo rmat i on i s  req u i red to 
accu rate ly  est i mate the  numbe r of res i dences cove red u nde r  the P roposed Act i o n 
( see Tab l e K . 2 ) . 

F o r  each zone , each res i dence wa s c l a s s i f i ed as  to whet he r o r  not i t  wa s 
cau l ked . Weatherst r i p p i n g  was add res s ed i n  the  s ame way . The pe rcentage of  
res i dences ava i l ab l e to  be cau l k ed i s  dete rmi ned by the  rat i o of  those  
comp l ete l y  u n cau l ked t o  the  t ota l  of those comp l ete ly  cau l ked p l u s  those  
tota l l y  uncau l ked . The percentage of the  res i dences to  be  weat he rstr i p ped i s  
dete rmi ned i n  the same man n e r .  

TABLE K . l . E l ect ri c  Power C u stomers  by C l  i mate Zone 

Res i dence Tt�e Zone 1 Zone 2 Zone 3 Tota l  
Mobi l e home s 196 , 793  6 3 , 06 7  5 5 , 480 3 1 5 , 340 
S i n g l e -fami l y  detached 1 , 3 5 7 , 642 324 , 564 320 , 304 2 , 002 , 51 0  
S i n g l e -fami l y  att ac hed 2 1 5 , 245 52 , 068 46 , 1 1 4 3 1 3  , 427  
Apartments  2 1 7 , 7 37  45 , 302 1 9 , 46 1  282 2500 

2 , 91 3 , 7 7 7  
The resu l ts o f  data acqu i red f rom t h e  s u rvey rega rd i n g  t h e  pe rcentage o f  
res i dences need i n g  weathe rst r i p p i n g ,  cau l k i n g ,  and sto rm wi ndows a re g i ven i n  
Tab l es  K . 3  and K . 4 . 
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TABLE K . 2 . Number  of E l ect ri ca l ly  Heated Res i dences 
Meet i n g  P rog ram C ri t e ri a 

Numbe r  
E l ect ri ca l l y  

Res i dence Type Heated 

Zone 1 
Mob i l e  homes 140 , 7 0 7  
S i ng l e-fami l y  detached 566 , 1 36 
S i ng l e -fami ly  attached 1 55 , 407 
Apa rtments 19 2 , 69 7  

Z o ne  2 
Mobi l e  homes 45 , 0 9 3  
S i ng l e-fami l y  det ached 1 35 , 343  
S i  ng l  e-fami ly  attached 37 , 59 3  
Apa rtments 40 , 092 

Zone 3 
Mobi l e  homes 39 ,668 
S i ng l e-fami l y  detached 1 3 3 , 567  
S i n g l e-fami ly  attached 3 3 , 294 
Apa rtments  16 , 6 39  

TABLE K . 3 . Pe rcentage of Weathe rst ri p p i ng and Cau l k i ng Meas u res Needed 

Res i dence Type Zone 1 Zone 2 Zone 3 

Weat he rst ri ppi ng 
Mobi l e  homes 84 82 7 5  
S i ng l e -fami l y  detached 74  74  74 
S i ng l e -fami ly  attached 81 85 87 
Apa rtments  96 89 97 

Cau l k i ng 
Mobi l e  h omes 87 81 7 4  
S i ng l e-fami l y  detached 76 77  72 
S i ng l e -fami ly attached 87 90 90 
Apa rtments  98 96 92 
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TABLE K . 4 .  P e rcentage of W i ndows Not Sto rmed 

Res i dence T'y�e Zone 1 Zone 2 Zone 3 
Mob i l e  home s 1 1 . 0  20 . 0  1 1 . 0 
S i ng l e-fami ly  detached 38 . 0  49 . 0  48 . 0  
S i ng l e-fami l y  attached 38 . 0  57 . 0  33 . 0  
Apartments  3 0 . 0  3 1 . 0  28 . 0  

The recent su rvey a l s o  prov i ded i nfo rmat i on on the  percentage o f  each res i dence 
type that needed out s i de wal l i n s u l at i o n .  Th i s  i n fo rmat i on i s  p rov i ded i n  
Tab l e K . 5 .  

TABLE K . 5 .  P e rcentage of Res i dences Need i n g Out s i de 
Wal l I n su l at i on 

Res i dence Tt�e Zone 1 Zone 2 Zone 3 
Mobi l e  h ome s 1 0 . 1  1 5 .4 1 8 . 4  
S i ng l e -fami l y  detached 41 . 0  3 7 . 2  30 . 1  
S i n g l e -fami l y  attached 5 4 . 7  44 .0  45 . 7  
Apa rtments  35 . 9  56 . 8  5 0 . 0  

T h e  data i n  Tab l e A . 2  p ro v i de i n fo rmat i on o n  t h e  potent i a l f o r  app l i cati on o f  
each t i ghten i n g  meas u re i n  each type of res i dence , by zone . T h e  ave rage 
effect i venes s of these act i ons are p resented i n  Tab l e K . 6 .  These data are then  
converted i nto  red uct i on i n  energy con s umpt i on ( by bu i l d i n g type and  zone ) by 
ca l cu l at i n g an ave rage change i n  vent i l at i on per res i dence ( of each typ e )  i n  
each zone and then  by mu l t i p l y i n g  by the  tota l  numbe r of such res i dences , 
g i v i n g a total  reduct i on i n  n umbe r  of a i r changes  pe r hour  ( ACH ) for each zone 
for  each res i dence type . These numbe rs appear  be l ow :  

Zone 1 Zone 2 Zo ne 3 
Mobi l e  homes 4 , 306 1 , 447 1 , 0 7 7  
S i n g l e-fami l y  detached 60 , 698 1 6 , 022 1 5 , 2 7 6  
S i  n g l  e -fami l y  attached 1 3 , 0 34 3 , 6 1 7  2 , 768 
Apa rtments  1 4 , 299 2 , 981 1 , 229 

When out s i de a i r comes i ndoors at a tempe rat u re l owe r than t hat of a b u i l d i n g ,  
i t  mu st be heated to ma i nt a i n the  i ndoo r tempe rat u re .  Heat i n g th i s  a i r 
requ i res an amount of e nergy that i s  the  p roduct of the  amount of a i r h eated , 
t h e  change i n  tempe rat u re ,  and the  s peci f i c heat ( a t  con stant p res su re ) of the  
a i r .  The heat i ng  degree-day i s  dev i sed to  mea s u re the  seasona l  heat i n g l oad . 
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TABLE K . 6 .  Ave rage Effect i veness  of Ti ghten i n g  Mea s u res 
( i n  ai r changes  per  hou r )  

Res i dence Wa l l Storm W i ndows 
Type I n s u l ati on and Doors  Weatherst r i ppi ng  Cau l k i ng Total  

Mobi l e homes 0 . 04 0 . 030 0 . 0 18  0 . 014  0 . 1 02  
S i n g l e-fami l y  0 . 1 2  0 . 086 0 . 05 3  0 . 040 0 . 229 

detached 
S i ng l e -fami l y  0 . 08 0 . 059  0 . 037 0 . 028 0 . 204 

attached 
Apartments  0 . 07 0 . 05 1  0 . 032  0 . 024 0 . 1 7 7  

F o r  each day that t h e  ave rage out s i de t emperat u re i s  be l ow 6 5 °F , a n umber of 
heat i n g  deg ree-days  acc rue that a re dete rmi ned by mu l t i p l y i n g  the  d i fference 
between 6 5 °F and the  ave rage dai l y  tempe ratu re by one day .  The 6 5 °F bas i s was 
chosen at the t i me of estab l i s h i n g  the  heat i n g  degree-day concept because  the  
ave rage res i dence at  that t i me was found to  be ab l e to  mai ntai n a 7 0°F i nt e r i o r  
t empe rat u re a s  a res u l t of i nter i o r  act i v i t i es at an out s i de tempe ratu re of 
6 5 0F . S i nce t hat t i me i t  has been found t hat the average res i dence i s  a b l e t o  
mai nta i n i ndoor  tempe rat u res  a t  bel ow 65°F . Accord i n g l y ,  t h e  Ame ri can Soci ety 
of Heat i n g ,  Refr i gerat i o n ,  and Ai r Cond i t i on i n g E n g i neers ( ASHRAE ) has  deve l 
oped a co r rect i on fact o r ,  CO ' to  connect wi t h  65°F  bas i s to p resent cond i t i on s . 

A samp l e ca l c u l at i on for a res i dence wi th one a i r-change per  hou r (AC H )  i n  5000 
heat i n g  deg ree-day re§ i on 3fol l ow s .  The res i dence under  con s i d e rat i on has  an 
a i r vo l ume of 12  x 10 ft . The p roduct of t h e  seasona l  vol ume a i r change and 
d i ffe rence i n  out s i de temperatu re bel ow 65°F i s  as fol l ows : 

V�T = 5000 deg ree-days x 24 -%-
X 1 a i r change 3 ft3 

h x 1 2  x 1 0  ai r change 

= 1 . 44 x 109 ° F _ft 3 

W i th a �aeci fi � grav i ty of 1 2 . 00 x 1 0-4 the  den s i ty ai r at 7 0° i s  62 .43 x 
1 2  x 1 0  l b/ft . The speci f i c heat of ai r at con stant p res s u re ( C  ) i s  
approxi matel y  0 . 24 Btu / l b - oF . Th u s ,  the  seasona l  heat i n g l oad Q wgu l d  b e  

Q = V�T 0 F _ft 3 x 1 2  x 62 .43 x 1 0-4 � x 0 . 24 �t
b
u 

ft 3 

6 
= 2 5 . 9  x 1 0  Btu 

To th i s must be app l i ed the factor  CO . When th i s  i s  done , and s i mi l a r 
cal c u l at i ons  pe rfo rmed for  the  ot her  lones , the res u l ts are as  fol l ows : 
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Seasona l  Heat i n g 

Degree-Days � 1 
Dema nd f60m 

ACH/h ( 1 0 Btu ) 

Zone 1 5000 0 . 60 1 5 . 5  
Zone 2 7000 0 . 6 3  22 . 9  
Zone 3 8500 0 . 66 29 . 1  

When these Q va l u es are ap p l i ed to the tota l  ai r-exc hange rates  ci ted above , 
the  total  potent i a l s av i n gs ,  by res i dence type and zone , a re as g i ven i n  
Ta b l e K . 7 . I n c l uded i n  these va l u es a re the therma l ene rgy sav i n gs f rom add i n g  
storm wi ndows . These ca l c u l at i ons a re based o n  the fol l owi ng  a ve rage vo l ume s :  

Mobi l e  homes 
S i n g l e -fami ly detached 
S i ng l e-fami l y  attached 
Apa rtments 

7 , 9 50  ft� 
1 3 , 533  ft 3 8 , 460 ft 3 6 , 000 ft 

Tabl e K . 7  g i ves the a n n ua l  ene rgy sav i ngs  bot h i n  Btu and i n  annua l  ave rage MW 
( i  . e . ,  i n  MW-y r ) .  The a ve rage sav i n gs ( i n  kWh ) for res i dences recei v i n g  a l l 
t he  t i ghten i n g measu res ( n ot i n c l u d i n g  othe r  meas u res ) a re as fol l ows : 

A i r-Exchan ge 
Reduct i on 

Res i dence T�Qe ( a i r change s / h ) Zone 1 Zone 2 Zone 3 
Mobi l e  homes 0 . 1 02 1 504 1934 2042 
S i n g l e -fami ly  detached 0 . 299  2236 2694 3268 
S i ng l e -fami ly  attac hed 0 . 2 04 1857 2 199  2 3 1 7  
Apa rtments 0 . 1 7 7  1 3 2 1  1 585 1 690  

The second BPA  Re s i dent i a l Ene rgy Su rvey p rov i ded data  that  we re u sed to  
est i mate the  pe rcentage of  each res i dence type hav i n g  each of  the  cha rac
ter i s t i c s  cau s i n g  the  re s i de nce to meet one of the  exc l u s i on cr i ter i a .  These 
pe rcentages we re taken  to be the  p roba b i l i ty th at a randomly chosen res i dence 
wou l d  have such characte r i s t i c s . The p resent  p ro g ram con s i sts  of a l l those  
res i dences th at fai l none  of  the  exc l u s i on c r i te ri a .  The p robab i l i ty of  each  
re s i de nce type fa l l i n g i nto  t h i s category i s :  

o r  

N 
PE = II ( 1  - P . ) 

i - I 1 

P E = ( 1  - P1 ) ( 1  - P2 ) · · · · ( 1  - PN ) 

whe re : PI ' P2 , • • • •  PN i s  the p robabi l i ty that the res i dence type meets the  
e xc l u s i on c r l te r i a  ( i . e . ,  has an u n ve nted combu st i on app l i ance , bu i l t  s l a b 
on-g rade , etc . )  and PE i s  pe rcentage e l i g i b l e - fo r  t i ghten i n g u nde r the p resent  
p ro g ram.  
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TABLE K . 7 .  

Res i dence T� 
Mobi l e  h omes 

S i n g l e-fami l y  
A detached . 
0'> 

S i n g l e-fami ly  
attached 

Apa rtments  

Pote nt i a l An n ua l  Ene rgy Savi n gs if  a l l Avai l ab l e Ti ghten i n g  Reduct i on 
I n c reases a re Ap p l i ed 

Zone 1 Zone 2 

9 . 78 x 1 01 0  Btu 6 . 38 x 1 01 0  Btu 
( 3 . 27 MW ) ( 2 . 1 4 MW ) 

1 . 88 x 1 01 2  Btu 6 . 44 x 1 01 1  Btu 
( 6 3 . 02 MW ) ( 2 1 . 56 MW ) 

4 . 60 x 1 01 1  Btu 1 . 61  x 1 01 1  Btu 
( 1 5 . 38 MW ) ( 5 . 39 MW ) 

3 . 20 x 1 01 1  Btu 9 . 7 9  x 1 01 0  Btu 
( 1 0 . 7 0  MW ) ( 3 . 2 7  MW ) 

Zone 3 

4 . 70 x 1 01 0  Btu  
( 1 .  5 7  MW ) 

7 . 39 x 1 01 1  Btu  
( 24 . 7 3  MW ) 

1 . 18  x 1 01 1  Btu 
( 3 . 96 MW ) 

4 . 1 3 x 1 01 0  Btu 
( 1 .  38 MW ) 

Regi o n  Tot a l  

2 . 08 x 1 01 1  Btu 
( 6 . 98 MW ) 

3 . 26 x 1 012  Btu  
( 109 . 31 MW ) 

7 . 38 x 1 01 1  Btu  
( 24 . 7 3  MW ) 

4 . 58 x 1 01 1  Btu 
( 1 5 . 35 MW ) 



The p robab i l i ty that each res i dence type wou l d  be e l i g i b l e  for the p roposed 
e xpanded p rog ram to recei ve a i r- i n fi l t rat i on mea s u res i s  as  fol l ows : 

o r  

n 
P = 1 - II  ( 1  - P i ) p i = 1  

L i k ew i s e ,  the  p robab i l i ty that each res i dence type wou l d b e  e l i g i b l e  f o r  t h e  
p roposed e xpanded p rog ram con s i der i n g  the  va r i ous  Mi t i gat i on s -By-Exc l u s i on i s  
as  fol l ows : 

n 
P x = 1 - P Ee - i U1 ( 1  - P i ) 

n 
= [ 1  - II ( 1  - Pi ) ]  - PEe i = l 

= P p - PEe 
whe re PEe i s  the p robab i l i ty that va r i o u s  excl u s i on cond i t i o n s  occu r fo r each 
res i dence type .  U s i ng  the  v a r i ous rel at i on s h i ps noted above ,  and data 
co l l ected under  the  second BPA su rvey p rog ram , the  percentage acces s i b i l i ty for 
the  P roposed Act i on and va r i ous  m i t i gat i ons  a re ca l c u l ated to  be as  fol l ows : 

S i n g l e - S i n g l e -
Mobi l e Fami l y  Fami l y  
Homes Detached Attached Apa rtment 

P roposed Act i on 100 . 0  7 3 . 1  54 . 6  100 . 0  
M i t i gat i on s -
- exc l ud i n g res i dences wi t h  

u n vented combu st i on app l i ances 97 . 7  7 1 . 9  53 . 6  97 . 0  
- exc l u ded res i dences  wi th  s l ab-

on-grade , basement , u nvent i l ated 
c rawl s paces , 7 9 . 2  29 . 4  1 0 . 9  0 . 0  

- e xc l ud i n g  res i dences wi th  UFF I 100 . 0  69 . 6  52 . 3  1 0 0 . 0  
- excl ud i n g res i dence s  wi t h  

we l l wate r  83 . 4  56 . 7  53 . 1  96 . 0  
- e xc l u d i n g  res i dences 

wi t h  wood stoves 77 . 3  33 . 1  39 . 3  98 . 6  
- e xc l u d i ng  mob i l e  

h ome res i dences 0 . 0  7 3 . 1  54 . 6  100 . 0  
- e xc l u d i ng  apartments  100 . 0  7 3 . 1  54 . 6  0 . 0  
- fo rma l dehyde mon i to r i n g  100 . 0  7 3 . 1  54 . 6  1 00 . 0  
- A i r -to-a i r heat exchange rs/ 

wood stoves 1 00 . 0  7 3 . 1  54 . 6  100 . 0  
- radon mon i t ori  n g  100 . 0  7 3 . 1  5 4 . 6  100 . 0  
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These  percentages are used  to  ca l cu l ate the  potent i a l ene rgy sav i n g s  accru i n g 
under  the  p roposa l  prog ram and the  var i ous  M i t i gat i o n s -By-Exc l u s i on .  These  
va l ue s  are s hown i n  Ta b l e K .8  a l ong  wi t h  est i mated ranges for  each  va l u e .  
These va l ues  h ave a l so been adj u sted by a factor that rel ates theoret i ca l  t o  
expected actua l  energy sav i n g .  F o r  t h e  cal c u l at i on s  a factor  of 0 . 6  was 
u sed . The ran ges we re based on the a s s umpt i on that each res i dence type h ad a 
very l ow and ve ry h i gh ai r-exchange rate before t i ghte n i n g  mea s u re s  we re 
i n sta l l ed .  Th i s  re p resents  the potent i a l  for the l east and g reatest amount of 
ene rgy to be saved . These numbe rs  then rep resent  reasonab l e proj ect i o n s  of the 
worst and best pos s i b l e  consequences  of the  P roposed Act i on .  
The  th ree Mi t i gat i on -By-Act i on Measu res wou l d  requ i re the  use  of a i r-to-a i r 
heat exch a n ge rs ( AAHX s ) , wh i ch h a ve power req u i rements  and t h u s  affect the  
tota l  energy sav i n gs . P rov i ded be l ow i s  the  numbe r of  AAHXs exch ange rs 
requ i red , and t he i r power req u i rement s . 

Radon (Rn ) 

Under  the  Mi t i gat i on -By-Act i on Mea s u re No . 3 ,  part i c i pat i ng  res i dences  wou l d  be 
mon i to red , and any res i dence w i t h  mea su red concentrat i ons  g reater than a n  
Act i on Le ve l  estab l i shed by BPA wou l d  req u i re the  i n sta l l at i on o f  a n  AAHXs . 
F i ve Act i on Leve l s a re be i n g  con s i dere d :  2 ,  3 ,  4 ,  5 ,  and 1 0  pC i /t .  

Based  on a l i mi ted radon measu reme nt p rog ram i n  res i dences conducted by the  BPA 
( Thor  1984 ) , est i mates of the  percentage of res i dences  exceed i n g the  Act i on 
Leve l s con s i de red are avai l a b l e .  These numbe rs a re presented i n  Tabl e K . 9 ,  
a l ong  w i th the n umbe r of res i dences  by type , correspond i n g to those  
perce ntages . 

The refo re , i f  a 2 pC i /t radon Act i on Leve l was estab l i s hed , then 1 9 5 , 87 0  AAHXs  
wou l d be  req u i red . I f  the Act i on Le ve l  was  1 0  pC i /t , on l y  1 5 , 6 7 1  AAHXs wou l d 
be req u i red . 

Benzo-CaJ -Pyrene ( BaP ) 

Under  Mi t i gat i on -By-Act i on Measu re No . 2 ,  part i c i pat i n g res i dences  wi th  wood 
stoves wou l d  rece i ve AAHXs  exchangers  to  ret u rn the a i r exchange rate to  the  
or i g i n a l  l eve l s after  weathe r i zat i o n .  F i rst , the  numbe r of  res i dences wi th  
wood stoves i s  dete rmi ned from the  data found i n  Ta b l es  1 . 1 and 1 . 3 .  The 
est i mate for each res i dence type i s  gi ven be l ow :  

Mobi l e  h omes = 225 , 468 • ( 0 . 2 2 7 ) = 5 1 , 1 81 
S i n g l e-fami l y  detached = 835 , 046 • ( 0 . 40 0 )  = 334 , 018 
S i n g l e -fami l y  attached = 226 , 294  • ( 0 . 1 5 3 )  = 34 , 6 2 3  
Apa rtments  = 249 , 428 • ( 0 . 1 40 ) = 34 , 920  

Total = 454 , 742  
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TABLE K . 8 .  Potent i a l El ect ri c Energy Sa vi ngs (MWy r ) by Res i dence Type for P roposed 
Act i on and Vari ous M i t i gati ons -by-Exc u s i on 

P roposed Act i on 
range 

P roposed Act i on ,  
Excl ud i n� res i dences wi th  

- u n vented combust i on 
app l i ances 

range 

- s l ab-on -grade , ba sement , 
or u n vent i l ated crawl 
spaces , 

ran ge 

- u rea -forma l dehyde foam 
i ns l l l at i on 

range 

- wel l water  
ran ge 

- wood stoves 
ran ge 

P roposed Act i on !  Excl ud i ng 

- mobi l e  homes 
ran ge 

- apa rtment s 
ran ge 

S i ng l e-
Mobi l e  Fami l y  

Homes Detached 

6 . 98 85 . 24 
5 . 7 5- 1 2 . 5 1  64 . 84- 1 3 2 . 3 3  

6 . 86 84 . 1 7  
5 . 66- 1 2 . 27 6 4 . 1 1 - 1 30 . 48 

5 . 90 46 . 1 9  
4 . 92 - 1 0 . 28 3 7 . 99-6 5 . 1 1  

6 . 98 82 . 1 4 
5 . 7 5- 1 2 . 51 6 2 . 7 1 - 1 26 . 99 

6 . 1 2  70 . 59 
5 . 09- 10 . 73 54 . 7 7 - 1 0 7 . 1 0  

5 . 80 49 . 50 
4 . 85- 10 . 08 40 . 2 7- 70 .8 1  

85 . 24 
NA 6 4 . 84- 1 3 2 . 33 

6 . 98 85 . 24 
5 . 7 5- 1 2 . 51 6 4 . 84- 1 3 2 . 33 

Si ngl e-
Fami l y  P roj ected 

Attached Apa rtments Tota l  

1 6 . 80 1 5 . 35 1 0 5 . 72 
1 5 . 32-2 5 . 84 1 3 . 79-2 5 . 24 84 . 7 5- 166 . 5 3  

1 6 . 6 3  1 5 . 08 104 . 33 
1 5 . 18-2 5 . 50 1 3 . 56-24 . 67 8 3 . 7 3- 1 6 3 . 98 

9 . 18 0 . 0  52 . 08 
8 . 88-1 0 . 98 0 . 0-0 . 0  4 4 . 0 3-7 3 . 42 

1 6 . 40 1 5 . 35 102 . 7 5  
1 4 . 99-2 5 . 06 1 3 . 79-2 5 . 24 8 2 . 65- 16 1 . 33 

16 . 54 14 . 99 92 . 00 
1 5 . 1 0-25 . 33 1 3 . 49-24 . 48 7 5 . 18-142 . 50 

14 . 1 3  1 5 . 22 7 1 . 96 
1 3 . 07-20 . 6 3  1 3 . 68-2 4 . 98 6 1 . 08- 1 0 7 . 5 2  

1 6 . 80 1 5 . 35 99 . 7 9  
1 5 . 32-2 5 . 84 1 3 . 79-2 5 . 24 7 9 . 86- 1 55 . 89 

1 6 . 80 92 . 6 7  
1 5 . 3 2 -2 5 . 84 NA 7 3 . 03 - 1 45 . 07 



TABLE K . 9 . E st i mate of Res i dences Exceed i n g  Act i on Le ve l s 

Act i on Le ve l s {�C i / l )  
Item 2 3 4 5 1 0  

Pe rcent 
E xceed i n g  1 5  9 6 3 . 8 1 . 2  

Number of 
Re s i dences ( a )  

MH 3 3 , 820 20 , 292  1 3 , 528 8 , 568 2 , 706  
SFD 1 2 5 , 2 57 7 5 , 1 54 50 , 1 03 3 1 , 7 32 1 0 , 02 l  
SFA 3 3 , 944 20 , 366  1 3 , 578  8 , 599 2 , 7 1 6  
APT 3 7 ,4 14  22 , 449 1 4 ,966  9 , 478 2 , 993  

Total 230 ,435  1 3 8 , 26 1  92 , 1 7 5  58 , 37 7  1 8 , 436  
85% of  Tota l  1 9 5 , 87 0  1 1 7 , 522  78 , 349 49 , 620 1 5 , 6 7 1  

( a )  MH = Mobi l e  home , SFD = Si ng l e -fami l y  detached , SFA = 

S i n g l e -fami ly  attached , APT = Apa rtment . 

V a ri o u s  Mi t i gat i on s -By-Act i on cou l d be i mp l emented s i mu l t aneou s l y .  F o r  
i n stance , i f  Mi t i gat i on No . 3 ,  radon moni t o ri n g ,  i s  done i n  conj u n cti on wi t h  
M i t i gat i on No . 2 ,  i n sta l l at i on o f  AAHX s ,  the p robabi l i ty that va r i o u s  res i dence 
types wi l l  have radon conce nt rat i ons e xceedi n g  the Act i on Leve l and  h a ve wood 
stoves mu st be dete rmi ned . 

Becau se  these res i dences wou l d obta i n  AAHXs  exchangers to l i mi t  radon conce n 
t rati on l e ve l s ,  they wou l d  n ot need anothe r AAHX to  cont rol BaP l e vel s .  The 
n umbe r of AAHXs req u i red i n  each res i dence (depend i n g  on the Act i on Le vel  
chose n )  i s  dete rmi ned by mu l t i p l y i n g  the n umber of res i dences i n  each res i dence 
type est i mated to  rece i ve the  exchange rs u nde r the va ri ous  radon  mon i tor i n g  
Act i on Leve l s t i mes t h e  p robabi l i ty o f  h av i n g  wood stoves . Th i s  va l ue t i mes  
the  part i c i pat i on rate i s  s u bt racted f rom the numbe rs noted above t i mes  the  
part i c i pat i on rate . The  res u l ts a re g i ven i n  Ta b l e K . 1 0 .  Th i s  can a l so be 
exp res sed as fol l ows : 

[ ( n umbe r of re s i dences by Act i on Le vel  by res i dence type -
Tab l e  K . 1 0 )  x ( p a rt i c i pat i on rate ) ]  - [ ( n umber of res i dences i n  
each res i dence type - Ta b l e 1 . 1 )  x ( p robabi l i ty of havi n g  a wood 
stove ) x ( pa rt i c i pat i on rate ) ]  = n umber of AAHXs - Tab l e K . 1 0  
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TABLE K . I 0 .  Numbe r o f  Ai r-to-Ai r Heat Exchange rs Req u i red 
Under  M i t i gat i o n s -By-Act i on 2 and 3 

Type ( a )  Act i on Lev�l s  (pC i / R.� 
Res i dence 2 3 

MH 30 , 452 3 3 , 063  34 , 368 3 5 , 325 
SFD 1 98 , 740 2 1 5 , 7 7 5  224 , 29 3  230 , 53 9  
SFA 20 , 60 1  2 2 , 36 7  23 , 250 23 , 897  
APT 20 , 7 7 7  22 , 558 23 , 449 24 , 1 02 

Tota l  2 70 , 570  29 3 , 763  305 , 360 3 1 3 , 863  

( a )  MH = Mob i l e  home , SFD = S i ng l e-fami l y  detached , SFA = 

S i n g l e -fami l y  attached , APT = Apartment . 

10  

36 , 45 7  
237 , 92 1  
2 4 , 662 
24 , 874  

323 , 91 4  

I f  Mi t i gat i on-By-Act i on Measu res 2 and 3 a re i mp l emented and t h e  Act i on Leve l 
for  radon mon i t o ri ng  i s  2 pCi /R. , then  2 70 , 57 0  exchangers a re requ i red . I f  the  
Act i on Leve l  i s  1 0  pC i /R. , t hen  323 , 9 14  excha ngers a re needed . I f  rado n  
mon i t o ri ng  i s  n ot i mp l emented ,  then  454 , 742  • ( 0 .85 ) ,  o r  386 , 53 1  exchangers a re 
req u i red for Mi t i gat i on-by-Act i on Measu re No . 2 .  

FORMALDEHYDE (HCHO ) 

I f  Mi t i gat i on-By-Act i on Mea s u re No . 1 i s  adopted , p a rt i c i �at i n g res i dences 
wou l d be mon i to red for  HCHO . I f  l e vel s exceeded 480 �g/m , then  AAHXs wou l d be  
requ i red . The a i r q ua l i ty ana ly s i s  i nd i cated that i f  res i dences d i d not have 
u rea-forma l dehyde foam i n s u l at i on ( UFF I ) ,  then  e st i mated HCHO l evel s afte r  t�e 
t i ghten i n g  measu res i n  a l l types except mob i l e  h omes wou l d be bel ow 480 � g/m • 
Howeve r ,  i f  UFF I was p resent , then  est i mated HCHO concent rat i on l eve l s i n  a l l 
types  exse pt s i n g l e -fami l y  detached res i dences  aft e r  t i ghten i n g  wou l d exceed 
480 � g/m  , and AAHXs  wou l d  be i n sta l l ed .  

F rom d at a  i n  Tabl e s  1 . 1 and 1 . 3 ,  t he  app rox i mate numbe r of exchange r s  req u i red 
can be e st i mated . Tab l e 1 . 3 i nd i cates that no  a pa rtments  or mob i l e  homes i n  
the  re g i on  have UFF I . T h e refore , o n ly  s i n g l e -fami l y  attached res i dences wi l l  
need the  exchangers to  l i mi t HCHO concent rat i on s . The app roxi mate n umber i s  
226 , 294 • ( 0 . 0 229 ) o r  5182 . 

As was the case for BaP , i f  radon mon i t or i n g  i s  done i n  conj u nct i on wi t h  th i s  
mi t i gat i on ,  s ome res i dences  w i l l  rece i ve AAHXs t o  cont rol radon c'oncent rat i on 
l evel s .  Us i n g the  same tech n i que  as  gi ven for  BaP , the  resu l t s  for these  
m i t i gat i on measu res a re g i ven i n  Tab l e K . l l . 

TABLE K . l l .  Add i t i o na l  Number  of Ai r-to-A i r Heat Exchange rs Req u i red 
Under  M i t i gat i o n s -By-Act i on 1 and 3 

Act i on Le vel  (pC i /R. )  
Re s i dence Tl::pe 2 j II 5 10 

S i n g l e -fami l y  attached 3 , 744 4 , 009 4 , 1 40 4 , 23 7  4 , 352  
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Therefore , i f  Mi t i gat i on -By-Act i on Mea s u res  1 and 3 are i mp l emented and the 
Act i on Level for radon mon i tor i n g  i s  2 pC i /t , then 3 , 7 44 exch angers are 
req u i red . I f  the Act i on Level i s  1 0  pC i /t ,  then 4 , 352  exchangers  are needed . 
I f  radon mon i tor i ng  i s  not i mp l emented , then 5 , 18 2  • ( 0 . 8 5 )  or  4 , 405 e xchangers 
a re req u i red . 

ENERGY PENALTY (A I R -TO-A I R  HEAT EXCHANGERS ) 

I f  AAHXs  are i n st a l l ed i n  vari ous  res i dence types , add i t i on a l  el ect ri ca l  ene rgy 
i s  needed to  operate dev i ces . An approxi mate energy pena l ty i s  est i mated , 
a s sumi ng  a l l of the exchangers  are ope rated throughout the yea r and are not 
i mp l emented wi t h  the other two measu res , and t hat the dev i ces req u i re 25  watts 
of power ( Offe rmann  et a l e 1982 ) . For  each Mi t i gat i on -By-Act i on Measu re , the 
est i mated energy penal ty i s  g i ven bel ow :  

a )  Meas u re No . 1 
4 , 405 • 2 5  watt s  • 3 . 41 29 Bt u / h · MW =60 • 1 0  MW 

Watt 3 . 45 x 1 0  B t u / h  

b )  Mea s u re No . 2 
386 , 53 1  • 2 5  watt s  • 3 . 4 129  Bt u / h · MW =6 6 . 87 MW 

Watt 3 . 45 x 1 0  Btu / h  

c )  Mea s u re No . 3 
1 9 5 , 87 0  • 2 5  watts  • 3 . 4129  Bt u / h · MW =6 4 • 85 MW ( 2  pC i / t )  

Watt 3 . 45 x 1 0  Bt u / h  

1 5 , 6 7 1  • 2 5  watt s · 3 . 41 29 Bt u / h · MW = 0 . 39 MW ( 1 0  pC i / t )  
Watt 3 . 45 x 1 06 Btu / h  
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APPEND I X  L 

CALCULATI ONS FOR SOC I OECONOM IC  EFFECTS 
OF THE PROPOSED ACT ION AND M I T I GAT I ON MEASURES 

METHODOLOGY FOR CALCULAT I NG PROGRAM COSTS 

E st i mated cost for the P roposed Act i on and each of seven M i t i gat i o n -By-Act i on 
Measu res  were cal c u l ated sepa rate ly  fo r seven types of ene rgy con se rvat i on 
t i ghte n i ng  measu res ( st o rm doo r ,  storm wi ndows , cau l k i n g ,  weat herst r i p p i n g ,  
gasket s , wa l l i n su l at i on ,  and hou se-doctor i n g )  for each of th ree c l i mate zones 
u nder th ree d i ffe rent c ost-per-measu re cases ( l ow cost , med i um cost , and h i gh 
cost ) .  These cost est i mates  were then summed to deri ve a tota l  p rog ram cost . 
These costs were ca l cu l ated u s i n g  the fol l owi ng  equ at i on :  

COSTm , r , z ( C )  = CPMm , r ( C )  • MPRm , r  • PNMm , r , z  • PP r , z  • PAr ( EX )  • PR ( L- l ) 

whe re 

COSTm , r , z ( C )  = program cost of i n sta l l i n g mea s u re m ,  i n  res i dence type r i n  
zone z for case C 
expected i n sta l l ed cost of mea s u re m ,  i n  res i dence type r for 
case C 

MPRm , r  = average number/ amount of mea s u re m i n sta l l ed i n  res i dence type r 

PNMm , r , z  = port i on of res i dence type r need i ng mea s u re m i n  zone z 

PP r , z  = numbe r of p rog ram part i c i pants  i n  res i dence type r i n  zone z 

port i on of res i dence type r and mi t i gat i n g -excl u s i on mea s u re E X  
acces s i b l e  fo r part i c i p at i on 

p rog ram goal  p a rt i c i pat i on rate 
m = t i ghten i n g mea s u res  

r = res i dence type 

z = c l i mat i c  zone 

C = case ( l ow cost , med i um cost , h i gh cost ) 

EX  = excl u s i on measu re . 

Low , med i um ,  and h i gh cost est i mates we re ca l cu l ated by u s i ng  the expected l ow ,  
med i um ,  and h i gh i n sta l l ed cost o f  each t i ghten i ng mea s u re .  E xpected 
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t i ghten i n g meas u re costs [CPMm r ( C ) ]  are presented i n  Tabl e L . 1  a l ong  wi t h  an  
i dent i f i cat i on of data  s o u rces : The  u n i t  of measu re for  the  t i ghten i ng 
measu res  vari ed ( e . g . , squ a re footage of storm wi n dows , l i near  feet of caul k 
i n g ) .  U n i t  of mea s u re d i fferences a re hand l ed by mu l t i p l y i ng  the expected cost 
per  i n sta l l ed measu re ( CPMm r ) by the number of meas u res  per res i dence (MPRm ) 
to  deve l op a t i g hten i ng meas u re per  res i dence cost . The average n umber/ amou�t 
of mea s u re ( s )  per  res i dence (MPRm r ) and the  sou rce of th i s i n fo rmat i on i s  
p resented i n  Tab l e  L . 2 .  ' 

Tab l e L . 3  conta i n s  esti mates of t he port i on of res i dences need i n g  each mea s u re 
( P NMm f z ) ·  P rogram p a rt i c i p at i on by res i dence type and zone ( P P r z ) i s  
p rese� �a i n  Tabl e K . 1 0 .  ' 

The port i on of e l ect r i ca l l y  heated h omes that are candi dates for the  expanded 
weather i zat i on p rog ram i s  equal  t o  a l l e l ect r i ca l ly  heated h omes l es s : 
1 )  res i dences a l ready weather i zat i on under the  i n i t i a l p rog ram and 
2 )  res i dences that wou l d be exc l u ded from p a rt i c i pat i on i f  any one o r  more of 
t he  Mi t i gat i on -By-Act i on Meas u re cri ter i a were i mp l emented . The p roport i on of 
resi dences access i b l e  for the expanded weather i z at i on  p rogram CPA ( E X ) ]  i s  
s h own i n  Tab l e L . 4 .  r 

The  p rog ram goa l i s  to  h ave a very h i gh port i on of the  res i dences that are 
cand i dates for weather i z at i on under  the expanded p rog ram actu a l ly  p a rt i c i p at e  
i n  t h e  p rogram.  A parti c i p at i on rate ( P R r ) of 85% i s  used as a p rog ram goal  
for t h i s  assessment . 
To  ca l cu l ate the  wal l s pace used i n  wal l i ns u l at i on and gasket est i mates , the 
outs i de wal l s pace per  res i dence was determ i ned by E q u at i on L - 2 .  Tab l e L . 5  
p resent s the val ues  of each va ri ab l e and the  esti mated wal l s pace for each 
res i dence typ e .  

2 
( ft out - ) = 
s i de wal l r 

2 average average 
( ft ) 1 / 2 . ( n umbe r  of) • ( wa l l ) f l oo r  wal l s  h . ht  e l g 

( L- 2 ) 

The ave rage number of wal l s  i n  a mu l t i fami ly  res i dence was ca l c u l ated based on  
t he  percentage of each  type of con nected apartments (2  t o  4 u n i t s  detached ; 2 
to  4 u n i ts attached , one s i de ;  2 t o  4 u n i ts attached , two s i des ; and 5 o r  more 
u n i t s )  and on an est i mate of the number of exposed s i des f rom each apartment  
( E l r i ck and Lav i d ge 1 980 ) .  

Weatheri z at i on Cost s 

Total weather i z at i on cost s  for each t i ghten i n g meas u re comb i n at i on were 
cal c u l ated as the sum of each component c ost measu re .  The total  weatheri z at i on 
costs assoc i ated wi t h  each of ten t i ghten i n g comb i n at i ons  are p resented i n  
Tab l es L . 6 t h ro u gh L .8 for the P roposed Act i on and each of the  M i t i gat i o n 
By-Exc l u s i on Meas u res . Tab l e L . 6  conta i n s  t h e  l ow cost p e r  t i ghten i n g meas u re 
case , Tab l e  L . 7 cont a i ns  est i mates b ased on med i um costs per  meas u re ,  and  
Tab l e L . 8  conta i n s  costs  for the h i gh  case . 
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TABLE L . I .  Cost  per  Mea s u re by Res i dence Type  ( 1 983$ ) 

L ow Med i um H i gh  
Mea s u re Cost , $ Cost , $ Cost , $ Un i t s  Sou rce 

Storm doors 
SFD ( a )  1 3 0  1 50  200 each Low cost est i mates  a re f rom Port l and  
SFA 1 30 150  200 I I  Genera l  E l ect ri c .  H i gh  cost est i mates  
MH 1 3 0  1 5 0  200 II a re from Snohomi s h  PUD . Med i um cost 
APT 1 30 1 50 200 II  est i mates  a re ave rage of costs rep o rted 

by each uti  1 i ty .  

Storm wi ndows 
SFD 6 . 00 6 . 7 5  8 . 25 per  ft2 Low cost est i mate s  a re f rom Pu get Sou nd 
SFA 6 . 00 6 . 7 5 8 . 25 II Power and L i ght . H i gh c ost e st i mate s  
MH 6 . 0 0  6 . 7 5 8 . 25 II a re f rom Port l and  Gene ra l  E l ect ri c .  
APT 6 . 00 6 . 7 5 8 . 25 II Med i um cost est i mates a re a ve ra ge of  

I costs  reported by each ut i l i ty .  
w Weat he rst r i eei ng 

SFD 1 5 . 00 20 . 0 0  25 . 00 per  door Low cost est i mate s  a re f rom Tr i -Cel  
SFA 1 5 . 00 20 . 00 25 . 00 II I ns u l at i on ,  Ken newi ck , WA . H i gh  cost 
MH 1 5 . 00 20 . 00 25 . 00 II e st i mate s  a re  f rom I nte rmou nta i n West 
APT 1 5 . 00 20 . 00 2 5 . 00 II and W h i t n ey N . W .  I n su l at i on ,  R i c h l and , 

WA . 

C au l k i ng 
SFD 0 . 3 3  0 . 44 0 . 50 p e r  ft Low cost est i mates  for mu l t i -fami ly  a re 
SFA 0 . 3 3  0 . 44 0 . 50 II f rom Port l and  Genera l  E l ect ri c . Low cost 
MH 0 . 3 3  0 . 44 0 . 50 II e st imate s  for a l l ot he r  res i dences a re 
APT 0 . 3 3  0 . 44 0 . 50 II f rom Snohomi s h  PUD . Al l h i gh cost 

est i mates  a re f rom Puget Sou nd Powe r and 
L i g h t .  Med i um cost e st i mates a re average  
of a l l ut i l i t i es . 



r 

.p. 

Measure 

Gaskets  

SFD 
SFA 
MH 
APT 

Wal l i nsu l at i on 

SFD 

SFA 
MH 
APT 

Hou se-doctori ng 

SFD 
SFA 
MH 
APT 

Low Med i um 
Cost , $ Cos t ,  $ 

0 . 1 0  
0 . 10 
0 . 10 
0 . 10 

0 . 30 

0 . 30 
0 . 30 
0 . 30 

37 1 .  
220 . 
284 . 
1 48 .  

1 . 7 5  
1 . 75  
1 .  7 5  
1 .  75  

0 . 52 

0 . 52 
0 . 52 
0 . 52 

451 . 
268.  
346 . 
1 80 .  

TABLE L . 1 . ( contd ) 

H i gh 
Cos t ,  $ 

2 . 00 
2 . 00 
2 . 00 
2 . 00 

0 . 75 

0 . 7 5  
0 . 75  
0 . 7 5  

592, .  
351 
454 
237 

Uni t s  

pe r out l et 
II 

II 

II 

per ft2 

outs i de 
wa l l  a rea 

II 

II 

pe r 
res i dence 

I I  

II  

Sou rce 

Low cost est i mates are from Tri -Cel 
I nsu l at i on ,  Kennewi ck , WA . H i gh cost 
est i mates a re from Wh i t ney Northwest 
I nsu l at i on .  Med i um cost est i mates a re 
a l so  from Wh i t ney N .W .  and represent 
average of h i gh and l ow cost est i mates . 

Low cost est i mates are from Wh i t ney 
Northwest , R i ch l and , WA . H i gh cost 
est i mate i s  from Tri -Cel I n su l at i on ,  
Kennewi ck , WA . Med i um cost esti mate i s  
average of h i gh and l ow cost esti mates . 

H i gh and l ow cost est i mates fo r s i ngl e
fami ly  detached res i dences a re from 
Mi dway , I n c .  Med i um cost esti mate fo r 
s i ng l e-fami ly  detached are from Mi ke 
McKeevor i n  Bend , OR . Costs for other 
res i dence types a re computed based on  
the rat i o  of  thei r out s i de wa l l  space 
to s i ngl e-fami ly detached out s i de wal l 
space ( see Ta bl e L . 5 ) . 

( a ) SFD = Si ngl e-fami l y  detached ; SFA = Si ngl e-fami l y  attached ; MH = Mobi l e  home ; APT = 

Apa rtment . 



TABLE L . 2 .  Ti ghteni n g  Mea s u re s  pe r Res i dence by C l i mate Zone 

Uni ts  per  
Mea s u re Zone 1 Zone 2 Zone 3 Res i dence Sou rce 

Storm doors 
SFD ( a ) 1 1 1 each As s umed val u e s  
SFA 1 1 1 II 

MH 1 1 1 II 

APT 1 1 1 II 

Storm wi ndows 
SFD 240 . 6  2 1 1 . 8 205 . 0  ft2 Append i x  K .  Tab l e  K . 4 .  Squ a re feet are 
SFA 225 . 6  184 . 3  2 1 2 . 4  II ca l cu l ated by mu l t i p l y i ng  the  number of  
MH 1 74 . 8  1 7 4 . 7  1 9 1 . 6  II wi ndows  of each type by the  avera ge 
APT 1 26 . 8  1 1 3 . 7  1 25 . 2  II square feet for each wi�dow typ e .  

Cau l k i ng 
SFD 187 . 0  1 70 . 3  166 . 0  ft Append i x  K .  Tab l e K . 4 .  L i  near  feet of r SFA 1 7 0 . 0  1 46 . 1  1 68 . 9  II  wi ndow peri meter  a re ca l cu l ated by Ul MH 145 . 6  147 . 2  1 58 . 1  II mu l t i p ly i n g the  number of wi ndows of  
APT 94 . 9  90 . 1  10 1 . 7 II each type per  res i d ence by the  a ve ra ge 

peri meter  for each wi ndow typ e .  

Weatherst r i �ei n9 
SFD 1 1 1 doors As s umed val u e s . 
SFA 1 1 1 II 

MH 1 1 1 II 

APT 1 1 1 II 

Gaskets  
SFD  20  20 20 gaskets  S i n g l e -fami l y  detached based on PNL 
SFA 1 2  1 2  1 2  II conversat i on wi t h  W h i t ney Nort hwest . 
MH 1 5  1 5  1 5  II  Ri c h l and . WA . Number of gaskets  i n  
APT 8 8 8 II other res i de nce types sca l ed d own 

based on rat i os of out s i d e  wal l space 
( see Tab 1 e L .  5 ) • 



r-

0'\ 

Measu re 
Wa l l i ns u l at i on 

SFD 
SFA 
MH 
APT 

Hou se-doctori n g  
SFD 
SFA 
MH 
APT 

Zone 1 

1 3 16  
781 

1009 
526 

1 
1 
1 
1 

Zone 2 

1 3 1 6  
781 

1009 
5 26 

1 
1 
1 
1 

TABLE L . 2 .  ( contd ) 

Zone 3 

1 3 16  
781 

1009 
5 26 

1 
1 
1 
1 

U n i t s  per  
Res i dence Sou rce 

ft2 Ca l c u l ated i n  Tabl e L . 5  
outs i de 
wal l 

Res i dence Hou se-doct ori n g  i s  a s sumed to  be needed 
i n  a l l res i dence s .  Costs a re sca l ed 
for  the d i f fe rent s i zes  of each 
res i dence 

( a ) SFD = Si n g l e-fami l y  detached ; SFA = Si n g l e-fami l y  att ached ; MH = Mobi l e  home ; APT = Apa rtment . 



TABLE L . 3 .  Port i on of Res i dence s  Need i n g  Ti ghten i n g 
Measu res by C l i mate Zone 

Measu re 
Storm door 

SFD ( a ) 
SFA 
MH 
APT 

Storm wi ndows 
SFD 
SFA 
MH 
APT 

Cau l k i ng 
SFD 
SFA 
MH 
APT 

Weat herst r i  ppi ng  
SFD 
SFA 
MH 
APT 

Gas ket s  
SFD 
SFA 
MH 
APT 

Zone 1 

0 . 38 
0 . 38 
0 . 1 1  
0 . 30 

0 . 38 
0 . 38 
0 . 1 1  
0 . 30 

0 . 7 6  
0 . 87 
0 . 87  
0 . 98 

0 . 74  
0 . 81 
0 . 84 
0 . 96 

1 . 00 
1 . 00  
1 . 00 
1 . 00 

Zone 2 

0 . 49 
0 . 57 
0 . 20 
0 . 3 1  

0 . 49 
0 . 57 
0 . 20 
0 . 3 1  

0 . 7 7  
0 . 90 
0 . 81 
0 . 96  

0 . 74 
0 .85 
0 . 82 
0 . 89 

1 . 00 
1 . 00 
1 . 00 
1 . 00 

Zone 3 

0 . 48 
0 . 33  
0 . 1 1  
0 . 28 

0 . 48 
0 . 3 3  
0 . 1 1  
0 . 28 

0 . 72 
0 . 90 
0 . 7 4  
0 . 92 

0 . 74 
0 .87 
0 . 7 5  
0 . 97  

1 . 00 
1 . 00 
1 . 00 
1 . 00  

Sou rce 

As sumed to be t he 
s ame as storm w i ndows 

Tab l e K . 6  

Tab l e K . 3  

Tab l e K . 3  

PNL ass umpt i on 

( a ) SFD = S i ng l e-fami l y  detached ; SFA = Si ng l e-fami l y  attached ; 
MH = Mobi l e  h ome ; APT = Apa rtment . 
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TABLE L . 4 .  P ort i on o f  Res i dence Acces s i b l e  for the Expanded 
Weatheri z at i on P ro g ram 

T��e of Res i dence ( a )  
Scenari o SFA SFA MH 

P roposed Act i on . 7 31 . 541  1 . 000 

E xc l ude res i dence wi t h : 
u n vented combust i on app l i ances . 7 1 9  . 5 36 . 9 7 7  
s l a b-o n -g rade , etc . . 294 . 109 . 7 9 2  
u rea-forma l dehyde foam i ns u l at i on . 6 96 . 5 2 3  1 . 000 
g rou nd-s up p l i ed wate r  . 567  . 5 3 1  . 8 34 
mob i l e  homes . 7 3 1  . 546  -0-
apartments . 7 3 1  . 5 46 1 . 000 
wood stoves . 33 3  . 3 9 3  . 7 7 3  

( a )  SFO = Si n gl e-fami l y  detached ; SFA = S i n g l e-fami l y  attached ; 
MH = Mob i l e  homes ; APT = Apartment . 

TABLE  L . 5 .  Ca l cu l at i on of Average Wal l Space ( ft2 ) 
Average Average Number  Average Wa l l 

( ft2 f l oor }  ( ft2 f l oorl 1 / 2  of  Wa l l  s He i ght , ft 
SFO ( a )  1 692 41 . 1  4 8 
SFA 1 058 32 . 6  3 8 
MH 994 3 1 . 5  4 8 
APT 7 50 27 . 4  2 . 4  8 

APT 
1 . 000 

. 9 7 7  
-0-

1 . 000 
.960  

1 . 000 
-0-
.986 

ft2 
Outs i de Wal l 

1 3 1 6  
781 

1 009 
526 

( a )  SFO = S i ng l e-fami l y  detached ; SFA = Si n g l e-fami l y  attached ; MH = Mobi l e  
h ome ; APT = Apartment . 
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TABLE L . 6 .  Cost of Proposed Act i on and Mi t i gat i ons-By-Excl u s i on ,  Low Cost 
per Measu re Case ( mi l l i on 1 983$ ) 

P roposed Mi t i gat i on -Bx-Exc l u s i on Mea s u re ( a )  
Act i on 1 2 3 4 5 6 7 

Storm Door/W i ndows 467 . 5  458 . 7  164 .8 449 . 5  386 . 4  438 . 2  41 1 . 6  266 . 9  

Weatherst ri pp i n g 1 2 . 4  1 2 . 2  4 . 4  1 2 . 1  1 0 . 6  1 0 . 1  9 . 4  8 . 3  
C a u l k i n g/Gaskets 44 . 2  43 . 4  1 7 . 3  42 .8 37 . 0  3 6 . 1  3 7 .8 2 7 . 5  
Storm Door/W i ndows 47 9 . 9  470 . 9  1 69 . 2  461 . 6  397 . 0  448 . 3  42 1 . 1  2 7 5 . 2  
& Weatherst r i pp i n g 

Storm Door/W i ndows 5 1 1 .  7 502 . 1  182 . 1  492 . 4  423 . 4 474 . 3  449 . 4  294 . 3  
& Cau l k i ng/Gasket s  

Weatherst r i pp i n g & 56 . 7  5 5 . 5  2 1 . 7  54 . 9  47 . 6  46 . 2  47 . 2  35 . 8  
Cau l k i n g/Gask et s  

Storm Door/W i ndows , 524 . 2  5 14 . 3  186 . 5  504 . 5  434 . 0  484 . 0  458 . 8  302 . 7  
Weatherst r i pp i n g ,  & 
Cau l k i ng/Gasket s  

Storm Door/W i ndows , 807 . 5  7 92 . 1  301 . 2  7 78 . 6  668 . 5  7 1 6 . 2  707 . 0  47 3 . 2  
Weatherst r i pp i n g ,  
Cau l k i ng/Gasket s ,  
& House-Doctori n g  
Storm Door/W i ndows , 843 . 9  827 . 8  3 1 5 . 9  8 1 3 . 8  698 . 5  746 . 1  7 38 . 9  495 . 1 
Weatherst r i pp i n g ,  
Cau l k i ng/Gasket s , 
& Wa l l I n su l at i on 
Storm Door/W i ndows , 1 1 27 . 3  1 105 . 7  430 . 6  1087 . 9  933 . 0  9 7 7  . 9  987 . 1  665 . 6  
Weatherst r i pp i n g , 
C au l k i ng/Gasket s ,  
House-Docto ri n g ,  
& Wal l I n s u l at i on 

( a )  M i t i gat i on -By-Excl u s i on Meas u re :  ( 1 )  excl ude u n vented combust i on 
app l i ances ; ( 2 ) exc l ude s l ab -on -grad e ,  basement s ,  u n  vented c rawl s paces a nd  
ground cove r vapor barri e r ;  ( 3 )  exc l ude res i dences wi t h  u rea-formal dehyde 
foam i n s u l at i on ;  ( 4 ) exc l ude res i dences w i th g round s upp l i ed wat e r ;  
( 5 )  exc l ude mob i l e  homes ; ( 6 )  exc l ude apartments ; ( 7 ) exc l ude res i dences  
w i th  wood stoves . 
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TABLE L . 7 .  Cost of Proposed Act i on and M i t i gat i o n s -B.v -E xcl u s i on ,  Med i um 
C ost per Meas ure C ase ( mi l l i on 1983 $ )  

P roposed M i t i gat i on -Bt-Exc l u s i on Meas u re ( a )  
Act i on 1 2 :3 4 5 6 7 

Storm Door/W i ndows 527 . 2  51 7 . 4 185 .8  507 . 0  435 .8  494 . 2  464 . 2  301 . 0  
Weatherst ri pp i n g  16 . 6  1 6 . 2  5 . 9  1 6 . 1  14 . 1  1 3 . 4 1 2 . 6  1 1 . 1  
Cau l k i n g /Gaskets  86 . 4  8 4 . 7  34 . 2  8 3 . 6  7 1 . 9  7 0 . 6  7 4 .6 52 . 9  
Storm Door/W i ndows 543 . 8  5 3 3 . 6  191 . 81 523 . 1 1  450 . 0 1  507 . 6 1  476 . 7 1  3 12 . 21 
& Weathe rst ri pp i ng 

Storm Door/W i ndows 61 3 . 6  602 . 0  220 . 1  590 . 6  507 . 8  564 . 8  538 . 8  354 . 0  
& Cau l k i n g/Gasket s  

Weat herstri pp i n g  & 102 . 9  1 00 . 9  40 . 2  99 . 7  86 . 1  84 . 0  87 . 2  6 4 . 1  
Cau l k i ng/Gasket s  

Storm Door/W i ndows , 630 . 2  618 . 2  226 . 0  606 . 7  521 . 9  578 . 2  551 . 4  365 . 1  
Weatherst r i pp i n g , 
& Cau l k i n g/Gasket s  

Storm Door/W i ndows , 974 . 7  956 . 1  365 . 4  940 . 0  806 . 9  860 . 1  853 . 1  57 2 . 4  
Weathe rst r i pp i n g ,  
Cau l k i n g/Gasket s ,  
& House-Doctori n g  

Storm Door/W i ndows , 1 1 84 . 5  1 16 1 . 8  450 . 3  1 1 42 . 9  980 . 4  1031 . 1  1 036 . 9  698 . 6  
Weathe rst r i pp i n g ,  
Cau l k i ng/Gasket s ,  
& Wa l l I n su l at i on 

Storm Door/W i ndows , 1529 . 0  1499 . 6  589 . 7  1476 . 1  1 265 . 4  1 31 3 . 6 1338 . 6  905 . 9  
Weatherst ri p p i n g ,  
Cau l k i n g/Gasket s ,  
Hou se-Doct o ri n g ,  
& Wal l I n s u l at i on 

( a )  M i t i gat i on -By-Excl u s i on Meas u re :  ( 1 )  exc l ude u n vented combu st i o n  app l i ances ; 
( 2 ) exc l ude s l a b-on -grad e ,  basements ,  u nvented c rawl spaces and g round cove r 
vapor  barri e r ;  ( 3 )  exc l ude  res i dences wi t h  u rea-forma l dehyde foam i ns u l at i on ;  
( 4 )  exc l ude res i dences wi th  g round  supp l i ed wat e r ;  ( 5 )  exc l ude mob i l e  homes ; 
( 6 )  exc l ude apa rtment s ;  ( 7 )  exc l ude  res i dences wi t h  wood stoves . 
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TABLE L . 8 .  Cost of Proposed Act i on and Mi t i gat i ons -By-Excl u s i on , H i gh  Cost 
per Meas u re ( mi l l i on 1 98 3 $ )  

P roposed Mi t i 9at i on -B�-Exc l u s i on Measure ( a )  
Act i on 1 2 3 4 5 6 7 

Storm Door/W i ndows 650 . 1  6 38 . 0  229 . 0  6 25 . 2  537 . 5  609 . 3  57 2 .0 37 1 . 4 

Weat herst r i p p i n g  20 . 7  20 . 3  7 . 4  20 . 2  1 7 . 7  1 6 . 8  1 5 . 7  1 3 . 9  

Cau l k i n g /Gaskets  9 9 . 0  9 7 .0  3 9 . 0  9 5 .8 82 . 5  81 . 0  85 . 0  60 . 9  

Storm Door/Wi ndows 670 . 9  658 . 3  236 . 4 1  645 . 4  555 . 2  626 . 1  582 . 7  385 . 3  
& Weat herst r i p p i n g  

Storm Door/W i ndows 749 . 1  7 35 . 0  268 . 0  72 1 . 0  620 . 0  690 . 4  657 . 0 .  432 . 3  
& Cau l k i ng/Gasket s  

Weat herst r i p p i n g  & 1 1 9 . 7  1 1 7 . 3  46 . 4  1 1 6 . 0  100 . 2  97 . 8  100 . 7  7 4 . 8  
Cau l k i n g/ Gasket s  

Storm Door/W i ndows , 769 .8  7 55 . 3  2 7 5 . 4  741 . 2  637 . 7  707 . 2  6 7 2 . 7  446 . 2  
Weat herst r i p p i n g ,  
& Cau l k i n g/Gasket s  

Storm Door/W i ndows , 1 222 . 0  1 198 . 7  458 . 4  1 1 7 8 . 6  101 1 .  7 1077  . 1  1068 . 7  7 1 8 . 3  
Weat herst r i p p i n g ,  
Cau l k i n g/Gasket s , 
& Hou se-Doctori n g  

Storm Door/W i ndows , 1569 . 3  1 5 39 . 2  598 . 9  1 5 14 . 5  1299 . 0  1 36 1 . 3  1 37 2 . 9  927 . 2  
Weatherstr i p p i n g ,  
C au l k i ng/Gasket s ,  
& Wa l l I n s u l at i on 

Storm Door/W i ndows , 202 1 . 5  1 982 . 6  781 .8  1951 . 9  1 6 7 3 . 0  1 7 3 1 . 3  1 7 68 . 9  1 1 99 . 3  
Weat herst r i p p i n g ,  
C a u l k i ng/Gasket s , 
Hou se-Doctori n g , 
& Wa l l  I n s u l at i on 

( a )  M i t i gat i on -By-Exc l u s i on Meas u re :  ( 1 )  exc l ude u n vented combust i on app l i ances ; 
( 2 ) exc l ude s l ab-on-grad e ,  basement s , u n vented crawl s paces and ground cover vapor  
barr i e r ;  ( 3 )  exc l ude res i dences wi t h  u rea -formal dehyde foam i ns u l at i on ; ( 4 )  exc l ude 
res i dences wi th  ground s u pp l i ed wate r ;  ( 5 ) exc l ude mob i l e  h omes ; ( 6 ) exc l ude 
apa rtment s ;  ( 7 )  exc l ude  res i dences wi th  wood stoves . 
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Weather i zat i on cost s  per kWh saved were al s o  esti mated . A wei ght  average 
res i dence cost was ca l cu l ated , based on the average i n sta l l ed cost of a l l 
t i ghten i n g meas u res except hou se-doctor i n g .  The wei ghted average for each 
res i dence type was ca l cu l ated u s i n g  the  fol l owi n g  equ at i on :  

WAr ( c )  = Z�l [ ( SDrz + SWrz + Crz +G rz + WSrz + W l rz ) * PPrz ]/ z�l P Prz ( L-3 ) 

whe re 
WArz ( C )  = We i ghted average cost pe r res i dence type r for p roposed act i on under  

case  C .  

SDrz ( C )  = Cost per res i dence type r i n  zone z for storm doors under  case C .  

SWrz ( C )  = Cost per resi dence type r i n  zone z for storm wi ndows u nder  case C .  

C rz ( C )  = Cost per res i dence type r i n  zone z for cau l k i n g under  case C .  

G rz ( C )  = Cost per res i dence type r i n  zone z for gas kets under case C .  

WS rz ( C )  = Cost pe r res i dence type r i n  zone z for weatherstr i p p i n g  under  
case C .  

W l rz ( C )  = Cost pe r res i dence type r i n  zone z for wa l l i n s u l at i on under case C .  

PP rz ( C )  = Program parti c i pants  i n  res i dence type r i n  zone 2 .  
C = Case ( l ow cos t ,  med i um cos t ,  h i gh  cost ) .  

The wei ghted avera ge cost for a l l res i dence types was est i mated u s i n g  t he  
fol l owi n g  equat i on :  

WAV G ( C ) ( L-4 )  

where 
WAVG ( C )  = Wei ghted average cost for a l l types of res i dence under  cost , case C 
WAr ( C )  = Same as equ at i on L-3  

EPP r = Expected p ro gram part i c i pants  for  res i dence type r .  

[ h e  wei ghted average cost n umbers ( ca l c u l ated t h rough equ at i ons L-3  a n d  L-4 )  
need to  be conve rted to  l evel i zed annua l  costs before the  cost pe r kWh  saved 
ca l cul ati ons  can be performed . The compos i t  expected l i fe of the  t i ghten i n g 
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mea s u res  i s  est i mated to be 25  years . ( a )  The wei ghted average numbers we re 
conve rte1bJo l ocal i zed annua l  costs by u s i n g  an annua l  recovery factor of  
. 06 1 249 . 

Once the l evel i zed cost per res i dence was cal cu l ated , cost per kWh saved was 
computed s i mp ly  by d i v i d i n g esti mated l e vel i zed cost by the expected energy 
sav i ngs . The wei ghted average of the expected energy sav i ngs  was com�uted 
u s i n g  equat i ons  s i m i l a r to those u sed i n  cal cu l ati n g  cost per resi dence . That 
i s ,  

( L- 5 )  

and  

whe re 

E S r = Wei ghted ave rage kWh energy sav i ngs  fo r res i dence type r 

Energy s a v i n gs i n  kWh for res i dence type r i n  zone z obtai ned from 
BPA ' s  heat l os s  met hodo l o gy 

ES = Wei ghted average kWh energy sav i n gs 
PP rz ' EPP r = Same as i n  equat i on L-4 .  

BPA ' s  s hare of  the  cost s of weathe ri zat i on was est i mated . E st i mates we re 
cal c u l ated by u s i ng the  l es ser  of 85% of the total cost per res i dence o r  29 . 2  
cents p e r  an nua l  kWh mu l t i p l i ed by t he  expected energy sav i n gs p e r  res i dence 
( E S r and ES ) to  rep resent BPA ' s  s h a re of total weathe ri zat i on cost s . 
The resu l t i n g  est i mates of the ave rage and l evel i zed cost per res i dence and 
cost per kWh are shown i n  Tab l e  L . 9 t h ru L . 1 1 .  Al l costs s h own co rrespond to  
the  P roposed Act i on case .  

M i t i gat i on -By-Act i on Cost s 
Impl ementat i on of hou se t i ghten i n g  mea s u res  wi l l  reduce the  natu ral i nf i l t ra
t i on of outs i de a i r i nto  a res i dence .  I f  i ndoor concent rat i on s  of  a i r 

( a )  I n format i on p rov i ded t o  G l en Wi l fert , PNL , by Stephen On i sk o ,  BPA , i n  a 
te l ephone con vers at i on ,  May 1 984 . ( b ) See Sponsor  Desi gned P rograms and S i t e  Speci f i c P roject So l i c i t at i on 
Packages , E xh i b i t  B ,  Le vel i zed Cost Ca l c u l at i o n s , Bonnevi l l e  Power 
Admi n i strat i on ,  Port l and , O regon . 
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TABLE L . 9 .  Ave ra ge Cost Pe r Re s i dence ( 1 982 $ )  

Type of Average BPA Homeowner BPA 
Res i dence ( a )  Cost ( $ )  Cost ( $ )  Cost ( $ )  F i  nanc i  ng  ( % )  

Low I n sta l l at i on Cost Assumpt i ons  

SFD 1050  7 2 1  329 69  
SFA 9 1 3  586 327 64  
MH 5 1 1  434 77  85  
APT 496 399 70  85 
ALL 82 1 6 1 7  204 7 5  

Med i um I nsta l l at i on Cost As sumpt i on s  

SFD 1 454 7 2 1  7 3 3  50  
SFA 1 2 35  586 649 47 
MH 797  498 299 62 
APT 696 407 289 58 
ALL 1 1 5 3  6 1 7  536 54 

H i gh I n sta l l at i on Cost Ass umpt i o n s  
SFD 1 9 18  7 2 1  1 197  38  
SFA 1 6 1 6  586 1030  36  
MH 1 085 498 587 46 
APT 926 407 519  44 
ALL 1 527 6 1 7  9 1 0  �O 

( a )  SFD = S i n g l e-fami l y  detached ; SFA = Si n g l e-fami l y  attached ; 
MH = Mobi l e  home ; APT = Apartment ; ALL = Al l res i dences . 

pol l utants  i nc rease  above cr i ter i a l evel s because  of the weather i z at i on  p rogram 
AAHXs can be i nsta l l ed to mechan i ca l ly  ach i eve the o ri g i na l  i nd oor/ outdoo r a i r 
exchange rate wh i l e  con s erv i�g  7 0  to  80% of the heat that wou l d  be l ost through  
natu ra l i nf i l t rat i o n .  A d i scuss i on of AAHXs equ i pment , i nsta l l at i on cons i dera
t i on s , and i nsta l l ed cost est i mates  i s  presented i n  Ap pend i x P .  

P ro gram costs for the  M i t i gat i on -By-Act i on Meas u res were e st i mated for the  
ent i re prog ram across  res i dence types and cl i mate zones . Tabl e L . 1 2  presents  
the esti mated costs of mon i t o ri n g  for radon a nd mi t i gat i ng e xces s i ve rado n  
concentrat i on s  a t  va ri ous  concent rat i on l eve l s u s i n g  Ai r-to-Ai r Heat E xchange rs 
( AAHXs ) .  The cost per res i dence for radon mon i t o ri n g  i nc l udes a d etector for  
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TABLE L . 1 0 .  Leve l i zed Cost Pe r Re s i dence ( a )  

Type  of Ave rage Average Leve l i zed Annua l  Cost ( d ) { $ }  
Re s i dence ( b )  Cost { $ )  Sav i ngs {kWh ) ( c )  Res i dence BPA Homeowne r  

Low I n st a l l at i on Cost Assum�t i on s  
S FD  1 050 2469 7 0 . 1 8  4 4 . 1 6  26 . 0 2  
SFA 9 1 3  2006 6 1 . 0 2  35 . 88 25 . 1 4 
MH 5 1 1  1 705  3 4 . 1 5  26 . 60  7 . 5 5  
APT 496 1393  33 . 1 5  24 . 91 . 8 . 24 
ALL 821 2 1 1 4 54 .87  37 .81  1 7  . 06 

Med i um In stal l at i on Cost Ass um�t i on s  

S FD  1 454 2469 97 . 1 8 44 . 1 6  5 3 . 0 2  
SFA 1 2 35  2006 82 . 54 3 5 . 88 46 . 66 
MH 797  1 705 5 3 . 2 7  30 . 49 22 . 78 
APT 696 1 39 3  46 . 52 24 . 91 2 1 . 6 1  
ALL 1 1 53 2 1 14  7 7  . 06 37 .81  3 9 . 2 5  

H i gh I n stal l at i on Cost AssumQt i on s  

SFD 1 9 18 2 469 128 . 20 4 4 . 16 84 . 04 
SFA 16 16  2006 108 . 01 35 . 88 72 . 1 3  
MH 1 085 1 705  7 2 . 52 30 . 49 42 . 0 3  
APT 926 1 393  6 1 .89  24 . 91 36 . 98 
ALL 1527  2 1 1 4 102 . 06 37 .81  6 4 . 2 5  

( a ) Al l cost est i mates  ass ume i mp l ementat i on o f  st o rm door , storm wi ndows , 
cau l k i n g ,  gasket s ,  weatherst r i pp i n g ,  and wa l l  i n su l at i on u nder  the  
P roposed Act i on .  ( b ) SFD  = S i ng l e-fami l y  detached ; SFA = S i ng l e-fami l y  attached ; MH = Mob i l e  
h ome ; APT = Apartment . ( C ) E ne rgy sav i n gs est i mates from the heat l os s  met hodol ogy .  

( d ) Level i zed cost computed by mu l t i p ly i n g  cost per �es i dences by cap i ta l  
recovery factor  of . 066838 . 
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TABLE L . 1 1 . Cost  Per K i l owatt-Hou r Saved ( a )  ( M i l l s )  

Type of 
Res i dence ( b )  Reg i ona l  

Cost 
B PA 
Cost 

Homeowner 
Cost 

Low I n sta l l at i on Cost Assumpt i ons  

SFD 
SFA 
MH 
APT 
ALL 

28 .4  
30 . 4  
2 0 . 0  
23 . 8  
26 . 0  

1 7 . 9  
1 7 . 9  
1 5 . 6 
1 7 . 9  
1 7 . 9  

1 0 . 5  
12 . 5  
4 . 4  
5 . 9  
8 . 1  

Med i um I n sta l l at i on Cost As sumpt i ons  

SFD  
SFA 
MH 
APT 
ALL 

SFD 
SFA 
MH 
APT 
ALL 

H i gh 

3 9 . 4  
41 . 1  
3 1 . 2  
3 3 .4 
36 . 5  

I n sta l l at i on 

5 1 . 9  
5 3 . 8  
42 . 5  
44 . 4  
48 . 3  

Cost 

1 7 . 9  
1 7 . 9  
1 7 . 9  
1 7 . 9  
1 7 . 9  

Assumpt i ons  

1 7 . 9  
1 7 . 9  
1 7 . 9  
17 . 9  
1 7 . 9  

21 . 5  
2 3 . 3  
1 3 . 4  
1 5 . 5  
18 . 6  

34 . 0  
36 . 0  
2 4 . 7  
26 . 5  
3 0 . 4  

( a ) Cost per kWh saved = l evel i zed cost per 
res i dences d i v i ded by annua l  kWh sav i n g  
per res i dence . ( b ) SFD = Si ng l e-fami l y  detached ; SFA = 

S i n g l e-fami l y  attached ; MH = Mobi l e-home ; 
APT = Apartment ; ALL = Al l res i dences . 

$ 1 5 . l0 per u n i t ,  admi n i strati ve costs of $20 . 00 per res i denc e ,  and  an  
i oformat i ona l  pamp h l et for $1 per res i dence . Becau se  there seemed to  be  l i tt l e  
bas i s for determi n i n g  wh i ch res i dences wou l d requ i re mon i t or i n g ,  we ass umed a l l 
p art i c i pat i n g  res i dences i n  the  cu rrent and expanded p rograms wou l d recei ve 
mon i t o ri n g .  Appendi x  K descr i bes h ow the  n umber of h eat exchan gers t hat wou l d  
be i n sta l l ed at the vari ous  radon  concent rat i on l evel s was est i mated . 
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TABLE L. 1 2 .  M i t i gat i on -By-Act i on :  Radon Moni tor i n g  

Mon i tor  Costs ( 1 983$ ) 

Mon i to r ( a )  
$36 . 30 

Number of  
Mon i tors 
I n sta l l ed 
1 , 083 , 7 50 

Tota l  
Mon i t or Cost 

39 , 300 , 000 

A i r-to-Ai r Heat Exchanger  I n st a l l at i on Costs  (mi l l i on $ )  

Radon 
Level 

>2pC i /t 
> 3pC i /t 
>4pC i /t 
>5pC i /t 
> 1 0pC i /t 

>2pC i /t 
>3pC i /t 
>4pC i /t 
> 5 pC i /t 
> 1 0 pC i /t 

Number Tota l  AAHX I n sta l l ed 
I n s  ta l l ed ( b ) Low Med·; um 

1 9 5 ,870  $ 1 0 7 . 7  $ 1 86 . 1  
1 1 7 , 522  64 . 6  1 1 1 . 6  
7 8 , 347 43 . 1  7 4 . 4  
39 , 1 74  2 1 . 5  37 . 2  
1 5 , 6 7 1  8 . 6  1 4 . 9 

Total  Mon i t or  and I n sta l l ed Cost 
$ 147 . 0  
1 0 3 . 9  
82 . 4  
60 .8 
47 . 9  

$22 5 . 4  
1 5 0 . 9  
1 1 3 . 7  
7 6 . 5  
54 . 2  

Cost 
H i gh 

$264 . 4  
1 58 . 7  
1 0 5 . 8  
52 . 9  
2 1 . 2  

$303 . 7  
1 98 . 0  
145 . 1  
92 . 2  
60 . 5  

( a )  Sou rce : Letter from P h i l Th o r ,  BPA , to  B i l l  Sandu sky , 
P N L ,  dated 1 2 / 7/82 . 

( b )  Sou rce : Ap pend i x K .  

The  est i mated costs of mon i to r i n g  and mi t i gat i n g  fo rma l dehyde ( HCHO ) l eve l s are 
p resented i n  Tabl e L . 1 3 .  Cost s for mon i t o r i n g  HCHO are e st i mated at l ow ,  
med i um ,  and h i gh cost s , because  there appea red t o  be n o  bas i s  for determi n i n g  
wh i ch res i dences wou l d  b e  l i ke ly  t o  recei ve HCHO mon i tor i n g .  The l ow case 
a s sumes  mon i t or i n g  on l y  i n  s i ng l e -fami l y  res i dences wi t h  UFF I . The med i um case 
a s s umes mon i t or i ng  i n  s i n g l e-fami l y  res i dences o n l y ,  wh i l e  the h i gh case 
a s s umes mon i tor i n g  i n  a l l res i dences part i c i p at i n g i n  the expanded weat her i za
t i on p ro g ram .  The  number of heat exchangers  that wou l d  be i n sta l l ed for  HCHO 
mi t i gat i on i s  based on the assumpt i on that AAHX s  for rado n  mi t i gat i on a l s o  been 
i mp l emented . The method u s ed i n  ca l cu l at i n g these n umbers was descr i bed 
p rev i ou s l y  i n  Ap pend i x  K .  The cost of HCHO mi t i gat i on i s  rega rded as  an 
i n c rementa l  cost to  the cost of radon m i t i gat i o n .  
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TABLE L . 1 3 .  Mi t i gat i o n -By-Act i on :  Forma l dehyde i f  Radon 
M i t i gat i on i s  Adopted 

Low 
Med i um 
H i gh  

Mon i to r ( a )  
Cost  
$30  
30 
30 

Number of 
Mon i tors  
I n sta l l ed 

5 , 182 
598 , 452  

1 , 2 08 ,872  

Tota l  Mon i tor  Cost 
200 , 000 

18 , 000 , 000 
36 , 300 , 000 

I n crementa l  Cost of I n sta l l i n g  AAHX i f  Radon 
M i t i gat i on Al so  Adopted ( mi l l i on $ )  

Total AAH X  
I f  Radon Number I n sta l l ed Cost ( c )  

I n sta l l ed ( b )  Leve l  Low Med i um � 
>2pC i / t 3744 2 . 1 3 .6 5 . 1  
> 3pC i / t 4009 2 . 2  3 . 8 5 . 4  
>4pC i /t 4140 2 . 3 3 .9 5 . 6  
>5pC i / t  4237 2 . 3  4 . 0  5 . 7  
> 1 0pCi /t 4352 2 .4 4 . 1 5 . 9  

Total  Mon i tor  and I n sta l l ed Cost (mi l l  i o n $ )  
> 2pC i / t 2 . 3 2 1 . 6  41 . 4  
>3pC i /t 2 .4 2 1 .8  4 1 . 7  
> 4pC i / t 2 . 5  2 1 . 9  41 . 9  
> 5pC i /t 2 . 5 2 2 . 0  42 . 0  
> 1 0pC i / t 2 . 6  22 . 1  42 . 2  

( a )  Sou rce : Letter from P h i l Tho r ,  BPA , t o  B i l l  
Sand u s ky ,  P N L ,  d ated 1 2/ 7 /82 . 

( b )  Sou rce : Append i x K .  
( c )  I n sta l l ed u n i t  cost : Low = $550 , Med i um = $950 

H i gh = $ 1 350 . 

The  est i mated costs for mi t i gat i on i n  res i dences hav i n g  wood stoves are s hown 
i n  Tab l e L . 1 4 .  The method u sed to ca l c u l ate these  heat exchanger n umbers was 
descri bed p rev i ous l y  i n  Ap pend i x  K .  

Tab l e L . 1 5  pro v i des est i mate s  of p rog ram cost s  associ ated wi t h  vari ous  l eve l s 
( 50 ,  7 5 ,  8 5 ,  and 1 00% ) of p rogram fund i n g  for AAHX equ i pment and 
i nsta l l at i on .  The  program costs i n  Tab l e L . 1 5  ass ume a l l mon i to ri n g  costs wi l l  
be funded by the  p rogram.  The va l ues  s hown i n  Tab l e L . 1 5  rep resent a l l t h e  
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TABLE L . 1 4 .  M i t i gati on -By-Act i on :  Wood Stoves 

I n c remental  Cost of I n sta l l i ng AAHX i f  Radon and F o rmal dehyde 
M i t i gat i on i s  Al so  Adopted ( mi l l i on $ )  

Tota l  AAHX 
Radon Numbe r I n st a l l ed Cost ( b )  
Level I n sta l l ed ( a )  Low Med i um H i gh 

>2pC i /t 328 , 552 180 . 7  3 1 2 . 1  443 . 5  
> 3pC i / t 35 1 , 744 1 9 3 . 5  3 34 . 2  474 . 9  
>4pC i /t 363 , 339 1 99 .8  345 . 2 490 . 5  
>5pC i / t 3 7 1 , 843 204 . 5  3 53 . 3  502 . 0  
> 1 0pC i /t 381 , 89 3  2 1 0 .0 36 2 . 8 5 1 5 . 6  

( a )  Sou rce : Append i x  K .  
( b )  I n sta l l ed u n i t  cost : Low = $ 550 , Med i um = $950 , 

H i gh = $350 . 

mon i t o r i ng  costs p l u s  some port i on ( . 5 ,  . 7 5 ,  .85 , 1 . 00 )  of the  i n sta l l ed 
equ i pment costs . Prog ram costs a re s h own fo r res i dences w i th radon exceed i n g 
2 ,  3 ,  4 ,  5 ,  and 1 0  pC i / t .  

EMPLOYMENT 
E ffect s on emp l oyment of the P roposed Act i on and the M i t i gat i on -By-Exc l u s i on 
Mea su res were ca l cu l ated based on conse rvat i on expend i t u re s -to-empl oyment 
facto rs . A recent study p repa red for BPA ( C h a rl e s  R i ve r  As soc i ates 1 984 ) 
i nd i cates t hat i n sta l l i n g wal l - i n su l at i on w i l l  p r o v i d e  24 emp l oyee-years p e r  
m i l l i on dol l a rs , and that i n sta l l i n g storm wi ndows wou l d  p ro v i de  2 7  emp l oyee
years per  m i l l i on do l l a rs . For  pu rposes of t h i s  a n a lys i s ,  a n  a ve rage of 2 5 . 5  
emp l oyee-yea rs per  mi l l i o n dol l a rs of p rog ram expend i t u res  wa s u sed . 
Tab l es L . 1 6 t h ro u gh L . 18 conta i n the numbe r of  d i rect emp l oyee-years req u i red 
for the  P roposed Act i on and the M i t i gat i on -By-Act i o n Measu res . 

I n  add i t i on to  the  d i rect emp l oyment s upported by weather i zat i on expend i tu re s , 
l a bo r i s  requ i red to mak e  mate r i a l s and supp l y  i nd i rect serv i ces ( i nd i rect 
emp l oyment ) .  Al s o ,  emp l oyment wi l l  resu l t  from i ndu ced spend i n g .  ( Workers  
h i red to  prov i de mate r i a l s wi l l  s pend  the i r i ncome i n  ways that  are l i k e l y  to  
c reate add i t i ona l  j ob  opportu n i t i es . )  C har l es  R i ve r  Associ ates ( 1 984)  est i mate 
that conservat i on expend i tu res  p rov i de  a tot a l  of 5 3  regi ona l , emp l oyee-yea rs 
per m i l l i on do l l a rs spent . Ta b l es 1 9  t h ro u gh 2 1  est i mate the total  emp l oyment 
( d i rect , i nd i rect , and i nduced ) fo r the P roposed Act i on and the M i t i gat i on -By
Excl u s i on Mea s u re expend i tu res . 
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TABLE L . 1 5 .  P rogram Cost of Ai r-to-Ai r Heat Exchangers for Radon , 
F orma l dehyd e ,  and Wood Stove M i t i gat i o n -By-Acti on  
Opt i on s  Comb i ned ( mi l l i on $ )  

Low Cost Case 

Pe rcent of 
I n sta 1 1  ed C�Sj 

F unded b.l BPA a >2  �C i / R. >3  �C i / R. >4 �C i / R. >5  �C i / R. > 1 0  �C i / R. 

50 184 . 7  1 69 . 7  1 6 2 . 1  1 5 3 . 7  1 5 0 . 0  
7 5  257 . 4  234 . 7  223 . 4 2 l 0 . 8  205 . 3  
85  286 . 4  260 . 8  247 . 9  2 3 3 . 6  227 . 4  

1 00 3 30 . 0  299 . 8  284 . 7  267 . 9  260 . 6  

Med i um Cost Case 

50 308 . 2  282 . 1  226 . 1  254 . 5  248 . 2  
7 5  433 . 6  394 . 5  37 5 . 0 253 . 2  343 . 7  
85 483 . 8 439 . 5  4 1 7 . 3  392 . 6  381 . 8  

1 00 559 . 1  506 . 9  480 . 8  457 . 8  439 . 1  

H i gh Cost Case 

50  432 . 1  395 . 1  3 7 6 . 5 355 .9  346 . 9  
7 5  6 1 0 . 4  554 . 8  527 . 0  496 . 0  482 . 5  
85 681 . 7  6 1 8 . 7  587 . 2  552 . 1  536 . 8  

1 00 7 88 . 6  7 1 4 . 5  6 7 7  . 5  636 . 2  6 1 8 . 2  

( a ) As s umes a l l mon i t o ri n g  costs are 1 00% funded by the p rogram , and 
i nsta l l ed costs funded from 50% to 1 00% by BPA . 
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TABLE L . 1 6 .  D i rect Emp l oyment Unde r P roposed Act i on and Mi t i gat i o n s -By-
Excl u s i on ,  Low Cost per Mea s u re Case  

Em2l o�ee-Yea rs Regu i red 
Proposed Mi t i 9at i on -B�-Excl u s i on Measu re��� 

Mea s u re s  Act i on 1 2 3 4 5 6 
Storm Door/W i ndows 1 1 , 92 1  1 1 , 697  4 , 202 1 1  , 462  9 , 853 1 1 , 1 74  1 0 , 496 

Weat herst r i pp i n g 3 1 6  3 1 1  1 1 2  309 270 258 240 
Cau l k i ng/Gasket s  1 , 1 27 1 , 107  441 1 , 09 1  944 92 1 964 

Storm Door/Wi ndows 1 2 , 2 3 7  1 2 , 008 4 , 3 1 5  1 1 , 7 58 1 0 , 1 24 1 1  , 432 1 0 , 7 38 
& Weathe rst ri pp i ng 

Storm Door/W i ndows 1 3 , 048 1 4 , 3 34 4 , 644 1 2 , 556  1 0 , 7 9 7  1 2 , 09 5  1 1  , 460 
& Cau l k i ng/Gasket s  

Weatherst r i pp i ng  & 1 , 446 1 , 41 5  553  1 , 400 1 , 2 1 4  1 , 1 78 1 , 204 
Ca u l k i n g/Gas ket s  

Storm Door/W i ndows , 1 3 , 36 7  1 3 , 1 1 5  4 , 7 56 12 , 86 5  1 1  , 06 7  1 2 , 3 52 1 1 , 699  
Weat herst r i pp i n g , 
& Cau l k i n g/Gasket s  

Storm Door/Wi ndows , 20 , 5 9 1  20 , 1 9 9  7 , 681  1 9 , 8 54 1 7 , 047 1 8 , 26 3  1 8 , 029  
Weat herst ri pp i n g ,  
C a u l k i n g/Gasket s , 
& Hou s e-Doctori n g  

Storm Door/W i ndows , 2 1 , 57 9  2 1 , 409 8 , 055  20 , 7 52 1 7 , 81 2  1 9 , 026 1 8 , 842 
Weat herst� i p p i n g ,  
C a u l k i n g/Gasket s , 
& Wa l l I n s u l at i on 

Storm Door/W i ndors , 28 , 746 28 , 1 9 5  1 0 , 980 27 , 7 41 2 3 , 792  2 4 , 936 25 , 1 7 1  
Weatherst ri pp i n g ,  
Ca u l k i ng/Gasket s , 
Hou se-Doct ori n g ,  
& Wa l l I n su l at i on 

( a )  M i t i gat i on-By-Excl u s i on Mea s u re :  ( 1 )  exc l ude  un  vented comb u st i on 
app l i ances ; ( 2 )  exc l u de s l a b-on -grade ,  basement s ,  u n vented c rawl spaces and  
ground cove r vapor  ba rr i e r ;  ( 3 )  excl ude res i dences wi t h  u rea-forma l dehyde  
foam i n su l at i o n ;  ( 4 ) exc l ude res i dences w i t h  ground s u p p l i ed water ;  ( 5 )  
exc l ude  mob i l e  homes ; ( 6 )  exc l ude apartments ; ( 7 )  exc l ude res i dences wi t h  
wood stoves . 
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6 , 806 

2 1 2  
7 0 1  

7 , 0 18  

7 , 505 

9 1 3  

7 , 7 1 9  

12 , 06 7  

1 2 , 6 2 5  

1 6 , 97 3  



TAB LE L . l 7 . D i rect Emp l oyment Under P roposed Act i on and Mi t i gat i on s -By-Exc l u s i on ,  
Med i um Cost per  Measure Case  

Em� l o�ee-Yea rs Regu i red 
P roposed Mi t i 9at i on -B�-Exc l u s i on Mea s u re �a}  

Mea s u re s  Act i on 1 2 3 4 5 6 7 
Storm Door/Wi ndows 1 3 , 444 l 3 , 1 94 4 , 7 38 1 2 , 929 1 1 , 1 1 3  1 2 , 602 1 1  ,837  7 , 6 76  

Weatherst ri pp i n g 423 4 1 3  1 50 4 1 1  360 342 321 283 
Cau l k i n g /Gasket s  2 , 203 2 , 160  872  2 ,  l 32 1 , 833  1 , 9 5 3  1 , 902 1 , 349 

Storm Door/W i ndows l 3 , 867  l 3 , 607 4 , 891  l 3 , 339  1 1 , 47 5  1 2 , 944 12 , 1 56 7 , 96 1  
& Weatherst ri pp i ng 

Storm Door/W i ndows 1 5 , 647 1 5 , 3 51  5 , 7 66  1 5 , 060 1 2 , 949 1 4 , 402  l 3 , 7 39 9 , 027  
& Cau l k i ng/Gasket s  

Weatherstri pp i n g & 2 , 624 2 , 57 3  1 , 025  2 , 542 2 , 1 9 6  2 , 1 42 2 , 224  1 , 63 5  
C au l k i n g /Gasket s  

Storm Door/W i ndows , 1 6 , 07 0  1 5 , 7 64 5 , 7 63  1 5 , 47 1  1 3 , 308 1 4 , 7 44 1 4 , 061  9 , 3 10  
Weatherst ri pp i n g ,  
& Cau l k i ng/Gaskets  
Storm Door/W i ndows , 24 , 85 5  24 , 381 9 , 3 18  23 , 97 0  20 , 57 6  2 1 , 93 3  2 1 , 7 54  1 4 , 596 
Weatherst ri pp i n g ,  
C au l k i n g/Gas ket s ,  
& Hou s e-Doctori n g  

Storm Door/W i ndows , 30 , 205  29 , 626  1 1  , 483  29 , 1 44 2 5 , 000 26 , 308 26 , 441  1 7 , 81 4  
Weatherstri pp i n g , 
C au l k i ng/Gasket s , 
& Wa l l I n su l at i on 

Storm Door/W i ndows , 38 , 990 38 , 240 1 5 , 037  37 , 641 32 , 268 33 , 497  34 ,  l 34 23 , 1 00 
Weatherstri pp i n g ,  
C au l k i ng/Gask et s , 
Hou s e -Doctor i n g ,  
& Wa l l I n su l at i on 

( a )  M i t i gat i o n-By-Exc l u s i on Mea s u re : ( 1 )  exc l ude u nvented combu st i o n  app l i ance s ; ( 2 )  
e xc l ude s l a b -o n -grad e ,  basements , u n ve nted crawl spaces and ground cover vapor  
barri e r ;  ( 3 )  e xc l ude  res i dences  wi th  u rea-forma l dehyde foam i ns u l at i on ;  ( 4 )  
e xc l ude res i dences  w i th g round s u pp l i ed wat e r ;  ( 5 ) exc l ude mobi l e  home s ;  ( 6 )  
e xc l ude  apa rtme nt s ;  ( 7 )  exc l ude  res i dences  wi t h  wood stoves .  
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TABLE L . 1 8 .  D i rect Emp l oyment Under P roposed Act i on and Mi t i gat i on s -By-Excl u s i on ,  
H i gh Cost per Mea s u re Case  

Em�l otee-Yea rs Regu i red 
P roposed Mi t i 9at i on -B�-Exc l u s i on Measu re ��� 

Mea s u res Act i on 1 2 3 4 5 6 7 
Storm Door/Wi ndows 1 6 , 578 1 6 , 269  5 , 840 1 5 , 943 1 3 , 7 06 1 5 , 537  1 4 , 586 9 , 47 1  

Weat h e rstr i pp i n g 528 578 189 515 451 428 400 354 

Cau l k i n g/Gasket s  2 , 525  2 , 474  995  2 , 443 2 , 1 04 2 , 066 2 , 168 1 , 5 5 3  

Storm Door/Wi ndows 1 7 , 1 08 16 , 787  6 , 028 16 , 458 1 4 , 1 58 1 5 , 966 14 , 986 9 , 825  
& Weatherstr i pp i n g  

Storm Door/Wi ndows 1 9 , 1 02 1 8 , 7 43 6 , 834 18 , 386 1 5 , 81 0  1 7 , 605  16 , 7 54 1 1  , 024 
& C au l k i ng/Gasket s  

Weatherst r i pp i n g & 3 , 052 2 , 99 1  1 , 1 83 2 , 958 2 , 55 5  2 , 494 2 , 568 1 , 907 
Cau l k i n g /Gasket s  

Storm Door/W i ndows , 1 9 , 6 30 1 9 , 2 60 7 , 023  1 8 , 901  1 6 , 2 6 1  1 8 , 034 1 7 , 1 54 1 1 , 378 
Weatherst r i pp i n g ,  
& (au l k i ng/Gasket s  

Storm Door/W i ndows , 3 1 , 1 6 1  30 , 56 7  1 1  , 689 30 , 054 25 , 798 27 , 466 27 , 252  18 , 3 1 7  
Weatherst ri p pi n g ,  
C a u l k i ng/Gasket s ,  
& Hou se-Doctori n g  

Storm Door/W i ndows , 40 , 01 7  39 , 2 50 1 5 , 2 7 2  38 , 620 3 3 . 1 2 5  34 , 7 1 3  3 5 , 009 2 3 , 644 
Weathe rst r i pp i n g ,  
Cau l k i ng/Gasket s ,  
& Wal l I n su l at i on  

Storm Door/W i ndows , 5 1 , 548 50 , 5 56 19 , 9 36 49 , 7 7 3  42 , 662  44 , 1 48 45 , 1 07 30 , 582 
Weatherstr i p p i n g , 
Cau l k i ng/Gasket s , 
Hou se-Docto ri n g ,  
& Wa l l  I n su l at i on 

( a )  M i t i gat i on -By-Exc l u s i on Measu re : ( 1 )  exc l ude u n vented combu st i on app l i a nces ; 
( 2 )  exc l ude s l a b -on-grad e ,  basement s , u n vented c rawl s paces and ground cove r 
vapor barri e r ;  ( 3 )  exc l ude res i dences wi t h  u rea -fo rma l dehyde foam i n s u l at i on ; 
( 4 ) exc l ude res i dences  w i th g round s u pp l i ed wat e r ;  ( 5 ) exc l ude mob i l e  h omes ; 
( 6 )  exc l ude  apartment s ;  ( 7 )  exc l ude res i dences wi t h  wood stoves . 
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TABLE L . 1 9 .  Tota l  Emp l oyment ( D i rect , I n d i rect , I ndu ced ) Under P roposed Act i on 
and M i t i gat i o n s -By-Excl u s i on ,  Low Cost per  Measu re Case 

EmEl otee-Years Att ri butab l e to  the  p�o�ram 
P roposed Mi t i gat i on -Bt-Exc l u s i on Mea s u re a 

Mea s u res  Act i on 1 2 3 4 5 6 7 
Storm Door/W i ndows 2 4 , 7 7 7  24 , 3 1 4  8 , 7 34 2 3 ,825  20 , 482 2 3 , 225  2 1 , 81 7  1 4 , 145  

Weatherst ri pp i n g  659 645 235  642 562 5 34 499 442 

Cau l k i ng/Gasket s  2 , 344 2 , 298 9 17  2 , 270  1 , 961 1 , 914  2 , 002 1 , 455 

Storm Door/W i ndows 2 5 , 436 24 , 959 8 , 97 0  24 , 466  21 , 043  23 , 759  22 , 3 1 6  1 4 , 587 
& Weatherst ri pp i ng  

Storm Door/W i ndows 27 , 1 2 1  26 , 6 1 1  9 , 6 51  26 , 095 22 , 442 2 5 , 1 38 2 3 , 819  1 5 , 6 00 
& Weatherstr i pp i n g  

Weat herstr i pp i n g & 3 , 003  2 , 943  1 , 1 52  2 , 9 1 2  2 , 522 2 , 448 2 , 501  1 , 897  
Cau l k i ng/Gaskets  

Storm Door/W i ndows , 2 7 , 780 27 , 2 56 9 , 887 26 , 7 37 23 , 004 25 , 67 3  24 , 318  16 , 042 
Weatherst ri pp i n g , 
& Cau l k i ng/Gasket s  

Storm Door/W i ndows , 42 , 800 41 , 984 1 5 , 964 41 , 26 5  35 , 428 37 , 960  37 , 4 7 3  25 , 080 
Weatherst ri p p i n g ,  
Cau l k i ng/Gasket s ,  
& House-Doct ori n g  

Storm Door/W i ndows , 44 , 7 29 43 , 8 7 5  16 , 7 44 43 , 1 31 37 , 02 3  39 , 541 39 , 1 64  26 , 239  
Weatherstr i p p i n g , 
Cau l k i ng/Gasket s ,  
House-Doctori n g , 
& Wal l I n s u l at i on 

St orm Door/W i ndows , 59 , 7 49 58 , 602  2 2 , 82 1  57 , 660 49 , 447 51 , 828 52 , 31 8  35 , 27 6  
Weatherstri pp i n g , 
Cau l k i ng/Gasket s , 
Hou se-Doctori n g ,  
& Wal l I n s u l at i on 

( a )  M i t i gat i on -By-E xc l u s i on Mea s u re : ( 1 )  exc l ude u n  vented combust i on appl i ance ; 
( 2 )  e xc l ude s l ab-on -grade , basement s ,  u n vented crawl s paces and g round  cove r 
vapor barri e r ;  ( 3 )  exc l ude  res i dences wi t h  u rea-forma l dehyde foam i ns u l at i on ;  
( 4 ) e xc l ude res i dences w i th ground supp l i ed wat e r ;  ( 5 ) e xc l ude mobi l e  h ome s ; 
( 5 )  exc l ude apartment s ; ( 7 )  exc l ude res i dences . wi th wood stoves . 
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TABLE L . 2 0 .  Tota l  Emp l oyment ( D i rect , I n d i rect , I ndu ced ) Under Proposed Act i on 
and M i t i gat i o n s -By-Exc l u s i o n ,  Med i um Cost per Mea s u re Case 

Em 
P roposed 

Mea s u res  Act i on 1 2 7 
Storm Door/Wi ndows 27 , 943 n , 420 9 , 849 26 , 869 23 , 099 26 , 1 9 1  24 , 6 00 1 5 , 954  

Weat herstr i pp i n g 879 860 3 14  856 749 7 1 2  6 6 5  590 

Cau l k i n g/ Gasket s  4 , 57 7  4 , 487 1 , 8 1 5  4 , 430 3 , 812 3 , 740 3 , 956 2 , 805 

Storm Door/Wi ndows 28 , 8 2 1  28 , 280 1 0 , 1 6 3  
& Cau l k i ng/Ga s ket s  

27 , 725  23 , 848 26 , 904 25 , 266 16 , 544 

Storm Door/Wi ndows  32 , 5 1 9  3 1 , 907 11 , 664 
& Cau l k i ng/Gas ket s  

3 1 , 299  26 , 91 1  29 , 932 28 , 5 56 1 8 , 760  

Weatherst r i p p i ng  & 5 , 456 5 , 347 2 , 1 2 9  
Cau l k i ng/Gas ket s  

5 , 286 4 , 56 1  4 , 453 4 , 6 22  3 , 39 5  

Storm Door/W i ndows , 33 , 3 98 32 , 767  1 1 , 978 32 , 1 55 27  , 660 30 , 644 29 , 222  1 9 , 349 
Weatherstr i pp i n g ,  
& Cau l k i ng/Gas ket s 

Storm Door/W i ndows , 5 1 , 6 59  50 , 6 7 2  1 9 , 366 49 , 8 19  42 , 76 5  45 , 584 45 , 2 1 3  30 , 3 37  
Weatherstr i pp i n g ,  
Cau l k i ng/Gasket s , 
& House-Doctori n g  

Storm Door/Wi ndows 62 , 7 76  6 1 , 57 3  23 , 864 
Weat herst r i pp i n g ,  

60 , 57 2  51 , 960 54 , 682 54 , 954 37 , 023  

Cau l k i ng/Gasket s , 
& Wa l l  I n su l at i on 

Storm Door/W i ndows , 81 , 037  79 , 478 '  3 1 , 252  
Weat herst r i pp i n g ,  

78 , 2 36 67 , 06 5  69 , 622 7 0 , 945 48 , 0 1 2  

Ca u l k i ng/Gasket s , 
House-Doctori n g ,  
& Wa l l  I n su l at i on 

( a )  M i t i gat i on -By-E xc l u s i on Mea s u re :  ( 1 )  exc l ude unvented combust i on app l i a nce ; 
( 2 )  exc l ude s l a b-on-g rad e ,  basement s ,  u n vented c rawl spaces and g round cover va por  
barr i e r ;  ( 3 )  exc l ude res i dences wi t h  u rea-forma l dehyde foam i n s u l at i o n ;  ( 4 )  exc l ude 
res i dences w i th ground s upp l i ed wate r ;  ( 5 ) e xc l ude mobi l e  homes ; ( 6 ) excl ude 
apartment s ;  ( 7 )  excl ude res i dences  wi t h  wood stoves . 

L . 2 5 



TABLE L . 2 1 . Tota l  Emp l oyment ( D i rect , I n d i rect , I nduced ) Under P roposed Act i on 
and M i t i gat i o n s -By-Exc l u s i on ,  H i gh Cost pe r Measu re Case 

Em� l otee-Years Att ri butab l e t o  the p�o�ram 
P roposed Mi t i gat i on -Bt-Exc l u s i on Mea s u re � 

Measu res Act i on 1 2 3 4 5 6 7 
Storm Door/W i ndows 34 , 457 3 3 , 8 1 2  1 2 , 1 38 2 2 , 1 34 2 8 , 488 3 2 , 295  30 , 31 6  1 9 , 685  

Weatherstr i pp i n g 1 , 099 1 , 0 7 5  392 1 , 069  9 36 890 832 737  
Cau l k i n g/Gaskets  5 , 246 5 , 1 43 2 , 067 5 , 080 4 , 374 4 , 294 4 , 505 3 , 229  
Storm Door/W i ndows 3 5 , 5 56 34 , 888 1 2 , 53 1  34 , 204 29 , 424 3 3 , 185  3 1 , 1 48 20 , 422 
& Weathe ri z at i on 

Storm Door/W i ndows 39 , 7 03  38 , 955  14 , 205  38 , 21 4  32 , 862  36 , 589 34 , 821  22 , 9 14  
& Cau l k i ng/Gas ket s  

Weatherstr i p p i n g  & 6 , 345 6 , 2 18  2 , 45 9  6 , 1 49 5 , 3 1 0  5 , 1 84 5 , 337  3 , 966 
Cau l k i ng/Gasket s  

Storm Door/W i ndows , 40 , 802  40 , 03 1  14 , 5 98 39 , 283 3 3 , 798  37 , 480 35 , 652  23 , 6 51 
Weatherstr i pp i n g ,  
& Cau l k i n g/Gasket s  

Storm Door/W i ndows , 64 , 7 67 6 3 , 529  24 , 293  62 , 46 5  53 , 622  57 , 088 56 , 640 38 , 0 7 1  
Weatherst ri p p i n g ,  
Cau l k i n g/Gasket s , 
& Hou se-Doctori n g  

Storm Door/W i ndows , 83 , 1 7 4  81 , 578  3 1 , 741  80 , 27 0  68 , 847 7 2 , 1 50 7 2 , 766  49 , 1 42 
Weatherst r i pp i n g ,  
C a u l k i n g/Gasket s , 
& Wa l l I n s u l at i on 

Storm Door/W i ndows , 107 , 1 39  105 , 0 7 6  41 , 436  103 , 451  88 , 67 0  9 1 , 7 58 93 , 7 53 6 3 , 562  
Weatherstr i p p i n g ,  
Cau l k i n g/Gas k et s ,  
Hou se-Doctori n g ,  
& Wa l l I n su l at i on 

( a )  M i t i gat i on -By-Exc l u s i on Mea s u re :  ( 1 )  exc l ude u n  vented combust i on app l i ance ; 
( 2 ) exc l ude s l a b-on -grade , ba sements ,  u n vented c rawl spaces and g round  cover vapor 
barr i e r ;  ( 3 )  exc l ude res i dences wi t h  u rea-forma l dehyde foam i n s u l at i on ; ( 4 )  exc l ude 
res i dences w i th g round  s u p p l i ed wat e r ;  ( 5 )  exc l ude mobi l e  homes ; ( 6 )  exc l ude 
apartments ;  ( 7 )  exc l ude res i dences  wi t h  wood stoves . 
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APPEND I X  M 

DESC R I PT I ON OF OTHER M I T I GAT ION TECHN IQUES 

Var i ous  mi t i gat i on measu res a re avai l a b l e to e i t her  i nc rease  the ai r exchange  
rate w i th i n  the  res i dence , o r  i mp rove the  ai r q ua l i ty by removal of po l l u 
tants . These tec h n i ques are d i scussed bel ow i n  terms of cost , effect i venes s , 
commerc i a l ava i l a b i l i ty ,  and effect of hea l th i mpact red uct i on .  

A I R  F I LTRAT I ON DEV I CES  

Ai rbo rne p a rt i cu l ate contami nants  rang i n g  i n  s i ze f rom 0 .0 1  �m to >1 . 0  �m can 
be removed f rom the  a i r by mechan i cal f i l t rat i on dev i ces . F i b rous mat f i l te r s , 
f requent l y  fou nd i n  res i dent i a l  fu rnace sy stems , are effect i ve i n  col l ect i n g 
p a rt i c l es l a rger than 1 . 0 �m i n  d i ameter t h ro u gh i ne rt i a l i mpact i on p ro
cesses . Howeve r ,  su bmi c ron part i c l es that are  of  pr i ma ry hea l th concern a re 
not captu red by these rel at i ve ly  coarse f i l te r s . F i b rous mat f i l ters a re 
read i l y  avai l ab l e comme rci a l l y  and are i nexpens i ve .  

F i l te rs hav i ng  h i gher  p a rt i c l e  col l ect i on e ff i c i ency th rough the use  of a woven 
fabr i c or porous pape r can remove part i cu l ates as sma l l as 0 . 0 1  �m i n  d i ameter  
( F i sk et a l e 1984 ) . P a rt i c l es smal l e r than  0 . 5  �m  a re most l i ke ly  to cau s e  
hea l t h  prob l ems . H i gh  effi c i ency fi l ters  are comme rci a l l y  avai l ab l e ,  but are 
mo re e xpen s i ve than the common fu rnace f i l ter  me nt i oned above . Al l f i l t e rs 
must be pe r i od i ca l l y  cl eaned or  repl aced i n  orde r to ma i nta i n  effect i venes s .  

ELECTRONIC  A IR  CLEANERS 

Radon progeny are chemi cal l y  act i ve e l ements  that have the ab i l i ty to react 
chemi cal l y  or phys i ca l l y  wi th s u rfaces or a i rbo rne p a rt i c l e s .  Ai r c l ean i n g can 
remove attached p rogeny by the removal of the part i cu l ate matte r .  Ai r cl ean i n g  
a l so cont r i butes to t h e  removal o f  radon p rogeny th rough t h e  reduct i on of the  
amb i ent  p a rt i c u l ate concent rat i on .  Unattached radon p rogeny are then  mo re 
l i ke l y  to depos i t  on i ndoor su rfaces whe re they can be removed by oth e r  
means . E l ect ron i c  a i r c l eaners  a re avai l a b l e comme rci a l l y .  

A I R  I ON I ZERS 
La rge numbers of negat i ve i ons a re p roduced by ai r i on i ze rs . Some of these 
i ons  w i l l  attach to  a i rbo rne p a rt i c l es , caus i n g the p a rt i c l es to become 
negat i ve l y  cha rged . Wa l l s ,  fl oors , tab l e tops , and other  su rface areas u s ua l l y  
h ave a l ow e l ect r i cal potent i a l ; thu s ,  they tend t o  att ract t h e  charged 
p a rt i c l es , remov i n g  them f rom the ai r ,  and caus i n g them to col l ect on su rfaces . 

Ai r i on i z e rs a re comme rc i a l l y  ava i l ab l e and fa i r ly  i nexpens i ve ;  some mode l s a re 
equ i p ped wi t h  an oppos i te ly  cha rged col l ect i on ,  wh i ch i s  des i gned to reduce the 
amount of  depos i t i on on room su rfaces . Ad ve rt i s i n g c l a i ms about the i r 
e ffect i veness  may be mi s l ead i n g ,  but there i s  s l i ght evi dence that they do 
remove p a rt i c l es f rom the a i r .  Commerc i a l and i nd u str i a l  u n i ts a re cos t ly ,  but 
do  exh i b i t  some effect i vene s s  i n  removi n g  part i c l e s .  
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MECHAN I CAL VENT I LAT I ON , 

Res i dent i a l ai r-to-a i r heat exchangers  ( AAHX s )  are a type of vent i l at i on 
a pp l i ance des i gned to fu rn i sh a cont ro l l ed s u p p l y  of f resh  a i r to t he i nte ri o r  
of  a res i dence and , at t he  same t i me ,  recove r some of  t he  heat ene rgy that 
wou l d ot herw i se be l ost i n  the exhaust a i r .  I dea l l y ,  mi x i n g  of t he two a i r 
st reams does not occ u r .  F i e l d tests have been ab l e to  demonst rate a reduct i on 
i n  i ndoor po l l utants  by the  u se  of t hese systems . Nat u ra l  reduct i on i n  p o l l u 
tants  can on ly  be ach i e ved when i ncomi n g  fre s h  a i r i s  l es s  pol l uted than  t hat 
wi t h i n the res i dence . Compar i sons  between hou ses wi th  and wi thout mech a n i ca l  
vent i l at i on revea l ed a reduct i on i n  radon  and fo rma l dehyde concent rat i on s  and  
i n  p a rt i cu l ate l oadi n g .  At l ea st one study i nd i cated that t he degree of  
po l l ut i on reduct i on may depend  on cha racteri st i cs of  the  duct  system u sed wi t h  
t h e  h eat exchanger and o n  t h e  sou rce l ocat i ons  o f  po l l utants  ( D i amond a nd  
Gr i ms rud 1984 ) . The format i on of i ce i n  the core of  the  heat exchanger  may 
occur wi th  outs i de a i r temperatu res of _ 1 0° to  -20°C . Such occu rrences 
severe l y  i mpa i r t he effi c i ency of the system. The  cost of AAHXs , i n c l ud i n g  
i n sta l l at i on ,  can b e  $2000 to  $300 0 .  F actors to  b e  con s i de red i n  t he  
operat i on a l  cost s  a re  heat i n g  a n d  f ue l  cost s , cl i mate , a n d  degree of  res i dence 
weathe r l Zat i on .  

A second method of mechan i ca l l y  exchang i n g  a i r wi t h i n a dwe l l i n g i s  t h rough  
mechan i ca l  exhau st venti l at i on .  Th i s  tech n i que p roduces a p res s u re d rop between 
the  i nter i o r  of t he dwe l l i n g and the  out s i de a i r .  Thus , out s i de ai r i s  d rawn 
i nto  t he st ruct u re v i a  open i ngs  ( n at u ra l  or des i gne d )  i n  the  wa l l s . Depend i n g  
on  the l ocat i on o f  a i r i ntake  open i n gs ,  radon sourc,e strengt h  may b e  i nc reased 
by dep res s u r i zat i on of the  struct u re by exhaust fan ( s ) . For  removal  of ot her  
i ndoor po l l utant s , h owever ,  the  mechan i ca l  exha u st system can  be  p l aced s o  as  
to  d raw a i r f rom l ocat i ons near t he po l l utant sou rce . Th i s i s  an advantage i n  
effi c i ent cont rol of po l l utant concent rat i on s  ( F i s k  et a l e 1 984 ) . I n sta l l at i on 
of mechan i ca l  exhaust venti l at i on equ i pment i s  l es s  cost ly  than  a i r-to-a i r heat 
exchange systems . 

SPOT VENT I LAT I ON 
Remov i n g a i r pol l utants  gene rated at s peci f i c i ndoor l ocat i on s  i s  more 
eff i c i ent i f  accomp l i s hed before d i ffu s i on or vent i l at i on s p reads the  
po l l utants  t o  other  rooms . Exhaust  fans at  st rategi c l ocat i on s , as  i n  k i tchen  
ran ge hoods or  ,bath rooms , a re ab l e to  remove much  of  the  po l l utants  wh i l e  t hey 
a re st i l l  concent rated . F requent l y , po l l utant s of t h i s sort are p roduced 
i ntermi ttent l y ,  and t he exhau st i s  t u rned on o n ly  when needed . 
I n sta l l at i on of duct work and exhaust  fans for s pot vent i l at i on fs best done 
d u ri n g  or i g i na l  const ruct i on .  However ,  mod i f i cat i ons  of o l der st ructu res t o  
accommodate s pot exhau st systems genera l l y  i s  not a maj or  u ndertak i n g .  

OTHER VENT I LATI ON TECHN I QUES  
D i l ut i on exhaust  i s  a meth od of  vent i l at i on u sed i n  Scandanavi an  cou nt r i es  t o  
mechan i ca l l y  vent i l ate a t i ght ly  constructed res i dence .  T he  system u ses a n  
exhaust fan to  d i s ch a rge i n s i de a i r to  t he out s i de .  T h e  i ntake  o f  rep l acement 
f resh  a i r i s  cont rol l ed t h rough the  u se of adj u stab l e s l ots  i n  t he struct u re 
wa l l s .  The vent i l at i on rate i s  more stabl e and can be better contro l l ed by 
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th i s  method than by rel y i n g  on nat u ra l  i nf i l t rat i on or vent i l at i on .  The 
d i l ut i on exhaust met hod permi ts exhaust i ng a i r from spec i fi c  rooms w i th h i gher  
po l l utant concent rat i ons  ( e . g . , k i tchens , bat h rooms ) ,  wh i ch i s  somewhat s i mi l a r 
to spot vent i l at i on .  Heat ene rgy from the wa rmed exhaust a i r may be part i a l l y  
recovered by the u s e  o f  a heat pump that transfe rs the heat t o  the home l s  hot 
water  supp l y .  

There are a few d i s advantages  t o  t h e  d i l ut i on exhaust system i n  add i t i on t o  the  
i n i t i a l  costs of  fa n ,  heat pump , s l ot const ruct i on ,  a nd  t i ghten i n g of  the  
res i de nce . Power i s  con sumed by bot h the  fan and  the  heat pump . Some a reas i n  
the res i dence may be u n comfortab ly  d rafty when the system i s  operat i n g .  An 
i nc rease i n  radon concent rat i on i s  pos s i b l e  i f  the structu re i s  depres s u r i zed 
du ri n g  operat i on of the system. 

L i tt l e i nformat i on exi sts i n  Eng l i s h about the comb i nat i on of cont rol l ed 
vent i l at i on cou p l ed w i th heat recovery .  

DEHUM I D I F I ERS 

The u se of dehumi d i f i e rs is one p rocedu re effect i ve i n  redu c i n g  the  rate of 
forma l dehyde ( HCHO ) emi ss i on from certai n bu i l d i n g mate ri al s ( D i amond and 
Gr i ms rud 1984 ) . At the t i me of th i s  wri t i n g ,  no known stud i es have been 
performed i n  actual  homes to assess  the effects of dehumi d i f i cat i on on i ndoor  
HCHO  concent rat i ons  ( D i amond and  Gr i ms rud 1984 ) . Howeve r ,  l a bo ratory stud i es 
i nd i cate t hat there i s  a red uct i on of i ndoor HCHO l evel s assoc i ated wi th  a 
dec rease i n  humi d i ty ( F i s k et al e 1 984 ) . The study al s o  repo rts  a red uct i on i n  
the  rel ease of HCHO f rom u rea-forma l dehyde foam i n s u l at i on ( UFF I )  as h umi d i ty 
was l owe red . R es i de nt i a l dehumi d i f i ers  a re readi l y  avai l ab l e commerci a l l y  at 
moderate cost . 

Dehumi d i f i cat i on a l one  may not sol ve severe HCHO probl em . Al s o ,  from a hea l t h 
a n d  comfort standpo i nt ,  l oweri n g  i ndoor re l at i ve humi d i ty to l eve l s be l ow 30% ; 
i s  not des i rabl e .  But i n  s i tuat i ons whe re HCHO concent rat i ons  are i nc reased 
becau se of reduced a i r excha n ge as a resu l t  of house  t i ghten i n g ,  dehumi d i f i 
cat i on may prov i d e  a pract i ca l  and rat her  i nexpens i ve so l ut i on to the  p rob l em.  

A I R  WASH I NG 
Ad sorpt i on a i r cl ean i n g or  a i r wa s h i n g  i s  a common i ndu stri a l  met hod of 
removi ng  contami nants from waste gas st reams . Most stud i es of ai r wa s h i n g  as a 
met hod of remov i n g  forma l dehyde from wa ste gas streams have been done on the  
i ndust ri a l  sca l e .  Howeve r ,  at  l east one  study i nd i cate that ene rgy 
req u i rements for remova l  of forma l dehyde by a res i dent i a l a i r was her  cou l d  be 
l ess than the  amount of energy requ i red to remove the same amount by 
vent i l at i on techn i ques . Typi ca l l y ,  th i s  wou l d  app l y  to res i dences i n  col d 
c l i mates that use  expen s i ve fo rms of space heat i n g ene rgy ( F i s k et a l e 1 984 ) .  

SUB SLAB VENT I LAT I ON 
Yent i l at i on of the  reg i on beneat h a s l a b fl oor  as a means  of reduc i n g  radon  
concent rat i ons  can be  both  d i ffi cu l t  and e xpen s i ve . 
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I n  some homes wi t h  basements , t i l ed drai n age systems t hat drai ned i nt o  an open 
s ump i n  the basement have been p l aced i n  t he g round para l l e l to t he i n ner and 
outer edges of the basement wa l l  foot i ngs . For homes of th i s conf i g u rat i on ,  a 
method of vent i l at i on has been to  i n sta l l a 50-cfm fan i n  a box t hat was then  
p l aced ove r the sump , though  not sea l ed to the  basement f l oo r .  The fan  exhau st 
was t hen vented outdoors v i a  a f l ex i b l e d uct . A tab l e of res u l ts by V i vyuvka  
( F i s k  et a l . 1984 ) i nd i cates a s u bstant i a l  average reduct i on of radon  p rogeny 
concent rat i ons  i n  63  h omes u s i ng  t h i s  system. I n  h omes where t h i s type of t i l e  
d ra i n age system i s  a l ready i n  p l ace , the cost of t he fan , box , and duct wo rk 
s h ou l d  be rather l ow .  

A second method u sed a n  exteri o r  t i l e  system , wh i c h  was p l aced beneat h t he  
basement f l oor d u ri n g  con struct i on o f  t he  h ou s e .  T he  t i l e  system was connected 
to a vert i ca l  stack that extended h i gher  than the roof of t he house . A number 
of stack exhaust fan p l acements was t ri ed ,  and t he l ocat i on prov i d i n g  the 
greatest average reduct i on i n  radon  p rogeny concent rat i on s  was on an out s i de 
wal l .  Th i s  method of i ndoor a i r q u a l i ty mi t i g at i on i s  l east expen s i ve when i t  
i s  i ncorporated i nto  t he i n i t i a l construct i on .  To i nst a l l t he system i n  a 
comp l eted res i dence was est i mated at $8000 i n  1979 . 

C RAWL SPACE VENT I LAT I ON 
One met hod of i n h i b i t i n g the  transport of radon i nto  t he i ndoor a i r i s  to  
vent i l ate t he c rawl space between the  f l oor and the g round i f  the res i dences of  
t hat type con struct i on .  Nat u ra l  effects of wi n d  and  p ress u re d i fferences wi l l  
prov i de s ome vent i l at i on of c rawl spaces i f  open i n gs a re p rov i ded i n  fou ndat i on 
wal l s  between t he crawl space and the  outdoors . The  vent i l at i on fl ow can be 
i n c reased by the use of a fan mou nted i n  the foundat i on wal l .  I n  co l d 
c l i mates , i t  may be necessary to i nc rease t he t h i c kness  of i nsu l at i on on 
p l umbi n g  and duct work t hat may be routed t h rough t he crawl space i f  t he  
vent i l at i on rate i s  i nc reased . F o r  t he same reason , i t  may be  neces s a ry to 
i n su l ate the  f l o o r .  A sea l ant app l i ed to  the  unders i de of t he f l oor  can  
p rov i de an add i t i on a l  barri e r  to  reduce radon ent ry i nto  the  l i v i n g space . 

Few quant i t at i ve data a re ava i l ab l e on the  effect i veness of crawl space 
vent i l at i on .  I n tu i t i ve l y ,  i t  s hou l d reduce  the potent i a l  of radon gas ent ry 
i nto  t he l i v i ng space v i a the  f l oor i n  a res i dence wi t h  a c rawl space .  

F i g u res i n  the  l i terat u re ( F i s k  et a l . 1 984 ) f o r  the  cost o f  vent i l at i n g c rawl 
space vary from l ess  than  $ 1 000 to  more than $400 0 .  The h i gher costs i nc l ude  
s p ray i n g  a c l osed ce l l i ns u l at i on on the unders i de of  the f l oor .  

SEAL I NG OF  BASEMENTS 

A common means of contro l l i n g radon  ent ry i nto  the l i v i n g space from the 
basement i n  a res i dence i s  by sea l i ng the radon pathways . Methods vary f rom 
se l ect i ve seal i n g of crack s ,  j oi nts , p l umbi n g  open i n gs ,  f l oor  d ra i n s , and other  
pathways to  coat i n g  o ne  or  both s u rfaces of  ent i re basement wal l s  and f l o o r .  
I n  u nf i n i s hed basements  t h e  exposed so i l i s  u su a l l y  covered wi t h  concrete ,  
wh i ch i s  j o i ned t o  the  ex i s t i ng  wa l l s  and f l oor .  The j oi nts a re t hen sea l ed .  

Coat i n g  of  ent i re su rfaces may not be necessary u n l ess  the construct i on mate
ri a l  i t se l f conta i ns  abn ormal amounts  of  rad i um or  i f  the  s u rfaces a re concrete 
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b l ock  wal l s .  The conc rete may have a h i gh rad i um content , and the  c rack s  i n  
the  b l ocks  and the many mortar j o i nts may a l l ow radon to mvoe more f ree l y .  The 
p l enums at the top of a concrete bl ock  wal l may be part i c u l a r ly  hard to  sea l . 
One sea l i n g method comp l ete ly  f i l l s  the p l e nums w i th grout to  above g rade 
l e vel . Th i s  i s  an  expen s i ve procedu re and can res u l t i n  damaged i nter i o r  wa l l 
f i n i shes  i f  c racks  i n  the b l ocks  or wal l a l l ow water from the g rout to  seep 
i nto  the l i v i n g s pace . 

Radon bar ri e rs can occu r i n  the form of a harde n i n g  l i q u i d ,  wh i ch i s  s p rayed or  
pa i nted onto the  wal l s u rface . Some barr i er  materi a l s a re ava i l ab l e i n  rol l s  
o r  sheet s . The mater i a l  chosen shou l d  not on ly  be effect i ve ,  but i t  mu st al s o  
b e  res i stant t o  chemi cal  or  phy s i cal deter i orat i on .  

F o r  basement fl oors , i n sta l l at i on of water  t rap s  between d ra i n t i l e  systems and 
the  sump o r  f l oor d ra i n may reduce the radon emenat i on s i g n i f i cant l y .  

Most stud i es of res i dences wi t h  basements  show a reduct i on i n  radon  conce n
t rat i on resu l t i n g from these  procedu res e i ther  s i n g ly  or  i n  comb i nati o n .  The  
req u i rement of qua l i ty workman s h i p when  ap p l y i n g  these  tech n i q ue s  has  been 
empha s i zed i n  t he l i terat u re .  Seal i n g i s  most cost effect i ve when done as  t h e  
bu i l d i n g i s  const ructed . Cost est i mates o f  sea l ant app l i cat i on va ry from $600 
to  $9500 per st ruct u re ( 1 979  p r i ces ) ,  depend i n g on how exten s i ve the procedu re 
i s  and whet her  i t  i s  done du ri n g  the bu i l d i n g con struct i on peri od . 

VENT I LAT I ON OF WELLS 
We l l water  i n  ru ra l areas  can be a radon sou rce . If soi l gas has a h i gh radon  
concent rat i o n ,  the radon can  be d i s so l ved i nto ground wate r .  I f  the  i ndoor a i r 
has  a l owe r concent rat i on than  the  wat e r ,  radon  wi l l  be re l eased from the water  
a t  t h e  t o p  ( F i s k  e t  a l e 1 984 ) . 

Stori n g  water  for 1 0  days may reduce the  radon  concent rat i on by about 85% ( F i s k  
et a l e 1984 ) . Th i s  proced u re wou l d  req u i re t h e  homeowner t o  h ave a rathe r 
l a rge water  storage area . Cost i nformat i on and the  effect i venes s of the 
p rocedu re i s  n ot k n own . Ae rat i ng  the  water after it reaches the ground l e ve l 
to  a l l ow rel ease  of the  radon to the out s i de ai r has a l so  been  su gge sted ( F i s k  
et a l e 1 984 ) . No data we re l ocated to  permi t an asses sment o f  t h i s p roced u re .  

AMMON IA FUM I GAT ION 
F o r  res i dences  havi n g  HCHO concent rat i on prob l ems from ce rta i n bu i l d i n g 
materi a l s ,  the  p roced u re of ammon i a  fumi gat i on may prov i de a v i ab l e so l ut i o n 
( F i s k  et al e 1984 ) . Th i s  procedu re seems more i nconve n i ent  than  cost l y .  
B ri ef l y ,  ammon i um hyd roxi de i s  p l aced i n  s h a l l ow pans  i n  every maj or  room of 
the  res i dence s . The res i dence i s  then sea l ed ,  and an i nter i o r  temperatu re of 
2 7 °C ( 80 . 6 °F ) i s  ma i nta i ned for at l east 1 2  hou rs . Du ri ng  the t reatment 
peri od , fans c i rcu l ate the i ndoor ai r .  J ewe l l ,  i n  a 1981 report ( see  F i s k  
et a l e 1984)  i s  s a i d t o  have measu red 45 to  90% i n i t i a l red uct i on i n  HCHO l e ve l  
i n  1 2  mob i l e  homes and 39 t o  81% reduct i on i n  fou r homes by u s i n g  t h i s 
tech n i que . The i n s i tu ammon i a t reatment can be hazardous  i f  performed 
i mp roper ly  or wi t hout adequate safety eq u i pment , and obvi ou s l y  the dwe l l i n g 
mu st be vacated for at l east 1 2  h ou rs .  
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OUTS I DE COMBUST I ON A I R  

Bot h  open  combu st i on  and combu st i on i n  u nvented app l i ances i n  a res i dence can 
re l ease ca rbon monoxi de ( CO ) ,  ca rbon d i ox i de ( C02 ) ,  n i t rogen d i ox i de ( N02 ) ,  and 
s u l fu r  d i ox i de ( S02 ) ' amo n g  ot her  po l l utant s , to  the  i ndoor ai r .  Common 
sou rces of contami na nts p roduced by open combu st i on a re tobacco smok i n g ,  
cook i n g smoke ,  p i l ot l i ghts  on gas app l i ances , u nvented kerosene o r  gas heate rs 
and stoves , and wood stoves . One tech n i que  to reduce the amount of po l l utants  
re l eased to  the i ndoor  ai r i s  to  prov i de an out s i de sou rce of combu st i on  a i r .  
Typ i ca l l y ,  the outs i de a i r i s  p rov i ded d i rect ly  to  the sou rce where the combu s 
t i on occu rs and then i s  vented d i rect l y  to  t h e  out s i de .  For  some sou rces , such 
as t obacco smok i n g ,  t h i s tech n i que  i s  i mp ract i cab l e .  For  wood stoves , h oweve r ,  
t h e  tech n i q u e  i s  acceptab l e and wi de ly  u sed . T o  remove po l l utants emi tted by 
other sou rces , such as gas app l i ances , mecha n i cal vent i l at i on tech n i ques a re 
u sed that vent i n s i de a i r to  the out s i de .  

Th i s  tech n i que of o uts i de combu st i on a i r a l so e l i mi nates the poss i b i l i ty of  
ot her  pol l utant emi s s i ons  wi t h i n t he  res i dence . F o r  examp l e ,  i t  wou l d  not 
c reate a negati ve p re s s u re d i ffe rence between the res i dence and t he out s i de 
a i r ,  t h u s  reduc i n g  the  probab i l i ty of radon be i ng sucked i nto  the res i dence 
f rom t he su rround i n g  so i l ,  or  back d raft i n g  of p o l l utants conta i ned i n  t he  
outs i de a i r .  

Some states have p roposed regu l at i ons  that wi l l  req u i re certa i n new ly  i n sta l l ed 
comb u st i on sou rces such  as woodstoves to have an outs i de sou rce of combu st i on 
a i r .  
SEAL I NG OF  FORMALDEHYDE SOURCES  
F o rma l dehyde emi s s i on  f rom p ressed wood p roducts can  be  reduced by coat i n g  the  
boa rds wi th certai n  l acquers and other  p reparat i on s .  Some coat i n gs cont a i n 
s cavengers that react wi t h  HCHO ; ot hers may form a barri e r  that i n h i b i t s  the 
t ransport of moi stu re i nto the  boa rd or  the t ransport of  HCHO from the boa rd . 
The edges of the boa rds as we l l as the faces shou l d  be coated . Report s  i n  the  
l i teratu re i nd i cate t h at severa l  c oats a re more effect i ve than one ( F i sk et  a l e 
1 984 ) . 
V i ny l  coat i ngs , me l ami ne  i mp regnated paper ,  deco rat i ve l ami nate , venee r and 
po l yacry l ami de are among  coat i n gs con s i dered to  be effect i ve i n  reduc i n g HCHO 
emi s s i ons  from part i c l e  board . 

When  wa l l cav i t i es a re f i l l ed wi t h  UFF I , i t  i s  common pract i ce to  sea l crack s , 
e l ect ri ca l  o ut l et f i xtu res , p l umbi n g  penet rat i on ,  and other open i n gs i n  t he  
i nter i o r  wa l l s u rface . Beyond a poi nt , seal i n g a wa l l may reduce i n f i l t rat i on 
rates to  a l evel t hat fai l s  to remove i ndoor po l l utants from other sou rces . 

Costs  of coat i n g  boards wi t h  l acquer or  other  p reparat i on s  are l i ke l y  to  be 
more than  t hose for ord i n ary house  pa i nt . To be f u l l y  effect i ve ,  s i d i ng boa rd s  
wou l d have to  b e  coated before i nsta l l at i on i n  order to sea l the  boa rd edges . 

Sea l i ng c racks  and other i nteri o r  wal l open i n gs i s  a l i ke l y  phase of  u s u a l  
h o u s e  t i ghten i n g mea s u res . T h e  cost wou l d  b e  among  t h e  l es s  expe n s i ve 
p rocedu res i n  reduc i n g  i nf i l t rat i on .  
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I NDOOR A IR  QUAL ITY STANDARDS 

Th i s  append i x revi ews i ndoor  a i r q ua l i ty standards and c r i ter i a t hat have been 
p romu l gated by va ri ous  agenc i es , bot h i n  the U n i ted States and fore i gn 
cou nt ri es . In the U n i ted States and other cou nt ri es t h roughout the  worl d ,  
regu l atory agenc i e s  and others wi t h  an i nterest i n  p romot i n g hea l t h fu l  l i v i n g 
and work i ng cond i t i ons h ave set forth var i ous  standards and c r i t e ri a t hat 
des i gnate the  a i rborne l eve l s or exposures  to spec i f i c  contami nants . These  
standards and cr i ter i a are revi ewed w ith  the  object i ve of  s howi ng  t he i r s u i t 
ab i l i ty for app l i cat i on t o  the  i ndoo r env i ronment i n  res i dences . 

Most of the  standa rds  and cr i ter i a revi ewed are n ot i ntended to  app ly  to  p u b l i c  
p l aces or to res i dent i a l i ndoo r env i ronment . E n forceab l e res i dent i a l and 
nonoccupat i ona l  i ndoor a i r  q u a l i ty standards have n ot yet been estab l i s hed i n  
t h e  Un i ted States wi t h  o n ly  two except i on s . Federal  ( U n i t ed States ) regu l a 
t i ons  a re i n  effect to regu l ate i ndoor concent rat i ons of ozone ( 21 CFR 801 . 41 5 )  
and radon ( 40 CFR 192 . 1 ) i n  res i dences under  spec i a l  ci rcumstances . Al l ot her  
federal regu l at i ons  d eal  w i th  the  wo rk p l ace ( occu pat i ona l ) e nv i ronment , 
hos p i ta l s ,  and the  outdoor ai r .  Eu ropean cou nt r i es . and Japan  are the  on ly  
cou ntr i es  w i th severa l  yea rs exper i ence i n  regu l at i n g the  n onoccu pat i ona l  
i ndoor env i ronment (Meyer  1 983 ) . 

Des p i t e  numerou s grou p s  mon i tor i n g  i ndoor a i r qua l i ty prob l ems i n  the  non
occu pat i ona l  e n v i ronment and conduct i ng resea rch , the  agenc i es of the  federa l  
government have been  re l u ctant to  estab l i s h standards  for  i ndoor a i r qua l i ty 
for the  po l l utants fou nd i n  res i dences . Th i s  rel uctance i s  p r i mar i ly becau se  
of  the  pract i ca l  prob l ems connected wi t h  the  enforcement of  standards  i n  
pr i vate st ruct u re s .  Nevert he l ess , s evera l  agenc i es are conce rned and/or  
regu l ate i ndoor a i r po l l utant l eve l s .  These  agenci es , the i r area of  conce rn , 
and accompany i ng  l eg i s l at i on are s umma ri z ed i n  Ta b l e N . 1 .  

A rev i ew of bot h domest i c and i nternat i ona l  standards  and gu i de l i nes as wel l as  
the  status and i ntended app l i cat i on of the  standard for each  i ndoor po l l utant 
of concern i n  the E nv i ronmenta l  I mp act Statement i s  d i s c u s sed . I n  a l l 
i n stances , standards are based on acceptab l e a i rborne concent rat i on s .  These  
concent rat i ons  can  be cont rol l ed i n  two ways : 1 )  by cont rol l i n g the  sou rce or  
emi s s i on of  t he contami nant or  2 )  by d i l ut i n g the  a i rborne concent rat i on of the  
contami nant by prov i d i n g  contami nant-free a i r for  d i l ut i on ( i . e . , cont rol l i n g 
the  a i r-exchange rate i n  the  st ructu re ) .  Many t i mes , both met hods o f  
cont rol l i n g  a i rborne contami nants  a re  u sed to reach  the  acceptab l e 
concent rat i on l evel . 

FORMALDEHYDE ( HCHO ) 

No federa l  standard ex i sts  for regu l at i n g  forma l dehyde ( HCHO ) l eve l s i n  
res i dences ; h oweve r ,  severa l  states have estab l i s hed or contemp l ated s ett i n g  
standards  s i mi l a r to those  i n  Eu ropean count ri e s  t o  regu l ate HCHO l e vel s i n  
i ndoor res i dent i a l a i r .  The fi rst state to estab l i s h permi s s i b l e HCHO l eve l s  

N . 1  



TABLE N . 1 .  Agenc i e s  Le g i s l at i on Conce rned wi t h  Re gu l atory 
I ndoor Ai r Qua l i ty 

Agency/Refe rence 
U . S .  Occupat i ona l  Sa fety and 
Hea l t h  Admi n i st rat i on ( OSHA ) 
29 C FR Part 1 9 1 0 ,  S ubpart G 
Sect i on 1 9 1 0 . 9 4 .  Vent i l a 
t i on and Subpart Z ,  Sect i on 
1 9 1 0 . 1 1 00 - Ai r Contami n a n t s  

U . S .  Nat i on a l  I n s t i tute  of 
Occupat i ona l  Safety and  
Hea  l th ( N I OSH ) 
29 CFR Part 1 9 1 0  

Ameri can Conference of  
Governmenta l  I nd u str i  a l  
Hyg i e n i sts  ( ACG I H )  
"TLV-Th res ho l d Li mi t  Va l ues  
for C hemi cal Substances i n  
Work room Ai r .  Adopted by 
ACG I H  for 1983 " .  ACG I H ,  
1 983 . 

U . S .  Depa rtment of Hea l t h  
Educat i on a n d  We l fare 2 1  CFR 

Part 801 . 4 1 5 .  

U . S .  E n v i ronmenta l  
P rotect i on Agency ( EPA )  
F R  44 : 38664-38670 

FR  45 : 27 366-27368 
F R  45 : 27 370-273 75  

Amer i can Soci ety of  Heat i n g , 
Refri gerat i on ,  and Ai r 
Cond i t i o n i ng  E ng i neers 
( ASHRAE ) St andard 62-7 3 ,  
Natu ral and Mechan i ca l  
Vent i l at i on .  

C once rn/ Po l l utants  
E stab l i s hes gene ral work p l ace maxi mum 
l evel s and a l l owab l e 8-h ave rage 
over a 40-h work wee k . These 
po l l utant l evel s are for vari o u s  
toxi c and h azardous  s u bstances . 

Resea rches  the effect s of toxi c 
po l l u tants  i n  the wo rk p l ace and  
recommends  maxi mum pol l utant 
l evel s to  OSHA . These permi s s i b l e 
l eve l s  are an al l owab l e 10-h  
average ,  over a 40-h  work week . 

Devel ops Th resho l d L i mi t  Va l u e s  
(TLV ) , wh i ch estab l i s h t i me
wei ghted ave rage ( TWA ) concent rat i on 
of ai rborne po l l utants  i n  the  work 
p l ace .  These are a l l owab l e 
8-h average , 40-h work week  
exposu res . Al so  estab l i sh a 
Short Te rm Exposu re L i mi t  ( STEL ) 
for maxi mum pol l utant concent rat i on 
over a 1 5-mi n expos u re .  

Devel ops  a n  i ndoor a i r standard 
for equ i pment p rodu c i n g  ozone as  a 
byp roduct . 

E stab l i shes  recommended l eve l s of 
i ndoor radon expo s u re for act i on 
by Governor of F l or i da  near 
F l or i da p hosphate t a i l i n gs l and s . 

E stab l i s h es max i mum l evel s of  
i ndoo r radon  exposu re at  s i t es 
contami n ated by u ra n i um 
p roces s i n g .  

E st ab l i s hes  mi n i mum and recommended 
vent i l at i on rate s  of 5 to 40 cfm/ person  
for va ri ous  categori es  of bu i l d i n g u se . 
E stab l i shes  maxi mum al l owab l e ai rborne 
p o l l utant l evel s that s hou l d  be 
cont rol l ed by vent i l at i on a i r .  

N . 2  



i n  homes (at  l east  6 month�  ol d )  wa s Mi n ne sota i n  "Ru l e  Gove rn i n g  the  Level of 
F o rma l dehyde i n  Res i de nt i a l Un i t s "  ( M i n ne sota State Sec .  144 . 495  - Forma l dehyde 
i n  Hous i n g Un i t s ) ,  wh i c h al l ows  a max i mum (ce i l i n g )  concent rat i on of 0 . 5  ppm.  
The state of W i scon s i n  p a s sed a s i mi l a r l aw ( W i scon s i n  Admi n .  Code 
Sec . 1 4 . 0  et seq 1981 ) ,  wh i c h a l l ows a max i mum ( ce i l i n g )  of 0 . 4  ppm .  Both the  
M i n nesota and W i scon s i n l aws have been  cha l l enged i n  cou rt and a re c u r rent ly  i n  
l i t i gat i on .  

The Occu pat i ona l  Sa fety and Hea l th  Admi n i st rat i on ( OSHA ) enfo rceab l e regu l a 
t i on s  for HCHO i n  the wo rk p l ace i s  a 3 -p pm t i me-we i ghted a ve rage ( TWA ) and 5-
p pm cei l i n g ( 2 9  CFR 1 920 . 1 000 - Occupat i ona l  Safety and  Hea l t h St andards , Ai r 
Contami nants ) .  The Nat i ona l  I n st i tute of Occupat i ona l  Sa fety and Hea l th  
( N I OSH ) recommends  a I - p pm cei l i n g i n  the  wo rk p l ace ( n one nfo rceab l e ) .  L i ke
w i se , the Amer i can Conference of Gove rnmental I ndust r i a l  Hyg i e n i sts  (ACG I H )  
recommends  a I -p pm TWA and a 2-p pm cei l i n g  as gu i de l i nes for the wo rk p l ace . 
The Ame r i can Soci ety of Heat i n g ,  Refr i ge rat i on ,  and Ai r Cond i t i on i ng E n g i neers  
( ASHRAE ) recommends  a O . l -p pm cei l i n g va l u e  fo r HCHO i n  the vent i l at i on a i r i n  
a l l b u i l d i n g s .  

I n  Canada , the  gu i de l i ne s  for HCHO i n  homes i s  0 . 1  p pm ( CMHC 1983 ) . Sweden ,  
Denma rk , the  Fede ral  Repu b l i c  of Ge rmany , and The Nether l ands  have a l so  
recommended o r  adopted an enfo rceab l e standard of 0 . 1  ppm for HCHO l eve l s i n  
res i dences . Tabl e N . 2 i s  a s umma ry of HCHO standards . 
CARBON MONOX IDE  (CO ) 

No federa l  o r  state standard s exi st for regu l at i n g ca rbon monox i de ( C O )  l e vel s 
i n  res i 1ences . The standard for CO i n  the wo rkp l ace a s  re gu l ated by OSHA i s  
5 5  mg/m 3 ( 50 ppm ) , 8-h TWA . A s hort-term ( 1 5�mi n )  expos u re l eve l ( STE L )  of 
450 mg/m ( 400 ppm )  and an 8-h TWA of 55  mg/m ( 50 p pm )  are recommended by 
ACG I H .  
J a pan i s  the  on ly  cou nt ry wi t h  a standa rd fo r CO l e vel s i n  i ndoo r 
( n onoccupat i ona l ) e n v i ronment s .  The J apa nese standard i s  1 1  mg/m3 ( 1 0 p pm )  
ce i l i n g val u e  fo r cont i nuo u s  exposu re (Wa l s h  1 984 ) . Tab l e  N . 3  i s  a summa ry of 
these standard s .  

CARBON D I O X I DE ( C02) 

No federa l  o r  state standards exi st fo r re gu l at i n g carbon d i ox i de ( C02 ) l eve l s 
i n  re�i dences . The standard for CO2 i n  the �o r k p l ace as  re gu l ated by OSHA i s  
9 g/m ( 500 ppm ) , 8-h TWA . A STEL of 18 g/m ( 1 5 , 000 ppm ) and an 8-h TWA 
expos u re of 9 g/m3 ( 5000 p pm )  a re recommended by ACG I H .  The non-work p l ac3 ASHRAE recommended gu i de l i ne for acceptab l e i ndoo r ai r q ua l i ty i s  4 . 5  g/m 
( 2500 ppm ) cont i nuous  ( 24 h i d )  expos u re .  

J apan  i s  the o n ly  cou nt r� wi t h  an i ndoo r ( n onoccupat i ona l ) standa rd fo r C02 . 
Th i s  standard i s  1 .8 g/m ( 1 000 p pm )  ce i l i ng va l ue for cont i nuous  expos u re  
( Wa l s h  1 984 ) . Tabl e N . 4  i s  a summa ry of  CO2 st andards . 
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TABLE N . 2 .  Laws , Gu i de l i nes , and P roposed St andards  fo r Fo rma l dehyde 
Level s i n  I ndoor Ai r 

Regu l atory Body 
U . S .  Occu pat i ona l  Safety 
& Hea l th Admi n i strat i on 

10  ppm , 30 mi n average 
U . S .  Nat i ona l  I n s t i tute  
of  Occupat i ona l  S afety 
and Hea l t h  ( N I OSH ) 

Amer i can Soci ety of Heati n g ,  
Refri ge rat i on ,  and A i r 
Cond i t i on i n g  Eng i nee rs 
( ASHRAE ) 

State of W i scon s i n 
St ate of M i n nesota  

Canada 0 . 1  ppm ce i l i n g 

The Nether l and s ,  Sweden 
Denma rk , Fede ral Rep u b l i c  
of Ge rmany 

F o rmal dehyde Standard 
3 ppm average ( a )  
5 p pm ce i l  i n g  

1 ppm cei l i n g  

0 . 1  ppm cei l i n g ( b )  

0 . 4  ppm cei l i n g 
0 . 5 p pm cei l i n g 

Gu i de l i ne s  

0 . 1 p pm ce i l i n g  
occupat i ona l ) 

Type of 
Standard 
Regu l at i on 
( wo rkp l ace ) 

Recommended 
( work p l ace ) 

Recommended 
( a i r for  
vent i l  at  i on )  

Regu l at i on ( c )  

Regu l at i on ( c )  

Regu l at i o n 
( non-

( a )  8-h  Ti me Wei ghted Average ( TWA ) . 
( b ) Cont i n u ou s  e xposu re .  
( c )  The l aws pas sed i n  W i scons i n  and Mi n ne sota a re i ntended t o  regu l ate  

permi s s i b l e i ndoor forma l dehyde l evel s i n  new and  near ly  new h omes and  
are cu rrent l y  i n  l i t i gat i on .  

OX I DES OF N I TROGEN ( NO� 
Oxi des of n i t rogen i nc l ude bot h n i t rogen d i ox i de ( N02 ) and n i t ri c oxi de ( NO )  
found i n  the  a i r .  Because NO i s  s h o rt - l i ved i n  t he amb i ent a i r and q u i ck l y  
ox i d i z es t o  N02 , the standards for oxi des  of n i t rogen are many t i mes  exp ressed 
as  N02 • No feaeral or  st ate standards  ex i st for regu l at i ng ox i des of n i t rogen 
i n  t he nonoccu pat i ona l  a i r .  A stand a rd for regu l at i n g  N02 and NO i n  the 
wo rk p l ace i s  regu l ate� by OSHA . For  N02 , t h i s  standard i s  9 mg/m3 ( 5  ppm ) , and 
for NO , it  �s 30 mg/m ( 2 5  ppm ) . The NIOSH recommended cei l i ng val �e for N02 i s  1 .8 mg/m ( 1  ppm ) , and t he recommended 8-h TWA for NO �s 30 mg/m 
( 2 5  ppm ) . The A�G I H  TWA expos u re l i mi t  for N02 i s  9 mg/m ( 5  ppm ) . [Not e :  A 
change t o  6 mg/m ( 3  ppm)  has  been p roposed . ]  The ACG I H  has  recommended a 
cei l i n g  va l ue for NO of 30 mg/m3 ( 2 5  ppm ) and a STEL of 45 mg/m3 ( 35 ppm ) . 
Tabl e N . 5  i s  a s umma ry of oxi des of n i t rogen standard s .  
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TABLE N . 3 .  Laws and G u i del i nes fo r Ca rbon Mo noxi de  Leve l s i n  I n door  Ai r 

Regul ato ry Body 
U . S .  Occupat i ona l  Sa fety 
and Hea l th Admi n i st rat i on 
( OSHA ) 

Ame ri can Confe rence of 
Gove rnmenta l  I ndustr i  a l  
Hyg i e n i sts  (ACG I H )  

J a pan  

Ca rbon Monoxi de 
Standard 

55 mg/m3 ( 50 ppm } ave rage ( a )  

55 mg/m3
3 ( 5 0 ppm ) ave rage ( a )  

440 mg/m ( 400 ppm)  1 5  mi n .  
cei l i ng  

1 1  mg/m3 ( 1 0 ppm ) cei l i n g ( b )  

( a )  8-h Ti me Wei ghted Ave rage (TWA ) . 
( b )  Cont i nuou s  exposu re .  

Type of 
St andard 
Regu l at i ons  
(work p l ace ) 

G u i de l i ne 
(work p l ace )  

Regu l at i on  
( no n 
occupat i ona l ) 

TABLE N . 4 .  Laws  and Gu i de l i nes for  Ca rbon Di oxi de  Leve l s i n  I ndoor  Ai r 

Regu l ato ry Body 
U . S .  Occu pat i ona l  Safety 
and Hea l th Admi n i st rat i on 
( OSHA ) 

Ame r i can Conference of 
Gove rnmental  I ndust ri a l  
Hygi en i sts  (ACG I H )  

Ame ri can Soc i ety of 
Heati n g ,  Ref ri gerat i on ,  
and Ai r Cond i t i on i n g  
E n g i neers  (ASHRAE ) 

J apan  

Ca rbon D i oxi de  
St andard 

9 g/m3 ( 5000 ppm ) ave rage ( a )  

9 g/m3
3 ( 5000 ppm ) ave ra ge ( a )  

27 g/m ( 1 5 , 000 ppm)  1 5  mi n .  
cei l i n g  ( STEL ) 

4 . 5  g/m3 ( 2500 ppm )  cei l i n g ( b )  

1 . 8 g/m3 ( 1 000 ppm ) cei l i n g 

( a )  8-h Ti me We i ghted Ave rage (TWA ) . 
( b )  Cont i nuous  exposu re . 
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Type of  
Standa rd 
Regu l at i on 
(work p l ace ) 

G u i de l i ne 
(work p l ace ) 

Recommended 
( a i r fo r 
vent i l at i on )  

Regu l at i on 
( non
occupat i ona l ) 



PART I CULATES  

No federa l or state standards  exi st for  regu l at i n g part i c u l ates i n  the  nonoc
cupat i ona l  i ndoor env i ronment . An  OSHA work p l ace standard res p i rab l e fra§t i on 
« 5  � m  d i ameter )  of i nert or n u i s ance dust  has  been estab l i s hed as 5 � g/m for  
t he res p i rab l e f ract i on « 5  �m d i amete r ) . 

Several  states and t he federa l  government have pas sed l eg i s l at i on to  rest r i ct 
smo k i ng i n  p u b l i c  bu i l d i ngs and faci l i t i es ,  and to  p rov i de no-smok i n g sect i o n s  
i n  eat i n g  faci l i t i es as a mea n s  of redu c i n g  or  cont rol l i n g the l eve l s of  par
t i cu l ate matter  ( smok e )  ( Meye r  1983 ) . These rest ri ct i ons o n  smok i n g a re mai n l y  
vo l u ntary ,  but they ca rry provi s i ons  for fi nes  i f  non smok i n g restr i ct i on s  are 
v i o l ated . I n  addi t i on ,  ASHRAE has  estab l i shed mi n i mum vent i l at i on requ i rements  
based on occupancy for  areas i n  p u b l i c  bu i l d i n g s  where smo k i n g  i s  a l l owed . 
However ,  ASHRAE has  n ot estab l i s hed p a rt i cu l ate concent rat i on gu i de l i nes  for  
acceptab l e i ndoor ai r q ua l i ty .  

J apan  has  set an i ndoor ( n on occu pat i ona l ) standard of 1 5 0  � g/m3 total  s u s pended 
p a rt i cu l ates ( TSP ) ( Wa l s h  1984 ) . Tab l e N .6 i s  a summary of part i c u l ate 
standards . 

RADON ( R n )  

T h e  proposed exi st i n g standard s  f o r  radon i n  t h e  i ndoor ai r are summar i zed i n  
Tab l e N . 7 .  W i th �he except i on of the  g u i del i nes for Swede n ,  the i ndoor sta n 
dard s  g i ven deal  wi t h  s pec i f i c p rob l ems res u l t i n g  from certa i n i ndoor l evel s 
rather than  general  maxi mum concent rat i on l i mi t s .  

There are enforceab l e federa l  c l eanup  standards  for radon l evel s i n  homes at 
s i tes contami nated by u ran i um p roce s s i ng ta i l i ng s , and there are recommenda
t i on s  for  act i on i n  homes bu i l t  on phosphate  l ands i n  F l or i da . The federa l  
regu l at i on a t  s i tes  contami nated by u ra n i um p roces s i n g t a i l i ngs  ( radi oact i ve 
materi a l s ) ,  ( 40 CFR 192 . 1 0  Env i ronmenta l  Standard for C l eanup of Open Lands and 
B u i l d i n  s Cont ami n ated wi t h  Res i dua l  Rad i oact i ve Materi a l s from I nact i ve 
U ra n i um  P roce s s i ng S i tes , was i ntended to  en s u re t hat peop l e  who s pend u p  to  
20  hid  i n  a resi dence at  these s i tes wi l l  not be exposed to  a h i gher  i nteg rated 
rad i at i on  dose than  a l l owed for an 8-h day occupat i on a l  exposu re .  A cost 
benef i t  a n a lys i s i s  req u i red at t hese s i tes when t h e  radon l ev� l ) e xceeds on l y  
s l i ght l y  the maxi mum a l l owed [0 . 0 20 a n n ua l  work i n g l eve l s (WL ) a ( 4  pC i / t ) ] .  

At rec l a i med p hosphate l ands  i n  F l o r i d a ,  the act i on recommended to  the gove rnor  
f o r  exi st i n g houses  wi t h  radon l evel s l es s  t h a n  0 . 0 1  W L  ( 4  pC i / t )  i s  to reduce  
t he radon l eve l s  to  " as l ow as reas onab l e ach i evab l e , "  and at  hou�es  w i t h  radon 
l evel s above 0 . 02  WL , the  recommended act i on wou l d  be to  reduce l eve l s bel ow 
t h i s  va l ue ( Recommendat i ons  to the Governor of F l or i da , FR 44 : 38664-386 7 0 ) . 

( a )  Wo rk i n g  l eve l (WL ) i s  a mea s u re of t he potent i a l  a l p h a -energy concent ra
t i on .  One work i ng l e ve l i s  defi ned as any combi n at i on of radon dau ghters 
i n  one l i ter  of ai r ,  such  that the decay of radon  to  l ead -2 10  wi l l  res u l t  
i n  the u l t i mate emi s s i on of 1 30 , 000 MeV ( mi l l i on e l ect ron vo l t s ) .  An 
e q u i l i br i um fract i on of about 0 . 5  i s  assumed and , therefore , 200 pC i / t of 
radon y i e l ds 1 WL . 
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TABLE N . 5 .  Laws and Gu i de l i nes  for Oxi des  of Ni t rogen Leve l s i n  I ndoor  Ai r 

Regu l atory Body 
U . S .  Occupat i onal  Safety 
and Hea l t h  Admi n i s trat i on 
( OSHA ) 
U . S .  Nat i ona 1 I n s t i tute of 
Occupat i ona l  Safety and 
Hea l th  ( N I OSHA ) 

Ameri can Confe rence of 
Gove rnmental  I nd u st r i a l  
Hygi en i sts  (ACG I H )  

Ox i des of N i t rogen 
Standard 

N02-9 mg/m3 ( 5  ppm )  average ( a )  
NO-30 mg/m3 ( 25 ppm ) average ( a )  

N02 -1 .8 mg�m3 ( 1  ppm ) ce i l i n� 
NO-30 mg/m ( 25 ppm )  average  a )  

N02 - 1 .8  mg�m3 ( 5  ppm ) average ( a )  
NO-30 mg/m3 ( 25 ppm )  ce i l i n g 
NO-45 mg/m ( 3 5  ppm ) 1 5  mi n .  
ce i l i n g  

( a )  8-h Ti me We i ghted Average (TWA ) . 

Type of 
Standard 
Regu l at i on 
(work p l ace ) 

Gu i de l i ne 
(work p l ace ) 

Gu i de l i ne 
( work p l ace ) 

TABLE N . 6 .  Laws and Gu i de l i nes for Part i cu l ate Leve l s i n  I ndoor Ai r 

Regul  atory Body 
U . S .  Occu pat i ona l  Safety 
and H ea l th Admi n i strat i on 
( OSHA ) 

Ame ri can Co nference of 
Gove rnmenta  1 I ndu st ri a 1 
Hygi e n i sts  ( ACG I H )  

J apan  

Part i cu l ate Standard 
1 0  mg/m3 ave rage ( a )  

1 0  mg/�3 averag��) ) 
5 mg/m average 

1 50 mg/m3 tota l  
s u spended part i c u l ates 

Type of 
Standard 
Regu l at i on 
( work p l ace ) 

Gu i de l i ne 
(work p l ace )  

Regu l at i on 
( no n 
occu pat i ona l ) 

( a )  Res p i rab l e fract i o n - l es s  than 5 mi cromete rs ( �m ) d i ameter - 8-h Ti me 
Wei ghted Ave rage ( TWA ) . 

( b )  Tota l  du st  « 1% quartz  content wei ght ) 8-h Ti me Wei ghted Ave rage ( TWA ) . 
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TABLE N . 7 .  Laws and Gu i de l i ne s  for Radon Leve l s i n  I ndoo r Ai r 

Regu l atory Body 
U . S .  s i tes  contam
i n ated by u ran i um 
p roces s i n g  wastes 

Phosphate l and-F l o ri da 

Nat i ona l  Cou nc i l on 
Rad i at i on P rotect i on  
and Measu rement ( NCRP ) 

Canada 

Sweden 

Ame ri can Soci ety of 
Heat i n g ,  Refr i ge rat i on ,  
and Ai r Cond i t i on i n g  
E n g i neers ( ASHRAE ) 

M � ne  Safety and Hea l t h  
Admi n i st rat i on ( MSHA ) 

( a )  Work i n g  l evel s .  

Radon Standard 
0 . 020 ( a )  WL ( 4  pC i / t )  
Cost-benefi t a na ly s i s 
req u i red when l eve l  
o n ly  s l i ght ly above 
t h i s  max i mum 

<0 . 02 WL ( 4  pC i /t ) 
Redu ce to  as l ow as  
rea sonab ly  ach i evab l e 

> 0 . 02 WL ( 4  pC i / t )  
Act i on i nd i cated to  
reduce to  bel ow th i s  
1 eve 1 
2 WLM/y r ( b )  

> 0 .0 1  WL ( 3  pCi /t ) -
i n ve st i gate 
> 0 . 02 WL ( 7  pC i /t ) -
p r i  ma ry act i on 
> 0 . 1 5 WL ( 50 pCi /t ) -
p rompt act i on 

Type of Standard 
Re gu l at i on 

Recommendat i on to  the  
Gove rnor  of F l o ri d a 

Recommended ( l i mi t  fo r 
ge ne ra l  popu l at i on 
expo s u re ) 

G u i de l i n e 
( n onoccupat i ona l ) 

0 . 0 1 9  WL - new dwe l l i n gs Regu l at i on  
0 . 054 WL - rebu i l t  
dwel l i n gs 
0 . 10B WL - exi st i n g 
dwe l l i n gs  

0 . 0 1  WL  ( 2  pC i / t )  

·1 WL ( 2 00 pC i / t )  i n stan
taneous 4 WLM/yr 
cumu l at i ve 

Recommended ( a i r for  
vent i l  at  i on )  

St andard ( occupat i ona l 
mi n i n g )  

( b )  W o rk i ng l evel month per  yea r .  
( c )  Equ i l i b ri um facto r  of 0 . 3 .  
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Fo r  new hou s i n g i n  rec l a i med pho s phate l and , no act i on i s  i nd i cated for conce n 
t rati ons o f  " n o rmal i ndoor bac k g round . "  These c r i ter i a a re n ot enfo rceab l e  
standards , but are on l y  recommendat i ons  for act i ons  gi ven to the Gove rnor  of 
F l o r i d a ,  who has the autho r i ty to dec i de upon t he app ro�ri ate act i o n . 

The U . S .  Nat i ona l  Counc i l on Rad i at i on P rotect i on and Mea s u rements ( NCRP ) has 
recommended a total i ndoor ( nonoccu pat i o na l ) expos u re l i mi t of 2 wo rk i ng l eve l  
mont hs  per yea r (WLM/yr )  ( NCRP 1984 ) . Th i s  l i mi t  for the gene ral  pop u l at i on 
i nc l udes i ndoor " back g round "  l e vel s and , t herefore , these do not need to be 
s u bt racted when eva l uat i n g  concent rat i on l evel s .  

The Canad i an Atomi c Energy Control  Board has estab l i s hed gu i de l i nes fo r i ndoor  
radon l e vel s i n  re s i dences above wh i ch certa i n act i ons  a re to be  i mp l emented 
( see Tabl e N . ? ) .  

The Swed i s h  gove rnment has adopted max i mum l i mi t s of mean va l ues of radon 
concentrat i ons  for a fu l l year a l l owabl e i n  res i dences . The l i mi ts a re as 
fol l ows : 0 . 0 1 9  WL (4 pC i / � ) i n  new res i dences ; 0 . 054 WL ( 1 0  pC i / � )  i n  rebu i l t  
re s i dences ; and 0 . 1 08 WL ( 22 pC i /� ) i n  ex i st i n g res i dences ( H i l d i ngson 1982 ) .  
E x i st i n g  res i dences exceed i n g  0 . 1 08 WL a re cons i de red " u n s an i ta ry . "  These 
l i m i ts a re ma ndato ry ( e n fo rceab l e )  standa rds . 

The ASHRAE recommended gu i de l i ne for acceptab l e a i r qua l i ty i s  0 . 0 1  WL ( 2  pC i / � 
a n nua l  ave rage ) .  The M i ne Safety and Hea l th Admi n i st rat i on ( MSHA )  standard fo r 
occupati ona l  expos u re ( p ri ma r i l y  mi n i n g )  i s  1 WL ( 200 pC i / � )  i n stantaneou s 
maxi mum a rea concent rat i on and 4 WLM/yr maxi mal cumu l at i ve dose ( 30 CFR 5 7  
" Re gu l at i ons  and St andards Appl i cab l e t o  Meta l  and Nonmetal  Mi n i n g  and Mi l l i n g 
Ope rat i o n s " ) .  

Vent i l at i on Standa rds  

Two vent i l at i on stand a rds  have been  estab l i s hed by vari ous  g rou p s . The f i rst 
standard , Vent i l at i on for Acceptab l e Ai r Qua l i ty ,  was adopted by ASHRAE i n  
1 981 . The pu rpose of the stand a rd i s  to s pec i fy mi n i mum vent i l at i on rates that 
w i l l  prov i de acceptab l e a i r qua l i ty to res i dent i a l  occu pants and w i l l  not 
i mpa i r heal t h .  

Ta b l e N . 8 s hows the ASHRAE Vent i l at i on St anda rd , wh i ch i s  exp res s ed i n  cu b i c 
feet per  mi nute ( c fm )  and l i te rs per  second ( � / s )  rat her  than  a i r cha n ges pe r 
hou r and a re i ndependent of the  s i ze of the  room bei n g  vent i l ated . The  stan
dard a l so  spec i f i es t hat if  the outdoor a i r q u a l i ty does  not meet app l i cab l e 
fede ral or  state stand a rds , ai r cl ean i n g  shou l d  be used . Most of the homes 
t hat a re be i ng  constructed today meet the ASHRAE stand a rd . 

The  second vent i l at i on stand a rd i s  the U . S .  Depa rtment of Hou s i n g  and U rban 
Devel opment ( HU D )  M i n i mum P rope rty Stand a rd .  These stand a rds a p p ly  to  fed e r
a l l y  fi nanced home cons t ruct i on and to  res i dences pu rchased wi th  federa l l y  
i n s u red l oan s .  The stand a rd sets i nt e rmi ttent exhaust rates fo r k i tchens a nd  
bath rooms at 1 5  and 18  ai r changes per  hou r (ACH ) ,  res pect i ve l y .  The  standards 
a l so ca l l for vent i l at i on by i n f i l t rat i on o r  other means  of 0 . 5  ACH ,  as  we l l as  
natu ral vent i l at i on t h rough  operab l e wi ndows , wh i ch mu st have a tota l  a rea of  
at  l east 1 / 20 of  the f l oor  a rea of the  room.  Th i s  stand a rd i s  not  a p p l i cab l e 
to  most res i dences , u n l e s s  adopted i nto  the  l oca l bu i l d i n g code . 
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TABLE N . 8 .  Outdoor Ai r Req u i rements  for Vent i l at i on 

Res i dent i a l Fac i l i t i es ( NCAT 1 984 ) 
( P ri vate res i dences , s i n g l e or  mu l t i p l e ,  l ow o r  h i gh  ri se ) 

O utdoo r Ai r Req u i rement s ( a )  

General  l i v i ng a reas 

Bedrooms 

A l l other rooms 

K i tchens  

B at h s ,  t oi l et s  

G a ra ges  ( separate 
each res i dence )  

for  

G a rages ( common for  
several  res i dences ) 

cfml room 
1 0  

1 0  

1 0  

1 00 

50 

cfmlcar  space 

cfm/ ft2 f l oor  

1 00 

1 . 5 

t i s  room 
5 

t i s  

5 

5 

50  

25  

ca r space 50  

t i s  m2 f l oor  7 . 5  

Comments  

Vent i l at i on rate 
i s  i ndependent 
of  room s i ze 

I n s ta l l ed capaci ty 
for i ntermi ttent 
u se 

( a )  Operab l e  W i n dows or mechan i ca l  vent i l at i on s h a l l be p rov i ded for use  
when occupancy i s  g reater than  u sua l  cond i t i ons  o r  when u n u s u a l  
contami nant l eve l s are generated wi t h i n t h e  space . 
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APPEND I X  0 

I NTERACTION OF WOOD BURN I NG AND WEATHER I ZAT I ON 

I NTRODUCT I ON 

Res i dent i a l wood bu rn i n g  as a heat sou rce has i nc reased s i nce the mi d- 1 970s . 
Project i ons to the year 2000 i nd i cate a cont i nued i ncrease i n  the number o f  
wood bu rn i n g  devi ces u sed fo r heat i n g .  Amb i ent a i r qua l i ty i s  i mp acted by 
i n creased emi s s i on s  of part i cu l ates , hyd roca rbon s , and ca rbon monox i des ( CO )  a s  
a resu l t  o f  i ncrea sed res i dent i a l wood bu rn i n g .  

Energy conse rvat i on measu res i n  the form o f  res i dence weather i zat i on h ave been 
i n i t i ated du ri n g  the past few yea rs t h ro u gh federa l  p rog rams ( e . g . , BPA , . 
Depa rtment of  Hous i n g and U rban Deve l opment ) .  I n d i v i du a l s feel i n g the bu rden 
of  esca l at i n g costs of gas , coa l , o i l and e l ect r i c i ty have f requent l y  taken 
steps on t he i r own to  weather i ze res i dences  as  we l l as  to  search for l es s  
expen s i ve met hods o f  res i dent i a l  heat i n g .  Met hods i n  vogue i nc l ude so l ar  
heat i n g systems , but the most popu l a r s u b st i tute fo r foss i l  f ue l  o r  e l ectr i c i ty 
seems to be wood . 

Th u s , recent empha s i s on ene rgy conse rvat i on i s  a factor  i n  the  two p ract i ces  
d i scu s sed h e re :  1 )  weatheri zat i on and t i ghten i ng of res i dent i a l struct u res and  
2 )  i nc reased use  of wood as  a res i dent i a l fue l . The i nt e ract i on of res i dent i a l 
wood bu rn i n g and home weathe ri zat i on poses  a number of u n certa i nt i es ,  wh i c h  
i n c l ude the fol l owi n g :  

• the effect of wood bu rn i n g on e l ect ri ca l  heat ene rgy use  
• the effect of wood bu rn i ng on outdoor  a i r q ua l i ty 
• compari son  of wood use  before and after  weather i zat i on .  

The fol l owi n g  d i scu s s i on add resses  these th ree a s pects of res i dent i a l wood 
consumpt i on .  

D I SCUSS I O N  
F i gu res from t he  U . S .  B u reau o f  Ce n s u s  i nd i cate that 1 0% of nea r ly  4 3  mi l l i on 
h ou s i ng u n i ts we re h eated by wood stoves i n  1 9 50 ( DOE 1 981 ) .  By 1 9 7 3  an o rder  
of  ma gn i tude reduct i on occu rred i n  the pe rcentage of  res i dences  heated by wood 
bu rn i n g ,  0 . 9% of 68 . 9  m i l l i on hous i ng u n i t s .  A s l i ght i n c rease i n  the n umbe r 
of  hou s i n g  u n i ts  heated by wood was noted i n  1974  and subsequent yea rs . By 
1 978 U . S .  B u reau of Census  shows 1 . 4% of 7 7  m i l l i on hou s i ng u n i ts w i th  wood 
bu rn i n g  as  the pr i ma ry heat i n g sou rce . Howeve r ,  Petty and Hopp ( 1 981 ) est i mate 
th at about 45% of the homes i n  the Pac i fi c No rt hwest reg i on have woodstoves  o r  
f i rep l aces . These app l i ance s may or may not rep resent t h e  pr i ma ry heat i n g  
sou rce .  The 1 981 U . S .  Department of Ene rgy ( DOE ) report s hows t hat a 1 52% 
i nc rease i n  the use of wood fue l  occ u rred i n  the northeast U n i ted St ates f rom 
19 70  to 1 9 7 6 .  A l es s e r  i n c rease i n  res i de nt i a l  wood bu rn i n g was n oted i n  oth e r  
sect i on s  o f  t h e  4 8  states . I n  the  Sout h ,  the  i nc rease was on l y  6% ; howeve r ,  
t h e  u s e  of wood for fue l  i n  that sect i on o f  the cou ntry rema i ned cons i stent l y  
a n  order  o f  magn i tude g reater than i n  the nort heast du ri n g  the  study peri od . 
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Cont i n u i n g  w i t h  i n format i on from the  DOE report , the  U . S .  Offi ce of Techno l o gy 
Assessment has  proj er5ed an i n crease i n  wood fuel  consumpt i on from a bout 
2 quads  (1  quad = 10  bt u )  i n  1 980 to between 5 to  1 0  quads  by the  year 
200 0 .  These est i mates d o ,  h owever ,  i nc l ude i nd u str i a l  as  wel l as  res i de nt i a l  
b u rn i n g .  Data i n  t h e  DOE report show a decrease i n  t h e  i ndustr i a l  fract i on 
from 7 5% i n  1 9 7 5  to 70% i n  1 980 . E st i mates of part i cu l ate emi s s i on s  from wood 
b u rn i n g  proj ected to the year 2000 su ggest that i ndustr i a l  wood burn i n g  wi l l  
cont i nue  to  dec l i ne and , after  1 985 ,  w i l l  rema i n fa i r ly  constant , at about ha l f 
the  cons umpt i on by the  res i dent i a l secto r .  D u r i n g  the  peri od 1987 -2000 , 
i nd u st r i a l  part i cu l ate emi s s i ons  from wood burn i n g are proj ected to  account for  
30 to 35% of the tota l  from res i dent i a l and  i nd u stry comb i n ed . 

Us i n g d ata from f i rewood permi ts  i s s u ed at Mount Hood Nat i ona l  Forest i n  
Oregon , Mou nt Baker/Snoqua l mi e and Co l v i l l e  Nat i ona l  Forests  i n  Was h i n gton , and 
Nat i ona l  F o re sts i n  the I daho panhand l e ,  Grotheer ( 1 983 )  reports  t hat the  
vol ume of  fa i r ly  cheap fi rewood removed from these  fo rests by the  general  
p u b l i c  between 1 976  and 1 981 i n c reased by factors of 2 to  4 .  The U . S .  Forest  
Serv i ce 1 s  annua l  IIF ree  Use  Report , 1I quoted by Petty and Hopp ( 1 981 ) p l aces a 
va l u e  of more than $1 mi l l i on on the  fuel  wood removed from the U . S .  Forest  
Serv i ce 1 s  Re g i on 6 Nat i on a l  Forests  i n  1 980 . F ut u re est i mates of  fue l  wood 
f rom t h i s sou rce were n ot ment i oned . We can reasonab ly  a s s ume that the  U . S .  
F o rest  Servi ce pol i cy wi l l  l i mi t the  removal  of dead and down t i mbe r to  p rov i de  
for a s u sta i ned y i e l d .  

P r i o r  to the  1 9 70s , the  use  of wood for res i de nt i a l  heat i n g  occu r red p ri ma r i l y  
i n  ru ra l  areas t hat e i ther  had the i r own wood s u p p ly  or  other sou rces o f  heat
i ng met hods were not avai l ab l e .  As the  cost of fos s i l fuel s and e l ect ri c i ty 
rose d u r i ng  the  1 9 70s , an i n c rease i n  wood stove u se  was n oted i n  t h e  
met ropol i tan  area s . 

The re seems l i tt l e  doubt that res i de nt i a l wood consumpt i on i s  cu rrent ly  on the  
ri s e ,  a nd  the  r i se  i s  p red i cted to cont i n u e ,  though  at  a l es se r  rat e .  The  
fo l l ow i n g  factors are expected to i nf l uence the  t rend of res i de nt i a l  wood 
b u rn i n g :  

• an assumed cont i n uat i on of i nc reased cost of other  ene rgy 
a l t e rnat i ves 

• i ncreased uncerta i nty of u n i nte rru pted ene rgy s u pp ly  from other  
sou rces ( p ri nc i pa l ly  o i l )  

• cont i nu ed enj oyment and sat i sfact i on by the  popu l at i on i n  wood 
gather i ng  and t h i s form of se l f rel i ance 

• pos s i b i l i ty of s i gn i f i cant ad vances i n  wood heat i n g  techno l o gy 

• s i gn i f i cant advances i n  the  u s e  of so l ar  ene rgy 
• wood bu rn i n g rest ri ct i on s  as  a resu l t  of ai r qua l i ty 

con s i derat i ons . 

The  f i rst three factors are l i ke ly  to p roduce an i nc rease  i n  res i de nt i a l space 
heat i n g by wood fue l ; the l ast t h ree cou l d be expected to  cause  a dec l i ne i n  
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fue l  wood consumpt i on .  Even  wi t h  a factor of 2 to 5 i n crease  i n  wood con
sumpt i on as  p red i cted by the  U . S .  Offi ce of Techno l o gy As ses sment ( see DOE 
1 981 ) ,  most p roject i o n s  i nd i cate that no more than 9 or  10% of the hou s i n g  
u n i ts wi l l  b e  h eated by wood i n  the  yea r 2000 . T he  DOE report ( 1 981 ) i nd i cates 
that i n  1 978 , 1 . 4% of the  tota l  hou s i n g  u n i t s  used wood as  the p r i nc i pa l  
heat i ng sou rce . T h i s ,  howeve r ,  i s  a nat i ona l  average .  

I n  a report prepa red for  DOE ' s  Off i ce of E nv i ronmenta l  As ses sment s ,  Petty and 
Hopp 1981 ) e st i mated t hat a bout 45% of the househo l ds i n  the Pac i fi c  Northwest 
reg i on  had e i t her  fi rep l aces or  wood stoves ( i n  1980 ) . Based on est i mates that 
homes w i th  wood stoves u se  an ave rage of 2 .8 cords of wood per year at 50% 
eff i c i ency ,  and homes wi t h  fi repl aces use 1 . 8  cords per year at 10% effi c i ency ,  
the  t ota l  amou nt of effi 2i ent ly app l i ed energy from res i de nt i a l wood bu rn i n g i s  
o n  the  order of 18  x 10 Btu  annua l l y .  Petty and Hopp ( 1 981 ) fu rther est i mate 
that res i dent i a l s pace heat i ng req u i rements i n  Wash i n gton amount i� approx i 
mate ly  67% of the tot a l  1978  e l ectr i ca l  ener�� demand of 264 x 10 Btu for 
that regi on . Th i s  resu l ts i n  about 1 77 x 10 Btu u sed for s pace h eat i ng by 
e l ectr i c i ty i n  1 9 78 .  Add i n g  the  amou nt of space heat i n g  contri buted by the 
effi c i ent po rt i on of  wood bu rn i n g  for h eat i n g ,  t he  est i mate �2 total  a n n ua l  
energy req u i rement for  res i de nt i a l heat i n g i s  about 195  x 10 Bt u .  Wood fuel 
i s  est i mated to  have cont r i buted 9% of th i s  energy demand . If wood bu rn i ng  i n  
f i rep l aces i s  ass umed to be pr i ma ri l y  an est het i c  funct i on and e l i mi nated from 
the cal cu l at i on ,  the cont r i but i on of wood fuel to the  t ota l  demand i s  reduced 
to  7% . BPA ( 1 982 ) report s  that i n  1 980 , s pace heaters i n  e l ect r i ca l l y  heated 
res i dences accou nted for 3 1 . 4% of the total e l ect r i c i ty u s ed i n  the res i de nt i a l  
sector .  I f  th i s val u e  i s  u sed i n  the  above cal cu l at i on s , the  cont r i but i on of 
wood bu rn i ng to  the total s pace h eat i n g demand i s  dou b l ed ,  ( i . e . , about 1 8% 
when fi rep l ace s are i nc l uded , 14% when exc l uded ) .  

Reports i n  the  l i terat u re agree genera l l y  that wood bu rn i ng has i n  i mpact on  
ambi e nt a i r qua l i ty .  Kowa l czyk and  Tomb l eson  ( 1 982 ) ,  fo r examp l e ,  have deter
mi n ed t hat a typ i ca l  wood stove i n  the  state of Oregon emi ts  about 20 g of  
part i cu l ates per kg of wood bu rned . On  an  eq u i va l e nt heat output bas i s ,  t h i s 
amount i s  220 to 460 t i mes  that p roduced from o i l and gas fu rnaces , respec
t i ve l y .  The  Department of  Ene rgy (w i t h  a s s i stance from Muel l e r As soci ate s , 
I nc . )  has d etermi ned t hat wood fuel p rodu ces 2 to 10  t i mes the  amount of 
part i cu l ates as  do fos s i l fuel s .  The  same report states  that the hyd roca rbon 
contri but i on from wood burn i n g  ran ged from 1 6  t i mes  that from fuel o i l to 
near ly  50 t i me s  that from coa l . I n CO emi s s i o n s , wood fuel  was aga i n the  
b � ggest cont rlbutor - o ver 3 x 1 0  met rlc tons ( i n  1 9 7 6 )  for  the year  compared 
w i t h  3 . 7  x 10 met ri c tons  and 7 . 2  x 10 metr i c tons  for o i l and coa l , 
respect i ve l y .  

Con s i derab l e research o n  the  i mp act t o  a i r qua l i ty from res i de nt i a l  wood 
bu rn i ng  has  been done i n  Orego n .  Stud i es there s howed that a i r q u a l i ty i n  
u rban areas  i mp roved from 1970  to  1975  as  a res u l t of rest r i ct i ons  i mposed on 
i nd u st r i a l  a i r po l l ut i on sou rce s .  The t rend reversed from 1 976  to  1979 a s  
res i dent i a l  wood bu rn i n g  i ncreased ( Hough  and Kowa l czyk , 1 982 ) . I n  the  
Medford , Oregon  are a ,  emi s s i ons  from res i dent i a l wood bu rn i n g  are p roj ected to  
i ncrease  du ri ng  the  l ast 15  years of th i s  cent u ry ( i bi d ) . 

I n  some met ropo l i tan  a reas , emi s s i ons  from res i de nt i a l wood bu rn i ng h ave 
reached l eve l s that exceed Nat i ona l  Ai r Qu a l i ty Standa rds fo r tota l  s u s pe nded 
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part i cu l ates ( G rothee r ,  1983 ) . Some emi s s i on redu ct i on/ cont rol st rateg i es  are 
n ow i n  u se i n  some of the western st ate s ;  other st rateg i es  are st i l l  i n  t he  
p roposa l  stage . S uch  st rateg i e s  i nc l ude t he  fol l owi n g :  

• p l lb  I i c educat i on o n  stove ope rat i on and wood season i  n g  

P ub l i c  educat i on focu ses  pr i mar i l y  o n  determi n i n g  the proper 
s i ze of stove for the  heat i ng need , stove operat i on p roced u re s , 
and i nst ruct i on of p roper wood season i n g .  

• mandat ory o r  vo l u ntary cu rta i l ment of wood stove u s e  d u r i n g  h i gh 
po l l u t i on ep i sodes 

- Cu rta i l ment of wood stove u se  du r i n g  h i gh pol l ut i on ep i s odes  i s  
st i l l  p r i mari ly  a vol u ntary act i on .  I n  some a reas where such  
ep i sodes occu r frequent ly , more rest ri ct i ve mea s u re s  may be  i n  
effect . 

• weatheri zat i on of res i dence s  

- Weat heri zat i on of res i dences i nc l udes  i n su l at i n g  att i cs ,  fl oors , 
and wal l s .  Storm wi ndows and doors a l so reduce heat l os s .  More 
ext reme mea s u re s  i n vo l ve l ocat i n g and sea l i n g cracks  around  
wi ndows , e l ectr i cal out l et s , and  j o i nts  i n  wal l board . 

- To those part i c i pat i n g  under  the p resent p rog ram , weat her i zat i or 
measu res ( e . g . ,  i n s u l at i o n ,  s ett i ng back thermostat s , vapor  
barr i ers , dehumi d i f i e rs )  a re avai l a b l e to a l l e l ect ri ca l l y  
h eated res i dences . T i ghten i ng mea s u res , s u c h  as  storm wi ndows , 
out l et and swi tch  p l ace gasket s , weatherst r i p p i n g ,  and cau l k i n g 
are prov i ded for t h ose res i dences f ree of maj or  po l l utant 
s ou rces . Under  the  expanded p rogram , t i g hten i n g measu res and 
wa l l  i n s u l ati on w i l l  be offered to  a l l e l ect r i ca l ly  h eated  
res i dence s . 

• wood stove des i gn i mp rovements  

New wood stove des i g n s  are appeari n g  o n  the  ma rket that a re more 
h eat eff i c i ent than many o l der sty l es of convent i ona l  equ i p 
ment . Kowa l czyk and Tomb1 eson  ( 1 982 ) of the Oregon Department 
of E n v i ronmental  Qua l i ty have reported on recent tests of a d ua l  
combust i on chamber ' stove a nd  an ai rt i ght  box des i gn equ i p ped 
w i t h  a cat a lyt i c  combu ste r .  Res pect i ve average overa l l heat 
eff i c i enc i es  were 68 . 5  and 77 . 6% compa red to 45 t o  55% ove ra l l 
h eat effi c i ency of most stove s .  F u rther good news i s  that  
average part i cu l ate emi s s i o n s  measu red du ri n g  the  test i n g of  
t hese app l i ances were on the  o rder of 5 g /kg  of  wood bu rned . 
S i mi l a r tests on other  stoves had i nd i cated part i cu l ate 
emi s s i ons  rangi ng  f rom 10 to 75  g/ k g .  

A s  res i dent i a l  wood bu rn i n g  devi ces' l es s  det ri menta l  t o  amb i ent a i r qua l i ty 
( and more therma l ly  eff i c i ent ) become ava i l ab l e ,  we can expect a i r po l l ut i o n 
from wood stoves to  decrease  even as  the number of stoves i nc reases ( G rothee r 
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1983 ) .  P ub l i c  educat i on on se l ecti ng  a stove s i z e  commensu rate wi t h  the space 
to be heated . a nd t.he p ract i ce of proper ly  season i n g the wood to be bu rned w i l l  
he l p red uce harmfu l  emi s s i ons  f rom wood bu rn i n g .  

The re a re seve ral facto rs t hat can b e  cons i de red i n  mak i n g est i mates o f  wood 
u s e  befo re and afte r  weathe r i zat i on .  Some facto rs may be q u i te  s u bj ect i ve as 
the persona l i ty of the res i dent may be a component of th i s  phase of weathe r
i z at i on .  For examp l e .  a homeowne r may cont i n ue  to bu rn about the same amount 
of wood after  weathe r i zat i on out  of hab i t ,  or s i mp ly  becau se he/ she p refe rs 
heat i n g  by a wood stove rat her - than e l ect ri c i ty .  If e l ect r i ca l  energy rates 
r i se more rap i d ly than t he eq u i va l e nt cost of heat i ng by wood , the h omeowner  
may want to red uce the amount of e l ect r i ca l  ene rgy cons umpt i on as a con s e r
vat i on mea s u re ,  o r  e ven  to demonst rate h i s / her  i ndependence f rom the ut i l i ty i n  
reta l i at i o n for i nc reased rates . Anot h e r  facto r  l i ke ly  to  affect wood bu rn i ng  
after  weat he ri zat i on i s  whether  the  weathe r i z at i on i s  i n i t i ated and  pa i a for by 
the  res i dent , o r  part o r  a l l of  the cost i s  pa i d  by someone e l se .  I f  the  
res i dent has i n i t i ated weathe r i zat i on and pa id  for i t ,  a reduct i on i n  fue l  
consumpt i on u sua l l y  has been  a p r i ma ry mot i ve .  Avai l ab i l i ty of  fuel  wood wi l l  
h ave an effect on wood stove u s e .  Changes i n  i ndoor  a i r q u a l i ty as  a res u l t  of  
weatheri zat i on wi l l  p robab ly  a l t e r  previ ous  wood bu rn i n g  p ract i ces  i n  a 
res i dence . Because so many facto rs to be con s i de red a re s u bj ect i ve i n  natu re , 
a homeowne r ' s  use of wood fo r heat i n g  afte r  weathe ri zat i on cou l d  go u p  o r  down . 

Heat output f rom wood bu rn i ng  i s  somewhat more cyc l i c  i n  natu re than that  
obta i ned from ot her methods . Weathe ri zat i on of - a  res i dence cou l d be expected 
to smooth out such f l uctuat i ons  somewhat , s i nce smal l e r stoves cou l d  be 
i n sta l l ed i n  a "t i ghte r "  res i dence , o r  sma l l e r f i res cou l d  be used i n  eq u i pment 
a l ready i n  p l ace i f  stove des i gn pe rmi tted that . P robab ly  not many stoves 
wou l d  be rep l aced u n l e s s  a maj o r  b reakth rough occ u rs i n  wood stove eff i c i ency .  

I f  weather i z at i on measu res are empl oyed to produce an u l t ra-ti ght res i dence , 
the re may not be enough  ai r exchange to  al l ow a wood bu rn i n g  app l i ance to  bu rn 
i t s  fuel eff i c i ent ly or comp l ete lY2 If a s i n g l e -fami ly  res i dence w i t h  detached 
ga rage ha� a fl oor  a rea of 1 500 ft and 8-ft wa l l s ,  fo r examp l e ,  i t s  vol ume i s  
1 2 , 000 ft . Based on pe rsona l  f resh  a i r req u i rements of about 5 �fm p e r  
pe rson , and a l ow eff i c i ency wood stove req u i r i n g  perhaps 2600 f t  of  ai r p e r  
hou r f o r  comp l ete fuel  b u rn i n g .  a fami ly  o f  fou r l i v i n g i n  a res i dence heated 
by wood fuel  cons ume 0 . 32 a i r changes pe r hou r (ACH ) .  A res i dence that i s  
weather i zed to the po i nt whe re l ess  than  0 . 3 ACH occ u r  may be too " t i ght"  t o  
p rov i de  suff i c i ent f re s h  a i r fo r comp l ete  fuel bu rn i n g  p l u s  persona l  req u i re
ments . I n comp l ete fuel  bu rn i n g ,  of cou rs e ,  wou l d  res u l t  i n  i nc reased emi s s i o n s  
to  part i cu l ates a nd  CO  to t he  amb i ent a i r .  I n  mo st ca ses , t he  B PA  Re s i dent i a l 
Weather i zat i on P rog ram w i l l  n ot reduce res i de nt i a l a i r excha n ge to  as l ow a s  
0 . 3 2 ACH .  Oregon req u i res that out s i de combu st i on a i r mu st b e  s upp l i ed .  
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APPEND I X  P 

A I R-TO-A I R  HEAT EXCHANGERS 

Th i s  append i x  i s  a b r i ef synthes i s  of the mater i a l  f rom fou r recent p ub l i ca 
t i on s  ( F i s k  and Tu r i e l  1 983 ; NCAT 1 984 ; Offermann  1 982 ; a n d  Tu r i e l  et a l e 
1 982 ) .  These sou rces b r i n g  together the resu l ts of many ear l i er resea rch and 
a s ses sment effort s , notab ly  by the Lawrence Berkel ey Laborato ry ( LBL ) , 
Berke l ey ,  Ca l i fo rn i a .  Other  i nfo rmat i on has been d e ri ved f rom i nterv i ews w i th , 
and tech n i ca l  l i teratu re p rov i ded by , manufactu re r s  of ai r-to-a i r heat 
e xchangers  ( AAHXs ) .  Add i t i ona l l y ,  d i scu s s i on of average reg i ona l  i n s ta l l ed 
cost and cost methodo l ogy i s  p rov i ded . 

I NTRODUCT ION  

Res i dence weather i zat i on i s  des i gned to  reduce the el ect ri ca l  energy req u i red 
for heat i ng by reduc i n g  i n f i l t rat i on of outdoor a i r ;  venti l at i on of t he  
i nter i o r  space i s  the reby decreased . Reduced vent i l at i on can  resu l t  i n  
i n c reased concentrat i ons  of mo i stu re ;  contami nants  such as  fo rma l dehyd e ;  
p rodu ct s  o f  combust i on ,  i nc l ud i n g c i ga rette and wood stove smoke ; ca rbon 
monox i d e ;  n i t rogen d i ox i de ;  and rado n .  W i th s u ff i c i ent ly  l a rge concentrat i on s ,  
t he  deg raded i ndoor  a i r qua l i ty may pose d i scomfort and /o r  ad verse hea l t h  
effects . Thu s ,  t h e  i ntent to con serve energy a nd  i ts cost s , t h rough  weat her
i zat i on , i s  potent i a l l y  offset by comfort a nd  heal t h  con s i de rat i on s . 

Th rou gh the ope rat i on of mecha n i ca l  systems , venti l at i on may be i n c reased t o  
t h e  l evel s avai l ab l e pr i o r  to  weat he r i zat i on ,  o r  beyond . Reestab l i s hment of 
vent i l at i on cou nte racts i ndoor  contami n at i on ,  a s s umi n g  that the outdoor a i r i s  
l es s  contami nated than  the i ndoor  ai r .  Des i gned venti l at i on ,  i n  cont rast wi t h  
i nf i l t rat i o n ,  i s  a l so mo re des i rabl e becau se i t  can be cont ro l l ed to  b e  con
stant  and  rel i ab l e ;  i nf i l t rat i on i s  st ron g l y  affected by weat he r  cond i t i on s , 
n otab ly  by wi nd and i ndoo r-outdoor temperatu re d i ffe rences . Al s o ,  cont ro l l ed 
vent i l at i on can be effect i ve l y  d i st r i buted t h roughout the i nter i o r  of the 
res i dence .  

The  pena l ty of ene rgy waste  and ext ra cost  wi l l  occu r ,  howeve r ,  u n l e s s  a heat 
recovery vent i l at i on system i s  u sed . An AAHX system can prov i de cont ro l l ed 
vent i l at i on for reduc i n g  contami nant concent rat i ons  whi l e  a l so  sav i n g  the 
energy that has  been u sed t o  heat , o r  coo l , the res i dence .  

Heat  recove ry vent i l at i on systems were o ri g i na l l y  deve l oped for energy 
conservat i on i n  l a rge comme rc i a l , i nd u str i a l , h ea l th care ,  and a g r i cu l t u ra l  
b u i l d i n gs . Over approxi mate ly  t h e  past 5 yea rs , many sma l l e r AAHX s  have been 
deve l oped , commerc i a l i zed , and i n sta l l ed i n  t housands of res i dences  i n  t he  
U n i ted States , Canada , Eu rope , and Japan . Research  a nd  test i ng effort s have 
estab l i s hed i nfo rmat i on on performance and cost -effect i veness ( F i s k and T u ri e l  
1 983 ; Offermann  et a l e 1982 ; Tu r i e l  et al e 1982 ) . The res u l t s  i nd i cate that 
u t i l i zat i on of AAHXs  can prov i de one pos s i b l e st rategy for sav i ng  energy ,  wh i l e  
reduc i n g  i ndoor contami nant l eve l s i n  weat her i zed res i dences . 
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DESCR I PT I ON 

I n  wi nter heat i s  tran sfe rred from outgo i ng  stab l e ai r to  i ncomi n g  fre s h  a i r i n  
the  heat exchan g i ng  core of an a i r-to-ai r heat recovery vent i l at i on system . 
Ene rgy that has heated the res i dence i s  there by conse rved i n  t h i s s i tu at i on 
because  the i ncomi ng  a i r i s  co l der than the  i ndoor ai r .  I n  summe r ,  i ncomi n g  
warm a i r g i ves u p  heat to t h e  ex i t i n g coo l e r  a i r .  Vent i l at i on i s  prov i ded , and 
ene rgy i s  sa ved , i n  both season s ;  h oweve r ,  the wi nter heat i ng season  
app l i cat i on i s  u s ua l l y  the mot i vat i n g  factor fo r i n st a l l at i on of a system . 

Co l d  outdoor a i r i s  brought t h rough the heat exchan g i n g  core by a fan i n  the  
system ' s  s u p p ly  duct i ng .  D i str i but i on throughout t he res i dence , t h rough  
i n sta l l ed duct s ,  a s su res u n i form fresh  a i r to  wh i ch heat has  been  added i n  the  
exchanger . Add i t i on a l  du ct s  prov i de a i r ret u rn to the core , e spec i a l l y  from 
those pa rts of t he res i dence t hat are p r i mari l y  producers of mo i st u re and 
contami nants  ( i . e . , k i tchen  and bat h room area s ) .  The ret u rned sta l e ai r t ra n s 
fe rs heat t o  t he i ncomi ng  fresh  a i r and e x i t s  from t h e  res i dence . The ret u rn 
f l ow i s  ord i nar i l y  dri ven by a second fan . Fan s  and dampers are chosen to 
p rov i de equ a l  f l ow rates  for the two st reams ; the  res i dence mu st not be  
depres su ri zed i n  the proce s s  because  th i s  wou l d  cause i ncreased i n f i l t rat i on .  
S i m i l ar l y ,  p ress u r i z at i on i s  avo i ded becau se t h i s wou l d  defeat the  i ntent t o  
con serve heat ene rgy , i n  res u l t  o f  wa rm a i r escap i n g t h rough  al l st ructu ra l  
open i n g s . Add i t i ona l l y ,  p re s s u re d i ffe rences can produce ma l fu n ct i on s  o f  
vented combu st i on dev i ces ; AAHX s  mu st not be u sed t o  prov i de vent i l at i on a i r 
for combu st i on ( NCAT 1984 ) . 
The  core of an AAHX con s i sts  of many pl ates and/or  tube s , u su a l l y  of al umi n um 
or  p l ast i c ,  wh i ch separate the  two a i rst reams p hys i ca l l y ,  but not therma l l y .  
Eff i c i ency of heat t ransfe r i s  i nc reased by maxi mi z i n g  the  s u rface area ove r 
wh i ch the  a i rst reams f l ow ; s eve ra l  hundred square feet of  h eat -t ra n s fer s u rface 
can be conta i ned wi t h i n  a few cub i c feet of co re vol ume . The a i r st reams are 
cau sed to  f l ow c ross  or  counter to each othe r ;  the l atte r ar ran gement e n s u res  
maxi mum pos s i b l e  heat transfer  for  the  gi ven vol ume f l ow rates . As heat i s  
t ran sfe rred from wa rm ,  mo i st a i r ,  water vapor condenses , and a port i on of t h e  
l atent heat of  condensat i on i s  a l so  t ransferred to t h e  i ncomi n g  a i r st ream. 
Dra i n s  a re requ i red to t ran sfer the l i qu i d  water  to a sewe r or  other d ra i nage 
receptac l e .  Most co re s  are capab l e ,  at rated fl ows , of t ran sfe rri n g  enou gh  
heat to  reduce the i ndoo r-outdoor a i r tempe rat u re d i ffe re nce by 7 0  to 80% of 
i t s i n i t i a l magn i t ude . 
C o res  that cons i st of array s  of heat p i pes  have a l s o  been deve l oped and a re 
ava i l ab l e .  These devi ces a re sea l ed t u bes t hat contai n a therma l l y  act i ve 
l i qu i d  that evapo rates at one end ( heated ) and condenses  at the ot her .  The 
re su l t  i s  a t ran sfer of heat a l ong the tu bes t owa rd the  condensat i on end where 
t h e  heat i s  gi ven u p  to the i ncomi n g  fresh  ai r st ream .  Another  heat exch ang i n g  
devi ce i s  a motor-dr i ven rotor  that i s  wa rmed i n  the  st a l e ai r st ream a nd  t h e n  
g i ves u p  heat i n  t h e  fresh  a i r st ream . Becau se  water  a nd  water-so l u b l e 
contam i nants  can be t ran sfe rred between the two st reams by a common roto r ,  
systems i ncorporat i n g rotors are here excl uded from fu rther  con s i derat i on .  
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The core i s  conta i ned wi th i n  an i ns u l ated hou s i n g ,  u s ua l l y  a l on g  wi t h  the 
d ra i nage connect i o n s , two fan s , and fi l ters to reduce depos i t i on of l a rger a i r
borne part i c l es and i ns ects to the core and res i dence . C haracteri st i c a l l y ,  the 
u n i t  i s  i n sta l l ed i n  the heated port i on of t he res i dence . The u n i t  i s  h a rd 
wi red el ectr i ca l l y ,  requ i ri n g 5 0  to  300 watts  for the fan s , and duct i n g  i s  
attached to p roper ly  d i str i bute and retu rn a i r .  Contro l s may con s i st of a 
ma nua l  fan speed swi tch  and a sen s i n g  system that automat i ca l ly  l owe rs the 
s peed o r  tu rns the fans off i n  the event that f reez i ng of condensate water  
occu rs i n  the co re . I ce fo rmat i on ,  frequent ly  occu rr i n g  i n  the wi nte r ,  
severely degrades the  thermal and vent i l at i on effi c i enc i es o f  the system ( F i s k  
and Tu ri e l  1 983 ) . A few commerc i a l l y  avai l ab l e u n i t s  conta i n automat i c  heat i n g  
e l ements to p reheat i n comi n g  a i r to avoi d f reez i ng of condensate wate r .  Du ri n g  
any dei c i n g  cyc l e ,  i t  i s  reasona b l e t o  ass ume that the heat excha ng i n g  perfor
mance i s  zero ( F i sk and T u ri el  1983 ) . 

Vent i l at i on effi c i ency , the extent to wh i ch a i r i s  mi xed and exch anged t h roug h 
out  t he  res i dence , i s  st ron g ly  affected by t he  adequ acy of a duct i n g system 
( Offerman n  et al e 1 982 ) . Wa l l - or  wi ndow-mou nted u n i t s  are excl uded from th i s  
d i scu s s i on on the bas i s that 1 )  u sefu l venti l at i on may be restr i cted so l e l y  t o  
t h e  room wi t h i n  wh i ch i t  i s  i n sta l l ed ;  2 )  several  u n i t s  may need to  be 
i n sta l l ed i n  a res i dence to p rov i de adequ ate and d i str i buted vent i l at i o n ,  and 
t h i s may not be cost-effect i ve ,  and 3)  s hort-c i rcu i t i n g  of unducted a i r st reams 
may occur  on the outdoor s i de as  wel l as on the i nd oor  s i d e ,  p roduc i ng  a n  
e xchange o f  a i r propert i es and contami nant s . 

EF FECTI VENESS 
The  effect i veness  of AAHX s  i s  i nd i cated by i t s  performance 1 )  i n  vent i l at i n g  
the  l i v i n g s pace of  a res i dence a n d  2 )  i n  s av i n g  ene rgy that has  heated t he  
i nteri o r  of t he  structu re .  

A du cted AAHX system can be des i gned t o  p rov i de fresh a i r t o  al l rooms u sed as  
l i v i ng s pace i n  a res i dence .  D i ffer i ng  op i n i ons ex i st with  res pect to  h ow much  
a i r exchange i s  requ i red ; howeve r ,  many resea rchers have fou nd that contami nant  
concentrat i on s  can i n c rease su bstant i a l l y  for a i r change rates l es s  than  0 . 5  
a i r chan ges per h ou r  (ACH ) .  Th i s  val u e  i s  con s i de red t o  be the mi n i mum recom
mended a i r change rate for res i dences  ( NCAT 1984 ) . Standards  for wi nter heat 
i n g season  requ i rement s ,  where defi ned , are h i gh e r ;  e . g . ,  Ca l i fo rn i a  has  s et a 
0 . 7  ACH mi n i mum at wi nter des i gn cond i t i on s . Other standards  i nc l ude a 1 0  cfm 
cont i nuous  vent i l at i on for eac h room . Th i s  Amer i can Soci ety of Heat i n g ,  
Refri ge rat i on ,  and A i r Cond i t i on i ng E n g i neers , ( ASHRAE ) standard a l s o  ca l l s  for  
1 00-cfm and  50-cfm capaci ty i n  k i tchens  and  bat h room , res pect i ve l y ;  th i s  
u s u a l l y  req u i res rap i d  and s h o rt -du rat i on s u p p l ementary mechan i cal  exh au st  
vent i l at i on .  
The Nat i on a l  Cente r  for App rop ri ate Techno l ogy ( NCAT ) recommends  0 . 5  ACH as a 
mi n i mum vent i l at i on rat e ,  regard l ess  of the var i ab l e cont r i buti on of i nf i l t ra 
t i on o r  normal res i dent act i v i ty ( e . g . , open i n g o f  doors ) .  Ducted systems may 
be des i gned to  p a rt i a l l y  add res s  the much g reater vent i l at i on needed for 
k i tchens  and bat h rooms , ei t her  t h rough  manua l  damper  cont rol o r  th rou gh  s hort 
d u rat i on ext ra fan-a s s i sted f l ows peed i n c rease i n  t hese p a rts  of t he res i dence 
at t i me s  of heavy usage . Known , comme rci a l l y  avai l ab l e ,  ducted AAHX s  a re capa
b l e  of 0 . 5 ACH or  more for res i dences w i th l i v i ng s pace of 1 2 , 000 cu b i c  feet . 
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For  0 . 5  ACH , a res i dence  of th i s  vol ume needs 100 cfm of act ua l  i nsta l l ed a i r 
f l ow ; duct and core res i stance to  f l ow mu st be taken i nto accou nt . 

Lawrence Berke l ey Laboratory has  s u bj ected d i fferent vers i on s  of res i dent i a l 
AAHXs to l a bo ratory tests  for therma l pe rformance ( i . e ,  the  effect i veness  i n  
p reheat i n g i ncomi n g  a i r )  ( F i s k  and Tu ri e l  1 983 ) . F i nd i n gs  i n  th i s  study 
i nd i cate a range of thermal effect i veness  from 45 to 84% . These n umbers state 
the  fract i on by wh i ch the  i ndoo r-outdoor temperat u re d i fference wou l d  be 
reduced by heat exchange .  Add i t i ona l  a n a ly s i s for assumed i n st a l l at i ons  i n  
compa red res i dences  requ� red LBL to choose repre se ntat i ve va l ue s  of 6 5  to  
7 5% .  The energy sav i ng  i s  accomp l i s hed at  the  e xpend i t u re of some port i on of 
the 50 to  300 watt s req u i red to  d ri ve the  fans ; some of th i s  energy wi l l  be 
de l i vered to  provi de h eat to the res i dence . The LBL study i nd i cates a 
reduct i on i n  heat i n g req u i rement from 50 to  1 7 1  therms ( a  therm equ a l s about 
30 kW h )  per h eat i ng season . The l a rger reduct i on s  occur  for res i dences i n  col d 
c l i mate s . 

Tu r i e l  et al . ( 1 982 ) exami ned the  energy i mpact of heat exch anger  ut i l i zat i on 
i n  weather i zed res i dences i n  the  BPA area s .  Annua l  energy sav i n gs for res i 
dences i n  fou r maj or  c i t i es  we re pred i cted to ran ge from 16 . 5  to  25 . 9  t herms . 

I NSTALLAT I ON PROCEDURES 

Ducted u n i ts  are al most al ways  l ocated wi t h i n the therma l l y  cont ro l l ed l i v i n g 
s pace of the  res i dence ; a better l ocat i on may be a ce l l a r ,  where i n sta l l at i on 
of ducts and water dra i n s  wou l d  be eas i e r .  Often , i t  i s  con ve n i ent to  s u s pend 
the  u n i t  from a ce i l i n g  i n  the  ce l l a r or i n  some other re l at i ve ly  out-of-t h e 
way l ocat i on .  F l oo r-mou nt i n g i s  a l s o  recommended i n  a mechan i ca l  room o r ,  
aga i n ,  i n  t h e  ce l l a r .  The exchanger u n i ts ge nera l l y  are conta i ned , by phy s i ca l  
conf i gu rat i on ,  wi t h i n  the ranges 

D i me n s i ons  ( i n . ) 
7 to  1 4  x 1 4  t o  28 x 24 to 70 

Wei ght ( l b ) 
40 to  100 . 

Hou s i n gs are , i n  some cases , des i gned for ease i n  mount i n g the  dev i ce between 
standard -s paced f l oor j o i st s .  Or i entat i on of the u n i ts i s  l i mi ted ,  becau se of 
the need to  have free d ra i n i n g  of conden sate water .  Or i entat i on i s  espec i a l l y  
cr i t i cal for t he heat p i pe u n i t s . The h eat p i pe core depends o n  g ra v i ty ret u rn 
of the therma l l y  act i ve l i q u i d  to the col d end . 

Manufactu rers and vendors prov i de recommendat i ons  and det a i l ed i n struct i ons  for 
i n sta l l at i on proced u re s . I n sta l l at i on shou l d be done by an experi enced heat i n g 
and a i r cond i t i on i n g  cont ract o r .  Howeve r ,  some systems can be i n st a l l ed by a 
s k i l l ed res i dent . The duct i n g wo rk i s  the  most demand i n g i n sta l l at i on j ob .  
Materi a l s rang i n g  from p l a st i c  sewe r p i pe t o  standard s heet metal o r  gal van i zed 
duct i n g  ( i nc l ud i n g  fl ex i b l e t ub i n g )  may be u sed , depend i n g  on app l i cab l e bu i l d 
i n g codes . The ducts  are u s u a l ly  6 i n . i n  d i ameter and shou l d be smooth on  t h e  
i nteri o r .  Bends  shou l d  b e  mi n i mi zed to  reduce fl ow res i stance . Su p p ly  duct i n g 
mu st be run to  several  l ocat i ons i n  the  res i dence to  provi de u n i formi ty i n  the  
d i st ri but i on of fre s h  a i r .  Retu rn duct i n g i s  u s ua l l y  req u i red from the k i tchen 
and bath room a rea s .  The i ntake  ( outdoor fresh a i r )  s h ou l d be l ocated we l l 
above ground on the south s i de of the  bu i l d i n g  and away from gara ge l ocat i on s .  
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I ntake duct i n g  mu st be i n s u l ated to prevent conden sat i on on i t s outer  s ur
face . E x i t i ng st a l e a i r s hou l d  be  du cted we l l away from the s u p p ly  i ntake to  
avo i d contami nat i n g  the fre s h  a i r s upp l y .  

Ut i l i zat i on of port i ons of ex i st i ng fo rced a i r heat i ng and/or  coo l i ng duct i n g  
i s  not recommended ( NCAT 1984 ) for seve ra l  reason s : l a rge d i ffe rences i n  
f l owrate capac i ty of the two systems , i mba l ance of a i rfl ows , i n appropr i ate l y  
l ocated duct s  and re g i sters , and negat i on o f  ene rgy sav i ngs . The pos s i b l e  
sa v i n g  on du ctwork cost i s  great ly  outwe i ghed by the d i ff i cu l ty and expense i n  
an attempt to mate the two systems . 
I n sta l l at i on of a system for expected l on g-te rm p roper  performance mu st i n c l ude 
an a i r ba l a nc i ng  p rocedu re as  wel l as mai ntena nce i n stru ct i o n .  Peri od i c  
c l ea n i n g  o r  rep l acement of the f i l ters  and /or  occa s i ona l  core c l ean i n g  a re 
requ i red . Contami nant bu i l dup  on  f i l te rs and the core wi l l  degrade vent i l at i o n 
eff i c i ency ,  pos s i b ly  cau s i n g  eventua l  a i r i mba l ance , and depos i t i on of  
p a rt i c l es i n  the core wi l l  reduce the  thermal performance of the  system.  

COMMERC IAL AVA I LAB I L I TY 

Al l known man ufactu rers of AAHX s  we re contacted to determi ne  cu rrent (May 1984 ) 
ava i l ab i l i ty as we l l as characte ri st i cs of u n i ts s u i tab l e for res i de nt i a l  
i n sta l l at i on .  The resu l t i n g l i st does not i nc l ude  ma n ufactu rers o f  u n i t s  
i ntended for commerc i a l l a rge-sca l e  i n sta l l at i on ,  wal l or  wi ndow mou nt i n g ,  n o r  
of  u n i t s  that can exchange moi st u re between a i r st reams . The l i sted compa n i es 
p roduce u n i ts that a re rated between 1 00 and 200 c fm i n sta l l ed ,  and that have 
thermal eff i c i enc i es  rated at 70% o r  more . Canad i an ma nu factu rers have U . S .  
s a l es representat i ves . The starred ( * )  compa n i es p resent ly  have i n sta l l at i o n 
i n  the  BPA are a .  

* The Ai r Change r ,  Co . ,  Ltd .  
334 K i n g  St . , East  
Su i te 505 
Toront o ,  Ont a ri o 
Canada , M5A 1 K8 

Al des-R i e h s  
1 5 7  Gl e nf i e l d Road , R . D . 2 
Sewi ck l ey ,  Pennsy l van i a  1 5143  

B l ack hawk I nd u st ri e s ,  I n� .  
607 Park St reet 
Reg i na , Saskatchewan 
Ca nada S4N 5N1  

Bo s sa i re I n c .  
4 1 5  W .  B roadway 
M i nneapo l i s ,  M i n nesota  5541 1 
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* Con servat i on Ene rgy Systems , I n c .  
800 Spad i na C rescent East  
Box 8280 
Saskatoon , Sas k atchewan 
Canada , S7K 6C6 

* Des Champs  Laboratori e s , I n c .  
P . O .  Box 440 
1 7  Fa ri ne l l a  Dri ve 
East Hanove r ,  New Je rsey 07936  
E n e r-Corp Mana gement , Ltd .  
2 Dona l d St reet 
W i nnepe g ,  Ma n i toba 
Canada R 3L OK5 

Memph remagoo Heat Exchangers , I n c .  
P . O .  B o x  456 
Newport , Ve rmont 05855 

Mountai n Ene rgy and Resou rces , I n c .  
1 5800 W .  6th Avenue  
Gol de n ,  Col orado 80401 

Nutech Ene rgy Systems , I n c .  
B o x  640 
E xete r ,  Ont ar i o 
Canada NOM 120  

Q -dot I nternat i on a l  Co rporat i on 
701  Nort h  F i rst St reet 
Gar l and , Texas 7 5040 

RayDot , I nc .  
145  Jack son Avenue  
Cok at o ,  New Mexi co 55321  

* Change Ai r Corporat i on 
P . O .  Box 534 
Fa rgo , Nort h  Dakota  58107  
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