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COMMENTS AND RESPONSES 

The New Energy-Eff i c i ent Homes P rograms Draft Env i ronmental  I mpact St atement 
(DE IS }  was d i stri buted for publ i c  rev i ew i n  March 1 987 . Approx imate ly  1000 
cop i es were sent to i n terested c i t i zens and publ i c  agenc i es .  Comments were 
recei ved from many sources and covered a wide range of subjects . In addi t i on 
to the 22 part i es who s ubmi tted written comments , a great many i n formal 
comments and quest ions were g i ven oral ly at publ i c  meet i n gs hel d  i n  Apri l 
1987 for the purpose of d i scus s i ng the D E I S .  

Al l comments were rev i ewed and con s i dered . The comments and responses have 
been arranged by top i c .  Where several comments are re l ated , they are g rouped 
together and s ummari zed . Numbers i n  parentheses i nd i cate the l etter number 
and comment number wit h i n.the l etter; e . g . ,  18-3 refers to the th i rd comment 
noted on the l etter n umbered 18 out of 22 .  The l etters are coded and 
repri nted at the end of t h i s  Comments and Responses secti on . Comments from 
publ i c  meet i ngs are referenced by an "M" (for meet i n g ) , fol l owed by the 
i n i t i al l etter of the  c i ty hos t i ng the meet i n g ,  and the comment number, us i ng 
the fol l owi ng code : MK=Kennewi ck  MSP=Spokane MS=Seatt l e  ME=Eugene 
MI =Idaho Fal l s  MB=Boi s e  

L I ST I NG O F  COMMENT LETTERS RECEIVED 

Letter Number 
001 Oregon Intergovernmental  Rel at i ons 
002 Larry Pa lmi ter,  Ecotope 
003 Montana Intergovernmental  Rev i ew 
004 Comp l i ance Systems Pub l i cat i on s  I ncorporated 
005 I daho St ate Historica l  Society 
006 U . S .  Department of Hea lth  and Human Serv i ces 
007 Oregon Intergovernmental Rel at i ons , Execut i ve Department 
008 Oregon I ntergovernmental  Rel at i on s ,  Department of Env ironmental Qua l i ty 
009 Was h i ngton Department of Soc i a l and Hea l t h  Serv i ces 
010  Caval ier Corporation 
0 1 1  Ai rxchange , I n c .  
0 12  Natural Resources Defense Counci l 
0 1 3  Northwest Power Pl anning  Counc i l  
0 1 4  Was h i ngton State Energy Office 
015 Pac i f i c  Power 
016  New York State Department of Envi ronmental Conservat i on 
017  U . S .  Department of Hea l t h  and Human Serv i ces , Centers for Di sease 

Control 
018  Puget Sound Power and Li ght Company 
019  Bade1·, Max 
020 U . S .  Department of the I nterior 
021  U . S .  Env i ronmental  Protection Agency , Reg i on 10 
022 Fl athead E l ect ric Cooperat ive 
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1 . 0  DEFINITION OF ALTERNAT IVES 

Comment--Most of the comments in this category addressed the baselines, and 
general ly favored deleting the Dynamic Baselin e .  One commentor pointed out 
that whil e builders are l earning to t ighten houses over time, they wil l also 
be l earning about in door air qual ity ( IAQ) , so it might not be appropriate to 
use a base l ine that assumes on ly house tightening and not additional 
ventil ation ( 1 8-5) . Others recommended that the dynamic basel ine be dropped 
because there was no information to support the assumption that ventilation 
rates might  decl ine over time ( 14-5 ,  17-2) ; and if they were to decl ine 
without BPA programs, such programs wou l d  be unnecessary ( 1 4-5) . 

Respon se- -We h ave del eted the dynamic baseline in response to comments. 

Comment--The use of more than one basel ine was thought to be confusing and 
counterproductive, and it was recommended that we u se the best estimate of 
current ventil ation as the basel ine and t ake into account the uncertainty in 
this baseline or present the resu l ts with a range ( 17-2 , 18-4) . 

Response--The Final EI S has one basel ine that is estimated from two different 
techniques for measuring ventil ation in houses. These two tests capture the 
uncertainty associated with current buil ding practices, and thus obviate the 
need for creating an artificial range around the estimate yiel ded by each 
technique .  BPA bel ieves that estimates of ventil ation rates derived from the 
perfl uorocarbon t racer gas ( PFT) and fan pressurization (or b l ower door) 
tests provide an appropriate range of rates for comparing hea lth  effects of 
the various pathways.  Therefore , there is no need to develop additional 
ranges around these estimated ventil ation rates since that wou l d  only expand 
the total range between the highest and l owest val ue and so obscure the 
resulting differences in health effects among the pathways. 

Comment -- I t  is misleading to show hea l t h  effects from a Current Action 
Al ternative based on fan pressurization tests.  These tests measure on l y  air 
l eakage, and do not account for a buil ding's mechanical  ventil ation {MV) 
system; the imp l ication is that BPA ' s  current prog rams do not require 
mechanic a l  ventil ation, which is not true . That is, a pathway that inc l udes 
house tightening without ventil ation shou ld  not be l abel l ed ''current action'' 
( 13 -10) . 

Response--The Current Action Alternative has been converted to the No 
Additional Action A lternative in the Final EIS , where it represents a tight 
home with an air barrier and an AAHX continuously operatin g .  The ventil ation 
rate for the new No Additional Action h as been adj u sted to t ake into account 
both n atural infil t ration and mechanical  ventil ation . 

Comment--One commentor thought that the various al ternatives shou l d  be 
defined in terms of specific design options for specific prog rams rather than 
by aggregating program activit ies ( 14-4) . This woul d  make it possib l e  to 
eval uate spec ific program design issues. 
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Response- -Many spec i fi c  program des ign  e l ements such as how the program i s  to 
be spon sored or how h i gh to set the i ncent i ves may h ave pol icy i mpacts but do 
not in and of t hemse l ves l ead to envi ronmental effects . An economic  effect 
by i tsel f does not requ i re an E I S .  Des i g n  i ss ues are covered through the 
program p l ann i ng proces s ,  wh i ch i n c l udes a publ i c  rev i ew and comment peri od . 
Rel evant documentat i on on new homes programs such as Super Good Cents ( SGC) 
and Early Adopters ( EA) i s  avai l ab l e  from BPA's publ i c  i n format i on offi ce .  
The  E IS  i s  i ntended to cover the  env i ronmental effects of  future programs 
that BPA may offer for energy-eff i c i ent new homes . The design  of these 
future programs , if any , wil l be conducted through the standard p l an n i ng and 
publ i c  i nvol vement process . 

2 . 0  COMMENTS ON PATHWAYS, 

Comments on pathways fel l  into two l arge categori es- -general comments not 
d i rected toward spec i fi c  pathways and comments on s pec i fi c  i ss ues rel ated to 
the i n d i vidual pathways . The f i ve ori g i na l  pathways h ave been redesi gned i n  
response  t o  comments . There are 1 1  new pathways devel oped for the  F ina l  E I S .  
To avo i d  confus i on between the ori g i nal  f i ve and the new 1 1 ,  Tab l e  2 . 1  from 
the D E I S  and Tab l e  2 . 1  from the F ina l  E I S  are repri nted here for the reader ' s 
reference . A l l comments refer on l y  to the ori g i na l  fi ve pathway s .  

2 . 1  General Comments 

Comment--Four of the l etter wri ters and two i n d i v i dual s comment i n g  i n formal ly 
in publ i c  meet i ngs s a i d  that BPA needs to construct a pathway that refl ects 
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TABLE 2.1. Possible Mitigation Strategies for the Proposed Action Alternative(a) 

Options 

Infiltration (ACH) 
Fan pressurization 
PFT base I i ne 
Dynamic base] ine 

Additional Balanced 
Mechanical Venti la­
t ion (ACH) (b) 

Fan pressurization 
base I ine 
PFT base Ii ne 
Dynamic base I ine 

Operation of 
mechanical 
ventilation 

Dehumidifier(<) 

Exhaust fans (c) 
w/control led openings 

Clean air tech­
nologies(<) 

Radon package 

Tota I effective 
vent i I at ion (ACH) 

Fan pressurization 
baseline 
PFT base I i ne 
Dynamic base Ii ne 

Pathway 1 

ROuses ritn- Houses w 1 tnout 
Air Barriers Air Barriers 

0.1 

0.1 

0.1 

0.4 

0.2 

0.3 

Continuous 

No 

No 

No 

No 

0.5 

0.3 

0.4 

0.3 

0.2 

0.3 

0.2 

0.1 

0.1 

Continuous 

No 

No 

No 

No 

0.5 

0.3 

0.4 

Pathway 2 

Houses W1th 
Air Barriers 

0.1 

0.1 

0.1 

0.3 

0.18 

0.27 

Only when 
occupied 1 

when deter­
mined by 
outdoor con­
ditions 

No 

No 

No 

Yes 

0.4 

0.28 

0.37 

Pathway 4 Pathway 3 

Houses With 
Air Barriers 

ROuses Without 
Air Barriers 

0.1 0.3 

0.1 0.2 

0.1 0.3 

0.2 

0.1 

0.16 None 

Only when NA 
deters i ned by 
indoor condi­
tions 

No Yes 

No Yes 

No Yes 

Yes Yes 

0.3 0.3 

0.2 0.2 

0.26 0.3 

Pathway 5 

Houses 11th 
Air Barriers 

0.1 

0.1 

0.1 

None 

NA 

Yes 

Yes 

Yes 

Yes 

0.1 

0.1 

0.1 

(a) Al I pathways assume code required exhaust fans, product standards for formaldehyde, and an information 
packet for consumers. 

(b) Whole-house balanced mechanical ventilation: wal 1- or window-oounted units •ay be used, but several •ay 
be needed to adequately ventilate the whole house. 

(c) Pathways 4 and 5 have the option of using any or all of these 1itigation strategies. 



TABLE 2.1. Pathways for Single Family Homes 
Total Yenti lat ion 

Inf i I trat ion Estimating Infiltration MY MY MY Rate, ACH 
Pathway Contro I (a) Technique( ) Rate, ACH Syste• Operation(•) Rate, ACH Average Effective 

1 Stand a rd BD .32 None NA .00 .35 .32 
PFT .28 .30 . 28 

2 Standard BD .32 MVHR(d) Continuous .18 .63 . 50 
PFT .28 .18 .48 .48 

3 Standard BD .32 MYHR(d) Intermittent .08 .H .38 
PFT .28 .06 .38 .34 

4 Standard BD .32 Exhaust Continuous .23 .48 . 48 ( c) 
PFT .28 .23 .H .40 

5 Standard BD .32 Exhaust Intero i ttent .08 .42 .39(c) 
PFT .28 .08 .35 .34 

8 Standard BD .32 Exhaust Intermittent .05 .39 .38(c) 
PFT .28 .05 .34 .32 

"' 7 Advanced BD .17 None NA .00 .18 .17 
PFT .13 .00 .H .13 

8 Advanced BD .17 MYHR(d) Continuous .25 .43 .42 
PFT .13 .25 .39 .38 

9 Advanced BD .17 MYHR(d) Interoittent .08 .28 .25 
PFT .13 .08 .22 .21 

10 Advanced BD .17 Exhaust Continuous .25 .34 .H(c) 
PFT .13 .25 .31 .30 

11 Advanced BD .17 Exhaust Intero i ttent .08 .28 .25(c) 
PFT .13 .08 .24 .20 

(a) Standard= Mini�u� MCS construction for air leakage control; advanced= continuous air barrier. 
(b) ED= Blower door or fan pressurization tests; PFT = perfluourocarbon trace gas tests. 
( c) Because the bui I ding behaves differently with an exhaust ventilation systeo than with an AAHX, natur•I and 

mechanical ventilation do not sum directly for a total effective ventilation rate. 
(d) MYHR= Mech:anical ventilation system with heat recovery1 or air-to-air heat exchanger. 
(e) Continuous= 24 hours/day; intermittent= 8 hours/day. 



the cu rrent ( 1 987) Model Conservat i on Standards  (MCS) ( 1 2-9 , 13- 1 ,  1 4- 1 , 18-
3 ,  MK-2. M I - 1 1 ) . However,  one commenter thought there were a l ready too many 
opt i on s  i n  the Proposed Act i on, wh i ch cou l d  be confu s i ng to bu i l ders and 
con sumers ( 1 7 -9) . 

Response- -When the D E I S  was prepared ,  the 1987 amendment to the MCS had not 
yet been proposed . I n  response to publ i c  comment , the Fi nal E I S  i n c l udes 
Pathway 5 ,  wh i ch corresponds to the MCS as amended i n  1 987 . The purpose of 
asses s i ng a wi de array of pathways or opt i ons i s  to permi t g reater 
f lexibi l i ty i n  deal i ng with  IAQ in new energy-eff i c i ent homes . The BPA 
Admi ni strator wi l l  dec i de wh i c h  of the pathways are acceptabl e to the agency . 
The unaccept abl e pathways wi l l  be del eted from further cons i derat i o n ,  thereby 
reduci ng opt i ons ava i l ab l e  to bu i l ders and con sumers . When the acceptabl e 
pathways have been se lected , BPA wi l l  deve lop program s upport featu res that 
wi l l  exp l ai n  the opt i ons to bui l ders and res i dent s .  These featu res are 
l i ke ly  to i nc l ude i n formation book l ets , trai n i ng courses and workshops . 

Comment--Some commentors sai d BPA shou l d  a l l ow on l y  those pathways that 
requi re mechan i ca l  vent i l at i on to control i ndoor pol l utants or that meet 
ASHRAE ' s  vent i l at i on standard ( 1 1 - 3 ,  1 4-7) , or that maintai n  cu rrent pract i ce 
l evel s of a i r  qual i ty (MF-4) . 

Response--Wh i l e  BPA may l i m it  the pathways chosen for the Preferred 
Al ternat i ve ,  we do not need to do so for the EI S .  An E I S  all ows i nc l us i on 
and con s i deration of even those a l ternat i ves that have adverse effects . The 
Adm i n i strator may choose i n  the Record of Dec i s i on to e l i mi n ate those 
pathways that res u l t  i n  venti l at i on below what i s  cu rrent prac t i ce ,  but the 
EIS i s  the p l ace to assess a l l the a l ternati ves . 

Comment- -One commenter s a i d  the radon pac kage shou l d  be requ i red for a l l 
pathways ( 1 4 - 18) . Another recommended that BPA se lect an envi ronmental l y  
safe path wi thout " fancy control s , "  s i nce peop l e  wou l d  not know how t o  use 
them (MB-5) . Two commentors as ked what effect change i n  owners h i p  mi ght have 
on i nstal l ed equi pment (ME-7 , ME-9) . 

Response--The radon p ackage wi l l  be requ i red for a l l pathways . Change i n  
owners h i p  i s  a l ways an i s sue i f  the dwel l i ng conta ins  a fai rly new technol ogy 
that i s  not yet wi dely known and used . The s ame quest i on cou l d  have been 
rai sed when homes were fi rst equi pped with e l ectri c stoves , garbage d i sposal 
un its  or heat pumps . Bonnevi l l e i s  exp l or ing  ways of i nforming  new owners of 
IAQ equ i pment how to operate and ma i ntai n the equi pment .  One poss i b i l i ty i s  
to p l ace a st i cker on some des i gnated spot i n  the house i nforming  new 
occupants to contact thei r uti l i ty or BPA for i nformat i on about the equi pment 
i nstal l ed to handl e  IAQ .  None of the new pathways rel y  on what may be 
percei ved as '' fancy contro l s "  that are compl i c ated or d i ffi c u l t  to use .  

Comment--An a ir  b arri er shou l d  be  requi red in  a l l the  a l ternat i ves and 
pathways g i ven i ts several benef its : it m i n i m i zes energy use through 
mi n i mi zi n g  i nf i l trat i on ;  i t  i ncreases the l ongevi ty of the i nsu l at ion by 
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reduci ng m igrat i on of moi sture-l aden ai r i nto the envel ope ; and i t  dec reases 
the stack effect and negat i ve pressure , wh i c h  i nh i b i t s  the i n t roduct ion of 
radon i nto the house ( 1 1 -7 ,  1 1 -14 ) . 

Response--A cont i n uous a i r  barrier i s  i ncluded i n  Pathways 7 through 1 1  as 
part of the advanced ai r l eakage control package . The advanced barri er i s  
recogn i zed to have the attri butes c i ted by the commentor; however there are 
other con s i derat i ons . Fi rs t ,  without mechan i ca l  venti l at i on ,  the barri er 
res u l t s  i n  unacceptab l y  l ow ai r exch ange rates . W ith  mech an i ca l  vent i l at i on 
with heat recovery ( i . e . ,  an AAHX) , the total  package cost i s  very h i g h .  Our 
stud i es show that homes without a i r  barriers , if bui l t  to energy-effi c i ent 
spec i f i cat ions for i n s u l ation , cau l k i ng ,  g l azi ng and other aspects of 
construct i on ,  can save energy at l ess cost than homes bui l t  to current 
pract i c e .  A home wi thout a i r  barri ers now serves as an i l l ustrat i ve 
µrescri pt i ve path i n  the·1987 MCS .  Because homes both with  and wi thout ai r 
barri ers offer cost-effect i ve energy savi ngs , the new pathways for the Fi nal  
EIS  a l l ow for construct i on of both types of homes . 

2 . 2  Comments on I nd i vi dual  Pathways i n  the DE IS  

Comments - - Th ree persons commented on Pathway 1 ,  and two found i t  acceptab l e  
because i t s  method o f  conti nuous mechan ica l  vent i l at i on has been demonstrated 
to effect i vely control moderate l eve l s  of i ndoor radon and wi l l  m i n i m i ze the 
heal th i mpact of a l l pol l utants ( 1 1 -8 ,  18-8) . Letter wri ter 1 1  s a i d  an MV 
system with  greater capac i ty wou l d  a l l ow occupants to match vent i l at i on rates 
more c l osely  to chang ing  needs ( 1 1 -8 ) . Letter writer 18 ques t i oned whether 
conti nuous operati on cou l d  be enforced or real i st i c a l ly expected ( 18-9 ) . The 
t h i rd commentor was concerned about energy l os s  from a conti nuous vent i l ati on 
system (22- 1 ) . 

Response--An MV system with  greater capac i ty wou l d  l ead to overventi l ati on , 
wh i c h  wou l d  cause d rafts and rel ated d i scomfort. Such a system wou l d  a l s o  
cons ume add i ti onal  e l ectri c i ty .  I f  more venti l at i on i s  needed for spec i a l 
c i rcumstances , spot venti l ation such as exhaust or portab le  fans can be u sed. 

Conti nuous operati on of MV systems cannot be enforced . Hou sehol ds wi l l  
recei ve i n format i on about the need and advi sabi l i ty of conti nuous operat i on ,  
and some wi l l  choose to fol l ow that advi ce .  BPA recogni zes that conti nuous 
operat ion of MV systems i s  i deal i sti c rather than real i s ti c .  For th i s  
reason , on l y  2 of the 5 pathways i n  the Preferred Al ternat i ve depend on 
con ti nuous vent i l ati on . 

Conti nuous venti l ati on wi thout heat recovery does consti tute an energy l os s .  
For th i s  reason , as wel l  as the previ ous one , one of the pathways (4 ) havi ng 
continuous venti l ation but no heat recovery was not i n c l uded in the Preferred 
A l ternat i ve .  Pathway 1 0  does have cont i nuous venti l ati on wi thout heat 
recovery but i t s  extremel y  t i ght cons tructi on reduces heat l os s .  

Comment- -The control strategy for Pathway 2 i n  the DE IS  i s  based on a sensor 
that wou l d  acti vate ventil ation when outdoor con d i t i ons are not supp ly i ng  
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natural vent i l at i on ;  commentors poi nted out that such a sensor i s  not 
commerc i a l l y  avai l ab l e  ( 1 1 -9 ,  18- 1 0 ,  1 3- 9 ,  22-2) . One commentor s a i d  that 
the pathway shou l d  therefore be dropped ( 13-9) . Another s a i d  the p athway i s  
acceptabl e i f  the MV control s are manual , but not i f  based on an automat i c  
sensor , because  i nfi l trat i on cou l d  not prov i de suff icient venti l at i on to a 
house with  an a i r  barrier ( 1 1 -9) . Another commentor thought the opt i on 
shou l d  rema i n  i n  the E I S  for estimat ing  purposes ( 18-10) . 

Response--We have del eted control techno l og i es dependent on outdoor 
equi pment . Al l p athways now have the s ame control techno l og i es , wh ich  
cons i st of  commerc i al ly ava i l ab l e automat ic  control s based on  hum i d i stats or 
automat i c  timers with  manual overri de .  

Comment- -Pathway 3 i s  unacceptab l e  because no  sensor exi sts that can  mon i tor 
for a l l pol l utants , wh i ch means that the MV ·systems wou l d  not be acti vated 
under some h igh pol l ut i on conditions ,  l eading to greater ris ks than 
cal cul ated (8-1 , 1 1 - 10) . One commentor, however ,  s a i d  it was the best 
pathway and best deal t with i ndoor a i r  pol l u tants and humi d i ty (22-3) . 
Another s a i d  that our analys i s  of Pathway 3 ( and 2) i gnored the benefi t s  of 
control l ed ventil ation and that these pathways cou l d  resul t in adequate air 
qual i ty whi l e  s av i ng energy ( 1 8- 1 ,  18-10) . A s i mi l ar argument was made for 
Pathway 4 and the effecti veness of c l ean ai r techno l og i es ( 18-2) . 

Response--Cont rol techno l og i es designed to sense indoor air pol l utants have 
been del eted . Humi d i ty i tsel f  i s  not cons i dered a pol l utant al though exces s 
moisture i n  a home c an l ead to the growth of mol ds and mil dew . I ntermittent 
venti l at i on i n  Pathways 3 ,  5, 6 ,  9 and 1 1  i n  the Fi na l  E I S  i s  to be 
controll ed through automat i ca l l y  operated equi pment s uch  as humi d i s ta ts and 
timers with  manual  override .  Thus vent i l ati on wi l l  be acti vated when 
humi d i ty i nc reases . 

Comment--One commentor recommended comb i n i ng Pathways 1 ,  2 and 3 i n  the DEI S ,  
a l l of wh i ch rel y  o n  whol e-house MV systems , s i nce there i s  no way to ensure 
cont i nuous operation of the system ( 14-19) . 

Response- -To i n tegrate a l l whol e-house vent il ation opti ons and i gnore 
vari ati ons i n  operati on woul d not be appropri ate for the E I S .  I n  the Fi na l  
E IS  BPA has  decided to retain the d i st i ncti on between conti nuous and 
i ntermi ttent venti l at i on ,  even though it i s  i mpos s i b l e  to ens ure that 
occupants wi l l  operate the system conti nuous l y ,  to exh i b i t  a l l reasonab l e  
opti ons and eval uate tradeoffs among them. The analys i s  accounts for the 
fact that mechanical  ventil ation is more effective than i nfil tration i n  
remov i ng pol l utants because ,  unl i ke i nfi l trat i on ,  mechan ical vent i l ation i s  
not dependent on the v agaries of weather; i t  i s  control l ab l e  and dependab l e .  
Cl ean a i r  technolog i es have been del eted from the pathways because thei r 
effecti veness i s  v ariabl e and difficu l t  to estimate . 

Comment- -One commentor s tated that Pathway 4 was unacceptab l e  because i t  d i d  
not requi re the ai r barrier; th i s  wou l d  dilute expected energy savi ngs  (22-
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4) . Al l others commenting on Pathways 4 and 5 sa id  they were un acceptab l e  
because they res u l t  i n  i ncreased hea l t h  r i sks  and a vent i l at i on rate bel ow 
that recommended by the IAQ Commi ttee of Oregon ' s  Dept .  of Energy ( i . e . ,  . 5  
ACH) (8-2 , 8-3)  and ASHRAE ( 1 1 - 1 1 ) . These DEIS pathways are based on 
dehum i d i f i e rs and f i l ters , wh i ch are i ncapab l e  of control li n g  the broad range 
of pol l utants found i n  the home { 1 1 - 1 1 ) . Pathway 5 has un acceptabl e 
i ncreases i n  hea l th effects ( 1 7 - 7 ,  22-5) ; one commentor sai d that the pathway 
i s  an i rrespons i b l e  course of act i on and shou l d  be dropped from the Proposed 
Act i on ( 14-20) . 

Response- -Our stud i es s how that homes wi thout a i r  barr iers , i f  bu i l t  to 
energy-effi c i ent specif icat i ons for i nsu l at i on ,  cau l k i ng and g l az i n g ,  can 
save energy at l ess  cost than homes bu i l t to cu rrent pract i ce .  A home 
wi thout a i r  barri ers now serves as an il l ustrat i ve presc ripti ve path i n  the 
1987 MCS .  Because homes .both wi th and without a i r  barri ers offer cost­
effective  energy s av i ngs , the new pathways for the F i nal E I S  a l l ow for 
construct i on of both types of homes . 

Concerns about the h i gher hea l th ri sks associ ated with some of the pat hways 
are refl ected i n  the choi ces for the Preferred Al ternat i ve .  Th i s  al ternative 
i n c l udes on l y  those pathways with vent i l at i on rates c l ose enough to the rates 
for current pract i ce homes to be wi t h i n  the uncertai nty range of estimat i on .  
S i nce hum i d i ty i n  a home i ncreases whenever bath i n g ,  cooki n g  or l aundry 
act i v i t i es occu r ,  i t  i s  a reasonab l e  surrogate for other pol l utants for 
switch i ng on ventil at ion . A l l pathways have m i n i mum requi rements for 
consumer i n format i on ,  exhaust fans i n  bath rooms and k i tchen , and the control 
of radon , forma l dehyde and some combust i on byproducts at their  sources . 

3 . 0  VENTILATION ISSUES 

3 . 1  Fan Pressuri zati on/PFT I ssues 

Comment--lt was recommended that the PFT res u l t s  be updated to . 35 ACH to be 
consistent with BPA's recent MCS cost-effec t i venss analysis ( 1 3 - 1 9 ) . 

Response--Text and analysis changed to refl ect the comment . 

Comment- -One commentor quest i oned the l og i c  of the resul ts of the two test s ,  
i . e . , why wou l d  estimates from the PFT tests be l ower than those from the 
b l ower door tests ( 1 4-6) ? Others expressed uncerta i nty about how the a i r  
i n f i l trat ion rates were determi ned (MSP- 1 ,  MS-4) . 

Response--At f i rst g l anc e ,  i t  wou l d  seem that a i r  exchange rates as pred i cted 
by b l ower door tests shou l d  y i e l d  a l ower estimate than the PFT tes t ;  
however, i n  practic e ,  we observe that the PFT more frequently  measures a n  a i r  
change rate con s i derab l y  l es s  than that predi cted by the b l ower door.  There 
are a number of reasons why the PFT measurement may be b i ased l ow and the 
b l ower door test b i ased h i g h .  These b i ases may be as much as 30% in ei ther 
d i rect i on ,  c au s i ng the two tests to swi tch rol es as the underpred i ctor and 
overpred i ctor . This i s  d i s cu ssed in detai l i n  Append i x  A ( Rel ated Techn i cal  
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I nformat i on )  of Bonnev i l l e ' s  MCS Cost-Effect i veness Study . Appendix A of the 
Final E I S  descri bes how the i nfil trat i on rates are used . 

3 . 2  Mechanical  Vent i l at i on 

Comment- -One commentor said that we shou l d  consi der mechani cal  exhaust 
venti l at i on with heat recovery, wh i c h  comp l ements zonal heat i n g  systems and 
uses a heat pump ( 1 2 -4) . 

Response- -Mechan i ca l  exhaust venti l ation with  heat recovery is  d i scus sed i n  
the DE I S ,  Vol . I I ,  Appendix C ( Indoor Ai r Qual i ty M it i gat i on Techno l og i es ) , 
Sect i on 3 . 3 . 2 .  That comb i nation i s  not i nc l uded as part of the pathways 
because  too l itt l e  i n format i on ex i sts on North Ameri can i nstal l at i ons for us 
to model i ts performance and effectivenes s .  

Comment - -Another commentor fel t  that we had not addressed the state-of-the 
art i n  heat recovery ventil ation , and d i s puted a number of statements in our 
spec i f i c  d i scus s i on of regenerat i ve proces s ai r-to-air heat exchangers 
(AAHX) . I t  was poi nted out that rotary regenerator AAHXs are avai l ab l e  and 
were used i n  the Res i dent i al Standards Demonstrat i on Program (RSDP) . The 
DEIS statement that regenerators a re only su i tab l e  for central systems was 
countered w ith  the fact that three manufacturers market wal l i n s erts ( 1 1 - 1 7 ,  
1 1 - 1 9 ) . 

Response- -The i nformat i on i n  the DE I S ,  Vol . I I ,  Append ix  C ,  was gathered 
main l y  i n  1 985 and i n c l udes references avai l ab l e  through early 1 985 . The 
i nformat i on was thought to be t imely and up-to-date when the document was 
comp l eted . We stand corrected on the avail abi l ity of regenerat i ve AAHXs : 
they are avai l ab l e ,  but not widely avai l ab l e  for the resi dent i al marketpl ace. 

Comment- -One commentor sa id  that AAHXs were i neffecti ve for reduc ing  i ndoor 
radon , expen s i ve to operate , and uncomfortab l e; furthermore, radon source 
control i s  the only sens i b l e  approach ( 1 0 -3 ) . 

Response--BPA agrees that radon source control i s  the best techn i que for 
control l i ng radon . However , we d i s agree wi th the absol ute statement that 
AAHXs are not effect i ve for control l i ng radon; stud i es i nd i cate the contrary 
( S i vyer-Rowan , S .  1987 ) . When radon source strengths are not. exces s i ve 
(below 40 pCi / l , accord i n g  to [EPA 1986]) , AAHXs may reduce i ndoor 
concentrat i ons through d i l ut ion and vent i l at i o n .  These devi ces are more 
l i kely to be effecti ve i n  t i ght homes with  l ow a i r  l eakage rates . The EPA 
further notes that when used i n  basements AAHXs h ave reduced radon l evel s by 
up to 96% (EPA 1 986a) . AAHXs are a l so  an effective  mi t i gat i on dev i ce for 
pol l utants other than radon , such as n i trogen oxi des , moi sture,  and household 
chemi c al s .  

The p athways out l i ned  i n  the DEIS  a l l owed one to compare the effect i veness of 
us i n g  conti nuou s l y  operat ing  AAHXs Q!lly_ , u s i ng  i ntermi ttently  operated AAHXs 
a l ong w ith  radon source control techn i ques , and u s i n g  radon source control 
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techni ques by themsel ves . I n  the F i n al E I S  we assume that radon source 
control techni ques are used in each of the pathways for homes with radon 
l eve l s  exceed i n g  5 pC i / L .  Costs associ ated wi th  these techni ques are 
reported i n  Append i x  H of the Fi nal E I S . 

Comment--One commenter wanted a c l ear descri ption of the 1987 SGC venti l at i on 
spec i fi cat i on s  and how the ai r exchange rates were determi ned (22- 7 ) . 

Response- - See Super GOOD CENTS Techn i ca l  Spec i fi cat i on s  (BPA 1987a) for a 
deta i l ed descr ipt ion of the vent i l at i on spec i f i cations . Append i x  A i n  the 
F ina l  E I S  i nd i cates how the ai r exchange rates were determi ned . 

3 . 3  Mechani cal  Venti l at i on Contro l s  

Comments- -Most of 
Pathways 2 and 3 .  
9'  18- 10 '  14-19) . 

the comments on MV control s were made i n  respon se to 
See sect i on 2 . 2  for a summary of these comments ( 1 1 - 9 ,  13-

Response- -BPA has con s i dered these comments and deci ded to del ete strateg i es 
based on these types of contro l s  and sensors as part of any pathway ( see 
Response to Pathways 2 and 3 i n  sect i on 2 . 2) . However, these control 
techno l og i es do exi st and are l i ke ly  to be mature in the next 5 years or so;  
in  pr inc i p l e ,  s i nce an E I S  is  a p l an n i ng document , i t  i s  appropri ate to 
con s i der these techno l og i es as poss i b l e  opt i on s  for new homes programs . 

Comment--Canada's R-2000 Program i nd i cated that vent i l at i on systems operated 
by dehum i d i stat do not prov i de acceptabl e a i r  qual i ty ( 1 1 - 10) . 

Response-- I n  the R-2000 program, moi sture probl ems occu rred because the 
houses were very a i rt i ght so that the fans had to run l onger than wou l d  
ord i nari l y  be the  case and therefore h ad a tendency t o  burn out . But the 
European experi ence with exhaust fans has been more effect ive .  The Swedes 
and the French have had exhaust fans run conti nuou s l y  for venti l at i on for 
many years , wi thout prob l ems . I f  prob l ems with  moi stu re ,  h umid i stats , or 
vent i l at i on arise in BPA ' s  New Homes Programs , correct i ve steps wi l l  be 
t aken . 

Comment--One commenter argued that control l ed (not cont i nuous) venti l at i on 
cou l d  mai nta i n  adeq uate a i r  qual i ty whi l e  savi ng energy , and that the 
analy s i s  i gnored the benefi ts  of control l ed venti l at i on and was based on l y  on 
the res u l t i n g  overa 11 vent i l at i on rate i n  Pathway 3 (18-1 ) .  

Respon se- - I t  i s  true that we model on l y  the vent i l at i on rates and not the ebb 
and f l ow of pol l utants throughout the day because there are no data for 
model i ng th i s .  For t h i s  reason , for each set of pathways i n  the F ina l  E I S ,  
t he  one wi th  continuous vent i l at i on l eads to better hea lth  effects than the 
one with i ntermi ttent vent i l at i on .  The benefi ts  of control l ed vent i l at ion 
are i n d i cated i n  the F i na l  EIS  by the "effecti ve"  vent i l at i on rate .  A 
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vent i l at i on system that operates on l y  when pol l utant concentrat i on s  exceed 
certa in  gu i de l i nes may i ndeed l ead to acceptab l e  IAQ as wel l  as save more 
energy than a system that operates cont i nuous l y; however , stud i es to 
demonstrate t h i s  have yet to be performed. 

3 . 4  Rel at i on Between Hea lth  Effects and Vent i l at i on 

Comments- -One commenter s a i d  that mechan i cal vent i l at i on with outdoor ai r i s  
the on ly strategy recommended for the broad spectrum of i n door contami nants 
( 1 1 -3 ,  1 1 - 12 ) . I ndeed , i f  the EIS examined the pathways ' effects on hea l th 
and not s i mp l y  on radon - i nduced cancer, then on l y  those pathways req u i r i n g  
mechan i cal  venti lat i on wou l d  s u rv i ve anal y s i s  ( 1 1 - 1 3 ) . It  i s  a mi stake to 
rel y  on average inf i l trat i on because natural forces such as wind  do not 
produce a constant rate· rate of i nfi l trat i on and there are wi nd l es s  peri ods 
when the effec t i ve vent i l at i on rate can approach 0 (troughs ) . I t  i s  thus 
necess ary to recogn i ze that i nf i l trat i on ,  wh i ch is not control l ed ,  i s  not 
equi val ent to mechan i cal  vent i l at i on ( 1 1 - 6 ,  1 3 -3 ) , and that mechan i cal � 
vent i l at i on produces better IAQ than an equ i val ent average amount of 
i nfi l trat i on ( 13 - 4 ,  18-8) . 
These commentors argue that MCS houses , therefore, wi l l  have l ower average 
pol l ut i on concentrat i ons , and thus fewer adverse hea lth  effects , than current 
pract i ce houses because constant mechan i cal  vent i l at i on wi l l  e l i mi n ate 
pol l ut i on peaks caused by l ow i nf i l trat i on peri ods i n  a current practi ce 
house ( 1 2-3 , 13 - 2 , 1 3 - 4 ,  18-8) . These commentors said that mechan ical  
vent i l at i on di d not rece ive fu l l  cred i t  in  the cal cu l at i on of hea lth  effects . 
Th i s  i nc l udes exhaust  fan s ,  wh i ch shou l d  be model l ed to show the i r  effect on 
ai r change rates when measured from the Base l i ne ,  e . g . , i n  Pathways 4 and 5 
( 1 3 -5,  1 3 - 18) . 

Response--We have  responded to these comments by i ncorporat i n g  d ata on w ind  
speed and temperature i n  the  cal c u l at i on of natural i nfi l trati on rates for 
the new pathways . For pathways spec i fi ed to have whol e-house mechan i cal  
vent i l at i on ,  such i nfi l trati on has been i ncorporated in the ana lys i s  
accord i n g  to the l atest accepted theory regard i ng how that type of 
vent i l at i on i ncreases the total vent i l at i on rate of homes . For pat hways not 
re l y i ng on such MV systems ,  i nc i dental mechan i cal venti l at i on i s  not i nc l uded 
because there are no data on the use of s uch systems or the effecti veness of 
those systems to move a i r .  I n  add i t i on , the total effective  vent i l at i on 
rates for each pathway were determi ned from a wide d i stribution of actual 
measurements in homes . I nc l ud i ng vari ous l evel s  of i nc i dental mechan i cal  
vent i l at i on from these i nd i v i dual  dwel l i ngs wou l d  merely expand the range 
over wh i ch the s i ng l e  " average'' val ue of total venti l at i on rates was 
determi ned and wou l d  not s i gn i fi cantly affect t h i s  average .  By assumi ng no 
add i t ional  vent i l at i on ,  BPA i s  anal yzing  the scenario most l i kely to res u l t  
i n  the g reatest adverse impacts . 

I n  the Fi nal EI S the analys i s  of health effects i s  based on an effect ive  
vent i l at i on rate by wh i ch i s  meant the " effect i venes s "  of  the  vent i l at i on to 
d i l ute pol l utants . Th i s  effecti veness i n c l udes the capab i l i ty of an MV 
system operat i ng cont i nuous l y  to prov ide  a more stab l e  vent i l at i on rate by 
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el im inat i ng troughs i n  natural i nfi l trat i on .  The '' effecti ve '' rate i s  a lmost 
a lways l ower than the ' ' average'' venti l at i on rate .  ( See Append ix  C . )  

Comment --One commentor noted that hea l th effects estimates may be sen s i t i ve 
to assumpt i on s  about a i r  m ix ing  and uni form venti l at i on throughout the house 
( 1 4 - 1 3 ) . 

Respon se--Th i s  i s  a good sc ient i f i c  poi nt;  i t  i s  i ndeed pos s i b l e  that heal th  
effects estimates may be  sen s i t i ve to  assumpt i ons about ai r mi x i ng and 
uni form vent i l at i o n .  However, t o  make any defi n i t i ve statements regard i ng 
that rel at i on s h i p  requ i res a major research and computati onal  effort. The 
rel at i on s h i p  of the i nteract i on of a venti l at i on system and phys i cal  
phenomena parti cu l ar to the indoor en vi ronment is  comp l ex and i nc l udes , for 
examp l e ,  g ross m ix i ng  characteri st ics  resu l t i ng from l ocation of vents , 
m ix i ng  due to buoyancy effects of heat g a i n  ( l oss )  through wal l s ,  i nter-room 
connect i on s ,  and structure geometries . Cu rrent theoret i cal  model s are not 
yet wel l establ i shed . To devel op a model that cou l d  s i mu l ate these 
rel at i on sh i ps wou l d  be cos t l y ,  and the v a l ue of the i n format i on to be deri ved 
wou l d  not suff i c i ently  enhance the Admi n i strator ' s  abi l i ty to deci de wh i ch 
pathways to pursue.  

3 . 5  Rel at i on Between Radon and Venti l at i on 

Comment--Th ree commentors questi oned our focus on the useful ness of a i r  
changes per hour a s  the pri mary i ndex of IAQ,  spec i fi ca l l y  for radon (9-2 ,  
2 1 - 4 ,  ME-3 ) . One  stated that  the  most i mportant factor in  regard to  radon i s  
the d i fferen t i a l  pressure between the house ' s  atmosphere and the soi l gas , 
and that vent i l at i on rates have l i tt l e  effect on t h i s  pressure .  

Response- -BPA recogn i zes that the pol l utant source term i s  the most i mportant 
part of the rel at i on sh i p .  However, the focu s  of the E IS  i s  on the di fference 
between energy-effi c i ent houses and homes bu i l t  to cu rrent pract i ce .  Thus 
factors s uch as radon source strength , soi l characteri st ics , and weather 
con d i t i ons are con s i dered the same across a l l pathways for purposes of 
asses s i ng IAQ effects  for the two d i fferent types of homes . I n  t h i s  way , 
venti l at i on becomes the key vari abl e for asses s i ng IAQ.  Th i s  approach i s  
s upported by various stud i es .  For exampl e ,  i n  homes where vent i l at i on i s  
al ternatel y i ncreased and decreased for experimental purposes , radon 
concentrat i ons change i n  i n verse proport i on to the a i r  change rate (DOE 
1986) . Therefore, s im i l ar d i fferences i n  concentration s  wou l d  occur between 
houses with  d i fferent vent i l at i on rates bu i l t  at the same s i te with  the same 
characteri st ics  i f  that were pos s i b l e .  After radon has entered the l i v i ng 
space , ven t i l at i on p l ays a key rol e  i n  the radon decay process by reduc i n g  
t h e  equ i l i br i um factor ( EPA 1986b) .  

Comment--C l o s i n g  i n l et vents of an exhaust vent i l at i on system cou l d  i ncrease 
negat i v e  pressure enough  to i ncrease radon entry i nto the house ( 14-27 ) . 
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Response--True . Any vent i l at i on system (natural or mechan i ca l }  can be 
improperly operated or abused by the occupant, wh i c h  cou l d  i ncrease negat ive  
pressure i ns i de the  house . However, the MCS exhaust vent i l at i on system 
i n c l udes fresh a i r  ports as a mandatory part of the system . These ports 
prevent negat i ve pressure i ns i de  the dwel l i ng when the exhaust fans are 
operat i n g .  

Comment--Control l i ng radon entry i nto the house i s  better than u s i n g  an AAHX 
to r id  the house of radon ( 10-3 ) . 

Respon se--Al l pathways i nc l ude radon source control features for reduci ng 
entry of radon i nto dwel l i ngs . 

4 . 0  M IT IGAT ION STRATEG IES  

4 . 1  Radon Package 

Comment- -The 50% radon reduct i on ass umed for the m it i gation techn i ques i n  the 
radon package was s a i d  to be i n adequate "as a goal ' ' ( 1 0 - 1 ) . Another 
commentor as ked that we supply the bas i s  for that assumpt i on ( 1 7-4) . 

Respon se--The ass umpt i on of a 50% radon reduct i on has been revi sed to 70% as  
a resu l t  of  add i t i onal  f i n d i ngs  from demonstrat i on stud i es conducted for BPA 
(BPA 1 987b}. The 70%  reduct i on i s  not a "goal "; the goal i s  to reduce 
concent rat i on s  i n  houses with  l evel s exceedi ng 5 pCi / l . For purposes of 
estimat ing  hea l t h  i mpacts ,  we ass ume a 70% reduction as a real i st i c  and 
respon s i b l e  esti mate o f  the effecti veness of avai l ab l e technol ogy because we 
cannot guarantee anyth ing  more . Radon mi t i gation technol ogy i s  rel at i vely 
new, so there i s  some uncertai nty as soc i ated with  i ts l evel of performance 
and effect i venes s .  A l though i n  many houses these techni ques have reduced 
concent rat i on s  by more than 70%, a greater effect i veness shou l d  not be 
assumed because, in  add i t ion to the reasons c i ted above, these techn iques are 
suffi c i ent ly  new that nei ther thei r l i fe spans nor the amount of mai ntenance 
that wou l d  be requ i red to assure th i s  con t i n ued l evel of effecti veness i s  
known . I n  an E I S ,  i t  i s  better to overesti mate rather than underest imate the 
adverse heal th  effects of a proposed act i on ,  thereby impart i n g  a 
"conservat i ve "  b i as to the i nformat i on upon wh i c h  the Admi n i strator wi l l  base 
a dec i s i on .  

Comment-- BPA shou l d  p rov i de the rat i ona l e  for choos i ng 5 pC i / l  as the act i on 
l evel i n  the radon package and exp l ai n  why i t  chose a l evel d i fferent from 
EPA ( 1 2-8, 2 1 -6, MB-1 ) .  

Response--BPA chose the 5 pC i / l  i n  October 1 984, al most 2 years before EPA ' s  
choice of 4 pCi / l . BPA v i ewed 5 pC i / l as a bal ance between the l owest  of 
recommended l evel s at that t ime :  ASHRAE ' s  2 pC i / l  and the h i gher l eve l s  such 
as 8 pC i / l recommended by the Nat i onal  Counc i l  on Rad i at i on Protect ion and 
Measurement (NCRP) . I n  choos i ng an act i on l evel of 5 pCi / l ,  BPA a l so took 
i nto account the d i s tr ibut i on of radon i n  the Pac i f i c  Northwest and the 
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uncertai nty of measuri ng radon accuratel y .  At 5 pCi / l  the uncertai nty factor 
of measu rement i s  about 30% .  Thus the actual concentrat i on ,  i n  contrast to 
the meas ured concentrat i on ,  might be as l ow as 3 . 5  pC i / l  or as h i gh as 6 . 5. 
The act i on l evel of 5 pC i / l  he lps  ensure that homes with  h i gher 
concentrat i on s  are i dent i f i ed wh i l e  reducing  the l i kel i hood that homes with 
l ow concent rat i on s  are fal sely i dent i f i ed as h i g h . For more i nformat i on ,  see 
the Federal Regi ster ( 1984) . BPA ' s  l evel i s  comparab l e  to that recommended 
by the I nternat i onal  Commi s s i on on Radi o l og i ca l  Protection ( I CRP) for new 
houses . 

Comment--BPA shou l d  c l ari fy whether radon measurements  and estimates of 
hea lth  effects are based on a 3 -month or a 12-month exposure of the moni tors 
( 13 -2 1 ) .  

Response- -Both 3 -month and 12-month readi ngs were taken in the RSDP . The 
DEIS  rel i ed on the 3 -month data because the 12-month readi ngs were not yet 
avai l ab l e .  BPA i s  u s i ng 12-month read i ngs  for the F ina l  E I S .  However, 
ana lys i s  of the two data sets shows a h i g h  deg ree of correl at i on and no 
stat i st i ca l l y  s i gn i fi c ant difference between the two sets in aggregate .  

Comment--BPA shou l d  con s i der  other radon m i t i gat i on techno l og i es ,  i n c l udi ng 
other means of vent i l at i on and other construct i on techni ques that b l ock  entry 
of radon i nto the home ( 1 5- 1 ) . 

Respon se--Radon reduct i on technol ogy i s  an area of rap i d  growth and 
devel opment . BPA i s  aware that there are ava i l ab l e techno l og i es beyond those 
i dent i f i ed in the E I S ;  however, to our knowl edge, they are untested and 
unproven and therefore, at t h i s  point,  l es s  rel i ab l e than those i dent i f i ed .  

Comment--The radon package wi l l  not protect pub l i c  heal th from the effects of 
other i ndoor pol l utants such as combust i on products , tobacco smoke, etc . ( 1 1 -
2 ) . 

Response-- I t  i s  true  that the radon package addresses radon on l y .  However, 
a l l  of the pathways i n c l ude other control techni ques for other pol l utants : 
e . g . ,  product standards for forma l d ehyde emi s s i on s  from bu i l d i ng mater i a l s ,  
spot venti l at i on l oc ated near sources o f  moi s ture and cooki ng,  and out s i de 
air for combust ion supp l i ed d i rect ly to fi re boxes i n  wood burn i ng 
app l i ances . Approaches app l i cabl e to most i n door a i r  pol l utants i n c l ude 
cons umer i n format ion and whol e-house MV systems . Al l pathways except 1 and 7 
have some form of whol e-house mechani cal  vent i l at i on .  

Comment--The radon package shou l d  be more ful l y  descri bed--e . g . ,  what defines 
' ' h igh  radon areas " ,  prec i se l y how are the radon m i t i gation measures 
act i vated, how are these systems mai ntai ned and mon i tored , how do we ensure 
that m i t i gat i on i s  act i vated, and who wi l l  beat; the costs ( 1 3 - 16 ,  14-16, 14-
1 7 ) . Persons at the pub l i c  meet i ngs  made s i milar comments ,  ask ing  for more 
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spec i f i c  i n format i on on the radon package (MK-3 ,  MK-4 ,  MB-2 , MSP-3 , MS- 2 ,  MS-
5, MS-6, Ml- 4 ,  M I-6 ,  MI -9, MI - 10,  MB-2, MB-3). 

Respon se--We have ch anged the way the radon package i s  app l i ed and have 
expanded our descr ipt ion of i t  to address these question s .  See Appendix  H in 
the Fi nal  E I S .  

Comment- -More spec i fi ca l ly ,  one commentor wanted u s  to a )  address the merits  
of  buried p i pe l oop i n  re l at i on to  a t i l i n g  system and the sen s i tiv i ty of  the 
weep i n g  t i l i ng f i e l d  method to i nstal l at i on ( 1 4-23) , and b)  to cover aspects 
of basement vent i l at i on that are uni que to basements ( 14-28) . 

Response- - Perforated p i pe i s  a pos s i b l e  a l ternat i ve to t i l i n g  systems . 
Howeve r ,  we are not aware of any research d i rect l y  comp ari ng  the re l at i ve 
effecti veness of these two technolog i es for the i r  s hort and l ong -term 
reduct i on s  i n  concentrati on s .  It  i s  true that i ncorrect i n stal l at i on of a 
weeping t i l i n g  f i e l d  c an aggravate exi s t i ng radon p rob l ems . Th i s  method i s  
not popu l a r  or wi dely used i n  the Northwest and so does not have enough of an 
i mpact to i n fl uence our analys i s .  BPA i s  not aware of any aspects unique to 
b asement vent i l at i on and not covered under crawl space venti l at i on that wou l d  
make a s i gn i fi cant d i fference . 

Comment- -The opt i on of seal i n g  a l one s hou l d  be dropped and unvent i l ated 
crawl s paces d i sa l l owed i n  al l areas,  regard l es s  of whether i t  is a h i gh or 
l ow radon area ( 1 3 - 16, 1 3 - 17 ) . 

Response-- " Seal i n g "  was a c l e r i ca l  error i n  the DEIS  and shou l d  b e  rep l aced 
with  ' 'basement pressuri zat i on . "  S imi l arl y ,  unvent i l ated crawl spaces are not 
a l l owed .  Craw l space vent i l at i on is spec i f i ed for al l new MCS homes 
cons i stent with  the Uni form Bui l d i ng Code . 

Comment - - Buil ders shou l d  have the opt i on to m i t i gate before or after 
con struct i on (MI -5 ) . 

Response--Th i s  opt i on i s  avai l ab l e  i n  the radon p ackage .  

4 .2  Radon Mapping 

Comment--BPA shou l d  start mapp i ng those areas where there i s  a potent i al 
radon p rob l em and then devel op appropri ate bu i l d i n g  construct ion standards 
( 16- 1 ) . 

Response--BPA i s  i n  contact wi th some of the experts on the s ubject of radon 
release from soi l s ,  but i s  not aware of any f i rmly estab l i shed methodol ogy 
for ident i fy i n g  h i gh radon areas . BPA cont i n ues to engage i n  research toward 
that end ,  e . g . ,  s ince 1984, mon i tor i ng radon concentrat i on s  i n  homes that are 
being weatheri zed . These dat a ,  aggregated by range and town s h i p, are bei ng 
mapped to s how the d i stri bution of radon throughout the Pacific Northwest . 
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Maps and reports are i s s ued quarterly and are ava i l ab l e  from BPA .  In 1 988 
BPA wi l l  undertake a study with  the U . S .  Geo l og ica l  Survey to use our 
mon i tor i ng data i n  conjunct ion wi th geolog ica l  and u ran i um s i te i n formation 
to i dent i fy more r i gorous l y  the areas of potential radon emi s s i ons . 

The radon package a l ready a l l ows for appropri ate con struct i on techni ques i n  
h i gh radon areas , once we have devel oped the mapp i n g  capab i l i ty and can 
assesss a bu i l d i n g  s i te pr ior to con struct ion { see Append i x  H on the radon 
package) . However , houses even next door to each other can have widely  
d i vergent radon concentrat i ons . Whether th is  refl ects d i fferences in  radon 
emi s s i ons from soi l s  or d i fferences i n  house construct i on i s  uncertai n .  Even 
i f  th i s  uncerta i nty i s  resol ved , mappi ng wi l l  p rov i de only  an i nd i cat i on of 
pos s i b l e  radon prob l ems for any one house , not ab sol ute certai nty . 

4 . 3  Formal dehyde 

Comment--One commentor strong ly supported the source control approach of a 
product standard for a l l  of the pathways ( 14-15) . Another stated that 
adoption of the forma l dehyde standard for wood products  is appropri ate only 
as a start i ng po i n t .  Wi thout requi rements for venti l at i on { e . g . ,  as HUD 
assumes . 5  ACH) , i t  i s  not pos s i b l e  to guarantee that the target wi l l  be met 
and heal th effects avoi ded ( 1 1 -4) . 

Response-- BPA agrees with  the fi rst comment and has  a formal dehyde product 
standard i n  a l l pathways for the structural port ion of the dwel l i ng ;  
furthermore, bu i l ders are encouraged to  use  products that meet t h i s  standard 
for f i n i sh work , s uch as cabi netry .  Even though the homes i n  the RSDP study 
were not requi red to have structural components meet i n g  HUD's forma l d ehyde 
product standard , the average forma l dehyde l evel s i n  both the energy­
eff i c i ent  and the current pract ice homes were wel l  below HUD ' s  i ndoor amb i ent 
a i r  target of 0 . 4  ppm. A l s o ,  both sets of homes were e i ther bel ow or c l ose 
to the ASHRAE-recommended l evel of 0 . 1  ppm. See Sect i on 3 . 7 . 2  i n  the F ina l  
E I S  for i n format i on on  formal dehyde measurements taken over two heat i n g  
seasons for current pract ice  and energy-effi c i ent homes . 

Comment--What i s  the effecti veness of coat i ngs  and other barri ers to 
forma l dehyde referred to in the DEI S ,  Vol . I I ,  Append ix  C ,  p . 3 . 4  ( 1 4-24) ? 

Res onse--Some of the coat i ngs  and barriers c i ted by F i s k  et a l . { F i s k  et a l . 
1984 were reported to reduce formal dehyde emi s s i ons by a factor of 10  
{ Hawthorne et  a l . 1 985 ) . However, we bel i eve  p roduct standards are a more 
effect i ve  means  of control l i ng forma l dehyde than coat i ngs and barri ers . 

Comment- -Why d i d  BPA not estimate cancer rates from formal dehyde i n  
manufactured hou s i ng s i nce i t  i s  known t o  often have h i g h  l evel s of 
formal dehyde ( 1 7 -3 ) ?  

Response-- I t  i s  true that formal dehyde has been more of a prob l em i n  
manufactured hou s i n g .  However , when BPA began prepari n g  the DEI S ,  there were 
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no mea sured data of formal dehyde i n  new HUD code or manufactured homes , so  
cancer rates cou l d  not be  est imated . We  now have such  data and are u s i ng i t  
t o  esti mate cancer rates for forma l dehyde i n  the F ina l  E I S  ( s ee Chapter 4 ) . 

4 . 4  C l ean A i r  Technol ogi es 

Comment--Comments ranged from categori cal l y  stat i ng that techno l og i es such as 
dehumi d i f i ers and f i l trat i on are i ncapable  of control l i n g  the range of 
pol l utants  l i ke l y  to be found i n  a home { 1 1 - 1 1 , MS-6) to aski ng  that the 
effecti veness of these technol og i es to control pol l utants be more c l osely 
exami ned in the analys i s  to estimate health effects { 18-2,  1 4- 1 1 ) . 

Response--A brief l i terature rev i ew has been conducted to update the 
d i scussion of other mi ti gati on technol og i es and i s  i n c l uded i n  Ch . 3 of the 
F ina l  E I S . 

5 . 0  HEALTH EFFECTS 

Comment--A n umber of comments on hea l th effects focused on the uncertai nty 
su rroundi ng the est i mates . One commentor as ked i f  the changes i n  l i feti me 
cancers were stat i sti cal l y  s i gn i fi cant and at what l evel ( 1 7-6) . 

Response--Th i s  ques t i on wou l d  imp ly  that pol l utant ri s k  factors were 
stati stical l y  esti mated from data o n  cancers and pol l utant concentrat i on s  and 
that BPA had data on the i n c i dence of addi t i onal  cancers expected to occur at 
a g i ven pol l utant concentrat i on .  I n  fact , as the model i n  Secti on 4 . 1 . 2  i n  
the F i nal  E I S  s hows , we cal cu l ate the number of addi t i onal  cancers; and 
rather than performing  another stati st i cal analys i s ,  we u sed a consensus  ri s k  
factor based o n  other researchers ' est i mated ri s ks ( e . g . ,  . 0021 for radon ) . 
As a check , our estimates for the reg i on were compared to normal hea l t h  
stati s t i c s  regard i n g  occu rrence o f  l ung  cancer from radon and were found to 
be s imi l ar .  

Comment- -Others recommended that hea l th effects be  i ndexed and shown as  
changes rel at i ve to the  basel i n e  ( 13 -8)  or  i n  i ncrements  from one al ternati ve 
to the next ( 14 - 1 2) s i nce the rel at i ve change i s  more i mportant than the 
actual numbers . 

Response--We h ave  made changes i n  the F i nal  E I S  as s uggested . 

Comment- -Model i ng resu l t s  were s a i d  to be i n con s i s tent w ith  measured data 
from RSD P ,  wh i ch showed no d i fference i n  radon concentrat i on s  between current 
practice  and MCS houses; thus , there shou l d  be no i ncrease i n  cancer rates 
from the Basel i n e  to the Cu rrent Act i on ( 1 3- 1 1 ) . A s imi l ar argument was made 
for resu l ts shown i n  the No Add i t i onal  Act i on and the Current Act i on ( 18-7 ) . 

Response--At the t i me the DEIS was prepared on ly  a sma l l  n umber of radon 
measurements were avai l ab l e  for current pract i ce houses (DE I S ,  vol . I, Tab l e  
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A . 8) . I nstead of u sing  this very smal l data set to characterize the region 
for current p ractice, this data set was combined wit h the data for MCS homes 
so that more meaningful  statistics were avail ahl0, but which resu l ted in a 
questionnab l e  concl usion . I n  the Final  E IS  we use concentration data from 
cu rrent practice houses to define the basel ine and sca le  according ly  to 
estimate heal th effects . 

Comment --Estimates of heal th effects were said to be probl ematic because they 
do not account for the effectiveness of mitigat ion technol ogies that do not 
rely on ventil ation , and therefore cannot be compared to those associated 
with other mitig ation steps and pathways ( 1 4 - 1 1 ) . 

Respon se- - I n  the Final  E I S  a l l pathways have the s ame control technol ogies, 
and estimates of hea l t h  effects associated with these technologies are now 
comparab l e .  As noted in an earl ier response, c l ean air technologies have 
been deleted because their effectiveness is variab l e  and difficul t to 
estimate . 

Comment--Two commentors said the estimates of heal th effects in mu l t ifamily 
buil dings were probabl y  overestimated because the po l l utant concentrations 
are overestimated . The model used to determine the concent rations in 
mu l tifamil y buil d ings shou l d  be reviewed and modified, especial l y  the 
vol umetric adjustment used in the model . The commentors s uggested radon 
concent rations may be more sensitive to the s ize  of the who l e  buil ding than 
to the s ize  of the indiv idual  unit and may be sensitive to the l ocation of 
the unit within the buil d ing . Concent rations wou l d  probably not increase in 
mu l t ifamil y buil d ings with multip l e  l evel s because radon gas wou l d  have l es s  
opportunity t o  reach t h e  elevated spaces since the source term varies a s  a 
function of soil contact area . ( 1 8- 1 2 ,  2 1 -2) . 

Response--Our analysis is based on measured d ata in s ingl e-family houses,  but 
sca led by vol ume and ventil ation rates in mu l tifamily homes because of the 
paucity of measured data for this housing type . The scal ing  is based on the 
difference in dwel l ing unit vol ume as desc ribed in Appendix C in the Final  
E I S . 

BPA recognizes that the res u l tant radon concent rations are probably greater 
than what is l ikel y  to occu r  in individual  mu l t ifamil y units . However, an 
approach that bases the sca l ing for an individual  unit on the vol ume of the 
ent ire buil ding  wou l d  res u l t  in much l ower concent rations than wou l d  
actual l y  occur .  We bel ieve ours is a better and more consistent approach 
given the scarcity of dat a .  

Limited data indicate that there is no re l ationship between radon 
concent rations in individual  units  and the height of the unit above the 
ground f l oor (Abu -Jarad 1 982) . The concent rations tend to correl ate with 
unit air exchange rates rather than building height . Apartment units  are 
constructed with common wa l l s  and thus act as natural pathways for radon 
migrating from the soil to all above-grade units . I n  some new apartment 
buil dings in the region, the mechanical  ventil ation for the units  is served 
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from a common p l en um ,  wh i ch can a l so  be a condu i t  for radon m i grat i ng to 
upper u n i ts .  These construct i on practices cou l d  exp l ai n  why radon 
concentrat i on s  are simi l ar i n  upper and ground f l oor u n i t s .  

Basement u n i t s ,  however, have been found t o  have h i gher l evel s of radon than 
upper unit s  ( Abu-J arad 1 982) . The new mu l tifami l y  buil d i ngs  have s o  few 
basement un its  that it wou l d  be i mpractical to analyze them separately .  BPA 
bel i eves its assumpt i on of uni form radon concentrati on s  in a l l l evel s of a 
mu l t ifamil y buil d i n g  i s  val i d  for this reg i on .  

Comment- -Radon heal th effects in manufactured houses were a l s o  di sputed . 
Concentrat i on s  cou l d  not be predi cted to i ncrease i n  manufactured hou s i ng 
because general l y  t�i s type of hou s i ng l acks  the ground coupl i n g  that wou l d  
funnel radon i n to the l i v ing  space (4-1 ) . The fl oors are general ly t i ghter 
than in s ite-bu i l t  homes , l eaving  l es s  pos s i b i l i ty for i n f i l trat i on of soil 
gas into the house and thus  l ower radon concentrat ions (2 1 -3 ) . 

Response--BPA recognizes that the HUD Standard for manufactured homes 
requi res seal ing or cau l k i ng the i nterface between the wal l and f l oor and the 
f l oor and foundation and pl acing a moi sture membrane to enclose the unders i de 
of those homes instal l ed bel ow f l oor joi sts . However, th i s  membrane is not 
an air or v apor barrier .  Nor i s  there sci entific ev i dence or  f ie ld  data to 
ind i cate that the fl oors of HUD code homes are tighter and have l es s  l eakage 
area than site-bu i l t  homes .  The construct i on p ractices that reduce f l oor 
l eakage c an be offset by other practi ces unique to manufactured homes , e . g . ,  
l eakage c an occur i n  the joi nt ( seam) of mu l t isectional homes and in fl oors 
at the open i ngs  for heati n g  vents or in the crossover duct in central l y­
heated homes .  Other sources of i nfil trati on occur at openings for water ,  
sewage , e l ectrical connections , and around the duct passages for free­
stand i n g  f i repl aces and woodstoves , which were ducted through the f l oor from 
under the house . There appears to be no s ignificant difference between 
man ufactu red homes and s i te-bu i l t  homes i n  regard to i n fil tration of radon 
gas from the soi l through the f l oor open i ng s .  

Comment- -One commenter s aid the E I S  s hould  address the rel at i on between l ung 
cancer , smoki n g ,  and concentrations of i ndoor radon progeny , and the rel at i on 
between venti l ation rates , smoking and other particu l ates that m ight affect 
the work i n g  l evel (WL) ( 16-3 ) . 

Response- - This rel at i onship is d i scussed i n  the DEI S ,  Vol . II , " Potent i a l  
Hea l th Effects of Certa in  I n door Air Pol l utants , '' Append ix  B ,  Sect i on 5 . 2 ,  
whi c h  i s  avai l ab l e  from BPA . However , there are too many vari ab les  an d 
con founding technical factors to be ab l e  to quant i fy the rel at i ons hi ps . 

6 . 0  R I S K  D I SCUSS I ON 

Comment - - The E I S  s hou l d  reference the EPA's work on r i s k  asses sment for radon 
(9- 1) .  
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Response--The r i s k  asses sment for the DEIS  was based on r i s k  factor 
i nformat ion that was avai l ab l e  prior to November 1 985 . S i nce compl et i on of 
the DE I S ,  we have been rev i ewing more recent i nf','rmat i on ,  i nc l ud i ng EPA ' s  
work. I nformat i on ava i l ab l e  from EPA s i nce ear l y  1986 i s  rev i ewed and 
referenced i n  the F ina l  E I S  (Chapter 3 ) . 

Comment - -Four commentors took i ssue with  the presentat i on of r i s k  compari sons 
i n  the DE I S ,  Vol . I ,  Append ix  C ( 10-2 , MS-3 , ME-6 , M l -8) . One s a i d  that 
BPA ' s  compari son i s  d i fferent from EPA ' s ,  wh ich  i nd i cates the average person 
i s  breath ing  between . 5  and .8 pCi / l  of radon for l i fe rather than our number 
of . 0048; a l so EPA s ays 10- 15  pCi / l  of radon i s  equ i val ent to smoki ng one 
pack of c i garettes a day ,  versus BPA's compari s i on of 1 pCi / l  of radon to 1/6  
c i garette a day ( 10-2) . Another commenter asked that th is  presentat i on 
i n c l ude addi t i onal  examp le�  for d i fferent radon concentrat i on s  as we l l  as 
other causes of fatal i ty to compare with typ i ca l  househo lds'  exposure to 
radon ( 18- 14 ) . 

Response--Th i s  c i ted d i scus s i on a l l ows readers to compare the ri s k  of 
deve lop ing  l ung  c ancer from exposure to radon with  ri s k  of experi enc i n g  a 
fata l i ty from engag i ng i n  vol untary acti v i t i es without regard to when that 
act i v i ty may occu r  ( FEI S ,  Vo l .  I ,  Appendix  D ,  Tab l e D . 1 ) . Tab l e  D . 1  i s  
scal ed to l evel s of act i v i ty that have a ri s k  of one death per 100 , 000 
persons i n vol ved i n  that act i v i ty ,  regard l es s  of when the act i v i ty or 
fata l i ty occurs . I t  i s  i n  t h i s  context that BPA uses the exposure fi gure of 
. 0048 pCi / l . The tab l e  s i mp ly  shows that t ravel l i ng 7000 mi l es by a i r  has 
the s ame ri s k  of one fatal i ty out of 100 , 000 as does exposure to . 0048 pCi / l  
of radon . 

Tab l e  D . 2  i s  sca led s i m i l arly but inc l udes t i me and al l ows for s l i ght ly  
d i fferent ri s k  compari son s .  Thus the ri s k  o f  motor veh i c l e  fata l i t i es i s  25 
deaths per year per 100 , 000 peop l e .  I n  compari son , breath ing  . 3  pCi / l  of 
radon over a l i fetime l eads to l es s  than one fata l i ty per year per 100 , 000 
peop l e .  The ri s k  factor for radon in the t ab l es i s  based on data from both 
the I CRP and NCRP . These data are cons i dered the best ava i l ab l e  i nformat i on .  
I nformat i on prov i ded by the EPA i s  based on i ts as sumpt i ons regard i n g  the 
devel opment of a r i s k  factor for radon . 

The v a l ue of . 3  p C i / l  of radon i s  equ i va l ent to average measured 
concentration s  wi t h i n  the Puget Sound area of Washi ngton . For other parts of 
the Pac i f i c  Northwest the average measured concentrati ons are h i gher; 
therefore the est i mated deaths per year per 100 , 000 peop l e  wou l d  be g reater 
than 1 .  

The same Append i x  a l so i n c l udes an ari thmet i c  examp l e  of how to use the ri s k  
comparison i n format i on g i ven i n  Tab l e  D . l .  The examp l e  shows that the ri s k  
o f  l ung cancer from exposure to 1 p C i / l  o f  radon over a l i fetime i s  
equ i val ent to the r i s k  of l ung  cancer from smok i ng 2083 to 6250 ci garettes 
over a l i fet i me .  Th i s  averages to 1 /4  c i garette a day ,  assuming 50 years of 
smoki n g ,  or 1/6  c i garette a day ,  assuming  70 years of smoki n g .  
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I f  one i s  exposed to 1 5  pC i / l  of radon over a l i fet i me ,  the  r i s k  of l ung  
cancer  wou l d be equ i va l ent to the  r i s k  from smo k i ng  about 2/3  of a pack of  
c i garettes a day for  50 years . I n  contrast , EPA equates the  exposure from 1 5  
pCi / l  o f  radon t o  smo k i ng a fu l l pack o f  c i garettes a day .  T h e  reason for 
the d i fference i s  t h at BPA uses the NCRP/ I CRP r i s k  factors , wh i ch are 
somewh at l ower than those chosen by EPA . S i nce r i s k  comp ar i sons are very 
dependent on the  assumpt i on s  made about exposure , we do not th i n k  much wou l d  
be ga i ned by expand i ng the  examp l es i n  the  append i x  on ri s k  rep ri nted as  
Append i x  D in  the  F i n a l  E I S .  

Comment- -One commentor s uggested t hat any act i on that estab l i shes  r i s k  for 
radon - i nduced c ancer beyond a spec i f i ed l eve l  may be preempted by future 
l eg i s l at i on ,  c i t i ng an art i c l e  wh i ch i n d i cated that federal agenc i es a l ways 
reg u l ate r i s k  greater than 4 x ( lo -3 ) ( 1 1 - 5 ) . 

Respon se- -At t h i s  t i me no federa l agency has the  auth or i ty ,  or i s  p l ann i ng ,  
to  reg u l ate radon concentrat i on l eve l s for the general popu l at i on l i v i ng i n  
res i dent i a l bu i l d i ngs . EPA h as thus  far eschewed the  regu l atory approach for 
radon i n  favor of deve l op i ng and d i s semi n at i ng i n format i on and l eav i ng 
regu l at i on to  the  states ( EPA 1987a ) . Regu l at i on s  do  ex i st for res i dences 
b u i l t  on l ands  contam i n ated wi th  uran i um ta i l i ngs . I f  regu l atory l eg i s l at i on 
i s  pas sed , BPA wi l l  be requ i red to meet any standards estab l i s hed by the  
l eg i s l at i on .  

Comment - -Another  commented that the  E IS  s hou l d  address  the  i s sue  of r i s k  
assoc i ated wi t h  est i mat i ng hea l th  i mpacts by sett i ng current pract i ce t o  . 3  
ACH and l ater determi n i ng that current  pract i ce i s  actual l y  . 5  ACH ( 14-9 ) . 

Response- -Th i s  s h ou l d  not be a prob l em s i nce  the  an a l ys i s  covers effects 
based on both cases ; t hat i s ,  we are not choos i ng a 1 1 true 11 or absol ute va l ue 
for current pract i ce .  To address  the  i s s ue of uncert a i nty su rround i ng 
vent i l at i on rates i n  cu rrent pract i ce homes , the  D E I S  rel i ed on two anal yses 
of potent i a l r i s k .  One an a l ys i s  was based on b l ower door test res u l ts  and 
used . 49 ACH as the a i r  l ea kage rate found i n  current pract i ce h omes . The 
other ana l ys i s  was based on PFT test res u l ts  and assumed that 0 . 35  ACH was 
the  a i r l eakage rate found i n  current pract i ce homes . Because we conducted 
two an a l yses , i ndependent of one another ,  i t  i s  poss i b l e  to compare the  r i s k  
between the  two d i fferent vent i l at i on rates . The  F i na l  E I S  a l so uses two 
separate ana l yses , though the  start i ng a i r l eakage rates i n  current pract i ce 
h omes h ave been updated to ref l ect the  most current data . 

Comment- -One l etter c i ted a recent art i c l e  i n  the  I nternat i on a l  J ourn a l  of 
Ep i dem i o l ogy ( March 1987 1 6 : 7 - 12 )  wh i ch does not confi rm EPA ' s v i ew that h i gh 
concentrat i ons  of i ndoor radon wi l l  cause l ung c ancer .  Th i s  commentor s ays 
that i t  i s  more i mportant to a l ert peop l e i n  h i gh radon areas that the  r i s k s  
of smok i ng are much h i gher ( 1 9 - 1 ) . 

Respon se- - BPA agrees t h at i t  i s  i mportant to  i nform consumers of the  
potent i a l r i s k  of smok i ng c i garettes , but  th i s  r i s k  has  l i tt l e  to do wi th  
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l i v i ng i n  energy-eff i c i ent homes . We d i sagree w ith  the poi n t  that radon i s  
not a carc i nogen . Though one art i c l e  may contrad i ct the po int that radon i s  
a carci nogen, many more conc l ude that i t  i s .  More i n format i on and spec i f i c  
references can b e  found i n  '' Potent ia l  Hea lth  Effects o f  Certa in  I ndoor A i r  
Pol l utants , " Append ix  B of Vol .  I I  o f  the DE I S .  

7 . 0  ADD IT IONAL ANALYS IS  

Commentors suggested add i t i onal  work i n  a number of areas, wh i c h  are 
s ummari z ed here .  

Comment - -BPA s hou l d  eval uate t radeoffs between IAQ, fuel swi tch i ng effects,  
energy sav i ngs ,  and  costs  of each al ternat i v e  ( 1 4-4) . 

Response- -The numbers presented i n  Tab l e  1 i n  the Summary of the D E I S  
i nd i cate t h e  t radeoffs among these effects ; the eval uat i on o f  these tradeoffs 
was l eft to the reader i n  the DE IS .  I n  the  Fi nal  E I S ,  BPA ' s  eval uat i on i s  
i nd i cated i n  i t s  choi ce of a Preferred Al ternat i v e  and an Envi ronmental l y  
Preferred Al ternat i ve .  

Comment- -BPA shou l d  reeval uate fuel swi tchi ng by assumi ng i ncenti ves extend 
beyond 1988 ( 1 3 - 1 4 ) . 

Response-- I n  the DE IS  the l evel and du rat i on of i ncenti ve payments t o  be made 
to bu i l ders or buyers of SGC homes were based on assumpt i ons i n  The 1 986 
Super Good Cents Program (BPA February 1 986) . Wh i l e  i t  i s  pos s i b l e  that the 
i ncen t i ves  cou l d  cont i nue i f  there i s  too l i tt l e  adopt i on of MCS as code, to 
date no BPA dec i s i on has been made to extend the i ncent i ves beyond 1 988 . 

Comment - -BPA shou l d  address envi ronmental merits  of both the AAHX and 
mechani cal exhaust vent i l at i on with  heat recovery, and compare them with  the 
MCS path of mechanical  vent i l at i on without heat recovery ( 1 2-6) . 

Response- - I n  the F i nal  E I S  Pathways 2 ,  3 ,  8 ,  and 9 i nc l ude mechani cal 
vent i l at i on with heat recovery (AAHXs ) ;  Pathways 4 ,  5, 6 ,  1 0 ,  and 1 1  i nc l ude 
mechanical  exhaust vent i l at i on systems, but wi thout heat recovery ( Pathway 5 
represents the 1987 MCS) . From the perspect ive  of !AQ, vent i l at i on i s  the 
key vari abl e,  and heat recovery has no effect on our analys i s  of the hea lth  
effects . It  does have an effect on energy savi ngs and program costs . These 
are a l l  compared summari l y  i n  Tab l e 1 and i n  some more detai l i n  Chapter 4 .  

Comment--BPA shou l d  conduct analys i s to d i st i ng u i s h  between des i gn 
spec i f i cat i on s  and actual performance of various IAQ technol ogi es ( i n c l ud i ng 
occupant operat i on of equi pment) and account for t h i s  d i fference i n  the 
anal y s i s  ( 14-10 ) . 

Response--Des i gn spec i fi cati ons are targets estab� i shed by BPA or  the 
Northwest Power P l an n i ng Counc i l  ( NWPPC) and represent an opt imal  l evel of 
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performan ce . Actua l  i n sta l l at i on s  and occupant operat i on often do  not meet 
these targets . However , wi t h  trai n i ng and experi ence , both b u i l der and 
res i dent s h ou l d  cont i n ue  to come c l oser to the  des i gn spec i f i c at i on s . 
Occupant  behav i or and i n sta l l at i on are i ncorporated i n  the an a l ys i s  i n  two 
ways . The P FT techn i que accounts for operati on of mec han i c a l  equ i pment and 
occupant behav i or ;  i f  MV systems are i mproper ly  s i zed or i f  occupants do  n ot 
operate them ,  the  PFT res u l ts  ref l ect that s i tuat i on .  Al s o ,  we h ave 
estab l i s hed f i ve pat hways wh i c h  a l l ow i ntermi ttent operat i on of the MV 
system . The operat i ng t i me of the MV system i s  est i mated to  be 8 h ours , 
based on occupant s u rveys and on end-use  mon i tor i ng  of the  equ i pment . 

Comment - - BPA s h ou l d  determi ne  the effect i veness and benef i t s  of 
nonvent i l at i ng tec hno l og i es ( f i l trat i on and adsorpt i on )  for reduc i ng 
po 1 1  utant concent rat i on s  {18-2 )  . 

Response- -The  effec t i veness of these techno l og i es has  not yet  been 
determi ned , so they cannot be treated quant i tat i ve l y .  The F i n a l  E I S  i nc l udes 
the res u l ts  of a l i terature rev i ew on the s ubj ect i n  Sect i on 3 . 8 .  

Comment - -The  E I S  s hou l d better exami ne  i mp acts  of groundwater as a s ource and  
pathway for  radon , part i c u l arl y where g roundwater i s  obtai ned from roc k s  that 
are l i ke l y  sources of radon (20- 1 ) . 

Respon se- -Stud i es s h ow groundwater i s  n ot a maj or  source of i ndoor radon i n  
h omes i n  the  Pac i f i c  Northwest ( Nero et a l . 1 982 ) . Therefore , the  ana l y s i s  
assumes that a l l of the  radon found i n  the  homes mon i tored to estab l i s h our 
b ase  radon l eve l s c ame from so i l gas . 

Comment - -The ana lys i s  re l i ed too heav i l y  on radon and formal dehyde to  the  
neg l ect of  other  contami n ants . I t  was s uggested t h at we cons i der other 
i ndoor a i r  po l l utants such as combust i on g as , part i c u l ates and chemi ca l  
vapors . The  hea l t h  effects  data  for these  po l l utants are a s  g ood as  the data 
for radon and forma l dehyde ( 1 7 - 1 ) , and radon i s  n ot even the  most s i gn i f i cant 
po l l utant ( 1 1 - 1 ) . One commentor s a i d that we shou l d  not i gnore the 
qua l i tat i ve ev i dence of r i s k  assoc i ated wi th  these other contami n ants  ( 1 1 - 1 ) . 
One person wanted to  know i f  BPA was cons i deri ng  the  effects of asbestos ( M I -
7 ) . 

Respon se- -We dec i ded to  quant i fy the hea l t h  effects resu l t i ng from exposure 
to  radon and forma l dehyde for the  fol l owi ng  reason s : 

These po l l utants are common l y  found i n  the  a i r i ns i de of homes and there 
are meas ured d ata  for these po l l utants . 
Sc i ent i sts  h ave devel oped ri s k  factors for radon and forma l dehyde mak i ng 
i t  poss i b l e  to  est i mate. potent i a l cancers res u l t i ng from exposure . 

We a l so  se l ected these  po l l utants for ana l ys i s  because cons umers h ave l i tt l e  
control over t hem . I n  the  Northwest , the  ma i n  source of radon i s  the  so i l 
beneath the  structure and  the po l l utant c an on l y  be detected wi th  mon i tors . 
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Consumers may control sources of formal dehyde brought i nto the home after 
con suruct i on but often have l i ttl e control over sources used i n  bu i l d i ng the 
structu re . 

Concentrat i on l evel s for some pol l utants are affected primari l y  by choi ces 
occupants make and act i ons they take . For examp l e ,  the dec i s i on to smoke i n  
a house affects  the l evel of combust ion by-products .  U s i n g  hobby g l ue when 
the wi ndow i s  c l osed affects the l evel of chemica l  vapors . Concentration s  of 
radon and formal dehyde are not d i rectly affected by these types of vol untary 
choices and acti ons , often c l ustered under the head i n g  of ' ' l i festyl e . '' I n  
contrast , radon occu rs natural ly;  its presence has to be mon i tored wi th  
spec i al equi pment;  and spec i al steps need to  be  taken to  keep it  out of  the 
house .  I n  the case of  forma l dehyde ,  consumers usua l l y  have l i ttle<:ontrol 
over bu i l d i ng materi a l s for subfl oori ng and ' 'bu i l t - i n '' furn i sh i ngs such as 
k i tchen cabi netry .  

Pol l utants i n herent i n  the structure of the home or that otherwi se are out of 
con sumers ' control are more l i kely to be affected by changes i n  vent i l at i on 
than by con sumer behav ior .  Pol l utants that do  res u l t  from cons umer act i on s ,  
such a s  c i garette smoke and househol d  chemi cal s ,  are more rel ated to 
' ' l i festy l e" than to energy-eff i c i ent features of houses . 

However,  l ack of consumer control i s  not a prerequ i s i te for i nc l u s i on i n  the 
ana lys i s .  For examp l e ,  the F i nal E IS  i nc l udes an updated rev i ew of the 
l i terature on potent i al heal th effects from exposure to envi ronmental  tobacco 
smoke (ETS) , wh i c h  i nd i cates that heal th  profes s i onal s have not yet reached a 
con sensus about quanti fyi ng the ri sks to heal th from ETS . 

BPA recogn i zes that homes with  reduced vent i l at i on may h ave i n c reased l evel s 
of other pol l utants bes i des radon and formal dehyde ,  but adequate data are 
l ack ing  on other pol l utants to permi t quant i fi cation . Asbestos i s  un l i ke ly  
to be  found i n  newly bui l t  homes . Furthermore , the presence of asbestos i s  
not affected by vent i l at i on .  

8 . 0  METHODOLOG I CAL/MODELLI NG I SSUES 

8 . 1  Uncertai nty 

Comment--A number of comments  focused on the need to convey the uncertai nty 
i n  the analys i s - -ei ther through a systemat i c  sen s i t i v i ty analys i s  or through 
a separate sect i on d i scuss i ng  the uncertai nty as soc i ated with the val ues i n  
the model and the esti mates of various impacts ( 14 - 1 3 ,  13-6 , 1 7 -6 , 18- 1 5 ,  2 1 -
5) . Th i s  wou l d  a l l ow BPA to ev a l u ate a range of penetrat i on rates and fuel 
swi tch i n g  forecasts as wel l  as assumpt i ons about vent i l at i on that wou l d  
affect heal th i mpacts ( 1 4 - 1 3 ,  18-13) . For examp l e ,  one commentor s a i d  the 
analys i s  needs to account for the uncertai nty surround i n g  current pract i ce ,  
and thus the ent i re basel i n e ,  wh i ch affects the s i ze and type of vent i l at i on 
equ i pment requi red ( 14-8) . 

Respon se- -An add i t i onal  append ix  for the F i na l  E I S  has been prepared to 
address some of these i ssues . There i s  no real benef i t  to estimat i ng heal th 
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effect s  based on a range of penetrati on rates because the range wou l d  be 
app l i ed to al l al ternat i ves and pathways , and the absol ute change i n  
res u l t i ng heal th effects wou l d  remai n the s ame . 

Comment--Those factors that cou l d  not be i ncorporated i nto the analys i s  but 
that affect the v i abi l i ty of the pathway shou l d  be descri bed ( 13-7) . 

Response--Several new sect i on s  have been added to cover some of these i ss ues . 
Two spec i f i c  factors c i ted were : 1 )  est i mat i ng pol l utant concentrati ons as 
1/ACH does not refl ect the t ime requ i red for pol l utants  to reach equ i l i bri um 
concentrati ons i f  l ow a i r  change rates are on l y  experi en ced for s hort peri ods 
of t i me ;  and 2) i t  i s  uncerta in  i f  the hea lth  response to l ow concentrat i ons 
scales l i nearly w i th heal th i mpacts observed from exposures to h i gh 
concentrat i on s .  The F i nal  E I S  addresses the fi rst of these poi nts  i n  
Appen d i x  A ,  wi th rel ated i nformat i on presented i n  Append ix  B .  Li neari ty of 
heal th r i s k s  i s  d i scus sed i n  the DEI S ,  Vol . I I ,  " Potenti al Hea lth  Effects of 
Certa in  I ndoor Ai r Pol l utants , '' Appendix B ,  and i n  Sect ion 3 . 6 i n  the F i nal 
E I S . 

8 . 2  Fuel Switch i ng 

Comment- -The anal y s i s  of fue l swi tch i ng was sai d to be s i mp l i st i c  and 
mi s l eading , be ing based on the assumpt ion that MCS are adopted for 
e l ectrical ly-heated houses whi l e  codes for other fuel s rem�i n  unchanged , wi th 
the resu l t  that consumers choose other fue l s  as a cost s av i ng measure.  Th i s  
approach res u l ts i n  overstat ing  the l ong-term i mpact of MCS on fuel swi tch i ng 
( 12- 7 ,  1 3 - 13) . I t  i s  further argued that MCS wi l l  probabl y  only  be adopted 
as code when t he costs are reduced ,  and those l ower costs wi l l  mean l ess fuel 
swi tch i n g  ( 1 3 - 13) . And i f  costs  of ach i ev i n g  MCS are not reduced over t ime , 
i ncent i ves to cons umers may cont i nue beyond 1988 , wh i ch wi l l  h ave the effect 
of dampen i ng fuel swi tch i ng ( 13 - 1 4) . 

Response-- I n the DE I S ,  BPA' s 1 985 hou s i ng forecast was used as a basel i n e ,  
and two MCS case s ,  with  and without i ncenti ves , were created . At the t ime 
the D E I S  analys i s  was deve loped , Washi ngton and Oregon had not yet adopted 
energy effi c i ency codes for new bu i l d i ngs . These codes are fuel b l i n d  and 
have now been me l ded i nto BPA ' s  1 986 hous i n g  forecas t ,  wh i ch are used in the 
F ina l  E I S .  BPA ' s  1 986 hou s i n g  forecast predi cts  18% of new homes wi l l  be 
heated with  fue l s  other than el ectr i c i ty (fuel swi tching)  i n  order to avoi d 
bui l d i ng to MCS . T h i s  i s  l es s  than the 24% based on the 1 985 forecast and 
p resented i n  the DEI S .  

Comment --Another i ssue was that fuel swi tch i ng was treated as conservat i on i n  
the cal cu l at i on of energy s av i ngs , and thus resu l ted i n  overesti mated 
s av i ngs . Th i s  approach i s  i ncon s i stent with  the defi n i t i on of conservat i on 
i n  the Northwest E l ectr i c  Power Pl an n i ng and Conservat i on Act ( the Act) . The 
cal cu lat ion of energy savi ngs from the MCS i s  sai d to be i ncorrect because 
the model counts househo l d s  that l eave electri c i ty for other fue l s  as 
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sav ings , when the ca l cu l ation shou l d  be based on l y  on houses that are 
el ectri cal l y-h eated that adopt the MCS meas ures ( 1 3 - 1 4 , 1 3- 15 ) . 

Response--The DEIS d i d  i n c l ude the reduced el ect ric  l oad from fuel swi tch i n g  
i n  the ca l cu l at ion o f  energy sav i ng s .  Th i s  h a s  been corrected i n  t h e  F i na l  
E I S .  

Comment--The penetrat ion rates assumed for the ana l ys i s  are overopt imi s t i c  
( 14 - 14) . 

Response--Penet rat i on rates for the F ina l  E I S  have been sca l ed down from 85% 
to 75% .  

Comment- -Dne commentor thought there was suff i c i ent uncertai nty i n  the 
estimate of fuel swi tch ing  to con s i der a range esti mate ( 18- 13 ) . 

Response-- The F i na l  EIS i s  based on BPA ' s  1 986 medi um hou s i ng forecast rather 
than the 1985 forecast . Th i s  resu lts  i n  a l ower estimate of fuel swi tch i n g .  
A compari son o f  the 1986 MCS forecast for fuel choice for space heat ing  to 
the 1986 basel i ne forecast i nd i cates that an add i t i onal  18% of homes wou l d  
choose a fuel other than e l ectri c i ty i n  the MCS forecast . The uncerta i nty 
range for t h i s  est i mate can be obtai ned by exami n i ng the amount of fuel 
swi tching  assoc i ated with BPA ' s l ow and h i g h  hou s i ng forecasts for 1986 . 
Under the l ow forecast , with MCS , an add i t i onal  1 2% of homes wou l d  swich from 
el ectri c i ty to another fuel . Under the h i g h  forecas t ,  wi th MCS , there wou l d  
actual l y  b e  an i n c rease of e l ectri cal l y  heated home s ,  wi th 1 4% of homes 
swi tch i n g  from another fuel to e l ectri c i ty .  Assumptions about popu l at i on 
growt h ,  the demand for hous i n g ,  and pri ces of heat i n g  fuel are the mai n  
factors accounting  for the d i fferent esti mates of fuel swi tch i n g  among the 
l ow ,  med i um ,  and h i g h  forecasts . For more i n format i on , see BPA ( 1 986) . 

8 . 3  Other Methodol ogi ca l  I ss ues 

Comment- -The methodol ogy for estimat ing  pol l utant concentrat i ons for the 
d i fferent a l ternati ves shou l d  be more fu l ly expl a i ned , as  wel l  as how the 
RSDP data were model l ed to prov i de res u l t s  s hown in Tabl es 4 . 2 , 3 ,  and 4 ( 1 7 -
8) . 

Response- -We have expanded the exp l anat i on of the methodol ogy i n  the text . 
See sec . 4 . 1 . 2 .  T he  concentrat i on data are actual meas urements from the RSDP 
control houses . These measured data were then used to esti mate 
concentration s  i n  other housi n g  types by sca l i ng the concent rat i on data 
accord i n g  to the i nverse rat i o  of the vol umes of the hous ing  types . Th i s  was 
exp l a i ned i n  the DE I S ,  vol . I ,  Append ix  A .  Th i s  append ix  has  been revi sed i n  
the Fi na l  E I S  to d i scuss  how the  anal y s i s  was changed to account for 
concentrat i on data now ava i l ab l e  for mu l t i fam i l y  and manufactured houses 
bui l t  to MCS . 
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Comment--Our use of a model that assumes a constant radon source term was 
s a i d  to be i ncorrect ( 2 1 - 1 ) . 

Response--The i nten t i on i s  to make comp ari sons between al ternat i ves and 
p athways rather than to pred i ct absol ute pol l utant concentrat i on s .  The use 
of a dyn ami c model may or may not change the absol ute pol l utant 
concentrat i on s  p redi cted for each of the p athway s ,  but i t  wi l l  not c h ange the 
rel at i ve pos i ti on of the p athways . Al so ,  the ana lysis  i s  b ased on data 
col l ected from homes throughout the Pac i f i c  Northwest u s i ng the T racketch 
method , wh i ch g i ves an average t i me-i ntegrated measurement . To use these 
d ata  i n  anyt h i n g  but a steady-state model wou l d  requi re man i pu l at i n g  the d ata 
and i n c reas i ng the uncertainty of the asses sment .  We therefore bel i eve the 
s teady state model i s  best su i ted for th i s  work .  Th i s  i s  further d i scussed 
in a new Appen d i x  B to the FEI S .  

Comment- -One of the stud i es ci ted i n  the DEI S ,  Vol . I I ,  Append i x  C was s a i d  
t o  b e  bas.ed o n  faul ty f l ow measu rements ( 14-22) . 

Response- - I t  i s  true that some of the AAHX measu rements  contai ned i n  the 
reference were obtai ned through an i mperfect techn ique .  I t  was d i s covered 
after the meas urements were taken that the f l ow measuri ng system reduced the 
actual f l ow rates by i n creas i ng t he AAHX system back pressure . Actual f low 
rates wou l d  be h i gher than t hat reported i n  the reference by some smal l 
amoun t .  However , even i f  a correct i on i s  appl i ed t o  t h e  res u l t s ,  the 
concl u s i on s  of the referenced report are not a l tered . 

Comment - -The square footage assi gned to s i ng l e-fami l y  houses was ques t i oned.  
I f  s i ng l e-fami l y  hous i ng i s  defi ned as 1 -4 un its , then the average s i ze of a 
s i ng l e-fami ly dwel l i ng wi l l  i nc l ude the smal l er un its  (950 sq  ft) i n  dupl exes 
and quadpl exes . That wi l l  bring  the average s i ze of s i ng l e-fami l y  hou s i ng 
down from the 1848 sq  ft used by BPA to forecast energy savi ngs  from the MCS 
as wel l as the costs of MCS . I f  t h i s  n umber i s  used , the costs and savi ngs 
are s a i d  to be overest i mated { 13-20) . 

Response--The 1848 sq  ft p rototype was used on l y  as a bas i s  for cost 
assump t i on s  i n  Vol . I ,  Append ix  E i n  the DE I S .  Al l other calcul at i on s  used 
the three p rototyp i cal  s i zes and wei ghting  factors used by the NWPPC as 
descri bed in the DE I S ,  Vol . I I ,  Appen d i x  A,  sec . 5 . 1 . 4 . 2 .  T h i s  d i stribution 
assumes the mean s i ze of s i ng l e-fami l y  hous i n g  i s  1 400 sq  ft . 

9 . 0  COST I SSUES 

Comment- - I t  was recommended that the E I S  i nc l ude more detai l ed costs 
associ ated wi th each of  the pathways to better eval uate thei r cost­
effecti veness re l at i v �  to each other ( 18- 1 1 ) . A meet ing  part i ci pant asked i f  
the h i g h  cost o f  equi pment and repai rs h ad been taken i nto account (MS- 1 ) .  

Response-- The cost analys i s  has  been expanded in response to the comments . 
See Appen d i x  E to the F ina l  E I S .  
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Comment- -One commentor stated that regenerat i ve heat exchangers are l es s  
compet i t i ve than AAHXs , d i sput i ng our c l a im  that an RHX probably  h a s  l ower 
f i rst-costs than an AAHX . Th i s  commentor a l so  thought that our i n format i on 
on heat recovery vent i l at i on was out of date and d i d  not refl ect the 
devel opments i n  cost and performance ach i eved in that technol ogy ( 1 1 - 1 8 ,  1 1 -
19)  . 

Response- - " I ndoor A i r  Qua l i ty M it i gation Techno l og i es , "  Vol . I I ,  Appendix  C ,  
sec .  3 . 3 ,  i n  the DE IS  addresses methods of i nc reased vent i l at i on with heat 
recovery . The cost of an RHX system was thought to be l ower than an AAHX 
system , not j ust the AAHX . The system i n c l udes both the AAHX and the a i r  
d i stribut i on system for the dwe l l i n g .  The i n formation i n c l udes references 
ava i l ab l e  through 1985 and was thought to be up-to-date when the document was 
prepared . 

Comment--One commentor had a n umber of quest i on s  regard i ng the radon package . 
Are our costs  for sea l i ng dra i n s  and fl oors h i gh ?  ( 14-23) . What are the 
costs associ ated with  each of three subs l ab depressuri zat i on techn i ques? ( 1 4 -
23) . 
Does our c rawl space vent i l at i on cost (DE IS ,  Vol . I I ,  Append ix  C)  ref l ect the 
fact that some crawl space vent i l at i on may a l ready be requi red i n  some codes? 
{ 1 4-26) . 

Respon se--The costs c i ted from F i s k  et al . { 1 984) may be high for the 
Northwest ,  but we thought they represented a reasonab l e  est imate for retrofi t  
app l i cat ion s .  No data were found on the i n d i v i dual  sub s l ab depres suri zat ion 
techni ques i n  our survey of the l i terature . The crawl space venti l at i on cost 
does not refl ect any code requ i rement s ;  it i s  on l y  an estimate , based on a 
survey of bu i l ders , of how much i t  wou l d  cost to i nstal l c rawl space 
vent i l at i on ,  regard less  of whether i t  i s  a l ready requi red in codes . 
Bas i ca l l y ,  costs are treated i nc remental l y  between what i s  requi red by 
current code and what wou l d  b e  requi red under the radon package . 

1 0 . 0  E I S  DECIS IONS AND PLANNING 

Comment--One commentor recommended that the envi ronmenta l l y  preferred 
a l ternat i ve be c l early i dent i fi ed ,  that i t  be made c l ear to dec i s i onmakers 
that properly bu i l t  and operated MCS houses are envi ronmenta l l y  preferrab l e  
to ' 'current pract i ce' '  houses ( 12- 1 ) . 

Respon se--The env i ronmental l y  preferred a l ternat i ve i s  i dent i f i ed i n  the 
F i na l  E I S .  I t  con s i sts  o f  Pathway 8 and i s  descri bed i n  Chapter 2 ,  a l ong 
with those pathways that comprise  the Preferred Al ternat i v e .  

Comment- -One commentor s uggested BPA adopt two new pathways that wou l d  better 
protect pub l i c  heal t h ,  maximize  energy sav ing s ,  and st i l l  prov i de some 
a l ternat i ves to bu i l ders . One pathway i s  s im i l a r  to Pathway 1 {DEIS )  but 
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i nc l udes contro l  opt i on s  such  as on -off swi tches , wh i ch permi t occupants to 
operate the  system . Radon mon i tori ng  i s  avai l ab l e  as an opt i on .  The second 
pathway proposed for test i ng i s  an unba l anced MV system , cont i n uou s l y  
operated and s i z ed t o  prov i de the capac i ty prescr i bed by the MCS . Th i s  
pathway a l so  h as m i n i ma l  control opt i on s  l i ke the  preced i ng pathway , as we l l 
as open i ng s  for make-up  a i r .  Radon mon i tori ng i s  requ i red i n  th i s  new 
pathway ( 1 1 - 1 5 ) . 

Respon se- -Both of  these suggest i ons  h ave been i ncorporated i nto the  n ew 
pathways . See Pathways 3 ,  5 ,  9 and 1 1  i n  the FE I S . 

Comment - - B PA shou l d  descri be how the  E I S  f i ts  i nto other BPA p l ann i ng 
processes  and dec i s i onma k i ng acti v i t i es ,  and espec i a l l y  how E I S  comments wi l l  
affect p rogram dec i s i on s  ( 14-2 ) . One meet i n g  part i c i pant s a i d BPA shou l d  
de l ay i t s EA and SGC Programs unt i l the E I S  i s  comp l eted (Ml -3 ) . 

Respon se--The  New Homes E IS  does not f i t neat l y  i nto new homes programs 
p l ann i ng processes  because the E I S  process somet i mes moves at a s l ower rate 
than the need and process  for chan g i ng programs . I n  th i s  case , j u st as the  
DEIS  was  be i ng comp l eted , t he  res u l ts of B PA ' s study of the  cost­
effec t i veness of the  MCS l ed to some major  program changes , part i c u l ar ly  
approaches to mai ntai n i ng current pract i ce vent i l at i on rates . These changes 
were effected t h rough a p l ann i ng proces s  that i nc l uded pub l i c  rev i ew and 
con s u l tat i on wi th  the  Counc i l .  The E I S , i n  effect , wi l l  va l i date dec i s i ons  
that were made dur i n g  fa l l and  wi nter 1986-87 , when the  DEIS  was be i ng 
c l eared by U . S  DOE for pub l i c at i on ,  be i ng pr i nted , and go i ng through i ts 60-
day pub l i c  comment per i od .  

B PA chose  n ot to  de l ay the Early  Adopter and SGC p rog rams because : 1 )  
ongo i ng prog rams c an s u ffer a seri ous l os s  o f  momentum through stop - restart 
procedures ; 2) dur i ng  the h i atus more homes wou l d  h ave been bu i l t  to current 
pract i ce ,  t hus  const i tut i ng a 11 l ost opportun i ty "  for obta i n i ng energy 
s av i ngs ; 3 )  there were no env i ronmenta l  reasons  to stop the  prog rams s i nce 
both o l d and new program s pec i f i cat i on s  requ i red b u i l ders to keep a i r chan ges 
up to curren t pract i ce and to take add i t i on a l  steps for contro l l i ng some 
po l l utants at the i r sources . 

A l though comp l et i on of the  E I S  i s  un l i ke l y  to change the  operat i on of ongo i ng 
new h omes prog rams , i ts comp l et i on , wh i ch i nc l udes i ncorporat i on of the  
comments , wi l l  h ave the  fo l l owi ng effects : 1 )  i t  wi l l  enab l e  BPA to 
demon strate t h at I AQ i n  homes b u i l t  to MCS can be equal or even better than 
I AQ i n  cu rrent pract i c e homes ; 2 )  the  dec i s i on s  that resu l t  from the  E I S  can 
be i ncorporated i n to future programs ; 3 )  i t  a l l ows BPA to address  the  fact 
that b u i l ders s omet i mes b u i l d  houses that are t i ghter than cu rrent pract i ce 
because b u i l d i ng i s  not an exact sc i ence . 

Commen t - -The E I S  s h ou l d  i nd i cate how other BPA research , e . g . , further PFT 
stud i es ,  wi l l  affect the E I S  and dec i s i on s  ( 1 4-3 ) . 
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Response-- F i n d i ngs from BPA research projects that are ava i l ab l e  in t ime for 
i nc l u s i on i n  the Fi nal  E I S  are i nc l uded . However, the f ie l d s  of res i dent i a l  
vent i l at i on and IAQ are ext reme ly dynam i c .  The l i terature on these top ics  
has  grown exponent i a l ly i n  the  past 10  years . BPA i s  doing i ts best to base 
t h i s  F i na l  E I S  on the most recent l i terature . But we cannot keep deferring 
comp l et i on of the E I S  because there is yet another study underway. 
Otherwi s e ,  the E I S  wou l d  never be comp l eted . Once comp l eted , BPA wi l l  dec i de 
wh i c h  approaches to i ncorporate i nto i ts programs ;  and the agency wi l l  
cont i nue to mon i tor f i n d i ngs from rel evant researc h .  I f  new f i nd i ngs  
i nd i cate a need to refi ne or  change our  approach , we s ha l l  do  so .  At  that 
t i me the agency sha l l a l so con s i der the type of env i ronmental documentat i on 
that may be needed for a proposed change i n  approach .  Our experi ence has 
been that changes based on new f ind i ngs  usua l l y  f i t  wi th in  the scope of our 
envi ronmental  documents so that a new major en vi ronmental document ,  such as 
another New Homes E I S ,  i s  u�ua l ly not needed . 

1 1 . 0  CORRECT IONS,  MI NOR PO INTS,  TERMI NOLOGY 

Comment--The assumpt i on that for every decrease i n  vent i l at i o n ,  i n door 
pol l utants doub l e  was i mproperl y  stated and l ed to an i ncorrect calcu l ation 
(2- 1 ,  1 3 - 1 3 ,  1 7 -5) . 

Response--The examp l e  with  the erroneous ca lcu l at ion has been corrected; 
however , the underl y i n g  concl u s i on i s  not affected by the correction . 

Comment--One commentor writes that BPA research homes were not the fi rst 
examples of whol e-house AAHX i n  manufactured homes , and suggests that the 
prob l ems with the AAHX i n  these homes were due to i mproper equ i pment 
se lect i on and i nstal l at i on ,  not to anyth i ng fundamental to the technol ogy 
i tsel f ( 1 1 - 16) . 

Response--Text ch anged to ref lect the comment .  

Comment- -The DE IS  i ncorrect ly  asserts that the technol ogy for mechan ica l  
exhaust vent i l at i on w ith  heat recovery i s  not avai l ab l e  { 12-5) . 

Response--Change made i n  text .  It  i s  true that the  technol ogy i s  avai l ab l e ,  
but i t  i s  not wi dely avai l ab l e .  It  has on l y  recently  been i ntroduced i n  the 
U . S . , and at l east one of the two examp l es c i ted of i ts use was experimental  
in  nature ,  that i s ,  a demonstrat i on program. 

Comment - - I t  was noted that exhaust fans for k i tchens and bath rooms are not 
requ i red by code { 13 -2 ) . 

Respon se--Change made i n  text . 
but are often i n stal l ed i n  new 
for supp l y i ng spot vent i l at ion 

Exhaust fans are not req u i red by current code 
homes bu i l t  under current code as an opt ion 
( see UBC , sec .  1205 , 1985 Ed i t i on ) . 
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Comment- -The  1 986 Was h i ngton State En ergy Code i s  not ref l ected in  our 
descri pt i on of current pract i ce ( 1 4-2 1 ) . 

Res on se--The  Was h i ngton State Energy Code ( and  changes made i n  Oregon ' s  
Code were not ref l ected i n  BPA ' s 1 985 h ous i ng forec ast used for the  D E I S  nor 
in the  t ab l e  descr i b i ng current pract i ce .  The F i n a l  E I S  i s  based on the  1 986 
forec ast , wh i c h does i ncorporate Was h i ngton ' s  and Oregon ' s  new energy 
requ i rements as p art of the  base l i ne .  The tab l e  has  a l so  been updated to 
ref l ect both codes . 

Comment - - I n  D E I S ,  Vo l . I I ,  " I ndoor A i r Qual i ty M i t i gat i on Techno l og i es , "  
Append i x  C ,  Tab l e  2 . 1  has  errors rel ated to the  1 987 MCS ( 1 5 -2 ) . 

Respon se- -The F i n a l  E I S  i n c l udes a l l changes made to  the MCS in  1 987 . The 
DE I S  was prepared before the  Coun c i l rev i sed the  MCS . 

Comment - -The statement that . 0048pC i / l  i s  " very concentrated " i s  erroneous 
( 2 1 - 1 3) . 

Respon se- -We agree . The text s hou l d  read that 0 . 0048 pCi / L  i s  a very d i l ute 
concentrat i on .  

Comment - -The  E I S  s h ou l d use  radon 11 g u i de l i nes 1 1 i n stead of 11 standards 11 s i nce 
s tandards are en forceab l e  and g u i de l i nes are n ot ( 9 -3 ) . 

Respon se- -Appropr i ate  ch anges are  made throughout the  text . 

Commen t - - D i scu s s i on of crawl space vent i l at i on (Vo l . I I ,  " I ndoor Ai r Qua l i ty 
M i t i gat i on Techno l og i es , "  Appen d i x C )  s h ou l d  i nd i cate that fans s hou l d be 
i n sta l l ed to  b l ow a i r  i nto  the crawl space to pres s u r i z e  the  sp ace rather than 
p u l l a i r out ( 1 4-25 ) . 

Respon s e - -We are n ot aware of research to s upport crawl space pres s u r i z at i on .  
The U . S .  DOE s uggests that vent i l at i on i s  effect i ve i n  i tse l f and does not 
i nd i cate any advan tage to  pus h i ng radon back i nto  so i l by pressur i zat i on 
i n stead of vent i ng to  outdoors ( DOE 1 986 ) . 

Commen t - -The  word 1 1 base l i ne 11 i s  overused ; i t  s h ou l d on l y  be used to  refer to 
current p ract i ce h omes , not to the three d i fferent methods of est i mat i ng 
i n f i l trat i on ( 18 -6 ) . 

Respon se--The  text  h as been ch anged to refl ect th i s  comment . We h ave one  
base l i ne w ith  two methods of est i mat i ng i t .  
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Comment--The DE IS  states that radon has two rad ioacti ve progeny ; i t  has more 
than two ( 2 1 - 7 ) . Bui l d i ngs materi al s such as br ick  conta i n  rad i um ,  not 
radon , wh i c h  may decay to and emanate radon ( 2 1 - 10 ) . R i s k  of l un g  cancer i s  
due to the radon progeny , not radon { 2 1 -1 1 ) . 

Response--Correct ions made in the text . 

Comment- -Concentrat i ons of radon shou l d  be expressed i n  work i n g  l evel s (WL) 
rather than pCi / l ;  radon exposure is not meas u red in WL ( 2 1 -8 ,  2 1 -9 ) . 

Response- -We have made some m i nor changes i n  the text to i ncrease the 
prec i s i on of the l anguage . However, both un its  are acceptabl e for expres s i ng 
concentrat i on l ev e l s  of radon ,  a l though worki n g  l evel s  are primari l y  
as soc i ated w i t h  occupat i onal  sett i n g s .  

Comment- -One commentor s a i d  there i s  a body o f  d ata on miner exposures that 
contradi cts our statement that epidemio log ica l  ev i dence i s  based on exposures 
wh i c h  are h i gh compared to res i dent i al l evel s .  These data overl ap the 
d i stri but i on of res i dent i a l  exposures , wh i ch mean s that on ly a port i on of the 
d ata requi res a wi de dose-response extrapol at ion ( 2 1 - 1 4 ) . 

Response--Th i s  comment refers to research f i nd i ngs i nd i cat i ng that 
approximately 1 mi l l i on homes in the Uni ted States may h ave radon l eve l s  
exceed i ng 8 pCi / l  ( Nero et a l . 1986) . S i nce 1 6  pCi / l  i s  the exposure l i m it  
set by the  U . S .  M i ne Safety and Hea l th Admi n i stration for occupat i onal  
exposure in  mi nes (wh i c h  assumes a month ly  exposure of about 170 h r  i n  
comp ari son t o  the 504 to 648 h r/month estimated for the general popu l at i on at 
home) , somewhere between 5 and 10 % of the U . S .  popu l at i on may experi ence 
radon ex posu re that equal s or exceeds mi ners ' exposure to radon . For th i s  
port i on of the popul at ion the epidemio log ica l  stud i es on mi ners h ave more 
d i rect app l i cabi l i ty ;  the uncertai nty associ ated wi th  extrapo l at ing  the 
effects of ex posu re from h i gher radon concentrat i on s  to l ower concentrations 
i s  removed . However, the uncertai nty of genera l i z i ng from an adu l t  mal e 
work ing  popul at ion to the ent i re popu l at i on rema i n s . Furthermore, the 
prob l em of general i z i ng hea lth  r isks  from s i tuat i on s  of h i gher exposure to 
s i tuat ions of l ower exposure st i l l  remai ns for most homes i n  the Un i ted 
States and most homes i n  BPA ' s  serv i ce territory .  Nat i onal ly ,  the average 
res i dent i al radon concentrat i on i s  1 . 5 pC i / l  ( Nero et a l . 1 986) . W i t h i n  
BPA ' s  serv ice  terri tory , the average i s  1 . 1  pCi / l , with  over 9 5  % o f  the 
homes havi ng concent rat i ons of 5 pC i / l  or l es s  (BPA 1 987c) . 

No Response Needed--Letters 001 , 0 13 , 005 , 006 , and 007 .  
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