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( d )  Des i gnat i on :  F i nal Envi ronmental Impact Statement Suppl ement . 

(e )  

( f )  

Abstract : The Commerc i al and Apartment Conservat i o n  Serv i ce 
( CACS) i s  mandated by Congress i n  Subt i t l e D of Ti t l e  V of the 
Energy Sec uri ty Act of 1980 . Th i s  subti tl e add s  T it l e V I I  of the 
Nat i onal E nergy Conservat i on Pol i cy Act wh i c h  establ i shed the 
Res i dent i a l Conservat i o n  Servi ce ( RCS)  i n  T it l e I I .  Envi ronmenta l 
i mpacts of i mpl ement i ng the RCS program were anal yzed i n  the 
Envi ronmenta l  Impact Statement , DOE/ E I S-0050 , i ssued Novembe r ,  
1979 . The present fi nal suppl ement analyzes heal th  and safety , 
soc i oeconomic  and physi cal envi ronmental i mpacts o f  the CACS 
Program and several al ternat i ve act i ons.  Impacts at the s i te of 
i nstal l at i o n ,  and on the nat i onal and regi on l evel s have been 
analyzed , as wel l as the benefits  of the program i n  terms of 
energy sav i ngs .  

The CACS Program wi l l  go  i nto effect no  earl i e r  than 30  days after 
the avai l ab i l i ty of th i s  F i na l  E I S  Suppl ement i s  announced i n  the 
Federal Regi ster. 
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PREFACE 

Thi s F i nal  Env i ronmental  Impact Statement S uppl ement ( E I S- FS )  

analyzes the  potent i al env i ronmental i mpacts resul t i ng from nat i ona l 

i mp l ementat i on of the Corrrnerc i al and Apartment Conservat i on Serv i ce 

( CACS) P rogram. The CACS Program was mandated by Congress i n  the 

Energy Securi ty Act ( P . L .  96-294)  enacted June 30 , 1 980 . 

A Draft E I S  Suppl ement ( DOE/ E I S-0050- D S )  for the  CACS P rogram wa s 

publ i shed i n  December 1980 a s  a suppl ement to the E I S  for the 

Res i dent i a l Conservat i on Serv i ce ( RCS)  P rogram ( DOE/ E I S-0050 ) . At that 

t i me , DOE was i n  the process of i s su i ng two proposed rul es: one for 

the expans i on of the RCS Program to i nc l ude mul t i fami ly  bu i l d i ngs  w ith­

out  cent ral heat i ng or cool i ng systems ; and  one  for t he CACS Program 

wh i c h  add ressed smal l commerc i al bu i l d i ngs  and mul t i fami ly bu i l d i ngs 

w i th  e i ther central heat i ng or cent ral cool i ng systems. DOE had 

des i gned these programs to a l l ow some fl ex i b i l i ty on t he part of 

prog ram part i c i pants to sel ect whether a mul t i fam i l y b u i l d i ng wou l d  be 

a part of the  RCS Program or a part of the CACS Program . Therefore , at 

the t i me , i t  wa s dec i ded to i s sue one E I S  su ppl ement addres s i ng both 

pro posal s.  

The RCS and CACS programs ' proposed and f i nal rul es were among 

those rev i ewed by the Agency subsequent to publ i cat i on as part of the 

Admi n i strat i on ' s  pol i cy to m i n i m i ze regu l atory burden on affected par­

t i es .  New proposed ru l es for the RCS and CACS programs were sub­

sequent ly publ i shed on separate occa s i ons .  The new RCS  rul es i nclude 

s i ng l e-fami ly  dwel l i ngs and those mul t i fami ly  bui l d i ngs wi thout centra l  

heat i ng o r  cool i ng systems ; the new CACS rul es i ncl ude smal l corrvnerc i a l 
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bu i l d i ngs and only those mul t i fami ly  apartment bu i l d i ngs  conta i n i ng 

e i ther cent ral heat i ng or cent ral cool i ng systems . 

The RCS ru l es were amended on J une 2 5 ,  1 982 .  It  was determi ned 

that the fi nal E I S  for the RCS P rog ram and the d raft suppl ement to the 

RCS E I S  suffi c i ently addressed the env i ronmental i mpacts assoc i ated 

wi th  RCS . 

The CACS rul es are bei ng i ssued much  l ater. In order to properly 

add ress the envi ronmental i mpacts assoc i ated wi th  the proposed CACS 

P rogram , and to i ncorporate the resu l t s  of new resea rch , DOE i s  pub-

1 i sh i ng th i s E I S- FS for the CACS P rogram. 

Thi s  E I S- FS for the CACS Program addresses the prog ram scope and 

the env i ronmental i mpacts l i kely to resul t from these regul at i ons . 

They refl ect t he Admi n i strat i on ' s  pol i cy of reduc i ng regu l atory burden 

to the max i mum extent poss i bl e.  Three changes that took pl ace 

subsequent to the ori g i nal  proposed rul e are :  

1 .  through cl oser adherence to l eg i s l at i ve l an guag e ,  reduct i on i n  

the number of bu i l d i ngs  el i g i b l e  for a n  energy audi t ,  

2 .  through cl oser adherence to l eg i s l at i ve l anguage , s i mpl i fi ca­

t i on of aud i t  procedures , wh ich  i s  expected to  resul t i n  l ess  

detai l ed i nformat i on prov i ded to customers , and l ess  conserva­

t i on ret rofi t  act i v i ty by customers , and 

3 .  adopt i on of a 7-yea r payback peri od for measures to be 

addressed i n  the aud i ts and el imi nat i on of some energy 

conservat i on and renewabl e resource measures from the aud i t ,  

i ncl udi ng wi nd energy systems , act i ve sol ar  systems , and 

cogenerat i on· systems.  
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These three changes from the i n i t i a l proposal  are expected to res u l t  i n  

decreased program and env i ronmental i mpacts a s  compared w ith  those pro­

j ected i n  the CACS draft suppl ement . 

I n  add i t i on ,  three other cons i derat i ons are rel evant: 

I. al l apartment and many corrvnerc i al b u i l d i ng s  a l ready have a i r  

handl i ng or vent i l at i on systems to ass ure accept abl e a i r  

qual i ty ,  

2 .  i n sul at i on ,  prev i ous ly  i dent i fi ed as  pos i ng a potent i a l f i re 

ri sk ,  i s  no l onger expected to be a common ret rofit  meas ure , 

ba sed on new i nfonnat i on on c urrent b u i l d i ng pract i ces , 

3 .  the Consumer Product Safety Commi ss i on has banned the i n stal l a ­

t i on of urea-fonna l dehyde foam i nsu l at i on ( a l though the stat us  

of the ban  at  t h i s  wri t i ng i s  uncerta i n ) ,  cons i dered to pose a 

heal th  ha zard , i n  res i dent i a l bu i l d i ngs , and 

4 .  l arge mul t i fami ly  bu i l d i ngs , unl i ke s i ngl e-fami ly  res i dences , 

are system-domi nant , rather than envel ope-domi nant . Th i s  means 

that mod i fi cat i ons to the mechan i cal systems of the bu i l d i ngs 

are the measures most l i kely to change energy cons umpt i on 

patterns .  System mod i f icat i ons are much l ess  l i kely to i mpact 

a i r  change rates and res u l t i ng i ndoor a i r  qual i ty .  

These four cons i derat i ons are al so expected t o  resu l t i n  a 

decrease i n  env i ronmental  impacts from those d i scus sed i n  the prev i ous  

E I S  draft suppl ement. 
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SUMMARY 

Thi s document i s  the F i nal Env i ronmental Impact Statement 

Suppl ement ( E I S-FS ) to the Res i dent i al Conservat i on Serv i ce P rog ram and 

assesses the i mpl ementat i on of the Commerci al and Apartment Conservat i on 

Serv i ce ( CACS ) P rog ram . The CACS Prog ram fu l fi l l s  the requ i rements of 

T i t l e VI I of the Nat i onal Energy Con se rvat i on Pol i cy Act ( NECPA) wh i ch 

was added by Ti t l e  V of the Ene rgy Secu ri ty Act ( ESA ) of 1 980 . 

The Res i dent i al Conse rvat i on Se rv i ce (RCS) P rog ram 

The precu rsor to the CACS Prog ram i s  the present RCS Prog ram. The 

RCS P rog ram is des i gned to encou rage the i nstal l at i on of res i dent i al 

ene rgy conservat i on and renewab l e  resou rce measu res th rough ut i l i ty­

provi ded ene rgy aud i t s and ot her se rvi ces i n  ac co rdance wi th state pl ans 

or a federal standby pl an admi ni stered by DOE . The RCS P rog ram al l ows 

states and the TVA to submi t pl ans to conduct a prog ram w i th i n thei r 

j u ri sd i ct i on s .  These state pl ans requi re that covered pu bl i c  ut i l i t i es 

( e l ect ri c and natu ral gas ) offe r a compl ex of se rv i ces to owners and 

tenant s of si ngl e-fami l y  homes and mu l t i fami l y  res i dences wi th l ess than 

f i ve uni ts ; Sect i on 541 of ESA requi res that , after January 1 ,  1 982 , 

l a rger mu l t i fami l y  res i dences wi thout cent ral heat i ng or cent ral cool i ng 

a l so be i ncl uded i n  the RCS P rog ram. 

The RCS  P rog ram offe rs el i g i b l e  customers energy aud its ; arrange­

ments for the pu rchase , i n stal l at i on ,  and fi nanci ng of cove red measu res; 

and l i sts  of contractors , suppl i ers , and l enders compl y i n g wi th the 

p rog ram. In add i t i on ,  part i c i pat i ng customers are protected by 

wa rranty prov i s i ons . 
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In the E I S on the RCS Prog ram , DOE i dent i f i ed the nat i ona l 

envi ronmental  impact of the RCS P rog ram , i nc l ud i ng a reduct i on i n  ai r 

and water po l l utant emi ss i ons resu l t i ng from dec rea sed ene rgy produc-

t i on. The E I S a l s o cove red si te-spec i f i c impacts , i ncl ud i ng concerns 

rel ated to u rea -formal dehyde i nsu l at i on ,  vent dampe rs , automat i c  

i gni t i on systems , smal l wi nd ene rgy systems , and i ndoor ai r po l l ut i on. 

The Comme rc i a l and Conse rvat i on 
Se rvi ce ram 

The subj ect of th i s  E I S-FS i s  the CACS Prog ram. The CACS Prog ram 

i s  s imi l a r  to the RCS P rog ram i n  that : 

© the same ut i l i t i es are cove red , 

© the state pl an and federal  standby pl an concept s are the same , 

© many of the ene rgy conservat i on and renewab l e  ene rgy resou rce 

measures are s imi l a r ,  

© the prog rams i nvo l ve the provi s i on of ene rgy aud i t s to encou rage 

ene rgy conse rvat i on. 

The programs are compl ementary in that they add ress mutual ly  excl u-

s i ve sectors of the res i dent i a l  and commerc i a l bui l d i ng i nventory ,  wi t h  

RCS cove r i ng si ng l e- fami ly res i dences and apa rtment s wi th  i nd i vi dual  

heat i ng and cool i ng systems and CACS coveri ng l a rger ,  cent ral ly heated 

o r  cool ed apa rtment bu i l d i ngs and smal l commerc i a l bui l d i ng s .  

T h e  prog rams are d i ffe rent i n  that the RCS Prog ram provi des fo r a 

number of se rvi ces not i nc l uded i n  the CACS P rogram ( e . g . , fi nanc i ng 

a rrangements , wa rrant i es ,  and l ists of cont racto rs , suppl i e rs , and 
. 

l ende rs ) .  Wh i l e  the RCS P rogram was des i gned as a comprehens i ve prog ram 
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prov i di ng consumer ass i stance i n  the pu rchase and i nstal l at i on of energy 

conservat i on measu res , the CACS Prog ram i s  more l i mi ted i n  scope and 

focuses on di ssemi nat i n g i n format i on about energy conservat i on .  

Measu res i n  the CACS P rogram 

The prog ram measu res i ncl uded i n  the CACS Prog ram are l i sted bel ow .  

© cau l k i n g and weat herst ri ppi ng 

© i nsu l at i on of the bu i l di n g or  dwel l i ng st ructu re and sy stems 

wi t h i n  the bu i l di ng (e . g . , cei l i ng , wal l ,  fl oo r ,  duct , pi pe and 

water  heater  i n su l at i on )  

© storm wi ndows and doors , mu l t i g l azed wi ndows and doo rs , g l az i ng 

heat ga i n/ l oss retardants , reduct i ons i n  gl ass area , and ot her 

wi ndow and door  sy stem modi f i cat i ons 

© automat i c  energy cont rol sy stems and equ i pment associ ated w ith  

automat i c  ene rgy cont rol sy stems wh i ch are requ i red to ope rate 

var i ous  heat i n g ,  cool i ng ,  or vent i l at i n g sy stems 

© repl acement ai r condi t i oners 

© fu rnace or ut i l i ty pl ant and di st ri but i on sy stem modi fi cat i ons , 

i ncl udi ng : 

- repl acement bu rners , fu rnaces , and boi l ers 

- dev i ces fo r modi fy i ng fl ue openi ngs , and 

- i ntermi ttent i gn i t i on dev i ces 

© repl acement of the l i ght i ng sy stems 

© ene rgy recovery sy stems 
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© so l a r ene rgy systems , ei ther  act i ve or pa ss i ve ,  i nc l ud i n g 

t he rmosyphon ai r systems , sol a ri a/sunspace systems , sol a r  

domesti c hot water  systems , and so l a r  repl acement swi mm i ng 

poo l heaters 

Where pos s i b l e , DOE has  used the RCS P rog ram measu res and defi n i t i ons  fo r 

t he T i t l e  V I I equ i va l ents i n  devel opi ng  the regu l at i ons  fo r the CACS 

P rog ram. 

Ene rgy Effi c i ent I mprovements U nde r the CACS Prog ram 

Ti t l e VII of NEC PA req u i res that the au di ts  cons i der  energy effi ­

c i ent improvement s  wh i c h represent chan ges i n  the operat ion  and ma i n­

t enance of the bu i l d i n g or dwel l i n g .  DOE defi nes these ene rgy con­

serv i n g operat i on and ma i ntenance procedu res to i nc l ude those l i sted 

bel ow .  

© fu rnace effi c i ency mai ntenance and  adj u stment 

© water  temperatu re reduct i on 

© rai s i n g/ l ower i ng thermostats i n  summe r/wi nter 

© water  fl ow reduct i on in  showe rs and faucets 

© cond i t i oned space reduct i on 

© pl ugg i n g  i n fi l t rat i on l eaks  

© seal i ng l eaks  i n  pi pes and  ducts 

© eff i c i ent use of shadi ng 

© a i r cond i t i oner  effi c i ency mai ntenance 

© steam di stri but i on ma i ntena nce procedu res 
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Ant i c i pated Program Part i c i pat i on 

For  the pu rpose of est i mat i ng the i mpacts of the CACS Program, DOE 

h as est i mated the number of el i g i b l e  covered bu i l d i ngs and apartments 

a nd a range of potent i a l  program pa rt i c i pati on rates among those el i g i b l e .  

There are about 2 mi l l i on commerc i a l bu i l d i n gs and 328 , 000 apa rtment 

bu i l d i ngs  el i g i b l e  for the CACS Prog ram. Est i mates fo r program pa r­

t i c i pat i on are based on the ana l ys i s  conducted i n  the Regul atory Impact 

Ana lys i s  ( R I A ) for the CACS Prog ram . The R I A pres ents th ree scena r ios  of 

potent i a l res ponse to the CACS ene rgy audi t ,  termed h i gh , mi d ,  and l ow.  

Under the mi d-case scena r i o , an est i mated 3% of el i g i b l e  cu stomers 

wi l l  request and recei ve aud i ts each yea r ;  or 18% over  the si x yea r l i fe 

of  the prog ram. Of those request i ng an audi t ,  20% wi l l  i nstal l one or 

more program measures  at an average cost of $500 for commerc i a l bui l d i ngs  

and  $1000 for apa rtment bu i l d i ngs , and 60% wi l l  adopt energy conservi ng  

o perat i on and ma i ntenance procedu res wh i ch are presumed to  ha ve negl i g i b l e  

cost . DOE 11di scounts 11 the res u l t s  by att ri but i n g on l y  45% o f  the act i ons 

fol l owi n g  an aud i t  di rect l y  to the program. 

Impacts of the CACS Program 

Potent i a l i mpact s i ncl ude chan ges i n  heal th and safety due to the 

i n sta l l at i on of prog ram measures , especi a l ly  impacts on i ndoo r a i r 

q ua l i ty ,  and reduced energy demand as a resu l t  of the program. Human 

heal th  and env i ronmenta l  i mpact s i n  genera l , can  be mi n i m i zed to negl i ­

g i b l e  level s by appropri ate mi t i gat i ng act i ons such as enforc i n g  state 

s peci fi c standards , when necessary ,  concern i ng  ut i l i zat i on of safe 
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materi a l s and proper  i nstal l at i on .  Hea l t h i mpacts may be mi t i gated by 

p roper vent i l at i on and ai r i n g  out of bu i l d i ngs  or i nsta l l at i on of 

f i l teri ng  dev i ces for known po l l utants , prope r  vent i ng  of gas stoves , 

a nd the el i mi nat i on of prob l emat i c  bu i l d i n g materi a l s or the i so l ati on 

of pol l utant sou rces from the i ndoor a i r .  Consumer  i n format i on on 

pol l ut i on sou rces and th e re l ati ons h i p  between ai r exchange rates and 

i ndoo r ai r qual i ty ca n do much to prevent potent i a l  prob l ems . 

The i mpact s unde r CACS o f  those measu res anal yzed i n  the RCS E I S  a re 

expected to be the same or l e s s  than the i mpacts of the RCS P rogram. Most 

a re of a l es ser  magn i tude . As wi th the RCS Program, CACS wi l l  have net 

env i ronmenta l benef its  because of a decrease i n  emi ss i ons from energy pro­

duc i ng  fac i l i t i es compa red to emi s s i on i ncrea ses i nvol ved i n  materi a l s pro­

duci ng  fac i l i t i es .  Most net changes i n  ai r and water emi s s i ons are 

benefi c i a l and none of the chan ges i s  maj or on a nat i ona l  sca l e .  I n  ca ses 

where the RCS Prog ram E I S i denti fi ed no si gn i fi cant impact s associ ated wi th 

a pa rticu l a r  meas u re ,  refe rence is  made to the RCS Prog ram E I S and the 

d i scus s i on i n  th i s  E I S-FS i s  l i mi ted . The meas u res i nt roduced i n  the CACS 

P rog ram are not ex pected to have si gn i f i cant impact s .  These i mpacts are 

s ummari zed i n  Tab l e  S- 1 .  

I mpact s are anal yzed th rou gh an exami nat i on of the known and poten­

t i a l effects of va ri ous mea s u res and materi a l s .  Pa rt i c u l a r  empha s i s  i s  

p l aced upon i ndoor ai r qua l i ty ,  where quant i tat i ve model i n g i s  used to 

s u pport a rev i ew of the l i mi ted but growi ng l i teratu re on th i s  i ssue . 

Whe re pos s i b l e ,  refe rence i s'made to the RCS Prog ram E I S and  ot her  rel e­

vant pub l i s hed document s .  
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Table S-1. Comparison of adoption rates and impacts of measures in the CACS Program 

Measure 

Caulking and 
weatherstripping 

Insulation 

Window and 
door modifications 

Automatic 
energy control 
systems & equipment 

Included 
in RCS 

Program 

yes 

yes 

yes 

yes a 

Furnace modifications yes a 

Replacement furnaces, 

Lighting 
modi ficat i ans 

Energy recovery 
systems 

Solar systems 

Other measures 
(replacement 

air conditioner) 

yes a 

no 

no 

yes 

Adoption rate 

Multifamily 

moderately 
low 

moderately 
low 

moderate 

moderate 

moderate 

moderate 

low 

moderate 

low 

moderate 

Commercial 

low 

moderately 
low 

moderate 

moderate 

moderate 

moderate 

high 

moderate 

low 

low 

aNot all measures in this category were in the RCS Program. 
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Impacts 

Environmental 

reduced air 
infiltration: 
lower indoor 
air quality 

reduced air 
infiltration: 
lower indoor 
air quality: 
formal dhyde 
emissions if 
UF foam 

reduced air 
infiltration: 
low er indoor 
air quality 

negligible 

negligible 

negligible 

negligible 

negligible 

negligible 

Total Energy Savings 

low 

low 

moderate 

low 

moderate 

moderate 

moderate 

moderate 

low 

low 



I ndoor A i r Qual i ty 

The impact on i ndoor ai r qual i ty res u l t i n g  from i mpl ementati on of 

energy conservat i on measures i s  rece i v i n g  wi der recogn i t i on as a poten­

t i a l  en vi ronmenta l  prob l em .  The i n stal l at i on of certa i n  ene rgy conser­

v at i on measures i n  apa rtments and sma l l commerci a l  bu i l d i ngs  cou l d  

reduce the tota l  a i r exchange rate and , i n  the absence of mi t i gat i ng  

measu res , l ead to  i nc rea sed concent rat i ons  of  pol l utants ar i s i ng from 

i ndoor sou rces . 

The Depa rtment of Energy es t i mates that i ndoor a i r qua l i ty effect s due 

to  potent i a l l y  reduced a i r exch ange rates wi l l  be re l ati vely mi nor  fo r the 

CACS P rog ram for several reasons . The pri nc i pa l measu res wh i ch reduce 

u n i ntent i ona l  i n fi l t rat i on - caul k i ng and weatherst r i ppi ng - wi l l  be 

i nstal l ed re l ati vely i n frequent l y .  For many apa rtment bui l d i n gs such 

mea s u res a re expens i ve ,  l abor i ntens i ve mea su res , wi th l ong  pay-back 

peri ods . For many sma l l  bus i nesses , suff i c i ent customer t raffi c wi l l  pa ss  

t h rough the  bu i l d i n g envel ope so  that cau l k i ng  and  weathers t ri ppi ng  wi l l  

n ot apprec i ab ly  affect the rate of ai r exchange . 

The vast maj or i ty of avai l ab l e  data on a i r exchange rates i n  the 

Ameri can bu i l d i n g stock was obta i ned from si ng l e-fami ly  dwel l i n gs . The 

Depa rtment of Energy est i mates that tota l  ai r exchange rates i n  

CACS-covered bui l d i ngs  are h i gher than i n  s i ng l e-fami l y  detac hed dwel l i ngs 

a nd that th i s  wi l l  be refl ected i n  l essened i ndoor a i r qua l i ty impacts .  

The pri nc i pa l reasons for th i s conc l us i on are that mode l  bu i l d i ng codes 

genera l ly  req u i re two or more a i r chan ges pe r  hou r  and th at the Amer ican  

x i x 



Soci ety of Heati ng , Ref ri ge rat i n g ,  and A i r-Cond i t i on i ng Eng i nee rs recom­

mends vent i l at i on rates i n  exces s of two ai r changes pe r hou r fo r most 

sma l l commerci a l  establ i s hment s .  { For  exampl e ,  the su ggested ai r exchange 

rate exceeds two ai r cha nges pe r hou r i n  33 out of 55 comme rci al scena ri os 

for wh i ch ai r exchange rates were cal cu l ated . ) The staff at Oak Ri dge 

Nat i onal  Laboratory has i dent i f i ed on l y  two pub l i s hed stu d i es of measured 

a i r exchange rates i n  apa rtments and offi ce bui l d i ngs . Total  ai r exch ange 

rates measu red in s i x  apa rtments i n  P i ttsbu rg h  unde r norma l rea l - l i fe con­

d i t i ons ranged from 0 . 3  to 1 . 7  ai r chan ges pe r hou r .  I n  two offi ces i n  

Boston , tota l  ai r exchange rates were 1 . 2  and 1 . 5 a i r chan ges pe r hou r .  

DOE bel i eves , howeve r ,  that these data are not stat i st i ca l ly  rep resen­

t at i ve of CACS-el i g i b l e  bui l d i ngs . 

T he maj or negat i ve potent i a l i mpact of the CACS P rogram may be the 

i nc rea sed radi at i on popu l at i on dose res u l t i n g from ex posu re to radon pro­

geny .  Expos u re to radon progeny i s  known to cause  l un g  cancer i n  u ran i um 

m i ne r s .  Compa red to a 1977 i nci dence of 95, 182 reported deaths due to l ung  

cancer from al l cau ses , quant i tat i ve esti mates of  add i t i onal  l un g  cancer 

deaths due to the CACS P rog ram range from O to 7 deaths pe r yea r .  The 

u ppe r va l ue i s  based on the assumpt i on that the background radon progeny 

l evel  i n  apa rtments and sma l l commerc i a l bu i l d i ngs i s  equal  to the average 

l evel mea s u red i n  403 fi rst fl oor s i ng l e-fami l y  Ame ri can dwel l i ngs i n  areas 

w i th typ i ca l  concent rat i ons of rad i um i n  the soi l .  Mea su rements of radon 

p rogeny l evel s in  basements were about twi ce as h i g h  as fi rst fl oor l evel s .  

Other assumpt i on s  used i n  the ca l cu l at i ons we re conse rvat i ve wh i ch tends to 

max i m i z e  the i mpact s .  I f ,  a s  i s  assumed by DOE , a i r exc hange rates are 

h i gher ( and  ai r exchange rate-reduct i on s  l es s ) i n  the CACS-el i g i b l e  
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b u i l d i ngs  than i n  s i ng l e-fami l y  detached dwe l l i n gs , then the maxi mum 

i mpact wou l d  be reduced . If weathers t ri ppi ng  and ca u l k i ng a re i n fre­

q uent l y  i mpl emented , then the maxi mum i mpact wi l l  be l ess . Ai r exchange 

reduct i on i s  freq uent l y  not as effect i ve as assumed i n  th i s  ca l cu l at i on , 

a nd that wi l l  al so  reduce the i mpact . 

For  other  pol l utants from st ron g i ndoor sou rces , a i r exchange 

reduct i on wi l l  resu l t i n  i nc rea sed ex pos u re but there a re i nsuff i c i ent 

data on wh i ch to ba se quant i tat i ve est i mates of i mpact s .  Exampl es of 

such  i ndoor pol l ut i on sou rces i nc l ude ci garette smokers , un vented space 

heate rs , certa i n  photocopi ers , and products contai n i ng u rea-forma l dehyde 

res i n s .  

There a re th ree gene ral  cl a s ses of mi t i gat i n g mea s u res wh i ch wi l l  

i mp rove i ndoor a i r qual i ty .  I ndoor a i r qual i ty wi l l  be i mp roved by 

mea su res wh i ch prevent pol l utants  from enteri ng  i ndoor a i r .  It wi l l  

a l so be i mp roved by measu res that ei ther  remove po l l utants from i ndoor 

a i r or di l ute them w i t h  cl ean outdoor ai r .  DOE encou rages the i nt roduc­

t i on of these mea s u res  i nto CACS-covered bui l d i ngs . 

Hea l th and Sa fety 

I f  materi a l s used by the prog ram are prope r ly  man ufact u red , and 

i nstal l ed ,  and meas u res  proper ly  i mpl emented there wi l l  be no si gn i f i ­

cant hea l t h  and safety haza rds from ut i l i zati on of con servat i on re l ated 

materi a l s .  What haza rds there a re ,  a re ve ry s i mi l a r to those of the RCS 

P rog ram. 

There may be some hea l t h  and safety impact s from sol a r  hot water  

h eaters if  heat trans fer  fl u i ds l eak and contami nate potab l e  water  or 
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the envi ronment . The re a re no se ri ous hea l th  and sa fety concerns asso­

c i ated wi t h  pa ss i ve sol a r  sy stems . 

Ene rgy Sav i ngs 

Tota l  energy sa v i ngs  from the CACS Prog ram are proj ected to be 

a bout 963 b i l l i on Btu the fi rst yea r  and about 0 . 1 1 5  quadri l l i on Btu ( 20 

m i l l i on ba rrel s of oi l equ i val ent ) over the effect i ve l i fe of the prog ram . 

Soci oeconomi c I mpact s  

T h e  CACS Prog ram wi l l  have l i tt l e i mpact on nat i onal  empl oyment 

l evel s .  Empl oyment ga i n s wi l l  be from di rect empl oyment created by the 

p rogram and from manufactur i ng  of materi a l s used i n  the program and from 

s econda ry empl oyment resu l t i ng from i nc rea sed di sposab l e i ncome 

ava i l ab l e  to househol ds as a resu l t  of energy sa v i ngs . Los ses i n  

empl oyment are expected i n  the energy produci ng i ndustr i es .  DOE expect s 

a net nat i ona l  empl oyment i nc rea se to range between about 290 i n  the 

l ow-case scena ri o to about 1 1 30 i n  the h i gh-ca se  scen a ri o .  Th i s  com­

pares to an expected empl oyment i nc rea se of approx i matel y 30 ,000 workers 

d i rect l y  i n vol ved in the RCS Prog ram . 

Ana l ys i s of Al ternati ves 

In T i t le V I I  l egi s l at i on creat i ng the CACS Prog ram there are a 

n umber of opt i on s  and al ternati ves for DOE to  con s i der  i n  i s su i n g regu l a­

t i ons  to  i mpl ement the prog ram. 
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P rogram Opt i ons 

The Ti t l e V I I l eg i s l at i on creat i n g the CACS P rog ram al l ows opt i ons 

for prog ram i mpl ementat i on .  Major  opt i ons i nc l ude: 

© change the type of aud i t  to e ither  a s i mpl i fi ed one or an 

enhanced audi t ,  

© change the measures and procedu res i n  the prog ram by adopt i ng 

a mi n i mum ma ndatory l i st that must be covered i n  an aud i t  or 

e l i mi nat i ng the state-added opt i on ,  

© enhance as s i stance to cu stome rs by mak i ng arrangments for 

pu rchase , i n stal l at i on ,  and fi nanc i n g ,  

© state-set cei l i ngs on commerc i a l aud i t  costs . 

O pt i ons  that wou l d  i ncrea se l evel s of i mpact s i nc l ude estab l i sh i ng 

state- regu l atory cei l i n gs on commerc i a l  bu i l d i ng aud i t  cha rges , chang i ng 

t o  an enhanced aud i t  type , and i ncrea s i ng customer as s i stance.  Impacts 

wou l d  be l a rger because  these opt i ons  wou l d  ei ther  i nc rease pa rt i c i pa­

t i on adopt i on rates . The l evel of  chan ge i n  i mpacts wou l d  be  determi ned 

by the ma gn i t ude of the i nc rea s e  i n  pa rt i c i pat i on and adopt i on .  

O pt i on s  that wou l d  dec rea se impacts by dec rea s i n g  pa rt i c i pat i on and/or 

adopt i on rates are prov i d i n g  no ass i stance to cu stomers and us i n g  a 

s i mpl i f i ed aud i t .  Impacts wou l d  decrease commensu rate wi th  pa rt i c i pat i on 

a nd adopt i on chan ges . Chan g i ng  the aud i t  to a s i mpl i fi ed ty pe of aud i t  or 

e l i mi nat i ng state-added mea s u res and proced u res , and ha v i ng a mandatory 

n at i onal  l i st would resu l t  i n  l i tt l e or no change i n  i mpact l e vel s .  
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Al ternat i ves to the P rog ram 

In addi t i on to the prog ram opt i ons wi th i n  the scope of the CACS 

P rog ram , th i s  EIS-FS e va l uates a number of al ternat i ves to the program. 

The al ternati ves fa l l i nto th ree broad cl asses ( no-act i on , econom i c  

i ncent i ves , and l eg i s l at i ve changes ) whi ch are summari zed be l ow.  These 

a l ternat i ves wi l l  resu l t  in di ffer i ng mag n i tudes of benefi c i a l and adverse 

en vi  ronmenta l impact s .  

The No-Act ion  Al te rnat i ve 

Based on trends i n  the i n stal l at i on of ret rofi t measu res , the 

ava i l ab i l i ty of i nformat i on , othe r prog rams , and ot her  i ncenti ves and 

d i s i ncent i ves to ret rofi t ,  the DOE esti mates that , i n  the absence of the 

CACS Prog ram , each yea r one-hal f of one pe rcent of al l el i g i b l e  

bu i l d i ngs  wi l l  be ret rofi tted . Th i s  wou l d  res u l t  i n  a ten pe rcent l ower 

net demand for energy i n  1990 compa red to 1980 . 

Economi c Incent i ves 

Many of the meas u res  covered in the CACS P rog ram wou l d  req u i re 

rel at i vely l a rge ca p i ta l  i n vestments to cover  mater i a l  and l abor costs . 

E conomi c i ncent i ves wh i ch i nc rease the attract i veness of these i nvest­

ment s , therefore , wou l d  be an a l ternat i ve to the i nformat i on di s semi na­

t i on act i v i t i es of the prog ram. Us i ng such i ncent i ves to ei ther  reduce 

the i n i t i a l costs  of conservat i on i nvestments or i mp rove the rate of 

ret u rn on i nvestments wou l d  l ike ly  i nc rease retrofi t rates and energy 

sav i ngs  si mi l a r to l e ve l s expected fo r the program. 
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These economi c i ncent i ves ca n take the form of e ither  an i nd i rect 

o r  di rect subsi dy .  Di rect subs i d i es cou l d  i nc l ude prov i s i on of no-cost 

audi ts , g rants to i n stal l energy conservat i on measu res , or  no- or l ow­

i nterest l oans ei ther  ( 1 )  for conservat i on i nvestments by i nd i v i dua l  con­

s umers , ( 2 )  to encou rage sta rt-ups of ene rgy conservat i on- rel ated 

b u s i nesses , or ( 3 )  on the sha red- sav i n gs approach of energy serv i ce com­

pan i es .  

The pri ma ry i nd i rect subs i dy present l y  avai l ab l e i s  a res i dent i a l 

energy tax cred i t  for ce rta i n sol a r  and conservat i on i nvestment s .  The tax 

c redi t i s  appl i cab l e on l y  to res i dent i a l bu i l d i ngs where the owner  res i des 

on the premi ses .  

Leg i s l ati ve Changes 

An a l te rnat i ve to the energy aud i t  approach of the CACS Prog ram 

wou l d  be a requ i rement that al l bu i l d i ngs or un i t s  meet mi n i mum 

ener� pe rformance standa rds at the t i me of tra n s fer  ( sale , or for com­

merc i a l  bu i l d i ngs , re- l et ) . Th i s  wou l d  assu re that al l new owne rs and 

t enants rece i ve energy effi c i ent premi ses . Th i s  approac h h i nges on the 

t u rnover rate i n  the appl i cab l e  bu i l d i ng i nventory .  Th i s  tu rnover rate ,  

however ,  may be so l ow as to make  th i s al ternat i ve i neffect i ve i n  

ach i ev i n g  program goa l s  rega rd i ng energy sa v i ngs ; both benefi c i a l and 

adverse env i ronmenta l  i mpact s wou l d al so be reduced . For th i s  approach to 

be cons i dered , l eg i s l at i ve changes are necessary .  
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1 .  PURPOSE AND NE ED FOR THE CACS PROGRAM 

T h i s document i s  the F i na l  E nv i ronmenta l  I mpact Statement 

Su ppl ement { E I S- FS ) to the Res i dent i a l  Conse rvat i on Serv i ce P rog ram and 

a dd resses the Commerc i a l and Apa rtment Conse rvat i on Serv i ce ( CAC S )  

P rog ram. It  ana l yzes the potent i a l env i ronmental impacts resu l t i ng from 

t he i mpl ementati on of the CACS P rog ram mandated by Cong ress i n  the 

Ene rgy Securi ty Act of 1980 ( P . L .  96- 294 ) . The program descri bed i n  

t h i s cha pter  i s  that proposed for i mpl ementat i on by DOE . 

The extensi on of an energy aud i t  prog ram to l a rge apa rtment 

b u i l d i ngs  ( f i ve or more un i t s  wi th cent ra l heat i n g and/or cool i ng 

systems ) and  sma l l commerci a l bui l d i ngs  i s  a pa rt of a nat i onal  effort 

to i ncrease the eff i c i ency of energy use i n  bu i l d i ngs and to shi ft from 

depl etabl e energy sou rces to i nexhaust i b l e  and renewab l e resou rces . In  

part i cu l a r ,  the CACS Prog ram is  pa rt of a broad effort des i gned to 

reduce the consumpt i on of pet rol eum-de ri ved ene rgy i n  bu i l d i ngs of al l 

types . The energy sav i ngs from the adopt i on of energy conserv i ng  

measu res , c ou pl ed w ith  the use of  sol a r  and  ot her renewab l e ene rgy 

s ou rces , can l ead to a reduct i on i n  net energy consumpt i on i n  the res i ­

dent i a l and commerci a l secto rs , thereby cont r i but i ng to a reduct i on i n  

dependence on h i gh-cost i mported fue l s and the more effi c i ent use of 

domest i c  oi l and nat u ra l  ga s su ppl i es .  

1.1 The Res i dent i a l C onserv�ti on Serv i ce P rogram 

The subj ect of th i s  E I S-FS i s  the creat i on of the CACS P rog ram for 

sma l l commerc i a l  bu i l d i n gs and cent ra l l y  heated or coo l ed apartment 

b u i l d i ngs . S i nce the prog ram i s  cl osely rel ated to the ex i st i ng RCS  

1 - 1  
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P rog ram for si ng l e-fami l y  and sma l l mu l t i fami l y  res i dences , a descr i p­

t i on of the RCS Prog ram wi l l  provi de the fou ndat i on for exami n i n g the 

CACS Prog ram . 

1 . 1 . 1  RCS Program Desc r i pt i on 

The R CS Program was created by Ti t l e I I  o f  the Nat i onal  E nergy 

Conservat i on P ol i cy Act { NECPA ) { P . L .  95-61 9 ) . The RCS  Prog ram i s  

des i gned to encou rage the i n stal l at i on of res i dent i a l  energy conservat i on 

and renewabl e res ou rce measu res i n  the homes of customers of l a rge gas 
I 

and  el ect r i c ut i l i t i es and home heat i n g su ppl i ers . State governments 

may prepare a State RCS P l an to regu l ate the devel opment and admini st ra-

t i on of prog rams by the ut i l i t i es i n  accord wi th the requ i rements of the 

federal ru l es ;  i f  a state fa i l s  to prepa re a pl an , then a federa l standby 

p l an  appl i es to the ut i l i t i es .  Covered ut i l i t i es* a re req u i red to i n i -

t i ate a coord i nated prog ram to i nc l ude the fol l owi ng  se rvi ces for owners 

a nd tenants of si ng l e-fami l y  res i dences and sma l l ,  i nd i v i dual ly  heated 

and  cool ed mu l t i fami ly  res i dent i a l bui l d i ngs : 

© i n format i on about est i mated energy and cost sa v i ngs  for sel ected 

energy conse rvat i on and renewabl e resou rce measu res , 

© energy aud i ts u pon request , 

© arrangements ,  upon request , for the pu rchas e ,  i n sta l l at i on ,  and 

f i nanci ng of the sel ected ene rgy cons ervat i on and renewa b l e  

resou rce measures , and 

*For  both the RCS and CACS programs , covered ut i l i t i es are , by the 
requ i rement of Sect i on 2 1 1  of  NECPA,  those whose sa l es ( other than for 
resa l e )  a nn ua l l y  exceed ten bi l l i on cub i c  fPet of nat u ra l  gas or 750 
m i l l i on ki l owatt-hou rs of el ect r i c i ty .  



l -3 

© l i sts , upon request , of  qua l i fi ed su ppl i ers , cont ractors , and 

l enders .  

Certa i n aspects o f  the RCS Program were amended by the Cong ress as 

a pa rt of the E nergy Secu r i ty Act of 1 980 . It  added prov is i ons that 

a l l ow ut i l i t i es to cont ract for and fi nance the pu rchase and i nstal l a­

t ion of measu res . Ot her amendments al so cl a ri f i ed wa rranty provi si ons 

and  the tax and ut i l i ty rate treatment of pa rts of the prog ram. 

E l i g i b i l i ty for the program was expanded to i nc l ude tena nts of mu l t i ­

fami ly  res i dent i a l  bu i l d i n gs wh i ch have nei ther  a cent ra l  heat i n g system 

nor  a central  a i r cond i t i on i ng  system. 

The bas i c  concept of the prog ram is that ut i l i t i es i nform el i g i b l e  

customers of the avai l ab i l i ty of the serv i ces i nc l ud i ng l ow-cost or no­

cost aud i ts .  Fol l owi n g  the ene rgy aud i t , the customer is offered the 

other servi ces i nd i cated above . Wi th i nformat i on about potent i a l  ene rgy 

sav i ngs ,  and read i ly  avai l ab l e  pu rchase , i nsta l l at i on ,  and fi nanci ng , 

most customers are expected to choose to impl ement some or al l of the 

conservat i on act i ons recommended by the aud i t .  

C erta i n  benef i ts a l so accrue to customers usi ng the serv i ces 

offered by the ut i l i ty :  

© measu res i nsta l l ed unde r the prog ram must be covered by a 

manu factu rer's wa rranty , 

© bi l l i ng and repayment servi ces are avai l ab l e  from the ut i l i ty ,  

© a compl a i nt resol ut i on process is  avai l ab l e  to the customer 

shou l d  prob l ems arise.  
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1 . 1 . 2  RCS Program Impacts 

The env i ronmenta l  impacts of the RC S Prog ram have been assessed by 

DOE i n  an E nv i ronmenta l  Impact Statement { DOE /E I S-0050 ) i ssued i n  

Novembe r 1979 . I n  that E I S ,  DOE dete rmi ned that the RCS Prog ram wi l l  

h ave net env i ronmental  benefi ts due to the dec rease i n  ene rgy product ion 

emi ssi ons compa red to emi ssion i nc reases i n vol ved i n  materi a l s  

p roduct ion .  DOE a l so exami ned the si te-speci fi c impacts resu l t i n g from 

ut i l i zat i on of measu res cove red by the RC S Prog ram. For most measu res , 

DOE determi ned that the ri sk to human hea l th  and safety , and to the 

env i ronment i n  genera l , can be mi n i mi zed to a negl i g i b l e  l e vel by 

a pp ropri ate mi t i gat i ve act ions such as state spec i fi c  standa rds when 

necessa ry for materi a l s  and i nsta l l at i on and consumer  i nfo rmat ion .  F i ve 

s peci fi c concerns remai ned : u rea-formal dehyde { UF )  foam i nsu l at ion , 

vent dampers , el ect r i cal  i gn i t ion systems , smal l wi nd ene rgy systems , 

a nd i ndoor ai r pol l ut i on due to dec reased a i r i nf i l t rat ion i nto the 

l i v i ng uni t .  DOE has add ressed the conce rns rel ated to vent dampe rs , 

i gn i t ion systems , and sma l l wi nd  energy systems i n  the F i na l  R u l e  ( 44 

FR 64602 ) .  Concern over formal deyhyde has been reduced but not el i mi ­

n ated si nce UF-foam use i n  resi dent i a l  bui l d i ngs was ban ned by the 

Consumer P roducts Safety Commiss i on i n  1982 . { Recent l y  the ban has been 

vacated i n  the cou rts , but the i ssue has not been l egal ly  resol ved . ) 

The use of UF-foam i n  comme rc i a l bui l d i ngs is  st i l l  al l owed . Dec reased 

a i r i n fi l t rat ion i n  bu i l d i ngs where UF-foam is i n  pl ace may l ead to a 

dec rease i n  i ndoor a i r qua l i ty .  Wi th  respect to i ndoor ai r pol l ut i on , 

one possi b l e mi t i gat i ng measu re i dent i f i ed by DOE i s  to d ist ri bute 

i nformat ion to consume rs on i ndoor ai r qua l i ty and sou rces of i ndoor a i r 

pol l ut ion . 



1 -5 

1 . 2 The Commerci a l and Apa rtment Conse rvat ion Serv i ce P rogram 

As a pa rt of the Ene rgy Secu ri ty Act of 1 980 , Con g ress added a new 

T i t l e  V I I  to the Nat i ona l  E nergy Conse rvat i on Pol i cy Act ( NECPA ) .  Ti t l e  

V I I  c reated the Commerci a l  and A pa rtment Conse rvati on S e rv i ce ( CAC S )  

P rog ram of energy aud i ts for smal l commerc i a l bui l d i ngs and for mu l t i fam­

i l y dwel l i n gs wi th fi ve or more un i ts and a central  heat i ng system or a 

* cent ra l  cool i ng system. The CACS P rogram is , in many ways , an exten-

s ion of th e RCS P rog ram wh i ch was desc ri bed in the precedi ng  sect ion . 

There a re ,  however , si gn i f i cant d i fferences . Si mi l a ri t i es and di fferences 

a re d iscussed be l ow .  

1 . 2 . 1  The CACS Program Descr i pt ion 

Each  state ( a nd the TVA ) may subm i t  a state pl an  to cove r  regu-

l ated ut i l i t i es in  the state . The state pl an  must al so ident i fy wh i ch 

non regu l ated ut i l i t i es and bu i l d i n g heat i n g  su ppl i e rs ,  i f  any , a re 

covered under the state pl a n .  I f  a state does not su bm i t  a pl an , then a 

standby pl an , issued by DOE , wi l l  app ly  to ut i l i t i es i n  that state ;  

non regu l ated ut i l i t i es not cove red by a state pl an  wh i c h  do not su bmi t  

thei r own pl an  a l so fa l l  unde r the j u r isdi ct ion o f  a federa l standby pl a n . 

*" Cent ra l 11 refe rs to ei ther  a heat i n g or cool i ng system wh i ch se rves 
more than one apa rtment or  a heat i ng or cool i ng system wh i ch serves one 
a pa rtment i f  the apa rtment bui l d i ng is cent ra l ly metered . For the CACS 
P rog ram , a comme rci a l  bu i l d i ng is one wh i ch was compl eted before 
J u ne 30 , 1 980 ; i s  used pri ma ri l y  for busi ness ( profi t or non p rofi t ) , or  
state or loca l government act i v i t i es ;  is  not used for manufactu ri ng or 
the  product i orr of products , raw mater i a l s ,  o r  agri cu l t u ra l  commodi t i es ;  
a nd for wh i ch the average mont h l y  use of energy du ri ng  ca l enda r  yea r  
1 980 i s  l ess than 4000 kWh of el ect ri c i ty ,  and 1000 therms ( 100 mi l l i on 
Btu ) of  natu ra l  gas , o r  100 m i l l ion  Btu of another  fue l  i f  su ppl i ed by 
a covered bui l d i ng heat i ng su pp l i er .  
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Under the CACS Prog ram , covered ut i l i t i es are requi red to not i fy 

customers of the avai l ab i l i ty of ene rgy aud i t  servi ces , and to pe rform 

commerc i a l ene rgy audi ts for customers who request them and ag ree to 

certa i n cond i t ions . The ene rgy aud i ts are to be onsi t e  i nspect i ons 

wh i ch i n form the customer of the energy consumpt ion of the bui l d i ng ,  the 

energy effi c i ent i mprovements appropri ate for the bui l d i ng ,  and the 

n eed , i f  any , for the i nsta l l at i on of certa i n ene rgy conservat ion and 

renewabl e resou rce measu res . The concept of the CACS Program is that , 

equi pped w ith  appropri ate i nformat ion on potent i a l energy sav i ngs , the 

e l i g i b l e  customers will i mpl ement the recommended i mprovements . 

T i t l e V I I  l i mi ts the cha rge for CACS a ud i ts i n  mu l t i fami l y  dwel l i n gs 

to $ 1 5  per un i t  or the actua l  cost , wh i cheve r i s  l �ss . The state regu-

1 atory aut hori ty determi nes the amount a regu l ated ut i l i ty may cha rge 

for an audi t of a commerci a l bu i l d i ng, but T i t l e  V I I  d i rects it to con ­

s i der the customer ' s  ab i l i ty to pay a n d  t h e  effect o f  t h e  cha rges on 

part i ci pat ion i n  the prog ram. 

1 . 2 . 2  Covered Measu res 

Two types of energy conse rvat ion  i mprovements are i nc l uded i n  T i t l e 

V I I :  energy conse rv i ng operat ion and mai ntenance ( O and  M } p rocedu res , 

a nd energy conse rv i ng prog ram measu res . Ene rgy conserv i n g  0 and  M proce­

du res have been def i ned by DOE as changes i n  the operat ion and ma i n­

t enance of a bu i l d i ng des i gned to reduce energy consumpt ion . 0 and  M 

p rocedu res are genera l l y  consi de red to be no- or low-cost. 0 and  M 

p rocedu res i ncl uded unde r CACS a re l i sted i n  Tabl e 1- 1 .  
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Tab l e  1- 1 .  CACS program measu res and ope rat ion 
a nd ma i ntenance procedu res 

CACS p rog ram measu resa 

1 .  Ai r cond i t ion i n g repl acement 
2 .  Automated energy cont rol 

system 
3 .  Weatherst ri ppi ng  and cau l k i ng 
4 .  Energy recovery systems 
5 .  Fu rnace/ut i l i ty pl ant and 

d ist ri but ion system 
mod i f i cat ion 
a .  I n termi ttent i gn i t i on 

dev i ce 
b .  Vent damper 
c .  Repl acement bu rner  
d .  Repl acement fu rn ace/boi l er 

o r  heat pum p  
e .  D istri but ion system 

mod i fi cati ons 
6 .  I nsu l at ion 

a .  Cei l i ng 
b .  Duct 
c .  F l oor 
d .  P i pe 
e .  Wa l l  
f .  Water  heater  

7 .  Li ght i ng system repl acement 
a .  Reduc i ng  l i ght l evel s 
b .  Cont rol l i ng  l amp 

ope rat i ng t ime 
c .  Repl acement of l amps 
d .  Dayl i ght i ng 

8 .  Pass i ve so l a r  
a .  The rmosyphon a i r system 
b .  So l a ri a sunspace system 

9 .  Sol a r domest i c  hot water 
1 0 .  So l a r  repl acement swi mmi ng 

pool heater 
1 1 .  Wi ndow and door system 

mod i fi cat ion 
a .  Storm w i ndows 
b .  Therma l wi ndows 
c .  Storm or therma l door 
d .  Gl az i ng heat gai n / l oss 

ret a rdant 

O a nd M procedu res 

1 .  Ai r cond i t ione r effi c i ency 
ma i ntenance 

2. Cond i t i oned space reduction 
3.  Eff i c i ent use of shad i n g  
4 .  Fu rnace effi c i ency mai ntenance 

and adj ustments 
5. P l ugg i ng i n fi l t rat ion l eaks 
6. Steam d ist r i but ion system 

ma i ntenance 
7. Sea l i ng l eaks in pi pes and 

ducts 
8. Temperatu re ra is i ng i n  summer 
9. Temperatu re red uct ion i n  wi nter 

10 . Water  fl ow red uct ion i n  
showers and faucets 

1 1 .  Water  tempe ratu re reduct ion 

asee 47 FR  5 3236-58 ( November 24 , 1 982 ) for desc ri pt ion of prog ram 
measures . 
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P rog ram measu res are defi ned as i nsta l l at i ons or mod i fi cat i ons of 

i nsta l l at i ons des i gned to reduce the consumpt i on of con vent ional  fuel s .  

P rog ram measu res i ncl uded unde r CACS a re l i sted i n  Tabl e 1 - 1 .  

P rog ram aud i ts must add ress al l 0 a n d  M procedu res and al l prog ram 

measu res l i sted in Ta b l e 1 - 1  un l ess the audi ted bui l d i n g fa i l s  to meet 

s pec i f i ed appl i cab i l i ty cri teri a .  States may add 0 a nd M procedu res and 

p rog ram measu res as approp ri ate wi thout DOE a pproval . 

1 . 2 . 3  Compa ri son of the RCS a nd CACS Programs 

The descri pt i ons of the RCS and C ACS prog rams presented above have 

noted a numbe r of si mi l a ri t i es and di fferences between the prog rams .  

The CACS Prog ram is  di fferent i n  that i t  requ i res on l y  that ut i l i t i es 

p rovi de energy aud i ts and i n format i on about thei r ava i l a bi l i ty ;  other 

RCS servi ces i nc l udi ng  arran gements for the pu rchase , i nsta l l at ion , and 

f i nanci ng  of measu res and wa rranty prov i si ons are not i nc l uded in the 

CACS Program. Tabl e 1-2 presents a compa ri son of the two prog rams .  Al l 

p rocedu res and measu res l i sted i n  Tabl e 1 - 1  a re i nc l uded unde r RCS wi th  

the  except ion of  energy recovery systems , heat i ng/cool i ng d i str i but ion 

system mod i f i cat ions , l i ght i n g system repl acement , and steam d ist ri bu­

t ion system ma i ntenance . 

1.3 Overv i ew of CACS E I S-FS 

The rema i n i ng cha pters of t h is  E I S-FS present an assessment of the 

l ike ly  env i ronment a l  i mpact of the CACS Prog ram. 

C hapter  2 presents an ana l ys is  of al ternati ves .  I t  exami nes 

opt i ons wi th i n the prog ram and al ternat i ves to the program. 



Program feature 

Building eligibility 

Utility involvement 

Standby authority 

Role of state 
goverment 

Type of audit 

Audit costs 

Exemptions from program 
participation 

Measures to be covered 
in audit 

Standard for measures 

Assistance to,customers 
from ut i l i ty 

Announcement schedule 

Accounting 
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Table 1-2. Comparison of CACS and RCS programs 

CACS 

Apartment buildings that are 
centrally heated or cooled with 
more than 4 units 

Commercial buildings with less 
than 4000 kWh of electricity 
and 1000 therms of natural gas 
use ( or equivalent) per month 

Regulated utilities must 
participate through state plan; 
non-regulated utilities must 
submit plan to DOE if not 
covered by state 

DOE must implement standby plan 
if state or non-regulated 
utility does not submit or 
adequately implement plan 

May submit plan describing 
responsibilities of 
participating utilities 

Walk-through audit with energy 
and cost saving estimates for 
each procedure or measure; 
measure costs, payback period 
estimates, and information on 
purchase and installation 

$15 per unit or actual cost 
of multifamily audit which­
ever is less; no limit for 
commercial audits 

State regulatory authority can 
set criteria for utility 
exemption 

Measures specified by DOE; 
states can set criteria for 
determining which measures are 
covered in an audit; state may 
add measures 

None set by DOE 

None 

Utilities must inform eligible 
customers within 12 months of 
plan approval and every 2 years 
thereafter 

Utilities must maintain separate 
records of costs 

RCS 

Single-family residences and 
multifamily apartment buildings 
that ( a ) have less than five units, 
or (b ) have neither a central 
heating nor cooling system 

Same as CACS 

Same as CACS 

Same as CACS 

Audit is more detailed 

$15 per unit or actual cost, 
whichever is less 

None, however NECPA has 
established provisions for 
grandfathering and temporary 
programs 

Same as CACS 

None 

Arrangements for purchase 
installation and financing 
of measures; lists of quali­
fied suppliers, contractors 
and lenders 

Same as CACS 

Same as CACS 
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Chapter 3 i s  a cha racter i zat ion of the exi st i ng env i ronment l i ke ly  

to be  affected by the  prog ram . It fi rst i dent i fi es and  cha racter i zes 

the  popu l at ion  of bui l d i n gs and ene rgy users el i g i b l e  for the prog ram. 

T h i s  di scussion is fol l owed by an exami nat ion of the i ndoor a i r qua l i ty 

i n  el i g i b l e  bu i l di ngs ,  pa rt i cu l a rl y  i n  terms of vent i l ation rates and 

pol l ut ant sou rces and concent rati ons . F i na l ly , a bri ef su rvey of the 

cond i t ions of the i ndust r i es wh i ch produce the materi a l s  needed for the 

prog ram measu res is presented . 

Chapter 4 exami nes the i mpact the prog ram is  l i k el y  to have on th i s  

env i ronment . The ana l ys is  fi rst d iscusses l i ke ly  pa rt i ci pat i on and 

ret rofi t rates . These rates become the bas is  for est i mat i ng the l i ke ly  

changes i n  i ndoor ai r qua l i ty ,  hea l th  and safety , potent i a l ene rgy 

sav i n gs and �her  soci oeconomi c i mpacts due to the program� 

Chapter  5 i s  a l i st of prepa re rs .  Append i x  A i s  a l i st of ac ronyms 

a nd abb rev i at ions used i n  th i s  document . Append i x  B contai ns an i n­

depth di scuss ion of the state of knowl edge and methodol ogy for assessi ng 

i ndoor ai r qual i ty .  Append i x  C conta i ns the comments recei ved on the 

E I S d raft su ppl ement and the response to the comments . Append i x  D g i ves 

t he d ist r i but i on l ist for the report . 
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2 .  AN ANALYS I S  OF ALTER NAT IVES AND THE IR  ENV IRONME NTAL IMPACTS 

The pu rpose of th is  chapter is to anal yz e al ternat i ves , bot h al ter­

n at i ves to the CACS Prog ram and al ternat i ves avai l ab l e  wi th i n the T i t l e  

V I I  l eg is l at i on wh i ch created the program. The al tern at i ves a re ana l yz ed 

i n  terms of the ac compl i shment of the goa l s  of the prog ram , as wel l  as 

the re l at i ve en v i ronmental  impacts each mi ght reasonab ly  be expected to 

cause . Th i s  chapter presents th ree cl asses of al ternat i ves : al ter­

n at i ves wi thi n the prog ram , the no act ion al ternat i ve ,  and prog rammat i c  

a l ternati ves . These are fo l l owed by a bri ef  summa ry ana l ys is  of the 

rel at i ve impacts of each al ternat i ve .  

2 . 1  Opt ions Wi t h i n  the CACS P rogram 

The enab l i n g leg is l at ion al lows a l i mi ted deg ree of regu l atory 

fl exi b i l i ty for DOE i n  i mp l ement i n g the CACS Program. It is the pu rpose 

of  th is  sect ion to analyze some feasi bl e program opt ions i n  te rms of 

bot h the l i kely effects on pa rt i c i pat ion rates i n  the prog ram and sub­

sequent ret rof i t  rates , and the l i kel y ene rgy and en v i ronmental i mpacts . 

Us i ng re l evant prog ram feat u res desc ri bed i n  Tab l e  1-2 , a l i st i n g of 

program opt ions is gi ven i n  Tabl e 2- 1 ,  together wi th  the ex pected 

i mpacts of the opt ions as compa red w ith  the CACS Prog ram feat u re .  

The l eg is l at ion wh i ch created the CACS Prog ram cl ea rl y  i nd i cates 

t he need for two sets of ru l es :  

© ru l es for the content , approval , and impl ementat ion of state 

p l ans ( NECPA sect ions 7 1 2 ,  7 2 1  and 722 ) , and ru l es for non ­

regul ated ut i l i t i es not i nc l uded i n  a state pl an  ( NECPA section 

723 ) , and 
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Tab l e  2-1. Impacts of opt i ons wi th i n  the CACS Program 

Impacts 

P rog ram featu re Options P a rt i c i pat i on Adopt i on Env i ronmental 
rates rates i mpacts a 

Type of audi t  1. Si mpl i fi ed Dec rease Dec rease Decrease 
2 .  Enhanced I nc rease Inc rease I nc rease 

Measu res and pro- 1. Mandatory mi n i mum nat i on a l  l i st No effect No effect No effect 
cedu res to be 2. E l i mi nate state add i t i ons No effect No effect No effect 
covered 

Ass istance to 1 .  No assi stance Dec rease Decrease Dec rease 
c ustomers 2. Arrangements for pu rchase I nc rease I ncrease I nc rease 

i nsta l l at ion and fi nanc i ng of 
measu res 

Aud i t  costs 1 .  State-set cei l i n gs on commerci a l  I ncrease No effect I nc rease 
a ud i t  costs 

ainc l udes energy sav i n gs ,  benefi c i a l  and adverse env i ronment i mpacts . Benefi c i a l  env i ronmental  impacts 
a re pri mari l y  nat i onal  i mpacts due to the di ffe rence i n  pol l ut i on emi ssi ons sa ved by energy product ion versus 
those caused by materi a l s  product ion .  These i mpacts are d i rect l y  associ ated wi th  ene rgy saved and i nversel y 
assoc i ated wi th mate ri a l s  needed i n  the prog ram. Adverse env i ronmental  i mpacts are pri ma ri l y  si te-spec i f i c 
i mpacts i nc l ud i n g  i ndoor ai r qual i ty and ot her human heal th  and safety i mpacts . These are di rect l y  rel ated 
to the i nstal l at i on of spec i f i ed types of measu res whi ch create the effects .  

N I N 
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© a fede ral  standby author ity to impl ement a program , shou l d  any 

state fa i l  to submit  and/or adequatel y  ca rry out an approved 

p l an  ( NECPA sect i on 741 ) .  

The ana l ys i s  o f  opti ons with i n  the proposed act i on a l ternat i ve wi l l  focus 

on the fi rst of these ru l es. 

2 . 1.1  Type of Aud i t  

DOE cou l d  rep l ace the ex i st i n g  aud i t  with a mo re s i mpl i fi ed vers i on 

( e.g. wa l kth rough wi th no ana l ys i s )  o r  an enhanced vers i on ( deta i l ed 

a na l ys i s ). A s i mp l i f i ed au d it  wh i ch takes less  t ime to conduct may 

decrease the pa rt i c i pat i on rate because  audit  resu l ts are l e s s  comprehen­

s i ve and wou l d  l ike ly  res u l t  in dec reased adopt i o n  rates. An enhanced 

a ud i t  wou l d  i nc rea se the pa rt i c i pat i o n  rate due to greate r i n format i o n  

p rov i ded pa rt i c i pants a n d  wou l d  res u l t  i n  h i gher adopti on rates. Overa l l 

the si mpl i fi ed aud i t  wou l d  resu l t  i n  redu ced energy sa v i ngs  and env i ron­

menta l i mpacts. The enhanced aud i t  wou l d  res u l t  i n  greater energy sa vi ngs  

a s  pa rt i c i pat i on and  adopt i on rates i nc rea se. 

2 . 1 . 2  Mea s u res and P rocedu res to be Covered 

DOE has  opt i ons  concern i ng the l i st of 0 a nd M procedu res and 

p rogram meas u res. These i nc l ude : 

1 .  s pec i fyi n g  a mi n i mum mandatory nat i onal  l i st wh i ch states do not 

h ave the fl exi b i l i ty to change , 

2. e l i m i nat i n g  the cu r rent opt i on for state-added mea su res. 

O pt i on-I wou l d  not have an effect on the pa rt i c i pation or adoption 

rates. Opt i on-2 i s  a l so  judged to have no effect on pa rtici pation and 

adopt i on rates. 



2-4 

2 . 1 . 3  Ass i stance to Custome rs 

The CACS Prog ram does not i ncl ude a number of the se rvi ces con­

t a i ned in  the  RCS Prog ram , su ch as a rra ngements for pu rchase , i nsta l l a ­

t i on and fi nanc i n g .  DOE may be abl e to encou rage some servi ces th rough 

t he approval of state pl ans and si mi l a r  act ions . The prov is ion of su ch 

servi ces wou l d  i ncrease adopt ion rates by mak i ng act ions l ess compl i ­

cated for the customer .  Th i s  wou l d  i nc rease energy sa v i n gs as wel l as 

the  envi ronmenta l  i mpacts associ ated w ith  h i gher adopt ion rates and 

ene rgy sav i ngs .  

2 . 1 . 4  State-set Cei l i n gs on Comme rci a l  Aud i t  Costs 

The state regul atory author ity has the opt ion to set a cei l i n g  on 

the  cost of commerci a l  aud i ts to repl ace the practi ce of ch a rg i ng  the 

actua l  cost . Reduced aud i t  costs shou l d  i ncrease the pa rt i c i pat ion  

rat e .  Th i s  wou l d  resul t i n  i nc reased energy sav i ngs and associ ated 

i mpacts . 

2 . 2  Al ternati ves to the CACS Prog ram 

In add i t ion to opt i ons wi th i n  the CACS Prog ram , there are a 

n umbe r of al ternati ves outs i de the proposed CACS Prog ram wh i c h cou l d  ai d 

i n  the ach i evement of prog ram goa l s , ei ther  i n  l i eu of or i n  add i t ion to 

t he CACS Prog ram. These a l t� rnat i ves ca n be grou ped i nto two broad 

c l asses : economi c i ncent i ves and regu l atory prog rams . Sect ion 2 . 2 . 1  

revi ews the no-act ion al ternat i ve .  Sect ion 2 . 2 . 2  revi ews al ternat i ve 

economi c approaches requ i r i n g  l eg is l at i ve chan ges and compa res the i r 

part i ci pat ion rates , res ponse rates , and envi ronmental  i mpacts to the 

p roposed program. Sect ion 2 . 2 . 3  rev i ews regu l atory approaches requ i r i ng  



2-5 

l eg is l at i ve chan ges to obtai n the prog ram goa l s .  A summa ry of these 

a l te rnat i ves is presented i n  Tab l e  2-2 .  

2 . 2 . 1  The No-Action Al ternat i ve 

The no-act ion al ternat i ve is  an al ternat i ve ma ndated for con­

s i deration and assessment by NEPA. Al so ,  in  order to eval uate the net 

ene rgy effect i veness and the net en v i ronmenta l  impact of the CACS 

P rog ram , a basel i ne case is necessary for compa ri son pu rposes . Thus , the 

no-act ion al ternat i ve is i n cl uded in the eva l uat ion of the CACS Prog ram , 

even though th i s  approach is  contrary to cu r rent l eg is l at ion . Th i s  base-

1 i ne case postu l ates a scena r io  (same bui l d i ng i n vento ry ,  same t i me 

period ) i n  wh i ch the on ly d i fference from the prog ram al ternat i ves is  the 

a bsence of the CACS Prog ram. 

The fi rst pa rt of the no-act ion a l ternat i ve ana l ysis  i n vo l ves 

est i mat i n g the pe rcentage of el i g i b l e  bu i l d i n gs i n  wh i c h  conse rvat ion 

a nd renewab l e  resou rce measu res wou l d  be i nstal l ed i n  the absence of the 

CACS Prog ram. The factors used by DOE i n  determi n i n g these base l i ne 

adopt ion rates were : 

© trends i n  the i nsta l l at i on of such measu res i n  mu l t i fami l y  

res i dent i a l  and sma l l commerci a l  bu i l d i ngs , 

© ot her  programs (ot her than CACS ) t hat encou ra ge i nsta l l at i on 

of conse rvat ion measu res , 

© ot her i ncenti ves and d is i ncenti ves to i n vestments i n  ene rgy 

conservat ion such as the avai l ab i l i ty of fi nanc i ng ,  and 

© the avai l ab i l i ty of i n format ion , materi a l s ,  equ i pment , i nsta l l a­

t ion and ma i ntenance serv i ces , etc . , needed to i nsta l l a measu re . 



Ta bl e 2-2. Compa r ison of al ternat i ves to the CACS Prog rama 

Al ternat i ve approaches 

1 .  Economi c I ncent i ves 

a .  I n c reased di rect su bsi d i es 

b .  I ncreased i nd i rect su bs i d i es 

2 .  Regul atory standa rds 

Ret rofi t rate 

Substant i a l i nc rease 

Sl i ght dec rease 

Substant i a l i nc rease 

E n v i ronmental  
impactsb 

Substant i a l i nc rease 

Sl i ght i nc rease 

Substant i al i nc rease 

aAl ternati ves are compa red to th� ex pected impacts of the proposed CACS 
P rog ram . 

bimpacts i ncl ude ene rgy sa vi ngs ,  benefi ci a l  and adve rse env i ronmental  impacts . 
Benefi c i a l  en v i ronmenta l  impacts are pr i mar i l y  nat ional  i mpacts due to the net 
redu ction i n  pol l utant emi ssi ons ( energy sa v i ngs caused dec reases l ess 
materi a l s  product ion caused i nc reases ) . These are di rect ly rel ated to the 
amount of energy sa ved and i n versely rel ated to the amount of materi a l s  used 
i n  the prog ram. Ad verse i mpacts are pr i ma ri l y  si te-s peci fi c  i m pacts , such as 
i ndoor ai r po l l ut i on and hea l th and sa fety ri sks , associ ated wi th the i nstal ­
l at i on of pa rt i cu l a r  measu res , su ch as those wh i ch reduce ai r i n fi l t rat ion . 

N I 
O"l 
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F rom th i s  analys i s ,  the  DOE  determi ned that each yea r ,  one-hal f of  one 

percent of al l bu i l d i ngs el i g i b l e  fo r the CACS Program wou l d  be ret ro-

f i tted wi th one or mo re conservat i on or renewab l e  resou rce measu res , i n  
' 

the absence of the prog ram. Th i s  wou l d  occu r due to i nd i v i dual i n i t i at i ve 

o r  pa rt i c i pat i on i n  a l i mited number of ut i l i ty spon sored aud i t  programs. 

Cu rrent ly , about 18 ut i l i t i es have aud i t  programs that cove r  ei ther apa rt-

ment or comme rc i a l  bui l d i ngs or bot h. Wh i l e  they have been succes s fu l , the 

programs cover on ly a smal l fract i on of the bu i l d i ngs el i g i b l e  under CACS.  

The  second pa rt of  the  no-act i on al ternat i ve analys i s  i s . the deter-

mi nat i on of the net energy sa v i n gs i n  the ba sel i ne case. For th i s  pu r­

pose , the ret rof i t  rate was i n put i nto the Oak Ri dge Nat i ona l 

Laboratory ' s  ( ORNL)  res i dent i a l  and commerc i a l  energy demand model s 

( ORNL , 1 98la ; OR NL , 1 98 1b ; OR NL , 1 983) . Based on the ORNL model s ,  the 

basel i ne ret rofi t rate , together wi th other  changes i n  the pool of 

bui l d i ngs ( the norma l rate of bui l d i n g demol i t i on ,  l oss due to fi re , 

etc. ) , wou l d  resu l t  i n  a fi ve to ten percent l ower net demand fo r ene rgy 

i n  the el i g i b l e  bu i l d i ng pool ( both mu l t i fami ly  res i dent i a l  and smal l 

commerci a l ) i n  1990. 

2 . 2 . 2  Economi c I ncent i ves 

Many of the program mea su res covered unde r the CACS Prog ram wi l l  

requ i re rel at i vely l a rge ca p ita l  i n vestments. A var i ety of economic  

i ncent i ves cou l d  se rve to  encou rage bui l d i ng owners and tenants to  mak e  

ret rofi t i n vestments. These i ncent i ves fu nct i on i n  one o f  two ways ; 

e i ther by reduc ing  the i n i t i a l cost of the ca pita l  i nvestment or 

i mprovi ng the rate of retu rn on the i n vestment . 
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I ncent i ves may be cl as s i f i ed as ei ther a di rect or an i nd i rect sub­

s i dy .  D i rect subs i d i es are ty pi ca l ly l oans or grants . Indi rect sub­

s i d i es are usua l l y  tax benefi ts such as cred i t s or deduct i on s .  

G rants cou l d  be made di rect l y  to consume rs to pay fo r the i nsta l l a­

t i on of sol ar  and conse rvat i on measures or to rebate the cost of an 

aud i t  wh i ch l eads to the i n stal l at i on of covered meas u res . 

Al ternat i ve l y ,  l oans cou l d  be made avai l ab l e at l ow- o r  no- i nterest to 

hel p consumers fi nance a sol a r  or con se rvat i on i nvestment . I n  ei ther 

case ,  such subs i di es wou l d  l i ke ly  i nc rea se the ret rof i t  rate in  propor­

t i on to the s i ze of the subs i di es and the ease wi th  wh i c h they mi ght be 

obtai ned .  

A d i ffe rent app roach mi ght be to prov i de subs i di es to fi rms wh i c h  

s u ppl y sol a r  and ene rgy conse rvat i on se rv i ces such as aud its  o r  the 

i nstal l at i on of measu res to ass i st them with  the l a rge , i n i t i a l ca p it a l  

out l ay in  start i ng a bus i nes s .  Subs i d i es such as  l ow- i nterest l oans 

f rom the Smal l Bus i ness Admi n i st rat i on cou l d  l ead to i nc reased avai l abi ­

l i ty of needed fi rms and l ower costs of prov i d i ng  so l a r ,  conservat i on , 

a nd aud i t  se rv i ces . Th i s  woul d ,  i n  tu rn , make so l a r  and conservat ion  

i nvestments mo re att ract i ve to consumers . 

Such as s i stance cou l d  be pa rt i cu l a rl y  effect i ve i f  a pe rformance 

cont ract i ng approach were used . Unde r thi s approach a cont ractor  wou l d  

offer to i n stal l energy conservat i on or renewab l e  resou rce measu res at 

no cost to the custome r and recei ve payment from the ut i l i ty fo r each 

u n i t of energy saved as a resu l t .  A s imi l a r approach cou l d  be used i n  

whi ch  the cont ractor i nstal l s  measu res at no- o r  l ow-cost to the owner  or 

tenant , and recei ves from the bu i l d i n g owne r or tenant al l or a po rt i on 
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of the ut i l i ty bi l l s saved as a payment fo r the meas u res i n st al l ed ,  fo r 

some spec i f i ed pe r i od of ti me .  I n  ei ther ca se , the payment recei ved by 

the cont ractor  fo r i n sta l l at i on of the mea s u res and the i r ma i ntenance 

depends di rect ly on the energy sa ved . Thus the cont racto r ' s  i nterest i s  

t o  i n stal l the l owest cost but most effect i ve meas u res i n  orde r to max i ­

m i z e  h i s recei pts . Such an ap proach wou l d  l i kely l ead to hi gher retro­

f i t  rates for the most cost -effect i ve measu res . 

The Ene rgy Tax Act of 1978 ( P . L .  95-618 ) added spec i a l tax cred i t s 

for certa i n  energy conse rvat i on and renewabl e resou rce meas u res fo r res i ­

dent i a l bu i l d i n g  owne rs . Homeowne rs ( i ncl ud i n g mu l t i fami l y  bui l d i ng 

owne rs i f  they res i de i n  the bui l d i ng )  and renters are el i g i b l e  fo r a 

1 5% ( u p  to $ 300 ) tax cred i t  fo r i nsu l at i on ,  cau l k i ng ,  weat herst r i ppi ng , 

storm doors/wi ndows , automat i c  fu rnance i gn i t i on sy stems and cl ock the r­

mostats . Sol a r ,  wi nd ,  or geot herma l ene rgy sy stems recei ve a tax cred i t  

of  up to $ 2200 ( 30% o f  the fi rst $2000 and 20% o f  the next $8000 ) .  

The rate of response to such i ncent i ves i s ,  of  cou rs e ,  dependent 

u pon the si ze  of the cred it  and the ease wi th wh i c h  an i nd i v i dual  or 

bus i ness ca n obtai n the cred i t  or coord i nate the tax benefi t wi th ot her 

tax and fi scal matters. I n  the absence of an energy au d i t ,  such i ncen­

t i ves encou rage the i nsta l l at i on of those measu res fo r wh i c h  the re i s  a 

tax i ncent i ve. These may not be the most energy eff i c i ent meas u res , 

however. An a l ternat i ve to the CACS P rog ram wou l d  be to i ncrease the 

tax i n cent i ves fo r renewabl e resou rces and energy conservat i on and to 

s i mpl i fy the requ i rements for obta i n i n g such i ncent i ves. Th i s  al ter­

nat i ve ,  i f  coo rd i nated wi th the proposed CACS Program , wou l d  i nc rease 

ret rofi t rates , and en v i ronmental i mpacts. 
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2 . 2 . 3  Regu l atory Standa rds 

An al te rnat i ve wh i ch has been suggested to the ene rgy au d i t  and 

ret rof i t approach of the CACS P rog ram , i s  to requ i re al l bui l d i ngs to 

meet certa i n  energy effi c i ency standa rds at the t ime of transfer ( sa l e 

and ,  for commerc i a l  bu i l d i ngs , re-l et ) .  Th i s  approach wou l d  ensure that 

new owners or occupants recei ve an energy effi c i ent bui l d i ng ,  wi th 

potent i a l ly  l ess  di s rupt i on than a ret rofi t prog ram wh i ch takes pl ace 

dur i n g  norma l occupancy. The effect i veness  of a t i me-of-t ransfe r  approach 

wou l d  depend on the rate of tu rnover in the el i g i b l e  bui l d i ng stock .  
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3 .  DESCR IPT ION OF THE AFFECTED ENVI RONME NT 

Th i s  cha pter  presents a desc ri pt i on of the ex i st i n g cond i t i ons of 

b u i l d i n gs covered unde r the CACS Program. The i nformat i on i n  th i s  

chapter  prov i des the background materi a l  necessa ry to unde rstand the 

i mpacts of the CACS Prog ram , wh i ch are presented in Cha pter  4 .  

T h e  fi rst sect i on ident i fi es and cha racteri z es the po pu l at i on of 

bu i l d i ngs  and energy users el i g i b l e  under the CACS Program. The 

fol l owi n g  sect i on presents a di scus s i on of vent i l at i on rates and sou rces 

a nd concent rat i ons  of po l l utants i n  apa rtments and smal l commerci a l  

b u i l d i ngs . F i na l ly , a summa ry i s  presented o f  the ex i st i ng cond i t i ons 

of  i ndustr i es wh i ch produce the materi a l s associ ated with each  prog ram 

measu re. 

3 . 1 I n ventory of CACS-covered B u i l d i ngs 

3 . 1 . 1  Apa rtment Bu i l d i ngs 

The CACS Prog ram covers cent ral ly heated or cool ed mu l t i fami ly  

dwe l l i n gs wi th fi ve or  more un i ts that were compl eted before J u ne 30 , 

1 980 . The number of el i g i b l e  apa rtment bu i l d i ngs can be est i mated by 

u s i n g  data from the 1980 Annual  Hou s i ng S u rvey conducted by the Bu reau of 

t he Census  ( DOC , 1 982 ) . The census  data prov i des a breakdown of the numbe r 

of  un its  wh i ch are i n  ce nt ra l ly heated or cool ed bui l d i ngs  conta i n i ng 2-4 , 

5-9 , 1 0 - 1 9 ,  20-49 , and 50 or  mo re un i t s  pe r bu i l d i ng .  The mi d poi nt fo r 

each of these catego ri es was di v i ded i nto the tota l  numbe r of un i t s fa l l i ng 

i nto that category to obta i n  the numbe r of bu i l d i ngs fo r each category .  

Add i n g t h e  number o f  bu i l d i n gs fo r each  category above 5 ( o n ly  bui l d i ngs  

3- 1 
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wi th  5 or more uni ts  are el i g i b l e  fo r the CACS Prog ram ) , and di v i d i ng  th i s  

number i nto the numbe r of un i ts i n  the categori es above 5 y i el ds an est i ­

mate for the average numbe r of un i t s  pe r bu i l d i ng .  

B ased on  an esti mate of  7 . 1  m i l l i on el i g i b l e  apa rtment s ,  th i s  proce­

d u re provi ded an est i mate of about 328 ,000 el i g i b l e  apa rtment bui l d i n gs . 

These el i g i bl e  apa rtments are est i mated to consume approx i mate ly  0 . 64 

q uadri l l i on Btu of energy ( natu ra l gas and el ect r i c i ty )  each yea r .  Th i s  

amount rep res ents about 77% o f  the 0 . 83 q uadri l l i on Btu consumed i n  al l 

mu l t i fami ly  st ructu res each yea r .  

3 . 1 . 2 Smal l Commerci a l  B u i l d i ngs 

Unde r  the CACS Program, an el i g i b l e  commerci a l  bu i l d i ng is one 

wh i ch was comp l eted be fore J u ne 30 , 1 980 ; i s  used pri ma ri ly  fo r bus i nes s 

( p rofi t or non profi t ) , or state or l ocal go vernment act i v i t i es ;  i s  not 

u sed for manu factu ri ng  or the produ ct i on of product s , raw mater i a l s ,  or 

a g ri cu l t u ra l  commodi t i es ; and for wh i ch the average month l y  use of 

ene rgy du ri n g  ca l endar  yea r 1980 was l es s  than 4000 kWh of el ect r i c i ty ,  

and 1000 therms of natu ra l gas , o r  the Btu equ i val ent of any ot he r fuel . 

The i ntent of the l aw i s  to cover on ly  sma l l commerci a l  bu i l d i ngs , and 

i t  spec i f i es the month l y  ene rgy use l i mi t to rest r i ct the number  of el i ­

g i bl e bui l d i n gs . 

Speci a l  tab u l a t i ons { DOE , 1 9 79b )  f rom the E I A Non res i dent i a l  

Bu i l d i ngs  E nergy Consumpt i on Su rvey were used to  est i mate the  numbe r of 

potent i a l ly el i g i b l e  commerci a l  bu i l d i ngs . Us i n g the E I A data , the 

cha racter i sti cs of bu i l d i ngs us i n g l ess  than 4 ,000 kWh of el ect ri c i ty 

a nd 1 ,000 the rms of natu ra l  gas were i dent i fi ed .  
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The tabu l at i on s  from the E IA survey data i ndi cate that there a re 

a pprox i mately fou r mi l l i on commerc i a l bui l d i ngs  i n  the U . S . , 50 pe rcent 

of wh i ch may be covered by the CACS Program , and that the amount of the 

nat u ral  gas and el ect ri c i ty used by potent i a l l y  el i g i b l e  bui l d i ngs  com­

pared to that used by al l commerci a l  bu i l d i ngs  i s  about 7 . 5  percent ( see 

Tab l e 3- 1 ) .  Based on thi s i nformat i on ,  i t  i s  as sumed that the CACS 

P rog ram wi l l  affect about 7 . 5  pe rcent of the ene rgy used i n  the commerci a l  

sector or about 0 . 409 quadri l l i on Btu pe r yea r (ta k i ng i nto account al l 

p r i ma ry energy i ncl ud i ng the ene rgy used to produce el ect ri c i ty ) .  Tab l e  

3 - 1  a l so i ncl udes i n format i on on the total  sq uare footage of potent i a l l y  

e l i g i b l e  sma l l comme rci a l  bui l d i ngs . The 9 . 7  b i l l i on squa re feet of 

s pace that mi ght be affected by the prog ram represents about 20 pe rcent 

)f the tota l space i n  the commerc i a l  bu i l d i ng sector .  

Tabl e 3- 1 .  Commerc i a l  ene rgy use  summa ry stat i st i c s  

Numbers 

Al l commerc i a l  bui l d i ngs  

CACS b u i l d i ngs  

Energy consumpt i on (quads)  

Al l commerc i a l  bu i l d i ngs 

CACS b u i l d i n gs 

Square footage (mi l l  i on ft2 ) 

Al l commerc i a l  bui l d i ngs  

CACS bu i l d i ngs  

3 , 995 ,000 

2 , 0 10 ,000 

5 . 457 

0 . 409 

47 , 685 

9 , 679 

Sou rce :  Tab l e  2 . 3  i n  CACS Regul atory Impact Ana l ys i s .  



3-4 

3 . 2  I nfi l t rat i on R ates 

A pr ima ry concern wi t h  regard to  t he CACS Prog ram i s  i t s  effect 

on a i r exchange rates i n  apartments and smal l commerc i al b u i l d i ng s  

because a i r  exchange affects i ndoor a i r  qua l i ty .  F o r  t h i s d i sc u ss i on ,  

a i r exchange i s  defi ned as  the sum of n at u ral and mechan i ca l l y  i nduced 

a i r fl ows i nto  a room or b u i l d i ng .  Append i x  B rev i ews what i s  known 

about a i r exchange rates .  

Most sma l l commerc i a l estab l i shments ,  u nl i ke s i ng l e-fam i ly 

detached dwel l i ngs , are requ i red by l oca l  b u i l d i ng codes to  mai nta i n a 

certa i n  vent i l at i on rate ( i . e .  mecha n i ca l l y  i nduced a i r exchange ) ,  

usua l l y  expres sed as vol ume exchange rates per person rather than  t ot a l  

a i r changes per hour. Al though  l oca l  codes may vary somewhat , var i o u s  

organ i zat i ons  s uch as the  Southern Bu i l d i ng Counc i l a nd the  Counc i l  o f  

Ameri can  Bui l d i ng Offi c i a l s recommend gu i del i nes or  model codes wh i c h  

serve a s  the b as i s  for most state a nd l ocal  codes .  Two s uch model 

codes a re d i scussed . 

The Bui l d i ng Offi c i a l s and Code Adm i ni strators I nternat i onal , I nc .  

( 1 978 )  has  devel oped a model b u i l d i ng �ode for the  protect i on of heal t h  

and  safety . The i r standard for natural  i nfi l t rat i on i s  based o n  a 

vol ume change of 1 1  m3 ( 400 ft3 ) of a i r  per hou r per occupant .  

When natu ral i nfi l t rat i on as  prov i ded by vent i l at i ng skyl i ghts , 

l ouvers , t ransoms , doors , or  other open i ngs  i n  exteri or  wal l s  or o n  the 

roof does not meet the code or when u se of  the b u i l d i ng i nvol ves dust , 

gases , or  fumes that pre sent a heal t h  or  safety hazard , a mechan i ca l  

venti l at i ng system i s  requ i red to  prov i de two a i r changes per  hou r.  
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Rec i rcu l at i on of a i r  i s  permi tted , except i n  k i tchens , prov i ded 25 

percent of the i ncomi ng a i r  is  out s i de a i r. One hundred percent 

rec i rcu l at i on i s  permi tted i f  the system serv i ces  only a s i ng l e fam i ly 

un i t .  Spec i a l vent i l at i on requ i rements are recommended when 

potent i a l ly hazardous  materi a l s a re p resent . For exampl e ,  a l l rooms 

and s paces i n  a h i gh - hazard d ry cl ean i ng estab l i shment a re requ i red to  

have  a mechan i ca l  vent i l at i on rate of 20  a i r  c hanges per  hour.  A 

moderate-hazard dry c l ean i ng estab l i shment must be prov i ded wi t h  10  ai r 

changes per hour.  P ub l i c  garages mu st have suffi c i ent natural or 

mechani cal vent i l at i on to prevent the acc umu l at i on of carbon monox i de 

above 1 1 5 mg/m3 ( 100 ppm )  and gaso l i ne vapors above the i r l ower 

expl os i on l i mi t .  The owner cou l d  be requi red to prov i de l aboratory 

test i ng to determ i ne t he adequacy of the vent i l at i on system . 

The U n i form Bu i l d i ng Code ( I nternat i ona l Counc i l  of Bu i l d i ng 

O ffi c i a l s ,  1 979)  i s  another examp l e  of a model b u i l d i ng code.  For  

apartment and hotel rooms , it  st i pu l ates a mechan ica l ly  i nduced 

vent i l at i on rate of two a i r  changes per hour.  As an  a l ternat i ve ,  

apartment rooms cou l d  b e  prov i ded w ith  wi ndows that have a n  open i n g  

a rea equal  to  one-tenth o f  t he fl oor a rea . For commerc i a l b u i l d i ngs , 

the code requ i res exteri or open i ngs of not l ess  than  1/20 of the fl oo r 

area or mechan i ca l  vent i l at i on equal  to 5 c fm of  out s i de a i r  wi t h  t he 

total c i rcu l ated vol ume or a i r not l es s  than 1 5  c fm per occupant . 

Areas t hat hand l e hazardous materi a l s mu st be pro v i ded with  four a i r  

changes per hour .  Areas t hat handl e o perat i ng cars and trucks i ndoors 

must be prov i ded wi th 400 m3 ( 14 ,000 ft3 ) of  a i r  per m i nute per 

operat i ng veh ic l e or other assurances t hat carbon monox i de l evel s stay 

bel ow 58 mg/m3 ( 50 ppm) over e i ght hour averag i ng i nterval s .  
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Another organ i zat i on wh i ch has  a recommended vent i l at i on standard 

for acceptabl e i ndoor a i r  qual i ty i s  the Ameri c a n  Soc i ety of  Heat i ng ,  

Refri gerat i ng ,  and A i r-cond i t i on i ng E n g i neers (ASHRAE , 1 981 ) .  I n  

Append i x  B ,  some a i r  exchange rates  have been c a l cu l ated from t hese 

s u ggested vent i l at i on parameters for a vari ety of smal l commerc i a l 

b u i l d i ngs .  W i t h  t he except i on of corri dors i n  l arge b u i l d i ngs ,  

warehouses , greenhouse s , pet shops , meat proce ss i ng rooms , bank  v au l t s , 

and l i b rar ies a l l deri ved a i r  exchange rates exceed 0 . 6  a i r  changes per 

hour and range up to 30 a i r  changes per hour.  

The a uthor i s  aware of only one study where meas urements of  a i r 

exchange i n  a pa rtments a nd offi ces have been pub l i shed (A ppend i x  B } .  

For three h i gh-ri se a nd three l ow-ri se  a partments i n  P i ttsburgh , 

Pen nsy l van i a ,  a i r excha nge rates ranged between 0 . 3 and 1 . 7 a i r  changes 

per hou r .  I n  two off i ce bu i l d i n gs i n  Boston , Massachusetts , a i r 

exchange rates ranged from 1 . 2 to 1 . 5 a i r  changes per hour 

( Moschandreas et a l . ,  1 980) . Very p rel i mi nary resu l ts  from three 

l ow-r i se  a partment b u i l d i ngs i n  Chi c ago s uggest t hat natural i nfi l t ra­

t i on rates range from 0 . 1  to 0 . 7 5  a i r  changes per hour (Ma l i k , 1 983 } .  

H i gh-ri se  a partment b u i l d i ngs were found to have con s i derabl y  h i gher 

a i r exchange rates due to corr i dor vent i l at i o n .  I f  mechan i ca l  vent i l a ­

t i on  systems or  fans from heat i ng or  cool i ng systems are operat i ng ,  a i r 

c ha nge  rates  can  i ncrease con s i derab l y .  

3 . 3  I ndoor A i r Qua l i ty 

Several sources of i ndoor a i r  pol l ut ants curre nt ly exi st i n  

a partments a nd smal l commerc i al b u i l d i ng s .  Po l l utants i nc l ude ozon e ,  



3- 7 

carbon monox i de ,  forma l dehyde , n i t rogen d i ox i d e ,  and radon . The 

fol l owi ng sect i ons desc r i be some of the sources of pol l ut i on and the 

concent rat i ons  wh ich  have been found i n  ex i s t i ng res i dences and 

b u i l d i ngs . 

3.3.I Pol l utant Sources 

There a re numerous  sources of i ndoor a i r  pol l utants i n  the 

res i dent i al and smal l commerc i al estab l i shment env i ronment.  Some 

i ndoor pol l utants and the i r  potent i a l sources a re l i sted bel ow. 

I ndoor pol l utants 

Fonnal dehyde 

R adon 

Carbon monox i de 

N i trogen d i ox i de 

Respi rab l e part i cu l ates 

Organi cs 

Workroom pol l utants 

B i ohazard s  

Ozone 

Potent i a l sources 

Part i c l eboard , i nsu l at i on ,  p ly­
wood , carpet , human occupants , 
tobacco smoke 

Concrete , stone , s urround i ng 
soi l , g roundwater ,  wal l board 

Heat i ng and cook i ng combust i on 
sources , tobacco smoke , a utomot i ve 
emi s s i ons  

Heat i ng and cook i ng combust i on 
sources , tobacco smoke 

Heat i ng and cook i ng combust ion  
sources , tobacco smoke , a utomot i ve 
emi s s i ons  

Part i c l eboard , i nsu l at i o n ,  
adhes i ves , pa i nt ,  furn i sh i ngs , 
automot i ve emi s s i ons 

Workers ' c l oth i ng 

Human occ upant s , mo i st surfaces , 
tobacco smoke 

Photocop i ers 
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Sou rces of many of these pol l utants a re d i scussed i n  Append i x  B .  

Most of t hese sources have been descri bed i n  deta i l  i n  the RCS E I S  

( DOE , 1 979a ) .  I n  add i t i on ,  workers ' c l ot h i ng ,  c i ga rette smoke , and 

copy i ng mach i nes are d i scus sed i n  th i s sect i o n .  

Copy i ng mach i nes are a source o f  ozone (Al l en e t  a l . ,  1 978 ; Sel way 

et a l . ,  1980) and perhaps other pol l ut ant s ( Lofroth et a l . ,  1980 ) . 

Ozone i s  known to  decay rapid ly  i ndoors (Muel l er et a l . ,  1 973 ; Sabersky 

et a l . ,  197 3 )  wh i ch i n  some cases may m i t i gate potent i al ozone bu i l dup . 

Moschandreas et a l . ,  ( 1980 ) fai l ed to fi nd ozone l evel s exceed i ng 

outdoor Nat i ona l Amb i ent Ai r Qual i ty Standards i n  offi ces used for 

reproduct i on fac i l i t i es  i n  a modern , wel l -vent i l ated bu i l d i ng .  

Another source of i ndoor emi ss i ons (wh i ch may have a n  i nc reased 

i mpact due to th i s program) i s  the c l oth i ng of occ upat i onal ly  exposed 

i nd i v i dua l s .  I .  J .  Sel i koff and h i s  c oworkers are i nvest i gat i ng heal t h  

effect s among nonoccupat i onal ly  exposed i nd i v i dua l s who res i de w i th 

l ead or asbestos workers . P rel i mi nary resu l ts  suggest that these work 

rel ated toxi cants may be carri ed away from t he s i te of contami nat i on .  

Such a phenomenon has been demonstrated for rad i oact i ve cl oth i ng con­

tami nat i on ( Bai l ey et al . ,  1 957) . Furt hermore , t here i s  ev i dence t hat 

asbestos -rel ated d i sease may occur among fami ly contacts of  asbestos 

workers ( Anderson et a l . ,  1979 ) .  

C i garette smoki ng i s  a source of i ndoor a i r pol 1 ut i on ( Harke , 

1973 ) .  Sebben et a l . ( 197 7 )  found el evated l evel s of carbon monox i de 

i n  publ i c  l ocat i ons  where smok i ng was permi tted and i nfi l t rat i on was 

rel at i vely poor.  B i nder et a l . ( 1976 ) fou nd that ch i l dren ' s  total 

exposure to  respi rabl e part i cul ate matter was 40 percent h i gher i f  a 
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smoke r res i ded i n  the chi l d ' s  home. Tager et al . ( 1979)  presented data 

suggest i ng that the l ung funct i on of nonsmok i ng ch i l dren was adversely 

affected by l i v i ng wi th smoki ng parents .  H i rayama ( 198 1 )  and 

Trichopoul os et a l . ( 1 98 1 )  have found a correl at i on between pass i ve 

smok i ng and l u ng cancer. Repace and Lowrey ( 1980) stud ied the 

rel at i onsh i p  among vent i l at i on,  dens i ty of smokers , and l evel s of  

respi rabl e  part i cul ate matter. They concl uded that under typi cal 

bui l d i ng vent i l at i on and occupancy cond i t i ons , part i cu l ate l evel s 

generated by smokers may overwhel m the effect s of vent i l at i on .  I n  

s i tuat i ons where both i nfi l t rat i on i s  reduced and smoker dens i ty i s  

suffi c i ent ly h i gh , i t  may be necessary to remove part icu l ate matter 

from a i r . 

3 . 3 . 2  Pol l utant Concent rat i ons 

Typ i cal  i ndoor concentrat i ons of  pol l utants vary widely . Such 

concent rat i ons depend on st rength and prox im ity of sou rces and on ven­

t i l at i on factors . Observed concent rat i ons of several pol l utants a re 

summari zed bel ow. A more detai l ed d i scus s i on can be found i n  

Append i x  B .  

Radon . Radon i s  a natural ly occurri n g ,  rad i oact i ve ,  nobl e gas . 

I t  ari ses from the rad i oact i ve decay of rad ium and i t  i n  turn g i ves 

ri se to a ser ies of short-l i ved rad i oact i ve daughters . Evans ( 1969) 

prov ides excel l ent i nformat i on on radon ,  its  short -l i ved daughter 

products ,  and the rather unusual uni t ,  the work i ng l evel (WL )  wh ich  i s  

used a s  a measure of a i rborne l evel s of the short-l i ved daughters . One 

WL i s  any comb i nat ion of concent rat i ons of radon daughters y i el d i ng ,  i n  
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the compl ete decay to P b-210 , a total a l pha part i c l e emi s s i on energy of 

21 nJ ( equ i val ent to 1 . 3 x 105 MeV ) i n  one l i ter of a i r. Radon 

concent rat i ons a re measured i n  un its  of Bq/m3 ( 1  Bq/m3 

= 1/37 pCi / L } .  

Ryan ( 1981 )  has summari zed a comprehens i ve rev i ew of reported 

radon and radon dau ghter measurements i n  houses and other bui l di ngs i n  

areas with typ ical l evel s of radi um i n  the soi l . For mai n fl oors , 

geometric  mean l evel s were 88 .8  Bq/m3 and ari thmet i c  mean l evel s were 

252  Bq/m3 . The vari at i on i n  these numbers was such that of 296 

measurements ,  approx i mately 30% exceeded 200 Bq/m3 , a proposed 

Swed i sh standard for new bui l d i ng s .  Forty-four percent of the 

measurement s exceeded 1 1 1  Bq/m3 , the Nuc l ear Regul atory Commi ss i on 

standard for offs i te rel eases from nuc l ear faci l i t i e s .  The EPA 

standa rd for remed i al act i on at i nact i ve uran i um process i ng s i tes , 

namely 0 .02  worki ng l evel s ,  i s  equi val ent to  74 Bq/m3 under 

cond i t i ons of mi n imal a i r exchange and 55% of the measurements by Rya n 

exceeded that number. The ASHRAE standard 0 . 0 1  WL ( or 37 Bq/m3 ) was 

exceeded by 73% of the measurement s .  

Ryan { 1981 )  a l so summari zed 403 radon progeny measurement s o n  ma i n  

fl oors . The ari thmet i c  and geometri c averages were 0 . 014  and 0 . 007 WL , 

respect i vely .  He found that 9 . 5% of the measurements exceeded the 

Nuc l ear Regul atory Commi s s i on standard for offs i te rel eases , 18% 

exceeded the E PA cl eanup standard for s i tes  contami nated from i nact i ve 
I 

urani um proces s i ng fac i l i t ies , and 37% exceeded the ASHRAE standard . 

The s ummary of 296 basement measurements of radon and 298 

measurement s of radon progeny , showed ar ithmet i c  means  of 560 Bq/m3 
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.. 11d 0 .027 WL , and geometr ic  means of 239 Bq/m3 and 0 .0 127 WL . The 

Swed i sh radon standard was exceeded 55% of the t ime whi l e  the Nucl ear 

Regul atory CoIT1Tii s s i on standard was exceeded 72% of the t ime. For radon 

progeny , the Nuc l ear  Regul atory Comm i s s i on standard was exceeded 21% of 

the t i me , the E PA standa rd , 36% of the t i me ,  and the ASHRAE standard 

was exceeded 58% of the t i me.  

Other measurements have been made i n  Ameri can and Canad i a n  homes . 

The Nat i ona l Academy of Sci ence ( 1981 )  reported i ndoor l evel s rangi ng 

from 0 . 2  to 1 220 Bq/m3 and 0 .0008 to  0 .030 WL . McGregor et a l . 

( 1980 ) reported arithmet i c  average basement l evel s i n  14 Canad i an 

c i t ies  rang i ng from 0 .001 1 to 0 .0067 WL . Other rev i ews of background 

l evel s i nc l ude Hamri ck and Wal sh ( 1974)  and Wal sh and Lowder ( 1983) . 

Where the radi um concentrat i on i n  soi l i s  h i gh  ( >0 . 1 9  Bq/g ) ,  there i s  

need for adequate vent i l ati on or other mi t i gat i on to prevent excessi ve 

l evel s of radon progeny.  

Formal dehyde. Formal dehyde i s  frequently found i n  i ndoor a i r  and 

can evolye  from several sources such as  subfl oori n g ,  furni ture , and 

carpets found i n  apartments and smal l coIT1Tierc i al bu i l d i ngs .  A rev i ew 

of recent measurements i n  res i dences found a range of 0 to 4 . 2 ppm 

( NAS , 1 981 ) .  Thi s  publ i cat i on suggested that the average l evel s i n  

homes are l i kely to range between 0 . 01 and 0 . 1  ppm. Gupta �t a l . 

( 1981 ) s uIT1Tiari zed Consumer P roduct Safety CofTITii s s i on measurement s .  

They report a range from <0 .01 t o  4 .0 ppm i n  homes that i nc l ude mobi l e  

homes and convent i onal homes with and wi thout urea-formal dehyde foam 

i nsul at i o n .  There i s  much current controversy about formal dehyde 

l evel s but ACG I H  ( 1981 ) has recOIT1Tiended that 8-h , t i me-weighted average 
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occupat i onal  exposures be l imi ted to 2 ppm. ASHRAE ( 1981 )  reconmends 

that i ndoor l evel s be l i mi ted to 0 . 1  ppm. I t  i s  bel i eved that exces­

s i ve l evel s of fonnal dehyde nonna l ly  do not occ u r  i n  apa rtments and 

smal l commerc i al bui l d i ng s .  H i gh l evel s usual ly  result from the 

presence of UF-res i ns  i ns i de the bu i l d i ng .  Where there are excess i ve 

amounts of  UF-res i ns ,  vent i l at i on rates shou l d be i ncreased.  

Ozone . Ozone i s  onl y found i n  h i gh concent rat i ons  around sources 

s uch as photocopi ers . I t  rapi d ly  decays i ndoor i n  a process cata lyzed 

by surfaces .  I n  an offi ce with  photocopy fac i l i t i es , the average 

hourly concent rat i on was 9 .8 ppb wh i l e  i n  another offi ce wi thout such 

· fac i l i t i es , it  was 2 . 6 ppb ( Moschand reas et a l . ,  1 980) . I n  a study of 

1 4  resi dences , 95% of hourly measurements showed that outdoor l ev el s 

exceeded i ndoor l evel s ( Moschandreas et al . ,  1 9 78 ) . It  seems 

reasonab l e to assume that ozone i s  not a probl em i n  res i dent i a l  

apartment s .  For smal l commerc i al bu i l di ngs w i t h  photocopi ers , 

u l t ravi ol et l i ghts , el ect rostat i c  prec i pi tators , or other sources , 

there i s  need for adequate vent i l at i on.  

Combust i on P roducts .  Near po i nts  of  i ndoor combust i o n ,  respi rabl e 

part i c l es are of concern . I n  res i dent i al env i ronments ,  meas ured 

n umbers of respi rab l e part i c l es have ranged up to 72 x 1 03 part i c l es 

per m3 and mas ses up to 82 µg/m3 . I n  offi ces , tota l  ( i . e . ,  more 

than j ust respi rabl e )  part i cu l ate l evel s have ranged as h i gh a s  1 20 

µg/m3 . EPA has estab l i shed a Nat i onal  Amb i ent Ai r Qual i ty Standard 

for outdoor a i r  of 7 5  µg/m3 and i n  res i dences with  more than one 

smoker th i s l evel i s  rout i nely exceeded ( Speng l er et a l . ,  198 1 ) .  
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Combust i on may a l so produce haza rdous gases , i ncl udi ng  carbon 

monox i de and n i t rogen d i ox ide .  Typ i cal l y ,  res i dent i al envi ronment s 

wi thout combust i on sources wi l l  experi ence l evel s of carbon monox i de 

l ess than I ppm and l evel s of n i t rogen d i ox i de l ess  than 25 ppb . I n  

the prox imity of heat i n g ,  cook i n g ,  or tobacco c·ombust i o n ,  res i dent i al 

l evel s of carbon monox i de can range up to 62 ppm and n i t rogen d i ox i de 

up to 560 ppb . Carbon monox i de l evel s have ranged up to 33 ppm i n  com­

merc i al bui l d i ngs  wi th sect i ons for' 
smokers . The Nat i ona l Amb i ent Ai r 

Qual i ty Standards  for outdoor a i r  for these gases are 9 ppm for carbon 

monox i de and 50 ppb for n i t rogen d i ox ide .  Excess i ve amounts of c i ga r  

and c i garette smoke and other combust i on products can b e  g reatly 

reduced by adequate vent i l at i on .  

Organ ic  Chemical s .  There are many organ ic  chemi cal s potent i a l ly  

present i n  CACS-covered bui l d i ng s .  Some of these chemi cal s may b e  

present a t  l evel s rangi ng u p  to I mg/m3 . Measured l evel s of total 

non-methane hydrocarbons have ranged up to 19  mg/m3 i n  a co111T1erc i a l 

art studi o.  In  the v i c i n i ty of sol vents and other vol at i l e  organ ic  

chemi cal s ,  adequate vent i l at i on can  prevent exces s i ve exposu res .  

Summary .  The above materi al prov ides a brief overv i ew of the 

h i gher l evel s of key pol l utants that have been found i n  res i dent ia l  or 

commerc i al i ndoor envi ronment s .  I n  summary , measured l evel s of some 

pol l utants i n  res i dences frequentl y  exceed government standards prior 

to i mpl ementat i on of this  program. Perhaps as many as  44% of 

res idences have mai n  fl oor l evel s of  radon that are g reater t han 

I l l  Bq/m3 wh ich  is  the maxi mum concent rat i on that Nuc l ear Regu l atory 

Commi s s i on l i censees are al l owed to rel ease offs i te.  The pri nc i pal 
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source of  radon i s  the s oi l , and rooms above t he mai n fl oor are l es s  

exposed { Abu-Jarad and F reml i n ,  198 1 )  s o  these resu l t s  may not apply t o  

h i gh-ri se apartments .  C i garette  smoke i s  l i kely t o  b e  ub i qu i t ous i n  
. . 

CACS-covered bu i l d i ng s .  Perhaps a s  many a s  60- 70% of American  

res i dences i ncl ude at l east one smoker which  suggest s t here are many 

wi th two or  more . Such mul t i pl e-smoker res i dences are l i kely to have 

, part i cu l ate  l evel s approac h i ng the Nat i onal Amb i e nt Ai r Qual i ty 

Standard for part i cul ate matter i n  outdoor ai r .  F i nal l y ,  sources o f  

i ndoor pol l ut i on are wi despread i n  covered bui l d i ngs . These sources 

i nc l ude pa rt i c l eboard , plywood , stoves (wood , gas , and kerosene ) ,  

photocopi ers , concrete and stone , and many others . 

Most of  t he stud ies  i n  the l i terature repo rt pol l utant l evel s and 

a i r exchange rates that were measured i n  s i ngl e-fami ly res i dences .  A 

pri nc i pal concern i n  applyi ng these data to  CACS-covered bui l d i ngs i s  

that t h i s  be done properl y .  The actual  rel at i onsh i p  between s i ng l e­

fami ly detached dwel l i ngs and apartment and smal l c orrunerc i al bui l d i ngs  

i s  unc l ear. For some pol l utants , the d i fferences i n  the bu i l d i ngs  have 

no effect except through di fferences i n  a i r  exchange rates . I t  shoul d 

be noted t hat the range of publ i shed ai r exchange rates for two offi ces 

and s i x  apartments i s  0 . 3  to  1 . 7 a i r  changes per hour wh i l e  for 76 

homes ( see Tabl e B- 4)  t he range i s  0 . 1 to 2.7 a i r  changes per hour.  

DOE has studi ed a sampl e of  63 apartment bui l d i ngs  el i g i b l e unde r 

the CACS P rogram ( Patel , 1 982) . The typi cal h i gh-r i se apartment 

bui l d i ng has  12 or 13 fl oors and the typical l ow- ri se apartment 

bui l d i ng has 2 or 3 fl oors . The struct ures are typi cal ly  free stand i ng 

b r i ck o r  conc rete bl ock const ruct i o n .  Gas typ i cal ly i s  used for space 
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heat i ng and 86% of the bu i l di ngs have el ectrical  a i r cond i t i on i ng.  The 

typi cal bui l d i ng i s  10 to 20 years ol d wi th 96% of the g ross fl oor area 

rented for occ upancy .  Ai r exchange rates were not measured . 

A s i mi l ar study has been made of smal l commerc i al bui l d i ngs  ( Patel 

et a l . ,  1 982 ) . The most conman el i g i b l e  bu i l d i ng i s  s i ng l e-story ,  

l on g ,  and narrow. The s i de and back wal l s  a re usual ly conc rete bl ock . 

The front wal l i s  mostly gl ass  and i nc l udes a sel f-c l os i ng  door.  The 

bui l d i ng i s  general ly heated and cool ed by a system mounted on the 

roof. Measurements of a i r  exchange rates were not i ncl uded i n  the 

study.  

The sources of i ndoor a i r  pol l utants shou l d ,  i n  pri nc i pl e ,  be 

s i mi l ar for apartments and detached s i ng l e-fami ly res i dences s i nce 

s i mi l ar act i v i t i es occur i n  both.  However,  there a re i mportant 

d i fferences . For exampl e ,  an upper-story apartment i s  further removed 

from the s urroundi ng soi l whi c h  i s  a maj or  source of radon , an i ndoor 

pol l utant of prime concern. Al so s uch apartments are general ly far 

removed from garages  where cars a re stored. I n  the case of a i r  

exchange rates , there a re substant i al d i fferences between apartment s 

and detached resi dences , due to more frequent use of mechan i ca l  

vent i l ati on i n  the fonner.  I t  woul d  appear that if  model bui l d i ng 

codes were met or  ASHRAE reconmendat i ons  fol l owed , that a i r  exchange 

rates i n  apartments and smal l commerc i al bui l d i ngs woul d  exceed those 

i n  s i ng l e-fami ly homes and that resul tant pol l utant l evel s wou l d  be 

l ower i n  CACS-covered bu i l di ng s .  
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3 . 4  Summa ry of Exi st i ng I ndust ry Cond i t i ons 

Impl ementati on of the CACS P rog ram wi l l  l ead to i nc reased product i on 

of  mate ri a l s as soci ated wi th  ene rgy con se rvat i on and renewab l e  resou rce 

measu res . A desc ri pt i on of each mea s u re i s  prov i ded i n  the Revi sed 

Not i ce of P roposed Ru l emak i n g {DOE , 1 982 ) . 

Tabl e 3- 2 prov i des a gene ral ove rv i ew of the cu rrent i ndust ry 

s i tuat i ons wi th  respect to : 

© the numbe r of manu fact u rers , 

© geog ra ph i c  ( regi onal ) d i st ri but i on ,  

© product i on ca pabi l i t i es ( i . e . , capac i t i es ) ,  and 

© l ong term l i mi t i ng factors to product i on ,  i f  any . 

As can be seen i n  the Tabl e 3-2 ,  there i s  a great dea l  of va ri ati on 

between the va ri ous i ndust r i es wi th  regard to the fi rst two categori es : 

degree of concent rat i on and geograph i c  di spe rs i on .  Some i ndust r i es are 

cha racteri zed by ea sy ent ry i nto the ma rket and the refore encou rage a 

mu l t i tude of fi rms ( sma l l and l a rge) to enter . Ot her i ndust r i es are 

mo re di ffi cu l t  to enter , as they requ i re a h i gher capi tal  i nvestment 

and/or advanced technol ogy ; on ly a few can ga i n  ent ry i nto these types 

of market s .  Geog raph i c  di spe rs i on al so va ri es from i ndust ry to 

i ndust ry ,  wi th  pl ant l ocat i on dependent upon proximi ty to raw materi a l  

s u pply and/or access to  the  l a rgest ma rket areas . 



T1b l e  3-2. Prof i l e  of me1sures-produclng Indu s t r i es 

Number of Present 
manufacturers Geograp h i c  product I o n  L i mi t i ng factors I n  

Heuure (approx i mate l y )  d i  strl but lon1 capabl l 1 t i es future product i on 

1.  Cau l k i ng and 200 H i gh 

Weathers t r i pp i ng 100 H i gh 

2 .  lnsulat I o n :  

M l ner1 l fiber 15 Eastern U. s.  Low "exces s "  Raw mate r i a l  supply 
capa c i ty for ( g l a s s  f i ber) 
glass fiber 

Cel l u l ose 200 Low "exces s •  Bor i c  ac i d  and borax 
capa c i ty 

Phst le fo1ms 50 Eastern U . S .  and Suf f i c i ent 
Southern C a l i forn i a  

3 .  Wi ndow/door mod i f i cat i ons : w 

Storm/therma I 250 Suffi c i ent 
I 

-- __. 

........ 
Heat ref l ec t i ng/absorb i n g  8 Sufflc  I ent 

4 .  Automa t i c  energy control systems > SO Low 

s. Rep l 1ce hea t i ng systems > 1 00 Eastern U . S  • •  Suff i c i ent 
Tex a s .  Cal i forn i a  

6 ,  L i gh t i ng mod i f i cat ions > 1 00 Cal i f . ,  N , Y , , I l l . ,  Suf f i c i ent 
Penn . ,  and Ga . 

7 .  Ene rgy recovery systems > 1 00 Eastern U S  Unknown 

8 ,  Sol1r energy systems 280 Suf f i c i ent 

9 .  Ai r-cond i t i on i ng 50 Suffi c i ent 
repl acement 

ao l strl buted throughout the U . S .  un l e s s  otherw i se I nd i cated. 

Source: F i na l  Envi ronment a l  I mpact Statement R e s i dent i a l  Conse rvat i on Serv i ce P rogram (OOE/E I S -0050) November 1 9 7 9 .  
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4 .  ENV IRONME NTAL CONSEQUENCES AND M I T I GAT I NG MEASURES 

Th i s  chapter assesses the pot ent i a l en v i ronmenta l consequences 

res u l t i n g from imp l ementat i on of the CACS Prog ram. To do so , assump­

t i ons about pa rt i c i pat i on and adopt i on rates are presented and used to 

cal cu l ate the expected s i ze  of the prog ram. The assessment descri bes 

those i mpacts that res u l t  from i nsta l l at i on of approved energy con ser­

vat i on and renewabl e resou rce measu res i n  el i g i b l e  bu i l d i n gs .  I n  

general , the  approach adopted i s  to  present al l i dent i f i a b l e  env i ronmen­

tal impacts so that any potent i a l ly  s i gn i fi cant impact wi l l  be 

i dent i f i ed .  As with the RCS Prog ram E I S ( DOE , 1 9 79 ) , the majo r  s i te­

s pec i f i c  env i ronmental  i s sue is the effect of prog ram measu res on i ndoor 

a i r  qua l i ty .  I ndoor ai r qual i ty is exp l o red in depth , and mi ti gat i on 

measures that may be used to reduce any adverse impacts on i ndoor ai r 

q ual i ty are i dent i f i ed .  

4 . 1  Est i mated P rog ram S i z e 

Based on the apa rtment bu i l d i ng and sma l l commerc i a l  bu i l d i ng 

i nvento r i es establ i shed i n  Sect i on 3 . 1 and as sumpt i ons about pa r­

t i c i pat i on and adopt i on rates fo r the overal l prog ram , est i mates of the 

number of mea s u res and procedu res ado pted are made on a yea rly ba s i s  and 

for the si x yea r prog ram l i fe .  

4 . 1 . 1  Pa rt i c i pat i on Rates 

Based on i n format i on made avai l abl e from 28 ut i l i t i es and state 

ene rgy offi ces , DOE has devel oped th ree pa rt i c i pat i on rate scena ri os : 

4-1  



4-2 

1 .  a l ow pa rt i c i pat i on rate analys i s  of 0 . 5  pe rcent pe r yea r ;  that 

i s , each yea r 0 . 5  pe rcent of the el i g i b l e  stock of bu i l d i ngs  

wou l d  seek a CACS audi t ,  

2 .  a mi ddl e pa rt i c i pat i on rate analys i s  of 3 . 0  pe rcent pe r yea r ,  

a nd 

3 .  a hi gh pa rt i c i pat i on rate ana lys i s  of 5 .0  percent pe r yea r .  

These rates are assumed to be averages over  the s i x yea r prog ram l i fe 

a nd are the same fo r comme rc i a l and apa rtment bu i l d i ng s .  DOE bel i eves 

that these scena ri os cove r the range of poss i bl e res ponse rates to the 

p rog ram and pe rmit  the as ses sment of the l i kely ene rgy sav i ngs  as wel l 

as  the magn i t ude of en vi ronmental impacts due to the prog ram. The 

vari ous analyses wh i ch fol l ow ,  i n  thi s report , focus  on the i mpacts 

as soc i ated wi th a pa rt i c i pat i on rate of 3.0 percent pe r yea r ,  the mi d­

case pa rt i c i pat i on rate .  The reasonab l e  pa rt i c i pat i on rate ana l ys i s  

assumes that , each yea r ,  3 . 0  percent of the el i g i b l e  custome rs wi l l  

request and rece i ve an aud i t .  

4 . 1 . 2  Adopt i on Rates and Prog ram F ract i ons  

Fol l owi n g  the aud i t s , a po rt i on of the bui l d i ngs  wi l l  be ret ro­

f i tted wi th one or more measu res , and/or empl oy one or mo re 0 and M pro­

cedu res . Based on the same i n fo rmat i on from ut i l i t i es and state ene rgy 

offi ces , DOE has devel oped the fo l l owi ng  adopt i on scena ri os : 

1 .  a " l ow" adopt i on rate fo r measu res of 10% , 

2 .  a " h i g h "  adopt i on rate for mea s u res of 30% , 

3 .  a "mi ddl e "  adopt i on rate for measu res of 20% ,  

4 .  a " l ow" adopt i on rates fo r 0 and M procedu res of 40% , 
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5.  a "hi  gh 11 adopt i on rates for 0 a nd M procedu res of 80% ,  and 

6 . a 11mi ddl e 11 adopt i on rate for 0 and M procedu res of 60% . 

Fu rthermore , the ana lys i s  as sumes that not al l adopt i ons are attr i -

buted to CACS , but rather , some wou l d  have occurred wi thout the program. 

The fol l owi n g  prog ram fract i ons , that i s ,  numbe rs att r i butab l e  to the 

p rogram, ha ve been  devel oped for each scena ri o :  

1 . a 11h i gh 11 fract i on of 75% ,  

2 . a 11mi ddl e 11 fract i on of 45% , and 

3 .  a 11 l ow11 fract i on of 15%.  

4 . 1 . 3  Numbe r of Bui l d i n gs i n  the CACS P rogram Adopt i ng Measu res and 
P rocedu res 

Based on el i g i b l e  bu i l d i n g  est i mates and us i n g  the h i gh ,  mi ddl e and 

l ow assumpt i ons  about program pa rt i c i pat i on and adopt i on rates , it i s  

poss i bl e  to arr i ve at some es t i mates of the s i z e of the program. Tabl e 

4- 1  summa ri zes the est i mates of the numbe r of bu i l d i ngs adopt i n g  prog ram 

measu res and 0 a nd M procedu res unde r the assumpt i on of each scena ri o .  

These were ca l cu l ated i n  the fol l owi n g  manne r :  

Yea rly 
adopt i ons 

= Number of x Aud i t  
el i g i b l e  rate 
bu i l d i ngs  

x Adopt i on 
rate 

x P rog ram 
fract i on 

P rog ram tota l s  assume an ave rage yea rly adopt i on rate ove r the 6 year 

p rog ram l i fe .  I nadequate data prevent the est i mat i on of wh i ch measu res 

o r  procedu res wi l l  be adopted i n  any g i ven vo l ume , o r ,  for any spec i fi c 

t i me frame . The numbers do prov i de the means for qua l i tati vely est i ­

mat i n g the degree of program i mpact s di scussed i n  the rema i nde r of th i s  

c hapter .  
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Tabl e 4- 1 .  Projec ted numbersa of a ud i ts and mea s u res adopted for the CACS Program 

Apartment B u i l d i ngs Commerc i a l  B u i l d i ngs 

H i gh Med i um Low H i gh Medi um Low 
est i ma t e  est i ma t e  est i ma t e  est i mate est i mate es t i ma t e  

Yea r l y  
n umbe r  
b u i l d i n g s  16 , 500 g , goo 1 , 650 100 ,000 60 , 000 1 0 , 000 
a u d i ted 

Number 
a d opt i ng 
mea s u res 4 , g50 1 ,  g30 165 30 , 000 1 2 , 000 1 , 000 
(yea r l y )  

N umber 
a t t r i buted 3 , 700 goo 25 22 , 500 5 , 400 150 
t o  CACS 

Number 
a d opt i ng 
p roc edures 1 3 , 200 5 ,  g40 660 80 ,000 36 ,000 4 , 000 
( ye a r l y )  

N umber 
a t t r i buted g , goo 2 , 700 100 60 ,000 16 , 200 600 
t o  CAC S 

T ota l 
a d o pt i n g  
meas ures 2g , 500 1 1 , goo ggo 180 ,000 72 ,000 6 , 000 
( program l i fe )  

Number 
a t t r i buted 22 , 200 5 , 400 150 135 ,000 32 ,400 goo 
to CAC S 

T ot a l  
adopt i n g 
p roc ed u res 7g , 200 35 , 600 3 , g6o 480 , 000 216 ,000 24 , 000 
( p rogram l i fe )  

Number 
a t t r i buted 54 ,400 16 , 200 600 360, 000 g1 ,ooo 3 , 600 
to CACS 

-----

all a s ed on the a s s umed l ow ,  med i um,and hi g h  aud i t  and adopt i on rate se en a ri os and e st i mates of 
number of e l i g i b l e  bui l d i n g s  i n  CACS Regul a t o ry Impact Ana l y s i s .  
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4 . 2  On-S ite  Envi ronmenta l Impact s 

Th i s  sect i on add resses those on-s i te impacts wh i ch cou l d  occur 

from use of the energy con servat i on and renewabl e resource measures 

under the CACS Program. Of pa rt i cul a r  concern i s  the potent i a l  heal th  

i mpact on occupants of bui l d i ngs  in  whi ch conservat i on mea sures have 

resul ted in dec rea sed ai r change rates or i ncreased i ndoor pol l utant 

emi s s i on s .  Other i mpacts di scus sed i ncl ude l a nd use and aesthet i c s .  

4 . 2 . 1  I ndoor Ai r Qual i ty 

A potent i a l  impact of energy conservat i on measures i n  apartment s 

and smal l commerc i al bui l d i ngs  i s  the deg radat i on of i ndoor a i r  qual i ty 

due to reduced ai r exchange and i ncrea sed i ndoor pol l utant emi ssi ons . 

The Env i ronmental Protect i on Agency and other federal agenc i es have 

expressed seri ous concern over th i s  i s sue ( GAO , 1980) . Bri efl y ,  the 

concentrat i on of any substance withi n sma l l  commerc i al or mul t i fami ly 

res i dent i al bu i l di ngs  wi l l  depend on the rate at whi ch the substance i s  

generated , the rate at wh i ch i t  decays , and t he rate at wh i ch ai r moves 

i nto or out of the bu i l d i ng .  I n  general , for those pol l utants 

generated wi th i n  a bui l d i ng ,  l oweri ng the a i r  exchange rate wi l l  

i ncrease the pol l utant concent rat i on .  S imi l arl y ,  mod i fi cati on of  the 

bui l di ng struct ure or systems wi th i n  the bui l di ng ( e . g . , i nstal l i ng 

i n sul at ion or a sol ar  heat i ng system)  may i ncrease certa i n  i ndoor 

pol l utant emi s s i ons . S i nce Ameri cans spend 90 percent of thei r t i me 

i ndoors and more than 50 pe rcent of the i r t ime i n  thei r resi dences 

( B i nder et al . ,  1 976 ; Rob i nson , 1 97 7 ) , a substant i al i nc rease i n  the 

concentrat i on of tox i c  substances wi th i n  bui l d i ngs may impl y el evated 
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ri sks to the heal th  of the fmeri can  pub l i c ,  al though the effect s i n  

some cases may be sma l l and d i ffi c u l t to detect ( Kel l er et al . ,  1 9 79 ) . 

Changes i n  I ndoor Emi ssi ons Due to the Program. One of the two 

maj or categori es of i mpacts on i ndoor ai r qual i ty deri v i ng from the 

CACS Program is the i nc rease i n  the agg reg ate strength of i ndoor 

emi ss i on sources . Many of the add i t i onal sources of i ndoor pol l utants 

wi l l  be bui l d i ng materi a l s .  Such materi a l s have been shown to emi t a 

wi de vari ety of chemi cal spec i es ( Mol have ,  1 979 ) . Pr i nc i pal exampl es 

of emi tti ng bu i l d i ng materi al s are those wh i ch contai n urea­

formal dehyde ( UF )  res i n . Materi al s that contai n UF tend to emi t  

fo rma l dehyde (Meyer ,  1 979 ) . Such materi al s i nc l ude pa rt i c l eboa rd , 

chi pboard , and plywood . Another exampl e i s  UF-foam i nsul ati on , but i n  

the fut ure reduced usage can be expected because of the publ i c i ty 

surround i ng the ban of i ts use i n  resi dences by the Consumer P roduct 

Safety Commi ss i on ( 1 982 ) .  Thi s ban has recently  been vacated by the 

courts but the i s sue has not been l egal ly resol ved . A detai l ed 

di scussi on of UF-foam i nsul at i on can be found i n  Sect i on 3 . 2 . 2 . 1 . 8 of 

the RCS E I S  ( DOE , 1 97 9 ) .  Radi um i s  contai ned i n  g l ass  ( Gol dman a nd 

Yan i v ,  1978) and perhaps other mi neral fi bers from wh i c h  i nsul at i on i s  

made. Hence,  i nsul at i on may be a source of i ndoor radon.  Some 

bu i l di ng materi a l s may harbor mi c ro-o rgan i sms . A cel l u l ose-ba sed 

fi re- retardant materi al used i n  a hospi tal was shown to support the 

growth of a fungal spec i es and ani ssi on of fungi  l ed to i nfect i on of 

several cancer pat i ents ( Ai sner et al . ,  1976 ) .  Dud ney et a l . ( 1982) 

found evi dence of severa l ki nds of fungi  i n  att i c  i nsu l at i on from homes 

a l t hough i t  i s  not c l ear from those resul ts  whether or not presence of 
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the i nsu l at ion  affected i ndoor l evel s of fung i .  Any techno l og i cal  

devel opment i n  the futu re that enta i l s  an i ndoor emi s s i on wi l l  have a 

potent i al hea l th impact that may be exacerbated by vi rtue of the 

program ' s reduct i on i n  the average i nfi l trat i on rate i n  el i g i bl e  

bu i l di ngs . 

I n  contra st , some potent i al si tuati ons whi ch cause i ndoor ai r 

pol l ut i on may be d i scovered and prevented by energy audi tors and 

others . For exampl e ,  i t  i s  cl ear that when furnace fl ues are bl ocked , 

death can resul t from carbon monox i de poi soni ng i ndoors ( Kel l ey and 

Sophoc l eus , 1978) .  Many of the workers who wi l l  i nstal l conservat i on 

measures or who wi l l  provi de aud i ts may be more aware of proper furnace 

operati on than are some owners or occupants of CACS-covered bui l d i ngs . 

There may be some fortunate i nstances where furnace mul fu nct i ons  are 

noti ced and repa i red before a seri ous i nc i dent occurs . 

Changes i n  Ai r Exchange . The second maj or category of impact on 

i ndoor ai r qual i ty deri ved from the CACS Prog ram i s  decreased i nfi l tra­

t i on ,  as i ndJ cated by several theoret i cal and experimental stud i es 

( Shai r and Hei tner , 1974 ; Si l berstei n ,  197 7 ; Moschandreas et a l . ,  1978 ; 

Hol l owel l et al . ,  1979 ; Sterl i ng and Kobayash i , 1977 ) .  I nfi l trat i on i s  

a part of the total  ai r exchange i n  a bui l di ng .  Ai r exchange i s  

defi ned to be the i nfl ux of outdoor a i r  by any means and i nc l udes both 

natural i nfi l trat i o n  and mechani cal  or natural vent i l at i on .  

Theoret i cal  and experimental stud i es show that , i n  general , there i s  

some k i nd of i nverse rel ati onshi p between ai r exchange rates and 

concentrat i ons of i ndoor pol l utant s �  That i s ,  i f  the i nfi l t rat i on rate 

i s  decreased then the concentrat i on of i ndoor pol l utants i s  i ncreased .  
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· certa i n  ret rofi t measures  may reduce ai r exchange. Grot and Cl a rk 

( 1 979 )  found i n  24 l ow- i ncome homes that ret rofi t measures dec reased 

average fan-i nduced i nfi l t rat i on by 30-35  percent . Col l i ns { 1 979 )  a l so 

found a 30 percent reduct i on i n  i nduced ai r i nfi l t rat i on after ret rof i t  

measures were i nstal l ed i n  29 homes i n  Denver. Others have found 

l es ser effects or even i nc reased i nfi l t rati on ( see Append i x  B for 

deta i l s ) . These stud i e s  were al l done on s i ngl e-fami l y  dwel l i ngs .  The 

author i s  not aware of any comparab l e stud i es for apartments or sma l l 

commerc i al bu i l d i ngs .  Therefore at th i s  t i me ,  i t  i s  not poss i b l e to 

quant i fy the mag n i tude of the reduct i on in i nfi l t rat i on i n  CACS-covered 

bu i l d i ngs  resul t i ng from energy conservat i on measures .  However,  DOE 

bel i eves that t he effecti ve decrease i n  i nfi l trat i on i n  CACS-covered 

bu i l d i ngs  genera l ly wi l l  be l e ss than the val ues repo rted above for 

s i ngl e-fami l y  dwel l i ngs  for t he fol l owi ng reasons .  CACS-covered 

apartments and sma l l commerc i a l  bu i l d i ngs have ai r handl i ng or 

vent i l at i on systems that a re i ntended to ass ure acceptabl e i ndoor a i r  

qual i ty. Weatheri zat i on effort s i n  CACS-covered bui l d i ng s  therefore 

are not l i kely to i nfl uence the total a i r exchange rate as much as 

s imi l ar weatheri zat i on effort s i n  si ngl e-fami ly  dwel l i ngs . Al s o ,  

caul k i ng and weatherst ri ppi n g ,  the pri nci pal measures that reduce 

uni ntent i onal i nf i l trat i on ,  may be i n stal l ed i nfrequentl y .  For many 

l arge apartment bui l d i ngs such measures are expensi ve and l abor 

i ntens i ve ,  wi t h  l ong pay-back per i od s .  For many smal l bu s i nesses , 

cu stomer traff ic  i s  such t hat caul k i ng and weatherstri ppi ng wi l l  not 

apprec i ably change the rate of ai r exchange. 
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The staff at Oak Ridge Nat i onal Laboratory has ident i f i ed onl y  two 

publ i shed studi es of measured ai r exchange rates i n  apartments and 

offi ce bui l di ngs  ( see Appendi x  B) . Total  a i r exchange rates measured 

i n  s ix  apartments i n  P i tt sburgh under normal real - l i fe cond it i ons 

ranged from 0. 3 to 1 . 7  ai r changes per hour.  In  two offi ces i n  Boston , 

total a i r exchange rates were 1 . 2 and 1 . 5 a i r changes per hou r.  These 

data may not be stat i sti cal ly  representat i ve of GAGS-e l i g i bl e  

bui l d i ng s .  Vari ous model bui l d i ng codes g eneral ly requi re more than 

two ai r changes per hour and the Ameri can Soc i ety of Heat i ng ,  

Refri gerat i ng , and Ai r-cond i t i on i ng Eng i neers recommends vent i l at i on 

rates i n  excess of two ai r changes per hour for most sma l l comme rc i a l  

establ i shments .  For exampl e ,  the suggested a i r  exchan ge rate exceeds 

two ai r changes per hour i n  33 out of 55 commerc i al scenari os for whi ch 

ai r exchange rates were cal cul ated ( see Tabl e B-3 ) . It  shou l d al so be 

poi nted out that there are no recorded before-a nd-after ai r exchange 

rate measurements assoc i ated wi th caul k i ng and weatherstri ppi ng i n  

apartments and sma l l commerci al  bu i l d i ngs .  

I n  concl u s i on , it  i s  bel i eved that the total a i r exchange rates i n  

GAGS-covered bu i l di ngs wi l l  be hi gher than i n  si ng l e-fami ly detached 

dwel l i ngs and that thi s wi l l  be refl ected i n  l essened i ndoor a i r  

qual i ty impacts .  Such i ndoor ai r qua l i ty impacts were acceptabl e  i n  

the RCS P rogram ( DOE ,  1979)  and therefore i mpacts of l es ser magni tude 

i n  the CACS Program are deemed acceptabl e al so. 

I ndoor Ai r Qua l i ty and Human Heal th. Attempts to esti mate the 

i mpacts of res i dent i al energy conservat i on on i ndoor a i r  qual i ty a nd 

hence on human heal th are "fraught wi th di ffi cul ty "  ( NAS , 1981 ) .  The 
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task i s  no eas i e r  wi t h  respect to apartments and sma l l commerc i al 

bui l d i ng s .  The reasons a re :  

Ameri can bu i l d i ngs  are poorly characteri zed a s  regard s  many 

parameters whi ch strongly affect a i r  exchan�e and i ndoor a i r  

qual i ty ,  

behav i or of bui l d i ng occupants i s  a major. detenni nant of i ndoor 

a i r  qual i ty ,  and 

the quant i tati ve rel ati onshi p between human exposure to 

pol l utants  and resul t i ng i nc i dence of d i seases i s  very 

di ffi cu l t to defi ne.  

Many of the pol l utants di scussed i n  thi s report are thought to 

affect human hea l th .  For radon progeny and pol ycycl i c  organ ic  

compounds , exposu res to  hi gh  l evel s i n  occupat i onal sett i ngs  can  l ead 

to i ncreased l ung cancer i n  humans ( NAS , 1981 ) .  Among non- smok i ng 

spouses of ci garette smokers , there i s  an  i ncreased i nc i dence of l ung 

cancer ( NAS , 1 981 ) .  Exposure to formal dehyde causes eye , sk i n ,  and 

l ung  i rritat i on i n  human bei ngs as wel l as nasal  cancer i n  rodents 

( NAS , 1 981 ) .  Carbon monox i de can be fatal at h i gh l evel s of exposure 

wh i l e  hav i ng much mi l der,  short-l i ved effects at l ower l evel s ( NAS,  

1 981 ) .  B i ol og i cal  effects a nd exposure l evel s whi ch have been 

demonstrated i n  occ upati onal , .c l i ni cal , and l aboratory sett i ngs are 

shown i n  Tab l e 4-2. Add i t i onal i nformat i on on governmental standards 

fo r some pol l utants and some conservat i v e  proj ect i ons of i ndoor ai r 

concentrat i ons can be fou nd i n  T abl e 4-3.  

The sect i ons that fol l ow wi l l  prov i de analyses of potent i al 

i ndoor a i r  qual i ty i mpacts and consequences .  Radon , ozone , 
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Tab l e 4-2 . Pol l utant l evel s at  wh i ch heal th  effect s 
have been demon st rated 

P ol l ut ant 

Radon progeny 

Forma 1 dehyde 

I nvo 1 u ntary 
smok i ng 

Carbon monox i de 

N i t rogen 
d i ox i de 

P olycycl i c  
orga n i c  com-
pounds  

B i ohazard s  

a source : 
bsource : 

Demonst rated heal t h  e ffect L owe st repo rted 
exposure l evel a 

L ung  cancer i n  man 1 WL 

Eye i rr itat i on i n  man ; 0 . 0 1  m g�m3 
Lung  i rri tat i on i n  man ;  62 mg/m 
Nasal cancer i n  rodents ;  7 .4  m g/m3 
Asthma and sk i n  i rr itat i on i n  man ( not reported ) 

L ung  cancer i n  man L i v i ng \"i t h  a 
smoker 

Ac utely tox i c  i n  man ; 1 700 mg/m3 
M i l d  effects  on  endu rance , nerves 1 20-230 m g/m3 
and b l ood i n  man 

L ung  const ri ct i on i n  man 2- 76 m g/m3 

Lung  cancer i n  man 0 .8 8  m g/m3b 

I ndoor a i rborne i nfect i on i n  man ( n ot reported )  

NAS ( 1981 ) . 
Mazumda r  et a l . ( 1 975 ) . 
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Tabl e 4-3 .  P roj ected i ndoor a i r qual i ty impact s from conservat i on i n  
s i ng l e-fami ly dwel l i n gs with h i gh l evel s of pol l ut ants 

Po 1 1  utant I mpact 

Before Afterb 

R adon , Bq/m3 377e 445 

R adon progeny , WL 

Formal dehyde , µg/m3 

0 . 023e 0 . 027 

610f 620f 

Respi rabl e part i c l es , µg/m3 : 
0 smokers 24g 

1 smoker 43g 

> l  smokers 7 5g 

Ozone ,  µg/m3 

Carbon monox i de ,  µg/m3 6 ,000 i 

N i t rogen d i ox i d e ,  µg/m3 l ,060j 

Hydrocarbons , mg/m3 

28 
5 1  
88 

<0 .24h 

7 ,080 

l ,230k 

22 

aSource : Dudney and llal sh  ( 1981 ) .  

Compa ri son standards a 

See Tabl e 4-4 

See Tabl e 4-4 

75  ( 1  y )  

0 . 24 
10 ,400 ( 8  h )  

100 ( 1  y )  

3 ,7 10  (8  h )  

5 ,000 ( 8  h )  

0 . 2  ( 8  h )  
58 ,000 ( 8 h )  

9 ,500 
( i nstan­
taneou s )  

bAss umi ng  i nfi l t rat i o n  i s  reduced 1 5% a nd concentrat i on i s  
i nversely proport i onal  to i nf i l t rat i on u n l ess noted otherwi se. 

cNat i onal Amb i ent Ai r Q ual i ty Standard ( n umber i n  parentheses i s  
averag i ng i nterval ) .  

d standard s  i s sued by Occu pat i onal Safet� and Heal th Admi n i strat i o n  
( n umber i n  parent heses i s  averag i ng i nterval ) .  

eOne standard dev i at i on above the geomet ri c mean ( Ryan ,  1 981 ) .  
fF rom model of Andersen et a l . ( 1975 ) .  
gData from S pengl er et al . ( 1981 ) .  
hAssumi ng  ASHRAE standard 62- 1981 i s  met.  
i oata from Moschandreas et  a l . ( 1978 ) . 
j Max i mum val ue reported by Young et al . ( 1981 ) . 
k l nfi l t rat i on dependence of Traynor et al . ( 1 981 ) .  
1 oata from Ahrenhol z and H andke ( 1 982 ) .  
mNI OSH standard for varn i sh maker ' s  and pai nter ' s  naphtha 

(Ahrenhol z and Handk e ,  1982 ) .  
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fonnal dehyde , combu st i on product s (tobacco smoke , ni t rogen di ox ide ,  

ca rbon monox i de ) , a i rborne b i ohazards , and bui l d i ng-assoc i ated 

ep idemi cs wi l l  be d i scu ssed . Greater _deta i l s  can be found i n  Append i x  

B. 

Radon . I n  any bu i l di ng used for sma l l corrvnerc i a l  or apa rtment 

appl i cat i ons , there are numerous sources of radon and radon progeny .  

Radon deri ves from the rad i oact i ve decay of rad i um wh i ch ma y  b e  found 

nat ural l y  i n  t race amounts , i n  soi l , concrete,  wal l boa rd ,  g l ass , and 

other materi al s .  The l evel s of i ndoor radon and its  daughters deri v i ng 

from such sources wi l l  be el evated i f  aud it  recommendati ons wh i ch 

reduce ai r infi l t rat i on are adopted . Radon and its  progeny are known 

to cause l ung cancer i n  man ( NAS , 1981 ) .  

Model ca l cu l at i ons presented i n  Append i x  B show that i f  outdoor 

l evel s of radon and i ts daughters are as George ( 1 972)  measured , 

equ i va l ent to 0. 0007 WL , then reduc i ng the total  ai r exchange rate from 

1 .0 to 0 . 7  a i r  changes per hour wi l l  ra i se the i ndoor radon daughter · 

l evel from 0. 0033 to 0. 0050 WL. .  Tabl e 4-4 surrmari zes radon standa rd s  

proposed for vari ous purposes by the Un i ted States and other 

countr ies .  

Certai n areas i n  the Un i t ed States have el evated l evel s of  radi um 

i n  the soi l and radon i n  the ai r ( DOE,  1979) . Such areas i nc l ude parts 

of Col orado , Fl orida , and Montana .  Whi l e  many such areas have ongoi ng 

radon exposure abatement programs , b ui l d i ng owners i n  any such areas 

shou l d  impl ement wi th great caut i on any measures which  may decrease ai r 

i nfi l trat i on.  

The hea l th effect assoc i ated wi th exposure to radon and i ts  

progeny i s  l ung cancer. It  has been wel l estab l i shed that exposure to 
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Tab l e  4-4 . Standards for radon and radon progeny 

Country 

Average an nua l 
work i ng l eve l 

( u n l ess otherw i se 
spec i f i ed )  

Act ion Status Reference 

UN I TED STATES : 

S i tes contami nated 
by u ran i um p rocess i ng 

Phosphate l an d ,  F l or i d a :  
Exi st i ng hous i ng 

New hou s i ng 

A l l  I ndoor env i ronments 

CANADA : 

SWEDEN : 

M ax l rru m, ex i st i ng 
bu 1 1  d l ngs 

Max I rrum, new bu 1 1  d I ngs 

UN I TED STATE S ( m i ners ) 

I nstantaneous max l llllm 

M ax i mum cul!ll l at l ve dose 

I ndoor-nonoccu pat i ona l 

0 .02 

< 0 .02 

>0 .02 

Norma I I ndoor 
backgrou nd 

0 .0 1  

>O .O 1 
>0 .02 
> 0 . 1 5 

200 Bq/m3 ( a )  

7 0  Bq/m3 ( a )  

A cost-benef i t  ana l y s i s  
I s  requ i red w hen l e ve l 
I s  on l y  s l i ght l y  above 
ma x i  rrum 

Reduce to as l ow as 
reasonab l y  ach l eva b l e  

Act i on I n d i cated 

I nvest i gate 
P r i mary act i on cr i ter i on 
Prompt act i on 

Occupat i ona l 

F i na l c l ea n up 
stan dard for 
bu I I d  I ngs con­
ta m i nated by 
uran i um proces­
s i ng s i tes 

Recommendat i on to 
Governor of F l or i da 

P u b l  I shed 

Po 1 1  cy Statement 
by AECB 

Proposed Standard 

MSHA Standard 

NOTES : 
( a )  

Assumi ng a n  equ l l l br l um factor o f  0 .5 ,  these va l ues are 0 .027 WI.. and 0 0009 WI.. , respect i ve l y .  
( b )  

Work i ng l eve l -month ( WLM > I s  a un i t  o f  cul!ll l at l ve exposure to radon progeny . 1 WL.M I s  any com-
b i n at i on of exposure l e ve l and exposure t i me  such that the product o f  l eve l and t i me  eq ua l s  
1 7.3 hours x 1 WI.. . 

SCXJRCE: 

Dudney and Wa l s h  ( 1 98 1 )  a n d  Ref s .  1 and .30 

REFERENCES : 

1 .  u . s .  Env i ronmenta l P rotect i on Agency , "Standards for Remed i a l  Act i on s  at I nact i ve Uran i um 
Process i ng S i tes , "  F ed .  Reg l st . 48 :590-604 ( January 5 ,  1 98.3) 0 

2 

.3 

4 

5 

6 

2 .  u . s .  Env i ronmenta l P rotect i on Agency , " I ndoor Rad i at i on Exposure due to Rad l um-226 I n  F l or i da 
Phosphate Lan d s :  Rad i at i on Protect i on Recommendat i ons an d Request for Comment, " Fed . Reg l st . 44 : 
.38664-70 ( Ju l y  2 ,  1 979> • 

.3 .  Amer i can Soc i ety o f  Heat i ng ,  Refr i gerat i ng ,  and A i r-Cond i t i on i ng Eng i neers ,  "ASHRAE Standard 
62- 1 98 1 : Vent i l at i on for Acceptab l e  I ndoor A i r Qua l i ty , "  1 98 1 . 

4 . Atom i c  Energy Contro l Board ( o f  Canada ) < AECB > ,  "Cr i ter i a  for Rad i oact i ve C l ean-up I n  C anada, " 
AECB I nformat i on B u l l et i n  77-2 ( A pr i l  7 ,  1 977> . 

5 .  Department o f  Agr i cu l ture (of S weden ) ,  P re l i mi nary Proposa l for M easures to M in i m i ze Rad i at i on 
R i sk I n  B u i l d i ngs , Sect i on s  .3 .2 .2 and .3.2 .4 < 1 979> . 

6 .  u .s .  M i ne Safety a n d  Hea l th Admi n i strat i on <M SHA) , ''Regu l at i on s  a n d  S tandards App l i cab l e  to 
M eta l and Nonmeta l M i n i ng and M i i i i ng O perat i on s , "  .30 CFR 57 : 5--.38 and 5-.39 ( Ju l y 1 ,  1 979> . 
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hi gh l evel s of radon and radon daughters i s  a major factor i n  the 

devel opment of l ung cancer i n  urani um mi ners . The extent of ri sk from 

exposure to l ow l ev el s i s  unknown . Laboratory ani mal  st ud i es have not 

contri buted g reatly to quant i fyi ng  a dose-response rel at i onshi p for 

radon exposure and l ung  cancer. Extrapol at i on of data on mi ners ( see 

Appendi x  B )  has l ed to the reco1T1Tiendat i on of gui del i nes for radon 

exposure.  EPA has suggested to the State of Fl ori da , for houses on 

phosphate recl a imed l and , that act i on shou l d  be taken to reduce l evel s 

that are above 0 . 02 WL to as l ow as reasonably ach i evabl e ,  preferably 

b el ow 0 . 01 WL ( Budn i tz et al . ,  1 979 ) .  Canada has promul gated si mi l ar 

cri teri a for houses i n  four colTITiuni t i es associ ated wi th  urani um mi ni ng 

and processi ng .  

The excess number of l ung cancers resu l t i ng from i nc rea sed radon 

progeny exposure due to thi s program can be est i mated . The three el e­

ment s  of i nfonnati on  that ar� needed are a l un g  cancer ri sk  est imator 

factor for radon progeny ,  an esti mate of the number of peopl e l i kely to 

be exposed , and the esti mated i nc rease in exposure l evel s .  The 

E nv i ronmental Protecti on Agency ( 1982)  has eva l uated several  heal th 

ri sk  model s as appl i ed to avai l abl e data on l ung cancer i n  popul ations  

exposed to radon.  They concl ude that "based on the ri sk model s and 

assumpt i ons  (descri bed on pgs .  52-55  op. c i t . ) for l i fet i me exposure 

( EPA) est i mates an average of 1 . 0 to 2 . 4  l ung cancer deaths per year 

for each 100 person-work i ng-1 eve l s  of such exposures . "  Person-worki ng-

1 evel i s  a uni t of the popul ati on ' s  col l ect i ve exposure ; that i s ,  it i s  

the number of peopl e t ime s  the average expo sure ( i n work i ng l evel s )  of 

radon progeny .  For empl oyees i n  s�al l commerc i al establ i shments these 
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ri sk est i mators ha¥e been di v i ded by three s i nce, conservat i vel y , 

empl oyees are assumed to be present 56 hours per week.  

The tota l  number of  peopl e l i ke ly  to be  exposed can be  est i mated 

from i nformat i on i n  t he CACS Regu l atory Impact Analys i s  and i n  t he 

Stat i st i cal  Abst ract of the Un i ted States ( DOC , 1981 ) .  I t  has been 

est i mated that there are 7. 1 x 106 apartment uni t s  and 2 x 106 

smal l corrunerc i al bui l di ngs el i g i bl e  for the CACS P rogram. The 

Regul atory Impact Ana lys i s est i mates that the overal l adopt i on rate 

( the product of part i c i pat i on ( audi t )  rate ,  adopt i on rate , and prog ram 

fract i on )  for conservat i on measures for both apartment s and sma l l 

commerc i a l  bui l di ngs wi l l  be 1 . 1% ,  0 . 3% ,  and 0 . 0 1% for h i gh ,  med i um,  

and l ow scena ri os , respect i vel y .  DOE ( Patel , 1982 } est i mated that 54% 

of t hose apartments adopt i ng some measures of the CACS P rogram coul d 

impl ement caul k i ng and/or weatherst r i ppi n g ,  whi c h  are thought to reduce 
• 

i nfi l trat i on .  For smal l commerc i al bui l di ngs , DOE ( Patel et a l . ,  1 982 } 

found that 40% of el i g i bl e  bu i l di ng s  adopt i ng CACS-measures coul d 

i mpl ement caul k i ng and/or weatherstr i pp ing .  There are 2 . 75 persons per 

hou sehol d i n  the Uni ted States (DOC , 1982} and i t  i s  assumed there i s  

one househol d per apartment uni t .  The average number of empl oyees i n  

bu si nesses wi t h  l es s  than 5 enpl oyees i s  2 . 03 ( Bu reau of the Censu s , 

1 982 ) .  I t  i s  conservat i vely assumed t here are ten persons present i n  a 

sma l l commerci a l  establ i shment dur i ng  work i ng hours . 

I nc reased exposure l evel s of radon progeny can be esti mated from 

meas ures of preex i st i ng radon l evel s and esti mated decreases i n  the ai r 

exchange rate .  A summary of 403 measurements on t he ma i n  fl oor of 

.Ameri can dwel l i ng s  found an ari thmet i c  average of 0 . 0 1 4  WL and the 
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average of 298 ba sement measu rement s was 0. 027 WL ( Rya n ,  1981 ) .  Th i s  

i s  bel i eved t o  be worse than the average CACS bui l d i ng .  The ari thmet i c  

averages found i n  fourteen Canad i an c i t i es ranged from 0 . 00 1 1  to 

0. 0067 WL (McGregor et a l . ,  1980 ) . Many stud i es fi nd an approxi mate 

i nverse rel at i onsh i p  between radon progeny l evel s and i nfi l t rat i on 

( Wal sh and Lowder , 1983 ) . For exampl e ,  a 1 5% decrease i n  the a i r  

exchange rate resul ts  i n  an 18% ( 1 00 ( 1/0 .85-1 ) )  i nc rease i n  exposure . 

Cal cul at i ons for est i mat i ng radon- i nduced l ung cancer deaths due 

to the CACS Program are sunma ri zed i n  Tabl e 4� 5 .  Est imated effects 

range from 0 to 7 l ung cancer deaths per yea r. The upper end of thi s 

range i s  based on the conservat i ve assumpt i on that the average radon 

progeny l evel i n  apartments and sma l l commerc i al bui l d i ngs i s  equal to 

the average of 40 3 fi rst-fl oor measurements i n  si ngl e-fami ly detached 

dwel l i ngs l ocated i n  areas wi th typi cal rad i um concentrat i ons i n  the 

so i l .  The average of 296 ba sement measurements was about twi ce as 

l arge as fi rst fl oor measurements , and i f  basement l evel s are 

representat i ve ,  the max imum impact woul d be i ncreased two fol d .  

I f  as DOE assumes , a i r  exchange rates are much h i gher i n  CACS-

el i gi bl e  bu i l d i ngs than i n  si ngl e-fami ly  detached dwel l i ngs , then the 

maxi mum radon progeny i mpacts woul d  be l ower than that cal cul ated . I f  

weatherst ri ppi ng  and caul k i ng are l ess  frequent ly impl emented than 

assumed then the maximum i mpact wi l l  be l ess .  Ai r exchange reducti on 

may not be as effect i ve as assumed i n  thi s cal cul at i on ,  and that wi l l  

al so reduce the i mpact . For compa ri son , i n  1977 there were recorded 

95 , 182 l u ng cancer deaths  (from al l cau ses ) i n  the Un i ted States. The 

i mpact from i ncrea sed radon progeny l evel s resul t i ng  from 
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Tab l e  4-5 . E st i mated l ung cancer deaths due to I ncreased radon progeny exposure 

Hea l th r i sk est i mator 

Number e l l g l b l e  un i ts 

Peop l e  per un i t  

Overa l l  adopt i on ratec 
for conservat i on 
measures 

Rate for a pp l i cat i on of 
I n f i l trat i on reduc i ng 
measures 

Fract iona l change I n  
concentrat i on due to 
reduced I n f i l trat i on 

Preex i st i ng l eve l s  of 
radon progeny 

E st i mated l mpactJ 
1 977 nat i ona l l ung 
cancer ratek 

aooc, 1 982 . 

Un i ts 

l ung cancer deaths 
WL x person-year 

apartment un i ts or 
commerc i a l  bu l l d l ngs 

max 
avg 
m i n  

h i gh 
med i um 
l ow 

max 
m i n  

persons 
persons 
persons 

maxg WL 
typ i ca l rangeh WL 

m i n  WL 

deaths/yr 

deaths/yr 

baureau of the Census, 1 982 . 

Apartments 

0 .0 1 0-0 .024 

7 . 1  x 106 

1 • 1 
0 • .3 
0 . 0 1  

0 .027 
0 .00.3.3-0 .0 1 4  

0.00 1 1 

7 

95 , 1 82 

Sma I I Commerc I a I 
Bu i l d l ngs 

0 .00.3-0.008 

2 x 106 

1 . 1  
0 • .3 
0 .0 1  

0.027 
0 .00.3.3-0 .0 1 4  

0 .00 1 1 

0 .4 

cThe product of part i c i pat i on ( a ud i t )  rate, adopt i on rate, and program fract ion ( see 
Sects. 4 . 1 . 1  and 4 . 1 .2) . 

dpate I , 1 982 . 

epate l et a l . ,  1 982. 

fMeasured reduct i ons In  fan- I nduced I n f i l trat i on from certa i n  retrof i t  measures In  5.3 
s l ng l e-fam l l y  dwe l l i ngs averaged .30% ( Grot and C l ark , 1 979; Co l l  I ns ,  1 9 79 ) . There are no 
s l m l l ar measurements for apartments and sma l l  commerc i a l  bu i l d i ngs . However , corr i dor 
vent i l at i on I n  h i gh-r i se apartment bu l l d l ngs I ncreases a i r  exchange rates. Mechan i ca l  
vent i l at i on from heat i ng and coo l I ng systems a l so I ncrease . a i r  exchange rates con s i derab l y .  
Therefore conservat i on measures I n  apartment bu i l d i ngs probab l y  have sma l l er ef fects on a i r  
exchange than I n  s l ng l e-faml l y  dwe l l i ngs . For purposes of th i s  ana l y s i s ,  I t  was 
conservat i ve l y assumed that retrof i t  measures I n  CACS-covered bu i l d i ngs resu l t  I n  a 1 5% 
decrease I n  the a i r  exchange rate ( ha l f  the s l ng l e-fam l l y  rate) . A 1 5% decrease I n  a i r  
exchange w l l l  resu l t  I n  a n  1 8% I ncrease I n  radon progeny l eve l s  I f  an I nverse re l at i onsh i p  
ex i sts between a i r exchange rates and I ndoor concentrat i ons. The actua l concentrat i on change 
I s  proba b l y  between 0- 1 8% .  

gAverage o f  296 measurements I n  s l ng l e-fam l l y  basements < Ryan ,  1 98 1 ) .  

hProba b l e  range for ground-f l oor l eve l s  (Abu-Jarad and Frem l l n , 1 98 1 ;  Ryan, 1 98 1 ) .  

1 Average l eve l measured I n  second f l oor and h i gh er apartments ( Abu-Jarad and Frem l l n , 
1 98 1 ) . 

JEst l mated max i mum I mpact ut i l i z i ng hea l th r i sk est i mator factors of 0 .024 and 0 .008 
for apartments and sma l l  commerc i a l  bu i l d i ngs respect i ve l y ,  1 . 1 %  overa l l  adopt i on  rate, 1 5% 
reduct i on I n  a i r  changes per hour due to I mp l ementat i on of conservat i on measures, 0 .0 1 4  Wl for 
radon progeny ,  and an average occupancy of 2 .0.3 for sma l l  commerc i a l  bu i l d i ngs . 

kv 1ta l Stat i st i cs of the Un i ted States, 1 97 7 .  u . s .  Department of Hea l th and Human 
Serv i ces ( 1 980) PHS 80- 1 1 02 .  
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impl ementati on of the CACS Program could result in about a 0 . 007% 

i ncrease i n  l ung cancer mortal i ty. 

Ozone. Nonnal ly ,  i n  the absence of known sources of ozone, the 

i ndoor ozone l evel i s  a functi on of the ai r exchange rate and outdoor 

ozone concentrat i on. Resul ts have been calculated from a model 

developed by Shai r and Hei tner { 1974) for an offi ce contai ni ng a 

copyi ng mach i ne produci ng a typi cal number of copi es duri ng an 

eight-hour workday and are presented i n  Appendi x  B .  These authors 

measured al l perti nent aspects of a two-room uni vers i ty offi ce i n  

Pasadena , Cal i forni a. A l ikely acti on of a bui l di ng owner seeki ng to 

reduce energy consumpti on may be reduci ng the flow of i ntenti onally 

added outdoor ai r ( i . e. , make-up ai r) .  From F i gure B-2 , i t  i s  clear 

that , for a peak outdoor ozone concentrati on of 50 µg/m3 , the i ndoor 

l evel is  i ndependent of i nf iltrati on. For lower levels of outdoor 

ozone, the indoor l evel i s  inversely related to infi ltrat i on. For 

h i gher level s of outdoor ozone, lower rates of i nfi ltrati on tend to 

reduce indoor l evel s of ozone. 

If the CACS Program results in  reduci ng the ai r exchange rate by 

1 5% from 2 . 0  to 1 . 7 ai r changes per hour, then for a peak outdoor ozone 

level of 200 µg/m3 (typi cal of some locati ons in  the U . S. ) ,  the 

time-wei ghted average i ndoor concentrati on wi ll be lowered from 1 10 to 

107 µg/m3. For hi gher outdoor ozone levels , whi ch may be typi cal of 

southern Cal i forni a,  the benefi c i al effect of reduced i nfi l trati on i n  

offi ces i s  expected to be even greater. 

The pri mary effect due to ozone exposure at concentrati ons whi ch 

mi ght be expected i n  an offi ce envi ronment i s  i rri tat i on of eyes , 
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mucous membranes , and the upper respi ratory system. Such effect s have 

been demonst rat ed i n  huma n bei ngs at concentrat i on s  of about 2 mg/m3 . 

Suscept i bi l i ty to upper respi ratory t ract i nfect i on a nd t i ssue damage 

has been reported at h i gher concentrat i ons  i n  an i ma l  stud i es .  Ozone 

al so acts as a depressant on the cent ral nervous system. The Ameri ca n 

Conference of Governmental Indust ri a l  Hy g i eni sts (ACG I H ,  1979 }  has  

reco1001ended a standard for work room exposure of 20  µg/m3 ( 0 . 0 1  ppm } . 

The EPA standard for ambi ent exposure i s  235 µg/m3 for a one-hour 

average exposure. The CACS P rog ram wi l l  have i n s i g n i fi cant effects on 

ozone l evel s in  apartments and nearly al l smal l commerc i al bu i l d i ng s .  

The only except i on t o  th i s statement i s  where p hotocopi ers o r  other 

ozone producers are present . I f  ozone i s  produced wi t h i n the bui l d i ng ,  

add i t i onal vent i l at i on shoul d be p rovi ded to mi t i gate the p resence of 

the ozone wh i ch i s  produced . 

Formal dehyde . C i garette smoke ,  ot her i ndoor combust i on product s ,  

and materi al s conta i n i ng urea - formal dehyde ( UF)  res i ns are sources of 

forma l dehyde to wh i ch occupants of sma l l commerc i al and mul t i fami ly  

bui l d i ngs  are l i kely to  be  exposed . UF  res i nous products i n  such 

env i ronments i ncl ude chi pboard , part i cl eboard , and pl ywood wh i c h  are 

used i n  cabi net ry ,  subfl oori ng , and shel v i ng .  Exposure to forma l dehyde 

from these i s  unl i kely to be cont rol l ed by removal  of the sources i n  

the near fut ure . Andersen et al . ( 1975 }  stud i ed the rel ati onsh i p  

between i ndoor forma l dehyde l evel s i n  vari ous bui l d i ngs and 

meteorol og i cal factors. One of the bu i l d i ng factors was the amount of 

pa rti c l eboard i n  a room per un i t  vol ume of the room. 



4-21 

Fonnal dehyde l evel s have been cal cul ated usi ng  the model devel oped 

by Andersen et al . ( 1975)  and are presented i n  Append i x  B. The val ues 

of the model pa rameters used were the average val ue i n  22 typi cal  

Dan i sh res i dences . I n  the case where the amount of part i cl eboard i s  

as sumed equal to the average val ue , reduc i ng the ai r exchange rate from 

2 . 0  to 1 . 7  a i r changes per hour i s  expected to ra i se the i ndoor l evel 

of fonnal dehyde from 492 to 52 1 µg/m3 • Wh i l e  perhaps such resu l ts 

best apply to Dan i sh res i dences from wh i ch the model was devel oped , 

they do suggest that exposure to fonnal dehyde wi l l  not change ma rkedly .  

Th i s  al so underscores the fact that some pol l utant concentrat i ons do 

not change as much as an i nverse dependence on the ai r exchange rate 

woul d  suggest . Both l evel s c i ted above are expected to el i c i t  s i mi l ar 

bi ol og i cal responses (Borzel l eca et al . ,  1980) . 

U rea- formal dehyde res i ns rel ease fonnal dehyde wh i ch tan cause 

ad verse heal th effect s .  Fonnal dehyde i rr itates the eyes ,  nose , and 

upper respi ratory tract . I t  may a l so produce nausea , headaches , and 

drows i ness .  I n  add i t i o n ,  i t  can produce a n  al l erg i c  dennati t i s  or 

sens i t i v i ty i n  some peopl e wh i ch wi l l  cause them to respond to much 

sma l l er concent rat i ons  than the non-sens i t i ve i ndi v i dua l . I nhal at i on 

stud i es with m ice provide evi dence suggest i ng that formal dehyde may be 

an anima l  carc i nogen ( Swenberg et al . ,  1980 ) . On the other hand , i t  

has  been reported that prel i mi nary resul ts from an epi demi ol og i cal 

study of workers exposed to fonna l dehyde fa i l  to detect any excess 

cases of cancer ( Anonymous , 1982 ) . The s i gni f icance of these 

prel i mi nary fi nd i ngs  cannot be as ses sed unt i l  enough data  are col l ected 

to perfonn stat i st i cal ly val id ana l ys i s .  Tab l e  4-6 presents 



4-22 

Tab l e  4-6 . Representat i ve data on hea l th e f f ects f rom I nha l at i on of f orma l dehyde 

3 
Concentrat i on Cmg/m ) 

1 7 . I 

0 .5- 1 2  .4 

0 .8-6 .0 

0 .4-3 .3 

0 .4-3 . 1  

0 .3-1 .7 

0 .2 -0 .6 

Type of exposure 

E xper i ment c hamber 

I ndoor res l dent l a l  

I ndoor res i dent i a l  

Occupat i ona l 

I ndoor res l dent l a l  

Occupat i ona l 

Occ upat i ona l 

Reported ef fects 

Eye and nose I rr i ­
tat i on 

Eye I rr i tat i on ,  
headaches , stomach 
and resp i ratory 
ccmp l a l nts a n d  
sk i n  prob l e ms  

Vom i t i ng ,  d i a r r hea, 
tear i n g  ( I n f ants 
on l y )  

Annoy I ng odor, 
tear I ng ,  I rr l ­
tat 1 on of 
resp i ratory tract 

Drows i ness, n ausea 
headache, nose and 
res p i r atory tract 
I r r i tat i on · 

U o per resp l r atcry 
t r act I rr i tat i on ,  
cough i n g ,  headaches 

Burn i ng and st i ng­
i ng of ey es, nose, 

and throat, head­
aches 

Reference 

S i m  an d P ratt l e , 1 9 57 

Sard i n as et a l . ,  1979 

W i scon s i n  D i v i s i on of 
Hea l t h ,  1 978; f i d e  NRC , 
1 980 

S h l pkow l tz ,  1 968 

B r eysee , 1 97 7  

K er f oot 3 1"1 d  M oon ey ,  
1 975 

Bourne and Sefer l an ,  
1 9 59 
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representat i ve data on effects in the exposure range pert i nent to the 

proposed program. Append i x  B d i scusses these stud i es i n  more detai l .  

The heal th effects of UF-res i ns have been rev i ewed by Hs i ao and 

V i l l aume ( 1 978) . Eye i rri tat i on has been reported among workers 

exposed to res i n-t reated fabri c s .  Sk i n  i rri tat i on and dermatoses are 

reported among workers who came i nto di rect contact wi th the res i n. 

No reports on carc i nogen i c i ty ,  ntJtageni c i ty ,  or teratogen i c i ty were 

found i n  the l i terature by H s i ao and Vi l l aume ( 1 978) . Mori n and 

Kub i nski  (1978) do report that component materi al s used i n  U F-foam 

i nsul at i on chemi cal ly react wi th DNA and other b i ol og i cal 

macromol ecu l es .  

There i s  much current controversy over the appropri ate val ue for 

standards pertai ni ng to l evel s at wh i ch peopl e mi ght be exposed to 

forma l dehyde . Currently , OSHA l i mi t s occu pat i ona l exposures to 3. 7 

mg/m3 averaged over ei ght hours . ASHRAE ( 1 981 ) and Ameri can I ndus ­

tri al Hyg i ene Assoc i at i on ( 1 968) suggest that i ndoor l evel s be l i mi ted 

to 0. 1 2 �mg/m3 . There are other groups wi th st i l l  other reconmenda­

t i ons . However NAS , when cont racted by CPSC , was unab l e  to make a 

recommendat i on for an acceptabl e exposure l evel . It i s  not cl ear what 

i s  an acceptabl e  l evel of forma l dehyde exposure. 

It is bel i eved that l evel s of forma l dehyde wi l l  not be a probl em 

i n  apartments and smal l commerc i al bui l di ngs except i n  those cases 

where excess i ve amount s of UF-res i ns have been used i n  the bui l di ng .  

Some measures of the CACS P rogram may ra i se ambi ent l evel s of 

forma l dehyde sl i ghtl y  i n  sane apartments and sma l l conmerc i al 
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bu i l di ngs , but wi th  the except i on just noted , l evel s are not expected 

to be at s i gn i fi cant heal th hazard l evel s.  

Combu st i on Products .  Respi rabl e part i cl es ,  ca rbon monoxi de ,  some 

pol ycycl i c  organi c compound s ,  and n i trogen d i ox i de are generated a round 

i ndoor combusti on sources.  I n  res i denti al  sett i ngs , such sources are 

pri mari l y  combust i on of tobacco , natural gas , wood , and kero sene. Al l 

of these are act i vi t i es of personal choi ce and , wi thout good data on 

human act i v i ty patterns , it i s  exceedi ngly di ffi cu l t to esti mate 

i nc reases in exposu re due to weatheri zat i on .  For conunerc i al sett i ngs , 

the recent ASHRAE standa rd ( 1 981 )  has reco1T111ended vent i l ati on 

cond i t i ons  wh i c h  are thought to ma i ntai n acceptabl e  i ndoor a i r qual i ty .  

Wi thout data o n  how wel l  occupants of smal l commerci al bui l d i ngs wi l l  

comply wi t h  the ASHRAE standa rd , it  i s  agai n hard to est i ma te i nc reased 

exposure.  

The heal th effect s associ ated wi th  respi rabl e parti c l es  range from 

l ung cancer to l ung and eye i rri tat i on dependi ng on the pol l utant.  

Ci g arette smoke i nc l udes part i c l es  and non-smok i ng wi ves of c i garette 

smokers have been shown to have excess rates of l ung cancer ( H i rayama , 

1981 ; Tri chopoul a s et al . ,  198 1 ) .  Part i cl es  al so attach to radon decay 

products a nd faci l i tate sub sequent i rrad i at i on of l ung t i ssues whi ch 

may contri bute to radon-i nduced l ung  cancer. C i garette smoke and 

pa rt i cl es from other sources a re known to i rri tate eyes and l ungs ( NAS , 

1981 ) .  

Dependi ng on occu pant behavi or  there may be numerous apartments or 

offi ces where part i cu l ate l evel s may exceed the Nat i onal Amb i ent Ai r 

Qual i ty Standa rd for outdoor ai r. That standard i s  75 pg/m3 for 
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respi rabl e pa rt i c l es averaged over a yea r.  Spengl er et al . ( 1 98 1 )  have 

shown that i n  n i ne homes wi th two or more smokers , monthly respi rabl e 

part i cul ate l evel s ranged from 40 to 120 µg/m3 wi th an overal l 

average of 70 µg/m3 . I n  22 homes wi th one smoker, the overal l 

average was 43 µg/m3 ( range : 30-60 µg/m3) .  I n  38 non-smok i ng homes 

the average l evel was essent i a l ly equi val ent to outdoor l evel s ,  22 to 

24 µg/m3. Ai r exchange rates were not d i rect ly  measured , but i n  a 

compan ion paper i t  was shown that ful ly a i r  cond i t i oned homes had 

si gni fi cantly hi gher part i cu l ate l evel s (Dockery and Spengl er ,  1981 ) .  

Such homes are thought to experi ence l ess a i r  exchange. 

In some ca ses , energy aud i t  recommendat i ons that resu l t  i n  

dec reased a i r exchange may l ead to cases where i ndoor part i cu l ate 

l evel s are hi gher,  perhaps even exceed i ng the Nat i onal  Amb i ent Ai r 

Qual i ty Standa rd for outdoor a i r. Such i mpacts wi l l  be mi t i gated by 

the fact that many l ocal  bu i l d i ng codes  are deri ved from the Uni fonn 

Bui l di ng Code of the I nternati onal Counc i l  of Bui l di ng Off ic i a l s ( 1 979) 

which  st i pul ates that apartment s mu st ma i ntai n an ai r exchange rate of 

two a i r  changes per hour or wi ndows that can be opened to an area equal 

to one-tenth of the fl oor area . For sel ect cl asses of commerc i a l  

occupancy there are other venti l at i on requi rements .  Such standa rds may 

al l evi ate impact s on pa rt i cu l ate l evel s .  The probl em may st i l l  be 

substant i a l though.  About 33% of adul t Ameri cans smoke and i n  one 

study 70% of the homes sampl ed reported one or more smokers i n  

res i dence ( NAS , 1981 ) .  As sumi ng these numbers are typi cal of occupant 

behavi or i n  CACS-covered bu i l di ngs , then for those bu i l d i ngs  where 

both ,  ( 1 )  smokers res i de or work , and ( 2) amel i orat i ve standards a re 
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not enforced , there is a reasonab l e l i ke l i hood that i ndoor part i cul ate 

l evel s may be i ncreased to unheal thy l evel s.  

The effect s of ni t rogen di ox ide at l evel s in the range of those 

reported for i ndoor exposures a re i rri tat i on of the eyes , nose , and 

th roat , as wel l  as mechani cal and pathol og i cal changes i n  the l ungs 

that l ead to  i ncreased suscept i bi l i ty to acute respi ratory d i sease and 

pos s i bl y  chroni c respi ratory di sease.  The EPA formerly reco1M1ended 

{ but d i d  not i ssue) standards for outdoor short-term exposure , 470 

µg/m3 , and for annual average exposure , 100 µg/m3 { C l ayton and 

Cl ayton ,  1 978) . Repre sentati ve human dose-response data ( Tabl e  4-7 ) 

can be compared to these val ues .  

There may be  cases  where probl ems wi th n itrogen di ox i de exposure 

may devel op . Experi mental studi es show that unvented natural gas 

combusti on ca n l ead to l evel s in  excess  of the Nat i onal  Ambi ent Ai r 

Qual i ty Standard i f  a i r  exchange rates a re l ess t han 2 . 5  a i r  changes 

per hou r  { Hol l owel l et al . ,  1978) . Level s i n  ki tchens as much as ten 

fol d above the Nati onal Ambi ent Ai r Qual i ty St andard were reported i n  a 

revi ew by Young et al . { 1 981 ) .  S i mi l ar to the si tuat i on wi th 

respi rabl e part i cl es ,  for those cases where unvented natural gas  

combust i on occurs and  where amel i orat i ve bui l di ng code standa rds  are 

not enforced , there i s  a reasonabl e chance that ni t rogen di ox i de l evel s 

may reach unheal thy l evel s .  

Carbon monox ide adversel y affect s body ti s sue by compet i ng with  

oxygen for b i ndi ng of  hemog l obi n i n  bl ood cel l s . Henc e ,  i t  i nterferes 

wi th the tra n sport of oxygen to body ti ssue.  Man i fest effect s of 

carbon monox i de a re i nc reased ri sk of  vari ous cardi ovascul ar d i seases 
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Tab l e  4-7 .  Representat i ve ep i d em i o l og i ca l  data o n  hea l th ef fects d u e  to 
I nha l at ion of n i trogen d i ox i de 

Popu l at i on stud i ed 

J•panese ra l l romd workers 

Chattanooga schoo l ch i l dren, 
•ged 7-8 

Centr• I c i ty vs su burban 
po l l ce111en I n  Boston 

Seventh-d•y Advent i st s  I n  
Los Ange l es vs S•n D i ego 

Czechos l ova k i an ch i l dren, 
ages 7- 1 2  

USSR ado l escents I n  
chemi ca l  and fert l l l zer 
p l ants 

l nd l v l dua l s  l i v i ng w i th i n 
1 km o f  USSR chem l ca l  
p l ant 

Fam l l l es I n  Chattanooga, 
Tennessee 

I nfants and ch l l dren 6-9 
I n  Chattanooga, Tennessee 

Average N02 
concentrat i on 

<µg/m3) 

300- 1 1 30 

1 50-280 

1 00 vs eo 

96 vs 43 

20-70 

< 1 0  

580- 1 1 20 

1 50-280 

1 50-280 

Reported ef fect 

O.cre•se I n  severa l measures 
of pu l Menery funct i on as 
compared to contro l s  

Ber�er l l ne decrease I n  l ung 
fun ct I°" test 

No d l f +.rences I n  var i ous 
111easures of pu lmonary funct i on 

No d i f ferences I n  var i ous 
111e•sures of pu l monary funct ion 

Two-fo l d  excess I n  acute 
resp i ratory d i sease compared 
to unexposed group 

Excess I n  acute resp i ratory 
d i sease rang i ng from 1 1 -27% 

44% I ncrease I n  phys i c i an 
v i s i ts for resp i ratory , 
v i sua l ,  nervous system, and 
s k i n  prob l ems 

Excess I n  acute resp i ratory 
d i sease -- 1 - 1 7% I n  ch i l dren , 
9-33% I n  adu l t s  

I n fants exh i b i ted 1 0-58% 
excess of acute bronch i t i s , 
ch i l dren 6-9 , 39-7 1% excess 

Reference 

Yamaza k i  et a l . ,  
1 969 ; f i de NRC, 
1 977b 

Shy et a l . ,  1 970• 

Spe l zer and 
Ferr i s ,  1 973a, b 

Cohen et a l . ,  
1 972 

Petr and 
Schmi dt, 1 966 

G l guz , 1 968 

Po l yak, 1 970 

Shy et a l . , 
1 970a , b  

Pear l man et a l . ,  
1 9 7 1  
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and behav i or changes  such as  t i me percept i on and the abi l i ty to  detect 

sma l l changes i n  one ' s  envi ronment . EPA has establ i shed threshol ds  for 

ambi ent expos u re of 10 mg/m3 (9 ppm) ma x i mum for an ei ght-h our 

exposure or  29 mg/m3 {25  ppm) ma x i mum for a one-hour expos ure. These 

were desi gned to  protect those i nd i v i dual s wi th ex i st i ng cardi ova sc u l a r  

di sease that may be suscept i bl e  to the effects of carbon monoxi de 

( Nati onal Research Counc i l ,  1977a ) .  

Combu st i on products  - pri ma ri l y  tobacco smoke and other 

pa rt i cul ates , CO , and N02 - are materi al s  that resul t ma i n ly  from the 

part i cul ar  l i fe styl e of bui l d i ng occupant s .  I n  some cases , a i r  

concentrati on l evel s may be hi gh enough t o  affect the hea l th  o f  the 

occupant s .  The CACS Program may i nc rea se these concentrati on l evel s i f  

ai r exchange rates  are dec reased by the adopt i on of certa i n CACS 

measures . However, it i s  bel i eved that a i r exchange rate changes wi l l  

be sma l l  and affected l es s  i n  CACS-covered bu i l di ngs than  i n  s i ngl e­

fami ly detached dwel l i ng s .  As a resul t ,  any exacerbat i on of heal th 

effect s wi l l  be l ess  for the CAC S  Program than for the RCS  Prog ram. 

The effect s were consi dered to be acceptabl e for the RCS P rogram a nd , 

because they wi l l  be l ess , they are acceptabl e  for the CACS Program 

al  so. 

Other Organ i c  Chemi cal s .  There are numerous sou rces  of vol ati l e  

organic  compou nd s  i n  both the resi dent i al and conunerc i al sett i ng s .  

DOE feel s that these chemi cal s do not cause a heal th probl em but 

ack nowl edges t hat typi cal i ndoor l evel s have not been wel l 

characteri zed and i nc reased exposures are di ffi cul t to est i mate.  

Sect ion B . 2 . 3 .2 prov i des exampl es of organic  chemical  pol l utant s .  
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Bi ohazards . D inuni ck and Wol schow ( 1 980) have recentl y  compl eted a 

study of conservat i on measures  and a i r  hygi ene i n  publ i c  bui l d i ngs.  

They fa i l ed to fi nd any retrofit  s i tuat i on wh ich  caused an i nc rease i n  

a i rborne bacteri a above that present i n  other u sual and common 

si tuat i ons . I n  one case they di d fi nd that reduc i ng vent i l at i on 

fi ve-fol d i n  a publ ic  bui l d i ng i nc reased ai rborne bacteri a two-fol d  i n  

a l arge wai t i n g  room , but not at al l i n  a sma l l office .  I n  those 

l ocati ons where i nfecti ous i ndi vi dual s are more l i kely to be found , 

there may be an i nc reased ri sk of i nfecti on i f  i nfi l t rat i on i s  greatly 

reduced . 

Bui l d i ng-As soc i ated Epi demi c s .  Stud i es of bui l di n gs wi th reduced 

ai r exchange rates i nd i cate that th i s  can have harmfu l  effects on the 

offi ce envi ronment ( Rand , 1979) , al though the detai l ed knowl edge of the 

mechani sms l ead i ng to that harm ,  i nc l udi ng the rol e of energy 

conservati on measures , i s  not currentl y  avai l abl e .  Tayl o r  et al . 

( 1980) reported a study of empl oyees who worked i n  an energy-effi c i ent 

one-story offi ce bu i l d i ng on Long I s l and.  Observed symptoms i nc l uded 

headaches , bl urred v i s i on ,  d i zzi ness , i rri tat i on of eyes , nose,  and 

th roat , nausea , and i nc reased uri nary frequency .  S i gn i fi cantl y hi gher 

i nc i dence rates were found among femal e  empl oyees who more often used 

copyi ng  mach i nes , part i cu l a rly dry process copyi ng  machi nes . The 

researchers d i scovered that i ndoor carbon monox i de l evel s i ncreased 

du ri ng the day and that there was l ess fresh ai r i ntake than i s  recom­

mended by the American Soc i ety of Heat i n g ,  Refri gerat i n g ,  and Ai r­

cond i t i oni ng  Engi neers . When ai r exchange i nc reased , symptoms and 
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carbon monox i de bu i l dup abated .  The chemi cal  or phys i c al agent or  

combi nat i on of agents causi ng these symptoms is  unknown.  

In  the three and one hal f years that a new , energy-effi c i ent 

bui l d i ng in Mai ne had been occup i ed by approxi mately 600 empl oyees , 

about three quarters of them had been affected by vari ous symptoms 

( Z i nesk i and Hi nckl ey ,  1 980 ) . The symptoms , whi ch i ncl uded headaches ,  

drows i ness , upper respi ratory and eye i rri tati on , di zzi ness , and exces­

si ve thi rst , occ urred at h i gh rates among men ,  admi ni strators , and 

eng i neers , and s i g ni fi cant ly  hi gher rates  among women and cl eri cal 

workers . The study al so found a s i gni fi cantly h i gher i nc i dence among 

empl oyees who worked on fl oors above ground l evel . Exten s i ve ai r 

testi ng by state and federal i ndust ri al hyg i eni sts  fai l ed to reveal a 

pol l utant present at el evated l evel s .  Consul tant vent i l at i on engi neers 

found fresh ai r vent i l at i on equi val ent to about two ai r excha nges per 

hour .  The compl ex nature of the i ndoor env i ronment somet i mes hi nders 

ident i fi cat i on and correct i on of the cause of some bui l d i ng-rel ated 

probl ems . Krei s s  ( 1 983) ha s recently  rev i ewed the fi el d of bui l di ng-

assoc i ated di sease. 

I ndoor Ai r Qua l i ty Summa ry . Many el ement s go i nto establ i shi ng 

the standards  presented i n  Tabl es 4-3 and 4-4 . The NAAQS are standards 

for outdoor ai r devel oped by EPA and , i n  general , they represent l evel s 

to wh i ch the general popu l at i on can be exposed conti nuous ly wi thout 

undue heal th effect s .  The OSHA st andards are l i mi t s  for work pl ace 

exposure , and they represent l evel s to whi ch heal thy workers can be 

exposed ei ght hours per day , fi ve days per week , wi thout adverse heal th  

effect s .  
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A typi ca l  effort at weatheri zat i on may reduce the i nfi l t rat i on 

rate by as  much as 1 5%.  Thi s cou l d resu lt  i n  up to an 18% i ncrease i n  

the i ndoor l evel  of any pol l utant whose concentrat i on i s  i nversely 

rel ated to the a i r  exchange rate. Whi l e  formal ly th i s  i s  not an upper 

bound of the impacts , i t  does approach that l i mi t stat i sti cal ly .  Many 

weatheri zat i on efforts are not th i s  effect i ve and i n  at l east one case,  

weatheri zat i on i nc reased ai r exchange (Burch and Hunt , 1 978) . There i s  

a wide range o f  a i r exchange rates i n  the Ameri can bu i d i ng stock .  DOE 

bel i ev es that no more than 40-60% of CACS-el i g i b l e  bu i l d i ngs can 

i mpl ement i nfi l t rat i on-reduc i ng measures .  Al so concent rati ons of some 

pol l utants change l ess  than inversely proporti onal ly to i nfi l trat i on 

rates and th i s  wi l l  reduce the i mpacts .  Tabl e 4-3 summari zes poss i bl e  

concentrat i ons of pol l ut ants i n  env i ronment s hav i ng typ ica l  l evel s of 

pol l ut i on .  

Mi t i gat i on Measures . I ndoor ai r qual i ty i n  a bu i l d i ng depends 

strongly on the behav i or of the occupants .  Personal act i v i t i es 

( i ncl ud i ng ci garette smok i ng ,  cook i ng ,  use of unvented space heaters , 

and open i ng  wi ndows ) have major effects on i ndoor ai r qual i ty. To the 

extent that bu i l d i ng occupants  understand the rel at i onsh i p  between 

i ndoor a i r  qual i ty and such act i v i t i es ,  i ndoor a i r  qual i ty i mpacts are 

l i kely to be reduced .  

The General Account i ng Office  { 1 980) has ident i f i ed several 

mi t i gat i on measures : 

1 .  i nstal l at i on of fi l teri ng dev i ces for known pol l utants , 

2 .  proper use of venti l at i on systems , 

3. peri od i c  a i ri ng out of sma l l cornnerc i al  bui l d i ngs , 
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4 .  use of vent s above gas stoves , 

5 .  appl i cat i on of a vapor ba rri er to pol l utant sources ,  and 

6 .  el i mi nat i on of probl emat i c  bu i l d i ng materi a l s such as  urea­

formal dehyde foam i nsul at i on .  

These mi t i gat i ng measures work i n  one of  three general ways : ( 1 )  

removal of pol l utants frcxn i ndoor ai r, ( 2 ) i nt roduct i on of rel ati vely 

cl ean outdoor ai r ,  or (3)  prevent i on of i ndoor emi s s i on .  The fi rst 

method i s  exempl i fi ed by ai r fi l ters , el ectrostat i c  prec i pi tators , 

vent s above gas stoves , and ul t rav i ol et i rrad i ati on of ai r i n  forced 

a i r heat i ng systems . Ai r to a i r heat exchangers a nd mandated a i r 

exchange rates (e . g .  see the Bonnevi l l e  Power Admi n i st rat i on program 

di scussed i n  the fol l owi ng paragraph ) are exampl es of the second 

method .  F i na l ly , i ndoor emi ss i ons  are suppressed by meas ures such as 

appl yi ng seal ants or i mpermeabl e pai nts to surfaces known to emi t  radon 

or fonTial dehyde . Another exampl e i s  the prevent i on of i nstal l at i on of 

known sources such as a sbestos or urea-fonnal dehyde foam i n su l at i on .  

The Bonnevi l l e  Power Admi ni strat i on has  ident i fi ed severa l 

measures whi ch mi ght mi t i gate i ndoor a i r qual i ty i mpacts under a com­

me rc i a l  bu i l di ng conservat i on program ( Pac i fi c  Northwest Laboratory ,  

1 982) . The pri nci pal measure i s  that energy audi tors ensure t hat 
Q 

ai r exchange rates i n  audi ted bu i d i ngs rema i n  h igh  enough for 

acceptabl e i ndoor a i r  qual i ty .  At the t ime of energy aud i ts i n  

pa rt i c i pati ng bu i l d i ng s , bu i l d i ng ai r exchange rates are set such that : 

( 1 ) l evel s of radon do not exceed 333 Bq/m3 ; ( 2 ) l evel s of 

formal dehyde do not exceed 120 µg/m3 , and ( 3 )  pa rti cul ate l ev el s do 

not exceed 75 µg/m3 . 
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Under the CACS Program aud i tors and ut i l i t i es wi l l  be encouraged 

to promote the use of a l l  of the above mi t i gat i ng measures where or i f  

they seem appropri ate on an i ndi v idual  case basi s .  

4 . 2 . 2  Heal th  and Safety I mpacts 

Impact s i ncl uded here are impacts  other than those rel ated to 

i ndoor ai r qua l i ty i mpacts wh i ch were di scussed i n  Sect i on 4 . 2 . 1 .  

Potenti a l  hea l th and safety impact s for each of the prog ram 

measures may resul t  from defect i ve materi a l , defecti ve i nstal l at i on 

and/or improper ut i l i zat i on .  I n  the case of  many of the  measures , 

thei r i mproper manufact ure and/or i nstal l at i on shoul d not create 

adverse heal th  or safety impacts . Certai n conservat i on measures , 

however , coul d resul t i n  some probabi l i ty of adverse heal th and safety 

impact s .  These i ncl ude cei l i ng ,  wal l ,  fl oor, water heate r,  duct and 

p i pe i nsul at i on ;  stonn and thermal doors and wi ndows ; repl acement 

furnaces or bo i l ers ; and oi l furnace repl acement burners . I n  add i t i o n ,  

there are potent i al probl ems assoc i ated wi th fl ue openi ng  modi fi cat i ons 

and el ectri cal or mechani cal i gn i t i on systems . Al l of the foregoi ng 

measures have been suffi c i entl y  descri bed with respect to thei r heal th 

and safety impacts in Sect i on 3. 2 . 2 . 1 of the RCS EIS ( DOE , 1979 ) . 

4 . 2 . 3  Sol ar Water Heati ng Systems 

Potent i a l  heal th impact s  as soc i ated wi th the ut i l i zat i on of 

sol ar  water heat i ng systems i nc l ude those hea l th effects resul t i ng 

from contami nat i on of the water supply ( by l eakage or backfl ow of the 

l i qu i d  heat t ransfer fl u i ds and/or system f l ushi ng ) .  Possi bl e safety 
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ri sks  assoc i ated wi th  sol a r  heat i ng sy stems i ncl ude st ructural  fai l ure , 

col l ector g l ass breakage ,  and g l are .  

Water cont ami nat i on can  resu l t from l eakage or backfl ow of l i qu id  

heat t ransfer fl u i d s .  Certai n l i qu i d  or sol i d  storage med i a  cou l d  

resul t i n  the contami nat i o n  of pot ab l e water suppl i es .  Th i s  probl em i s  

part i cu l arly seri ous when domest i c  hot water syst ems use nonpotabl e 

heat transfer and/or  storage medi a .  Contami nat i o n  cou l d  resu l t from 

ei ther the fl u i ds t hemsel ves ( i . e . ,  ethyl ene g lycol /water) or from 

vari ous addi t i ves used such as co rro s i on i nh i bi tors , pH cont rol l ers , 

and b i  oc i des .  

Both ch romate and di chromate sa l t s may be  used in  heat i ng-cool i ng 

operat i ons to prevent corros i on of a l umi num pi pi ng and/or absorber 

pl ates . A rupt ure i n  the pi pi ng or storage systems woul d rel ease the 

di ssol ved sal t s  to the envi ronment . Chromate contami nated water coul d 

pose a hea l t h  probl em i f  the water were i ngested. The probab i l i ty of 

water supply contami nat i on i s  h i ghest for systems wi th  di rect exchange 

of heat between the transfer fl u i d  and the hot water suppl y .  Even a 

smal l l eak i n  the heat i ng coi l i n  the hot water heater coul d resul t i n  

contami nat i on of the hot water supply  beyond EPA' s standa rd of 0 . 05 

mg/ L ,  e . g .  about 0 . 008 g a l l on ( 0 . 03 L )  of work i ng fl u i d  woul d h ave to 

l eak i nto a nomi nal  50 gal l on ( 190 L) hot water heater.  The amount 

requi red to produce ac ute symptoms over a s hort -tenn i ngest i on peri od 

i s  l i kely to be h i gher.  

N itrates may al so be used in  some heat transfer systems . Tox i c  

effects from top ical exposures to n i trates , both acute and chron i c ,  are 

unknown. Systemi c tox i c i ty due to i ngest i on or i nhal at i on i s  desc ri bed 
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as mode rate. Large amount s taken by mouth may have se ri ous or even 

fatal effects ;  symptoms i nc l ude di zz i ness ,  abdomi nal c ramps , vomi ti ng , 

bl oody di a rrhea , weak ness , convu l s i ons , and col l apse. Sma l l repeated 

doses may l ead to weakness , general depress i on ,  headache and mental 

impai nnent. 

Ethyl ene glycol /water is a co1J111on heat transfer fl u i d  i n  sol a r  

appl i cat i ons.  If  i ngested , i ts effects on human be i ngs are si mi l ar to 

gra i n  al cohol and i ts tox i c i ty i s  sl i ghtl y greater. Ethyl ene glycol 

causes i n i t i al central nervous sytem sti mu l at i on ,  fol l owed by 

depress i on .  Later i t  causes kidney damage wh i ch can be fatal . The 

l ethal dose for humans i s  reported to be 100 ml ( Sax , 1968) . 

A number of steps can be taken to guard agai nst potabl e water con­

tami nat i on .  Several o f  these are outl i ned i n  the HUD Mi ni mllll Property 

Standards ( NBS , 1976) . These i ncl ude : separati on of ci rcul ati on l oops 

between nonpotabl e work i ng fl u i ds and the domest i c  potab l e  water sys­

tem ; ident i fi cat i on of nonpotabl e fl u i d  and potabl e water systems by 

col or-coded pi pi ng or metal tag s ;  and nonpotabl e fl u i d  l eak i nd i cators , 
I 

such as hannl ess vegetabl e qyes .  I n  add i t i on ,  proper doub l e  wal l heat 

exchanger systems can prov i de a h i gh degree of protect i on agai nst 

potabl e water contami nat i on. 

Many of the work i ng fl u i d s  and/o r  l i qu i d  storage med i a  used i n  

sol ar heat i ng and cool i ng systems wi l l  deg rade over t i me thus requ i ri ng 

peri odi c  fl ush i ng and repl acement . Rel eases of these fl u i ds may al so 

occur as a resul t of system fa i l ure.  Rel ease of these fl u i ds i nto 

l ocal water bod i es cou l d  have si g n i fi cant impacts on aquat i c  l i fe and be 

hannfu l to man i f  such i mpacted water bod i es were used as sources of 
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dri nk i ng water.  In  add i t i on ,  di sposa l  of  such fl u i ds  i nt o  a sewer 

system cou l d  potent i al ly reduce the effecti veness of sewage treatment 

i n  areas where l a rge numbers of such sol a r  systems are used . 

4 . 2 . 4  Passi ve Sol ar Space Heat i ng 

There are no seri ous hea l th and safety concerns assoc i ated wi th  

passi ve sol ar systems . The onl y two potent i al areas of  i mpact whi ch 

can be ident i fi ed are i ndoor ai r qual i ty and probl ems rel ated to 

acci dents  or pol l ut i on resu l t i ng from the use of water in heat storage 

systems . Bui l d i ng s  modi fi ed to capture and store sol ar  heat tend to be 

better seal ed a nd can therefore potent i al ly suffer from deg radat i on of 

i nteri or  ai r qual i ty .  The potent i al hea l th effects  resu l t i ng from such 

degradat i on have been d i scussed prev i ously.  

Usi ng wate r  as the heat  storage med i um i n  a water wal l creates a 

ri sk of l eakage from the cont a i ner. The danger can be mi ni mi zed by 

addi ng ant i co rros i on i nh i bi tors to the water,  or by l i ni ng the 

contai ners wi th  pol yethyl ene; anti freeze add i t i ves mi ght al so be added 

to prevent freezi ng.  Handl i ng and di sposal of these materi a l s present 

the same potent ia l  envi ronmental i mpact probl ems as do heat t ransfer 

and storage fl u i ds used for acti ve sol a r  systems . The mi t i gat i ng 

measures for envi ronmental protect i on presented for the act i ve sol ar  

systems are a l so appropri ate for pass i ve appl i cat i ons .  
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4 . 2 . 5  Land Use  and Aesthet i c  I mpacts 

Energy conse rvat i on mea s u res i nc l uded w ith i n  the CACS Prog ram are 

i nst al l ed ei ther  on or wi th i n  the ex i s t i n g  mu l t i fami ly or smal l commer­

c i a l st ructu re . It i s  as sumed that al l i nsta l l ati ons wi l l  be 

accomp l i s hed i n  accorda nce with  any ap pl i ca b l e  state and l oca l bui l d i ng 

codes . Gi ven the l i st of approved measures ( e . g . , i ns u l at i on , cau l k i ng 

a nd weatherstri ppi n g ,  c l ock the rmostats , sto rm wi ndows and doors , rep l ace­

ment heat i n g systems , et c . ) ,  only a few of the meas u res wi l l  even be 

v i s i b l e  from outs i de the bui l d i n g .  V i s i b l e  meas u res i nc l ude sto rm doo rs 

a nd wi ndows , and heat ref l ect i ve and heat ab sorbi ng  wi ndow and doo r 

materi a l s .  I t  i s  un l i kely that any of these meas u res wi l l  res u l t  i n  

adverse l a nd use o r  aesthet i c s impacts . Most have been i n  common use 

for yea rs and it  is not ant i c i pated that any maj or  chan ges i n  des i gn or 

u se wi l l  occur .  

Land  use  and aesthet i c  cons i derati ons ha ve not yet been a s i gn i f i ­

cant ba rri er  to the accept ance of so l a r  ut i l i z at i on .  V i sual  impact s of 

i ndi v i dua l  bui l d i ngs adopt i n g so l a r  meas u res wi l l  de pend on the s i z e ,  

type , and l ocat i on of the col l ector  and on ove ra l l bui l d i ng des i gn .  For 

i nd i v i dua l bui l d i ngs , v i sual  impact s wi l l  be greatest fo r ret rof i t  

systems wh i c h are not i ntegrated i nto the ex i st i ng bu i l d i ng and wh i c h  

cont rast wi th  the bu i l d i ng sty l e .  The re have been  some i nstances of 

d i ssat i s fact i on wi th  the aes thet i cs of gi ven so l a r  i nst a l l at i ons , but i n  

general , most so l a r  systems ha ve been compati b l e  wi th trad i t i ona l 

des i gns fo r new and ret rofi t i nstal l at i on .  A poss i b l e  except i on here i s  

t he effect of sol a r  i nstal l at i ons on h i sto r i ca l  s i tes . The i nstal l a­

t i ons may be vi sua l ly  out of cha ract er  wi th  the trad i t i ona l  l a ndscape 
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and archi tectu ral  styl es associ ated wi th hi stori c prope rt i es or wi th i n  

h i stori c di stri cts .  Where roof top col l ectors are fo rbi dden by a 

rest ri cti ve ordi nance , col l ectors may be pl aced on the ground and 

sc reened from vi ew by a fence . Fl at pl ate col l ectors mounted on a roof 

p rodu ce al most no aesthet i c  probl ems , and i t  i s  bel i eved that the re wi l l  

be few cases where sol a r  systems wi l l  conf l i ct wi th state and l ocal l and 

u se rest ri ct i ons on appea rance . 

B u i l d i ngs  us i ng detached so l a r col l ectors rather than a roof-top 

system cou l d  requ i re a l a rger l a nd area than con vent i onal ly heated and 

cool ed bui l d i ngs . Th us , wi des p read use of so l a r  sy stems cou l d  al ter 

t rad i t i onal l and use patterns and requi re al terat i on s  of l oca l pl ann i ng ,  

zon i ng and cont rol procedu res . 

Sol a r  access has become an i s sue re l ated to the cont i nued de vel op-

ment of sol a r  energy .  Many states have now pa ssed sol a r  access l aws 

whi ch  speci fy the ve rt i cal  and ho ri zontal  angl es at wh i ch the so l ar  

easement extends ove r the real  property subj ect to an  easement . A 

var i at i on of the l aw authori zes l ocal zon i n g  commi ss i ons  to use trad i ­

t i onal  l and use cont rol s to as s u re access to di rect sun l i ght . I n  

Cal i forn i a ,  sol a r  col l ectors  are ent i t l ed to  shad i ng of  no  more than 10  

percent of  the absorpt i on su rface area between 10 a .m.  and 2 p .m .  Shade 

t rees that l ead to a vi ol at i on of these ri ghts to recei ve sunl i ght are 

dec l a red a publ i c  nu i sance unde r the Cal i forn i a  l aw.  The i nc i dence of 

such  cases , howeve r ,  i s  l i kely to be very l ow ,  wi th  or wi thout the . CACS 

P rog ram. 
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I n  u rban a reas , the i ssue of sol a r  access may be mo re preval ent , 

pa rt i cu l ar ly whe re mu l t i fami ly  apa rtment compl exes are densel y l ocated . 

There cou l d  be bui l di ngs  whe re sunl i ght wou l d  be bl ocked by hi gher 

bu i l d i n gs , rul i ng out sol a r  as an al ternat i ve ene rgy sou rce . 

4 . 3 Nat i onal I mpacts 

Nat i onal and regi onal impact s of the CACS P rogram wi l l  occ u r  

t h rough two maj o r  mechani sms . F i rst , the program w i l l res u l t  i n  the 

s a vi n g  of ene rgy wh i ch wou l d  otherwi se  be consumed . Associ ated with the 

redu ct i on i n  ene rgy use wi l l  be reduct i ons in certa i n  pol l utant s and i n  

empl oyment i n  ene rgy product i on .  The second maj o r  mechan i sm i s  the 

i nc rease in the product i on of materi a l s used in the measu res covered by 

the program. These i n c reases i n  product i on wi l l  resu l t  i n  i nc reases i n  

pol l utant emi s s i ons  and i n  empl oyment . 

There are al so a numbe r of rel ated i ssues wh i ch are l ess  si gn i fi ­

cant than energy sa vi ngs and i nc reased produ ct i on of mate ri al s .  F i rst , 

add i t i onal changes i n  empl oyment wi l l  be brou ght about by the l abor to 

i nstal l measu res due to the prog ram and by the spendi ng of money sa ved 

by cu stomers who rent or own more ene rgy effi c i ent premi ses . Second , 

certai n ri sks  to the hea l t h  and safety of wo rke rs may be created by the 

i nc rease i n  mate ri a l s  product i on .  These i ss ues are al so addres sed i n  

thi s sect i on .  

4 . 3 . 1  Energy Savi ngs 

The net reduct i on in ene rgy use resu l t i ng from the adopt i on of 

measu res and procedu res , under the CACS P rogram are est i mated i n  

Tabl e 4-8 . These were ca l cu l ated by assumi ng  that the adopt i on of one 
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Tabl e 4-8 .  Est i mated ene rgy sa v i n gs ( i n  10 9 Btu ) by scena ri o 

Scen a ri o  

E st i mat ed fi rst 
yea r sa v i ngs  

Est i mat ed s i xth  
yea r sa v i ngs  

E st i mat ed max i mum 
t ot a l  energy sa v i ngs  
( 26 yea r pe ri od ) 

H i gh 

4 , 9 1 5  

29 , 490 

589 , 800 

M i ddl e 

963 

5 , 7 78 

1 1 5  ' 560 

Sou rce : CACS Regu l at o ry I mpact Ana l ys i s .  

Low 

23 

1 38 

2 ,  7 60 

or mo re mea s u res wou l d re su l t  i n  an avera ge energy savi ngs  of 1 5  ( h i gh ) , 

1 0  ( mi ddl e )  or  5 ( l ow )  percent over pres ent avera ge use dependi ng  on the 

s cena r i o .  Energy sa v i ngs  from proced u res adopt i ons a re esti mated to be 

10  ( h i gh ) , 8 (mi ddl e )  and  6 { l ow )  percent . Gi ven the adopt i on l e vel s i n  

Tab l e 4- 1 ,  the Btu sa v i ngs  by scena ri o that are i n  add i t i on t o  the no-

a ct i on scena ri o ca n be ca l cu l ated . { Tota l s  have been adj usted to 

account for adopt i ons that wou l d ha ve taken pl ace i n  the absence of the 

p rogram. ) Unde r the "mi ddl e "  scena r i o  about 963 x 109 Btu a re sa ved i n  

t h e  fi rst yea r o f  the program and 5 , 7 78 x 109 Btu pe r-yea r by the end of 

the program. Th i s  trans l ates i nto an equ i va l ent savi ngs  of about 1 

m i l l i on ba rre l s of oi l i n  the s i xth yea r .  
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The l i fe of a mea s u re i n sta l l ed i n  the program i s  est i mated to be 

a bout 20 yea rs , thus  the energy sa v i ngs  i m pacts of the prog ram wi l l  be 

real i z ed over a 26 yea r peri od . I f  we tota l  the. energy sa v i ngs  fo r eac h  

yea r o f  a 2 6  yea r effect i ve prog ram l i fe ,  a n  u ppe r bou nd of tota l  poten­

t i a l  ene rgy sa v i n gs ca n be  est i mat ed .  For  the 11m i ddl e 11 scena ri o ,  thi s 

amou nts to about 1 1 5 , 560 x 10 9 Btu or about 20 m i l l i on ba r rel s of oi l .  

These a re sa v i ngs  that are att r i butab l e to the CACS Program. The act ua l  

s a v i n gs may be  l es s  due  to dec rea s i ng  effi c i enci es or a l a xness  i n  pro­

c ed u re i mpl ementat i on .  

The dec rea se i n  ene rgy use  wi l l  res u l t  i n  a reduct i on i n  pol l utant 

emi s s i ons associ ated with ene rgy product i on .  These reduct i ons  wi l l  be 

sma l l when compa red to tota l  emi s s i ons  from energy product i on .  Sa vi ngs  

f rom the  program in  an average yea r amou nts to  about .005  Quad s ;  

c u r rent l y  about 72 Qu ads of energy a re con s umed ann u a l l y  i n  the U . S .  

Sma l l  emi s s i on reduct i ons  wi l l  occ u r  fo r a i r-borne pa rt i c u l ates , SOx , 

NOx , HC , CO , and a l dehydes , and , wate r- borne COD , TSS , meta l s and su l fates . 

T hese pol l utants a re common l y  as soci ated w ith  ene rgy product i on .  

4 . 3 . 2  Hea l th and Sa fety i n  P roduc i n g  F ac i l i t i es 

Occupat i ona l  ex posu res to chemi ca l  and phys i c a l  agents wi l l  

i nc rease as the demand i ncreases for materi a l s used i n  each  ene rgy con­

s ervat i on meas u re .  Howeve r ,  th i s  does not neces sa ri l y  i mp ly  that a 

h ea l t h haz a rd ex i st s .  I n  some i nsta nces , i ndustr i a l  processes i n vol ved 

i n  the product i on and ma nufactu re of ene rgy con s e rvat i on a l ternat i ves 

a re adequate ly  cont rol l ed to prec l ude exces s ex posu res even unde r 

i nc reased product i on .  I n  othe r i ndust r i es , adequate cont rol of occu pa -
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t i on a l  exposu res to chemi ca l and phys i ca l  agents may be l a ck i n g .  

I ncrea s ed deman d  for products from these i ndust ri es  may res u l t  i n  

i nc reased worker  exposu re a s  wel l as an  i nc rea s ed numbe r of workers 

exposed . Whi l e  speci f i c  i nc reases i n  expos u res ca nnot be est i mated , data 

i n  Tab l e 4- 1 su ggests that the i nc rea se i n  demand for con s e rvati on 

meas u res wi l l  not be l a rge enough to l ead to s i gn i f i ca nt cha n ges i n  

occupat i ona l  exposu re du ri n g  product i on .  

4 . 3 . 3  Soci oeconom i c  I mpacts 

The CACS P rogram w i l l  have sma l l ,  but mea s u rab l e  i mpact s on 

emp l oyment . The ty pes of empl oyment changes l i ke ly  to occu r may be 

categor i z ed as fol l ows : 

( 1 )  d i rect empl oyment - i nc l udes profes s i ona l and admi n i st rat i ve 

workers associ ated with  i mp l ementat i on of the program;  c l e ri ca l  

workers ; audi tors ; i nsta l l e rs ; man u fact u ri n g  workers ; a nd 

t rans portat i on workers whose empl oyment i s  di rect ly  rel ated to 

t he program, and 

( 2 )  i nd i rect emp l oyment - the  seconda ry empl oyment , usual ly in  the 

reta i l  and se rv i ce i ndust ri es , that res u l t s  from the goods and 

s erv i ces dema nded by di rect empl oyment . An addi t i ona l factor 

t hat affects i nd i rect empl oyment i s  the i nc reased di s posab l e  

i ncome that wi l l  be ava i l ab l e to hou seho l ds a s  a res u l t  of 

energy sa v i ngs . Th i s  i s  an i mportant factor affect i ng the 

l on g-term benef i c i a l soci oeconomi c i mpact s of the program. It 

i s  somewhat offset by a l os s  of empl oyment i n  the ene rgy 

p roduci n g  i ndust r i es ( e . g . , fuel  oi l suppl i es ,  ut i l i t i es , and 

mi n i ng ) , but the net res u l t  i s  an i nc rease i n  overa l l empl oyment . 
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A ssumi n g  the 3 percent pa rt i c i pat i on rat e and 20 percent adopt i on 

rate under  the CACS P rogram , the ant i c i pated ch a n ges i n  emp l oyment a re 

s hown i n  Tab l e 4-9 . At the begi n n i n g  of the program,  substant i a l i n i ­

t i a l  empl oyment i s  gene rated by the program w i t h  compa rat i ve l y  few jobs 

l ost i n  the ene rgy produci n g i ndust r i es ,  and no new j obs through 

i nc reased pe rsonal  expend i t u res . Ove r a pe ri od of t i me the di rect 

empl oyment wi l l  rema i n constant , and jobs l ost i n  the ene rgy produci ng  

i ndust r i es wi l l  i nc rease s l i ght l y .  The net res u l t ,  howeve r ,  i s  a l ong-

t erm net  i nc rease in  empl oyment th rough  i mpl ement at i on of  the CACS 

P rogram. 

Tab l e 4-9 .  Tot a l  empl oyment l evel s from the CACS Prog ram 

Low Med i um Hi gh 
Sector esti mate esti mate est i mate 

Ut i l i t i es :  
Aud i t i ng 83 498 831 

Overhead 88 1 38 178  

State  government 92 92 92 

Fede ra l  government 5 5 5 

Federa l cont ractors  25  25 25 

Tota l  empl oyment 293 758 1 ,  1 30 

S o u rce :  CACS Regu l atory Impact An a l ys i s .  
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total  s us pended sol i ds 

Tennessee Val l ey Authori ty 

urea-fonnal dehyde 

work i ng l evel 

work i ng l evel month 

year 

part s 

parts 





APPEND I X  B 

AIR  EXCHANGE AND I NDOOR AIR QUAL I TY :  DATA , 

METHODOLOGY , AND ANAL YSES 





APPEND I X  B .  A IR  EX CHANGE AND I NDOOR AIR  QUAL I TY :  DATA, 

METHODOLOGY , AND ANAL YSES  

Thi s append i x  contai ns deta i l ed data , analyses , and a 

desc ri pt i on of  the methodol ogy used wi th respect to i mpacts of the 

CACS Prog ram on i ndoor ai r qual i ty .  The d i scus s i on i n  th i s  append i x  i s  

a techni cal presentat i on i n  more deta i l  than that conta i ned i n  Chapters 

3 and 4 of th i s  document . 

B . l I nt roduct i on 

B . 1 . 1 Overv i ew of bui l di ng energy conservat i on and i ndoor a i r qual i ty 

I n  general , a probl em can devel op when a bu i l di ng i s  so wel l 

bui l t  or ret rofi tted that i nsuffi c i ent ai r can move between the i ns i de 

and the out s i de to mai nta i n  good i ndoor a i r  qual i ty .  There a re usual ly 

numerous c racks and c rev i ces through whi ch a i r  can fl ow. Un i ntent i onal  

outfl owi ng a i r  can represent substant i al energy l osses s i nce th i s  a i r  

has been mod i fi ed so that its  temperature , moi sture content , and 

pol l utant l oad are acceptabl e  to the b ui l d i ng ' s  occupant s .  The 

i nfl owi ng a i r  has not been so mod i fi ed ;  thus i f  the rate at whi c h  

uncond i t i oned a i r  enters the bui l d i ng i ncreases , then the bu i l di ng 

heat i ng ,  vent i l at i n g ,  and a i r  cond i t i on i ng ( HVAC) system must operate 

more .  Thus , reducti ons i n  un i ntenti onal  a i r  fl ows wi l l  save energy . 

But , uni ntent i onal a i r  fl ows have benefi ts  al s o ,  namely , they 

prov i de a way i n  whi c h  i ndoor ai r pol l utants can be d i l uted. Everyone 

i s  fami l i ar with how stuffy a room can get i f  it i s  kept t i ght ly 
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c l osed . Such  stuffi ness i s  due to the bu i l dup of certa i n  pol l utant s 

and moi sture.  The fol l owi ng tabl e l i sts some i ndoor pol l utants and 

the i r potent i a l sources : 

I ndoor pol l utants 

Forma l dehyde 

Radon 

Carbon monox i de 

N i t rogen d i ox i de 

Respi rab l e part i c l es 

Organ i c s  

Work room pol l utant s 

Ozone 

B i ohazards 

Potent i al i ndoor sources  

Part i c l eboard , i nsul at i o n ,  p lywood , 
carpet , human occ upant s ,  tobacco smoke 

Conc ret e ,  stone , soi l , g roundwate r ,  wal l ­
boa rd 

Heat i ng and cook i ng combust i on sources , 
tobacco smoke ,  automot i ve emi s s i on s  

Heat i ng and cook i ng combusti on sources ,  
tobacco smoke 

Heat i ng and cook i ng combust i on sources , 
tobacco smoke ,  automot i ve emi s s i ons  

Part i c l eboard , i nsul at i on ,  adhes i ves , 
pa i nt ,  furni sh i ngs , automot i ve emi s s i on s  

Workers ' cl oth i ng 

Photocop iers 

Human occupant s ,  moi st surfaces , tobacco 
smoke 

Many of the chemi cal  and b i ol og i c al substances represented i n  

the above l i st are known to cause one or more heal th effect s .  Some 

cause cancer i n  man or an imal s .  Some cause o r  exacerbate res p i ratory 

d i seases. Some evoke al l erg i c  reacti ons , a re i nfect i ou s  agent s , or are 

severe poi sons .  The potent i al heal th  effect s  due to bu i l d i ng energy 
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conservat i on effects on i ndoor a i r  qual i ty wi l l  be d i scus sed i n  th i s  

append i x .  

The frequency o f  heal th compl a i nts  rel ated t o  the offi ce 

envi ronment seems to be i ncrea s i n g .  I n  a recent one year peri od , 13% 

of request s for i nvest i gat i on recei ved by the Nat i onal I nst i tute for 

Occupat i onal Safety and Heal th were for compl a i nts from workers i n  

noni ndustr i a l  sett i ngs who thought thei r symptoms were 

bu i l d i ng-rel ated . Three years before onl y 5% of heal th hazard 

eval uat i on request s were thought to be bui l d i ng rel ated . The majori ty 

of 1 1 5  i nvest i gat i ons between 1978 and 1981 fa i l ed to ident i fy a 

causat i ve factor other than i nadequate vent i l at i on and temperature and 

humi d i ty control ( Krei ss , 1983 ) .  C l early , there may be a potent i a l 

probl em i n  t h i s a rea , and our knowl edge of the factors affect i ng 

bui l d i ng-rel ated d i sease i s  i ncreas i ng ( see l i st of rel evant report s 

bel ow) . 

B . 1 . 2 Rel evant reports  

The subj ect of i ndoor a i r  qual i ty has  been stud i ed with 

i ncreas i ng effort over the l ast decade. Th i s  append i x  summari zes 

current k nowl edge of i ndoor a i r  qual i ty and i t s  impact s .  More deta i l ed 

d i scus s i ons are found i n  recent rev i ews such a s :  
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Author( s )  Yea r 

Yocum 1 982 

Young et  al . 1 981  

Nat i onal  Academy of Sc i ences 1 981  

D udney and Wal sh 1 981 

Genera l Account i ng Offi ce 1 980 

Off i ce of Technol ogy Assessment 1979  

Geomet , I nc .  1 979 

Hol l owel l et al . 1 978 

Sterl i ng and Kobaya sh i  1 9 77 

B . 2  Ex i st i ng Cond i t i on of Bui l d i ng Stock 

The thrust of the CACS Program wi l l  be to prov i de i nformat i on to 

ene rgy consumers on ho\'J to mod i fy certa i n  bu i l d i ngs  so as  to i mprove 

thei r energy eff i c i ency.  I n  order to  assess the  effect of  such 

mod i fi cat i ons on i ndoor a i r  qual i ty ,  it wi l l  be neces sary to rev i ew 

what i s  known about the present Ameri can bu i l d i ng stock .  Spec i fica l ly , 

i nformat i on on i nf i l trati on rates and i ndoor a i r  qual i ty wi l l  be 

rev i ewed . 

B . 2 . 1  General corrunent s on el i g i bl e bu i l d i ngs 

There a re two maj or categori es  of structu res covered under CACS .  

One categ ory i s  central ly heated or cool ed apartment bui l d i ngs  wi t h  

fi ve o r  more un i t s  wh i ch were compl eted before J une 30 , 1 980 . The 

other category cons i sts of smal l co1rn11erc i al bui l d i ng s  wh i c h :  
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( 1 ) were compl eted before 30 June 1 980 , 

( 2 ) are used primari ly for bu s i ness ( i ncl ud i ng for-profi t ,  

non-profi t ,  and state or l ocal government ) , 

( 3 ) are not used for manufacturi n g ,  and 

( 4 ) i n  cal endar yea r 1980 used l ess than 4 ,000 kWh of el ectr i c i ty 

and 1000 therms of natural gas or the energy equ i val ent of 

any other fuel . 

The fi rst category wi l l  be referred to as  apartments and the second as  

smal l commerc ial  bui l d i ngs.  

DOE has stud i ed a samp l e  of 6 3  apartment bui l d i ngs el i g i bl e  under 

the CACS Program ( Patel , 1982) . The typ i cal h i gh - ri se apartment 

bu i l d i ng has 1 2  or 13  fl oors and the typi cal l ow- r i se apa rtment 

bu i l d i ng has 2 or 3 fl oors.  The structure i s  typi cal ly free-stand i ng 

brick or conc rete-b l ock construct i on.  Gas typi cal ly i s  used for s pace 

heat i ng and 86% of the bui l d i ngs have el ect rical ai r cond i t i oni ng.  The 

typi cal b u i l d i ng i s  1 0  to 20 yea rs ol d wi th 96% of the g ross fl oor area 

rented for occ upancy .  

A s i mi l ar study has been made o f  smal l commerc i a l bui l d i ngs ( Patel 

et al . ,  1982 ) .  The most common el i g i bl e  bui l d i ng i s  s i ngl e-story ,  

l ong , and na rrow. The s i de and back wal l s  are usual ly conc rete bl oc k .  

The front wal l i s  most ly gl ass and i nc l udes a sel f-cl osi ng doo r. The 

bu i l d i ng i s  general ly heated and cool ed by a system mounted on the 

roof. 

The sources of i ndoor a i r pol l utants shoul d ,  i n  pri nc i pl e ,  be 

s i mi l ar for apartments and detached s i ngl e-fami ly res i dences s i nce 



B-8 

s i mi l ar act i v i t i es occur i n  both .  There a re much  more data on i ndoor 

a i r  qual i ty for s i ng l e-fami l y  res i dences , and they wi l l  be heav i l y  

c i ted i n  th i s  analys i s .  However , i t  shou l d al so b e  noted that t here 

are i mportant d i fferences . For exampl e ,  an  upper-story apartment i s  

further removed from the su rround i ng soi l whi c h  i s  a maj or source of 

radon , an i ndoor pol l utant of prime concern.  Al so s uch  apartments are 

general l y  far removed from garages where cars are stored . I n  the case 

of i nfi l t rat i on rates , there are substant i al d i fferences between 

apartment s and detached res i dences , due to more frequent use of 

mechani cal vent i l at i on i n  the former. 

The un i verse of sma l l commerc i al bu i l d i ngs  covered by CACS i s  

enormou s ly  vari ed with  respect to potent i al pol l utant sources.  One 

measure of th i s  wi de var i ety may come from exami n i ng the most recent 

Census of Reta i l Trade ( DOC , 1979 ) . Tabl e B-1 was const ructed , 

as sumi ng  that non-governmenta l  smal l commerc i al bu i l d i ngs are l a rgely 

represented by retai l  establ i shments wi thout payro 1 1  s ,  so ca 1 1  ed 11mom 

and pop11 operat i ons ( DOC. 1979 ) . 

I t  i s  c l ear from Tabl e B- 1 that occupants of smal l commerc i al 

bui l d i ngs are i nvol ved wi th a l l sorts of materi al s .  I n  add i t i o n ,  there 

are other smal l commerc i a l  bu i l d i ngs  where serv i ces a re offered , s uch  

as dry cl eani n g ,  governmental funct i on s ,  merchand i se repa i r ,  et c .  

C l early , many of these smal l co111nerc i a l bu i l di ngs w i l l conta i n  sources 

of pol l utants wh i ch are i nfrequent ly encountered i n  the typica l  i ndoor 

env i ronment . These i nfrequent and unusual  pol l utants wi l l  not be 

cons i dered i n  detai l  here. No data have been found wh i ch characteri ze 
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Tab l e  B- 1 .  Sma l l commerc i a l es t ab l i s hments wi thout payrol l  

Stand ard Type P ercent 
i ndustr i al of N umber of of 

c l as s i f i c at i on bus i ness estab l i shments tot a l  

52 Bu i l d i ng mater i a l s  24 , 569 4 . 6 
53 G eneral merch and i se 1 0 , 588 2 . 0 
54 Grocery 80 ,379 14 . 9  
55 ( -554 ) Car deal ers 44 , 206 8 . 2 
554 G as stati ons  29 ,942 5 . 6 
56 Apparel 25 , 3 13 4 . 7  
57 Home fur n i s h i ngs 46 ,837 8 . 7  
58 E at i ng and d r i nk i ng p l  aces 59 , 452 1 1 . 0  
591 Dr ugs 2 ,401  0 . 4 
592 L i q uor 9 , 201  1 .  7 
593 Used merch and i se 35 ,352  6 . 6 
5941 S port i ng goods 14 , 371  2 . 7  
5942 Books  5 , 1 29 1 .0 
5943 S t at i onery 1 , 603 0 . 3 
5944 Jewe l ry 14 ,434 2 . 7  
5945 Hobb i es ,  toys and g ames 1 1 , 973 2 . 2 
5946 Cameras 2 , 1 22 0 . 4 
5947 G i fts a nd nov e l t i es 16 , 940 3 . 1  
5948 L ug g ag e  and l e ather 933 0 . 2  
5949 S ewi ng and needl ework 8 , 993 1 . 7 
598 Fue l  and ice  5 , 591  1 . 0 
5992 F l owers 9 , 283 1 . 7 
5993 C i g ars 1 , 336 0 . 2 
5994 N ewsst ands 5 , 670 1 . 1 
5999 Mi sce l l aneous  72 ,846 1 3 . 5  

Tot a l s 539 , 464 1 00 . 2  

Source :  Cen s us of  Ret a i l Trade ( DOC , 1979 ) .  
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i ndoor a i r  qual i ty i n  a ny smal l commerc i a l b u i l d i ng except for offi c e s .  

F u rthermore , i t  s eems reasonabl e to  assume that standard pract i ces i n  

t he maj ori ty of smal l commerc i a l b u i l d i ngs wi l l  have i dent i f i ed t hose 

pol l utants w i t h  most potent i al for hann a l though t h i s. may not be true 

for al l smal l commerc i a l b u i l d i ngs . 

T he struct ures  whi ch are covered u nder CACS w i l l  vary w i de ly .  

Some smal l commerc i al b u i l d i ngs may be  part of  a res i dence wh i l e  other  

smal l b u s i nesses operate i n  mod i f i ed mob i l e  homes a nd some a re i n  l a rge 

stri p s hoppi ng c enters . C l earl y ,  s uch  a wi de range of struct u res  wi l l  

have  a vari ety of i nfi l trat i on rates . To the  extent t hat t he 

recommendat i on s  of ASHRAE standard 62- 198 1  ( ASHRAE , 1 98 1 )  a re fol l owed , 

vent i l at i on i n  t h i s h i gh l y  var i ed g roup of b u i l d i ngs wi l l  be suff i c i ent 

to  mai ntai n rea sonab l e i ndoor a i r  qual i ty .  

B . 2 . 2  Ai r exch ange rates  

T he rate at wh i c h  a i r  moves  i nto or  out of a b u i l d i ng depends on  

many factors , i nc l ud i ng wi nd s peed a nd d i rect i o n ,  qual i ty of  

const ruct i on ,  i ndoor-outdoor temperature d i fference , he i ght  of  t he 

bu i l d i n g ,  rel at i ve humi d i ty ,  occupant s ' behav i o r ,  and i ndoor 

combust i on. The a ut hor i s  awa re of  only one study i n  wh i c h  a i r  

exchange rates  were measured i n  apartment bu i l d i ngs .  Moscha ndreas et 

a l . { 1978}  measured a i r  exchange rates i n  three l ow- r i se and three 

h i gh -ri se apartment bu i l d i ngs  i n  P i ttsburgh , Pennsyl van i a .  Those 

resu l t s are s ummari zed i n  Tab l e B- 2 .  The overal l range o f  observed a i r  

exchange  rates  i n  t he s i x  a partments i s  0 . 3 to 1 . 7 a i r  changes per 

hour.  The t h ree story l ow- r i se  b u i l d i ng had b r i c k  exteri ors a nd wa s i n  
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a res i dent i a l nei ghborhood . The measured apartment s were on the second 

and thi rd fl oors wi th i nd i v i dual ly control l ed forced a i r  heat i n g  

systems . The 1 1 -story h i gh-r i se brick  bui l d i ng was su rrounded by 

res i dent i al and commerc i al bui l d i ngs .  E ach apartment had i nd i v i dual ly 

cont rol l ed forced a i r  heat i ng and cool i ng systems . The resu l t s  show 

that a i r  exchange measurements wi th i n  an apartment vari ed by a facto r 

of 2 1/2  and measurement s between apartment s vari ed by a factor of 3 .  

Because of the l imited number of measurements ,  i t  i s  i mpos s i bl e to 

arri ve at an a i r  exchange rate that wou l d be a ppropri ate for al l 

apartment bu i d i ngs i n  the Un i ted States or for the CACS Program. These 

apartments therefore may or  may not be s i mi l ar to typica l  el i g i b l e  

apartments a s  defi ned by P at el ( 1982 ) . 

Tab l e B-2 .  Measured a i r  exchange rates i n  apartment s 

Apartment Sampl i ng W i nd Ai r exchange 
type month Ala speedb ratec 

Low- ri se March 0 . 5-16 . 7  2 . 7-9 .8 0 . 3-0.8 

L ow-ri se Apri l 3 . 9-16 . 7  4 . 5-8 . 5  o . 7-1 . 4  

Low-ri se May 5 .6- l l  . l 3 . 6-4 .9  1 .6-1 . 7  

H i gh-ri se May 1. 1-6 . 7  2 . 2-4 .9  0 .9-1 .4  

H i gh-ri se June 2 .8-ll . 7  3 . 1 -5 .8  0 . 9- 1 .4 

H i gh-r i se June 0 .6- 5 . 0  2 . 2-8 . 5  0 . 9 - 1 . 2  
• 

aTemperature d i fference between i ndoors and outdoors measured i n  
o c . bwi nd speed measured i n  m/s . cuni t s  are a i r  changes per hour. 

Source : Moschand reas et a l  ( 1978) . 
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Ai r exchange rates i n  sma l l commerc i al b u i l d i ng s  may wel l be as  

wi dely varyi ng as t he nature of smal l busi nesses themsel ves .  Desp ite  

th i s vari ety , c l early one common i ndoor env i ronment in  smal l c ommerc i al 

bui l di ngs i s  the off ice .  I n  one study ,  Moschandreas et a l . ( 1 980a ) 

found that a i r  i n fi l t rat i on var ied from 1 . 2  to 1 . 5 a i r  changes per hour 

i n  two d i fferent bu i l d i ng s .  These bu i l di ng s  were both q u i t e  l arge ,  

hous i ng about 1 00 empl oyees , and may be qu ite d i fferent from el i g i b l e 

bu i l di n gs as def i ned by Patel et a l .  ( 1 982 ) .  

The American Soc i ety of Heat i ng , Refrigerat i ng ,  and 

Ai r-Cond i t i o n i n g  E n g i neers ( ASHRAE ) has proposed a standard fo r 

vent i l at i on for acceptabl e i ndoor a i r  qua l i ty (ASHRAE , 1 981 ) .  Tabl e 

B-3 presents some vent i l at i on rates cal cu l ated from suggested v a l ues of  

vent i l at i on pa rameters i n  the ASHRAE standard for a vari ety of smal l 

commerc i al bu i l d i n g s .  � ith the except i on of corri dors i n  l arge 

bu i l di ngs , warehouses , g ree nhouses , pet shops , meat process i ng rooms , 

bank vaul ts , and l i bra ries , a l l der ived vent i l at i on rates exceed 0 . 6  

a i r  change per hour. 

There may be an i nverse rel at ionsh ip  between the age of a bu i l d i ng 

and the a i r  exchange rate of the structure.  I n  Tabl e B-4 , data t aken 

from several stud i e s  on s i ng l e-fami ly detac hed dwel l i ngs  h ave been 

summari zed. I n  g enera l , stu d i es of ol der homes found h i gher a i r 

exchange rates.  In  an  attempt to further c l ari fy thi s rel at i on sh i p ,  

a i r  exchange meas urements were gathered from the l i terat ure for 

detached bu i l d i ng s  when the wi nd speed was c l ose to 4 . 5  m/ s ( 1 0 mph )  

and the i ndoor temperature was about 22 . 2°C  ( 40° F )  above the outdoor 

temperatu re. I n  some ca se s ,  the ori g i nal  authors prov i ded an  equat i on 
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Tab l e  B-3 .  Vent i l at ion rates der i ved f rom suggested ASHRAE va l ues 

Type of bus i ness 

Laundr i es 
Canmerc l a l  
Storage/p i ck-up areas 
Co I n-operated 
Co l n-o perated dry c l eaners 

Food and beverage serv i ces 
D i n i ng rooms 
K i tchens 
Ca feter ias and fast food 
Bars and cockta i l  l ounge 

Par k i ng garages and auto repa i r  

Hote l s , mote l s , etc. 
Bedrooms 
L I  v I ng rooms 
Baths and to i l ets 
Lobb i es 
Con ference rooms 
Assemb l y  rooms 
Cas i nos 

Off  I ces 
Off  I ce space 
Meet i ng and wa i t i ng space 

Pub l i c  spaces 

Corr i dors 
Restrooms 

Reta 1 1  Stores 
Showrooms near ground l eve l 
Upper l eve l  showrooms 
Storage areas 
Dress i ng rooms 
Ma l l s  and arcades 
Sh i pp i ng and rece i v i ng 
Warehouses 
E l evators 

Spec i a l ty shops 

Barber and beauty shop 
Hea lth spas 
F lor i sts 
Greenhouses 
Show/repa i r  areas 
Pet shops 

Occupan�y 
C persons/ 10 ft2) 

10  
30 
20 
20 

70 
20 

100 
100 

5 
20 
1 2c 
30 
50 

1 20 
120 

7 
60 

100 

30 
20 
1 5  

2 .ae 
20 
10  

5 
1 3 .9 

25 
20 
10  

I 
1 0  

gutdoor a i r  
C f t /m i n  person ) 

35 
10b 
35 
50 

7 .5c 
3 .  l c 

50 
1 5 
35 
35 
35 

20 
35 

25 
25 
25 
25 
10  
1 0  
10  
1 5b 

Vent I l at Ion 
rate Ca l r  
changes per h ) a 

0.9 
6 .3 
4 .2 
1 .8 

1 5 .  
1 .2 

2 1 . 
30 . 

9 .0 

2 .3 
3 .7 
3 .8 
2 .7 

1 0 .  
25. 
25.  

0.8 
1 3 .  

0 . 1  
1 2 .  

4 .5 
3 .0 
2 .2 
5 .2 
I .2 
0 .6 
0 .3 
1 .2 

5 .2 
1 .8 
I .5 
0 . 1  
0 .9 
0 .6 



B-1 4 

Tab l e  B-3 .  ( cont i n ued ) 

Vent I l at I on 

Occupan3y sutdoor a i r  rate ( a i r  
Type of bus i ness ( persons/ 1 0  ft2) ( f t /m i n  person ) changes per 

Sports and amusement fac l 1 l t l es 
Dance areas 1 00 35 2 1 . 
Bow l i ng a l l ey ,  seat i ng 70 35 1 5 .  
P l ay i ng sur faces 30 2ob 3 .6 
Spectator areas 1 50 35 3 1 .0 
Game rooms 70 35 1 5 .  
Sw l rrm l ng poo l 1 .5 f 
Sw imm i ng poo l spectators 70 35 1 5 . 

Theatres 
T i cket booths 1 2b 20 1 .5 
Lobb i es and aud i tor i ums 1 50 35 3 1 . 
Stages and stud i os 70 1 0b 4 .2 

Pub l i c  transportat i on fac l I ! t i es 1 50 35 3 1 . 

Workrooms 
Meat process I ng 1 0  5b 0 .3 
Pharmac i es 20 7 b o .8 
Bank vau l ts 1 0  5b 0 .3 
Photograph i c  dark rooms 1 0  2ob 1 .2 
Photograph i c  pr i nt i ng rooms b 3 .  

Educat i ona l fac l l l t l es 
C l assrooms 50 25 7 .5 
Laborator i es 30 1 0b 1 .8 
Tra i n i ng shops 30 35 6 .3 
M us i c  rooms 50 35

b 
1 0 .  

L i brar i es 20 5 0 .6 

a 
bTen foot ce l l l ngs w i th smok i ng a l l owed were assumed un l ess stated otherw i se .  
cNo smok i ng cond i t i ons were assumed . 

dRoom d i mens i ons of 1 0 1  x 1 0 1  x 8 1  were assumed . 
Room d i mens i ons of 1 5' x 1 5 '  x 8' w i th 5 sta l l s  were assumed . �Room d i men s i ons of 6 '  x 61 x 81 were assumed . 
Twenty foot ce i l i ngs were assumed . 

Source: Ca l cu l ated from ASHRAE , 1981 . 

h ) a 
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Number A i r  exchange rate (a i r  
of changes e!r hour )  

hanes Average Range 

4 o.37 o.3 1 -0.42 

0 .82 -
1 0 . 50 --

50 1 .49 o. 35-2 .10 
10  o.64 o . 31-0.99 
17 0.31 -
5 0 .60 0.09- 1 .40 
I o.83 --

1 . 53 -
0.46 -
0 . 9 1  --

o .33-0 .68 
o.36 0. 1 5-0 .6 1 
0. 1 1  0 . 1 o-o . 1 2  

0.86 0.64- 1 .36 
o.59 o. 5o-o.69 
0. 1 0  0 . 08-0 . 1 3  

o . 38  0 . 3 1 -0 . 42 

-1 00 0.48 --

-1 00 o .86 --

266 1 . 1 2 --

Measured ai r ecchange rates I n  North lmer l can and European hanes 

W i nd Type 
tir8 speed b fi pC of 
c •c> (m/s ) (Pa )  house 

1 7  4 - 2 story !8wn-
house W/B 

1 7  4 - 2 story W/B 
detached 

1 9 .4 3. 1 - 1 story W/B - -- 24. 9  -
4 .4 4 . 5  - -

-- -- 4 --

-- -- - --
34 6.7 - Mob l l e  home 

con t i nuous sheath 
34 6 . 7  - Mob l l e  home 

cau l k i ng 
- 1 4  6 . 7  - Mob I l e  home 

con t i nuous sheath 
- 14 6 . 7  - Mob l  l e  home 

cau l k i ng 
- 1 4-9 0 . 5-4 - One story frame 

5- 1 5  1 -5 - One story frame 
22 4-8 - Two story frame 

energy ef f i c i ent 
4-6 1 -2 - One story frame 
9- 1 0  2-5 - One story frame 
25-26 3-5 - Two story frame 

energy eff i c i ent 
1 8-20 6-8 - Three story frame 

energy ef f l c l ent 
-- - -

- -- -- -
- -- -- -

Comments 

Bu i I t  1 972-3 

Bu i I t  1 947 

Bu i I t  1 950-55 
Texas 
Bu i l t 1 9 1 7-43 
On the average, 
bu l I t  1 950 
Tennessee 
New 

New 

New 

New 

Bu i I t  1 964 
Bu i I t  1 964 
Bu i I t  1 977 

Bu i I t  1 924 
Bu l l t 1 949 
Bu i I t  1 978 

Bu i I t  1 978 

Less than 2 years 
o l d , 
More than 2 years 
o l d  
Low I ncome homes 

Stud ye 

2 
3 
4 

5 
6 
7 

7 

OJ 7 I 
__, 

7 <..Tl 

8 
9 
9 

9 
9 
9 

9 

10 

10 

1 1  



Number A i r  exchange rat� _la l r  
of 

homes 

1 
2 
9 

34 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

changes eer hour ) 
Average Range 

0 . 1 2  

0 .4 1  

0 .60 0 . 1 6- 1  .57 
o .50 0 .20-0 .10 
0 .3 o-o .8 

1 .3 0-3 .6 

0 .65 
1 . 1  
0 . 27 0 . 1 6-0 .4 1 
0 . 1 1 0 .06-0 . 1 1  
0 . 1 9  0 . 1 2-0 .28 
0 .44 0 .24-0 .63 
0 . 1 5  0 . 06-0 .23 
0 .4 5  0 .33-0 .57 
-- o . 5- 1 .0 
-- 0.2-0 .8 
-- o . 5- 1 .2 
-- 0 .6-2 .o 
-- 0 .8- 1 .0 
-- 0 .6- 1 .0 
-- 0 . 1 -0 .3 

0 .4- 1 .0 
0 .3- 1 . 1  

Ta 
< · c> 

0 

1 5  

7-46 
2-3 1 

0 
1 8-42 
-3-3 
9- 1 8  
3-33 
-2- 1 
2 1 -39 
-8-23 
-3- 1 9  
-6-32 
-2-3 1 

0-9 
-2-34 
-4-22 

1 9-3 1 
5-20 

a 
bTemperature I ndoors m i n us temperature outdoors. 

����:s��=e
� I�=����� �:t��e�

eT�si�: !��d
�u�!i:;. 

Tab l e  B-4 . 

W i nd 
speed b 
( m/s ) 

0 

0 

1 - 1 7  
< 2 .7 

<4 
0 

0 .2-4 .3 
0 .4-3.6 
0 .4-5 .4 
0-4 .7 
0 .2-3 .4 
0 .2-5 . 1  
0 .4-2 .7 
0 .9-4 .5 
0 .9-7 .6 
1 .3-8 .9 
0 .4-2 . 2  
0 .4-2 .2 

0-7 .6 

2 .2-5 .4 
o .9-5 .4 

eW/B • w i th basement. 
References for Tab l es B-4 and B- 5 fo l l ow Tab l e  B-5 .  

(cont I n ued ) 

Type 
pc of 

( Pa )  house Comments Stu dye 

-- Four bedroom Bu i I t  1 974 1 2  
tow nhouse 

-- Four bedroom Su l i t 1 974 1 2  
town house 

-- One story Su l i t before 1 963 1 3  
-- Town house Bu i I t  1 972 1 4  

New homes I n  1 5  
Denmark 
O l der homes I n  1 5  
Denmark 
I n  Eng l and 1 6  

-- Mob I l e  home Bu i l t before 1 976 1 7  
-- One story W/B Bu i l t before 1 960 1 8  
-- One story W/B Bu i l t before 1 960 1 8  
-- One story W/B Su l i t before 1 960 1 8  
-- One story W/B 
-- One story w/B 

Bu i l t before 1 963 1 8  co 
Bu i l t before 1 963 1 8  I 

__, 

-- One story W/B Bu i l t before 1 963 1 8  en 
-- Two story So l ar heated 1 9  
-- Two story W/B 1 9  
-- Two story dup l ex Bu i l t s i nce 1 973 1 9  
-- Two story dup l ex B u i  I t  1 973 1 9  
-- Two story 1 9  
-- Two story 1 9  
-- Two story E l ectr i c  heat I n  

Ch i cago 1 9  
-- Mob l l e  home 1 9  
-- Mob I l e  home 1 9  
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rel at i ng a i r exchange to wi nd speed and temperature d i fference.  For 

such cases , i nfi l trat i on val ues were cal cul ated. A i r  exchange versus  

year  of construct i on i s  pl otted in  Fi gure B- 1 and the val ues are 

tabul ated i n  Tabl e B-5 .  Nonparametri c rank correl at i on analys i s  of the 

data revea l s  a stat i st i cal ly  s i gn i fi cant ( P  < 1% ) i nverse correl at i on.  

The scatter that rema i ns is  due to numerous uncontrol l ed vari abl es 

i ncl udi ng wi nd ori entat i on ,  st ructural  styl e ,  occupant behav i o r ,  and 

many others.  On the bas i s  of the observed age-dependent a i r  exchange 

i ncrease i n  s i ngl e-fami ly dwel l i ngs , it may be assumed that ol der 

CACS-covered apa rtments and smal l commerc i al bui l d i ngs experi ence 

h i gher i nfi l trat i on rates . 

B .2 . 3 I ndoor a i r  qual i ty 

Many potent i al sources of pol l utants currently exi st i n  

apartments and smal l commerc i al bui l d i ngs .  Some of the more noteworthy 

pol l utants i ncl ude radon ,  formal dehyde , ozone , respi rabl e part i c l es , 

carbon monox ide ,  and n i t rogen d i ox ide.  In  add i t i o n ,  there is  a 

potent i al ly enormous vari ety of organ ic  chemi cal s that may be used i n  

covered smal l commerc i al bu i l d i ngs .  Th i s  sect i on wi l l  prov ide a bri ef 

overv i ew of what i s  known about sources and concent rat i ons of pert i nent 

pol l utants .  

B .2 .3 . 1  Sources 

R adon-222 i s  a rad i oact i ve ,  nobl e gas wh ich  i s  generated by the 

decay of rad i um-226 . Decay of radon i n  turn g i ves r i se to a ser i es o f  

short-l i ved rad i oact i ve progeny.  S i nce t race amounts of radi um occur 
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F i g .  B-1 . Ai r exch ange (VNT)  v s  year of construc t i on for s imi l ar 
wi nd and temperature c ond i t i on s . D ata presented i n  Tab l e  B-5 . 



Tab l e  B- 5 .  A i r  ecchange measurements made near 40•F and 1 0  mph 

Temperature W i nd 
Year of A i r  ecchange rates d i f ference speed 

construct i on (a i r  changes per hour )  State < •c> (m/s ) Comments Stud ya 

1 952 .5 0.6 1 1  DC 22 .2 4 . 5  Wo od  frame ramb I er W/Bb 2 
1 952 . 5  0.820 DC 22 .2 4 .5 Wood f rame rambl er W/B after retrof i t  2 
1963.0 0. 1 80 MN 2 1 . 0 4.5 Ramb l er RH • 29% 1 3  
1 963 .0 0.260 MN 22.0 5 .4 Ramb I er RH = 25% 13 
1963.0 0. 1 80 MN 2 1 .0 3. 1 Ramb l er RH = 25% 13 
1 963 .0 0.250 CAN 23 .3 3.1 Wood frame ramb l er W/B 18 
1 963. 0  0.280 CAN 1 9 .2 5.4 Wood frame ramb l er W/B 18 
1 963 .0 0 .630 CAN 25.0 4 .6 Wood frame ramb l er W/B 18 
1963.0 0.450 CAN 2 1 .7 4. 1 Wood frame ramb I er W/B 18 
1 963 .0 0 .420 CAN 2 1 . 1  4 .6 Wood frame rambl er W/B 18 
1963.0 0.450 CAN 25.5 4.6 Wood frame ramb l er W/B 18  
1 911 .0 0. 1 20 MN 22 .0 4.0 2 Story I'() frame energy ef f l c l entC 9 
1 978 .0 0 . 1 00  MN 25.0 4 .0 2 Story I() frame energy eff i c i ent 9 
1978.0 0.3 1 0  I A  1 9 .0 6.0 3 Story "'1J frame energy eff i c i ent 9 OJ 
1 972 .0 0.7 1 5  NJ 22 .0 4.0 Townhouse 1 4  I 
1943.0 0.620 I N  22.2 4.5 1 Story BRK craw l spaced 4 

__.. 

l.O 
1 933.0 0 . 750 I N  22 .2 4 .5 1 Story I'() frame W/B 4 
1962 .0 0.485 I N  22.2 4 . 5  1 Story WO frame W/B craw l space 4 
1 9'43.0 0 . 995 I N  22 .2 4 .5 2 Story I() frame W/B 4 
1923.0 0.865 I N  22 .2 4 . 5  2 Story "'1J frame W/B 4 
1 962 .0 0. 315 I N  22.2 4 .5 1 Story I'() frame W/B 4 
1 9 1 7.0 0.1 1 0  I N  22 .2 4.5 2 Story I'() frame craw l space 4 
1 962 .0 0.480 I N  22 .2 4 . 5 2 Story BR< W/B 4 
1962.0 o.5oo I N  22 .2 4.5 1 Story I'() frame craw l space 4 
1 962 .0 0.660 I N  22.2 4 . 5 1 Story BR< s l ab dup l ex 4 
1974 .0 0.625 OH 22.2 4.5 2 Story 4 BRK 20 
1 974 .0 0. 599 OH 22 . 2  4 .5 2 Story 4 BRK 20 
1974 .0 o.875 OH 22.2 4 . 5  2 Story 4 BRK 20 
1 974 . 0  0 . 589 OH 22.2 4 .5 2 Story 4 BRK 20 

�References for Tab l es B-4 and B- 5  fo l l ow  Tab l e  B- 5 0  
�B • w i th basement. 

d • wood . BRK • br i ck .  



Study number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

s ... 20 

R E FER ENCES FOR TABL ES B-4 and B-5 

Author ( s )  and year 

Bl omsterberg and �arrj e 

B urch and Hunt ( 1978 ) 

Caffey (1979 ) 

Cob l entz and Achenbach 

Di c k i nson et al . ( 1982 ) 

G ammage et al . ( 1982 ) 

Gol dschmi dt and Wi l helm  

Gri msrud et al . ( 1978 ) 

Gr ims rud et al . ( 1979 ) 

Grimsrud et al . ( 1981 ) 

Grot and Cl ark ( 1979 ) 

H unt and Burch ( 1975 ) 

L uck  and Nel son  ( 197 7 )  

Mal ik  ( 1978 ) 

( 1979 ) 

( 1963 ) 

( 1979 )  

Mo l h av e  and Mo l l er ( 1979 ) 

N evral a and E theri dge ( 1978 )  

Prado et al . ( 1976 ) 

T amura and Wi l s on ( 1963 ) 

Moschandreas et al . ( 1978 ) 

Wang and Sepsy ( 1980 ) 
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in soi l and rock , radon i s  found i n  bui l d i ng materi al s ,  dri nki ng water , 

nat ural gas , and the ai r . The i ndoor l evel s of radon and i ts  progeny 

deri ve from al l of these sources .  

Formal dehyde i s  a smal l ,  one-carbon , organ i c  mol ecul e wh i ch i s  

frequent ly found i n  i ndoor a i r. Formal dehyde occurs natural ly i n  

l i v i ng organi sms and i s  rapid ly  metabol i zed ( Borzel l eca et al . ,  1 980) . 

Human occupat i on i s  an i ndoor source of a l i phat i c  a l dehydes , wh i ch may 

i ncl ude formal dehyde ( Hol l owel l et a l . ,  1 977 ) . Other i ndoor sources 

i nc l ude combust i o n ,  part i cl eboard , and certa i n  i nsul at i on product s .  

Ozone , i n  most i nstances , i s  an  outdoor pol l utant , but may be of 

spec i al concern i n  some offi ces . I t  rap id ly  decays i ndoors i n  a 

process catalyzed by many su rfaces (Muel l er et a l . ,  1 973 ; Sabersky et 

a l . ,  197 3 ) . However ,  photocopyi ng machi nes are known to produce ozone 

(Al l en et a l . ,  1978 ;  Sel way et al . ,  1 980) . Other potent i al sources 

i nc l ude u l trav i ol et l i ghts and el ect rostat i c  prec i pi tators . 

Respi rabl e pa rt i c l es a re those wh ich  a re of appropri ate s i ze so 

that , when i nhal ed , they pass deep i nto the l ungs and are d i ffi cu l t  to 

remove by nat ural  processes .  The ma i n  source of such part i cl es i s  

combust i on of tobacco or other organic  materi al s i nc l udi ng coa l , wood , 

natural gas , and kerosene. 

Carbon monox i de i s  anot her smal l mol ecu l e  wh i ch ari ses duri ng  the 

combust i on proces s .  Any t ime that organ ic  matter i s  bu rned without 

suffi c i ent oxy gen , carbon monox i de may be produced . Schapl owsky et al . 

( 1974)  found el evated carbon monox ide l evel s i n  rooms w ith fuel -burni ng 

appl i cances .  Hol l owel l et a l . ( 1977)  found that carbon monox i de was 

emi tted by gas cook i ng stoves.  
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N i t rogen d i ox ide i s  a nother combust i on product of some concern . 

N i t rogen d i ox i de i s  emi tted by gas stoves ( Hol l owel l et a l . ,  1978 ) and 

has been found at el evated l evel s i� k i tchens duri ng  gas  stove 

operat ion  ( Hol l owel l et a l . ,  1 9 77 ) .  

Many orga n i c  chemi cal s are formed duri ng combust i on pro�esses . I t  

i s  known that polycycl i c  o rgan i c  compounds are emi tted from res i dent i al 

wood stoves ( DeAngel i s  et al . ,  1 980) , and i t  i s  k nown that stok i ng of 

res i dent i al wood stoves seems to l ead to t rans i ent i nc reases i n  i ndoor 

carbon monox i de l evel s (Moschand reas et al . ,  1 980b ) .  These data 

suggest that pote nt i al ly  carc i nogen i c  chemi cal s may be rel eased i ndoors 

from combust i on of wood or  other organ ic  materi al s .  Unburned , vol at i l e  

hydrocarbons may al so be rel eased from refuel i ng of kerosene heaters 

i ndoors.  

Numerous organ i c  chemi cal s are used as  sol vents i n  smal l com-

merc i al bui l d i ng s .  Organ ic  chemi cal s are used for many other purpose s .  

I t  i s  not fea s i bl e to enumerate a l l potent i al sources o f  such pol l u ­

tants that mi ght be used i n  apartments and smal l commerc i al bui l d i n g s .  

Other more deta i l ed d i sc uss i ons  o f  i ndoor pol l utant sources are 

found i n  the RCS envi ronmental i mpact statement ( DOE , 1 979 ) . 

Add i t i onal l y , ot her general rev i ews i ncl ude those l i sted i n  

Sect i o n  B . 1 . 2 of  thi s append i x .  

B . 2 . 3 . 2  Concent rat i ons  

Typi cal  i ndoor concent rat i on s  of pol l utants vary widel y .  Such 

concent rat i on s  depend on strength and prox i mi ty of sources and on  

vent i l at i on parameters . Observed concentrat i ons  of these pol l utants i n  



• 
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studi es of i ndoor envi ronments wi l l  be sunvnari zed bel ow. See 

Sect . 4 .2 . 1  i n  the mai n  report for compari son of l evel s and standard s .  

Radon concentrat i on i s  measured i n  uni t s  o f  Bq/m3 ( 1  Bq/m3 = 

1/ 37 pCi / L )  whi l e  its  progeny are measured i n  un its  of work i ng l evel s 

( WL ) .  Radon progeny are thought to be respons i bl e  for most of the 

carc i nogen i c  effects seen i n  workers exposed to radon .  Consequently , 

the WL was devel oped . One WL i s  a comb i nat i on of concent rat i ons  of 

radon progeny yi el d i ng ,  i n  the decay to Pb-21 0 ,  a total al pha energy 

emi s s i on of 2 1  nJ ( equi val ent to 1 . 3 x 105 MeV ) i n  one l i ter of a i r. 

At rad i oacti ve equi l i bri um between radon and its  progeny , a i r wi t h  37 

Bq/m3 of radon wi l l  have 0 . 0 1  WL of radon progeny.  

Both radon and radon progeny have been measured in  i ndoor envi ron-

ments .  NAS ( 1981 ) l i sts  several measurement s made i n  res i dences ( but 

not basements )  both i n  ord i nary areas and i n  a reas with  el evated l evel s 

of radi um i n  the soi l : 

Soi l  type 

Ord i na ry 

Radi um-enriched 

Radon concentrat i on 
( Bq/m3 ) 

0 . 2-1221 

( no measurement s )  

Progeny concent rat i on 
(WL)  

0 . 0008-0 .03 

0 . 0 13-0 .02 

Ryan ( 1981 )  has summari zed a comprehen s i ve rev i ew of reported radon and 

radon progeny exposure cond i t i ons  i n  houses and other bu id i ngs . The 

geomet r i c  mean radon concentrat i on on  mai n  fl oors was 88 .8 Bq/m3 wi th 

a geometric  ( i . e. ,  mul t i pl i cat i ve )  standard dev i at i on of 4 . 24-fol d .  

The geomet ri c mean progeny concentrat i on was 0 .0066 WL with a geometri c 
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standard dev i at i on of 3 . 4 5-fol d.  For measurement s i n  basement s ,  

geometri c means and mul t i pl i cat i ve standard dev i at i on s  were 239 . 0  

Bq/m3 ± 3 . 69-fol d a nd 0 . 0 1 27 WL ± 3 . 4 1 -fol d.  Hol l owel l et a l . ( 1981 )  

measured radon i n  new energy eff i c i ent houses and i n . ret rofi tted 

houses .  For  fi ve energy effi c i ent houses the  l evel s ranged from 29 . 6  

to  814 Bq/m3 . After ret rof i t  o f  three houses , l evel s were 44 , 141  

and  < 37 Bq/m3 ; whereas , before ret rofi t ,  the l evel s were <37 , 1 33 and 

< 37 Bq/m3 , respect i vely.  Abu-Ja rad and F reml i n  ( 1981 ) have made 

measurements i n  h i gh-ri se bu i l d i ngs and found that there i s  no  

correl at i on between apartment el evat i on above the fi rst l evel a nd 

progeny concentrat i on .  They found that g round and fi rst fl oor 

measu rements had a geometr i c  mean of 0 . 0033 WL whi l e  for the second 

fl oor and h i gher el evat i ons i t  wa s 0 . 001 1 WL .  O n  the bas i s  of the data 

rev i ewed here , i t  seems reasonabl e to postul ate t hat typi cal  radon 

l evel s vary qu ite wi dely around 100 Bq/m3 and progeny l evel s a round 

0 . 007 WL . Level s i n  basements are l i kely to be two to f i ve fol d 

h i gher. 

Formal dehyde is  frequent l y  found i n  i ndoor a i r. NAS ( 1981 )  

rev i ewed the l i terature o n  formal dehyde l evel s i n  res i dences .  The 

range of measurements was 0 to 4 .2 ppm. These authors suggest that 

average l evel s i n  convent i onal homes a re l i kely to range from 0 .01  t o  

0 . 1  ppm. Hol l owel l e t  al . ( 1981 ) measured formal dehyde i n  fi ve  new 

energy effi c i ent homes and found l evel s rang i ng from 0 . 053 to  0 . 214 

ppm. For three retrofit  houses the l evel s of formal dehyde before 

ret rofit  were 0 . 055 , 0 . 058 , and 0 . 022 ppm, whi l e  after the ret rofi t  

they were 0 . 0 53 , 0 .0 5 1 , and 0 .0 1 9  ppm. I n  t hree l ow-r i se a partment s i n  

• 
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P ittsburgh , Moschandreas et al . ( 1978) measured the amount of total 

al dehydes ,  most of whi ch i s  thought to be formal dehyde .  The 

measurements ranged from 0 .016  to 0 . 1 23 ppm with the averages over 14 

days bei ng 0 . 074 , 0 .063 , and 0 . 089 ppm. Measurements made i n  three 

h i gh-r i se P ittsburgh apartments ranged from 0 .018  to 0 . 1 94 with 1 4-day 

averages of 0 . 045 , 0 . 101 , and 0 . 120 ppm. Gupta et a l . ( 198 1 ) have 

summari zed Consumer P roduct Safety Commi ss i on measurements of 

formal dehyde l evel s .  

Presence o f  urea-
Type of formal dehyde foam Mean Range 

home i nsul at i on ( ppm) ( ppm ) 

Convent i onal No 0 .03 <0 .0 1-0 .08 

Convent i onal Yes 0 . 12  <0 . 01-3 . 40 

Mob i l e  No 0 . 34 <0 .0 1-3 .99 

I n  response to heal th compl a i nts , Dal ly et al . ( 198 1 ) stud i ed 27 

homes : 1 7  mob i l es homes , 5 convent i onal homes with UF-foam , and 5 

other convent i onal homes . F i fteen homeowners had taken correcti ve 

act i on to l ower formal dehyde l evel s a nd t he others had not. The 

average l evel i n  both these groups was about 0 . 35 ppm on the second 

v i s i t  and 0 .30 ppm on the th i rd v i s i t .  O n  the bas i s  o f  the data 

rev i ewed here , it seems reasonabl e to assume that typ i cal  l evel s of  

formal dehyde range up to 0 . 1  ppm for c onvent i onal structures and a re 

about three-to s i x- fol d h i gher i n  mob i l e  home s .  
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Ozone i s  very short -l i ved i n  the i ndoor envi ronment and i s  found 

i n  l ow concentrat i ons except a round sources . I n  a study of ten homes 

i n  the Boston area , GEOMET ( 1981 )  found that on  t he average , i ndoor 

l evel s were l es s  than 1/ 5 of those outdoors .  For two · o ffi ces , i ndoor 

l evel s were l es s  than 1 / 3  of t hose outdoors . I n  another paper 

d i scuss i ng the same study ,  Moschand reas et a l . ( 1980a ) note that i n  one 

off i ce ,  average hourly concent rat i ons  were 9 .80 ppb whi l e  i n  another 

they were 2 . 62 ppb. S i nce photocopi ers are known to emi t  ozone , t h i s 

may refl ect t he fact that the f i rst offi ce i nc l uded a reproduct i o n  

room. I n  another study of fourteen res i dences , Moschandreas et a l . 

( 1978) found t hat 953 o f  the hourly measurements showed that outdoor 

l evel s exceeded i ndoor l evel s .  Hol l owel l et a l . ( 198 1 )  found l evel s 

rang i ng from 1 . 7 t o  16  ppb i n  f i ve energy effi c i ent and three ret rofi t 

homes.  I t  seems reasonabl e to assume that ozone i s  not a probl em i n  

the res i dent i al envi ronment ,  but for smal l corrvnerc i al b ui l d i ngs with  

photocopi ers , ul t rav i ol et l i ghts , and el ect rostat i c  prec i pi tators , 

there i s  need for adequate vent i l at i on i n  the v i c i n i ty .  

Respi rabl e part i cl es are o f  g reat concern i n  any i ndoor env i ron­

ment where combust i on occurs.  Young et al . ( 1981 )  rev i ewed several 

stud i es of res ident i al part i cu l ate l evel s .  Numbers o f  respi rabl e 

part i c l es ranged from 5 . 2 x 106 t o  72 x 106 per cub i c  meter. The 

total mass of al l part i cl es ranged up to 103 µg/m3 . When Hol l owel l 

et a l . ( 1981 )  measured part i cu l ate l evel s ,  they found l evel s rang i ng 

from 6 t o  36 µg/m3 of respi rabl e part i c l es a nd from 10 to 77 µg/m3 

of total part i c l es .  Quant et a l . ( 198 1 )  stud i ed three d i fferent 

offi ces and found hourly l evel s of part i cl es b etween 30 a nd 120 µg/m3 
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wi th 8-hour t ime wei ghted averages of 60 to 82 µg/m3. GEOMET ( 1981 ) 

stud i ed two offi ces and ten res i dences i n  Boston . I n  the offi ces , 

l evel s of total partic l es  were about 30-35 µg/m3 on the average which  

was l ess  than  outs i de .  In  the res i dences , i ndoor l evel s a l ways 

exceeded those outs ide and they ranged from 35 to 145 µg/m3 . 

Spengl er et a l . ( 1 981 )  have found that l evel s of respi rabl e part i c l es  

outdoors were 22  µg/m3 wh i l e  for homes wi thout smokers the l evel was 

24 µg/m3 . I n  homes wi th one or more than one smoker , l evel s were 43 

and 75 µg/m3 , respect i vely . Other papers d i scuss i n  greater detai l  

the i nc reased l evel s of part i cu l ate matter around smokers ( Hark e ,  1973 ; 

B i nder et al . ,  1976 ; Repace and Lowrey , 1 980) . From these data , i t  

seems reasonabl e t o  assume that part i cu l ate l evel s i n  bui l d i ngs with  

l arge fi l teri ng HVAC systems wi l l  be a round 20-30 µg/m3 and l es s  than 

outdoor l evel s .  Such bui l d i ngs wi l l  house many of the apartments and 

smal l busi nesses  covered by th i s  program. On the other hand , i n  those 

cases where the den s i ty of smokers is h i gh enough to overwhelm the 

venti l at i on ,  there are l i kely to be part i cul ate l evel s wh ich  exceed 

U . S .  amb i ent outdoor a i r  qual i ty standard s  ( 75 µg/m3) .  

Another combust i on product of some concern i s  carbon monoxide .  

NAS ( 1981 ) has  summari zed several  studi es where carbon monoxi de was 

measured i n  bui l d i ngs with secti ons  for smokers. L evel s ranged from 2 

to 33 ppm i n  smok i ng sect i on s  and from 1 to 9 . 2  ppm i n  other control 

sect i on s .  Young et a l . ( 1 981 )  summari zed several res i denti al stud i es 

wh i c h  found l evel s between 0 a nd 61 .8 ppm. I n  ten Boston a rea 

res i dences , GEOMET ( 1981 )  found the hourly mean concentrati on to be 

between 0 . 7  a nd 3 . 3  ppm whi l e  for · two offices the averages were 3 . 1  and 
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2 . 1  ppm. I n  four Wash i ngton/Bal t i more homes , Moschandreas et al . 

( 1978) found hourly average l evel s of from 0 to  5 .2 ppm. Hol l owel l et 

a l . ( 1981) found l evel s between 0 . 3  and 3 . 1  ppm i n  e i ght energy 

eff i c i ent home s .  Typi cal ly , res i dent i al l evel s of carbon monox i de wi l l  

be qu i te l ow ,  l ess  than 1 ppm i n  the absence of smokers and not i n  the 

v i c i n i ty of heat i ng or cook i ng combust i on .  The l ocal env i ronment 

around such dev i ces  may wel l approach or  exceed threshol d l im i t  v al ues 

( TLV) l evel s for short i nterval s .  TLVs are l evel s of exposure for 

wh ich  cont i nu i ng typi cal workday exposure a re t hought to  be wi thout 

r i sk to the worker. I n  commerc i al envi ronments ,  l evel s of carbon 

monoxide wi l l  depend on  vent i l at i on and smoker dens i ty.  Typi cal  c om­

merc i al l evel s wi l l  be two to four fol d h i gher than i n  res i dent i al 

sett i ngs w ithout combust i on sources .  

When temperat ures  a round fl ames a re h igh  enough , n i trogen i n  the 

ai r can ox i d i ze ,  therefore , n i t rogen d i ox i de i s  another i ndoor 

pol l utant of concern.  In  e i ght res i dences , Moschand reas et al . ( 1978) 

found l evel s of n i trogen d i ox ide rang i ng up to  1 38 ppb . I n  fou r  homes 

wi th el ectr i c  heat i ng and cook i ng fac i l i t i e s , GEOMET ( 1981 ) found that 

more than two-thi rds of hourly outdoor read i ngs exceeded i ndoor l evel s 

and mean hourl y  i ndoor l evel s were 1 8 , 1 1 ,  9 a nd 9 ppb .  I n  t he s ame 

study ,  e i ght gas-equi pped homes were studi ed .  More than hal f of the 

i ndoor l evel s exceeded outdoor l evel s and t he average val ues ranged 

from 22 . 6  to  38 . 4  ppb . I n  two offi ces , average hourly l evel s were 17 . 3  

and 18 . 2  ppb. I n  studi e s  of typi cal  res i dences surrvnari zed by Young et 

al . ( 1981 ) , l evel s of n i t rogen d i ox i de ranged up to  560 ppb. I n  

studi e s  i n  experimental c hambers wh i c h  approx i mate a k i tchen wi th  a 
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gas oven and an a i r  exchange rate of 0 .24 a i r  changes per hour ,  

n i trogen d i ox i de l evel s reached 1 500 ppb . NAS ( 1 98 1 )  desc ri bed one 

study i n  wh ich  seasonal average n i t rogen d i ox i de l evel s i n  a gas­

equi pped Connect i cut home were found to range from 26 to 58 ppb. 

Traynor et al . ( 1981 )  found that i n  a research house with an operat i ng 

gas stove,  peak one-hour average l evel s of n i trogen d i ox i de were 

i nversely proport i onal to the i nfi l t rat i on rate ra i sed to a power 

between 0 . 36 and 0 . 41 , depend i ng on where measurements were made.  

Hol l owe l l et al . ( 1981 ) found l evel s of n i t rogen d i ox i de between 4 a nd 

77 ppb i n  e i ght energy effi c i ent homes .  Based on the data above ,  i t  

seems reasonabl e t o  concl ude that n i trogen d i ox i de l evel s i n  bu i l d i ngs  

wi thout i ndoor combu st i on sources wi l l  be determi ned by outdoor l evel s 

and wi l l  be a round 5 to 25 ppb . Where there i s  h i gh  temperature 

combust i on ,  l evel s wi l l  be substant i a l ly h i gher ,  perhaps of the order 

of 100 ppb . 

There i s  a myri ad of organ ic  chemi cal s l i kely to  be present i n  

t race amounts i n  the a i r  of CACS-covered bui l d i ngs .  NAS ( 1 98 1 )  l i st s 

some chemi cal s detected i n  off i ces : 



Al i phat i c s  Aromat i cs 

n- Hexane Benzene 
.!!_- Heptane Xyl enes 

n-Octane Tol uene 

n - Nonane 

n-Undecane 

2-Methyl pentane 

3-Methyl pentane 

2 ,5-Dimethyl heptane 
Methyl cycl opentane 

Ethy l cycl ohexane 

Methyl cyc l ohexane 

Pentamethyl heptane 
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Hal ogenated 
hydroca rbons Others 

Tri chl o roet hane Hexanol 
Tri chl o roet hyl ene Methyl ethyl -

ketone 

Tet rachl oroethyl ene 

Another report from the same research g roup { M i ksch et a l . ,  1 981 ) 

suggests that there a re both l arger amount s  and l a rger vari ety of 

o rgani cs i n  offi ces than outdoors and that concent rat i ons  of s i ngl e 

spec i es can  range up to one mg/m3 . Moschandreas et al . ( 1 980a ) 

report that the mean hourly i ndoor concentrat i on of non-methane 

hydrocarbons i n  an off ice  with  a pri nt shop was 1 0 .8 ppm whereas i n  

another off i ce i t  was onl y  2 .8 ppm. I n  another report , ( GEOMET , 198 1 ) ,  

the max i mum hourly val ues for two offices  were 36 .2  and 1 6 . 1  ppm, 

respect i vel y .  The Nat i onal I nsti tute fo r Occupat i onal  Safety and 

Heal th { N I OSH ) has stud i ed numerous cases of heal th  or  i ndoor a i r  

qual i ty compl a i nts i n  cl osed offi ce spaces ( R . A .  Keenlys i de and 
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S .  Ahrenhol z ,  personal conrnu n i cat i on ) . N I OSH workers stud i ed a 

New York C i ty offi ce ( Baker and Fann i ck , 198 1 )  and detected hydro-

carbons , carbon bl ack , trimel l i t i c  anhydri de , methyl ethyl ketone , Freon-

1 1 3 , and ethyl ene glycol monoethyl ether. Wi l l i ams and Tul i s  ( 1981 )  

found pentane,  hexane , tol uene , i sopropanol , and benzene i n  the a i r  of 

an office and cl assroom bui l di ng i n  F l ori da .  I sopropanol , thought to  

come from a nearby l i thograph i c  pri nt i ng fi rm ,  was found in  the a i r  of  

another offi ce ( Hartl e ,  1 98 1 ) .  Ahrenhol z and  Handke ( 1982) 

i nvesti gated i ndoor ai r qual i ty i n  a conrnerc i a l  art stud i o  and found 

the fol l owi ng l evel s :  

Chemi cal 

n-Hexane 

1 ,1 , 1 -Tri chl oroethane 

Total hydrocarbons 

aNot detected. 

Near photocopi er 
( mg/m3 ) 

a N . O .  

N .O .  

19  

Recept i on 
area 

(mg/m3 ) 

5 . 0  

7 . 2 

N . D .  

I n  art 
stud i o  
(mg/m3 ) 

5 .4 

7 . 9 

14  

I n  the res i dent i al env i ronment , GEOMET ( 1981 ) reported that for 

four el ectri cal ly equi pped res i dences , maxi mum one-hou r concentrati ons  

of non-methane hydrocarbons ranged from 5 .2  to 47 . 2  ppm whi l e  for seven 

gas-equ i pped res i dences the range was 5 . 1 -68 .4 ppm. Mol have ( 1979)  has 

i dent i f ied 38 d i fferent chemi cal s whi ch outgas from one or more of 32 

C0111Don bui l d i ng materi al s .  Moschandreas et a l . ( 1978) found i n  a study 

of 14  resi dences that 90% of  hourly i ndoor l evel s of non-methane 



B-32 

hydrocarbons were l a rger than outdoor l evel s and t hat i ndoor l evel s 

ranged up to 8 . 0  ppm. F rom the abov e ,  i t  seems l i ke ly  that typi ca l  

peak res i dent i al l evel s o f  hydrocarbons wi l l  range up to  75  ppm a nd 

hourly averages up to 10  ppm. For sma l l b us i nesses· very l i ttl e can be  

sa i d  due to the a l most l imi t l ess  number of pos s i bl e chem i ca l s ,  some of 

wh i c h  a re propri etary ,  that may be i n  use.  

B . 3  Changes Due to  Conservati on Mea sure s  

Energy conservat i on wi l l  cause changes i n  t h e  American  bu i l d i ng 

stock .  I ndoor a i r  qua l i ty can  be  degraded by v i rtue of reduc i ng a i r  

exchange rates and thereby i nc rea s i ng concent rat i ons  o f  i ndoor 

pol l utant s .  I n  the sect i ons  that fol l ow ,  severa l  subj ects wi l l  b e  

d i scus sed i nc l udi ng changes i n  pol l ut i on s ources , changes i n  

i nfi l t rat i o n ,  a i r  qual i ty i mpacts from conservat i on measures , and how 

t hose impact s  may be m i t i gated. 

B . 3 . 1  Changed i ndoor emi s s i on s  

The pri nci pa l  effect s d i scussed i n  th i s  sect i on a re t hose d u e  to  

bu i l d i ng materi al s and i nc rea sed t raffic  of  t echn i ca l l y  knowl edgeabl e 

peopl e around potent i a l l y  mal funct i o n i ng furnaces . 

As ment i oned abov e , bui l d i ng materi a l s emi t  a wide vari ety of  

chemi cal s ( Mol have , 1 979) . A pri nc i pal  c l a s s  of b u i l d i ng mater ia l  of  

some concern i nc l udes those mater i a l s wh i c h  conta i n  urea-forma l dehyde 

( UF )  res i ns .  Such materi al s i ncl ude part i c l eboard , c h i pboa rd , and 

p lywood. U rea -formal dehyde foam i nsul at ion  was cause for concern pri o r  

to t h e  Consumer P roduct i on Safety Con-mi s s i on ( 1 982) b a n  aga i nst i t s  
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sal e for use i n  res i dences . However ,  at th i s wri t i ng ,  the ban has been 

vacated i n  the courts  but the i ssue has not been l egal ly resol ved. 

P roducts conta i n i ng UF-res i ns tend to emi t  fonnal dehyde (Meyer ,  1979 ) . 

The amount of emi ss i on depends on a i r  fl ow ,  temperat ure , rel at i ve 

humi d i ty ,  construct i on pract i ces , and product spec i fi c  factors such as 

l ength of curi ng and propri etary add i t i ves .  Gl ass ( Gol dman and Yan i v ,  

1978) and perhaps other mi neral fi bers conta i n  t race amounts of rad i um 

and hence i nsul at i on made from such materi al s may contr i bute radon to  

i ndoor a i r. Some bui l d i ng materi al s may harbor m icroorgan i sms . A 

cel l u l ose-based fi reproofi ng materi al  that was used i n  construct i on of 

a hospital  was shown to support the g rowth of fungal spec i es and 

emi s s i on of fung i l ed to i nfect i on of several cancer pat i ents {A i sner 

et al . ,  1 976 ) . Dudney et a l . ( 1982) found ev i dence of severa l  genera 

of fung i i n  att i c  i nsul at i on i n  57 homes , but it i s  not c l ear from 

those resu l t s  whether or not the presence of the i nsu l at i on i nc reased 

l evel s of fung i i n  i ndoor a i r. 

Some potent i al s i tuat i ons wh ich  cause i ndoor a i r  pol l ut i on may be 

d i scovered and corre�ted by energy aud i tors and others . For exampl e ,  

i t  i s  cl ear that when furnace fl ues a re bl ocked , death can resu l t from 

carbon monox ide poi soni ng ( Kel ly and Sophocl eus , 1 978 ) . S i nce many of 

the workmen who wi l l  i nstal l vari ous conservat i on measures may be more 

aware of furnace operat i on than are owners of bui l d i ngs , there may be 

some serendi pi tous i nstances where fu rance mal funct i ons are not i ced and 

repai red before a seri ous i nc i dent occ urs . 
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B . 3 . 2 Decreased a i r exchange 

Theoreti cal stud ies  show that decreased a i r exchange causes bot h  

l ower rates of energy u se for space cond i t i on i ng { Nev ral a and 

Etheri dge , 1 978) and bu i l dup of h i gher concent rat i ons  of  pol l utants 

wi th i ndoor sources ( rev i ew by NAS , 1981 ; E smen , 1978 ; I sh i zu , 1980) . 

Furthermore , many conservat i on measures wi l l  tend to  reduce a i r  

i nfi l t rat i on al t hough i n  some stud i es ,  measures were found to i ncrease 

i nfi l t rat i on .  

Grat and C l ark ( 1979) found that i n  24  l ow- i ncome homes , 

fan - i nduced i nfi l t rat i on was reduced by 30-35% after ret rof it  

weatheri zat i on .  A research group a t  Pri nceton has found a 1 0- 1 5% 

reduct i on i n  i nfi l trat i on i n  98 detached dwel l i ngs after typi cal  

retrof i t s  ( Howa rd Ross , personal corrvnuni cat i on ) .  Tamu ra and Wi l son 

( 1 963} measured i nfi l t rat i on i n  a house duri ng  wi nter on four separate 

occas i ons wi th and wi thout adhes i ve tape on the perimeter of al l 

wi ndows . Such a measure reduces i nf i l t rat i on as  shown by thei r resul t s  

wh ich  were : 

Without Tape W ith  Tape 

I nfi l t ra- I nfi l t ra-
Wi nd Temperature t i on ( ai r  W i nd Temperature t i on ( a i r 
speed d i fference exchanges speed di fference exchanges Percent 
( m/ s }  ( o C )  per hour)  ( m/s } ( oc )  per hour) change 

4 . 1  22 0 .4 5  4 . 6  2 1  0 . 42 -6 .7  
4 . 6 25 0 . 63 4 . 6  26 0 .4 5  -28 . 6 
3 . 2  27 0 .49 2 . 2 27 0 .4 5  -8 .2  
4 . 6 33 0 . 55 4 . 7  33 0 . 46 - 1 6 . 4  

Average - 1 5 . 0  
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Bl omsterberg and Harrj e ( 1979 ) report that weatherst ri ppi ng 

wi ndows i n  a 1940 1 s  house reduced wi ntert ime i nfi l trat i on by about 10% .  

S i nden ( 1978) fi nds that weatheri zat i on of a townhouse reduces heat 

l oss  through i nfi l trat i on by about 50% . Col l i ns ( 1979 ) found about a 

30% reduct i on i n  fan-i nduced i nfi l trat i on i n  29 el ect ri cal ly heated 

homes i n  Denver after weatheri zat i on.  

Other stud i es fi nd very l i ttl e decrease or even an i ncrease i n  

i nfi l trat i on after weatheri z i ng.  Burch and Hunt ( 1 978 ) found that 

after retrofi t ,  i nfi l trati on i ncreased about 33% for amb i ent 

cond i t i ons , 1 0  mph wi nds and 40° F i ndoor-outdoor temperature 

d i fference. D ick i nson et al . ( 1982 )  found no change i n  i nfi l trat i on 

after add i ng att i c  i nsul ati on and storm wi ndows . More extens ive 

weatheri zati on d i d reduce i nfi l trat i on rates . 

From the above data , i t  seems reasonabl e to assume that 

i nfi l trat i on reduct i ons due to weatheri zat i on may range up to about 

30% . Young et a l . ( 1 981 )  conc l ude that " retrofitt i ng ol der homes with 

common methods can probably reduce i nfi l trat i on rates by no more than 

20-25% . 11 Nero ( 1 98 1 )  suggests that a " rather far-fetched upper l i mi t 

for the effect i veness of i nfi l trat i on-reduct i on programs " woul d be 

achi evi ng 50% reduct i on i n  average i nfi l trat i on rates .  At th i s  time , 

i t  i s  not poss i bl e  to quanti fy d i fferences between the above studi ed 

res i dences and CACS-covered bu i l d i ng s .  
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B . 4  Model i ng I ndoor Ai r Qual i ty 

B .4 . 1 Ozone 

Sha i r and Hei t ner ( 1974) devel oped a t i me-dependent model of 

i ndoor ozone l evel s as a funct i on of  outdoor l evel s ,  v ent i l at i o n ,  

i nfi l t rat i on ,  ozone removal  by fi l ters , c hemi cal  decay , and i ndoor 

source strength.  That model i s  descr i bed by the fol l owi ng equat i o n :  

where : 

V = vol ume of the room , 

C i = i ndoor concent rat i on of ozone , 

Co = outdoor concentrat i on of ozone , 

qo = vol umetri c fl ow rate of make-up a i r ,  

ql = vol umetri c fl ow rate of rec i rcul ated a i r ,  

q2 = vol umet r i c  fl ow rate of i nfi l t rated a i r ,  

Fo = fract i on of ozone removed from Qake-u p a i r , 

F1 = fract i on of ozone removed from rec i rc u l ated a i r , 

s = mas s  rate of generat i on of ozone i ndoors , and 

R = mass  rate of decay of ozone i ndoors . 

The mai n mec hani sm of i ndoor ozone decompos i t i on has been shown to 

fol l ow fi rst -order k i net i c s  i n  a su rface catalyzed react i on ( Muel l er et 

a l . ,  1 973 ; Sabersky et a l . ,  1973 ) . Thi s i mpl i e s  that 

R = k A C; , 

where k i s  the surface decay rate constant and A i s  t he total a rea 

avai l ab l e to catal yze decompos i t i on .  
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Sha i r  and Hei tner ( 1974) determi ned a l l the pert i nent parameter 

val ues for a two- room uni vers i ty office i n  Pasadena , Cal i forn i a .  The 

vol ume of the office was 209 .3  m3 , the surface area was 334 .4  m2 , 

and fi l ters used removed none of the ozone .  When the a i r  cond i t i on i ng 

system was adj u sted to m i n imi ze the fl ow of make-up a i r ,  the fl ow rate 

of make-up  a i r wa s 251 . 5  m3/h , of rec i rcul ated a i r  was 1 954 m3/h , 

and of i nfi l trated a i r  was 491 .0  m3/h . Muel l er et al . ( 1 973) found 

the surface decay rate constant for offices to be  1 . 335 m/h .  

The two rema i ni ng parameters i n  Equat i on-I are C0  and S wh i ch 

are both t ime-dependent quant i t i e s .  Sha i r  and Hei tner ( 1 974 ) suggested 

that the outdoor concentrat i on of ozone mi ght be approx i mated by a 

s i nusoi dal funct i on.  I ndeed , on f i ve d i fferent days i n  southern 

Cal i forn i a ,  they measured outdoor l evel s at vari ous t imes duri ng the 

day .  In a l l cases the d i urnal profi l e  was a unimodel funct i on ,  and in 

most cases i t  was rather symmetr ic .  For these reasons , i t  was assumed 

that c = c [ s i n  wt]  c i s  the maxi mum outdoor o max • max 

concent rat i on of ozone.  The t i s  the t ime i n  hours s i nce 7 : 00 a . m .  

and , by defi n i t i on ,  cannot exceed 1 2  h .  The w i s  2�  d i v i ded by 2 4  h .  

W ith  these assumpt i ons , outdoor l evel s of  ozone are model ed so  that the 

l evel i s  zero at 7 :00 a . m. and 7 :00 p .m. , and i s  maxi mal  at 1 :00 p .m. 

The i ndoor sources of ozone were thought to be copyi ng mach i nes  

( Al l en et  a l . ,  1978) . These authors found that the amount of ozone 

generated per copy ranged as h i gh a s  1 58 µg .  Over a seven month 

peri od , 1 20 copyi ng machi nes produced 18 x 106 cop ies  ( Bates , 1980) . 

Assumi ng there a re 21 . 7  workdays per month and us i ng the above fi gure , 

i t  seems reasonabl e  to assume that a typi cal copy ing  mach i ne produces 
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19 ,5  mg of oz one per hour of operat i on .  If  it  i s  now further assumed 

that there i s  one copyi ng mach i ne i n  the offi ce descri bed above and 

that it operates  at a constant rate from 8 :00 a . m. to noon and from 

12 : 30 p . m. to 4 : 30 p . m. , then t he i ndoor source strength , S ,  i n  

E quat i on- 1  i s  now defi ned. 

It i s  stra i g ht forwa rd to sol ve  E quat i on-1  wi t h  a l l the parameters 

defi ned as  above.  I n  F i g .  B-2 ,  the t ime-wei ghted average ozone 

concentrat i on predi cted by t h i s  model for a typi cal workday i s  

presented a s  a funct i on of i nfi l t rat i on ( i . e. ,  q2 ) for vari ous peak 

outdoor concentrati ons  of ozone. I n  th i s  s i tuat i o n ,  the amount of 

fresh a i r i ntent i onal ly i nt roduced ( i . e. ,  q0)  has been m i n imi zed 

whi ch i s  t he l i kely act i on of a bui l di ng owner seek i ng to reduce energy 

u sage. Even s o ,  q0 does not fal l bel ow 0 .83 a i r  changes per hour.  

It  is  c l ear t hat for a peak outdoor concentrat i on of about 50 µg/m3 

the i ndoor l evel  of ozone i s  i ndependent of a i r  exchange.  For l ower 

l evel s of outdoor ozone , the i ndoor l evel i s  i nversely rel ated to  a i r  

exchange. F or h i gher l evel s of outdoor ozone , l ower a i r exchange rates 

tend to protect offi ce occupants .  I f  the CACS Prog ram resul t s  i n  

reduc i ng a i r exchange from 1 .0 to 0 . 7  a i r c hanges per hour ,  then for a 

peak outdoor ozone l evel  of 200 µg/m3 the t i me-wei ghted average 

workday concentrat i on wi l l  be l owered from 1 00 to 94 µg/m3. F or 

h i gher outdoor l evel s whi ch may be typi cal of southern Cal i forni a 

( Shai r and Hei tner , 1 974) , the benefi c i al effect of reduced a i r  

exchange i s  expected to be even g reater. 
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B . 4 . 2  Radon 

I n  a smal l cqrrmerc i al b ui l d i ng or apa rtment there a re numerous 

sources of radon.  Radon deri v es from the rad i oact i ve decay of rad i um 

whi ch may be found i n  soi l , concrete , wal l board , a nd ·gl ass  i n  t race 

amount s .  Gui mond et a l . ( 1 97 9 )  and Hol l owel l et a l . ( 1 979)  prov i de 

good overv i ews of t he routes  of e nt ry of radon i nto i ndoor a i r. Evans 

( 1969 )  prov i des  a n  excel l ent i nt roduct i on to the fi el d of radon ,  i t s  

short-l i ved decay products ,  and t he rather unusual u n it , t h e  work i ng 

l evel ( WL ) , whi ch i s  used as  a measure of a i rborne l evel s of these 

rad i onuc l i des .  Formal l y ,  a work i ng l evel i s  any comb i nat i on of radon ' s  

short-l i ved progeny i n  a l i ter  of a i r wh i c h  y i el d  20 .83 nJ ( i . e. ,  

1 . 3 x 105 MeV ) of a-decay energy i n  the convers i on to  the i sotope 

l ead-210 , a l onger-l i v ed daughter of radon. I f  radon and i t s  

short-l i ved progeny a re i n  rad i oact i ve equ i l i br i um then 3 . 7  kBq/L 

( i . e . , 100 pCi / L )  each of Po-218/At-218  and Bi -214/Po-214 i s  equ i va l ent 

t o  1 .0 WL . From publ i shed resu l t s  ( Evan s , 1 969 ; Kusuda et al . ,  1 979) , 

a s i mpl e model was devel oped rel at i ng i ndoor exposure, measured i n  

work i ng l evel s ,  t o  a i r exchange , i ndoor source strength , room geometry , 

and outdoor a i r concent rat i on .  The  t ime rate of change i n  the number 

of  radon atoms i n  an  offi ce wi l l  depend on : 

( 1 ) the rate of product i on of radon by rad ioact i ve decay of t he 

parent s pec i es , 

( 2) the rate of destruct i on by rad i oact i ve decay of the  s ubj ect 

spec i es ,  

( 3 ) the rate of a i r exchange of the s ubj ect spec i es t o  and from 

the outdoor a i r ,  and 
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( 4 ) the rate of emanat i on of the s ubj ect spec i e s  from i ndoor 

sources . 

F rom these consi derat i ons i t  can be shown that 

where : 

t = t i me ( h ) ,  

NR = i ndoor concentrat i on of radon atoms ( L- 1 ) ,  

>-R = rad i oact i ve decay constant ( h- 1 ) ,  

I = i nfi l t rat i on rate ( h- 1 ) ,  

NRO = outdoor concentrat i on of radon ( L- 1 ) ,  and 

s = emanat i on rate of radon atoms ( L-1  h- 1 ) .  

An anal ogous  equat i on for the ; th daughter of radon i s  

dN · � = >. . l N .  l - >. . N .  + I ( N 1• 0  - N 1. ) ,  dt 1 - 1 - 1 1 

where : 

( 2) 

( 3) 

>. ; , >- i -1 = rad i oact i ve decay constants for i ,  i -1 daughters , ( h- 1 ) ,  

and 

N ; , N; _1 = i ndoor concentrat i on of i ,  i - 1  daughter atoms ( L- 1 ) .  

Emanat i on of daughter atoms from room surfaces i s  thought not to occur 

because the daughter atoms are charged i on i c  spec i es wh ich  cannot 

d i ffuse from i ns i de a sol i d  materi a l  to the i ndoor breath i ng space. 
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If it i s  assumed that a i r  exchange , i ndoor sou rce st rength , and 

outdoor concent rat i ons al l rema i n  fa i rly constant for t i mes  comparabl e 

to the mean l i fet ime of a i r  i n  the offi ce , then steady state i s  

achi eved and dNj = 0 .  Al though Equati ons-2 and -3 can be sol ved 
dt 

without t h i s s i mpl i fyi ng  assumpt i on ,  the sol ut i on i s  now eas i er and 

i s  g i ven by 

m N = 
R 

N 
i 

= 

, 

N 
i -1 

+ 
I Ni 0 

I + A i 
, 

where Nim = t he steady state concent rat i on of the ; th  daughter 

( L-1 ) .  The total work i ng l evel val ue i s  then g i ven by 

where : 

A = Po-218 , 

B = Pb -214 , and 

c = B i -214 .  

Thi s model does not account for the effects  of human act i v i ty patterns .  

I n  the case where a room occupant momentari ly opens a door o r  wi ndow , 

thi s wi l l  i nc rease i nfi l t rat i o n ,  al l owi ng an i nfl ux of a i r rel at i vely 

l ean in radon daugHters . Th i s  wi l l  tend to dec rease the i ndoor work i ng 

l evel . Thus the assumpt i on of steady state and constant i nfi l trat i on 

rate i s  a case that i s  worse than usual . 

Haque et al . { 1965 ) determi ned the emanat i on rate of radon i n  four 

typi cal rooms i n  Engl and and found val ues rangi ng as  h i g h a s  3 . 78 
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Bqm-2 Haywood et al . ( 1980) , wh i l e  study i ng a fonner 

urani um ore sampl i ng pl ant , found a conc rete fl oor wh i ch emi tted radon 

at a rate of 36 .9  Bqm-2h- 1 . I n  the v i c i n i ty of that sampl i ng 

pl ant , the background emi s s i on rate was seven to e i ght fol d l ower. 

The source tenn, S ,  i n  E quat ion-2 i s  the product of emanat i on rate 

and the area emi tti ng radon d i v i ded by the total vol ume of the space 

bei ng vent i l ated .  A case i n  wh i c h  reduced i nfi l t rat i on due to the CACS 

Program may l ead to unacceptabl e l evel s of radon ,  i s  where an office 

has an except i onal ly  h igh  emanat i on rate such as  the case descri bed by 

Haywood et a l . ( 1980 ) . I f  i t  i s  assumed that the fl oor i s  the only 

radon-emanat i ng surface , then S can be cal cu l ated a s  fol l ows : 

S ( L-lh- 1 ) = 36 .9  Bq/m2 h-l  x A x  B x  478 . 4  x 103 Rn/Bq 
A x B x C x 1000 L/m3 

where : 

A = wi dth of the room (m) , 

B = l ength of the room (m) , and 

C = height of the room (m) . 

I f  2 .44-m ( i . e. ,  8-ft ) cei l i ngs  are assumed , then S i s 7 .24 x 103 

L- lh- 1  for any l ength and wi dth . For a smal l offi ce ( 4 . 34 m x 

3 . 43 m x 2 . 44 m or 14 .25 ' x 1 1 . 24 '  x 8 ' ) i n  wh ich  al l the surfaces 

emanate radon at a rate equal  to the h i ghest reported by Haque et al . 

( 1965) , the source tenn wou l d  be cal c ul ated as fol l ows : 
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= 3 . 78 Bq/m2 h-l  x 478 . 4  x 103 Rn/Bq x 1 . 86 m2;m3 

1 000 L/m3 

For a l arge off i ce ( 5 1 .82  m x 36 . 58 m x 2 .44 m or 1 70 ' x 1 20 '  x 8 ' )  

such as  Moschandreas et a l . ( 1 980a ) emanat i ng radon at the h i ghest rate 

reported by Haque et al . ( 1965) , the source term wou l d be as fol l ows : 

= 3 . 78  Bq/m2 h- l  x 478 . 4  x 1 03 Rn/Bq x 0 . 9 1 3  m2;m3 

1 000 L/m3 

= 1 . 65 x 103 L- l h-l  
• 

George ( 1972)  mea su red the l evel s of radon and i ts  daughte rs i n  

New York C i ty outdoor a i r  on e i ght d i fferent summer days .  The averag e 

of those resu l t s  were : 

Standard 
Mean dev i at i on 

R adon-222 6 . 29 x 10-3Bq 1 . 48 x 10-3 Bq 

Pol oni  um-218 4 .8 1  x 10-3Bq 2 . 2 2  x 10-3  Bq 

Lead-214 2 .96  x 10-3Bq 1 .85  x 10-3  Bq 

B i smuth-214 1 .85  x 10-3Bq 1 .48 x 10-3  Bq 

Work i ng l evel 0 . 7  x 10- 3  WL 0 . 5  x 1 0-3  WL 

U s i ng the source term deri ved from the fi rst s i tuat i ons , S - 7 . 24 

x 103 L-lh-1 , and outdoor a i r with  the s�me rel at i ve rat i os 

of radon and i t s  daughters , the i ndoor work i ng l evel s were cal cul ated 
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us i ng E quat i on-3 . The resul ts  of those cal cu l at i ons are presented i n  

F i g .  B-3 for outdoor a i r  of vari ous work i ng l evel s .  I f  the radon 

content of the outdoor a i r  i s  as l ow as what George ( 1972) measured , 

then reduc i ng the a i r  exchange rate from 1 .0 to 0 . 7  a i r  changes per 

hour ra i ses the i ndoor work i ng l evel from 3 . 5  x 10-3  WL to 5 . 0  x 

10-3 WL . For l ower source strength the i ndoor work i ng l evel s wi l l  

be even l ower. 

B . 4 . 3  Formal dehyde 

The most l i kely sources of publ i c  exposure to formal dehyde vapor 

i nc l ude photochemi cal smog , car exhaust , outdoor combu st i on ,  c i garette 

smoke , and products conta i n i ng urea-formal dehyde res i n  ( Borzel l eca et 

a l . ,  1980 ) . The typi cal office worker i s  exposed to the l atter two. 

Resi nous products i n  the office env i ronment i nc l ude part i cl eboa rd and 

plywood wh ich  are u sed i n  cabi netry ,  subfl oori ng , and shel v i ng .  

Fabri cs can  a l so be  a source of formal dehyde. 

Andersen et a l . ( 1 975 )  stud i ed the rel at i onsh i p  between i ndoo r 

forma l dehyde l eve l s .and vari ous  bu i l d i ng and meteorol og ica l  factors. 

They stud i ed the emi s s i on of forma l dehyde from part i c l eboard under 

defi ned cond i t i ons  i n  the l aboratory and devel oped the fol l owi ng 

mathemat i cal model : 

E = ( RT + S) (aH + b )  , 
1 + nc/a 

( 4 ) 
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where : 

E i s  i ndoor concentrat i on of formal dehyde (mg/m3) ,  

a ,  b ,  c ,  S ,  and R are constants dependi ng on type and surface 

coat i ng on part i c l eboa rd i n  the room , 

T i s  a i r  temperature ( ° C) , 

H i s  humi d i ty ( gH20/k g  dry a i r) , 

n i s  a i r  exchange rate ( h-1 ) ,  and 

a i s  pa rt i c l eboard area/room vol ume (m2;m3 ) .  

F rom fi el d stud ies  of  25 houses , the authors found that R equal l ed 64 x 

10-3 . From l aboratory stud i es the authors found a ,  b ,  c ,  and S to 

be 0 . 143 , 0 . 048 , 0 . 304 , and -0 . 764 , respecti vely.  The rat i o  of 

part i c l eboard area to room vol ume was determi ned for each house i n  the 

f i el d study and the average val ue was 1 . 18 m2;m3 wi th a standard 

dev i at i on of 0 . 53 m2;m3 • The average a i r  temperature and humi d i ty 

found i n  the f i el d study was 22.8°C and 7 . 1  gH20/k g  dry a i r. 

Us i ng the above va l ues of the l aboratory-defi ned constants and the 

average f ie l d study val ue for temperature and hum i d i ty ,  Equat i on-4 was 

eva l uated for vari ous i nfi l trat i on rates and val ues of a.  F i gure B-4 

presents the resu l t s  for a = a - �a , a,  and a +  �a . Wh i l e  perhaps 

such resul ts best apply to  Dan i sh res i dences , they do suggest that 

reduced a i r  exchange resu l t i ng from the CACS Program wi l l  not sub­

stant i al ly  a l ter the publ i c  exposure to part i c l eboard-deri ved formal ­

dehyde. Wh i l e  the concentrat i on pred i cted at 1 . 0 a i r  change per hou r,  

0 . 59 mg/m3 , i s  l es s  than  that for 0.7  a i r  changer per hour ,  0 . 63 

mg/m3 , both l evel s are expected to el i c i t  s im i l ar b i ol og i cal  

responses ( Borzel l eca et a l . ,  1980) . 
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B . 5  Heal th E ffects  

B . 5 . 1  Ozone 

The primary heal th effect due to ozone exposure at concent ra­

t i ons wh i ch m i ght be expected i n  an off ice envi ronment i s  i rri tat i on of 

eyes , mucous membranes , and upper respi ratory system.  Such effects 

have been demonst rated at very l ow concent rati ons ( a round 1 ppm ) and 

suscept i b i l i ty to upper res pi ratory t ract i nfect i on and t i ssue damage 

at h i gher concent rat i ons .  It a l so acts as a sedat i ve on the central 

nervous system.  A s i gn i f icant aspect of ozone exposure is  that 

part icul ar  groups wi th i n  the popul at i on are very sens i t i ve. These 

g roups i nc l ude the young and poss i b ly  those with chron i c  respi ratory 

a i l ments such as asthma and b ronch i t i s .  There i s  some evi dence that 

ozone may pl ay a rol e i n  the et i ol ogy of pu l monary adenomas ( Werthamer 

et a l . ,  1970) . 

Severa l  authors report symptoms of respi ratory i rri tat i on ,  

headache and shortness of b reath i n  occupat i onal g roups exposed t o  

approx imately 1 ppm ( W i l ska , 1951 ; Truche , 1 951 ) . Chal l en et al . 

( 1 958) report data on hel i arc wel ders . Symptoms of upper respi ratory 

t ract i rritat i on were noted i n  work ers exposed da i ly to concent rat i ons 

of  0 . 8-1 . 7  ppm ozone.  When the concent rat i on was reduced to 0 . 2  ppm , 

the symptoms d i sappeared . 

Experimental human exposure to  ozone has a l so prov i ded usefu l  

i nformat i on .  One i nvest i gator exposed hi msel f t o  1 . 5 ppm for one-ha l f 

hour and 2 ppm for an add i t i onal 1 . 5  hours ( Gr i swol d et a l . ,  1 957) . 

The subj ect reported symptoms such as d ryness of  the mouth and throat , 



B-50 

reduced ab i l i ty to  concentrate and t h i nk , and l ower chest pa i ns .  The 

chest pai ns recurred peri od i cal l y  for sev era l  days and a cough whi ch 

devel oped i n  two days persi sted for two week s .  Reduct i ons i n  stand i ng 

3-second v i tal capac i ty ,  total v i ta l  capac i ty ,  and ·maxi mum b reathi ng 
I 

capac i ty were noted at the end of t he exposure.  

Young and Shaw ( 1 964)  exposed 12  human subj ects to  0 . 6-0 .8  ppm for 

two hours .  S i gni ffcant changes i n  d i ffus i ng capac i ty ,  v i tal  capac i ty ,  

and forced expi ratory v ol ume were ob served . 

Animal studi es  have prov i ded much i nfonnat i on concern i ng factors 

wh i ch a l ter the t ox i c i ty of ozone ( Stok i nger , 1 965 ) . Young ani mal s are 

more suscept i bl e to acute effect s  than  are mature ones .  Tox i c i ty or 

suscept i bi l i ty to  tox i c i ty i ncreases as the temperature i nc reases .  

Phys i cal  exert ion  duri ng  exposure enhances tox i c i ty .  Exposure t o  ozone 

subsequent to exposure to a bacteri al pathogen g reatl y  i ncreases the 

seri ousness of the response to  t hat pathogen.  An imal  stud ies  have al so  

prov i ded i nformat i on on effects of chroni c expos ure to ozone. Chroni c 

exposure to  concentrat i on s  of about 1 ppm have been s hown t o  cause  

chron ic  pul monary d i sease , premature agi n g , and  accel erat i on of l ung  

t umor fonnat i on.  

B . 5 . 2  Radon 

T he effect of pr imary concern from exposure to radon i s  l u ng  

cancer from the rad i oact i vi ty of radon and its  progeny . The f i rst 

ev i dence i mpl icat i ng radon i n  carc i nogenes i s  was the publ i c at i on of 

reports of h i gh i nc i dence of l ung cancer i n  urani um mi ne wo rkers 

( Lorenz , 1 944 ; Archer et a l . ,  1 973) . Radon concentrat i ons i n  the mi nes 
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were in the range of lo-9 curi e per l i ter;  background concentra­

t i ons are i n  the range of l o- 1 2  curi e per l i ter. Thi s  i n  conj u nc­

t i on with the avai l ab i l i ty of respi rabl e dust part i c l es  i n  the mi nes 

for attachment and i nhal at i on of radon progeny suggested a causal 

rel at i on sh i p .  I t  has been suggested that the l ungs of  mi ners are 

part i cu l arly suscept i bl e to carc i nogenes i s  because of the constant 

i rri tat i on of pneumocon i osi s and the presence of other a i r  pol l utant s  

( Lorenz ,  1944) . 

Animal  stud i es have shown radon to be acutely tox i c  (Morken , 

1955 ) .  Chroni c  exposures  resul ted i n  systemi c poi soni ng of the spl een , 

k i dney ,  and bl ood-produc i ng t i s sues.  Reduct i on i n  l i fe span and body 

wei ght were al so  noted.  Workmen ' s  i nvest i gat i ons  d i d  not el i c i t  l ung 

cancer; however,  l es i on s  of the type whi ch often precede l ung cancer 

were produced i n  the bronch i .  

There are several probl ems i nvol ved i n  establ i shi ng a dose­

response rel at i onsh i p  for radon exposure and l ung cancer. Radon i tsel f 

i s  i nhal ed from the atmosphere. I n  addi t i on ,  radon progeny attach to  

dust  part i c l es and can be i nhal ed in  th i s  manne r ,  contri but i ng to the 

t i ssue dose of al pha rad i at i on.  Daughter spec i es may a l so attach to 

wal l s  a nd other surfaces whi ch effect i ve ly  remove them ( and thei r 

contri but i on to l ung t i ssue dosage ) from the ai r. The dose recei ved 

v i a  radon progeny attached to i nhal ed part i c l es  wi l l  be dependent on 

retent i on t ime i n  the l ungs . S i nce al pha rad i at i on has a very short 

range , the exact poi nt of deposi t i on i s  d i rectl y  rel evant to  carc i no­

genesi s .  Depos i t i on and retent i on are ,  i n  turn , determi ned by the 

res pi ratory phys i ol ogy and fl u id  · dynami cs  of the l ungs as  wel l as 
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part i c l e s i ze.  Moreover ,  rate of emi ss i on of al pha rad i at i on i s  

rel ated to the rel at i ve concentrat i on of the vari ous daughter spec i es 

wh i ch are often not i n  a rad i oact i v e  equ i l i b ri um m i xture { Col l e , 

1 980 ) .  

Dos imetry refers t o  met hods of numeri cal l y  rel at i ng the concen­

t rat i on of ambi ent rad i oact i v i ty and rel evant t i s sue dose. Factors 

cons i dered in these cal cu l at i ons  i ncl ude t ransport of rad i oact i ve dust 

i n  the l ungs , the hal f-l i fe of the rad i oact i v i ty ,  the part i c l e s i ze of 

the du st , b reath i ng  rat e ,  vent i l at i on rate ,  and the geomet ry of the 

t i ssue.  Work i n  the a rea of dosimetry i n  assoc i at i on with resu l ts  of 

epidem i ol ogi cal i nvest i gat i ons of urani um mi nes has prov i ded a bas i s  

for the establ i shment of regul atory l evel s .  Pri mary contri but i on i n  

the area has been made by Parker ( 1 969 ) , Harl ey and Pasternak { 1 972 ) , 

and Des rosi ers ( 1 9 7 7 ) .  For a rev i ew ,  see Hol oway et a l . ( 1 978 ) .  

R i sk est i mates i n  terms of excess ca ses of l ung  cancer due to  

radon exposure must  be ba sed on ext ra pol at i on of dose-response data at  

h igh  dosages deri ved from epidem i ol og ica l . i nvest i gati ons of m i ne 

workers and ani mal experi mentat i on .  Such quant i tat ive  data do not 

ex i st for exposures l i kely to be encountered by occ upants of energy­

eff i c i ent bu i l d i ngs .  F rom h i gh exposure data , U NSCEAR { 1 97 7 )  deri ved a 

ri sk est imate of 200-450 excess ca ses of l ung cancer per m i l l i on popu­

l at i on per work i ng l evel month ( WLM ) of exposure ( Budn itz et a l . ,  

1979 ) .  Such esti mates are based on a l i near ext ra pol at i on model . Thi s  

model i nvol ves a d i rect ly proport i onal dose-response rel at i on s hi p . For 

exampl e ,  the ri sk  at 1% of a meas ured dose i s  1%  of the measu red r i sk  

at that dose.  Th i s is  general l y  accepted as a conservat ive  esti mat i on 
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method of rad i at i on dose-response rel at i onshi ps . I n  real ity ,  i t  cou l d 

be under- or overest i mat i ng the t rue ri sk , due to the unk nown b i ol ogi ­

cal  res ponse to l ow doses.  Another factor wh ich  may confound such an 

ext rapol at i on is  the d i fference in the occupat i onal  atmos phere to wh ich  

the urani um mi ners were exposed and the res i dent i a l envi ronment.  For 

exampl e ,  part i cu l ate matter ava i l abl e for radon attachment may di ffe r 

i n  s i ze and concent rat i on.  Other pol l utants present wi l l  d i ffer i n  

type and concent rat i on .  I n  add i t i o n ,  vent i l at i on rates may d i ffer as  

wi l l  breath i ng rates of i nd i v idual s exposed wh i l e  under phys i cal  

exert i on as compared to those at  rest or only under occasi onal 

exert i on .  The U .S .  Env i ronmental Protect i on Agency has est imated 

excess cancer deaths based on a s i mi l ar procedure ( Gu imond et a l . ,  

1979 ) . The resul ts  are as  fol l ows : 

L i fet ime ri sk of l ung cancer per 100 ,000 persons due to l i fet ime 
res i dency i n  st ruct ures wi th an average radon daughter 

concentrat i on of 0 .02  WL 

Rel at i ve ri sk Excess cancer deaths Total  yea rs of l i fe l ost 

Adu l t  and ch i l d  2 ,000 30 ,000 
( sens i t i v ity equal ) 

Chi l d  sens i t i v i ty 3 ,000 50 ,000 
( 3  t imes adul t )  

Absol ute ri sk  a ( IO deaths/CWLM 
1 ,000 27 ,000 

for 106person 
yea rs of ri sk ) 

aCWLM = c umu l at i ve work i ng l evel month .  

The data extrapol at i ons  desc ri bed have l ed to the recommendat ion  

of gu i del i nes for exposure to  radon and i t s  daughter. The U . S .  
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E nv i ronmental Protect i on Agency has  suggested to the state of F l or i da 

for houses on phosphate rec l ai med l and that act i on shou l d  be taken t o  

reduce l evel s above 0 .02  WL to " a s  l ow as  reasonab ly  pos s i b l e , "  

preferably bel ow 0 . 01 WL { Budn i t z  et a l . ,  1 979 ) . Ca nada has 

promu l g ated s i mi l ar c ri teri on for hou ses i n  four commu n i t i es associ ated 

w ith  urani um mi n i ng and process i ng .  

B . 5 . 3  Formal dehyde 

Heal t h  effects att r i butabl e to  formal dehyde exposure i nc l u de 

respi ratory and eye i rri tat i on ,  gastro i ntest i nal i rr i tat i on ,  and 

pri mary and al l erg i c  dermat i t i s .  There i s  some · s uggest i on ,  b ut not 

hard evidence, that i t  may be carc i nogen i c  or teratogeni c .  Most 

i nfonnat i on on adverse heal t h  effects i n  humans due to  formal dehyde i s  

deri ved from occupat i onal  expos ure.  There i s  no publ i shed data on  

effects i n  human bei ngs due to l ong-term expos ure to concent rat i ons of  

formal dehyde bel ow detect i on thres hol d s .  Hov1ever ,  some work on chron i c 

exposure has been done w ith  an imal s i ncl udi ng stud ies  of carc i nogen ic  

and teratogen i c  potent i al . Effects of acute exposure to a wi de range 

of concent rat i ons of formal dehyde have been stud i ed i n  animal s .  

The fol l owi ng i s  a d i scuss i on of i nd i v i dual i nvest i gat i ons  o f  

response to  formal dehyde exposure .  Studi es o n  human bei ngs are t hose 

i n  wh i c h  exposure was quant i fi ed and was i n  the range rel evant to the 

i ssue of i ndoor a i r qual i ty i n  apa rtments and smal l busi ness c oncerns . 

I nvest i gat i ons  i nvol v i ng chroni c exposure i n  an ima l s are al so  

consi dered . The d i scuss i on i s  not i ntended to be exhaust i ve of a l l 
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data on the subj ect . More compl ete rev i ews have been publ i shed by 

N IOSH ( 1976 ) and the Nat i onal  Research Counc i l ( 1980 ) . 

Ett i nger and Jeremi as i n  1955 ( a s  d i scussed i n  N I OSH , 1 976) 

reported eye ,  nose ,  and throat i rri tat i on i n  workers handl i ng nyl on 

fabri c coated wi th urea-formal dehyde res i ns .  Empl oyees were exposed to  

1 - 1 1  ppm gaseous formal dehyde as wel l a s  d i rect contact w ith  the 

formal dehyde-res i n on the fabri c .  The authors bel i eved the noted 

effects were due primari ly to gaseous exposure. 

A control l ed exposure of 12 mal e subj ect s to 13 .8 ppm ( 1 7 .0 

mg/m3 ) forma l dehyde for 30 m i nutes was conducted by S im  and Pratt l e 

( 1957 ) .  Subj ects experi enced eye and nose i rri tat i on upon enteri ng the 

exposure chamber. After 10 m i nutes i n  the chamber, the effect s were no 

l onger not i ceab l e .  The authors poi nt out that the i r resu l ts prov i de 

evi dence of adaptat i on to an i rri tant stress .  

Another probl em due t o  t reatment of fabri c  with urea-formal dehyde 

res i ns was i dent i f i ed when empl oyees and customers i n  several dress  

shops compl a i ned of eye ,  nose ,  and  throat i rritat i on and unpl easant 

odor. Formal dehyde l evel s i n  the shop were found to be 0 . 1 3-0 .45  ppm 

( Bourne and Seferi an , 1959 ) . 

Schuck et a l . ( 1966) , i n  study i ng the effects on  the eye of smog 

components generated by photoox i dat i on of ethyl ene and propyl ene , 

exposed subj ects  to the smog m ixture i n  a chamber for fi ve  mi nut es and 

reported the subj ects ' feel i ngs of eye i rritat i on .  The b l i nk i ng rate 

was used as an  obj ect i ve measure of i rri tat i on. Subj ects readi ly 

reported i rritat i on from gas mixtures  conta i ni ng as  l ow a s  0 . 005 ppm 

forma l dehyde. Exposu res to gas mixtures generated by photoox idat i on 
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wi th ethyl ene caused more i rri tat i on at a g i ven formal dehyde 

concent rat i on than exposure to mixtures generated by propyl ene. Th i s 

emphas i zed the importance of the presence of varyi ng  components i n  

atmos pheric  exposure s .  

Mel ekhi na ( as reported i n  N I OSH , 1 976)  conducted experiment s t o  

establ i s h t h e  threshol d of  odor percept i on and study t h e  effects of 

formal dehyde on the cent ral nervous system. Opt i cal  chronaxy changes 

were ob served after 1 5 -mi nute expos ures to 0 . 6-1 . 3  ppm formal dehyde.  

The odor thres hol d was establ i shed at  0 . 06 ppm. 

Leona rdos et a l . ( 1 969 ) empl oyed a panel of fou r  t ra i ned odor 

panel i sts  to establ i sh the threshol d of odor percept i on at 1 ppm. 

Fel  ' dma n and Bona shevskaya ( 1 971 , as  reported i n  N I OSH , 1976 )  

reported that some subj ects coul d detect by odor formal dehyde concen­

t rat i ons of 0 .0 74 mg/m3 . Concent rat i ons  of 0 .053  mg/m3 produced 

changes i n  ce rebral el ect ri cal  act i v i ty i n  these subj ect s .  No such 

changes were produced i n  res ponse to concent rat i ons  of 0 . 04 mg/m3 • 

Anderson et a l . ( 1 979 )  reported the exposure of 16 subjects t o  

0 . 25-1 .6  ppm fi ve hours per day for four days . Measures of effect s 

were recorded before , after 1-3 hours and after 3-5 hours of exposure.  

Nasal  mucus  fl ow rate dec rea sed and s ubj ects  reported eye i rr itat i on as 

wel l as d ryness of the nose and throat . No changes were observed i n  

pul monary funct i on or performance of mathemat i cal test s .  

Weber-T schopp et a l . { as reported i n  NRC , 1980) observed a l i near 

rel at i onsh i p  for average number of peopl e respond i ng as  concent rat i on 

of formal dehyde i ncreased. Exposure concentrat i ons  tested ranged from 

0 . 03-4 ppm. Responses measu red i ncl uded eye ,  nose , and throat 
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i rri tat i on ,  odor,  eye bl i nk i ng rate , and des i re to l eave the room. 

Changes became s i gn i fi cant at 1 . 2 ppm. The authors al so reported 

resu l t s  suggest i ng adaptat i on to the i rri tant effect.  

S everal add� t i onal reports of occupat i onal exposure y i el d  s i mi l ar 

resu l t s .  Kerfoot and Mooney ( 1975) reported compl a i nts  o f  eye and 

upper respi ratory t ract i rri tat i on i n  funeral home empl oyees exposed to 

0 . 25-1 .39 ppm formal dehyde. Paraformal dehyde was a l so present i n  the 

work envi ronment.  In  another i nvest i gat i o n ,  symptoms of eye ,  sk i n ,  and 

upper respi ratory i rri tat i on were more frequent i n  rubber workers 

exposed to 0 .061 mg/m3 formal dehyde i n  the presence of resorc i nol  and 

ammoni a  than i n  an unexposed cont rol g roup ( Gambl e et a l . , 1976 ) . 

Basel i ne l ung funct i on measurements were not d i fferent among the 

g roups . However ,  l ung funct i on measured before and after sh i ft showed 

a s i gn i fi cant reduct i on i n  the exposed group. Schoenberg and M itche l l 

( 1 97 5 )  stud i ed empl oyees produc i ng fi l ters with fi bers i mpregnated with  

phenol -formal dehyde. They found that l ung funct i on measures were 

s i gn i f i cant l y  l ower i n  empl oyees work i ng i n  the exposed area more than 

fi ve years . Both ch ron i c  ( chronic  cough and excess phl egm)  and acute 

( eye , nos e ,  and throat i rritat i on )  symptoms were reported by those 

exposed at the t ime of the study . Other substances to wh ich  these 

workers were exposed i nc l uded phenol and acryl i c  fi ber breakdown 

products .  Of the two formal dehyde concentrat i ons reported ( 0 .4-0 .8 a nd 

9 . 14 ppm ) the authors fel t the former to be more represent at i ve of 

usua l exposure cond i t i ons .  

Recently , i nvest i gat i ons of  effects  due to formal dehyde rel eased 

from urea-formal dehyde foam i nsul at i on have been conducted i n  the state 
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of W i scons i n by Mary Ann Woodbury and D r. Carl Zenz on beha l f of  the 

W i scons i n D i v i s i on of Heal th ( 1978)  and i n  the state of Washi ngton by 

Prof. Peter Breysee from the U n i vers i ty of Wash i ngton ( NRC , 1 980 ) . 

Both stud i es a re l imi ted to i nvest i gat i ons of compl.a i nt s  fi l ed and are 

thus not genera l i zabl e epi dem i ol og ical  studi es .  They do , however,  add 

a rel evant d imens i on to i nfonnat i on prov i ded by occupati onal stud i es .  

P rof. Breysee stud i ed prima r i l y  mob i l e  homes .  He  reports the  expected 

symptoms of eye ,  nos e ,  and throat i rr itat i on i n  add i t i on to  i nd i cat i ons  

of  central nervous system effects in  the fonn of headaches and 

drows i nes s .  Formal dehyde concentrat i ons i n  the homes o f  80% o f  the 

compl a i n i ng i nd i v i dual s were reported by Prof. Brey see to be bel ow 0 . 5  

ppm.  Some symptoms were report ed i n  homes with concentrat i ons bel ow 

0 . 1  ppm. H i s  resul ts  i nd i cate that young ch i l dren may be a sens i t i ve 

popul at ion .  B reysee acknowl edges that there is  more than one poss i bl e  

expl anat i on for the occurrence of these symptoms , b ut the symptoms 

moderated whi l e  the i nd i v i dual s were away from home and recurred i n  the 

presence of u rea-fonnal dehyde foam i nsu l at i on.  The Wi scons i n  study was 

s i mi l ar to that i n  Washi ngton and the resu l ts corroborate those of 

B reysee. Mary Ann Woodbury and D r. Carl Zenz d i d ,  however, address 

many confound i ng factors not c on s i dered i n  B reysee ' s  work ( NRC , 1980 ) . 

The i nd i v i dua l ' s  phys ic i an was contacted and med i cal  and hospi tal  

records  consul ted.  Exposu re to  carbon monox i d e ,  hydrogen sul fi de ,  

oxi des of  su l fu r ,  dust , and i n fect i ous agents were con s i dered as  were 

smok i ng hab i t s .  Fonnal dehyde concentrat i ons were measured i n  each 

home. Readi ngs ranged from 0 . 02-4 .8  ppm. Some homes cont a i ned only 

part i c l eboard , some only u rea-fo rmal dehyde foam i nsul at i o n ,  and one 

home conta i ned both. 
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Several i nvesti gators have exposed an imal s to fonnal dehyde by 

i nhal at i on for extended peri ods .  Dubre i ul et al . ( as reported i n  NRC , 

1 980) exposed groups of 25  rats to  0 . 6 , 4 . 6 , or 8 ppm of fonnal dehyde 

cont i nuous ly for up to three months .  At the l owest concentrati o n ,  the 

only effect observed was a yel l owi ng of the fur. The other groups 

showed , i n  add i t i on ,  decreased wei ght gai n  al ong with eye and upper 

respi ratory t ract i rritat i on .  Several speci es exposed to  3 .8 ppm 

cont i nuously for 90 days showed i nterst i t i a l  i nfl ammati on i n  the l ungs 

( Coon et al . ,  1 9 70) . Fel ' dman and Bonashevskaya ( a s  reported i n  NRC , 

1 980) reported a s i g n i f i cant decrease i n  chol i nesterase act i v i ty and a 

prol i ferat i on of lymphocytes and hi st i ocytes i n  rats exposed to  2 .4  ppm 

cont i nuous ly  for three months .  The cel l prol i ferat i on was a l so  

observed at  a concent rat i on of  0 .82 ppm. Exposure to 0 .0098 a nd 0 . 028 

ppm yi el ded no s i gn i ficant fi nd i ngs.  

The mutageni c i ty of fonnal dehyde has been studi ed in  a vari ety of 

organi sms. I t  has been shown that fonnal dehyde i s  mutageni c  i n  many 

species  of m icro-organi sms and some i nsect s .  There i s  not suff i c i ent 

i nfonnati on to  detenni ne the mutagen i c  pot ent i al of fonnal dehyde i n  

genni nal pl ant and mamma l i an cel l s . 

Severa l animal feedi ng experiments have y i el ded negat i ve resul ts  

i n  t enns of potent i al teratogen i c  ( reproduct ive)  effects in  rats and 

dogs ( Guseva as reported i n  NRC , 1 980;  Hurn i and Ohder, 1 973 ; 

Shevel eva as  reported i n  NRC , 1 980 ; and Nat v i g  et a l . ,  1 9 71 ) . Work by 

Gofmekl er ( reported i n  NRC , 1 980) resu l ted i n  d i fferences i n  the 

offspri ng of femal e rats  exposed to 0 .8 and 0 . 01 ppm fonnal dehyde 10-1 5 
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days before and 6-10 days after bei ng pl aced wi th mal e rats .  Body 

wei ght s of offspri ng of exposed rats were s l i ght l y  g reater than those 

of cont rol offs pri ng.  However , l i ver  and l ung wei g ht s  are l es s  i n  the 

exposed g roups.  Cel l u l ar di ffere nces were observed 'on ly  between the 

control s and those exposed to  the h i gher concent rat i on .  

Two stud i es d i scussed i n  NRC { 1 980) , one i nv ol v i ng mice and one 

hamsters , reported ea rly structural  changes i n  res p i ratory t i ssue b ut 

no t umors.  Horton et a l . ( 1 963)  exposed m ice  to 83 ppm or  41 . 5  ppm for 

one hour per day , three days per week for 35 weeks .  They exposed 

another g roup to 1 25 ppm i n  the same pattern for an add i t i onal 29 

weeks .  Hamsters were exposed to  10 or 50 ppm for f ive  hours per day ,  

f i ve  days per week for thei r l i fespan ( 1 8 months ) .  Chemi cal  I ns t i t ut e  

o f  Toxi col ogy i s  current ly  sponsori ng l i fet i me i nhal at i on o f  mice  

exposed to  0 ,  2 ,  6 ,  and 1 5  ppm formal dehyde for s i x  hours per day , 

fi ve days per week . I nterim repo rt s prov ide ev i dence suggest i ng that 

formal dehyde may be an experi menta l  carc i nogen.  The s i gni ficance of 

these prel imi nary fi nd i ngs cannot be assessed unt i l  enough data i s  

col l ected to perform stat i st i cal ly  va l i d  ana lyses .  

The stud i es desc ri bed among others have l ed to  the establ i shment 

by N IOSH of an occupat i onal exposu re sta ndard of a 30-mi nute durat i on 

cei l i ng val ue  of 1 ppm ( 1 .2  mg/m3) formal dehyde i n  a i r  ( N IOSH , 1 976) . 

Med i cal  s urv e i l l ance and ma i ntenance of med i ca l  records  of empl oyees 

exposed to concentrat i ons  g reater than  0 . 5  ppm ( 0 . 6  mg/m3) i s  a l so 

recommended . The American  Conference of Governmenta l  I ndustr ia l  

Hyg i eni sts ( 1979)  has  adopted a t i me-weighted average for occupat i onal 

exposure for a 40-hour work week of 2 ppm { 3  mg/m3) .  
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B . 5 .4 N itrogen d i ox i de 

The effects of n i trogen d iox ide are primari ly  i rri tat i on of eyes 

and mucous membranes , as wel l as mechani cal and pathol og i cal changes i n  

the l u ngs that l ead to i ncreased suscept i b i l i ty to ac ute respi ratory 

d i sease and pos s i b ly  chronic  respi ratory d i sease. There i s  a pl ethora 

of i nfonnat i on concern i ng the heal th effects of exposure to atmospheri c  

n i trogen d i oxi de. D i scussed bel ow are data on human vol unteer l abora­

tory studi es , epi dem i ol ogi cal stud i es , and an imal l aboratory st ud ies .  

Dose-response data are prov ided where avai l abl e .  

Human vol u nteer stud i es have establ i shed an odor threshol d of  0 . 23 

mg/m3 n i trogen d i ox i de ( Henschl er et a l . as reported in NRC , 1 97 7 ; 

Shal amberi dze , 1967 ) .  The ab i l i ty of the eye to adapt to dark i s  

a l tered upon exposure to 0 . 1 4-0 .50 mg/m3 ( Shal amberi dze , 1 967 ) . 

These effects are consi dered phys io l og ical rather than pathol ogi cal ; 

they are immedi atel y revers ib l e upon removal of expos ure. Short-t enn 

exposure of human vol unteers to n i trogen d i ox ide has al so resul ted i n  

vari ous changes i n  pu lmonary functi on . Al though such changes are al so 

revers i bl e  they do i nd i c ate that adverse changes have been i nduced. 

Such changes are of spec i al importance to subgroups such  as  the el derl y 

and i nd i v i dual s with chron i c  respi ratory or deb i l i tat i ng d i seases . 

I ncreased a i rway res i stance was demonstated i n  heal thy s ubj ects  ten 

mi nutes after tenni nat i ng a 1 0-mi nute exposure to  1 . 3-3.8 mg/m3 

n i trogen d i ox ide l evel s i n  a ir  ( Suzuk i and I sh i kawa as  reported i n  NRC , 

1977 ) . A s imi l ar effect was noted i n  subj ect s at rest 4 5  m i nutes after 

exposure to 5 . 6  mg/m3 . Subj ects with chroni c  respi ratory d i sease 
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exh i b i ted changes after exposure to 3 .8 mg/m3 wh i l e  rest i ng and wh i l e  

exerc i s i ng duri ng exposure to 2 .82 mg/m3 ( Rok aw et a l . as  reported i n  

NRC , 1 97 7 ) . 

Ep idem i ol og i cal  stud i es exami n i ng adverse heal th effects  due t o  

n i trogen d i ox i de have cons i dered changes i n  l ung  funct i o n , i nc i dence of 

acute respi ratory d i sease ,  and  exacerbat i on of chron i c  respi ratory 

d i sease. Al though these stud i es focus  on the concent rat i on of  n i t rogen 

d i ox i de ,  other pol l utants were present i n  the amb i ent atmospheres 

measured wh i ch cou l d  have produced s i mi l ar effects .  

Fou r epidem i ol og i cal  studi es cons i dered effect s  of  amb i ent 

n i t rogen d i ox ide on l ung funct i on .  A study of two g roups of ra i l road 

workers i n  J apan exposed to 0 .3-1 . 1 3  and 0 . 34-3 . 00 mg/m3 n i t rogen 

d i ox i de ,  respect i vely ,  showed s i gn i fi cant changes compared with 

unexposed workers ( Yamaza k i  et al . ,  1 969 ; NRC , 1 977 ) . School ch i l dren 

i n  Chattanoog a , Tennessee , exposed to average n i t rogen d i ox i de 

concent rat i ons  of 0 . 1 5-0 .28 mg/m3 exh i b i ted borderl i ne changes ( Shy 

et a l . ,  1970a , b ) .  No d i fference i n  l ung  funct i on was demonst rated 

between i nner-c i ty Boston pol i cemen and those w�rk i ng i n  the suburbs 

who were exposed to 0 . 1 0  and 0 .08 mg/m3 n i trogen d i ox i de ,  

respect i vely ( S pe i zer and Ferri s ,  1973 a , b ) . L i k ewi se , no d i fferences  

i n  l ung funct i on were exh i b i ted between Seventh-day Advent i sts  i n  

Los Angel es and San D i ego exposed to average N02 concent rat i ons of 

0 . 096 a nd 0 .043 mg/m3 , respect i vely ( Cohen et al . ,  1 972) . 

Numerous epi demi ol og i cal stud i es have been conducted wh i ch con­

s i dered the rel ati onshi p between i nc i dence of acute res pi ratory d i sea se 

and exposure to n i t rogen d i ox ide ( Pet r and Schmidt , 1966 ; Gi guz , 1 968 ;  
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Polya k , 1 970 ; Pearl man et al . ,  1 97 1 ; Shy et a l . ,  1970b ) . Al though the 

presence of mul t i pl e  pol l utants i n  the exposure atmosphere make i t  

d i ffi cul t t o  quanti fy such a rel ati onshi p ,  there i s  strong support for 

a pos s i bl e  assoc i at i on .  Level s as l ow as 0 . 1 0  mg/m3 have been 

i mpl i cated ( G i guz , 1968 ) .  A recent study i n  E ngl and concl udes that 

d i fferences i n  i nc i dence of ( acute ) respi ratory di sease i n  chi l dren 

l i v i ng i n  homes i n  whi ch natural gas was used for cook i ng as compared 

to chi l dren l i v i ng i n  homes i n  whi ch el ectri c i ty was used for cooki ng 

were due to n i t rogen d i ox i de exposure from u se of gas  ranges (Mel i a  et 

al . ,  1 9 77 ) .  Spei ze r  et al . ( 1979)  have reached s i mi l ar concl u s i ons  i n  

the prel i mi nary analys i s  of thei r study i nvol v i ng s i x  c i t i es i n  the 

Uni ted States.  

Assoc i at i on between atmospheri c exposu re to n i t rogen d i ox i de and 

i nc reased preval ence of chron ic  respi ratory d i sease has not been so 

wel l establ i shed ( Burgess et al . ,  1 973 ; Chapman et al , ,  1973 ; Cohen et 

a l . ,  1972 ; Spei zer and Ferri s ,  1973a , b ) .  Aga i n ,  probl ems of mul t i pl e  

exposure make any assoc i at i on between a s i ngl e pol l utant and a g i ven 

effect extremely hard to quant i fy.  

The prima ry contributi on of l aboratory animal studies  i s  strong 

evi dence support i ng i nc reased suscept i bi l i ty of i ndi v i dual s to bac­

terial  and v i ral i nfecti on s  due to exposure to n i t rogen d i ox i de. Much 

work has been done toward el uc i dating the mechan i sm of th i s  patho-

1 og i cal response ( NRC , 1977 ) . 
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APPENDIX  C 

COMMENTS SUBMI TTED ON THE CACS PROGRAM ( DOE/ E I S -0050-DS ) 

AND DOE RESPONSES 

The Envi ronmental Impact Statement Fi nal Suppl ement ( E I S-FS ) 

for the Commerc i al and Apartment Conservation Serv i ce ( CACS ) was 

fi l ed wi th the Envi ronmental Protec t i on Agency on , 

and a noti c e  of i ts ava i l abi l i ty publ i shed i n  the Federal  Reg i ster 

on • Copi es of th i s  document were s ent to federal and 

state agenc i es , as  wel l as other i nteres ted parti es wh i ch commented 

on the E I S  Draft Suppl ement ( Report DOE/E I S-0050-DS ) .  Al l comments 

recei ved on the E IS-DS have been cons i dered and are addressed here i n .  

Comments i nd i cated a need to u pdate d i scuss ions o n  i ndoor a i r  qua l i ty 

i s sues . 
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Ha . Carol Snipes 
Office of Con s e rvat ion and 

Sol a r  Energy 
Depar tment o f  Ener9y 
Room lF-0 8 5  
1000 Independence Avenue , s . w. 
Washin9ton , D.  c. 2 0 5 8 5  

Dear Ha . Snipe s : 

l!AR 2 3 1991 
o r • 1 c 1  ro •  

't M C  A 0  .. 1 • 1 t •  • t '"' •  

In accordance with Sect ion 309  o f  the Cle4n A i r  Ac t ,  the 
U . S .  Environmental Protection Agency ( EPA) has reviewed the 
Depa r tment of Ener 9y ' s  ( DOE) proposed rulemakin9 and draft 
Env i ronmen ta l Impact Sta ti:ment ( EIS ) re911rdin9 expans ion of 
the Re siden t i a l  Con s erva tion Service Program to Hul t i family 
and Comr.iercial Buildin9s (Docket No . CAS -IU1-B0-1 2 5 ) . Presented 
below are EPA ' a  9eneral comments on the proposed rulemak in 9  
an d  E I S ;  d e t a i led cormient� are provided i n  t h e  enclos ure . 

EFA s trongly s upports ene rgy con serva tion , both as a means 
for reducin9 o ur dependence on for e i9 n  oil and avo i d i ng the 
environmental and economic co sts of increasin9 product ion . 
But FPA i s  a l so concerned about the adve r s e  impac t s ,  
pa r t icul ar ly the potential he a l th e f f ec t s , a s so c i a t e d  with 
certain ener9y con oe rva t ion measure s . EPA has notif ied 
DOE of these concerns i n  connect ion with ear l i er rulemak ings , 
and we i ntend to continue to work closely with DOE in resolving 
them. 

We support DOE ' s  e f forts to promote the understandin9 of 
indo�r air po l l ut ion . Add i tiona l l y ,  EPA i s  desiqnin9 research 
programs to determine : 1) current exposur e s  to indoor 
po l l utants , 2) e f f ects of �ui ldin9 energy con serva tion 
programs on exposure l e ve l s , J )  health e f fects and leve l s  of 
r i s k o f  those e xpos ures , 4 )  techn ical Jne a s ures that w i l l  
e f fectively r educe exposu�� s ,  and 5 )  o t h e r  Federal actions 
which mi 9ht be requi red to protect hwnan he a l t h .  

• 

E P A ' s  m a i n  c on c e r n s  a r e  d i s c u s s e d  in t h e  e n c l o s u r e .  T h e  E I S  
s h o u l d  d o c um e n t  DO E ' s  c a r e f u l  c on s i d e r a t io n  o f  s p e c i a l  a i r  
p o l l u t a n t s ,  e s p e c i a l l y t o b a c c o  s m o k e  a n d  rad on . W e  b e l i e v e  
t h a t  t h e  p r o p o s ed r u l e  s h o u l d  b e  m o r e  s p e c i f i c  a b o u t  t h e  
i n f o rma t i on w h i c h  s h o u l d  b e  p r o v i d e d  t o  b u i l d in g  mana g e r s  
a n d  o c c u p a n t s . I t  s h o u l d  i n c o r p o r a t e  a d i s c u s s i o n  o f  i n d o o r  
a i r  q u a l i t y  i n t o  t h e  p r o p o s e d  T e n an t ' s  E n e r g y  C o n s e r v a t i o n  
I n f o r ma t i o n  P a c k a g e . 

Th e s am e  g e n e r a l  a p p r o a c h f o r  a d d r e s s in g  p o t e n t i a l  i n d o o r  
a i r  q ua l i t y  p r o b l e m s  n o w  b e i n g  d i s c u s s e d  w i t h  DOE in r e l a t i o n  
t o  s i n g l e - f am i l y  r e s i d e n t i a l  b u i l d i n g s  s h o u l d  b e  e x t en d e d  
t o  a p p l y  t o

.
mu l t i - f am i l y  a n d  c omme r c ia l  b u i l d i n g s  a s  w e l l .  

H e r e , a p p r o p r i a t e  a l l ow an c e s  s h o u l d  b e  made f o r  d i f f e r e n c e s  
in p h y s i c a l  s t r u c t u r e s , e x p e c t e d  e xp o s u r e  t o  s p e c i f i c  p o l l u t an t s , 
a n d  o t h e r  f a c t o r s  wh i c h  may i n f l ue n c e  i n d o o r  a i r  q u a l i ty .  

B a s ed on o u r  r e v iew o f  t h e  d r a f t  E I S ,  E P A  h a s  r e s e r v a t io n s  
c o n c e r n i n g  t h e  imp a c t s  o f  t h e  p r o p o s a l  a n d  n e e d s  a d d i t io n a l  
i n f o rma t i on c o n c e r n i n g  t he s e  impac t s . T h e  E I S  h a s  c o n s e q u e n t l y  
b e e n  r a t e d  " E R - 2 " . E P A  i n t e n d s  t o  w o r k  c l o s e l y  w i t h  D O E  t o  
r � s o l v e  t h e  e n v i r o n me n t a l  i s s u e s  a s s o c i a t e d  w i t h  t h e  p r o g r a m . 
t f  y o u  have a n y  q u e s t i o n s  c o n c e r n i n g  E P A ' s  c ommen t s  p l e a s e  
c o n t a c t  T h o m a s  P i e r c e  o f  t h i s  o f f i c e  a t  7 5 5 - 0 7 8 0 . 

M:�� ' -. 
Wi l l i am N .  Hedcma� . 
Di rector 
O f f  i ce o f  Fede ral Ac t i vi ti e s  

Enclosure 

("') I .;.. 



U . S .  ENVI ROHllEHTAL PROTECTION AGENCY (EPA) 
COMMENTS 011 DOE ' S  PROPOSED RULE 

AND DRAFT ENVI nONME!ITAL IMPACT STATEMENT 
ON 

EXPANDING THE RCS PROGRAM 
TO 

MULTI FAMILY .\ND COHMERCIAL BUI LDINGS 
DOCKET NUHBER: CAS-RH- 8 0 - 1 2 5  

EPA recommends that the fol lowing comments be incoil>orated 
into the fina l E I S  and be addr e s sed i n  the final.  rul emaking : 

I.  Mitiga t ion Measures 

I n  oection 4 . 2 . 1 . J , of the EI S ,  it i s  s t a ted that •A l i kely 
action o f  a bui lding owne r  seeking to reduce enerqy conswnpt ion 
m�y be reduc ing the f low of intentionally added outdoor a i r  
( i . e . , make-up a i r ) . •  Fol lowing th i s , f igures 4-1 through 
4 - l  give the concentration of ozone , radon , and forma l dehyde 
as a function of air change rate . DOE concludes in i ts 
iJnpact s wnmary ( Section 4,. 2 . 1 . 5 ) that i t  does not be l i eve 
that the heal t h  e ffects due to changes i n  indoor air qua l i ty 
w i l l  con s t i tute a major problem, particul a r l y  i f  mi t igative 
steps which it men tions under Section 4 . 2 . 1 . 4  are uti l i z e d .  
The s e  measures i n c l ude f i l tr a t io n ,  prope r  u s e  o f  mechan i cal 
ven.t i l e tion sys tems , 1:1nd periodic airing out of res i dences 
or sma l l  commercial bui ldings . The se and other measures 
have been ava i l abl e  under the old, higher venti l a tion and 
in f i l tr a tion r a t e s  speci fied by ASHRAE 62-7 3 ,  under which 
exi sti ng homes and o f f i c e s  wer e  bui l t .  And yet , State and 
local health author i t i e s  are being c a l led upon w i th increas in9 
frequency to i nvestigate •s ick bui ldings " in which a high 
pe rcentage o f  the occupants repor t  the symptoms o f  indoor 
air pol l ution e xposur e : �;iny of these bui l di nqs were modern , 
tight , energy-efficient office �ui ldings (Kreis s ,  1 9 8 0 ) . 

Unfortunatel y ,  the spec i f i c  app l i c a bi l i ty o f  many indoor a i r  
qua l i ty mitigat ion mea sures h a s  n o t  been ful ly explored . 
Research in this area is continuing . Meanwhi le , DOE should 
make a s trong commitment to r 

( i )  A s s ure that the peopl e who wi l l  man�ge an d  
and use these bui ldings are aware o f  poten t i a l  
pol lution ftources and health ri s�s po•ed by 
bui lding retro-fi t • 1  

( i i )  EnC":>urage thes e des igning s u c h  retro-fits to 
include mit i9at ion lllC!a sures where the po l lution 
source presents a s i gni ficant h e a l th risk 

On page 4 - 2 4  o f  the ?1 S Dr�ft Supplement ,  DOE expres s e s  i ts 
intent to •publ i ci z e  o�d � n cour age " the u s e  of mi tigation 
measures . Thi a  could be s� be achieved , a t  least for tenants 

D O E  c o n c u r s  t h a t  t h e r e  i s  c a u s e  f o r  c o n c e r n  a b o u t  t h e  i n c r e a s i n g  

i n c i d e n c e  o f  r e p o r t s  o f  b u i l d i n g - r e l a t e d i l l n e s s . ( S e e S e c t i o n  4 . 2 . 1  

s u b h e � d i n g  B u i l d i n g  A � s o c i � t e d E n i d e m i c s  f o r  d i s c u s s i o n . )  O n g o i n g  

r e s e a r c h  p rogr, m ;- b  y -C-PSG- ·o a·E-, -·;tt;d-ch-;-c e n t e r  f o r  D i s e a s e  C o n t  ro 1 

a r e  y i e l d i n g  i n c r e a s i n g  k n o w l e d g e  o f  t h e  f a c t o r s  c o n t r i b u t i n g  t o  

t h i s  p r o b l e m .  D O E  f e e l s  t h a t  a s  r e s u l t s  f r o m  t h e s e  p r o g r a m s b e c o m e  

a v a i l a b l e ,  t h e �  s h o u l d  b e  e v , l u a t e d  a n d  a p p r o p r i a t e  c h a n g e s  m a d e  i n  

o n g o i n g b u i l d i n g  e n e r g y  c o n � e r v a t i o n p r o g r a m s . 
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U n d e r  m i t i g a t i o n m e a s u r e s , i t  w a s  p o i n t e d  o u t  t h a t  t h e  u s e  o f  a i r ­
t o - a i r  h e a t  e x c h a n g e r s  i a  a p o s s i b l e  m i t i g a t i o n  m e a s u r e  t o  b e  
c o n s i d e r e d .  

I I .  H e a t ing, V e n t i l a t i o n ,  A i r  C o n d i t i o n i ng 

T h e  s umma ry a l s o i n d i c a t e d t h a t  s ome e n e r gy c o n s e r v a t i o n me a s u r e s  
v i l l  h a v e  t h e  e f f e c t  o f  r e d u c i n g  t h e  amo u n t  o f  t h e  o u t s i d e  m a k e u p  
a i r  w h i c h  i s  i n t r o d u c e d  i n t e n t i o n a l l y  i n t o  t h e  b u i l d i n g  b y  t h e  
R V A C  c o n t r o l  sy s t e m .  

I I I . P o l l u t an t s  o f  C o n c e rn 

T h e  s u mma r �  s h e e t  i n d i c a t e d t h a t  t h e l i s t  o f  p o l l u t a n t s  s h o u l d  
i n c l u d e  a i r b o r n e  b i o h a z a r d s  ( i n l i e u  o f  b a c t e r i a )  a n d  p a r t i c l e s ,  
e s p e c i a l l y  t h o s e  f r o m  t h e  c ombu s t i o n  o f  c i g a r e t t e s . 

D O E  a l s o a g r e e s  t h a t  own e r s  o f  b u i l d i n g s  w i t h  c e n t r a l  RVAC s y s t e m s  

s h o u l d  b e  e n c o u r a g e d  t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  o f  i n s t a l l i n g  

a h e a t  r e c o v e r i n g  s y s t em i n  t h e  R V A C  s y s t e m .  T h i s  i s  d e s c r i b e d  a s  

a p o s s i b l e  m i t i g a t i n g  m e a s u r e  i n  S e c t i o n  4 . 2 . l  s u b h e a d i n g  M i t iga-

t i o n  �e a s u r e s .  

D O E  c o n c u r s  t h a t  s ome e n e r g y  c o n s e r v a t i o n  m e a s u r e s  v i l l  r e s u l t i n  
r e d u c e d  a m o u n t s  o f  o u t s i d e  m a k e u p  a i r  i n  s � m e  b u i l d i n g s . I n  p r i n ­
c i p l e ,  r e d u c e d  m a k e up a i r i s  a p a r t i c u l a r  e x amp l e  o f  r e d u c e d  a i r  
e x c h a n g e , a s ub j e c t  w h i c h  i a  d i s c u s s e d  a t  s om e  l e n g t h  i n  S e c t i o n  
4 . 2 . 1  s u b h e a d i n g  C h a n � e s  i n  A i r  E x c h a nge . 

D O E  a g r e e s . A d i s c u s s i o n  on b i oh a z a r d s  m a y  b e  f o u n d  i n  A p p e n d i x  B ,  
S e c t i o n  B . 3 . 1 . A d i s c u s s i o n  on s �ok i n g  c i g a r e t t e s i s  p r o v i d e d  i n  
S e c t i o n  4 . 2 . l  s u b h e a d i n g  C om b u s t i on P r o d u c t s .  
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that •under the practi cal range of ven t i l a tion cond i tions 
and bui lding occupation den s i t i e s ,  the RSP leve l s  generated 
by smokers overwhelm the e f fects o f  ven ti lat ion and i n f l ict 
s i gn i fican t a i r  pol l ution burdens on the publ ic . • 

Hc>reover ,  the very s erious publ i c  heal th problems as sociated 
vith p a � sive Gl!'Ok i n g  are exacerbated by lowered i n f i l tration 
and vent i l a t ion ra tes (as shown in fi gure l , "The E f fect of 
Cigaret te Snw:>king o n  Office Air Qua l i ty a t  an Occupancy of 
lC persons per 1 0 0 0  s q .  f t .  • 1 . Thi s f i g ur e  .shows that at an 
effective a i r  exchange rnte of 0 . 4  aeh (Table 3 - 3 ,  DOE ' s  
E I S )  an o f f  i ce worker would inhale the equivalent o f  !!'O r e  
than 7 low-tar ci garettes (Carle ton 7 0 )  from the a i r  during 
an 8 hour s h i f t  in an o f fice with an occupancy speci fied in 
Table 3-3 . It i s  to be expected that a i rborne pathogens 
w i l l  a l so fol low such a curve . lf the average a i rehange 
rate is o f  the o rd e r  o f  one a i rehange per hour a s  DOE s t a te s , 
fi gure 1 shows that decreases in thi s  rate w i l l  produce 
inversely proport ional incr e a s e s  in the c i garette equiva l en t s  
inhaled . S uch increases are unacceptable from a pub l i c  
heal th s tandpo i n t .  

JV . � 
In Section 3 o f  the EI S ,  irore complete data on outdoor radon 
levels should be c i ted.  ( S ee fo r exllJllple H . H .  H a r l e y  article 
i n  proceed i n g s  o f  an ERDA con ference on noble g a s e s : 
Barley , J . H .  • Envi ro1U11ental Radon • Proceedings o f  Nob l e  
C a s e s  Sympos i um  ( R . E .  S tanley a n d  A . A .  Moghi ssi , e d s . )  La s  
Vega s ,  Nevada ERDA COHF 7 3 0 9 1 5  also to be publ i shed by 
Ca s se l l , T. at u. Texas School of Publ i c  Hea lth , Hou s ton ) .  

Da ta o n  Indoor leve l s  s hould be s ummar i zed i n  the EIS . 
Par t i eu 1 a r  a tt ention should be focused on s i tuations where 
radon leve l s  are high. (See for ·example the Ra d i a t i on 
Pol i cy Counci l Report o f  the Task Foree on Radon, in S tructure s ,  
August 1 9 8 0 ) . 

• lleasure s to control radon . l eve l s  should be d i s cussed in 
gre ater d e t a i l  i n  the EIS . Such i n fo rma t ion , i f  given along 
with con serva t ion advice , could play an important part in 
minimi z ing the adverse he a l th impacts o f  decreased ven t i l a t ion . 
(See : EPA 5 2 0/ 4 - 7 8 - 0 1 3  " Indoor Radia tion E:<pos ure Due to 

· Radium-22 6 on Florida Phosphate Lands • 1  and EPA 5 2 0/ 5-77-011 
• The Effects o f  Home Ven t i l at i on Sys tems on Indoor Radon -
Radon Daughter Leve l s . • CPA i s  conducti n g  nore extens ive 
re search on the e ffectivene s s  of a i r  ci rcula tion in removin g  
radon decay product• end i s  a l so inve s t i 9a t in9 mea s ures to 
prevent radon -rich soi l g�s fro� penetrating indoors through 
cracks in the house fo un�otion . 

S e e  c o m m e n t  a b o v e . 

I n  a c c o r d a n c e  w i t h  C E Q  r e g u l a t i o n s , t h e  E I S - r s r e f e r s i n t e r e s t e d 
r e a d e r s  t o  o t h e r  m o r e  d e t a i l e d  r e p o r t s  s u c h  a s  t h o s e  n o t e d  i n  
S e c t i o n  4 . 2 . l  s u b h e a d i n g  R a d o n  a n d  A p p e n d i x  B .  

D o e  a g r e e s  a n d  h a s  a t t em p t e d  t o  d o  s o  i n  S e c t i o n  3 . 3 . 2 .  

S u c h  m e a s u r e s  a r e i d e n t i f i e d  a m o n g  t h e  m i t i g a : i n g me a s u r e s  
d e s c r i b e d  i n  S e c t i o n  4 . 2 . l  s u b h e a d i n g  M i t i ga t i on M e a s u r e s . 
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• The text of the EIS impl i e s  that F i g  4 - 2  repre sents a 
'WOr s t  c a s e  s i tuation . E�l!Jllinat ion of data publ ished in the 
l i tera ture would Dhow that t h i s  is a rnther t�-pical ca s e .  To 
develop a wors t  case r cenari o ,  DOE shoul d  review ��ta on 
leve l s  a.s !loc i a ted w i th Elutte , MT: phosphate lo.nda in Florida : 
radon -rich we l 1 water in tla i ne : or ur a n i um  mill tr. i l inga use 
in Grand Junction , CO. (Radia tion Pol i cy Council Report 
c i ted above j a l so EPA 5 2 0/ 4 - 7 9 - 0 1 3  cited a Lo� e :  N>d Res s ,  
C . T. e t  a l , • nadon-222 i n  Potable "at e r  Sup� l ie s  in Haine " 
Land and ti�ter Resources Ce.nte r ,  Univer s ity o f  n'!lline 1 Orono ) . 

• EPA ' s Florida Guidance i a  mi npp l i ed on pg C-17 o f  the 
EIS . The guidance was d�ve loped to add r e s s  a speci f i c  
problem o f  h i gh radon exposure in hous e s  bui l t  o n  phosphate 
l and s . Although the guidance sugge s t s  tha t it ��y not be 
pract i c a l  to reduce the r adon l evel s  of the s e  high radon 
hou s e s  to l e ve l s  lower than 0 . 0 0 5  KL above backgroan d ,  i t  
doe s  not imply that r a i s .l.ng the radon levels n a tionally i n  
a l l  hOiiie s  by 0 . 0 0 5  t1L aJ:-.ove background should be taken 
l i ghtly o r  i s  wi thout consequence. llrly heal th e C!ects 
asses sment o f  thi s le\'el "-ould shoV a pote n t i a l  il:pact too 
l arge to be i gnored .  

ne-;ard i ng the d i a cu"J s ion on 4-17 o f  the EIS on solar 
roc:k bed a to rage , we recommend that DOE ' a Dwi ron�ntal 
Measurements L� boratory (EHL) be contacted for their expe rime n t n l  
find i n g s .  Re s u l t s  g i v '! n  at a 1980 wrkshop a t  EltL showed 
much h i gher radon l e ve l s  than ll'Odeled by Rogozen.  Also 
con tact Hess at u. Maine for data be has col lected on solar 
houses with granite rock heat s torage . 

• Pg C-2 1 :  For a ll'Ore compl ete revi ew of radon li.nd lung 
cancer , the fol lowing should be consu l t e d : 

I l l  F . E . Lund.i n Jr . et.  al . ,  Joi n t  nonograph 
1 1 ,  NI OSH- NIER S , ""'l97r-

1 2 )  w . c .  Buepe r 

( a )  

(b) 

Occup ational Tumo�• lt1U! Allied Di seases C.C. 'rhomas , Piib\ 1941 and 

Occ:u1 · ::itional and Envi ronmen tal Cancers 
Olttae Resnr-.11 tory Sys tems , spu nger-
verfrg ,  19 

• P g .  C-21 ' C-2 2 : W?rken ' a  stud i e s  m�y not have shown 
lung cancer because the onima l a  were sacri f i ced according to 
exper iment a l  protocol be fore the end of the l atent per iod a a  

DOE believes that the situation depicted i s  a reasonable worst case 
situation which the authors charac terized as "worse than expected" , 
DOE feels that the risk due to radon exposure has been adequately 
described in Section 4 , 2 . l  subheading �· 

D O E  a g r e e s  t h a t  t h e  g u i d a n c e  w a s  n o t  s t a t e d  p r o p e r ly a n d  h a s  
c o r r e c t e d  i t  i n  S e c t i o n  4 . 2 . l  s ub h e a d i n g  R a d o n . Howev e r ,  D O E  a l s o  
b e l i e v e s  t h a t  t h e  C A C S  me a s u r e s  w i l l  h a v e  e f f e c t s  n o t  n e a r l y  s o  
l a r ge . Many r e t r o f i t  con s e rv a t i o n  m e a s u r e s  h a v e  v e ry l i t t l e e f f e c t  
o n  a i r  e x c h an g e . Ow n e r s  o f  b u i l d in g s  w i t h  h i gh e r  i n i t i a l  a i r  e x c h a n g e  
r a t e s  w i l l  b e  m o r e  e c o n o m i c a l l y  m o t i v a t e d  t o  r e t r o f i t . A l l  t h e a e  
f a c t o r s  w i l l  t e n d  t o  r e d u c e  e f f e c t iv e  c h a n g e s  i n  a v e r a g e  r a d on 
p r o g e n y  l e ve l s . 

T h i s  s o l a r  m e a s u r e  i s  n o t  c o v e r e d  in t h e  p ro g r a m .  I t  is b e l i e v e d  
t h e  p o t e n t i a l  f o r  i t s  e x i s t e n c e  in C A C S - c o v e r e d  b u i l d i n g s  i s  s o  un­
l i k e l y  t ha t  t h e r e  is no n e e d  to i n c l u d e  s o l a r  r o c k  b e d  t h e rma l 
s t o r a g e  s y s t em s  in a i r  a n a l y s i s . 

I n  a c c o rd a n c e w i t h  C E Q  r e g u l a t i o n s , t h e  E I S - F S  r e f e r s  i n t e r e s t e d  
r e ad e r s  t o  o t h e r  m o r e  d e t a i l e d  r e p o r t s . T h i s  h a s  b e e n  d o n e  i n  S e c t i o n  
4 . 2 . l s ub h e a d i n g  R a d on a n d  A p p e n d i x  B S e c t i o n  B . 5 . 2 .  
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suggested by 1tvdie• at Battelle NWL and France . Thi • 
di scussion 1hould incorporate the result• of tho1e studies . 
For 1tudiea on laaq cancer in laboratory animal s exposed to 
radon a 

( 1 )  w .  Bueel , Zierachr, F. ltrehaforach !1_: 312 ,  1939 • 

( 2 )  s .  Rajevsky �· Natur.tias .  111 170 ,  1 9 • 3 ,  
(3 )  F .  Unnet1ehr ,  Strahlen theropie !!!,: 421,  l9S9 • 
( 4 )  F .T. Cross !.i· !!· PNL-2 744 , BPNL, 1 9 7 9 1  and 

( 5 )  Extensive reports of J. Lafuma , R. Hasse , 
J, Chareaud , R. Perraud , J. Chretien and co­
workers in France from J. 968  through 1980  

• Fq . C-22 • C-2 3 1  1�e reco1:1111end that r.r:>re of the randon 
dosimetry literature be considered. The authors lllight 
consult the follavinq sources of references : ·  

( 1 )  

( 2 )  

C . F .  Dolowfty £t • al , Bibliography on the Dosimetry � r.adon Daugnters 
ORNL-5284 , l!J"ir;-iiid 

Proceedings of OECD radon speciali st meeting• in 
1976 ,  18  and P O .  

• Pg . C-2 3 :  Pisk estimates are not all derived from high 
exposure extrftpolation . In Canadian and Swedish studies , 
the lowest reported exposure group , 1 5  CWLM, has an elevated 
lung e�ncer death rate . While the point i1 not statistically 
1ignificant it  i1 on thr linear extrapolation line through 
the higher ,  1tati1tically 1iqnificant points . 

An average of 1 5  twin co�ld be attained during a li fetime of 
exposure to about 0 . 01 �L. The stati1tically signi ficant 
points on the dose-response curve are a factor no more than 
8 higher than 15 CWLH , r o  extrapolation from these points 
does not cross a wide renge. In addition , linear extrapolation 
of  high LET dose-response curves is not considered conservative 
and may underestimate th� risk (BEIR I I I ) . 

We reconanend that the do�e-reaponse studies in the following 
reports be evaluated to ��termine whether the low-dose end 
of the curve is represented a  

( 1 )  Luna Cancer 

S e e  l a s t  c o mme n t .  

S e e  l a a t  c omme n t . 

In t h i s  r e p o r t ,  low e x p o s u r e  i s  t h a t  e x p o s u r e  w h e r e  e x p o s u r e ­
ind u c e d  h e a l t h  e f f e c t s  o c c u r  o n l y  ma r g i n a l ly mo r e  f r e q u e n t l y  
t h a n  among u n e xp o s e d  p o p u l a t i o n s . M a r g i n a l  d i f f e re n c e s  i n  f r e­
q u e n c y  c a n n o t  b e  s t a t i s t i c a l ly r e l i a b l y  o b s e rv e d  in f i n i t e  
p o p u l a t i o n  s t ud i e s . F o r  t h i s  r e a s o n , D O E  b e l i e v e s  t h s t  a l l  r i s k  
e s t i ma t e s  d e r i v e  f r om h i gh e x p o s u r e s . ( S e e  A p p e n d i x  B ,  S e c t i o n  
B . 5 . 2  f o r  f u r t h e r  d i s c u s s i o n . ) 
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- 6 -

( 2 )  Proceedin9a of the Part City !:nvironmental 
Heal th Conference . 

• The s ta tement , on p9 C-2 3 tha t differences in occupation a l  
n bno cph�re nnd re aidential environment •weaken the 1 tren9th • 
of dose-re spon se ex trapolat ion s  mus t  be supported wi th 
acien t i f i c  findings , not �pecu la tion. Di f ferences , in mine , 
res iden t i al , and environmental a tmo spheres were not s upported 
by stud i e s  of Jacobi et . al . ,  Bei t r .  rbya .  Atmosphere, 31 1 
24 4 ,  1 9 5 9 .  

- - -

• ne9ardin9 s tatements on pg C-2 4 ,  roroe risk e s timates 
fold in age specific and act ivi ty related d i f ferences in 
respira tion and ezpected radon daughter depo s i t ion (e . g . EPA 
5 2 0/4 -78-01 3 ,  1 9 7 9 1  ff. Dofmannand , F. Steinha usler , pq-4 9 7  
in Proceedin9a o f  the 4th I RP A  Congress, Par i s ,  1 9 7 7 ) . 

v. Ventil ation natea 

In Chapt er 3, Se¢tion 3 . 2 . 2  of the EIS, it is stated t.hat 
i t  is gene r a l l y  accepted that t.h e  typical a i r  change rate 
in the average residential o f f i ce buil.din9 is about one a i r  
change per hour . A di scu r. s i on fol lows of th� vol untary 
ven t i l ation s tandards pro�ula ted by tbe Amer i can Soc iety of 
Heathi ng , Re f r i 9era ting , r nd Air Conditioning Eng ineers 
(ASHRAE) and by the Bui ldi ng Officials and Code Admi n i strators 
Int ernat ional , Inc. ( BOCAI ) . There are several problems 
attendllnt to the EIS ' a  appnrent re l i ance  on the s e  vo l un tary 
standards for guidance on vent i l at ion: 

1 .  Nei ther of these ntandarda acJcquately considers 
the potential of unsatis factory indoor a i r  qual i ty ,  
nor do they addre 3 s  metho�a of al leviating problems 
vhen they occ ur .  

2 .  The EIS di scuss ion of ASHRAE's reconunended ven t i la tion 
a tandarda s tates that they are protective of hwnan 
hea l t h ,  �ut the ! t S  apparentlr is referring to 
ASHRAE S tandard 6 2 -73 vh ich baa been 1uperaeded 
by ASHJU\E Standard 62-73R,  Standards for 
Ven t i l ation Requi r. ed for Hiniama Acceptable Indoor 
Air Qua l i t y .  EPA has commented o n  the latter 
standard that "wi th the advent of the propo sed 
standard, ind ivi1h a l a  may be exposed to exces s ive 
leve l •  of radon end its daugbter products ,  tobacco 
smoke particulate � ,  and formaldehyde " (Hawki n s ,  
1 9 8 0 ) . 

3 .  The EIS �i acu s a io� of the BOCAI model bui ld ing 
code etatea on pe9� 3-9 that •one hundred percent 
rec ircul�tion i" p�r111i t t ed if the 1yatem services 
only a 1 lngle fn� i ly W'l i t . • Such an approach 

D O E  h a a  c o n s e r v a t i v e l y  a t t r i b u t e d  a l l  o b s e rv e d  lung · c a n c e r s  i n  
u r an i um m i n e r  g r o u p s  t o  r a d o n  p r o g eny exp o s ur e .  Wh i l e  t h e  c i t e d  
s t u d y  f a i l e d  t o  f in d  a tmos p h e r i c  d i f f e r e n c e s , i t  s e em s  v e r y  l i k e l y  
t h a t  s ome c a r c i n o g e n i c  s u b s t a n c e s ,  s u c h  a s  d i e s e l  e xh a u s t  e m i s s i o n s , 
a r e  f o u n d  i n  m i n e s , b u t  n o t  in h om e s  o r  o f f i c e s . T h e r e f or e ,  t h e  l un g  
c a n c e r  r i s k  e s t im a t o r  f o r  r a d o n  p r o g e n y  d e r iv e d  i n  t h i s  w a y  i s  
l a r g e r  d u e  t o  a d d i t i o n a l  c a s e s  d u e  t o  e x p o s u r e  t o  o t h e r  c a r c i n o g e n s . 
Howeve r ,  t h i s  i s  t r u e  o n l y  f o r  o c c up a t i o n a l  g r o up s .  ( Se e  A p p e n d i x  B ,  
S e c t i o n  B . S . 2  f o r  f u r t h e r  d i s c u s s i o n . )  

DOE b e l i ev e s  t h e r e  a r e  i n s u f f i c i e n t  d a t a  t o  a d e q ua t e l y  c h a r a c t e r i z e  
t h e  Ame r i c a n  p o p u l a t i o n  w i t h  r e s p e c t  t o  r a d o n  p r o g e ny e xp o s u r e , c on­
c u r r e n t l y  w i t h  age and p h y s i c a l  a c t i v i t y . H e n c e , s uc h  r i sk e s t ima­
t i on p r o c e d u r e s  have not  been i n t r od u c e d  ( s e e  A p p e n d i x  B ,  S e c t i on 
B . S . 2 ) . 

('") I 
__, 
__, 



- 7 -

is i n c o mp a t i b l e  w i t h  t h e  m a i n t en a n c e  o f  a c c e p t a b l e  
a i r  q ua l i t y  w i t h i n  mu l t i - f am i l y  a n d  c omme r c i a l  
b u i l d i n g s  wi th c o n s i d e r a b l y  l o w e r  i n f i l t r a t i o n  
r a t e s , e s p e c i a l l y  w h e r e  w i n d o w s  a r e  s e a l e d , 

EPA r e c o mm e n d s  th e r e f o r e ,  t h a t  t h e  E I S  d i s c u s s i o n  o f  v e n t i l a t i on 
r a t e s  b e  r e v i s ed a n d  u p d a t e d  s o  t h a t  t h e  r e a d e r  w i l l  un d e r s t an d  
t h e  i n a d e q u a c y  o f  v o l un t a r y  s t an d a r d s  w i t h  r e s p e c t  t o  i n d o o r  
a i r  q u a l i t y ma i n t e n a n c e. T h e  m a j o r  c o n c e r n  i s  t h a t  v o l u me t r i c  
a i r  c h a n g e  r a t e s  p e r  p e r s on a r e  n o t  a n  a c c e p t a b l e  s u r r o g a t e  
f o r  a d i r e c t  a p p r o a c h  t o  m a i n t a i n i n g  i n d o o r  a i r  q u a l i t y . I n  
m a n y  c i r c ums t a n c e s  t h e  v o l um e t r i c  a p p r o a c h  w i l l  f a l l  f a r  
s h o r t  o f  w h a t  t s  r e q u i r e d . 

Hi rayama , T. , 
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V o l u n t a r y  s t an d a r d s  h a v e  c o n t r i b u t e d t o  e n s u r i n g  a d e q u a t e  i n d o o r  
a i r  q u a l i t y . I n  a d d i t i o n , t h e s e  v o l un t a ry s t a n d a r d s  o f t e n  i n f l u e n c e  
p r o v i s i o n s  in mod e l  b u i l d i n g  c o d e s . D O E  b e l i e v e s  t h a t  i nv o l u n t a r y  
s t a n d a r d s  may p r o v e  u n d u l y  b u r d e n s ome a n d  s h o u l d  n o t  b e  e n c o u r a g e d  
w i th o u t  d e f i n i t i v e  d a t a  wh i c h  s h ow s  t h e  v o l u n t a r y  a p p r o a c h  i s  npt 
w o r k i n g , 
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U . S .  DEPARTMENT OF ENERGY 
COMMtRCIAL AND APARTMENT CONSERVATION SERV I CE P ROGRAM 

DOCKET NO . CAS - RM- 80 - 1 2 5  
COMMENTS ON 

PROPOSED RULE 
4 6  FR 4482 

JANUARY 16, 1 9 8 1  

I n  addi t i on t o  t h e  comme n t s  b e l ow ,  comments per t in e n t  to t h e  pro­
pos ed ru l e  a r e  a t tached on the Dr a f t  Sup p l ement to the Env i ron­
menta l Impa c t  S ta temen t ( Pages EI S - 1  to 6 )  an d on the Dr a f t  
Regu la tory Ana l y s is ( Pages RA- 1 t o  RA- 8 ) . Fo l l owing t he s e  comments 
a re add i t io n a l  comments on t h e  Preamb l e  to the proposed ru l e ,  many 
o f  which r e l a t e  to more than one S e c t i o n  o f  the p ropos e d  ru l e .  

S e c t ion 4 56 . 1 0 5  

I n  the de f i n i t i o n  fo r r e s i d en t i a l  b u i l d i ng t h e  t er m  c e n t r a l  ( hea t ­
ing o r  coo l i n g )  s y s tem i s  u s e d  w i thou t having a d e f in i t ion for 
c e n t ra l .  A d e f i n i t i on is required to avo i d  confus i on regarding 
wha t is meant by the term cen tra l s y s t em .  Some p e o p l e  f e e l  tha t 
the . type of a i r  cond i t ioning equipmen t ordinar i l y  us e d  in a s ing l e  
fam i ly hous e t o  c ondi t i on a l l  rooms i s  a c en t ra l s y s tem .  I t  c an 
be cons i d e r ed as such to the ex t e n t  tha t i t  s e rves t h e  e n t i r e  
dwe l l i ng uni t w i t h a s in g l e  un i t .  However , i t  i s  p o s s i b l e  to u s e  
t h e  iden t i c a l  type o f  equ ipment f o r  each dwe l l ing u n i t  i n  a mul t i ­
fam i l y  bui l d ing , i n  which c a s e  there may b e  s om e  c o n fus ion , s i nc e  
some peo p l e  w i l l  cons ider tha t a c e n t r a l  s y s t em .  I n  o r d e r  to 
avo id confu s i on a c en tr a l  sys tem s h ou ld b e  d e f i n e d  a s  a h e a t ing 
o r  c o o l ing s y s t em that s erves more than one dwe l l ing u n i t .  

S e c t ion 4 �6 . 3 20 

The o p t ion propos ed by DOE is b eyond n o t  on l y  t h e  l eg i s l a t i ve in­
tent o f  Congr ess , bu t a l s o  beyon d  t h e  Law . The Law and l e g i s l a­
t i ve h i s t o ry are c l ear in tha t Cong r e s s  i n tends that mu l t i f am i l y  
bu i l d i ng s c on ta in ing 5 o r  more dwe l l i ng un i t s  wh i ch a r e  e i t h e r  
c e n t ra l l y hea ted or c e n tra l l y  c oo l e d  sha l l  b e  c o v e r e d  und e r  t h e  
CACS Program i n  T i t l e  V I I .  T h e  La w  a n d  l e g i s l a t i ve h i s tory are 
eq�a l l y c l e a r  i n  manda t i ng that mu l t i f am i l y  r e s i d e n t i a l  bu i l d ings 
conta ining 5 o r  more dwe l l i ng un i t s  n o t  having a c en t r a l  h e a t i n g  
o r  c en t ral c o o l i n g  sys tem , or bo t h , s h a l l  b e  i n c l u d ed in t h e  RCS 
P r ogram . 

· 
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S i nc e  e l i g i b l e  c u s tome rs are d e f ined as those who re c e i ve a fuel 1 1 1 : b i l l  from a c o v e r e d  u t i l i t y ,  it i s  c l ear t h a t  even though an e l i g - : :  
i b l e  cus tomer ma y o c c upy a n  apartment i n  a bu i l d i n g  having S o r  ' i : more cJwe l l i ng un i t s , the cus tome r  is o n l y  e l i g ib l e  for the RCS ! • 1 : 
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Summary 

DOCKET NO. CAS - RM- 80 - 1 2 5  
COMMENTS ON 

ENVIRONMENTAL IMPACT STATEMENT 
DRAFT SUPPLEMENT 
DOE/ EI S - 0 0 5 0 - DS 
DECEMBER 1980 

2 1 9 - • • 7 - s a a a  

Page S - 2  indica tes tha t the CACS Program involves " th e  provis ion 
of low-co s t  energy aud i t s  . .  " Reference to Pub l i c  Law 9 6 - 294 
does not indic a t e  any requirement tha t the energy audi ts b e  low­
cos t .  

On page S - 3  i t  i s  ind icated tha t DOE proposes tha t individually 
heated and coo l ing mu l t ifamily dwe l l ings be o ffered the op tion 
of being e i ther under RCS o r  CACS . Reference t o  S e c t ion 7 1 0 ( b )  
( 3 )  o f  Pub l i c  Law 9 6 - 294 indicates tha t the mu l t i f am i l y  dwe l l ings 
covered by CACS are only tho s e  having cen tral h e a t ing o r  central 
cool ing , no t individua l ly heat ing and coo l ing sys tems . Therefore 
the opt ion propo s ed by DOE is in v i o l a tion of the Law . 

On page S - 5  it is indicated tha t wood burning devic e s  have not 
been included as a measure under the CACS Program. Reference to 
Sec tion 7 10 ( b ) ( 5 ) (J) of Pub l ic Law 9 6 - 294 ind i c a t e s  tha t  a solar 
energy sys tem is defined in Sec t io n  504 ( 8 )  of Pub l ic Law 9 6 - 294 
which say� that a solar energy s y s t em  means " energy produced by a 
wood burning appl ianc e" .  Therefore the exc lus ion of wood burning 
devices by DOE is in v i o l a t ion of the Law . Re ference to 458 . 403 
( b ) ( 2 ) (xvii ) ( F) of the propos e d  rul e  indicates tha t wood burning 
devices mus t  be evalua ted in commercial energy aud i ts , thus con­
tradic ting and overr i d ing the s ta t ement on page S - 5 .  Therefore , 
i t  is impera t ive tha t the environmental impac t of wood burning 
devices be evaluated . 

Inclus ion of wood burning devices w i l l  have a drama t i c  and sub­
s t an tial envi ronmen t a l  impac t wh ich mu s t  b e  addr es s ed .  

These environmen tal impac t s  wi l l  b e  not only ·on amb i e n t  and in­
door air qual i ty ,  bu t a l s o  on the fire and safety as pec ts of 
thes e  devices and the associated l o s s  and persona l inj ury . For 
examp le , the mos t  recent renewa l form for my own homeowners ins­
urance policy asked i f  there i s  a wood burning s tove presen t .  
Certainly the re ason for this que s t ion was no t s o  tha t I cou l d  
g e t  a reduc t ion in m y  exposure or premium . 

On page S - 6  i t  is ind i c a t ed that DOE e s t imates tha t one - h a l f  of 
one per cent of the e l i g i b l e  bui ldings wi l l  be retro f i t ted e ach 

EIS - 1  

" l ow c o s t "  h a s  b e e n  d e l e t e d .  

I n d i v i d u K l l y  h e a t e d  a n d  c o o l e d  mul t i f a m i l y  d w e l l i n g s  a r e  c o v e r e d  
b y  RC S .  C e n t r a l l y  h e a t ed a n d  c o o l e d  mu l t i f am i l y  d w e l l i n g s  ( f iv e  
o r  m o r e  un i t s )  a r e  c o v e r e d  b y  C AC S .  

Th i s  o p t i o n  w a s  d e l e t e d  i n  t h e  f i n a l  ru l e . S e c t i o n  5 0 4 ( 8 )  i n c l ud e s  
wood s t ov e s  i n  t h e  C A C S P r o g r a m  o n l y  i f  t h e y  a r e  " in c o n f o rm i t y 
w i t h  , , ,  c r i t e r i a  and s t a n d a r d s  . • .  p r e s c r i b e d  b y  t h e  b o a r d . "  A t  

t h i s  t im e  , t h e  b o a r d  o f  d i r e c t o r s  o f  t h e  S o l a r  B a n k  h a s  n o t  i s s u e d  

c r i t e r i a a n d  s t and a r d s  f o r  w o o d  s t o v e s . Th e r e f o r e ,  t h e y  a r e  n o t  i n ­

c l u d e d  i n  t h e  C A C S  P r o g r a m .  T h e y  a r e  a d d r e s s e d  g e n e r a l ly , h o w ev e r , 

und e r  c ombus t j o n  p r o d u c t s  ( s e e  S e c t i o n  4 . 2 . l  subh e ad i n g  C o mb u s t i o n  

P r o d u c t s . 

S e e  a b o v e  c ommen t .  
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year between 1 9 8 2  and 1990 . Such an assump tion i s  total ly w i thout 
mer i t  and does no t re fl�c t the high degree of ac tivity in the mar ­
ketp lace for energy improvemen ts in covered b u i ld ings . DOE has 
obviously fai l ed to cons ider the sub s tan t i a l  economic mo tiva t ion 
that building owners have due to the price of energy alone and the 
subs tantial adver t i s ing and marketing programs of con tr-actors and 
manufacturers . I t  is l ikely that the penetration and suc c e s s  rate 
for free enterpri s e ,  profi tmaking bus ine s s  � s  going to b e  f ar 
greater than i t  is with uti l it i es , especi a l l y  in view o f  the l im­
i ted pub l i c i ty and informat ion requirements imposed on u t i l i t i e s  
and the general pub l i c  d i s trus t of u t i l i t y  and Government p rograms . 

No t considered in the Environmental Impact S t atemen t is the in­
creased l ikel ihood of the incidenc e s  of acciden t a l  hypo thermia , 
which can be brought about by the us e of p ro gr am  measure s  such as 
automatic energy con tro l s y s tems , load management devices and 
c l ock thermos tat s . The s e  devic e s  are l ikely to resu l t  in lowe r 
space tempera tures b e ing main taine d ,  espec i a l l y  in mu l t i f am i l y  
s enior citizens hous ing , with t h e  resu l t. that tho s e  persons sub­
j ec t  to hypo thermia may suffer an incr eased inc idence . 

On page S-8 i t  i s  ind i cated tha t the RCS Program iden t i f i ed five 
areas of poten t i a l ly advers e  on- s i te heal th and safety impac t s , 
yet no discuss ion is included on how they are to be mi t ig a t e d . In 
the RCS Program there are ins t a l l a tion and material s tandards a s  
we ll as inspe c tions requ ired , y e t  there a r e  no such provis ions in 
CACS , nor are any such provis ions propos ed in CACS . Therefo r e , 
i t  is qui t e  l ike ly tha t there wi l l  be advers e  hea l th and s a f e ty 
impacts under CACS for : 

Wa l l  Insu l a tion 
Flue Opening Modifica tions 
Elec tric and Mechan ical Ign i t ion Sys tems 
Sma l l  Wind Energy Convers ion Sys tems 

In Table S - 1  on page S - 9  it is indicated that the likely adopt ion 
rate for automa t i c  energy con tro l  s y s t ems and equipment in commer­
cial buildings i s  moderately low . Such an as sump tion is unwar ­
ranted , espec i a l l y  in view of the fact that the vas t maj or i ty o f  
commercial bui ld ings are n o t  occup ied around t h e  c lock and would 
thus benefit the mos t from automa tic energy contro l sys tems and 
equipment . 

The conc lusion tha t furnace modifica tions wi l l  have neg l ig i b l e  
on- s i te impact in Tab l e  S - l  o n  page S - 10 i s  cha l l enged , e s p e c ­
ially i n  view o f  t h e  f a c t  tha t n o  ins talla tion s tandards , mater ­
i a l  s tandards or insp e c tion wi l l  b e  provided. I f  indeed the 
impac t of furna c e  mod i fications wi thout s tandards o r  ins pec t ion 
is neg ligib l e ,  why then are s tandards and ins p e c t ion required in 
the RCS Program? 

The discuss ion on pages S- 1 2  and S - 13 indicates that there are 
many unknowns a s s o c i a t ed w i th indoor a ir p o l l u t ion and that sub-

· s tantial res earch i s  s t i l l  required . Ye t ,  the propos ed ru l emaking 
p roceeds as if a l l  the que s t ions were answe red and a l l  the r e -

DOE c o n s i d e r e d  t r e n d s  i n  t b e  i n s t a l l a t i o n  o f  C A C S - l i k e  m e a s u r e s  
i n  m u l t i f a m i l y  r e s i d e n t i a l a n d  s m a l l  c o m m e r c i a l  b u i l d i n g 1 , o t h e r  
p r o g r am 1 , i n c e n t i v e s , a n d  d i s i n c e n t i v e s  t o  i n v e s t m e n t  i n  e n e r g y  
c on s e r va t io n , a n d  t h e  a v a i l a b i l i t y o f  i n f o r ma t i o n ,  m a t e r i a l • ,  
s e r v i c e s ,  e t c . ,  n e e d e d  t o  imp l em e n t a m e a s u r e ,  t o  a r r iv e  a t  t h e  
"n o - a c t i o n " a d o p t i on r a t e .  T h e  e s t i � a t e d  r a t e  w a 1  c o n s i s t e n t  w i th 
i n f o r ma t i o n  m a d e  a v a i l a b l e  f r o m  2 8  u t i l i t i e 1  a n d  s t a t e  e n e r gy 
o f f i c e s  as p a r t  o f  t h e  C A C S  R e gu l a t o r y  I m p a c t  A n a l y s i s .  

T h e  l i ke l i h o o d  o f  h y p o t h e rm i a  r e s u l t i n g  f r o m  i n s t a l l a t io n  o f  a u t o ­
ma t i c  e n e r g y  c o n t r o l  s y s t em s  a n d  l o a d  m a n a g e m e n t  d e v i c e s  l s  e x ­
t r eme l y  i m p r o b ab l e . 

D O E  d o e 1  n o t  b e l i ev e  t h a t  w a l l  i n s u l a t i on v i l l  b e  an i s s u e  o f  
c o n c e r n  b e c a u s e  m o s t  CAC S - c o v e r e d  b u i l d i n g s  a r e  o f  a t y p e  t h a t  i e  
n o t  c o nd u c i v e  t o  r e t r o f i t  o p e r a t i o n s  a n d  t h e r e f o r e  t h e  i mp l em e n t a t i o n  
r a t e  w i l l  b e  l ow .  M e c ha n i c a l  i g n i t i o n  s y s t em s  a n d  v i nd e n e r g y  c o n ­
v e r s i o n  s y s t e m s  h a v e  b e e n  d e l e t e d  f r o m  t h e  l i s t  o f  C A C S  c o n s e r v a t io n  
m e a s u r e s  a n d  a r e  t h e r e f o r e  non- i s s ue s . D O E  d o e s  no t f e e l  t h a t l a ck 
o f  i n s p e c t i o n s  of  v e n t  d am p e r s  a n d  i n t e r m i t t e n t  i g n i t i o n  d ev i c e s  
w i l l  s i g n i f i c a n t l y  i n c r e a s e  a dv e r s e  h e a l t h  o r  s a f e t y  i mp a c t 1 .  

We c o n c u r  a n d  h a v e  c h a n g e d  t h e  t ab l e  a c c o r d l n g l � .  

N o  a r r a n g e me n t •  f o r  p u r c h a s e , f i n a n c i n g , e t c . i s  p r o v i d ed i n  t h e  
C A C S  P r o g r am s o  s t a nd a r d s  a r e  b e l i e v e d  u n n e c e s s a r y . A l s o. i n s t a l l a t i o n . 
s t a n d a r d s , m a t e r i a l s  s t a n d a r d s ,  a n d  p o s t  i n s t a l l a t i o n  i n s p e c t i o n •  
h a v e  b e e n  r e mo v e d  f r om t h e  R C S  P r o g r a m  b e c a u s e  i t  w a 1  c o n c l ud e d  
t h a t  t h e y  w e r e  u n n e c e s s a r y .  T h e  s a m e  i s  t r u e  f o r  C A C S . 
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search were done and it was concluded tha t there ar e no adver se 
environmental impac ts . If indeed that is the cas e , then it i s  
useles s t o  do the r e s e a�ch and answer t h e  ques tion s . Un t i l  such 
time as the answers are known wi th s ome cer tainty , any rulemaking 
by DOE which knowing l y  has an advers e  imp a c t  on indoor air qua l i ty 
should be suspended or termina ted. 

On page S - 13 DOE examines only the adverse hea l th and safety im­
pacts r e l a ted to insulation when not proper ly manufactured , in­
s ta l led and u t i l i z ed . There are numerous o ther po t e n t i a l  adver s e  
safety and h e a l th impac ts a s s o c iated w i th t h e  improper ins tal l a­
tion and u t i l i z a tion of the o ther CACS Program measures , especial ly 
in view of the fac t  that there are no ma ter ial and ins tal lation 
standards and no inspec tion provid ed . 

On page S - 1 4  it is indicated tha t  the CACS Progr am should reduce 
the incidence of he a l th and saf e ty impac ts from heating sys tems , 
yet there are no requirements in the CACS Program for examining 
the heal th and safe ty r e l a ted features of hea ting s y s tems . On l y  
t h e  energy rel ated features a r e  of concern i n  �CS . 

On page S - 1 4  it should be noted cha t  there are no ASHRAE S tandards 
concerned w i th overheat ing of furnace combus t ion chamber s . 

Also on· page S - 1 4  it should be no ted tha t  the�e are no ASHRAE 
S tandard s for vent damper s . 

On page S - 1 5  no con s iderat ion is g iven to noxious or corros ive 
fluid l eakage from l i quid type so lar s y s tems or the accumulat ion 
of s tagnant water , dir t ,  mo ld and m i l dew in air type so lar s y s t ems 
and the consequen t i a l  impac t on heal th and s af e ty . 

Moreover , there ar e no requirements to pro te c t  bui l d ing occupants 
from s tructura l fai lure , co l l ec tor glass b reakage and g l are from 
solar co l l ec tor s . There ar e no s tandards requiring "careful" 
loca tion and ins tal l a t ion of c o l l ec tors . There are no s afety 
s tandards for the ins t a l l a tion of the s e  devices tha t wi l l  preven t 
injuries during the ins t a l l a tion or maintenance of s o lar s y s t ems . 

On page S - 1 5  there are no material or ins ta l l a t ion s t andards for 
.,ind energy s y s tems in connection .wi th the CACS Program , so there 
i s  no way of m i t iga ting the adverse impac ts mentioned . 

Moreover ,  no cons iderat ion is g iven to the poten t i a l  adve rse im­
pac ts by virtue of radio and t e l evis ion inter feren c e  chat resu l t s  
from the opera tion of wind energy s y s tems , as we l l  as cons idera­
tion of th e adve r s e  as the c i c  imp a c t  of thes e devic e s . 

On page S - 1 7  a r e l a ted Government Program no t men tioned is the 
Energy Ex t ens ion Service which provides s im i l a r  s ervices co mul ­
tifamily dwe l l ings and sma l l  cormne r c i a l bui l dings n a t ionwide . 

On page S - 2 1  i t  is indicated tha t the Law " r e fers to owners and 
tenan t s  of commerc i a l  bu i l dings in e s tab l i shing e l i g i b i l i t y  for 

D o e  f e e l s  t h a t  t h e r e  e x i s t s  a r .... s on a b l e  l a r g e  b o d y  o f  s c i e n t i f i c  
d a t a  wh i c h d e s c r i b e s  t h e  m o s t  i m p o r t a n t  f a c t o r s  c o n t r i b u t i n g  t o  
i n d o o r  a i r  q ua l i t y .  Wh i l e  t h e r e  i s  a n e e d  f o r  f u r t h e r  w o r k  i n  t h i a  
a r e a , t h e r e  i s  s u f f i c i e n t  i n f o r oa t i o n  t o  a l l o w  i mp l e m e n t a t i o n  o f  
b u i l d i n g  e n e r g y  c o n s e rv a t i o n  p r o g r am s . T o  f a i l  t o  d o  s o  i s  t o  
f o r e g o a s ub s t a n t i a l  o p p o r t u n i t y  t o  r e d u c e  t h e  r a t e  o f  c o n s um p t i on o f  
s c a r c e  f o s s i l  f u e l •  ( s e e  S e c t i o n  4 . 2 . 1  f oT s e l e c t e d  s umma r i e s  a n d  
A p p e n d i x  B ) . 

A l l  o f  t h e  f o r e g o i n g  � e a s u r e s  h a v e  b e e n  s u f f i c i e n t l y  d e s c r i b e d  
w i t h  r e s p e c t  t o  t h e i r  h e a l t h  a n d  s a f e t y i m p a c t &  i n  S e c t i on 3 . 2 . 2 . 1  
o f  t h e  R C S  E I S  ( D OE / E I S - 0 0 5 0 ,  N o vemb e r  1 9 7 9 ) . 

D O E  b e l i e v e s  t h a t  t h e r e  m a y  b e  i n s t a n c e s  w h e r e  k n ow l e d g e a b l e  i n­
d i v i d u a l s  wh i l e  m a k i n g  a C A C S  a u d i t  m a y  n o t i c e  a n d  h e l p  c o r r e c t  
h a z a r d o u s  s i t u a t i o n s . Th i s  m a y  o c c u r  r e g a r d l e s s  o f  t h e  p u r p o s e  
o f  t h e  v i s i t  o f  t h e  k n ow l e d g e ab l e i n d i v i d ua l ( & ) . 

N o  c omme n t . 

N o  c omme n t .  

H e a l t h  a n d  s a f e t y i s s u e &  ( i n c l u d i n g  n o x i o u s  f l u i d s )  p e r t i n e n t  t o  
a o l a r  h o t  w a t e r  h e a t e r s  a r e  d e s c r i b e d  i n  S e c t i on 4 . 2 . 3 . 

Ac t i v e  s o l a r ' s y s t ems a r e  n o t  i n c l ud e d i n  CAC S . 

W i n d  e n e r g y  c o n v e r s i o n  s y s t e ma a r e  n o t  i n c l ud e d  i n  C A C S  • 

W i n d  e n e r g y  c o n v e r s i o n s y s t e m s  a r e  n o t  i n c l u d e d  i n  CAC S . 
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the CACS Program" . Nowhere in the Law is anything men tioned about 
owners and tenan ts . S e c t ion 7 1 0 (b) ( 2 )  of th e Law de fines "commer­
cial building" by the d a t e  of comp l e tion , its us e ,  exclus ions , and 
energy consump t ion . Nothing at al l is s a i d  abou t individual ten­
ants or individual s tor e s  or individual me ters . 

The intent of the energy use l imits is qui t e  c l ear in the Law . 
Nothing is s a id about whether the e l e c t r ic i ty u s ed should be for 
l ighting or for space cond i t i oning or for any other specific pur­
pos e .  The Law s ay s  4 , 00 0  k i lowa t t  hour s of e le c tr i c i t y .  

Ther efore , i f  a s tr ip shopp ing c enter ( inc lud ing a l l  o f  the space 
contained by a l l  o f  the wa l l s  and roof) u s e s  less than 4 , 000 k i l o ­
watt hours o f--e!ec tric i ty o r  1 , 000 therms o f  n a tural g a s  or the 
Btu equivalent thereof of any o ther fue l i s  a covered bui lding , 
provided i t  me e t s  the o ther requiremen ts o f. the defini tion of a 
commercial build ing in the Law . 

On page S - 23 i t  indicate s tha t DOE permi t s  the S tates to inc lude 
RCS S ervices in the State Plan for the CACS Program , ye t nowhere 
in Pub l ic Law 9 6 - 2 94 i s  this author ized or permi t t e d .  Therefor e ,  
by DOE giving this p ermi s s ion to the States , they are in vio l a t ion 
of the Law . 

On page S - 2 5  time of transfer s tandards are men tioned as an a l t e r ­
native c o  CACS . There i s  n o  l eg al author i z a t ion f o r  such s tand­
ards . Therefore they should no t even be cons idered . 

Chapter l - Introdu c t ion 

No Comments 

Chapter 2 - An Analys i s  of Al ternatives 

Beg inning on page 2-2 where the No Ac tion a l terna t ive is discus s e d  
there is n o  backup or suppor t f o r  t h e  assump tions made about the 
race of program g o a l  achi evement wi thout the CACS Program . 

No informa tion is g iven regard ing the assump tions made when us ing 
the Oak Ridge National Laboratory res iden t i a l  and commercial d e ­

mand mode l s . Tho s e  mode l s  are not r e ferenced , nor are they ava i l ­
able t o  the pub l ic i n  pub l ished form as th ey were u s e d  i n  th is 
evaluation , in violat ion o f  the Adminis trat ive Proc edures Ac t .  

In genera l , the a l ternatives considered a s  shown in Tab l e  2 - 1  on 
page 2 - 5  are no t a l lowed under the Law , so that comp arisons are 
meaning l e s s . 

Chapter 3 - Des c r iption of the Affec t ed Environment 

In 3 . 2 . 2  reference is made to three pub l ic a t ions on air change 
r a tes imp ly ing tha t they app l y  to o f f i c e  bui ldings and thus to a l l  
commercia l bu ilding s . Such is no t the cas e .  The three references 
c i ted deal wi th e l e c tr ica l l y  heated hous es , low income hous ing , 

DOE c o n c u r s  t h a t  t h e  l aw r e f e r s  t o  b u i l d i n g s . 

DOE a g r e e s . 

T h e  e n e r gy e l i g a b i l i t y r e q u i r emen t i s  t h a t  t h e  a v e r a g e  mon t h l y  
u s e  mus t b e  l e s s  t h an 4 0 0 0  kWh a n d  1 0 0 0  t h e rm s  o f  n a t ur a l  g a s  
( o r  B t u  e q u i v a l e n t  o f  o t h e r  f u el'):" A d i s c u s s i o n  o f  a l t e r n a t i v e  
i n t e r p r e t a t i o n s  o f  t h e  4 0 0 0  k W h  a n d / o r  1 0 0 0  t h e r m s  i s  p r o v i d e d  
i n  S e c t i o n  2 . 1 . 1 .  

P ub l i c  Law 9 6 - 2 9 4  d o e s  n o t  f o r b i d  s t a t e s  f r o m  u s i n g  t h e i r  own 
a u t ho r i t y to e s t a b l i s h  c o n s e rv a t i o n  p r o g r a m s  m o r e e x t e n s i v e  
t h s n  C A C S . 

T h i s  i s  i n d i c a t e d  a s  o n e  a l t e rn a t i v e  t o  t h e  C A C S  P r o g r a m  f o r  
a c h i e v i n g  t h e  e n e r g y  s a v i n g  g o a l s  o f  t h e  C A C S  P r o gr a m  wh i c h  
c o u l d  b e  c r e a t e d  b y  a d i f f e r e n t  s t a t u t e . 

S e e  r e s p o n s e  t o  f i r s t c omm e n t  O"ll p a g e  2 .  

T h e  O R N L  r e p o r t s  h a v e  b e e n a d d e d  t o  t h e  l i s t  o f  r e f e r e n c e s  ( s e e  
S e c t i o n  2 . 2 . 1 ) .  

T h e  a l t e r n a t i v e  s e c t i o n  h a s  b e e n  e x t e n s i v e l y  rewr i t t e n  s o  t h a t  
p r o g r am o p t i o n s  a r e  c om p a t a b l e  w i t h  t h e  l aw .  

DOE a g r e e s  t h a t t h e r e  i s  no c o n c l u s i v e  d a t a  in t h e  c omme r c i a l  
s e c t o r t o  e s t ab l i s h  an a i r  c h a n g e  r a t e .  Howe v e r , m u c h  o f  t h e  
ava i l a b l e  d a t a  h a s  b e e n  r e v i ew e d  a n d  s umma r i z e d  i n  t h i s  E I S - F S  
( T ab l e s  8 - 2 , B - 3 ,  B - 4 , a n d  B- 5 ) . D O E  f e e l s  t h a t  t h e  t y p i c a l  b u i l d i n g s  
e l i g i b l e  f o r  c o n s e r v a t i on m e a s u r e s  un d e r  t h i s  p r o g r a m  w i l l  h a v e  
a i r  e x c h a n g e  r a t e s  t h a t  r a n g e  f r om 0 . 5  t o  1 . 5  a i r  c h a n g e s  p e r  h o u r . 
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and unkn�wn bu i ld ings (becau s e  the 19 7 7  r e f e r ence i s  not pub l i c ly 
;.va i l ab l e} . 

In 3 . 2 . 2  r e ference is made to ASHRAE Ven t i l a t ion S tand a r d s . Wh i l e  
no s p ec i fic surveys have been mad e to d e t ermine the e x t en t t o  wh ich 
ASHRAE recoc::iended Ven t i l a t ion S t andards have b een i mp l emen ted , 
there is no evidence t h a t  suppor ts a ny c o n c l u s ion tha t " the ir u s e  is 
a t  all widespr e a d .  

An y  conclus ion tha t t h e  e x i s t ing s to ck o f  cor.:mer c i a l  bu i l d ings con - T ab l e  l-l has been d e l e t e d . 
for�s wi th th e r equ i r e me n t s  shown in Tab l e  3 -3 is pure ly s p e c u l a -
t ive . I n  a l l  l ik e l ihood a n y  s tu dy wou l d  d emons t r a t e  t h a t  the a c t-
ual ven t i la t ion r a t es in the s e  bui ld i ng s  and the ven t i l a t ion r a t es 
requ ired by the Code s  und e r  wh i c h  t h e s e  bui l d i ngs were b u i l t  a r e  
dram a t i cal ly l e s s  than thos e shown , a n d  in numerous ins t a n c e s  a r e  
zero . 

The BOCA Code and i ts ve n t i l a tion requi remen t s  are s imi l a r ly not T h e  BOCA c o d e  i s  c i t e d  a •  an e x a mp l e . 
appl icab l e  to l arge numbers of bu i l d i ng s , e s p ec i a l ly tho s e  covered 
by CACS . 

Cha n t er 4 - Env iroru:ie n t a l  Consequ e n c e s  & Mi t ig a t ing Me a s u r e s  

I n  4 . 2 . 1 . 4  t h e r e  ar e sub s t a n t i a l  energy imp a c t s  a s soc i a t ed wi th 
some of the m i t i ga t ing m e a s u r e s  wh i c h  wi l l  cause incr e a s e d  e nergy 
consump tion, con trary to the i n t e n t  of the CACS Progr am .  

Ins t a l l a tion o f  f i l �e r i ng dev i c e s  w i l l  r equ i r e  more fan e n e rgy con­
sump tion. U s ing mech a n i c a l  ven t i l a t ion s ys t ems wi l l  r equ i r e  add i t ­
ional hea t ing and/or c oo l i ng o f  the ven t i l a t ion a i r .  Pe riodic 
a ir ing of -bu i l dings w i l l  c aus e mor e  h e a t i n� and/or c oo l i ng to be 
requ ired . U s e  of ven t s  above g a s  s toves wi l l  cause mor e  ex f i l t r a ­
t ion from bui l d ings , wh ich wi l l  requ i r e  r e p l ac ing th a t  a i r  w i th 
ou tdoor a i r  wh i ch mus t be hea t ed and/or coo l ed . 

The Environmen t a l  Imp ac t S ta t eme n t  f a i l s  to con s i der the adve r s e  
environmen ta l ii:ipac t o f  c e r t a i n  CACS Program measures wh i c h  wi l l· 
inc r e a s e  energy consump ti on , r a th e r  than r educe i t .  By i n c l ud ing 
load management devi c e s  and energy s torage devi ces i n  t h e  d e f i n i ­
tion o f  autom a t i c  e n e r gy con t r o l  s y s t ems , i t  is l ik e l y  t h a t  h i g h � r  
energy con sump ti on wi l l  r e su l t .  The s e  d e v i c e s  a r e  typ i c a l l y  u s e d  
in connec t ion wi th o f f  p e ak e l e c t r i c  r e s i s tance h e a t i ng s y s t ems , 
and as such qua l i fy for lower cos t e l e c t r i c i ty on many u t i l i ty 
company tar i f f s . Wh e r e  a cho i c e  ex i s ts b e tween i ns t a l l ing a n  
e l e c t r i c  hea t p1J111p a n d  a n  o f f  p e ak e l e c t r i c  r e s i s tan c e  h e a t i ng 
s y s t em ,  the e l ig i b l e  c u s tooer wou l d  be e nc ou raged by t h e  CACS 
Program to s e l e c t  the o f f  p eak e l e c t r i c  r e s i s tanc e h e a t i ng s y s tem 
because the autooa t i c  ene rgy con t r o l s  a r e  a covered m e a s ur e . I f  
on p eak e l e c tr i c i ty c o s t s  oore than o f f  p eak e l ec tr i c i ty , t h e  u s e  
of o f f  p eak e l e c t r i c  r e s i s tanc e h ea t ing c an frequen t l y  end u p  
be ing lower i n  cos t than us ing a h e a t  pump , thus encou rag ing �ore 
use of e l e c t ric r e s i s tance hea t i ng ,  which in tu=n wi l l  r e su l t  in 
subs tan t i a l l y  higher consu�p t i on of e l ec t r i c i ty wi th i t s corr e s ­
ponding ly h i gh e r  sour ce energy con sur.:p t i on as we l l  as g r e a t er en­
vi ront:len c a l  impac t .  

We c o n c u T  t h a t  a p o r t i o n  o f  t h e  e n e r g y  s a v i ng s  w i l l  b e  o f f s e t  b y  
s o m e  m i t i g a t i o n  d e v i c e s , b u t  t h e r e  w i l l  b e  a n e t  s a v i n g •  o f  en e r g) 
f r o m  t h e  CACS P r o g r a m .  

I n s u f f i c i e n t  d a t a  e x i s t  o n  c h o i c e  o f  p r o g r a m me a s u r e s  a d o p t e d  
r e s u l t i n g  f r o m  CACS a ud i t &  t o  e s t i m a t e  t h e s e  t y p e s  o f  i � p a c t s .  
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Another program �easure �hich h a s  sub s tan t i a l  env ironmen t a l  impa c t s  
t h a t  h a s  no t b e en addre� s e d  a t  a l l  i s  t h e  i n c l u s ion o f  r e p l ac e<l.en t  
air cond i t ioning a s  a p rogram me a s u r e . Al l a ir cond i t ioners today 
use chlorofluo roca rbon r e f r i g e r a n t s  wh ich a re curren t l y  under a 
g r e a t  deal of c r i t i c i s m  by t h e  E i nvornmen t a l  Pro t e c t ion Agency , who 
are cons idering l imi t i ng the p r odu c ti on of ch loro f l uorocarbons i n  
order t o  m i t i g a t e  th e adver s e  env i ronclen t a l  a n d  h e a l th cons equenc es 
o f  ozone d e p l e tion. In order to ach i eve h igher e f f i c i ency , ne�er 
a ir condi tioners use more r e fr i g e r an t ,  thus aggr a v a t ing th i s  pro­
blem. 

Appendix D - I nven tory Me thodology 

'nle me thodo logy for d e termi n i ng the inventory for sma l l  com::ne r c i a l  
bu i l d ing s  i s  d e s cr ib ed i n  broad and g e n e r a l  t erms , wi th no s p e c i f i cs 
given . No pub l i shed r epor t s  a r e  r e ference d .  I t  i s  i n d i c a t e d  tha t  
a propri etary sour c e  was u s ed for c e r ta i n  informa t ion wi thout r e ­
ferring t o  wha t  t h a t source i s . The inava i l ab i l i t y  o f  t h i s  i n fo::ma· 
tion i s  a viol a t ion o f  the Adm i n i s t r a t ive Procedur e s  Ac t .  

'nlere fore , i t  i s  impo s s ib l e  t o  d e t e rmine the va l i d i t y  o f  t h e  m e thod­
ology u t i l ized . 

Aopendix E 

In E . 2 . 1 . 1 . 2  i t  i s  a � sUC1ed tha t  a l l sma l l  con:merc i a l  b u i l d ing� wi l l  
b e  c apab l e  o f  u t i l i z ing c e i l i ng i n s u l a t ion . Such an a s sump t ion i s  
not va l i d ,  s i nc e a sub s tan t i a l  f ra c t ion o f  sma l l  cormie r c i a l  bu i ld ­
ings have fl a t  roofs , frequen t ly w i thout any c e i l i n g s  a t  a l l ,  
therefore making i t  impos s ib l e  t o  i n s t a l l  the t y p e s  o f  insu l a tion 
a s suoed. 

S imilarly in E . 2 . 1 . 2 . 2 ,  few co;;:;n e r c i a l  bu i l d ings have wa l l s  that 
a l low the u s e  o f  t h e  type s  o f  i n s u l a t ion a s sumed . Th e r e fore the 
total ��oun t of i n s u l a t ion de t erm i n e d  is n o t  val i d . 

General 

'nlis Dr aft f a i l s  to cons ider the s cope and coverag e of bu i l d ings 
in tended by DOE in th e proposed ru l e . Th e Dr a f t  o n l y  c on s iders 
en t i re bu i l di ng s  and not the tenan t s  w i th in nu.�erous add i t i o n a l  
larger bui ldings a s  DO !  ind ic a tes on p a g e  4489 o f  the January 1 6 , 
1 9 8 1  Federal Re g i s t er in the d i s c u s s ion on " E l i g i b l e  Cus tomer" . 
'nl i s  wi l l  have the resu l t  of gre a t ly expand ing the number of 
e l ig ib l e  cus tome r s , t h e  area o f  bu i l d ings cove r e d ,  and the sub s e ­
quent environme n t a l  imp ac t .  

D O E  r e c o g n i z e s  t h a t  a i r  c on d i t i o n e r s  u s e  c h l o r o f l u o r o c a rb o n  
r e f r i g e r a n t s  a n d  t h a t  o z o n e  d e p l e t i o n  i s  a g l o b a l  e n v i r o n me n t a l  
p r ob l e m .  DOE f e e l s ,  h o w e v e r ,  t h a t  a d d i t i on a l  o z o n e  d e p l e t i o n  e f f e c t •  
a t t r i b u t ab l e  t o  t h e C A C S  P r o g r a m  w i l l  b e  i n s i g n i f i c an t .  N e w  a i r  
c on d i t i o n e r s  o n  t h e  a v e r a g e  s ho u l d  h a v e  l e s s  l e a k a g e  o f  c h l o ro ­
f l u o r oc a rb o n s  t h a n  o l d e r  u n i t s .  

T h e  m e t ho d o l o g y  f o r  d e t e r m i n i n g  t h e  n u mb e r  o f  s m a l l  c o mm e r c i a l  
b u i l d i n g s  c o v e r e d  by t h e  C A C S  P r o g r a m  i s  n o w  d e s c r i b e d  i n  S e c t i on 
3 . 1 . 2  a n d  a p p r o p r i a t e  r e f e r e n c e s  a r e  c i t e d .  A p p e n d i x  D h a s  b e e n  
d e l e t e d  i n  t h e  E I S - F S . 

DOE a g r e e s  t h a t  m o s t  s m a l l  c omme r c i a l  b u i l d i n g s  w i l l  n o t  i n s t a l l  
c e i l i n g  i ns u l a t i o n  a s  a C AC S  m e a s u r e , b e c a u s e  o f  t h e  r e a s o n s  c i t e d . 
A p p e n d i x  E h a s  b e e n  d e l e t e d .  

D O E  b e l i e v e s  t h a t  t h e  � a l l  i n s u l a t i o n  r e t r o f i t  r a t e  i n  s ma l l  
c o mm e r c i a l  b u i l d in g s  w i l l b e  v e r y  l ow .  A p p e n d i x  E h a s  b e e n  d e l e t e d .  

T h e  b u i l d i n g s  t h a t  a r e  c o v e r e d  i n  t h e  C A C S  P r o g r a m  a r e  d e f i n e d  i n  
t h e  r u l e  c h a n g e  ( Fe d .  Re g .  4 7 : 5 3 2 3 6 - 5 8 , N o v e mb e r  2 4 ,  1 9 8 2 ) . Th e 
b u i l d i n g s  in t h e  E I S - F S a r e  a s  d e s c r i b e d  in t h e  r u l e  c h a n g e . 
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LAW R E N C E  G .  S P I E LV O G E L , I N C . C O N S U LT I N G  E N G I N E E R S  
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November 2 2 , 1 9 8 2  

Office o f  Conservat ion and 
Renewable Energy 

Office of Hearings & Docke ts , CE- 6 5  
Mai l  S top 600 2 5 ,  Room 5F078 
Department of Energy 
1000 Independence Avenue , SW 
Washington, D . C .  20505 

At tention : CAS- R.�- 8 0 - 1 2 5  

Re : Commercial and Apartment Conserva t io n  S ervice Program 
Docket No . CAS - RM-80- 1 2 5  

Gentlemen : 
f:cJ , llOJ. ! T1.t1$l6 D,_� ,.Ji . �://• ';"�"'' '" f'�I �  �/a, iiL,.,; 

'!''"' t .coll/ le i'-/.� �-r.-; · ii � · 
_ ............ ___ _ 

. Fo l l owing please find my comment s  on the above�opos ed rul� 
. In the discu s s ion o f  the environment a l  impact s tatement i t  is incor­

rectly as s?Dled that the Consumer Produc t s  Safety Comm i s s ion has banned 
ureaformaldehyde foam insula t ion for a l l  bui l d ings covered b y  CACS . 
Rather , the Consumer Produc t s  Safety Comm i s s ion ban covers only s ome 
types of buildings such as housing and s choo l s ,  so that ureaforma l de­
hyde foam insulation can s ti l l  b e  used in mos t  types o f  c ommer c i a l  
bui l dings covered b y  CACS . In add i t ion , many exi s t ing bu i l d ings cov­
ered by CACS already have ureaforma ldehyde foam insu l a t io n ,  and to the 
ex tent that inf i l trat ion and/ or ven t i l a t ion are reduced in the s e  build­
ings , the potential environment a l  impa c t  can b e  increased . 

The discus s ion on environmen tal impac t goes on to talk about indoor 
a ir qua l i ty and fur ther ·accepts the 1 9 8 1  ASHRAE S t andards as val i d  
guidance .  I t  i s  presumed tha t t h e  ASHRAE S t andards re ferred t o  are 
those in ASHRAE S tandard 6 2 - 1 9 8 1  "Ven t i l a t ion For Acceptab l e  Indoor 
Air Quali ty" . It should b e  noted that this S t andard has no t b e en ac­
cepted as a na tional consensus S t andard . For the f ir s t  t ime in h i s ­
tor y ,  this ASHRAE S tandard w a s  rej ec t ed by the Amer kan National 
S tandards Ins t i tu t e  (AN S I )  w i t h in the l a s t s evera l  weeks . ASH RAE was 
offered the oppor tuni ty t o  appeal the di sapp�oval by ANSI and did not 
choo se to do so . Ther e for e ,  no r e l iance can be p laced on the ASHRAE 
Ven t ilation S tandar d s , e s p e c ia l l y  in a regulatory ma tter or even in 
the Preamb l e . 

In the Preamb l e  d i scus s ion covering comment s  on the draf t  CACS supple­
ment i t  i s  indicated tha t comments were made on the poten t ia l  hazards 
with ac t ive solar s y s tems . The Preamb l e  s tates incorrec t l y  that nei­
ther of these measures i s  covered under the CACS Progr am .  Re ference 
to Item VII in Appendix I o f  the proposed rul e  ind icates that a c t ive 
solar dome s tic hot water heat ing s y s tems are an app l icab l e  program 
measure under certain cond i t ions . Therefore it i s  e s sent ia l that the 
environmental impac t s ta t emenc address the poten t ia l  hazard from act­
ive solar sys tems . 

D O E  h a s  c o r r e c t e d  i t s  d i s c u s s i o n  o f  U F - f o am i n s u l a t l o n  to i n d i c a t e  
t h a t  t h e  m a t e r i a l  h a s  b e e n  b an n e d  b y  C P S C  f r om r e s i d e n t i a l  a p p l i c a ­
t i o n s  ( s e e  P r e f a c e ) . A l t h o u g h  i t  i s  s t i l l  p o s s i b l e  t o  i n s t a l l  � r ­
f o a m  i n s u l a t i o n  i n  c om m e r c i a l  b u i l d i n g s , D O E  b e l i e v e s  t h e s e  i n s t a l l a ­
t i o n s  v i l l  b e  s i g n i f i c a n t l y  r ed u c e d  a s  a r e s u l t  o f  t h e  r e s i d e n t i a l  
b a n ; a s ind i c a t e d  i n  t h e  t e x t , t h e  b a n  h a s  r e c e n t l y  b e e n n e g a t e d  b y  
t h e  c o u r t s .  ( S e e  S e c t i o n  4 . 2 . 1  s ub h e a d i n g  Ch a n g e s  i n  I n d o o r  E m i s s i o n s  
D u e  t o  t h e  P r o g r a m  f o r  d i s c u s s i o n . )  

A S H R A E  S t a n d a r d  6 2 - 1 9 8 1  h a s  b e e n  p ub l i s h e d  a n d  d i s t r i b u t e d  b y  
A S H R A E , a l t h o u g h  AN S I  h a s  n o t  y e t  f o r m a l l y a c c e p t e d t h e  s t a n d a r d  
b e c a u s e  o f  p r o c e d u r a l  d e l a y s . D O E  i s  u n a w a r e  o f  a n y  s ub s t a n t i v e  
t e c h n i c a l  i s s u e s  p r e v e n t i n g  s u c h  a c c e p t a n c e .  H o r e  i m p o r t a n t l y , 
howe v e r ,  D O E  h a s  n o t  u s e d  t h e  s t a n d a r d  f o r  r e g u l a t o r y  r e q u i r e m e n t s . 
Ra t h e r  i t  h a s  b e e n  u s e d  to c a l c u l a t e  t h e  a i r  e x c h a n g e  r a t e s  i n  
Ap p e n d i x  B ( s e e  T a b l e  B - 3 ) . 

S o l a r  h o t  w a t e r  h e a t e r  h a z a r d s  a r e  d l s c u s s e d  i n  S e c t i o n  4 . 2 . 3 . 
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@ 
San Diego Gas & Electric 

JanU3ry 3 1 ,  1983 

Mr. !".ark Fr ie<lr ichs 
Bu i ldings Secv iccs Division, CE-115 , 
Off i ce of Bu ildings E:nergy �esea rch 

and Oevelopncnt 
Consecvat ion and Renewable En�rgy 
Department of E.'1ergy - Rn. 5f078 
1000 Independence Avenue 
s.w. Wash ington, o. c. 20585 
[)?ar �lr. Friedrichs : 

Atten : C.?\S : lN-8-125 

Attached are our wr i tten ccr.ic.ents on tll'!! proposed r:e:-3ulat ions to 
i..rr-c>l«:.-:ient the O::lr.;:\erc ia l  and Apan::r.ent Conserva t ion Serv ice (CACS ) Progr:a:n. 

We appreciate hav ing tne OfPOrtun i ty to su� i t  our =.ents for your 
rev iew and request that our conr.err.s be g iven consicer3 tion <".S t.'1e Dc?lrbnent 
of E:nergy develops t.'1e rules reya r:d ing tl':e co.cs Pro;iram. 

Our C0<11pany is in the process of cbc1-...,ent ing the figures to sui;::iort 
our statements on the i.Jr.ple:-,entation of conservation m.!asures , an:'! wi 11 be 
forwarded W'lder separate oover. 

ln the future , please d i rect .any a:r.r..ents or ques t ions to :  

Lynn Trexel , Conservation Secvices, ( 619) 699-5�09 . 
Thank you. 

Sincerely, 

'\ _/I ,_.:...--1-:?· ....... .,/i.' Ill(. I c ll.u: (_ 
,,;:Jennife'r L. Mitchell 

' ' l'.anager, Conse cva t i on  S�:s�e.-:\5 [)?partnent 
JLo't: LJT :pc 

cc : James flcOd 
Cal i forn i a  Publ ic U t i l i t ies O::rmission 

Karen Gri f f in 
ca l i  fornia E:o<?1·gy Cc.r ission 
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"nle CACS Suople:ment to the RCS EIS 

"COE is not currently proposing to require aud i tors to provide info�atiai on 
indoor air quality. llc..·ever, OOE: spec i fically sol icits o:ur.:ents ai .. �ether, � 
if so, ho.I, such information should be provided to cus tcr..ers. • 

�· 'Ihis infori:iat ion need not be requ i red  s ince air qual ity will 
not be a f fected enough to notice or to crlversely ir.-.;:iact a i r  qual ity. 

B e c a u s e  DOE d o e a  n o t  b e l i e v e  t h a t  t h e  C A C S  P r o g r a m  v i l l  h a v e  a s i g n i f i c a n t  e n v i r o nme n t a l  i m pa c t ,  no r e q u i r e m e n t s  t o  a d d r e a s  i n d o o r  a i r  q u a l i t y h a v e  b e e n  i n c l ud e d  i n  t h e  C A C S  P r o g r a m . H o � e v e r , s t a t e s  a n d  u t i l i t i e s  w h o  b e l i e v e  t h e r e  i s  a p o t e n t i a l  f o r  i n d � o r  a i r  q u a l i t y  p r o b l e � s  a r e e n c � u r a g e d  t o  a d d r e s s  t h e  i s s ue .  D O E  h a s  p u b l i s h e d  " f i n d  a n d  f i x t h e  l e a k s  - - A G u i d e  t o  A i r  I n f i l t r a t i o n  R e d u c t i on a n d  I n d o o r  A i r  Q u a l i t y  C o n t r o l "  ( � a y  1 9 8 1 ,  D O E I C E - 0 0 0 6 )  a n d  v i l l  m a k e  i t  a va i l a b l e  i n  t h e  C A C S  P r o g r a m  f o r  t h o s e  who v i s h  t o  u s e  i t .  

n 
I N N 



APPEND I X  D 

D I STR I BUTION L I ST 

FOR THE E I S- FS 





APPE ND I X  D 

D I STR I BUTION L I ST FOR THE E I S- F S  

Bel ow i s  a l i st o f  agenc i es ,  organ i zat i ons and persons t o  whom 

copi es of the E I S- FS have been sent.  

Ameri can Gas Associ at i on 

American Publ i c  Power Associ at i on 

. Col orado Spri ngs Department of P ubl i c  Uti l i t i es 

Counc i l  on Envi ronmental Qual i ty 

Edi son E l ectri c I nst i tute 

Envi ronmental Protecti on Agency 

Lawrence G .  Spiel vogel , I nc .  

Loui s i ana Power and L i ght 

San D i ego Gas and E l ectri c 

S utherl and , Asbi l l  and Brennan 
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