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INTRODUCTION 

This r epor t  is t h e  r e s u l t  of an eleven-week systems design pro jec t ,  
sponsored j o i n t l y  by t h e  National Aeronautics and Space Administration 
and the  American Society of Engineering Education, The i n i t i a l l y  s t a t e d  
ob jec t ive  of t h i s  study w a s  t o  design a n  e f f e c t i v e  a i r  q u a l i t y  monitor- 
ing s y s t e m  f o r  t h e  San Francisco Bay Area. The p a r t i c i p a n t s  i n  the 
p ro jec t ,  which was held a t  Stanford Universi ty  dur ing  t h e  summer of 
1970, were t w e n t y  f a c u l t y  members, from various schools and u n i v e r s i t i e s  
across  the  country, most of whom had not been previously involved i n  any  
a i r  po l lu t ion  s t u d i e s .  

A f t e r  a week and a half  of in t roduct ion  t o  t h e  a i r  po l lu t ion  prob- 
l e m ,  h ighl ighted  by l e c t u r e s  by var ious exper t s  i n  t he  business--members 
of na t iona l ,  S t a t e ,  and local c o n t r o l  agencies and some researchers i n  
t he  f i e ld - - the  group spent  three weeks i n  ga ther ing  information and 
developing i n t e r e s t i n g  top ic s  without a t tempting t o  consol ida te  the 
r e s u l t s  i n t o  a cohesive whole. Some of t h e  areas s tudied i n  t h i s  phase 
w e r e  : 

(a) t h e  Bay Area A i r  Po l lu t ion  Control D i s t r i c t  (BAAED) ,  i t s  
adminis t ra t ion ,  and i ts  operat ions.  

(b)  the cu r ren t  s t a t u s  of t h e  ambient a i r  q u a l i t y  monitoring 
s y s t e m  and the a i r  p o l l u t a n t  source su rve i l l ance  system 
i n  t h e  Bay A r e a .  

( c )  t h e  r o l e  of modeling i n  the a i r  po l lu t ion  problem. 

(d)  a survey of c u r r e n t l y  e x i s t i n g  models, t h e i r  usefu lness  
and l imi t a t ions ,  and areas where they might be f u r t h e r  
developed. 

(e) the role of the automobile as a po l lu t an t  emitter, now 
and i n  coming years. 

( f )  p o t e n t i a l  sources of funding f o r  more comprehensive mon- 
i t o r i n g  and con t ro l  programs. 

The next three weeks w e r e  devoted t o  converging upon so lu t ions .  
The o u t l i n e  of the f i n a l  r epor t  w a s  developed e a r l y  i n  t h i s  phase and 
r e s p o n s i b i l i t y  f o r  developing var ious sec t ions  of t h e  r epor t  w a s  assigned 
t o  t h e  ind iv idua l  members of the  p ro jec t .  The presenta t ion  of a n  i n t e r i m  
p ro jec t  r epor t  t o  a meeting of t h e  Board of Di rec tors  of t h e  BAAPCD proved 
t o  be a s t imu la t ing  and b e n e f i c i a l  f e a t u r e  of t h i s  phase, since it served 
t o  po in t  out  some of t h e  weaknesses i n  t h e  s tudy.  The f i n a l  t h r e e  weeks 
of t h e  p ro jec t  w e r e  spent i n  f u r t h e r  development of the sub jec t s  covered 
i n  t h e  repor t ,  i n  providing the  necessary cohesiveness,  and i n  producing 
a summary r epor t  f o r  B A A E D .  The hea r t  of t h i s  s m a r y  repor t  w a s  a 
series of s p e c i f i c  recommendations, a l l  a l s o  contained i n  t h i s  f i n a l  
p r o j e c t  repor t ,  of means by which the a i r  po l lu t ion  con t ro l  program could 
be made more e f f e c t i v e .  
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I n  developing a n  o u t l i n e  f o r  t he  f i n a l  repor t ,  the  p r o j e c t  p a r t i c -  
i pan t s  decided t h a t  t h e  r epor t  should attempt t o  a n s w e r  t h e  fol lowing 
ques t ions .  

1. What is t h e  a i r  po l lu t ion  problem i n  the Bay A r e a ?  What are 
the  important p o l l u t a n t s  and t h e i r  sources? Is t h e  concept 
of "air  q u a l i t y "  w e l l  defined? 
t o  d e f i n i t i v e l y  show t h a t  a i r  q u a l i t y  is g e t t i n g  b e t t e r  or 
worse i n  t he  Bay A r e a ?  

A r e  s u f f i c i e n t  d a t a  ava i l ab le  

2. What da t a  should a good ambient a i r  monitoring and source sur-  
v e i l l a n c e  sys t em provide.  Is the  cu r ren t  Bay A r e a  s y s t e m  pro- 
v id ing  t h i s  information? What improvements should be made t o  
t h e  present  system? 

3. What s p e c i f i c  changes and/or addi t ions  could be made t o  the 
B A A X D  program and t h e  programs of o ther  local, S t a t e ,  and 
Federal  agencies  i n  the immediate and n e a r  f u t u r e  t o  make t h e m  
more e f f e c t i v e  i n  a l l e v i a t i n g  t h e  a i r  po l lu t ion  problem i n  t h e  
Bay A r e a ?  What o the r  al ternate and/or a d d i t i o n a l  s t r a t e g i e s  
should be considered i n  developing a long-range a i r  po l lu t ion  
c o n t r o l  program? 

The f i r s t  two chapters  i n  t h i s  repor t  could serve  as a primer on 
the  a i r  p o l l u t i o n  problem i n  t h e  San Francisco Bay A r e a .  Chapter 1 
addresses  t h e  ques t ions  i n  group 1 above. I n  addi t ion ,  t he  r o l e s  of 
the var ious  Federal ,  S t a t e ,  and l o c a l  c o n t r o l  agencies  are discussed.  
The c o n t r o l  programs cu r ren t ly  i n  e f f e c t  i n  t he  Bay Area a r e  b r i e f l y  
descr ibed i n  Chapter 2 ,  along w i t h  p ro jec t ions  of how the  po l lu t ion  
problem may develop i n  t he  f u t u r e  i n  t h e  l i g h t  of t hese  programs. 

should be of p a r t i c u l a r  interest  t o  those readers  who are concerned 
with t h e  problems of a i r  qua l i t y  monitoring and po l lu t ion  source sur- 
ve i l l ance .  Chapter 3 ou t l ines  the  p ro jec t  p a r t i c i p a n t s '  view of what 
d a t a  a good monitoring and su rve i l l ance  system would produce and how 
the d a t a  could be used for such purposes as the p red ic t ion  and c o n t r o l  
of a i r  po l lu t ion  episodes,  more e f f e c t i v e  enforcement of po l lu t an t  
emission regula t ions ,  and t h e  t e s t i n g  of the v a l i d i t y  of var ious models 
which relate a i r  q u a l i t y  t o  po l lu t an t  emissions. I n  Chapter 4 t h e  pres-  
e n t l y  e x i s t i n g  monitoring and su rve i l l ance  system i n  the Bay A r e a  is  
descr ibed and i t s  shortcomings are pointed out.  This leads  t o  Chapter 
5, which descr ibes  both improved monitoring sys t ems  f o r  a i r  q u a l i t y  and 
source emissions and t h e  d a t a  handling and s t o r i n g  methods t h a t  should 
be used with them. The p red ic t ive  c a p a b i l i t y  of models, which c a n  use 
these  new da ta ,  and the  s t a t u s  of t h e i r  development are out l ined i n  
Chapter 6 .  

8 .  Recommendations of s p e c i f i c  s t e p s  which could be taken i n  the imme- 
d i a t e  and n e a r  f u t u r e  t o  improve t h e  p re sen t ly  e x i s t i n g  con t ro l  programs 
are t h e  sub jec t  of Chapter 7 .  Most of t hese  recommendations are d i r ec t ed  
toward t h e  W E C D ,  but o the r  l o c a l  and state agencies  are a l s o  considered. 

Chapters 3, 4, and 5, which a n s w e r  t he  quest ions of group 2 above, 

The ques t ions  of group 3 above are the  sub jec t s  of Chapters 7 and 
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Examples of t h e  areas covered by these short-term recommendations a r e  
increased publ ic  awareness and support  of t he  c o n t r o l  agencies,  more 
e f f i c i e n t  regula t ion  enforcement, and i n t e r n a l  adminis t ra t ive  changes. 
Chapter 8 is  concerned wi th  t h e  long-range s o l u t i o n  of the a i r  pol lu-  
t i o n  problem. Suggestions are made f o r  con t ro l  s t r a t e g i e s  which are 
not  concerned s o l e l y  with e m i s s i o n  r e s t r i c t i o n s  on po l lu t an t  sources.  
Among o the r  ideas ,  t hese  s t r a t e g i e s  involve a l t e r n a t e  means for pro- 
v id ing  necessary goods and se rv ices  t h e  production of which is  now 
accompanied by excessive po l lu t ion  emissions, reduction i n  demand for 
such goods and se rv ices ,  and t h e  inc lus ion  of po l lu t ion  cons idera t ions  
i n  reg iona l  planning and development. 

The more d e t a i l e d  t echn ica l  aspec ts  of t h e  study, such as tests 
of new monitoring and su rve i l l ance  instruments,  d i scuss ions  of t h e  
computer programs used during t h e  p ro jec t ,  and d e t a i l s  of sample c a l -  
c u l a t i o n s ,  are included i n  the  appendices. 

t he  San Francisco Bay A r e a  and most of t h e  suggest ions and recommenda- 
t i o n s  are pointed toward t h a t  problem, many of the  ideas  contained 
here in  should be r ead i ly  extendable t o  the a i r  po l lu t ion  problems i n  
o the r  a reas .  Thus i t  is expected t h a t  t h i s  repor t  w i l l  be of in te res t  
t o  a wider spectrum of readers  than those i n  t h e  Bay Area. 

Although t h i s  r epor t  is  focused on the  a i r  po l lu t ion  problem i n  
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Chapter 1 

THE PRESENT BAY A m  A I R  POLLUTION SITUATION 

1.1 Introduct ion 

What is  the. s i t u a t i o n  i n  the Bay Area? Is the a i r  bad? When and 
where is  a i r  po l lu t ion  t h e  worst? Is t he  a i r  becoming more pol lu ted  or 
less pol lu ted?  A r e  t h e  con t ro l  agencies 
doing t h e i r  jobs? These are quest ions which should be occuring t o  con- 
cerned c i t i z e n s  i n  the Bay Area. Avai lable  d a t a  seem t o  i n d i c a t e  t h a t  
t h e  leve l  of po l lu t an t s  i n  t he  a i r  could be hazardous t o  the h e a l t h  of 
c e r t a i n  segments of t he  population; po l lu t ion  is  worse i n  some areas 
than o thers ,  and t h e r e  are s t rong  seasonal  v a r i a t i o n s ;  t he  d i v e r s i t y  
of industry and t h e  geographic scale of t h e  Bay Area makes it d i f f i c u l t  
t o  i s o l a t e  major sources  of po l lu t ion  o the r  than the automobile. The 
exact  na ture  of t he  present  t h r e a t  t o  hea l th  has not been e s t ab l i shed .  
Pas t  act ivi t ies  of con t ro l  agencies have prevented much po l lu t ion  from 
en te r ing  t h e  air ,  bu t  continued growth of t h e  area has o f f s e t  t h i s  t o  
the po in t  t ha t  o n l y  a holding ac t ion ,  or a t  bes t  a s l i g h t  improvement 
has r e su l t ed .  In  o rder  t o  appreciably reduce a i r  pol lu t ion  it w i l l  be 
necessary for a t t i t u d i n a l  changes ( e x p l i c i t  goa l -se t t ing)  t o  take  place 
throughout the con t ro l  agencies. The conten ts  of t h i s  chap te r  w i l l  
e l abora t e  on these  s t a t e m e n t s .  

Who are t h e  major po l lu t e r s?  

When, a t  the request  of the study group, a p r i v a t e  c i t i z e n  tele- 
phoned t h e  Bay A r e a  A i r  Po l lu t ion  Control D i s t r i c t  (BAAPCD or "The 
D i s t r i c t " )  and asked "What can I do  about l o c a l  a i r  pol lut ion?",  i t  
w a s  suggested tha t  he become-edGcated i n  t h e  i n t r i c a c i e s  of the pollu- 
t i o n  problem, t h a t  he communicate h i s  concern t o  l e g i s l a t o r s  and o the r  
p e r t i n e n t  publ ic  o f f i c i a l s ,  and t h a t  he r epor t  any v i o l a t i o n s  of Dis t r ic t  
regulat ions--usual ly  smoke or odor. The c a l l e r  w a s  a l s o  mailed a copy 
of t h e  D i s t r i c t  I s  publ ic  information primer, which introduces some of 
the  t echn ica l  aspec ts  of t h e  problem and includes a se l ec t ed  set of 
s ta t is t ics .  The hard information contained i n  t h i s  booklet  i s  meager, 
however, and i n  some respec ts  misleading.* It does not provide the  
c i t i z e n  with a clear s ta tement  regarding the implicat ions of t h e  present  
po l lu t ion  l e v e l s  i n  t h e  Bay Area, nor does it attempt t o  explain why 
po l lu t ion  s t i l l  seems to be a problem even though the  l o c a l  D i s t r i c t  has 
been i n  operat ion s i n c e  1955. 

It is n o t  s u r p r i s i n g  tha t  publ ic  information re leased  by the  l o c a l  
D i s t r i c t  has been somewhat s i m p l i s t i c  i n  na ture  s ince  it is  a con t ro l  
agency, concerned pr imari ly  w i t h  t he  legal. and t echn ica l  aspec ts  of a i r  
po l lu t ion .  D i s t r i c t  people have f e l t ,  and probably r i g h t l y  so  i n  the 
past ,  that  the  average c i t izen  would not understand the  t echn ica l  d e t a i l s  
which would be required t o  support  a more comprehensive t reatment  of t he  
s u b j e c t .  However, education of the publ ic  is proceeding a t  a rapid rate, 
and a i r  po l lu t ion  is  not  s t r i c t l y  a t echn ica l  problem. Many s tudents  of 
the phenomenon are coming t o  be l ieve  t h a t  c o n t r o l  w i l l  u l t imate ly  be 

*Note added i n  f i n a l  e d i t i n g :  a new, expanded e d i t i o n  of t h i s  booklet  
is i n  prepara t ion .  
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achieved only through d r a s t i c  changes i n  a t t i t u d e s  and l i f e  s t y l e s .  If 
t h i s  i s  true, then t h e  t echn ica l  components of t h e  problem may be by f a r  
the easiest t o  so lve .  A s  t h e  number and sever i ty  of a i r  po l lu t ion  i n c i -  
den t s  increase  around the world, t h e  average c i t izen  is being introduced 
by newspaper and t e l e v i s i o n  t o  some of the  t echn ica l  i n t r i c a c i e s  of t he  
po l lu t ion  problem. Those l i v i n g  i n  major urban areas, p a r t i c u l a r l y  i n  
the  Eastern United S ta t e s ,  are being made pa in fu l ly  aware of t h e  f a c t  
that  t h e  e x i s t i n g  l e g a l  and p o l i t i c a l  apparatus  f o r  po l lu t ion  c o n t r o l  is 
inadequate f o r  dealing with t h e  acce le ra t ing  degradation of a i r  q u a l i t y  a 

The s o c i a l  and p o l i t i c a l  problems encountered i n  a t tempting t o  reach a 
concensus on what t o  do are monumental. 

I t  w a s  a general f e e l i n g  of t h e  p a r t i c i p a n t s  i n  t h i s  study group 
t h a t  a concerned and knowledgeable publ ic  is  a powerful resource which 
t h e  local Dis t r ic t  could use  t o  he lp  c o n t r o l  a i r  po l lu t ion .  The d iscus-  
s i o n s  contained i n  t h i s  chap te r  and t h e  fol lowing one are addressed t o  
such concerned ind iv idua l s  who w i s h  t o  learn more about t h e  a i r  po l lu t ion  
problem i n  t he  Bay Area, its pas t ,  present ,  and f u t u r e .  It is  assumed 
t h a t  t h e  reader  is somewhat f a m i l i a r  with the bas i c  physics of a i r  pol lu-  
t i on ;  although a b r i e f  review is undertaken f o r  t he  purposes of es tab-  
l i s h i n g  d e f i n i t i o n s  and s e t t i n g  perspec t ive .  The primary objec t ive  of 
t h i s  in t roductory  chapter ,  however, i s  t o  present  a n  in tegra ted  p i c t u r e  
of t h e  soc ia l ,  p o l i t i c a l ,  and t echn ica l  aspec ts  of po l lu t ion  con t ro l ,  
including t h e  s t r u c t u r e  and local implicat ions of the  Federal  and S t a t e  
a c t i v i t i e s ,  and t o  relate t h e  present  Bay A r e a  s i t u a t i o n  t o  t h i s  p i c tu re .  
In t h i s  way it is  hoped t o  e s t a b l i s h  not  only what is  wrong, bu t  a l s o  who 
should be responsible  f o r  c o r r e c t i v e  ac t ion .  

1.2 A i r  Po l lu t ion :  Contaminants, Ef fec ts ,  and Sources 

In  consider ing the  a i r  po l lu t ion  problem, i t  is  use fu l  t o  d i s t i n g u i s h  
between t w o  aspects ,  t h e  "emissions" of po l lu t an t s  a t  their  sources (usu- 
a l l y  measured as a weight pe r  u n i t  t i m e :  pounds p e r  day, grams per  second, 
tons pe r  day) and t h e  "concentrations" of p o l l u t a n t s  i n  t h e  atmosphere 
(usua l ly  measured i n  p a r t s  per  mi l l ion ,  ppm, or micrograms per  cubic  meter, 
pg/m3). 
once emitted,  undergo chemical changes i n  t he  atmosphere and are transformed 
i n t o  new substances,  o r  "secondary" po l lu t an t s .  "Primary" po l lu t an t s ,  on 
the  o the r  hand, may remain  i n  t he  atmosphere, exac t ly  as emitted,  f o r  long 
per iods .  The e f f e c t s  of po l lu t ion  are r e l a t ed  t o  the  concentrat ion of con- 
taminants i n  t h e  air ,  bu t  con t ro l  measures must be appl ied t o  t h e  sources.  

The e f f e c t s  of po l lu t ion  can be measured i n  terms of hea l th  (both 
phys ica l  and mental) ,  a e s the t i c s ,  and economics ( including damage t o  
s t r u c t u r e s ,  p l an t s ,  and animals).  Di f fe ren t  po l lu t an t s  produce d i f f e r e n t  
e f f e c t s ,  and accurate q u a n t i t a t i v e  determinat ion of these e f f e c t s  is gen- 
e r a l l y  lacking.  The state of knowledge regarding e f f e c t s  of d i f f e r e n t  
concentrations of po l lu t an t s  can be assessed by examining summary cha r t s ,  
prepared by h e a l t h  agehcies,  of a v a i l a b l e  experimental  r e s u l t s ,  such as 
included i n  Appendix 1-1. Such d a t a  are sketchy a t  best ,  are occasional ly  
cont rad ic tory ,  and show primari ly  t h a t  d i f f e r e n t  groups of people are 
a f f ec t ed  d i f f e r e n t l y .  Nevertheless some q u a l i t a t i v e  observations enjoy 
f a i r l y  genera l  acceptance and are u s e f u l  f o r  i l l u s t r a t i n g  t h e  na ture  of 
t h e  threat, 
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The s i t u a t i o n  is  complicated by t h e  f a c t  t h a t  many po l lu t an t s ,  



The major p o l l u t a n t s  c a n  be c l a s s i f i e d  as fol lows:  

P a r t i c u l a t e  Matter. This includes carbonaceous p a r t i c l e s ,  
tars, o i l s ,  inso luble  metal fumes, dus t ,  amorphous lead, and 
organic d e b r i s .  Large p a r t i c l e s  (mer 10 microns) produce dus t  
f a l l  and s o i l i n g ,  r e s u l t i n g  pr imari ly  i n  economic damage. Smal- 
l e r  p a r t i c l e s  (0.1 - 1.0 micron) s c a t t e r  l i g h t ,  causing aesthet- 
i c a l l y  unpleasant haze. They may pene t ra te  and lodge i n  r e s p i r -  
a to ry  passages producing a se r ious  hea l th  hazard, p a r t i c u l a r l y  
f o r  ch i ld ren  and persons with r e sp i r a to ry  illnesses .2 

I r r i t an t s  and Oxidants. I r r i t a n t s  include so luble  dus ts ,  
v o l a t i l e  hydrocarbons, a c i d i c  m i s t s ,  aldehydes, o l e f in s ,  vapors, 
and gases such as s u l f u r  d ioxide  (SO21 and ni t rogen d ioxide  
(N02);  oxidants  include ozone, peroxyacetyl n i t r a t e  (PAN), and 
i t s  homologs PBN, PPN, etc. Depending on t h e i r  r e l a t i v e  concen- 
t ra t ions ,  t hese  po l lu t an t s  cause eye, nasal ,  and pulmonary irri- 
t a t i o n ,  as w e l l  as aggravat ing any chronic r e sp i r a to ry  i l l n e s s .  
I n  addi t ion ,  oxidants are known t o  produce p l an t  damage. 

Systemic Poisons. These include carbon monoxide (CO), 
hydrogen s u l f i d e  (HzS), cyanides,  n i c o t i n e ,  pes t i c ides ,  
ni t rogen dioxide and lead compounds. Carbon monoxide has 
been l inked t o  a spectrum of adverse h e a l t h  e f f e c t s  ranging 
from d izz iness  and headaches t o  hea r t  a t t acks ,  b ra in  damage, 
and d i so rde r s  of t he  nervous system; i t  is absorbed exclusively 
v i a  the lungs, and i ts  primary e f f e c t  i s  due t o  i ts  reac t ion  
wi th  hemoglobin, r e s u l t i n g  i n  less oxygen being c a r r i e d  t o  body 
t i s s u e s .  Some of t hese  poisons have a tendency t o  accumulate 
i n  t h e  body over long per iods of t i m e ,  and some have been l inked 
t o  cancer .  

A i r  po l lu t ion  sources may be divided i n t o  two ca t egor i e s :  s t a t i o n -  
ary (i .e., powerplants, i n d u s t r i a l  processes,  i nc ine ra to r s ,  r e s i d e n t i a l  
u n i t s ,  e t c  . ) and mobile (i .e., automobiles, t rucks ,  buses, t r a i n s ,  ships ,  
and a i r p l a n e s ) .  S ta t ionary  sources  are the major emitters of p a r t i c u l a t e s  
and s u l f u r  oxides; mobile sources  e m i t  t he  bulk of t he  carbon monoxide 
and lead .  Both con t r ibu te  organic materials (hydrocarbons, or HC) and 
n i t r i c  oxide (NO) which chemically react with one another  i n  t he  presence 
of s u n l i g h t  t o  form eye  i r r i t a t i n g  oxidants and t h e  whiskey-brown c o l o r  
of smog. 

which sources  should be con t ro l l ed ,  and what l e v e l  of c o n t r o l  should be 
imposed, cons idera t ion  must be given t o  concentrat ion and d i s t r i b u t i o n  
of p o l l u t a n t s  i n  t he  a i r ,  r e l a t i v e  t o x i c i t y ,  and rates of emission. A 
l o c a l  problem caused by a s i n g l e  source i s  r e l a t i v e l y  straight forward 
t o  c o r r e c t .  The tough c o n t r o l  problems are presented by the d i s t r i b u t e d  
sources,  both s t a t i o n a r y  and mobile, and by the economically and p o l i t i -  
c a l l y  powerful s t a t iona ry  sources .  

f o r  c o n t r o l  (i.e., those  f o r  which s tandards have been set)  are par t icu-  
lates, CO, HzS, S02, NO2, and oxidants.  Of these,  t h e  f i r s t  f o u r  are 

In  determining which p o l l u t a n t s  are the most immediate problems, 

The po l lu t an t s  present ly  recognized as having the  highest  p r i o r i t y  
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primary po l lu t an t s ,  and the major components of t h e  last are secondary 
p o l l u t a n t s .  NO2 appears both as a primary po l lu t an t  (from power p l a n t s )  
and as a secondary p o l l u t a n t  (from automobile exhaust) .  Emission con t ro l  
f o r  oxidants  must be imposed on sources  of NOx (i.e., a l l  of t h e  oxides 
of n i t rogen)  and hydrocarbons. I t  is popular t o  t a l k  about a i r  pol lu t ion  
i n  terms of the to ta l  emission of a l l  contaminants i n  tons p e r  day, t h e  
t o t a l  reported f o r  t h e  Bay A r e a  i n  1969 being 9179 tons  pe r  day.3 Such 
numbers make it appear simply t h a t  the t o t a l  quan t i ty  of p o l l u t a n t s  e m f t -  
t ed  i s  important, and t h a t  a ton of one po l lu t an t  is  as se r ious  as a ton 
of another .  I n  f a c t ,  t h e  measurement of p a r t i c u l a t e s  i n  tons pe r  day is 
completely meaningless f o r  determining hea l th  implicat ions un le s s  the 
measurement is  broken down according t o  p a r t i c l e  s i z e  and composition: 
a cloud of 0.5 micron p a r t i c l e s  which obs t ruc t s  v i s i b i l i t y  and is ingested 
and re ta ined  i n  the  lungs conta ins  a thousand t i m e s  as many p a r t i c l e s  as 
an equal  weight cloud of 5 micron p a r t i c l e s  (of the same composition) 
which do  n o t  obs t ruc t  v i s i b i l i t y  and are not re ta ined  i n  t he  lung. 

The ex ten t  t o  which such emission tonnage numbers can be used t o  
generate  confusion i s  f u r t h e r  i l l u s t r a t e d  by t h e i r  use i n  t h e  automobile 
controversy:  is the  automobile t he  primary source of po l lu t ion  or no t?  
Depending upon how t h e  numbers are manipulated e i t h e r  answer can be 
obtained. Consider, f o r  example, t h e  d a t a  contained i n  Table 1.1. On 
the  b a s i s  of t ons  p e r  day of emis s ions ,  t h e  automobile accounts f o r  72% 
of the t o t a l ,  bu t  t h e  percentage f i g u r e  rises t o  84% i f  t h e  tonnage 
f i g u r e s  are compared f o r  o n l y  CO, and drops t o  52% i f  t he  tonnage f i g u r e s  
are compared f o r  t h e  sum of organics and NOx ( t he  precursors  of photochem- 
ical  smog). To present  a v a l i d  ove ra l l  comparison f o r  t h e  two source 
ca t egor i e s ,  it seems appropr ia te  t o  c o r r e c t  f o r  r e l a t i v e  tox ic i ty ,  as 
implied i n  t h e  concent ra t ions  allowed by the  S t a t e  a i r  q u a l i t y  s tandards  
(see Table 1.2); t h i s  is  t h e  b a s i s  for t he  concept of ''normalized emission 
u n i t s "  shown i n  the  r i g h t  hand columns of Table 1.1. 
the  f i g u r e s  show t h e  automobile accounting f o r  565 of t h e  problem. 

comparing var ious  a i r  po l lu t an t s  nor can w e  s a y  what is the  major con- 
t r i b u t o r  t o  a i r  po l lu t ion .  Although var ious interests have blamed either 
t h e  automobile or  indus t ry  as the major po l lu t e r ,  both sources con t r ibu te  
heavily,  and major a i r  q u a l i t y  improvements are not  l i k e l y  t o  come about 
u n t i l  both are con t ro l l ed  e f f e c t i v e l y  . 

Viewed t h i s  way, 

The sum up: It is c l e a r  t h a t  w e  have n e i t h e r  a good yards t ick  f o r  

1.3 What is  " A i r  Q u a l i t y " ?  

The term "air qua l i t y"  as genera l ly  used r e f e r s  t o  t h e  "goodness" 
or "badness" of t h e  a i r .  
ing  what is a c t u a l l y  i n  t h e  a i r .  Although the previous sec t ion  ind ica ted  
the p o t e n t i a l  f o r  confusion when t r e a t i n g  combined emission f igu res ,  t h e r e  
are never the less  good reasons for seeking combined i n d i c a t o r s  f o r  w h a t  the  
s ta te  of t h e  a i r  i s  i n  terms of i t s  contents .  The primary uses of such 
ind ica to r s  are f o r  publ ic  information and €or  use i n  planning c o n t r o l  or 
emergency s t r a t e g i e s .  

The c o n t r o l  of a i r  po l lu t ion  cannot w a i t  u n t i l  research can e s t a b l i s h  
p rec i se  r e l a t i o n s h i p s  between concentrat ion l e v e l s  and degree of damage t o  

Evidently t h i s  should be determined by measur- 
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Table 1.2 

AMBIENT A I R  QUALI’IY STANDARDS 

Po l lu t an t  Standard 

Oxidant 
(Corrected 
f o r  Nitrogen 
Dioxide) 

0.1 ppm f o r  1 hour.&/ 

I 

Carbon 
Monoxide 

20 ppm f o r  8 hours. 

I 

I 
Hydrogen 0.03 ppm f o r  1 hour. 
Su l f ide  

Nitrogen 
Dioxide 

0.25 ppm f o r  1 hour. 

Sul fu r  
D i oxide 

2/ 0.04 ppm f o r  24 hrs.- 

0.5 ppm f o r  1 hour. 

V i s i b i l i t y  
Reduc ing 
P a r t i c l e s  

I n  s u f f i c i e n t  
concentrat ion t o  
reduce v i s ib i l i - t y  
t o  10 miles a t  
relative humidity 
of less than 70$.- 1/ 

Par t icu la te -  3/ 
Matter 

I 

60 ug/m3, annual  
geometric mean, 
100 ug/m3, 24 hour 
sample. 

I 

Objective 

To prevent eye i r r i t a t i o n  and 
poss ib le  impairment of lung 
funct ion i n  persons with 
chronic pulmonary disease,  and 
t o  prevent damage t o  vegetat ion.  

To prevent in te r fe rence  with the  
capac i ty  t o  t ranspor t  oxygen of 
t h e  blood. 

To prevent odor. 

To prevent poss ib le  r i s k  t o  
publ ic  hea l th  and atmospheric 
d i sco lo ra t ion .  

To prevent pulmonary i r r i t a t i o n  

To prevent odor. 

To prevent v i s i b i l i t y  reduction. 

To prevent hea l th  e f f e c t s  
a t t r i b u t a b l e  t o  long continued 
exposures. 

L’Not t o  be equaled or exceeded 3 days consecutively or 7 days i n  any 90-day 

2’Applicable i n  a reas  where the  p a r t i c u l a t e  matter standard is exceeded. 

2’Applicable i n  t h e  S. F .  Bay Area A i r  B a s i n  and South Coast B a s i n  only. 

per iod.  
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h e a l t h  or property f o r  each po l lu t an t .  Consequently, what information 
is a v a i l a b l e  has been used t o  e s t a b l i s h  "air  q u a l i t y  s tandards"  (dis-  
cussed f u r t h e r  i n  t h e  next  sec t ion) ,  which are po l lu t an t  concent ra t ions  
that  should not  be exceeded i n  the  atmosphere. Th i s  i s  not  t o  s a y  that 
a i r  conta in ing  po l lu t ion  t o  j u s t  below these l e v e l s  w i l l  be "good" air .  
Essen t i a l ly ,  t hese  s tandards provide one d e f i n i t i o n  of "bad" air ,  i n  
terms of s i n g l e  po l lu t an t s ,  but  leave open t h e  quest ion of what "good" 
a i r  is .  

The BAAPCD combined po l lu t an t  index, or CP14 is  a f i r s t  at tempt t o  
combine measured p o l l u t a n t  concentrat ions i n t o  a s i n g l e  number which can 
be used as a scalar i n d i c a t o r  of a i r  q u a l i t y .  The CPI is formed by com- 
b in ing  measured concent ra t ions  of oxidant,  carbon monoxide, ni t rogen 
dioxide,  and p a r t i c u l a t e s  with r a t h e r  a r b i t r a r y  weighting f a c t o r s  i n  
such a way t h a t  t h e  value ranges ryughly from ze ro  t o  one hundred f o r  
t he  Bay Area. The value is computed and re leased  t o  t h e  news media on 
a d a i l y  b a s i s .  For purposes of i n t e r p r e t a t i o n ,  the s c a l e  of poss ib le  
values i s  again rather a r b i t r a r i l y  broken down i n t o  regions denoted as 
"clean air", and " l igh t " ,  "moderate", "heavy", and "severe a i r  pol lu t ion" .  
These desc r ip t ions  are not e n t i r e l y  adequate, however, since a n  unmistak- 
a b l e  whiskeybrown haze is sometimes c l e a r l y  v i s i b l e  on days when the C P I  
shows ' 'clean a i r" .  

Depsi te  t h e  las t  s t a t e m e n t ,  the  Bay Area's CPI is heavi ly  weighted 
toward v i s i b l e  po l lu t ion  and does not  e x p l i c i t l y  consider  t h e  e s t ab l i shed  
a i r  q u a l i t y  s tandards for the  po l lu t an t s  included. A next generat ion 
combined index, based pr imari ly  on these s tandards,  is proposed and 
descr ibed i n  Chapter 3. 

1.4 Who is Responsible f o r  t h e  Control  of A i r  Po l lu t ion?  

The present  programs for the  c o n t r o l  of a i r  po l lu t ion  i n  t he  San 
Francisco Bay Area are the culmination of the  ac t ions  of a number of 
organiza t ions  and ind iv idua ls ,  ranging from the U .  S. Congress t o  local 
c i t i z e n s  and interest groups. The r e s u l t i n g  "chain of command" i s  shown 
i n  Figure 1.1. The r o l e s  of t h e  var ious e l e m e n t s  i n  t h i s  chain are d i s -  
cussed i n  t h e  fol lowing paragraphs. 

In response t o  growing publ ic  concern over hea l th  and ecologica l  
hazards, the U .  S. Congress began l e g i s l a t i v e  ac t ion  concerning a i r  
po l lu t ion  which culminated i n  the A i r  Qual i ty  A c t  of 1967 and seve ra l  
subsequent amendments. The i n t e n t  of Congress i n  passing t h i s  a c t  can 
be s e e n  i n  t hese  quotes from t h e  r epor t  of t he  Committee on Public Works: 

"The committee f e e l s  tha t  under any circumstances pro tec t ion  
of h e a l t h  should be considered a minimum requirement, and 
whenever possible ,  s tandards should be e s t ab l i shed  which 
enhance t h e  q u a l i t y  of t he  environment. 

"Considerations of technology and economic f e a s i b i l i t y ,  while 
important i n  helping t o  develop alternate plans and schedules 
f o r  achieving goa ls  i n  a i r  qua l i t y ,  should not  be used t o  
mitigate aga ins t  p ro tec t ion  of t he  publ ic  hea l th  and welfare  . I t  
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KEY CONCEPTS 

ING LEGISLATION, 
NATI ON AL 

R POLLUTlOFQ 
MINI ST R AT f ON AIR QUALITY CRITERIA 

I 
I---- E N A ~ L I N ~  LEGISLATIOFI, 
f LOCAL 
1 
1 
1 
I 
I----- 
I 
I 

AIR QUALITY STANDARDS 

I 
I 

L,,, 
I 
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REGU L AT I ON S 

I 
POLLUTERS: INDUSTRIES 

AIR POLLUTION 

EFFECTS: HEALTH, 
ECOPOMIC, AESTHETIC 

Figure 1.1. ORGANIZATIONS AND KEY CONCEPTS INVOLVED I N  A I R  POLLUTION 
GENERATION AND CONTROL I N  THE BAY AREA. 
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I t  is  important t o  note  t ha t  t h e  Congressional i n t e n t  w a s  not t o  

The N a t i o n a l  A i r  Po l lu t ion  Control  Administration (NAPCA) is t h e  

compromise a i r  q u a l i t y  f o r  economic or t echn ica l  reasons.  

agency present ly  responsible  f o r  t h e  Federal  program. NAPCA is now 
wi th in  t h e  Department of Health, Education, and Welfare, although it 
may soon be moved t o  t h e  newly c rea t ed  Environmental Pro tec t ion  Agency. 
NAFCA has c rea ted  var ious  A i r  Qua l i ty  Control  Regions, one of which 
encompasses the 'San  Francisco Bay A r e a .  NAPCA i s  also charged w i t h  
e s t a b l i s h i n g  " A i r  Q u a l i t y  Criteria",  which l i n k  po l lu t ion  l e v e l s  with 
heal th  and economic e f f e c t s .  Such cr i ter ia  have been e s t ab l i shed  f o r  
s e v e r a l  p o l l u t a n t s  .5 

acceptab le  t o  NAPCA, based on the  A i r  Qual i ty  Cr i te r ia .  These s tandards 
represent  a i r  q u a l i t y  goals  i n  terms of des i r ed  l i m i t s  on pol lu t ion  con- 
c e n t r a t i o n s  a c t u a l l y  i n  the a i r .  In  Ca l i fo rn ia ,  the l e g i s l a t u r e  has 
e s t ab l i shed  t h e  A i r  Resources Board (ARB). The ARB has formulated A i r  
Qual i ty  Standards,6 summarized b r i e f l y  i n  Table 1.2, which apply t o  the 
Bay Area as w e l l  as t o  the rest of Ca l i fo rn ia .  These s tandards are now 
under review by NAPCA. 

of po l lu t an t s ,  s o  t h a t  t h e  S t a t e  a i r  q u a l i t y  s tandards are m e t ,  rests 
with t h e  Bay Area A i r  Po l lu t ion  Control D i s t r i c t .  Actually,  the  D i s t r i c t  
has been involved i n  a i r  po l lu t ion  c o n t r o l  s ince  1955, so  that the  A i r  
Qual i ty  Act of 1967 amounted t o  t h e  i n j e c t i o n  of an ex te rna l  review 
agency ( the  ARB) i n t o  al ready-establ ished D i s t r i c t  programs and a c t i v i -  
t i es .  To date ,  t h e  D i s t r i c t  has adopted t h r e e  regula t ions  t o  l i m i t  
po l lu t ion  emissions : 

Federal  l a w  requi res  t he  states t o  e s t a b l i s h  " A i r  Qual i ty  Standards", 

W i t h i n  the Bay Area the  r e s p o n s i b i l i t y  f o r  regula t ing  t h e  sources 

Regulation 1 ( e f f e c t i v e  October 1, 1957) - p r o h i b i t s  open 
burning . 

I 
Regulation 2 ( e f f e c t i v e  January 1, 1961) - l i m i t s  emission 

of p a r t i c u l a t e s ,  hydrocarbons, and s u l f u r  dioxide from 
i n d u s t r i a l ,  commercial, and i n d u s t r i a l  sources.  

Regulation 3 ( e f f e c t i v e  January 4, 1968) - con t ro l s  e m i s -  
s i ons  of r e a c t i v e  hydrocarbons. 

In addi t ion ,  r e s i d e n t i a l  i nc ine ra t ion  has been banned s ince  January 1, 
1970. The Dis t r ic t  maintains a s t a f f  of inspec tors  t o  c i t e  v i o l a t o r s  
of t hese  r egu la t ions .  In addi t ion  t o  c o n t r o l l i n g  po l lu t an t  emissions, 
t he  D i s t r i c t  i s  a l s o  required t o  monitor a i r  q u a l i t y  (contaminant con- 
c e n t r a t i o n s )  i n  t h e  Bay A r e a  and provide t h e  d a t a  t o  the ARB for eval-  
ua t ion .  

The f i n a l  and most important group i n  the chain i s  the  people: 
through t h e i r  consumption of products and serv ices ,  they are t h e  root  
cause of t h e  a i r  po l lu t ion  problem; it is their  hea l th  and comfort which 
poor a i r  q u a l i t y  jeopardizes;  i t  is presumably on the i r  behalf t h a t  t h e  
l e g i s l a t i v e  and c o n t r o l  bodies act .  J u s t  as t h e  people are influenced 
by t h e  o the r  elements  i n  t h e  chain,  so can they inf luence those e l emen t s ,  
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e i t h e r  ind iv idua l ly  or c o l l e c t i v e l y  through interest  groups such as t h e  
S i e r r a  Club, C i t i zens  Against  A i r  Po l lu t ion ,  and t h e  Bay Area k a g u e  of 
I n d u s t r i a l  Associat ions.  Th i s  in f luence  is indica ted  by the dotted l i n e s  
on Figure 1.1, 

The chain of command descr ibed above is  very n i c e  i n  theory; how 
does it work i n  p rac t i ce?  Unfortunately,  l i k e  many o the r  such chains ,  
t h i s  one does not  work as w e l l  as it might. There are a t  least t w o  
major reasons.  First, the desire f o r  continued economic growth and t h e  
desire t o  preserve the environment are of ten  i n  c o n f l i c t .  Our n a t i o n a l  
pol icy has long been committed t o  s t imula t ion  of continued economic 
growth. 
grained i n  both n a t i o n a l  and l o c a l  pol icy,  i n  both organiza t iona l  and 
ind iv idua l  t h i n k i n g  e Exis t ing  economic and p o l i t i c a l  pressures  are such 
tha t ,  d e s p i t e  the neat  phraseology of t h e  C o m m i t t e e  on Public Works quo- 
t e d  earlier, any member of a l e g i s l a t i v e  o r  regula tory  agency would th ink  
long and hard before  a t tempting t o  enac t  or enforce regula t ions  which 
might s t i f l e  reg iona l  growth, say by d r iv ing  out an i n d u s t r i a l  i n s t a l l a -  
t i o n  and thus e l imina t ing  some jobs and reducing the  t a x  base. 

Secondly, the  changing number and i d e n t i t y  of e l e m e n t s  i n  the chain 
of command t ends  t o  obscure and confuse the a u t h o r i t i e s  and r e spons ib i l i -  
t ies  of the ind iv idua l  e l e m e n t s .  Long-range ob jec t ives  have been estab- 
l i s h e d  by the Federal  Government i n  vague and somewhat ambiguous terms, 
such as "pro tec t ion  of hea l th"  and "enhancement of t h e  environment''. 
These have been t r a n s l a t e d  by the S t a t e  i n t o  short-term goals ;  i.e., a i r  
q u a l i t y  s tandards which should not be exceeded. The f i n a l  r e s p o n s i b i l i t y  
for r egu la t ing  sources  so tha t  the s tandards are m e t  is  divided be tween  
the D i s t r i c t  (for f ixed  sources)  and the  S t a t e  and Federal  Governments 
(for automotive sources) .  T h i s  span of bureaucra t ic  cont ro l ,  coupled 
w i t h  t he  i n s t a b i l i t y  of bureaucra t ic  s t r u c t u r e ,  leads t o  "passing t h e  
buck" and gaps i n  the o v e r a l l  c o n t r o l  program. Hi s to r i ca l ly ,  a i r  pol lu-  
t i o n  c o n t r o l  w a s  c a r r i e d  out within the Department of Fublic Health. 
When ex tens ive  po l lu t ion  became no t i ceab le  i n  the San Francisco Bay Area, 
the local Dis t r ic t  was formed. The h i s t o r y  of na t iona l  Congressional 
a c t i o n  s ince  1959, State ac t ion  c r e a t i n g  t h e  ARB i n  1968, and the recent  
c r ea t ion  of the  National Environmental Pro tec t ion  Administration, as w e l l  
as pending b i l l s  i n  S t a t e  and Federal  l e g i s l a t u r e s  have produced kaleido- 
scopic  changes i n  the l e g a l  operat ing environment of the D i s t r i c t .  Con- 
siderable energy must be d ive r t ed  from the primary t a sk  of c o n t r o l l i n g  
a i r  po l lu t ion  t o  the jobs  of i n t e r p r e t i n g  and meeting new requirements 
as w e l l  as Lo conducting l e g i s l a t i v e  advocacy i n  cases a f f e c t i n g  t h e  
D i s t r i c t ' s  operat ions.  

a l e g i s l a t i v e  squeeze. Napa, Solano, and Sonoma Counties, al though w i t h -  
i n  the a i r  bas in  t h a t  encompasses t h e  Bay Area, have chosen not t o  j o i n  
t h e  Bay A r e a  A i r  Po l lu t ion  Control  D i s t r i c t .  T h i s  w a s  permitted by the  
S t a t e  l e g i s l a t i o n  which e s t ab l i shed  the  D i s t r i c t .  Thus, although the 
p o l l u t a n t  emissions from these three coun t i e s  a f f e c t  the a i r  q u a l i t y  i n  
the  area for which it is responsible ,  the Dis t r ic t  a t  present  has no 
au tho r i ty  t o  r egu la t e  those emissions.  In s p i t e  of requests  by the 

The concept t h a t  "growth i s  progress" is perhaps too  w e l l  en- 

There are two prime examples of how the District has been caught i n  



D i s t r i c t  t o  the S t a t e  Legis la ture ,  t h e  membership of Napa, Solano, and 
Sonoma Counties i n  the BAAPCD has not  y e t  been made mandatory.* 

More important is  the automobile problem. A s  pointed out i n  Sec- 
t i o n  1.2, t h e  automobile is a major source of a i r  po l lu t an t s  i n  t h e  Bay 
Area, y e t  t h e  D i s t r i c t  has no a u t h o r i t y  t o  set emission l i m i t a t i o n s  f o r  
i nd iv idua l  c a r s ;  t h i s  has been preempted by the Federal  and S t a t e  pro- 
grams. The o n l y ,  recourse l e f t  t o  t h e  District is t o  enforce t h e  veh ic l e  
emission s tandards  c u r r e n t l y  e s t ab l i shed  by t h e  S t a t e  (see Sect ion 2.3 
of Chapter 2) or t o  encourage regula t ion  of automobile t r a f f i c  as it 
deems necessary.  Such ac t ions  by t h e  D i s t r i c t  are recommended i n  Chap- 
ters 7 and 8 of t h i s  r epor t .  To da te ,  t h e  D i s t r i c t  has maintained a 
"hands o f f "  pol icy toward t h e  automobile; a l though it is  a major con- 
t r i b u t o r  t o  a local problem, t h e r e  i s  no local regula t ion .  

The task  of communicating and competing wi th  o ther  agencies i s  a 
f u r t h e r  complicating f a c t o r .  Planning agencies concerned with t r ans -  
po r t a t ion ,  housing, u t i l i t y  s e rv i ces ,  and i n d u s t r i a l  development, as 
w e l l  as agencies concerned with water po l lu t ion  and waste management, 
should be cont inuously exchanging information w i t h  the  D i s t r i c t  i n  
o rder  t o  ensure cons i s t en t ,  order ly ,  and d e s i r a b l e  development of the 
e n t i r e  Bay Area. Support of such planning and communication a c t i v i t i e s  
is an investment i n  the  fu tu re ,  and resources  spent  i n  t h i s  way are not  
a v a i l a b l e  t o  enforce e x i s t i n g  regula t ions  or t o  develop new regula t ions  
f o r  producing some immediate reduction i n  po l lu t ion  l e v e l s .  A s  f a r  as 
t he  D i s t r i c t  i s  concerned the need t o  produce immediate r e s u l t s  is f a r  
more press ing  t h a n  t he  need f o r  a sound long-range plan.  It  i s  immedi- 
ate r e s u l t s  which e s t a b l i s h  c r e d i b i l i t y  and a good image, providing am- 
munition f o r  en te r ing  t h e  annual skirmish f o r  funds; adequate funding 
i s  essent ia l  i f  t h e  b a t t l e  against a i r  po l lu t ion  is  t o  progress .  Here, 
again,  the appearance of economic pressures  tends t o  f o r c e  the  system 
i n t o  a hold-the-line posture,  devaluing the "expensive" search  f o r  a n  
e f f e c t i v e ,  more permanent so lu t ion .  

i n t e r e s t  groups, it i s  important t o  keep s i g h t  of t he  legitimate d i s t r i -  
but ion of r e s p o n s i b i l i t y  throughout t h e  bureaucra t ic  hierarchy.  One 
cannot be t o o  c r i t i c a l  of e x i s t i n g  publ ic  agencies  f o r  t h e i r  pas t  ac t ions ,  
consider ing t h e  dynamic na ture  of t h e  assoc ia ted  bureaucracy. However, 
any such agency should be expected t o  maintain a n  up-to-date s t a t e m e n t  
of i t s  i n t e r p r e t a t i o n  of the na ture  of i t s  au tho r i ty  and r e s p o n s i b i l i t y  a 

Table 1 . 3  presents  a n  i n t e r p r e t a t i o n  of such r e s p o n s i b i l i t i e s  based on 
study of published l i t e r a t u r e .  In addi t ion  t o  those r e s p o n s i b i l i t i e s  
l i s t e d ,  each governmental agency should disseminate  information which 
w i l l  f a c i l i t a t e  independent eva lua t ion  of i t s  e f f ec t iveness  by outs ide  
interest  groups. U l t i m a t e l y ,  t h e  r e s p o n s i b i l i t y  f o r  a i r  po l lu t ion  con- 
t r o l  rests with t h e  people, who must cont inua l ly  reassure  themselves 
t h a t  t h e  governmental machinery they have set  up f o r  p ro tec t ing  t he i r  
interests  is func t ioning  e f f e c t i v e l y .  

Although t h e  D i s t r i c t  is  t h e  c o n t r o l  agency most v i s i b l e  t o  l o c a l  

* 
A s  of t h i s  wr i t ing ,  such l e g i s l a t i o n  is  under cons idera t ion .  
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Table 1.3 

AN INTERPRETATION OF THE DISTRIBUTION OF RESPONSIBILITIES 
PERTINENT TO A I R  POLLUTION CONTROL I N  THE BAY AREA 

Organization Respons ib i l i ty  I 
I I 

Gather i n t o  interest groups which formulate  
and a r t icu la te  objec t ives  and goa ls  and con- 
vey them t o  l e g i s l a t i v e  and regula tory  agen- 
cies. 

People 

I 

U.S.  Congress 

NAPCA 

U.S.  Congress 

NAPCA 

Transform objec t ives  and goa ls  of c e r t a i n  
i n t e r e s t  groups i n t o  n a t i o n a l  ob jec t ives  
and goa ls .  Provide organiza t iona l  s t r u c -  
t u r e  and funding f o r  implementation of 
n a t i o n a l  goa ls .  Establish legal s t r u c t u r e  
cons i s t en t  w i t h  these goals .  

Provide t echn ica l  support  f o r ,  and review 
e f fec t iveness  of,  state c o n t r o l  a c t i v i t i e s .  
Direct and support  research  i n t o  t h e  e f f e c t s  
of a i r  pol lu t ion ,  development of more mean- 
i n g f u l  measures of a i r  qua l i t y ,  and develop- 
ment of a n a l y s i s  and predic t ion  t o o l s .  

Ca l i fo rn ia  
Legis la ture  

Provide l e g a l  s t r u c t u r e  f o r  es tab l i shment  of 
s t rong  a i r  po l lu t ion  c o n t r o l  organizat ions 
on a regional  basis. 

Se t  air  q u a l i t y  standards and time-table 
f o r  compliance, Evaluate e f f ec t iveness  of 
local d i s t r i c t s  and provide backup where 
local d i s t r ic t s  are l e g a l l y  hampered. 

ARB 

Pass and enforce emission regula t ions .  
Col lec t  and i n t e r p r e t  a i r  q u a l i t y  data. 
Inform local population of extent and 
cause of local t h r e a t .  

I 

Obey the l a w .  Form i n t o  i n t e r e s t  groups 
t o  advocate changing unfavorable l a w s .  Po l lu t e r s  
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1 .5  The Bay A r e a  S i t u a t i o n :  Pas t  and Present  

Is t h e  A i r  Bad? 

The S t a t e  A i r  Resources Board has set a i r  q u a l i t y  standards,  
Table 1.2, which it f e e l s  should not be exceeded anywhere i n  t h e  S t a t e  
a t  any t i m e .  According t o  these  s tandards t h e  a i r  i n  t he  Bay Area is 
i n  f a c t  ''bad"9 ' i n  t h a t  the s tandards  f o r  n e a r l y  a l l  of the p r i n c i p a l  
p o l l u t a n t s  are exceeded f requent ly .  Table 1.4 is  a compilation of 
t h e s e  occurrences f o r  1969. 

When and Where is Po l lu t ion  the  Worst? 

A i r  po l lu t ion  is  d e f i n i t e l y  seasonal. The "smog season" is 
s a i d  t o  be from Apr i l  t o  November, although meteorological condi t ions  
conducive t o  po l lu t ion  episodes a l s o  occur i n  the  w i n t e r .  A i r  pol lu-  
t i o n  is worse i n  t h e  neighborhood of s i g n i f i c a n t  sources and where 
meteorological  condi t ions  tend t o  cause high concent ra t ions .  Low 
a l t i t u d e  temperature inversions* (300-500 f e e t )  l a s t i n g  f o r  s eve ra l  
days are occasional  occurrences i n  t he  Bay A r e a ,  and what winds t h e r e  
are dur ing  these  per iods are l i g h t  and v a r i a b l e  and tend t o  blow i n  a 
souther ly  d i r ec t ion ,  causing po l lu t ion  buildups i n  t he  South Bay and 
Livermore V a l l e y  areas. This geographic v a r i a b i l i t y  of a i r  q u a l i t y  is 
indica ted  i n  t he  d a t a  of Table 1.4. 

Is A i r  Qual i ty  i n  the Bay Area Improving or Degrading? 

Long-time Bay Area r e s iden t s  are i n  disagreement when asked 
t o  make a sub jec t ive  response t o  t h i s  quest ion.  Avai lable  d a t a  are 
not much more en l igh ten ing .  A s  Chapter 4 w i l l  po in t  out,  po l lu t an t  
emission d a t a  published by the  BAAPCD are l a rge ly  based on estimates, 
many of dubious value,  while it is uncertain how accura te ly  the m e a -  
surements of po l lu t an t  concentrat ions by the BAAPCD a t  i t s  present  a i r  
monitoring s t a t i o n s  r e f l e c t  a c t u a l  a i r  q u a l i t y  throughout t he  Bay Area. 
Based on these  da ta ,  however, some t e n t a t i v e  conclusions c a n  be drawn. 

Table 1.5 shows the BAAPCD's estimates of po l lu t an t  emissions 
over t h e  pas t  f i f t e e n  years. The entries for "Totall' emissions should 
be considered meaningless, as discussed earlier. I t  should be r e m e m -  
bered tha t  t he  numbers i n  Table 1 .5  are only estimates; the D i s t r i c t  
has s t a t e d  t h a t  they are perhaps v a l i d  t o  t e n  percent .  

( s t a t iona ry  sources)  show the e f f e c t s  of t h e  e a r l y  regula t ions  aga ins t  
open burning (1957) and emissions of HC, S02, and p a r t i c u l a t e s  from 
i n d u s t r i a l  and commercial sources (1961). P a r t i c u l a t e s  are a major 

P a r t i c u l a t e  e m i s s i o n s  under the  Distr ic t ' s  j u r i s d i c t i o n  

* 
A "temperature inversion" is  a meteorological condi t ion under which 
the  temperature of the a i r  increases w i t h  a l t i t u d e ,  r a t h e r  than 
decreasing, for s o m e  range of a l t i t u d e s .  T h i s  s i t u a t i o n  i n h i b i t s  
the tendency of w a r m  gases (pol luted a i r )  t o  rise, thus  pu t t ing  a n  
e f f e c t i v e  " l i d "  on an  area, under which c o n t a m i n a n t s  tend t o  accumu- 
late (see Appendix 6-1). 
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Table 1.4 

A I R  POLLUTION I N  THE BAY AREA--1969--BY STATION (Source: BAAPCD) 

Carbon Nitrogen Su l fu r  Suspended 
STAT IONS Oxidant Monoxide Dioxide Dioxide P a r t i c u l a t e s  

Max * Max * Max * Max * Mean *** 

San Francisco 

San Rafael 

Richmond 

P i t  t sburg 

Walnut Creek 

Oakland 

San Leandro 

Fremon t 

Livermore 

San Jose 

Redwood C i t y  

Burlingame 

.09 30 

.14 16 

.14 13 

.17 28 

.23 54 

.18 11 

.23 36 

.27 74 

.3? 120 

.26 71 

.25 39 

.15 14  

24 

20 

19 

12 

- 
24 

- 
16 

26 

19 

20 

0 .34 

0 .18 

0 .29 

0 .10 

- 
0 .25 

- 
- 0 

- .29 

0 .21 

0 .28 

0 .- 

2 ,054 

0 .037 

1 .037 

0 .043 

- - 
1 - 
- - 
- ,006 

1 

0 .010 

2 ,008 

- 

- - 

5 

- 
15 

24 

- 
- 

26 

- 
19 

16 

- 
* 

** 
*** 

Number of Days Ambient A i r  Qual i ty  Standard w a s  Exceeded 

Percent of Observed Days when Ambient A i r  Qual i ty  Standard was Exceeded 

Percent of Observed Days when Ambient A i r  Qual i ty  Standard f o r  24 hours 
(100 pg/m3 1 was Exceeded 

Notes : 

1. For oxidant,  carbon monoxide and n i t rogen  dioxide,  "max" is h ighes t  

2 .  

hourly value expressed i n  p a r t s  p e r  mi l l i on .  

For s u l f u r  dioxide,  "max" is h ighes t  24-hour va lue  expressed i n  
micrograms pe r  cubic  meter. 

For suspended p a r t i c u l a t e s ,  "mean" is  t h e  annual geometric mean i n  
micrograms p e r  cubic  meter, 

3. 

4. Sul fur  d ioxide  da t a  are f o r  on ly  3 months: 10/69 t o  1/70. 
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c o n t r i b u t o r  t o  v i s i b i l i t y  reduct ion;  the  table (and the r egu la t ions )  
r e f l e c t  the Dis t r ic t ' s  e a r l y  emphasis on t h i s  aspec t  of t h e  a i r  pol lu-  
t i o n  problem. P a r t i c u l a t e  emissions from automobiles, though r e l a t i v e l y  
s m a l l ,  are increas ing  as the number of cars i n  t h e  Bay A r e a  increases. 
Overall, the amount of p a r t i c u l a t e  emissions seems t o  be f a i r l y  cons tan t  
aver  t h e  pas t  f i v e  yea r s .  Figure 1.2 shows the h i s t o r y  of annual mean 
p a r t i c u l a t e  concent ra t ions  measured i n  var ious Bay A r e a  l oca t ions .  The 

1201 I I I I I I I I I I 

401 I 1 I I I I I I I I 
59 60 61 62 63 64 65 66 67 68 69 

YEAR 

Figure 1 .2 .  PARTICULATE CONCENTRATIONS 10-YEAR TRENDS .6s 

o v e r a l l  t rend  seems similar t o  t h a t  of p a r t i c u l a t e  emissions, but  t h e  
t rends  a t  ind iv idua l  l oca t ions  vary wide ly .  A i r  qua l i ty ,  i n  regard to 
p a r t i c u l a t e  concentrat ions,  appears t o  be remaining roughly constant  on 
a Bay-Area-wide basis but i s  st i l l  s l i g h t l y  above State standards. 

of oxidants .  
due t o  the inc reas ing  cont r ibu t ion  from automobiles. Total hydrocarbon 
(organic)  emissions are remaining roughly constant. Although year-by- 
y e a r  breakdowns i n t o  r e a c t i v e  and non-reactive components a r e  not  ava i l -  
able, such a breakdown f o r  t h e  year  1968 has been published by the  ARB, 
which estimated t h a t  706 tons  pe r  day of r eac t ive  organics  w e r e  emitted 
by motor vehic les ,  167 tons  per  day by s t a t iona ry  sources.  Figure 1.3 
shows the  tread of peak oxidant Concentrations measured a t  the  var ious  
BAAWD monitoring s t a t i o n s .  Aga in  the t rends  a t  some indiv idua l  loca- 
t i o n s  are q u i t e  d i f f e r e n t  from the area-wide average. 

Reactive hydrocarbons and ni t rogen ox ides are the precursers  
Overall emissions NO, from a l l  sources  appear t o  be rising, 
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Figure 1.3. TREND OF AVERAGE HIGH-HOUR OXIDANT CONCENTRATIONS 
FOR DAYS WITH COMPARABLF, TEMPERATURE AND INVERSION CONDITIONS 
(APRIL THROUGH OCTOBER PHOTOCHEMICAL OXIDANT SEASONS, 
1969) .' 1962- 

The BAAPCD combined po l lu t an t  index (CPI) represents  an attempt 
t o  combine the  measured ambient concent ra t ions  of t he  major po l lu t an t s  
i n t o  a s i n g l e  index. T h i s  operat ion tends t o  smooth, or "average out", 
t he  u n c e r t a i n t i e s  assoc ia ted  w i t h  s i n g l e  measurements. The CPI is  per- 
haps t h e  bes t  ava i l ab le  number f o r  i nd ica t ing  a t rend f o r  a i r  po l lu t ion  
i n  general ,  bu t  has only been compiled s ince  January of 1969. Compari- 
sons f o r  the f i r s t  seven months of 1969 and 1970 are shown i n  Figure 1 .4  
and i n d i c a t e  a uniform increase  i n  po l lu t ion  l e v e l  throughout t he  Bay 
Area. However, t h e  complete p i c t u r e  is not contained i n  these numbers 
a lone.  Cl imat ic  condi t ions  vary from y e a r  t o  year ,  and the ea r ly  months 
of 1970 w e r e  charac te r ized  by condi t ions  conducive t o  pol lu t ion  buildup. 
The inadequacy of a yea r  and a ha l f  worth of d a t a  for pred ic t ing  t rends 
is p a r t i c u l a r l y  evident  i n  the f a c e  of observed weather cyc les  i n  excess 
of ten  years. 

To summarize, t he  uncer ta in ty  i n  emission da ta ,  t he  question 
as t o  how w e l l  a measurement of po l lu t an t  concentrat ion a t  a s i n g l e  
point  represents  a i r  q u a l i t y  i n  the surrounding neighborhood, and t h e  
lack of any observed t rend i n  either d i r e c t i o n  make i t  impossible t o  
d e f i n i t i v e l y  answer  t he  question, "Is a i r  q u a l i t y  i n  the San Francisco 
Bay A r e a  improving or degrading?" 
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The f i g u r e s  below represent  t h e  average combined 
p o l l u t a n t  index reading f o r  each of t h e  first seven months 
i n  1969 and 1970. 

c e n t r a l  area is San Francisco and Oakland, and t h e  south 
area rep resen t s  t h e  Midpeninsula from Redwood Ci ty  t o  San 
Jose. 

The n o r t h  area covers Richmond t o  San Rafael, t h e  
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Figure 1.4. COMPARISON OF THE COMBINED POLLUTANT INDEX FOR 
1969 AND 1970 .lo 

How Well A r e  t h e  Control Agencies Doing Their  Jobs? 

The August 1970 i s sue  of Sunset Magazine l is ts  44 na t iona l ,  
state, and local c i t i z e n s  groups which are a c t i v e l y  challenging environ- 
m e n t a l  t h r e a t s  i n  the  Bay A r e a .  Four of these  are s p e c i f i c a l l y  aimed a t  
a i r  pol lut ion;  one has even seen f i t  t o  sue t h e  B A A E D  i n  an attempt t o  
get information on emissions of major area p o l l u t e r s .  The W P C D  gets 
an average of f o r t y  telephoned complaints p e r  week regarding local s i t u -  
a t i o n s .  The local newspapers give considerable  a t t e n t i o n  t o  a i r  pollu- 
t i o n  news. It  would appear, then, t h a t  t h e  publ ic  is  t r y i n g  t o  g e t  
through t o  t h e i r  l e g i s l a t i v e  r ep resen ta t ives .  

The i n i t i a l  vers ion of t h e  C l e a n  A i r  A c t  emphasized local 
c o n t r o l  of r egu la t ion  a c t i v i t y .  The continued worsening of t h e  n a t i o n a l  
po l lu t ion  scene and t h e  i n a b i l i t y  of many local d s t r i c t s  t o  form or func- 
t i o n  e f f e c t i v e l y  has l ed  Congress t o  consider  s e t t i n g  na t iona l  emission 
s tandards.  MPCA performed a study and submitted a d r a f t  b i l l  on t h e  
subject i n  February of 1970. However, opponents of t h e  b i l l  have reduced 
i ts  t h r u s t  from an i n i t i a l  i n t e n t  t o  e s t a b l i s h  emission standards on a 
n a t i o n a l  basis, reserving f o r  t h e  states t h e  r i g h t  t o  adopt more s t r i n g e n t  
standards, t o  c o n t r o l  only of new, high-toxici ty  sources. One poss ib l e  
byproduct of t h e  adoption of such n a t i o n a l  emission standards is t h a t  
p re s su res  which can now be brought t o  bea r  on S t a t e  and l o c a l  legis la t ive 
and regulatory agencies would be sidestepped. 
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Concern about t he  r o l e  of the automobile i n  a i r  po l lu t ion  is 
manifested i n  proposed ac t ion  before  the  Congress ranging from 
s t r i c t e r  emission regula t ions  imposed on manufacturers t o  the complete 
banning of t h e  i n t e r n a l  combustion engine. The debate  on t h i s  subjec t  
is c u r r e n t l y  in tense ,  and the outcome is uncer ta in .  I t  does seem l i k e l y ,  
however, t h a t  s t rong  Congressional ac t ion  on t h e  automobile might stimu- 
la te  s imilar  s t rong  ac t ion  i n  S t a t e  l e g i s l a t u r e s  regarding l o c a l  problems. 

preserv ing  the concept of l o c a l  c o n t r o l  of a i r  po l lu t ion .  Recent l eg i s -  
l a t i o n  (AB83) has passed the  requirement f o r  e s t a b l i s h i n g  t imetables  f o r  
compliance with s ta te  a i r  q u a l i t y  s tandards on t o  "coordinating counci l s t f  
of a l l  county po l lu t ion  c o n t r o l  d i s t r i c t s  wi th in  a n  a i r  basin.  Such 
t imetables  are t o  be submitted by 1972. However, t he  San Francisco Bay 
A r e a  and Los Angeles d i s t r i c t s  w e r e  s p e c i f i c a l l y  excluded from the pro- 
v i s i o n s  of t h i s  b i l l  s ince  they are present ly  being d e a l t  w i t h  by NAPCA 
as Federal  A i r  Qual i ty  Control Regions. I t  is  uncertain as of t h i s  
wr i t i ng  whether NAPCA or t h e  S t a t e  w i l l  be more e f f e c t i v e  i n  fo rc ing  
d i s t r i c t s  t o  e s t a b l i s h  t imetables  f o r  compliance. Recommendations f o r  
f u r t h e r  state ac t ion  are contained i n  the  Progress Report of t h e  Environ- 
m e n t a l  Qua l i ty  Study Council; t h e  response of t h e  l e g i s l a t u r e  t o  these 
recommendations r e m a i n s  t o  be seen.  

The Ca i i fo rn ia  l e g i s l a t u r e  has tended t o  mimic Congress i n  

Although the ARB i s  charged by t h e  S t a t e  l a w  with t h e  t a sk  of 
eva lua t ing  the  performance of t h e  l o c a l  d i s t r i c t s ,  no such evaluat ion 
has been made t o  date; i n  f a c t ,  t h e  cur ren t  data-processing a c t i v i t i e s  
of t h e  ARB appear t o  be aimed a t  the  past ,  rather t h a n  t h e  present  and 
immediate f u t u r e .  An eva lua t ion  can be infer red ,  however, from a recent  
ARB s t a t e m e n t  of pol icy that  t h e  e s t ab l i shed  s tandards are not  t o  be 
exceeded anywhere, anytime, i n  Ca l i fo rn ia .  These s tandards are now 
of ten  being exceeded, i n  some cases  dramatical ly ,  i n  both t h e  Los Angeles 
and San Francisco Distr ic ts .  The ARB should be pushing both D i s t r i c t s  
t o  t i g h t e n  t h e i r  emission regula t ions .  

A i r  Po l lu t ion  Control  D i s t r i c t  on t h e  b a s i s  of newly emerging goals .  
There i s  no arguing t h e  f a c t  t h a t  t h e  D i s t r i c t  has been e f f e c t i v e  i n  
causing many emi t tors  t o  e m i t  less. Considering pas t  l e g i s l a t i v e  and 
budgetary l i m i t s  and lack of s t rong  publ ic  support ,  t he  D i s t r i c t  has 
done w e l l .  However, the ball-game is changing and it  is  of interest  
t o  assess t h e  manner i n  which the D i s t r i c t  has adjusted i t s  goals  and 
opera t ing  p o l i c i e s  i n  response t o  the  changing cha rac t e r  of the pol lu-  
t i o n  problem. The h i s to ry  of development and enforcement of regula t ions  
by the  BAAPCD shows emphasis on " technica l  f e a s i b i l i t y "  w i t h i n  e x i s t i n g  
opera t ing  regimes f o r  e s t a b l i s h i n g  emission l imi t a t ions ,  ex tens ive  use 
of "adminis t ra t ive  var iances"  allowing s p e c i a l  t imetables  f o r  compliance 
f o r  ind iv idua l  cases ,  loopholes i n  t he  regula t ions  which permit continued 
operat ion w i t h  f a u l t y  or inopera t ive  c o n t r o l  equipment as long as t h e  
breakdown has been reported t o  t h e  D i s t r i c t ,  and a very low r a t i o  of 
f i n e s  t o  v i o l a t i o n  not ices .  The D i s t r i c t  has i n  t h e  pas t  valued i ts  
good relat ions with indus t ry :  
the regula t ions"  i s  a s t a t e m e n t  made by the  Pol lu t ion  Control Of f i ce r  
i n  a recent  meeting of the Board of Direc tors  of t h e  D i s t r i c t ;  t h e  
philosophy i n  the  pas t  has apparent ly  been t h a t  the c a r r o t  is  more 
e f f e c t i v e  t h a n  the  s t i c k  a t  encouraging compliance. 

I t  would be u n f a i r  t o  judge t h e  pas t  a c t i v i t i e s  of t h e  Bay Area 

"The name of the game is  compliance w i t h  
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However, the  pol icy of t he  D i s t r i c t  is  set by the  Board of 
Di rec tors ,  and there is evidence tha t  t h i s  body i s  sensing a s h i f t  i n  
the  m o o d  of the  people toward a sense  of urgency; pol icy may be s h i f t -  
ing t o  "the name of the  game is  pro tec t ion  of the hea l th  of the  people!" 
Provision of such pro tec t ion  is going t o  requi re  some tough decis ions.  
The growing impact of the automobile has caused the pol lu t ion  problem 
t o  worsen, br inging more a t t e n t i o n  on the  indus t r i a l  f ixed  sources, 
which are the bai l iwick of the l o c a l  D i s t r i c t .  I n  f a c t ,  the  people 
may be deciding t h a t  they would r a t h e r  have their automobiles than 
some local indus t r i e s ;  and they  need t o  be made aware of t he  conse- 
quences of such a choice.  

i n  r e l a t i o n s  between the Dis t r ic t  and the community. Past  re luctance 
on the part of t h e  Dis t r ic t  t o  release f i g u r e s  on tonnage of emissions 
f o r  a l l  l o c a l  i n d u s t r i e s  was based on t h e  p o s s i b i l i t y  of compromising 
some t r a d e  secrets or of cas t ing  unfavorable l i g h t  on a company which 
w a s ,  i n  fact, i n  s t r i c t  compliance w i t h  the  l a w .  The c r e d i b i l i t y  of 
the  Dis t r ic t  has been hur t  a l s o  by t h e  occasional release of c o n f l i c t i n g  
or misleading information; i t s  pub l i c i ty  s t rongly emphasizes how much 
i t  is reducing emission and  says l i t t l e  or nothing about t h e  magnitude 
of t h e  remaining problem or the weaknesses i n  the  D i s t r i c t ' s  con t ro l  
program. 

T h i s  could be accomplished by a more open and honest public information 
program, the  establishment of w e l l  def ined goals  regarding t h e  improve- 
ment of a i r  qua l i ty ,  and the announcement of a t imetable  f o r  achieving 
these goals .  Some s p e c i f i c  recommendations i n  these areas  a r e  made i n  
Chapter 7 .  

The problem of information re lease  has long been a sore  point 

The D i s t r i c t  would bene f i t  by a refurbishment of i ts  image. 

1.6 Conclusions 

Is the a i r  bad? Y e s ,  according t o  the policy and a i r  qua l i t y  
s tandards es tab l i shed  by t h e  ARB. 

Is it  g e t t i n g  better? Not not iceably  so. The exact  nature  of 
the present hazard t o  hea l th  is not known because data gather ing and 
i n t e r p r e t a t i o n  a r e  hampered by t h e  complexity of the physical,  chemi- 
c a l ,  and meteorological processes involved. 

Who is responsible? U l t i m a t e l y ,  t he  people, whose a c t i v i t i e s  and 
consumption pa t t e rns  a r e  the primary causes of a i r  pol lut ion,  and whose 
representa t ives  are responsible  f o r  the l e g a l  and regulatory s t r u c t u r e  
under which sources of a i r  pol lu t ion  a r e  allowed t o  operate.  

slowed the progress of e f f e c t i v e  con t ro l  measures. The important 
dec is ions  are being pushed down t o  the l e v e l  of highest  competence 
and knowledge, but unfortunately this  is a l s o  the  l e v e l  most suscep- 
t i b l e  t o  economic and p o l i t i c a l  pressures  from t h e  regulated groups. 

and goals  e x p l i c i t l y ,  w i t h  the  local agency car ry ing  out the details 
of enforcement. 

The fragmentation of au thor i ty  and r e spons ib i l i t y  has probably 

What is  needed is s t rong  higher l e v e l  ac t ion  t o  establish policy 
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Chapter 2 

PRESENT CONTROL PROGRAMS AND RESULTING POLLUTION TRENDS 

2.1 Introduct ion 

Any a n a l y s i s  of t h e  a i r  po l lu t ion  problem i n  the  San Francisco Bay 
A r e a  should inc lude  a p ro jec t ion  of what t h e  a i r  po l lu t ion  problem w i l l  
be i n  t he  f u t u r e  if presen t ly  l e g i s l a t e d  p o l l u t a n t  emission c o n t r o l  pro- 
grams are c a r r i e d  ou t .  Only by s tudying such p ro jec t ions  is it poss ib l e  
t o  have a f i r m  b a s i s  f o r  developing e f f e c t i v e  a d d i t i o n a l  c o n t r o l  programs 
which w i l l  keep a i r  q u a l i t y  wi th in  acceptab le  bounds i n  the years t o  come 
and y e t  be c o n s i s t e n t ,  t o  t h e  g r e a t e s t  poss ib l e  ex ten t ,  w i t h  t h e  increased 
demands f o r  goods and s e r v i c e s  t ha t  must i n e v i t a b l y  accompany a growing 
populat ion.  Such c o n t r o l  programs may incorpora te  one or more of t h e  
fo l lowing  f i v e  e l e m e n t s  : 

Emission cont ro l - -Res t r ic t ions  on t h e  emissions of a i r  
p o l l u t a n t s  which are by-products of t h e  production of 
t h e  goods and s e r v i c e s  sought by t h e  pub l i c .  

A l t e r n a t e  production processes--Development of al ternate 
methods f o r  providing those goods and se rv ices  which have 
lower l e v e l s  of by-product p o l l u t a n t s  than present  pro- 
duct ion techniques (e .g , ,  t h e  use of electric r a t h e r  than 
combustion furnaces  t o  produce f i b e r g l a s s ) .  

A l t e r n a t e  products-- Development of a l t e r n a t i v e s ,  accepta-  
b l e  t o  t h e  publ ic ,  f o r  those  goods and se rv ices  which 
c a n n o t  be produced without unacceptable l e v e l s  of pol lu-  
t a n t  by-products (e.g. ,  t h e  use of m a s s  publ ic  t r a n s i t  
rather than convent ional  automobiles) .  

Voluntary changes i n  demand--Voluntary reduct ion or 
e l imina t ion  of t h e  demand for those  goods and services 
t h e  production of which i s  accompanied by unacceptable 
l e v e l s  of po l lu t ion  and f o r  which no acceptab le  s u b s t i -  
t u t e s  or a l t e r n a t e  production methods are a v a i l a b l e .  
Such reduct ion of demand could only be accomplished by 
making t h e  necessary changes i n  l i f e  s t y l e  acceptab le  
t o  t h e  publ ic .  An example would be the la rge-sca le  
reduct ion i n  ind iv idua l  use  of e l e c t r i c  power. 

Compulsory changes i n  demand--Compulsory reduction or 
e l imina t ion  of t h e  demands f o r  any goods and/or s e rv i ces  
f o r  which the a s soc ia t ed  p o l l u t a n t  emissions cannot be. 
e f f e c t i v e l y  con t ro l l ed  by any  of the o the r  methods. 
This i s  obviously a 
only be appl ied  when the  publ ic  ga in  from b e t t e r  a i r  
q u a l i t y  outweighs t h e  loss of t h e  goods and/or s e rv i ces  
e l imina ted .  Examples would be banning automobiles i n  
densely populated urban a reas  and mandatory b i r t h  con- 
t ro l  programs . 

11 last  r e s o r t "  technique which should 
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Present  c o n t r o l  programs are pr imar i ly  concerned with t h e  f i r s t  of 
t h e  above e lements .  
ges ted  by t h e  second and t h i r d  e l e m e n t s ,  which are p o t e n t i a l l y  very 
f r u i t f u l .  With r e spec t  t o  t h e  a i r  po l lu t ion  problem, nothing i s  being 
done concerning t h e  f o u r t h  c o n t r o l  element, a l though such a program i s  
being c a r r i e d  out  i n  t h e  case of cigarette smoking by means of an e f f ec -  
t i ve  publ ic  educat ion and awareness program. 

Only t o k e n  e f f o r t s  are being made i n  t h e  areas sug- 

In t h e  remainder of t h i s  chapter ,  t h e  p o l l u t a n t  emission c o n t r o l  
programs t h a t  are c u r r e n t l y  i n  e f f e c t  i n  t h e  San Francisco Bay w i l l  be 
considered i n  t h e  l i g h t  of how they are l i k e l y  t o  c o n t r o l  f u t u r e  e m i s -  
s i o n s  of a i r  p o l l u t a n t s .  Spec i f i c  recommendations f o r  a l t e r n a t e  or 
a d d i t i o n a l  c o n t r o l  programs w i l l  be made i n  Chapters 7 and 8. 

2.2 Population Growth 

It is axiomatic t h a t  people, through t h e i r  demands f o r  goods and 
s e r v i c e s ,  are t h e  primary source of t he  air po l lu t ion  problem, not  only 
i n  t h e  San Franc isco  Bay A r e a ,  but wherever t h e  problem e x i s t s  through- 
out t h e  world. Without people t h e r e  would be no demand f o r ,  or produc- 
t i o n  of,  any goods and services t h e  i n e v i t a b l e  by-product of which is 
some degree of a i r  po l lu t ion .  The present  magnitude of t h e  a i r  pol lu-  
t i o n  problem is d i r e c t l y  r e l a t e d  t o  t h e  present  population, and it f o l -  
l o w s  t h a t  as t h e  populat ion grows, t h e  a i r  q u a l i t y  w i l l  worsen un le s s  
ever more s t r i n g e n t  c o n t r o l  programs are i n i t i a t e d  and c a r r i e d  out .  

F igure  2.1 shows t h e  population h i s t o r i e s  of both C a l i f o r n i a  and 
t h e  Bay A r e a ,  * as contained i n  the  d a t a  from t h e  U.  S. Census Bureau, 
and estimates of how those  populat ions may grow i n  t h e  immediate f u t u r e .  
The most s t r i k i n g  f e a t u r e  of F igure  2.1 i s  t h a t  t h e  populat ions of both 
C a l i f o r n i a  and t h e  Bay A r e a  have been growing exponent ia l ly  Over t h e  
pas t  seventy yea r s .  Although the  population of t h e  Bay Area appears t o  
be growing less rap id ly  than t h a t  of Ca l i fo rn ia ,  over t h e  pas t  seventy 
years i t  has doubled every twenty-five years. I t  is t h e r e f o r e  not  un- 
reasonable  t o  assume t h a t  t h e  Bay Area population w i l l  double again by 
the  year 2000, reaching a t o t a l  of some t e n  mi l l i on  persons.  

l a t i o n  w i l l  cont inue  t o  grow i n  a n  exponent ia l  fash ion  i n  t he  years t o  
come. Indeed the Census Bureau has predic ted  t h a t  t h e  population of 
C a l i f o r n i a  w i l l  not cont inue t o  grow exponent ia l ly  but  w i l l  increase 
less rap id ly .  That may happen, bu t  t h e  h i s t o r y  of such population pro- 
jections has q u i t e  o f t e n  been one of underestimation. I n  any event,  
when developing po l lu t ion  c o n t r o l  programs for t h e  fu tu re ,  it would 
seem t o  be prudent not t o  be t o o  op t imis t i c  about population growth. 
Po l lu t ion  control  programs based on a continued exponent ia l  population 
growth would r e su l t  i n  c l eane r  a i r  than expected i f  t h e  population - 
growth i n  f a c t  w e r e  less than predic ted .  Such a r e s u l t  could only be 
viewed as b e n e f i c i a l  . 

There is, of couse, some quest ion as t o  whether t h e  Bay Area popu- 

%or purposes of t h e  d a t a  and p ro jec t ions  shown i n  t h i s  chapter ,  t h e  
Bay A r e a  means t h e  fo l lowing  count ies :  Alameda, Contra Costa, Marin, 
San Francisco, San Mateo, and Santa C l a r a .  
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Figure 2.1. POPULATION GROWTH I N  CALIFORNIA 
AND SAN FRANCISCO BAY AREA. 

2.3 Automobiles as a Source of A i r  Po l lu t ion  

There is  no doubt t h a t  t he  automobile is  present ly  a major s m r c e  
of a i r  p o l l u t a n t s  i n  the Bay Area. 
combustion engine automobiles could be con t ro l l ed  by a program involv- 
ing one or more of t h e  fol lowing techniques : 

Pol lu tan t  emissions from i n t e r n a l  

(a) c o n t r o l  of the po l lu t an t  emissions from each c a r .  

(b) l i m i t a t i o n  of t h e  number of c a r s  i n  a given local or regional  
area. 

( c )  r e s t r i c t i o n  of the  amount of d r iv ing  i n  var ious l o c a l  areas. 
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To d a t e  i n  t h e  Bay Area, only  t h e  f i r s t  of t hese  techniques is being 
used, and t h a t  t o  a l imi ted  e x t e n t .  

Programs of e m i s s i o n  l i m i t a t i o n s  for carbon monoxide (CO), hydro- 
carbons (HC), and n i t rogen  oxides (NO,) f o r  a l l  new cars so ld  have been 
e s t ab l i shed  by t h e  Federal  Government and by t h e  S t a t e  of Cal i forn ia .*  
The emission l i m i t a t i o n  program es t ab l i shed  f o r  a l l  new cars so ld  i n  
C a l i f o r n i a  is summarized i n  Table 2.1. 

Table 2.1 

A SUMMARY OF THE STATE OF CALIFORNIA CONTROL PROGRAM FOR 
POLLUTANT EMISSIONS FROM AUTOMOBILES 

Year 

(2 1 Un c on t r o 1 led  

1966 

1970 

1971 

1972 

1974 

87.2 

34 

23 

12 

5.7 

(8.8)(3) 

4 .O 

3 .o 
1 .o 

HC ( l )  

(gm/mile 1 
exhaust t o t a l  

5.7 8.5 

2.2 5 .O 

2.7 

1.5 2 .o 
0.5 0.5 I 

(1) The d i f f e rence  between the  t o t a l  emission of HC and t h a t  from 
t h e  exhaust only i s  pr imar i ly  from f u e l  evaporation, which 
estimated a t  2 .8  grams per  m i l e .  This i s  t o  be reduced t o  0.5 
grams pe r  m i l e  i n  1971 and el iminated by 1965. P r i o r  t o  1963 
t h e r e  w a s  a n  a d d i t i o n a l  emis s ion ,  estimated a t  3.1 grams p e r  
m i l e ,  from the  crankcase. This has presumably been eliminated 
by crankcase control devices  required on a l l  c a r s  so ld  s ince  
1963. 

(2)  The uncontrol led emission f i g u r e s  a r e  estimated average emissions 
for urban dr iv ing .  They are probably no more accura te  than10-15%. 

(31 The i n i t i a l  c o n t r o l  f o r  CO R n n a r e n t l v  caused an increase of about 
50% i n  N% emissions.  

* -  
The Federal  con t ro l  program f o r  automobiles w a s  preceded, spurred, and 
guided by C a l i f o r n i a ' s  e f f o r t s .  By Federal  l a w ,  Ca l i fo rn ia  is t h e  only 
state permitted t o  set more restrictive emission s tandards than those 
of the  Federal  program. The major d i f f e rence  between the  t w o  programs, 
from 1970 onward, is t h a t  Ca l i fo rn ia  has es tab l i shed  more s t r i n g e n t  
c o n t r o l  of NOx emissions.  
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Both t h e  f e d e r a l  and S t a t e  of Ca l i fo rn ia  programs t o  c o n t r o l  
p o l l u t a n t  emissions from automobiles i s  severe ly  weakened by f i v e  
f a c t o r s :  

(a)  The confirmation of t hese  e m i s s i o n  l i m i t a t i o n s  is 
r e s t r i c t e d  t o  t e s t i n g  only a few prototypes of the 
var ious new c a r  m o d e l s .  No random t e s t i n g  of new 
c a r s  as they  come off the  assembly l i n e  is  cu r ren t ly  
being d'one. Indeed, John T. Middleton of t h e  National 
A i r  Po l lu t ion  Control  Administration (NAPCA) has re- 
cen t ly  announced' tha t ,  because of unce r t a in t i e s  i n  
tes t  procedures, even those  prototypes c e r t i f i e d  as 
having m e t  the 1970 standards (23 grams per  m i l e  of 
CO, 2.2 grams per  m i l e  of hydrocarbons) are ac tua l ly  
emi t t i ng  twice those amounts. 

(b)  The emission c o n t r o l  devices  become less e f f e c t i v e  
w i t h  age.  Control devices  for CO appear t o  l o s e  
t he i r  e f f ec t iveness  q u i t e  rap id ly  over t he  f i r s t  
50,000 m i l e s ,  l eve l ing  out a t  about 30% l o s s  of 
e f f ec t iveness  above 80,000 miles .2 Similar ly  HC 
c o n t r o l  devices  l e v e l  out  a t  about 20% l o s s  of 
e f f ec t iveness  a f t e r  50,000 m i l e s  .2 Apparently no 
data e x i s t  f o r  d e t e r i o r a t i o n  of NO, con t ro l  devices .  
In addi t ion ,  there i s  no inspect ion program t o  in su re  
t h a t  automobile owners are maintaining t h e  c o n t r o l  
devices  t h a t  have been i n s t a l l e d  on many ca r s .  

( c )  Many of the c a r s  r eg i s t e red  i n  Ca l i fo rn ia  were 
purchased before  any  emission l i m i t a t i o n s  came 
i n t o  e f f e c t ,  and as more s t r i n g e n t  emission l i m i -  
t a t i o n s  are put i n t o  e f f e c t ,  they  apply only t o  new 
c a r s  so ld  from t h a t  m o d e l  y e a r  on. Half of t h e  c a r s  
i n  use  now (1970) w e r e  so ld  p r i o r  t o  1966* and thus  
are i n  the "uncontrolled emissions" category.  

(d) The present  c o n t r o l  program includes no l i m i t a t i o n s  
on emissions from t rucks  or buses.  These emissions 
w i l l  become r e l a t i v e l y  more important as emissions 
from automobiles are reduced. In  addi t ion ,  t h e  
publ ic  would probably be more responsive t o  t h e i r  
ind iv idua l  r e s p o n s i b i l i t i e s  i n  c o n t r o l l i n g  a i r  pol- 
l u t i o n  i f  t he  a l l  t oo  common occurrences of smoky, 
s m e l l y  d i e s e l  t rucks  and buses w e r e  e l i m i n a t e d  from 
the  roads.  

* 
T h i s  50% f i g u r e  w a s  obtained from a survey of automobile r e g i s t r a t i o n s  
by model year published by the  Automobile Manufacturers Associat ion.  
The age d i s t r i b u t i o n  of r eg i s t e red  automobiles does not vary appreciab- 
l y  from y e a r  t o  y e a r .  
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(e) U n l e s s  some l i m i t  i s  imposed on t h e  number of automobiles 
i n  t he  Bay A r e a ,  t he  e f f ec t iveness  of t h e  present  con t ro l  
program i n  reducing t o t a l  emissions from automobiles w i l l  
eventua l ly  be negated by the  increas ing  number of cars on 
t h e  road. 

Figure 2 . 2  shows how t h e  number of cars r eg i s t e red  i n  Ca l i fo rn ia  
and i n  t h e  San Francisco Bay Area has been increas ing  y e a r  by year .  The 
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Figure 2.2.  AUTOMOBILE REGISTRATIONS IN CALIFORNIA AND SAN FRANCISCO 
BAY AREA AND GASOLINE SALFS IN CALIFORNIA. 
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d a t a  w e r e  taken from Ca l i fo rn ia  Department of Motor Vehicle records.  
In both C a l i f o r n i a  and t h e  Bay A r e a ,  t h e  number of r eg i s t e red  automo- 
b i l e s  has been growing exponent ia l ly  s ince  the  depression w i t h  a 
doubling t i m e  of 15 years, w i t h  t h e  exception of t h e  World War I1 
y e a r s  when no c a r s  were produced (a very e f f e c t i v e  po l lu t ion  c o n t r o l  
technique) .  There i s  no evidence of any slowing down i n  t h i s  automo- 
b i l e  population growth rate. The exponent ia l  growth of r e g i s t r a t i o n s  
is a r e f l e c t i o n  of , t h e  exponent ia l  growth of population although, i n -  
t e r e s t i n g l y  enough, a comparison of Figures  2.1 and 2.2 shows t h a t  t h e  
automobile population is growing more rap id ly  than the  human one. A s  
f u r t h e r  evidence of t h e  growing problem of a i r  po l lu t ion  from automo- 
b i l e s ,  Figure 2.2 a l s o  shows the exponent ia l  growth of gaso l ine  usage, 
as ind ica ted  by S t a t e  of Ca l i fo rn ia  sales r epor t s .  

Using t h e  automobile population da ta  from pas t  and projected 
r e g i s t r a t i o n s  and assuming t h e  e m i s s i o n  con t ro l  program out l ined  i n  
Table 2.1 w i l l  be implemented, it is  a r e l a t i v e l y  s t ra ightforward job  
t o  c a l c u l a t e  the  amounts of po l lu t an t  emissions from automobiles t h a t  
can be an t i c ipa t ed  i n  the  coming years. A program has been developed 
t o  c a r r y  out such ca l cu la t ions  on a high speed d i g i t a l  computer. The 
program, which i s  descr ibed i n  some d e t a i l  i n  Appendix 2-1, allows any 
year  by year  v a r i a t i o n  of automobile population, any des i red  emission 
c o n t r o l  program, any d e t e r i o r a t i o n  of t he  c o n t r o l  device with age, and 
a n y  age d i s t r i b u t i o n  f o r  the automobiles. 

Figures  2.3a, 2.3b, and 2 . 3 ~  show how the amount of CO, HC, and 
N% emitted by automobiles i n  the Bay A r e a  can be expected t o  vary 
from yea r  t o  y e a r  u n t i l  2000. The r e s u l t s  are based on the  fol lowing 
assumptions : 

(a)  The c a r  population cont inues t o  grow a t  t h e  exponent ia l  
rate shown i n  Fig.  2.2. 

(b)  The uncontrol led emission f a c t o r s  and t h e  emission con- 
t r o l  program shown i n  t h e  Table 2.1 are v a l i d .  For HC, 
t h e  c a l c u l a t i o n s  are based on t o t a l  emissions, r a t h e r  
than exhaust emissions alone.  

(c ) The age d i s t r i b u t i o n  of automobiles, t h e  d e t e r i o r a t i o n  
of t h e  c o n t r o l  device,  and t h e  average annual m i l e s  
dr iven are as shown i n  t h e  h i s t o r i c a l  d a t a  shown in  
Appendix 2 -1. 

The pro jec ted  emissions of CO and HC are undoubtedly t o o  low i n  
t he  years between 1966 and 1985 because, as previously mentioned, t he  
c o n t r o l  l e v e l s  assumed f o r  1966 and 1970 were not  a c t u a l l y  a t t a i n e d .  
Because of t h i s  and t h e  u n c e r t a i n t i e s  i n  the  uncontrolled emission 
rates, t h e  projected emissions shown i n  Figures  2.3a, 2.3b, and 2.3~ 
should not  be considered f o r  the exac t  numerical values  they  show, 
but  rather f o r  the  t rends  t h e y  p r e d i c t .  

An independent estimate of t h e  emissions of po l lu t an t s  from auto- 
mobiles i n  the San Francisco Bay A r e a  has been made f o r  the years 1965 
and 1980. The estimates, which are made f o r  t h e  ind iv idua l  subregions 
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Figure 2.3a. PROJECTED EMISSIONS OF CO FROM AUTOMOBILES IN THE SAN 
FRANCISCO BAY AREA. 
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Figure 2.3b. PROJECTED EMISSIONS OF HC FROM AUTOMOBILES I N  THE SAN 
FRANCISCO BAY AREA. 
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Figure 2.3~. PROJECTED EMISSIONS OF NO, FROM AUTOMOBILES I N  THE SAN 
FRANC ISCO BAY AREA. 
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of t h e  Bay A r e a ,  are based on es t imates  of t r a f f i c  i n  each subregion 
made by the  Regional Transportat ion Planning Commission (RTPC). The 
d e t a i l s  and assumptions involved i n  the  ca l cu la t ions  are shown i n  Ap- 
pendix 2-2. The ca l cu la t ions  are summarized i n  Table 2.2. Consider- 
ing the  u n c e r t a i n t i e s  involved i n  each, t he  two independent ca lcu la-  
t i o n s  f o r  t o t a l  emission of t he  various po l lu t an t s  agree q u i t e  w e l l  
( see  Table 2 .2) .  

Basis of Estimate 

Table 2.2 

Po l lu t an t  emissions ( tons per  day) 

1965 1980 

co HC NOx co HC N 4 ,  

COMPARISON OF TWO INDEPENDENT ESTIMATES OF 
POLLUTANT EMISSIONS FROM AUTOMOBILES I N  THE BAY AREA 

T r a f f i c  i n  d i s t r i c t s  
(Appendix 2-2 ) 

4172 765 235 1953 215 238 

C a r  sales // 4930 561 268 I/ 1980 162 180 
(Appendix 2 -1 ) 

Several  conclusions about t h e  present  automobile emission con t ro l  
program are apparent from Figures  2.3a, 2.3b and 2.3~. F i r s t ,  the  pro- 
gram w i l l  be e f f e c t i v e  i n  reducing emissions t o  leve ls  w e l l  below the  
uncontrol led l e v e l s .  Second, because the  c o n t r o l s  a r e  appl ied only t o  
new ca r s ,  it takes  a r a t h e r  long t i m e  f o r  t o t a l  e f f e c t s  t o  be r ea l i zed .  
For example, although t h e  las t  and most s t r i n g e n t  emissions l i m i t a t i o n s  
i n  the  cu r ren t  program are t o  be appl ied i n  1975, t he  maximum reduction 
i n  p o l l u t a n t  emissions w i l l  not occur u n t i l  some 10 t o  15 years l a t e r .  
Third, very s h o r t l y  a f t e r  t h e  minimum emission leve ls  a r e  obtained, pol- 
l u t a n t  emissions w i l l  once again grow exponent ia l ly  a t  t he  same rate a t  
which t h e  automobile population i s  growing. 

Thus the  cu r ren t  emission c o n t r o l  program f o r  automobiles is a t  
bes t  a program t o  buy t i m e ,  t i m e  t o  develop more pol lu t ion- f ree  i n t e r n a l  
combustion engines or t o  make a v a i l a b l e  a l t e r n a t e  means of t ranspor ta -  
t i o n .  The amount of t i m e  depends on the  acceptable  amount of automobile 
emissions.  For example, i f  CO emissions from automobiles are t o  be re-  
duced t o  1950 l e v e l s  or less, :he present  program w i l l  be e f f e c t i v e  u n t i l  
perhaps 1990. If it is  deemed advisable  t o  reduce NOx emissions from 
automobiles t o  1950 leve ls ,  t h e  present  program is probably already too  
la te .  
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2.4 S ta t ionary  Sources of A i r  Po l lu t ion  

The cu r ren t  and projected emission con t ro l  programs f o r  s t a t i o n a r y  
sources  i n  t he  San Francisco Bay Area, which are t h e  r e spons ib i l i t y  of 
t h e  BAAPCD, are much less d e f i n i t e  than those f o r  con t ro l  of automobile 
emissions.  The present  c o n t r o l  program f o r  s t a t i o n a r y  sources is based 
on th ree  

(a 1 

regula t ions  : 

Regulation, 1, which became e f f e c t i v e  i n  October 1957, 
bans open burning. Exceptions t o  t h i s  regula t ion  are 
allowed f o r  a g r i c u l t u r a l  burning, f i r e  hazard con t ro l ,  
f i r e  f i g h t i n g  t r a in ing ,  and f i r e s  f o r  r ec rea t iona l  
purposes such as barbecues. 

Regulation 2, which became e f f e c t i v e  i n  January 1961, 
con t ro l s  t h e  emission of p a r t i c u l a t e s ,  hydrocarbons, 
and sulphur  dioxide from commercial and i n s t i t u t i o n a l  
sources .  The emission l i m i t a t i o n s  imposed are expressed 
i n  terms of maximum concentrat ions,  emission rates, and 
opac i t i e s  of t h e  po l lu t an t s  i n  t he  e f f l u e n t  from t h e  
source.  

Regulation 3, which became e f f e c t i v e  i n  January 1968, 
l i m i t s  t h e  emission of r e a c t i v e  hydrocarbons i n t o  the  
atmosphere. Again t h e  l i m i t a t i o n  i s  expressed i n  terms 
of m a x i m u m  e f f l u e n t  concentrat ions.  

The f i r s t  two regula t ions  are pr imari ly  d i r ec t ed  a t  v i s i b l e  emissions, 
t o  which the  genera l  publ ic  is  undoubtedly most s e n s i t i v e .  

The genera l  philosophy and goal  of t h e  BAAPCD i s  t o  reduce s t a t i o n -  
a r y  source emissions t o  t h e  ex ten t  necessary t o  s a t i s f y  t h e  ambient a i r  
q u a l i t y  s tandards .  The emission regula t ions  a r e  appl ied on an  "across  
the board" bas i s ,  w i t h  l i t t l e  cons idera t ion  being given a s  t o  how a par- 
t i c u l a r  source,  as a r e s u l t  of i ts  loca t ion  and the preva i l ing  winds, 
a f f e c t s  t he  ove ra l l  a i r  q u a l i t y  of the area. A t  t h e  present  t i m e ,  t h i s  
may w e l l  be a s u i t a b l e  approach, but as (hopeful ly)  a b e t t e r  understand- 
ing of t h e  r e l a t i o n s h i p  between source loca t ion  and ambient a i r  q u a l i t y  
is developed, new regula t ions  should be e s t ab l i shed  which are d i r ec t ed  
more heavi ly  toward those sources which have the  most harmful e f f e c t  on 
a i r  q u a l i t y .  In  i ts  program f o r  enforcement of t h e  e x i s t i n g  regula t ions ,  
t h e  BAAPCD i s  p resen t ly  severe ly  l i m i t e d  by its r a t h e r  meager manpower 
and resources .  

A s  more and more people set t le  i n  t he  Bay Area, w i t h  a n  accompany- 
i n g  increase i n  the  demand f o r  goods and serv ices ,  t h e  ove ra l l  p o t e n t i a l  
e m i s s i o n  of po l lu t an t s  from s t a t i o n a r y  sources w i l l  a l s o  increase.  Fig- 
u re  2.4 shows t h e  recent  h i s t o r y  of the &age of electrical energy and 
n a t u r a l  gas i n  Cal i forn ia*  as w e l l  as pro jec t ions  of t h e  usage rates 

* 
The data from which these  curves w e r e  drawn were taken from the  C a l i -  
f o r n i a  S t a t i s t i c a l  Abstract  - 1969. 
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Figure 2.4. ELECTRICAL ENERGY AND NATURAL GAS USAGE I N  CALIFORNIA. 

i n t o  t h e  n e a r  f u t u r e .  Over the pas t  twenty  y e a r s  both usage rates have 
increased exponent ia l ly .  A comparison with Figure 2 .1  shows t h a t  the  
increase i n  the usage rate for both e l e c t r i c a l  energy and na tu ra l  gas 
is l a r g e r  t h a n  the corresponding rate of population growth, so t h a t  per  
c a p i t a  usage is  a l s o  increasing.  

A s  a lower l i m i t ,  it seems reasonable t o  assume t h a t  the  t o t a l  
p o t e n t i a l  emission from s t a t iona ry  sources w i l l  increase a t  a rate 
propor t iona l  t o  the rate of population growth. Since the  BAAPCD has 
no time-phased program f o r  more s t r i n g e n t  emission con t ro l  regulat ions,  
a meaningful pro jec t ion  of f u t u r e  emissions would be very d i f f i c u l t ,  if 
not impossible, t o  calculate. I t  would be safe t o  conclude, however, 

37 



t h a t  i f  emission con t ro l  regula t ions  w i l l  continue t o  be based on 
pol lu t ion  concentrat ions i n  e f f luen t s ,  they w i l l  have t o  become more 
a n d  more l imi t ing  as t i m e  goes by i f  ambient a i r  q u a l i t y  is t o  be kept 
within acceptable  l i m i t s .  

F igure 2.5 ou t l ines  the  f u t u r e  emission c o n t r o l  program f o r  sta- 
t ionary  sources t h a t  t h e  BAAPrJD must m a i n t a i n  t o  hold t h e  t o t a l  e m i s -  
s i ons  from these  sources  a t  1969 l e v e l s  i f  the  population of the Bay 
Area continues t o  rise a t  t h e  exponential  r a t e  shown i n  Figure 2.1. 
For example, i f  the population continues t o  grow exponentially,  t h e  
B A A E D  w i l l  have t o  reduce 1990 pe r  c a p i t a  emissions t o  55% of the  
1969 l e v e l s .  If t h e  population i n  1990 i s  10% less than the  value 
predicted by Figure 2.1, the reduction i n  1990 p e r  c a p i t a  emissions 
from stationary ,sources could be 10% less than shown i n  Figure 2 . 5  
(i.e.,  a reduction t o  61% of the  1969 l e v e l  would maintain t o t a l  
emissions a t  t he  1969 va lue ) .  

Figure 2.5. THE PER CAPITA EMISSIONS FROM 
STATIONARY SOURCES I N  THE BAY AREA WHICH 
MUST BE OBTAINED IF 1969 EMISSION LEVELS 
FROM THESE SOURCES ARE TO BE MAINTAINED 
FOR AN EXPONENTIALLY INCREASING BAY AREA 
POPULATION e 

How long such a program can be successfu l ly  maintained i s  debatable .  
According t o  t h e  1969 BAAPCD Source Inventory Report, estimated t o t a l  
emissions from s t a t iona ry  sources have remained r e l a t i v e l y  constant  i n  
the  pas t  few years  as shown i n  Table 2.3, 
e n t  t h ree  regula t ions ,  and the BAAPCD's a b i l i t y  t o  enforce them, i t  ap- 
pears  q u i t e  l i k e l y  t h a t  t o t a l  emissions w i l l  begin t o  rise i n  t h e  n e a r  
f u t u r e  . 

W i t h i n  t he  l i m i t s  of t h e  pres- 
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Table 2.3 

\ 

EMISSIONS FROM STATIONARY SOURCES UNDER BAAPCD JURISD ICTION - TONS/DAY 

Year 
> \ 1963 1964 , 
Po 1 l u  t an  t' , , 

HC 863 873 

N% 220 204 

\ 

eo I sox 

1965 1966 

871 902 

222 255 

1344 1329 1296 1332 1 374 1 357 1 354 1 372 

1967 

93 9 

2 40 

13 86 

40 9 

3: 60 1 P a r t i c u l a t e s  1' 203 I 154 I 149 I 154 

1968 1969 

960 941 

219 194 

95 1 95 6 

375 330 

161 160 

To keep the  average ambient a i r  qua l i t y  w i t h i n  the San Francisco 
Bay Area a t  acceptable  leve ls ,  it w i l l  be necessary t o  l i m i t  the  t o t a l  
emissions from s t a t iona ry  sources and t o  study the  bes t  loca t ions  f o r  
any new sources constructed within the  Bay Area. The present  regula- 
t i o n s  cannot e f f e c t  a n  upper l i m i t  on s t a t iona ry  source e m i s s i o n s  s ince,  
although f o r  a p l an t  of f ixed  capaci ty  t h e  present ly  e x i s t i n g  regula- 
t i o n s  w i l l  l i m i t  t o t a l  po l lu t an t  emission from t h a t  plant ,  there i s  no 
regula t ion  l imi t ing  the  number or capac i ty  of p l an t s .  

2.5 Conclusions 

Although a t  the present  t i m e  the exact  r e l a t ionsh ip  between the  
loca t ion  and magnitude of a po l lu t an t  source and i ts  e f f e c t  on the  
l o c a l  and area-averaged ambient a i r  qua l i t y  is  not known, it is  very 
reasonable t o  assume t h a t  there  i s  a n  upper l i m i t  on t h e  t o t a l  amount 
of a po l lu t an t  t h a t  can be emi t ted  i n t o  the  atmosphere i f  t h e  a i r  
qua l i t y  standard f o r  that  po l lu t an t  is  t o  be maintained. Chapter 6 
descr ibes  a simple Box M o d e l  which relates po l lu t ion  emission rate 
t o  a i r  q u a l i t y .  Based on t h i s  model and 1968 est imates3 of t o t a l  
po l lu t an t  emissions, t h e  ca l cu la t ions  i n  Chapter 6 i nd ica t e  tha t  i f  
a 300 foo t  inversion height  and a f i v e  m i l e  pe r  hour wind p e r s i s t  
throughout t he  Bay A r e a  f o r  more t h a n  one day, t h e  average N& con- 
cen t r a t ion  would be t h a t  prescr ibed by the  a i r  qua l i t y  c r i t e r i o n ;  i f  
there were no wind, the average N% concentrat ion would be near ly  fou r  
t i m e s  t h e  a i r  q u a l i t y  cr i ter ion.  

The m o d e l  of Chapter 6 i s  a n  oversimplif ied one and i ts  numerical 
r e s u l t s  may perhaps only be v a l i d  t o  w i t h i n  a f a c t o r  of two, but t h e  
conclusion is  c l e a r .  To maintain the present  a i r  qua l i t y  standards,  
t o t a l  po l lu t an t  emissions should be kept a t  ( b e t t e r  y e t  below) cu r ren t  
l eve l s .  The cu r ren t  program f o r  con t ro l  of emissions from automobiles 
should r e s u l t  i n  decreasing emissions of CO, HC, and N% u n t i l  t he  m i d -  
1980's. If no f u r t h e r  emission r e s t r i c t i o n s  are imposed, emissions of 
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these po l lu t an t s  can then be expected to increase i n  proportion t o  the  
number of automobiles. The e m i s s i o n s  from f ixed  sources i n  f u t u r e  
years, assuming a cont inuat ion of the  present  BAAPCD program, is less 
easy t o  p red ic t ,  bu t  i t  is  l i k e l y  t h a t  such emissions w i l l  begin t o  
increase unless  more s t r i n g e n t  e f f l u e n t  regula t ions  are enacted and 
enforced. 
t i o n s  based on po l lu t an t  concentrat ions i n  e f f l u e n t s  t o  regula t ions  
based on l i m i t i n g  t o t a l  po l lu t an t  emissions i n  t h e i r  s t a t iona ry  source 
c o n t r o l  program. ' 

I n  the  long run, any emission con t ro l  program based on t h e  reduc- 
t i o n  i n  e m i s s i o n s  from indiv idua l  sources, be they automobiles, power 
p lan ts ,  petroleum r e f i n e r i e s  or whatever, seems doomed t o  f a i l u r e  i f  
no l i m i t  i s  placed on the  number of such sources.  Thus t h e  eventual  
successfu l  so lu t ion  of t he  a i r  po l lu t ion  problem, i n  the  San Francisco 
Bay A r e a  or elsewhere, w i l l  r equi re  a l eve l ing  off of the area's popu- 
l a t ion ,  or f a i l i n g  t h a t ,  a cont inuing reduction i n  per  c a p i t a  emission 
of po l lu t an t s .  

I t  appears advisable  f o r  t h e  BAAPCD t o  switch from regula- 

40 



Chapter 3 

AN IDEAL A I R  POLLUTION SURVEILLANCE SYSTEM 

3.1 Introduction 

In order  t o  quan t i t a t ive ly  understand t h e  a i r  pol lu t ion  problem i n  
any l o c a l i t y ,  i t  is necessary t o  have meaningful da ta ;  t h a t  is, t he re  
must be enough information of s u f f i c i e n t  accuracy t o  adequately deter- 
m i n e  such q u a n t i t i e s  as po l lu t an t  emission r a t e s ,  l o c a l  and averaged 
po l lu t an t  concentrat ions,  and meteorological condi t ions .  A s  w a s  pointed 
out  i n  Chapter 1, the cur ren t  lack of such meaningful data i n  t he  Bay 
Area makes it impossible t o  d e f i n i t i v e l y  show whether the a i r  po l lu t ion  
problem is g e t t i n g  b e t t e r  or worse. 

Further ,  i n  order  t o  f u l l y  understand the  problem it is not s u f f i -  
c i e n t  t o  know what t h e  emission rates and a i r  q u a l i t y  are; one would 
a l s o  l i k e  t o  know the  cause-effect  r e l a t ionsh ip  between the  two. This 
r e l a t ionsh ip  i s  now understood i n  only a rudimentary way, but models t o  
descr ibe  it more accura te ly  are being developed (see  Chapter 6 ) .  Once 
developed, each of these m o d e l s  must be v e r i f i e d  by comparison of t h e i r  
p red ic t ions  w i t h  measured da ta .  T h i s  v e r i f i c a t i o n ,  and the  r e s u l t a n t  
c r e d i b i l i t y  of t h e  model, w i l l  only be a s  good as the  da t a  ava i l ab le .  

A s  a f i rs t  s t e p  i n  determining what information is necessary, it 
i s  use fu l  t o  consider  a schematic descr ip t ion  of t h e  a i r  po l lu t ion  prob- 
lem, such as shown i n  Figure 3.1. The c e n t r a l  block i n  t he  diagram, 
labeled po l lu t ion  dynamics, represents  the  complex in t e rac t ions  between 
the  inputs* (meteorology, topography, and po l lu t an t  emissions) which 
r e s u l t  i n  t h e  output s ta te  of t he  atmosphere (temperature, humidity, 
po l lu t an t  concentrat ions,  wind ve loc i ty ,  and t h e  l i k e ) .  A l l  of t he  
inputs  as w e l l  as t h e  components of t h e  output w i l l  general ly  vary 
with both pos i t ion  and t i m e .  One of t he  purposes of the  m o d e l s  men- 
t ioned above i s  t o  s imulate  t h e  po l lu t ion  dynamics block. 

External  con t ro l  of t he  system i s  ava i l ab le  only through regula t -  
ing po l lu t an t  emissions.  T h i s  i s  accomplished through the  Cont ro l le r ,  
which represents  the Pol lu t ion  Control D i s t r i c t  (PCD), i t s  s t a f f ,  and 
t he  body of l a w s  and regula t ions  under which it operates .  I n  order  t o  
e f f e c t  any  degree of cont ro l ,  the c o n t r o l l e r  organization must have a 
set of ob jec t ives  or ind ices  of performance which c o n s t i t u t e  t he  frame- 
work w i t h i n  which it makes i t s  c o n t r o l  dec is ions .  I t  must a l s o  have 
information or da ta  on the state of t he  pol lu t ion  system and on the  
emission and meteorological forc ing  func t ions .  Additional inputs  t o  
the c o n t r o l l e r  are t h e  publ ic  through i t s  ac t ions  and opinions, S t a t e  
and Federal  l a w s  and standards,  and a co l l ec t ion  of economic, p o l i t i c a l ,  
and c o n s t i t u t i o n a l  c o n s t r a i n t s  within which t h e  c o n t r o l l e r  must funct ion.  

* 
One might a l s o  consider  t h e  reac t ions  among the  var ious cons t i t uen t s  
of t h e  a i r  ( f o r  example, t he  photochemical r eac t ions )  a s  one of the  
inputs .  Since t h e  mechanisms of these reac t ions  presumably d o  n o t  
vary, they are considered here as an i n t e g r a l  component of po l lu t ion  
dynamics. If the  study of a i r  po l lu t ion  is r e s t r i c t e d  t o  a p a r t i c u l a r  
a rea ,  topography could be considered i n  the  same manner .  
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This chapter  w i l l  focus on t h e  t h r e e  blocks i n  which measurement 
or e s t i m a t i o n  are c a r r i e d  out, namely the  a i r  q u a l i t y  monitoring system 
(AQMS), the source inventory (SI) ,  and the  meteorological monitoring 
s y s t e m  (MMS).  This focus w i l l  not be on the hardware aspects  of these 
measurement systems;  these w i l l  be t r ea t ed  i n  Chapters 4 and 5. The 
measurement requirements are d ic t a t ed  by the  con t ro l  ob jec t ives  and 
ind ices  of performance adopted by a PCD. Such a set of ind ices  w i l l  
be suggested and the necessary  d a t a  spec i f i ed .  In  addi t ion ,  some of 
the ways i n  which t h i s  information w i l l  be use fu l  w i l l  be out l ined .  

Before proceeding, i t  would be he lp fu l  t o  spec i fy  what is  meant  
by "air po l lu t ion  surve i l lance" .  G e n e r a l l y  speaking, su rve i l l ance  is 
t h e  ga ther ing  of s p e c i f i c  data f o r  a purpose. I n  t h e  present  context ,  
a i r  po l lu t ion  su rve i l l ance  means the gather ing of a i r  qua l i ty ,  po l lu t an t  
e m i s s i o n ,  and meteorological data f o r  t he  purposes of the  con t ro l  objec- 
t i v e s  and performance i n d i c e s .  

3.2 A i r  Qua l i ty  

The terms "air qua l i t y"  and "ambient a i r  qua l i t y"  appear prominently 
i n  a i r  po l lu t ion  l i t e r a t u r e ,  but they are r a re ly  def ined.  Very of ten 
t h e y  r e f e r  t o  the  concentrat ions of po l lu t an t s  i n  t he  a i r .  Two s p e c i f i c  
measures of a i r  qua l i t y ,  a local d a i l y  a i r  qua l i t y  index (LDAQ) and a 
monthly ambient a i r  qua l i t y  index (AAQ), both of which are d i r e c t l y  
r e l a t e d  t o  es tab l i shed  a i r  q u a l i t y  standards,  are defined i n  d e t a i l  i n  
Appendix 3-1. 
gory of measurements of po l lu t an t  concentrat ions.  These measurements 
should be made n e a r  ground l e v e l  (where the  people are), and t h e  a i r  
c e l l s  f o r  which the concentrat ion measurements a r e  made should be of 
such an  area t h a t  t h e  monthly AAQ a r e  t r u l y  representa t ive .  One m e a -  
surement p e r  hundred square f e e t  of land area would be unnecessary; one 
measurement covering seve ra l  hundred square m i l e s  would be gross ly  i n a d -  
equate i n  any  urban area. Consider t h e  graphica l  representa t ion  of a i r  
q u a l i t y  a t  a given i n s t a n t  of t i m e  by a n  i s o p l e t h  p lo t ,  a contour map of 
po l lu t an t  concentrat ion over a d i s t r i c t .  Such a p l o t  f o r  highly space- 
va r i ab le  carbon monoxide could not possibly account f o r  t he  d i s t i n c t  
e f f e c t  of every automobile exhaust pipe, while  a t  t h e  o ther  extreme, 
one reading per  s eve ra l  hundred square m i l e s  would make such a p l o t  
meaningless. Time averaging of po l lu t an t  concentrat ions a t  f ixed  sta- 
t i o n s  is  common p r a c t i c e  and serves t o  produce a f i g u r e  which is  more 
representa t ive  t h a n  a s i n g l e  instantaneous value.  Ideal  a i r  qua l i t y  
measurements should include local space averaging as w e l l  a s  t i m e  aver- 
aging, and should r e f l e c t  t he  medium s c a l e  geographical d i s t r i b u t i o n  of 
p o l l u t a n t s .  

of a i r  qua l i t y  measurement as discussed above. The graph shows a hypo- 
t h e t i c a l  continuous curve of a po l lu t an t  concentrat ion a t  ground l eve l ,  
along a l i n e  drawn on the  sur face  of t he  ear th ,  a t  a given i n s t a n t  of 
t i m e .  I t  should be obvious t h a t  n e i t h e r  concentrat ion,  C a  or Cb, is 
representa t ive  of  t h e  e n t i r e  d i s tance  spanned i n  t h e  graph, and t h a t  
measurements i n  t he  v i c i n i t y  of a t  least both poin ts ,  a and by a r e  

The term " a i r  qua l i ty"  as used here means t he  broad ca t e -  

Figure 3.2 i l l u s t r a t e s  t he  space averaging and d i s t r i b u t i o n  aspec ts  
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Figure 3.2. A HYPOTHETICAL GROUND-LF,VEL POLLUTANT 
CONCENTRATION SECTION FOR A GIVEN INSTANT OF TIME. 

necessary f o r  proper cha rac t e r i za t ion  of a i r  q u a l i t y  i n  t h a t  span. Note 
a l s o  tha t  Ca could be labeled a poor reading i n s o f a r  as cha rac t e r i za t ion  
of a i r  q u a l i t y  i n  t h e  v i c i n i t y  of point  a is concerned. Local space av- 
eraging would be done over an averaging span such as t h a t  indicated i n  
Figure 3.2, with the r e s u l t i n g  averaged concentration values indicated 
as C k  and Ci. 

concentrat ion v a r i a b i l i t y  is  presented i n  Chapter 4 .  
Evidence which confirms the  existence of local and medium-scale 

3.3 Control Objectives and Indices of Performance 

Survei l lance should be c a r r i e d  out not for its own sake, but t o  
m e e t  t h e  requirements e s t ab l i shed  by t h e  object ives  and indices  of 
performance adopted by t h e  c o n t r o l l e r .  Should a FCD adopt as i t s  s o l e  
ob jec t ive  the 100% el iminat ion of a l l  man-caused emissions, then the 
a i r  q u a l i t y  and meteorological inputs  t o  the  c o n t r o l l e r  are unnecessary, 
and t h e  o v e r a l l  system of Figure 3.1 would be operating v i r t u a l l y  open 
loop, with t h e  only feedback occurring i n  the controller-emissions- 
source inventory loop. Such an objective is, however, c l e a r l y  unreal-  
i s t i c ;  it is mentioned only t o  emphasize t h a t  d a t a  requirements are 
dictated by object ives .  The inverse i s  t o  be avoided; i.e., t h e  ava i l -  
a b i l i t y  of d a t a  should not d i c t a t e  t h e  object ives .  

The o v e r a l l  object ive of a PCD should be the  maintenance of t h e  
ambient a i r  q u a l i t y  ind ices  throughout i ts  a i r  basin a t  or below the  
value of unity,  w i t h  no s i n g l e  normalized concentration exceeding 1 .O. 
Further,  t h i s  level  of ambient a i r  q u a l i t y  should be maintained even 
under t h e  highly unfavorable meteorological condi t ions t y p i f i e d  by a 
three-day, 300-f oot inversion without wind. 
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The indices  of performance l i s t e d  below a r e  suggested as usefu l  
and meaningful ad junc ts  i n  descr ib ing  how successfu l  the  con t ro l  strat- 
egy i s  i n  m e e t i n g  t he  ove ra l l  object ive,  and i n  po in t ing  t o  poss ib le  
improvements i n  tha t  s t r a t e g y .  A l l  are on a monthly bas i s  except 11. 
Categories  6 and 7 use BAAPCD count ies  f o r  i l l u s t r a t i o n .  The ind ices  
are f i r s t  l i s t e d ,  then followed by t h e  format of t a b l e s  by which they  
are t o  be presented monthly t o  t h e  d i r e c t o r s  of t h e  PCD. The l o c a l  
newspapers should be encouraged t o  publ ish these  monthly summary re- 
p o r t s .  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

Emissions 
Upsets and breakdowns c a l l e d  i n ,  no t  ci ted 
Violat ion no t i ces  
Automotive veh ic l e  inspect ion d a t a  
C i t i zen  i n t e r a c t i o n  
Peak r e s i d e n t i a l  area values  f o r  t h e  month 
Average values  f o r  t he  month 
Largest  emitters and t h e i r  average outputs  
Compliance d a t a  
Ambient a i r  q u a l i t y  index 
D a i l y  l o c a l  a i r  q u a l i t y  index 

1. EMISSIONS (Tons pe r  day) 

a .  N e t  e l iminated las t  Quar t e r  

t a r g e t  
a c t u a l  

b. N e t  e l i m i n a t e d  same Quar t e r  
p r i o r  y e a r  

Quar t  e r 

Month 

c .  Tota l  Eliminated during the  

d .  Tota l  Added/Discovered i n  

2. UPSET/BREAKDOWNS CALLFD I N  (not 
c i t e d )  

a .  Tons e x t r a  e f f l u e n t  due t o  
breakdown 

b. Tota l  breakdowns during month 
c . Max. breakdowns pe r  company: Pas t  month Past  y e a r  

d .  Company w i t h  Max. : Pas t  month Pas t  y e a r  
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3 .  VIOLATION NOTICES Current mo.  Mo. last  y r .  Y r .  t o d a t e  
1 

a .  Number issued (month) I I I I 
b. Number not iced bu t  unc i ted  

c .  Dollars of f i n e  collected/citation 

~ 

d .  Average f i n e  p o t e n t i a l  pe r  no t i ce  

e .  Averageexcessiveeffluent/citation 

f .  Most repeated offender 

g. Second m o s t  repeated offender  

h. #Night or weekend Insp./Day insp. 

i. #Citat ions/night  or weekend insp.  

j .  #Citations/day insp.  

4. AUTOMOTIVE VEHICLES ICurrent mo.lMo. l a s t  y r .  IYr.  t oda te  I 
a.  Number inspected dur ing  month 

b . 
c .  Number of "smokers" reported 

C i  t a t  i ons/ In spec t i on 

5.  CITIZEN INTERACTION ICurrenlt mo.(Mo. l a s t  y r .  1 Y r .  todate  I 
I I I 

I I 
a .  #Visi tors  t o  D i s t r i c t  office 

b .  #Complaint no t i ces  received 

c .  Citations/complaint 

d .  #Cit izens groups working w i t h  D i s t  . 
e.  #Students working on D i s t  . pro jec t s  

f .  #Talks by Dis t r ic t  personnel 

6.  PEAK RESIDENTIAL AREA VALUE 
(pol lu tan t  concentrat ions normalized 
by a i r  q u a l i t y  s tandards)  

a .  Contra Costa County 

b. A l a m e d a  

c .  Santa C l a r a  

d. San Mateo 

e .  San Francisco 

i. Marin 
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7. 

8. 

AVERAGE VALUE FOR MONTH 
(po l lu t an t  c onc e n  t rat ions norma l i zed  
by a i r  q u a l i t y  s t a n d a r d s )  

a .  C o n t r a  C o s t a  t h i s  y e a r / l a s t  y e a r  

b. A l a m e d a  

c .  S a n t a  C l a r a  

d .  San Mateo 

e. San F r a n c i s c o  

f .  Marin 

LARGEST EMITTERS AND THEIR AVERAGE 
OUTPUTS (Tons of tha t  emiss ion/day  ) 

1st 

2nd 

3 rd  

4 th  

5 t h  

6 t h  

7 t h  

8t h 

9t  h 

10 th  

S t a t  i ona r y  
T o t a l  

Bay T o t a l  

9 .  COMPLIANCE 

a.  #Var i ances  Issued 

b. Avg. Variance Length  ( d a y s )  

c. Longes t  Variance (days )  

d .  Avg. compliance schedule l e n g t h  
(days  1 

e .  Longes t  compliance s c h e d u l e  
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10. 

11. 

3.4 

AWIENT A I R  QUALITY INDEX 

The AAQ is  def ined i n  Appendix 3-1. 
normalized concentrat ions C i / C i s ,  which are s a t i s f a c t o r y  when they 
are less than or equal t o  uni ty .  The AAQ and these  normalized con- 
cen t r a t ions  should be published monthly f o r  each a i r  c e l l .  

Equally as important are the  * 

DAILY LOCAL A I R  QUALITY INDEX 

The DLAQ is also def ined  i n  Appendix 3-1. The DIAQ and the  accom- 
panying table (Table 3-1.1) f o r  each a i r  c e l l  should be made a v a i l -  
a b l e  f o r  publ ica t ion  d a i l y .  

What Data Should t h e  Survei l lance System Produce? 

A i r  Quality Monitoring System 

The ove ra l l  ob jec t ive  and indices i n  ca tegor ies  5, 6, 7, 10, 
and 11 shown i n  the  preceding sec t ion  e s t a b l i s h  the  need f o r  a i r  qua l i t y  
monitoring. Some add i t iona l  comments are i n  order  r e l a t i v e  t o  the  na ture  
and value of such monitoring. 

Typically,  a n  a i r  basin w i l l  have among i t s  indus t r i e s  such 
concentrated point  sources  of po l lu t an t s  as power p lan ts ,  cement m i l l s ,  
o r  o i l  r e f i n e r i e s ,  t o  name a f e w ,  as w e l l  as s i g n i f i c a n t  l i n e  sources 
such as heavi ly  t rave led  freeways and a i r p o r t  a r r i v a l  and departure  
lanes. Many thousands of people may l i v e  and work w i t h i n  t he  d i r e c t  
zones of inf luence of these  sources.  These people breathe a i r  which 
may, on one or more counts,  be chronica l ly  sub-standard r e l a t i v e  t o  a 
state 's  a i r  q u a l i t y  s tandards.  Recal l ing the o v e r a l l  con t ro l  ob jec t ive  
from Section 3.3 and our understanding of ambient a i r  qua l i t y ,  one may 
conclude t h a t  t he  i d e a l  a i r  q u a l i t y  monitoring s y s t e m  w i l l  reveal  t h e  
ex is tence  of any such sub-standard areas. 

nized primary and secondary po l lu t an t s  should be measured w i t h  s u f f i c i e n t  
t i m e  and s p a t i a l  f requencies  and accuracies  t o  allow the  construct ion of 
monthly concentration-frequency p l o t s .  Such a system need not  be a 
"real-t ime" system i n  t he  sense of having the c a p a b i l i t y  t o  produce a 
p l o t  of po l lu t an t  i sop le ths  f o r  a given t i m e  i n s t a n t  or f o r  a given day. 
I t  should, however, be capable of producing measurements or r e l i a b l e  
estimates of peak d a i l y  concentrat ions within a l l  aircells.  I t  must 
be re-emphasized that  t he  i n t e g r i t y  of t h e  monitoring system, vis-a-vis 
the  medium-scale v a r i a t i o n s  assoc ia ted  with point  sources,  must be unim- 
peachable i f  the objec t ive  of uniformly standard-or-better a i r  qua l i t y  
i s  t o  be achieved. 

A i r  po l lu t ion  episodes are per iods when po l lu t an t  concentra- 

To meet t h i s  ideal, ground-level concentrat ions of a l l  recog- 

t i o n s  bu i ld  up t o  high l e v e l s  as a r e s u l t  of pro t rac ted  low temperature 
invers ion  height  and lack of v e n t i l a t i o n  a The concentrat ions can reach 
l e v e l s  w e l l  above the  a i r  q u a l i t y  s tandards i n  a day or s o  and remain 
the re  f o r  s eve ra l  days.  Under these condi t ions,  t he  a i r  qua l i t y  moni- 
t o r i n g  system may be required t o  make measurements w i t h  both good s p a t i a l  



r e so lu t ion  and r e l a t i v e l y  high t i m e  frequency. D a t a  is a l s o  of course 
needed t o  p red ic t  such episodes i n  advance i n  order  t o  take emergency 
prevention measures i f  necessary. 

Source Inventory 

An emission measurement and est imat ion sys t em,  or source in-  
ventory, operates  i n  another feedback path t o  t h e  con t ro l l e r ,  as shown 
i n  Figure 3.1. Indices of performance i n  ca tegor ies  1, 2, 3, 4, 5, and  
8 e s t a b l i s h  the  need f o r  such a n  inventory.  

geographical loca t ion  and po l lu t an t  makeup of spec i f i ed  c l a s s e s  of 
f ixed  and mobile sources. Point,  l i n e ,  and area loca t ion  i n  a three- 
d i m e n s i o n a l  coordinate  s y s t e m  is r e l a t i v e l y  s t ra ight forward .  I n  d i s -  
t r i c t s  where a permit sys t em is employed, one c l a s s  of f ixed  sources 
t o  be included is  very n e a t l y  and log ica l ly  defined by the  c l a s s  of 
operat ions f o r  which permits t o  cons t ruc t  and operate  are required.  
Under the permit sys tem,  only those operat ions are exempt which a r e  
e i ther  not s i g n i f i c a n t  sources or else a r e  p r a c t i c a l l y  and r e a l i s t i -  
c a l l y  incapable of being cataloged, such a s  t h e  family f ry ing  pan or 
t he  backyard barbecue. The permit system a l s o  requi res  t h a t  t he  ap- 
p l i c a n t  make known t h e  makeup of h i s  emissions, thereby meeting t h a t  
requirement of t he  inventory.  Among add i t iona l  information of poten- 
t i a l  value t o  a d i s t r i c t  would be the  t i m e  schedule of emission. Some 
operations,  by the na ture  of t h e i r  processes, func t ion  around-the-clock 
every day, w h i l e  o thers  may operate  on a one s h i f t ,  f i v e  day week bas i s .  
D i s t r i c t s  without a permit s y s t e m  are faced with a considerable  one-time 
e f f o r t  t o  e s t a b l i s h  t h i s  p a r t  of t h e i r  inventory; i n  e i t h e r  case,  ma in -  
t a i n i n g  t h e  currency of such an inventory requi res  modest resources.  

Another c l a s s  of s t a t iona ry  sources not covered by permits 
but nonetheless s i g n i f i c a n t  i s  domestic space and  water heat ing.  The 
po l lu t an t s  involved would be oxides of ni t rogen i n  d i s t r i c t s  where 
na tu ra l  gas is the  p r inc ipa l  f u e l ,  and s u l f u r  dioxide i n  regions where 
coa l  and f u e l  o i l  are used. D a i l y  amounts would have t o  be estimated 
on the b a s i s  of population dens i ty  and standard emission f a c t o r s  f o r  
space and water heaters. T h i s  is obviously an  a rea  source, and could 
be described i n  u n i t s  of tons pe r  day per  square m i l e  on a one-mile 
g r i d .  

Because of i t s  mobili ty,  it has t o  be treated ei ther  as a l i n e  or a rea  
source.  Actual measurement and p rec i se  loca t ion  of d a i l y  au to  tonnages 
i s  a n  obvious imposs ib i l i ty .  A t  t he  other  extreme, gross es t imat ion of 
t o t a l  a i rbas in  au to  emissions on the bas i s  of gasol ine sales, without 
regard t o  geographical d i s t r i b u t i o n  and  t r a f f i c  densi ty ,  w i l l  cont r ibu te  
l i t t l e  t o  the value and u t i l i t y  of a source inventory.  The au to  segment 
of the inventory should be a compromise between these two extremes: one 
i n  which the f i n e  s t r u c t u r e  of urban t r a f f i c  is  t r e a t e d  as an a rea  source, 
w i t h  estimates of t o n s  pe r  day pe r  square m i l e  ( 1 - m i l e  g r i d )  made on the  
basis of t r a f f i c  surveys.  More d i s t i n c t  au to  sources such a s  major f r e e -  
ways i n  suburban areas would be described as l i n e a r  sources i n  u n i t s  of 
tons pe r  day per  m i l e .  

A source inventory is  bas i ca l ly  a l ist  which ca ta logs  the  

Another major source t o  be cataloged is the automobile. 
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Such a complex inventory would have t o  be s tored i n  a computer- 
compatible mode. Although t h e  inventory is not a real-time record or 
representa t ion  of po l lu t an t  production, i t  must nonetheless be s o  designed 
as t o  allow easy and rapid access  f o r  such purposes as updating and ex- 
t r a c t i o n  of required summaries, Computerization would allow such func- 
t i o n s  as e n t r y  s o r t i n g  and compilation by g r ids  of s e l ec t ed  s i z e  and f o r  
a l l  p o l l u t a n t s ,  

One f u r t h e r  aspect  of source su rve i l l ance  should be noted: 
t h a t  of a c t u a l  source measurement. I n  t he  inventory discussion above, 
i t  i s  implied or stated t h a t  few i f  any measurements of e m i s s i o n s  are 
involved i n  inventory cons t ruc t ion .  The bulk of the ca t a log  would be 
a r r ived  a t  by enlightened est imat ion,  w i t h  expected accuracies  ranging 
from perhaps 5-10$ f o r  f ixed  s tacks  t o  20-25% f o r  automobiles. 
not t o  say, however, t h a t  source monitoring should be ignored. A d i s -  
t r i c t  should possess, and have the au thor i ty  t o  use  or requi re  the  use 
of accura te  in-stack monitoring devices and s e n s i t i v e  "sn i f f ing"  devices 
t o  d e t e c t  leakage i n  valves  and o ther  plumbing. These instruments would 
be most valuable  i n  t he  Dis t r ic t ' s  enforcement program. Another very 
des i r ab le  enforcement measure involving source monitoring would employ 
e i ther  random or per iodic  t e s t i n g  of automobile exhaust emissions, with 
power t o  i s sue  c i t a t i o n s  f o r  those cases  i n  which a n  au to  exceeds e m i s -  
s i o n  s tandards for i ts  p a r t i c u l a r  age and configurat ion of required con- 
t r o l  devices .  The des i red  e f f e c t  of such a program would be a more con- 
sc ious  e f f o r t  on the  p a r t  of automobile owners t o  m a i n t a i n  t h e i r  vehic les  
i n  a highly-tuned, minimum-pollution condi t ion.  

One important use of the  source inventory is  t o  enable cor re la -  
t i o n  of t rends  i n  a i r  qua l i t y  t o  growth or shrinkage i n  emissions, both 
on a t o t a l  a i r  basin scale and on a l o c a l  s ca l e .  A d i s t r i c t  should be 
ab le  t o  inspect ,  analyze, and i n t e r p r e t  such t rends  i n  a way tha t  leads 
t o  such conclusions as:  "Emissions of SO2 i n  a r e a  A must be reduced by 
30% over the next t h ree  y e a r s  so  t h a t  a i r  qua l i t y  s tandards can be m e t  
i n  downwind area B". 

Th i s  i s  

Meteorological Monitoring System 

Meteorology is a n  extremely important element i n  the complex 
transformations of po l lu t ion  dynamics, Even the  most pr imi t ive  at tempts  
t o  gain and employ an opera t iona l ly  use fu l  understanding o€ these dynam- 
ics would requi re  meteorological monitoring, The p o t e n t i a l  f o r  more 
sophis t ica ted  and en l igh ten ing  i n t e r p r e t i v e  ana lys i s  of po l lu t ion  pro- 
cesses  i s  very much a funct ion of the l e v e l  of understanding of the 
a i r b a s i n ' s  meteorology. The d i r e c t i o n  i n  which a i rborne  po l lu t an t s  are 
c a r r i e d  is a func t ion  of wind d i r e c t i o n .  The manner  i n  which they d i f -  
f u s e  is a funct ion of turbulence,  ver t ica l  wind ve loc i ty ,  and o ther  
meteorological f a c t o r s  which a f f e c t  mixing. These aspec ts  of atmospheric 
t r anspor t  d i r e c t l y  a f f e c t  t he  physical  d i s t r i b u t i o n  of a i r  qua l i t y  m e a -  
surements by which ambient a i r  qua l i t y  would m o s t  e f f i c i e n t l y  be deter- 
mined on a l o c a l  l eve l .  Measurements upwind of a stack on a windy day, 
f o r  example, w i l l  not y i e l d  much information once a background l e v e l  is 
es tab l i shed .  
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The i d e a l  meteorological monitoring s y s t e m  would provide da t a  
on inversion height ,  v e r t i c a l  and hor izonta l  wind ve loc i ty  p ro f i l e s ,  
and v e r t i c a l  temperature p r o f i l e .  They would be obtained by the  release 
and t racking  of radiosonde devices  with such t i m e  and s p a t i a l  frequen- 
c i e s  as t o  allow, i n  t h e  judgement of a d i s t r i c t ' s  meteorological s t a f f ,  
the ex t r ac t ion  of s i g n i f i c a n t  geographic and d iu rna l  va r i a t ions  i n  t h a t  
p a r t i c u l a r  d i s t r i c t ' s  bas ic  meteorological pa t t e rns .  Inversion height,  
f o r  example, might ,be known from experience t o  most l i k e l y  be a t  i ts  
m i n i m u m  and maximum a t  0600 and 1500 hours, respec t ive ly ;  these  are thus 
l o g i c a l  t i m e s  f o r  t h e  release of the  radiosondes. 

Addit ional  c a p a b i l i t y  for local-scale  meteorological measure- 
ments must be ava i l ab le  f o r  purposes of properly conducting ground-level 
a i r  q u a l i t y  measurements, and e spec ia l ly  f o r  s tandard iz ing  methods and 
means of sampling a t  f ixed  s t a t i o n s .  These da t a  include wind ve loc i ty ,  
temperature, humidity, and s o l a r  r ad ia t ion .  

3.5 Addit ional  U s e s  of Data 

Figure 1.1 shows a block e n t i t l e d  "The Public", i n t o  which a r e  f ed  
inputs  from the  s t a t e  of t he  atmosphere, the  AQMS, the  SI ,  and the  PCD. 
The first of these inputs  is  unavoidable; t he  publ ic  depends f o r  i t s  
l i f e  upon the  atmosphere. The second and t h i r d  inputs  i n  r a w  form would 
probably be q u i t e  confusing and use l e s s  t o  t h e  average c i t i z e n .  What 
i s  implied by the  path from t h e  PCD t o  the  publ ic ,  therefore ,  is a chan- 
n e l  tha t  w i l l  t r a n s m i t  da t a  and information i n  a form both meaningful 
and appropr ia te  t o  the  pub l i c ' s  concern about t h e  consequences of a i r  
po l lu t ion .  Indices of performance 1 through 10 given i n  Sect ion 3.2 
should be published monthly and index 11 d a i l y  i n  a l l  newspapers i n  a 
d i s t r i c t  f o r  purposes of publ ic  information. The ideal surve i l lance  
s y s t e m  once f u l l y  opera t iona l  could and should provide t o  the  public 
t he  fol lowing add i t iona l  i t e m s ;  

1. 

2. 

3. 

Ground l e v e l  peak values  for any square m i l e  of Bay Area f o r  
each of t h e  primary and secondary po l lu t an t s .  (Computer ac- 
cessible-- i f  there is  much demand f o r  t h i s  information, it 
may be offered a t  an appropr ia te  p r i c e  t o  cover c o s t s  of out- 
pu t t i ng  it t o  the  spec i f i ca t ion  of any c i t i z e n s . )  

Ordered l i s t  of most s i g n i f i c a n t  con t r ibu to r s  t o  po l lu t ion  
concentrat ion maxima of any given square m i l e .  The computer 
output w i l l  spec i fy  who t h e  m a i n  con t r ibu t ing  p o l l u t e r s  a r e  
and what would happen t o  the pol lu t ion  maxima of each pol lu-  
t a n t  i n  t ha t  square m i l e  i f  any of those po l lu t e r s  w e r e  shut  
down. 

A l t e r n a t e  combined po l lu t an t  ind ices  for use  by newspapers 
and by i n t e r e s t  groups such as TB Soc ie t i e s  and Cancer Society.  
These w i l l  include s i n g l e  numbers which can be compared w i t h  
h i s t o r i c a l  t rends  and comparative numbers such as average 
shortening of l i f e  span and increase i n  the p r o b a b i l i t i e s  of 
con t r ac t ing  var ious d i seases .  
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4. Forecasts  of any of t h e  above numbers. 

Some of the  above w i l l  r equi re  complete monitoring and computer 
modeling (discussed below) t o  f i l l  i n  t he  d e t a i l s .  
estimates of advancing refinement w i l l  be made ava i l ab le .  

a D i s t r i c t  should determine t h e  a b i l i t y  of c i t i z e n s ,  polled a t  random, 
t o  desc r ibe  t h e  importance of a i r  qua l i ty ,  i ts  causes,  and ac t ions  they 
can take t o  a f f e c t  it. These p o l l s  should be designed and performed by 
profess iona ls  with the a i m  of eva lua t ing  how w e l l  t h e  d i s t r i c t  is per- 
forming i ts  education func t ion .  Par t  of the procedure should be t o g r a d e  
the  d i s t r i c t  on t h i s  performance i n  such a way tha t  evaluat ions c a n  be 
made of i t s  progress  i n  t h i s  a c t i v i t y  over t i m e ,  The grades should t h e n  
be made a v a i l a b l e  t o  anyone, but p a r t i c u l a r l y  t h e y  should become p a r t  of 
t he  repor t  t o  t h e  Board each y e a r .  

During t h e  i n t e r i m ,  

A s  a means of t e s t i n g  its e f fec t iveness  i n  t r ansmi t t i ng  information, 

The preceding sec t ions  i n  t h i s  chapter  suggest t h a t  po l lu t an t  source 
su rve i l l ance  and a i r  qua l i t y  monitoring can have d e f i n i t e  values  i n  t h e m -  
s e lves .  Such surve i l lance ,  i f  properly done, can answer  t h e  quest ions 

a .  Where are the sources located? 
b. How much of what are t h e  sources emi t t ing?  

c .  What i s  ambient a i r  qua l i ty ,  as measured throughout the  D i s t r i c t ?  
d .  Is the present  con t ro l  program e f fec t ive?  

Providing answers t o  these  f o u r  quest ions might be the  f u l l  and only 
purpose of surve i l lance ,  e spec ia l ly  i f  t h e  answer t o  ( d )  is pos i t i ve .  I f ,  
however, t h a t  answer  is negative,  or i f  there are se r ious  quest ions as to 
t he  meaning of "e f f ec t ive"  or t he  adequacy and relevance of the abatement. 
program goals ,  t h e n  some add i t iona l  quest ions might and should be asked. 
Among them a re : 

e. 

f .  

g -  

h .  

i. 

j o  

How are cause and e f f e c t  r e l a t ed  i n  the  a i r  pol lu t ion  problem? 

What would be the e f f e c t  upon a i r  q u a l i t y  of a given bas ic  
change i n  the na ture  of emission regulat ions? 

What would be t h e  e f f e c t  upon a i r  q u a l i t y  of given bas ic  changes 
i n  land use  and zoning policy? 

How would changes i n  regula t ion  and land use policy a f f e c t  t h e  
economics of the community and of ind iv idua l  i n d u s t r i a l  pol lu-  
t e r s ?  

Is i t  poss ib l e  t o  determine, much more conclusively and r e l i a b l y  
than is now the case, t h a t  loca l ized  v a r i a t i o n s  i n  a i r  qua l i t y  
are t r aceab le  t o  d i s t i n c t  emission sources? 

Is i t  poss ib le  t o  r e l i a b l y  pred ic t  condi t ions  favorable  t o  the  
generat ion of extraordinary a i r  pol lu t ion  l eve l s ,  and so enable 
the formulation of regulatory s t e p s  whereby the seve r i ty  of t h e  
episode may be decreased? 
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Underlying any attempt t o  answer  quest ions (e) through (j) would 
be the concept of sys t ems  modeling. The appl ica t ion  of t h i s  powerful 
concept t o  the  a i r  pol lu t ion  problem i s  discussed i n  considerable  de- 
t a i l  i n  Chapter 6. I t  is s u f f i c i e n t  here t o  note t h a t  a source inven- 
to ry  and a n  a i r  q u a l i t y  monitoring system are very much a p a r t  of model 
bu i ld ing  and subsequent model usage. Source information c o n s t i t u t e s  
t he  input  data t o  the  model. In  l i k e  manner, a i r  qua l i t y  measurements 
are necessary e i t h e r  t o  t h e  cons t ruc t ion  of t h e  model or i ts  va l ida t ion ,  
and i n  some cases  both. 

3 . 6  Summary 

A well-designed su rve i l l ance  program, augmented by i n t e r p r e t i v e  
ana lys i s  of t he  da t a  produced, would con t r ibu te  s i g n i f i c a n t l y  t o  seve ra l  
aspec ts  of the po l lu t ion  c o n t r o l  problem. I t  would allow the  in t eg ra t ion  
of geography, topography, and meteorology i n t o  the formulation of e m i s -  
s ion  regula t ions .  I t  might thereby be possible ,  for example, t o  be rel- 
a t i v e l y  permissive i n  a geographic area known t o  be cons i s t en t ly  w e l l -  
ven t i l a t ed ,  whi le  a v i r t u a l  prohib i t ion  of i n d u s t r i a l  operat ions might 
be ind ica ted  i n  a n  a r ea  known t o  be poorly v e n t i l a t e d  or subjec t  t o  
repeated episodes of low inversion.  Addit ional ly ,  it would allow a more 
accura te  and l e g a l l y  sound way in  which t o  c o r r e l a t e  loca l ized  reductions 
i n  a i r  q u a l i t y  w i t h  e x i s t i n g  ind iv idua l  sources .  This would allow the  
d i s t r i c t  t o  adequately ad jus t  emission regula t ions  s o  as t o  maintain a i r  
q u a l i t y  i n  loca l ized  regions known t o  be under t h e  s t rong  inf luence of 
nearby poin t  sources .  A l l  t o o  often,  when such l o c a l  degradations are 
observed, the neighborhood industry says,  i n  essence, "But how do you 
know we're t o  blame?" What about t he  hundreds of o ther  sources emi t t ing  
t h a t  po l lu tan t?"  The means of i nd i r ec t ly  demonstrating r e spons ib i l i t y  
can be devised. They would y i e l d  a more systematic bas i s  upon which t o  
i d e n t i f y  those sources t o  be cont ro l led  and t h e  ex ten t  of con t ro l  neces- 
s a r y  t o  achieve the  des i red  a i r  qua l i t y .  
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Chapter 4 

EXISTING DATA COLLECTION SYSTEMS 

4.1 Introduct ion 

The present  s t a t u s  of a i r  po l lu t ion  measurement and su rve i l l ance  
i n  the San Francisco Bay Area is described i n  t h i s  chapter .  It  is 
divided i n t o  three sec t ions .  

= A i r  Qua l i ty  Measurement 

0 Meteorological D a t a  

Sources of Pol lu t ion  

In  each of these three sec t ions  w e  sha l l  d i scuss  the  s y s t e m  as it  
e x i s t s  today, its c a p a b i l i t i e s  and short-comings, and what a b e t t e r  
s y s t e m  should accomplish. 

4.2 A i r  Quality Measurement 

Location of Exis t ing  S ta t ions  

Ambient a i r  qua l i t y ,  i .e ., t he  concentrat ion of po l lu t an t s  
i n  the  a i r ,  is now measured a t  twelve loca t ions  i n  t h e  s i x  count ies  
i n  which the  BAAPCD operates .  A map, Figure 4.1, shows t h e  loca t ion  
of these s t a t i o n s .  Table 4.1 ind ica t e s  which po l lu t an t  i s  measured 
a t  each s t a t i o n .  

The D i s t r i c t  has attempted t o  loca t e  s t a t i o n s  a t  sites 
representa t ive  of a i r  qua l i t y  throughout a l a rge  area. T h i s  i s  d i f -  
f i c u l t  t o  do w i t h  t e n  e f f e c t i v e  s t a t i o n s  i n  a n  area of about 3400 
square m i l e s  and without knowledge on how a i r  po l lu t ion  
vary from place t o  p lace .  

The v e r t i c a l  loca t ions  of t he  a i r  sample tube 
from s t a t i o n  t o  s t a t i o n .  A t  some s t a t i o n s  it is  on the  
s t o r y  bui lding,  i n  Livermore i t  i s  but a few f e e t  above 
San Francisco it is on the  roof of a seven-story o f f i c e  
Figures  4.2 - 4.5).  

concentrat  ions 

a l s o  v a r i e s  
roof of a one- 
t he  ground, i n  
bui lding (see 

The d i f f i c u l t y  of obtaining meaningful average readings on 
a i r  q u a l i t y  from these  f ixed  s t a t i o n s  is  i l l u s t r a t e d  by the  following 
comparisons. 

(1) One of t h e  authors  made a t r i p  around t h e  streets of San 
Francisco i n  the  Dis t r ic t ' s  mobile vans t o  measure carbon 
monoxide (CO). A t  the  same t i m e  the D i s t r i c t  took its 
standard measurement a t  i t s  f ixed  s t a t i o n  on top  of D i s -  
t r i c t  headquarters i n  downtown San Francisco. The records 
from both instruments are superimposed on one another i n  
Figure 4.6. The enormous d i f f e rence  between the  readings 

55 



Figure 4.1. MAP OF THE BAY REGION SHOWING THE LOCATION OF 
THE MONITORING STATIONS. The numbers refer t o  the number 
of the s ta t ion  as given i n  T a b l e  4.1 fo l lowing .  
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Figure 4.2. SAN FRANCISCO HEADQUARTERS BAAPCD AND MEASUR- 
ING STATION INTAKE. 
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igure  4.6. COMPARISON O F  CO CONCENTRATIONS MFASURED BY FIXED AND MOBILE 
SITES ON AUGUST 11, 1970, IN SAN FRANCISCO. 

N o t e :  Time Scale goes from r i g h t  t o  l e f t ,  The f i v e  extreme t a l l  peaks 
of the  mobile data (70 t o  80 ppm) are responses t o  the ca l ib ra t ion  
or "span" gas 
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is obvious. While t h e  f ixed  s t a t i o n  w a s  reading CO concentra- 
t i o n s  of 2-5 ppm, the  moving recorder  w a s  measuring peaks as 
high as 65 ppm a t  the  l e v e l  where people work and breathe. 

(2) An example showing the  v a r i a t i o n  i n  CO readings between t w o  
s t a t i o n s  not t o o  f a r  a p a r t  comes from t h e  san Joaquin County 
Health Department which operates  two s t a t i o n s  only 2-1/4 m i l e s  
apa r t ,  one s t a t i o n  located a t  the  Stockton Hotel i n  an urban 
environment and t h e  o the r  a t  t h e  Health Department a t  Haeleton 
S t r e e t  i n  a suburban environment. On November 25, 1969, t h e  
suburban s t a t i o n  reported a high f o r  t h e  day of 5 ppm f o r  o n e  
hour. The urban s t a t i o n  had a high hour of 32 ppm and even 
r eg i s t e red  a peak of 70 ppm CO. However, on November 1, 1969, 
both s t a t i o n s  r eg i s t e red  a high hour of 20 ppm 60. On Septem- 
b e r  15, 1969, t h e  urban s t a t i o n  had a high hour of 10 ppm and 
t h e  suburban only 1 ppm. 

(3) Similar  examples are shown i n  Table 4.2 f o r  both CO and oxidant 
l e v e l s .  

Table 4.2 

HOURLY HIGH READINGS OF CO AND OXIDANTS 

Fresno/CO, Oxidant, 1969 

Date of Hourly High 9/1 9/5 9/6 9/29 10/31 11/23 11/27 8/22 

Fresno Cedar S t r e e t  .16 .i4 .i4 .oa .i6 ' 10 .02 .31 
Oxidant 

Fresno Court House .16 .11 .19 .21 .37 .09 . 11 .22 
Oxidant 

GO Cedar S t r e e t  5 4 1  7 13 10 10 3 

CO Court House 2 8 5  10 7 7 11 2 

Sacrament o/Oxidant 1969 

D a t e  9/4 9/5 9/10 10/7 10/21 11/3 

13th & J S t r e e t  .19 .09 .10 .07 .07 .10 

Creekside School .17 .21 .22 -07 .15 .17 

Livermore/Oxidant 1969 

D a t e  10/7 10/22 

Railroad Avenue .14 .14 

Rincon & Pine .17 .07 

A l l  d a t a  are i n  ppm. 
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The two s t a t i o n s  i n  Fresno are 2.1 m i l e s  apar t ,  t he  two i n  

I t  is  evident  t h a t  local va r i a t ions  may 
Sacramento are 5.4 m i l e s  apar t ,  and the  d i s t ance  between the Livermore 
s ta t ions is  j u s t  1.0 m i l e s .  
be q u i t e  l a rge .  

Measurement Techniques 

The po l lu t an t s  genera l ly  measured (see Table 4.1) are oxidants, 
ni t rogen d ioxide  (NOz), n i t r i c  oxide (NO), hydrocarbons, sulphur  dioxide 
(SO21 and p a r t i c u l a t e s .  In  add i t ion  most s t a t i o n s  record a c o e f f i c i e n t  
of haze (CoH). 

Oxidants are measured by a coulometric technique using the 
oxidat ion of potassium iodide so lu t ion .  The instrument is s e n s i t i v e  
pr imari ly  t o  ozone (03) which comprises 90% or more of the oxidants,  
but it a l s o  responds t o  N02. Its use fu l  range is 0 t o  0.5 ppm with 
s c a l e  d iv i s ions  of 0.02 and a n  estimated accuracy of n o  b e t t e r  than 
one s c a l e  d iv i s ion .  Instrument response is  f a s t e r  than t h a t  of the 
s t r i p  c h a r t  recorder  used w i t h  it. I Its  t o t a l  c o s t  is  about $1700 i n -  
c lud ing recorder .  

The change i n  c o l o r  of the  reagent i s  a measure of t h e  quant i ty  of NO2 
i n  the  a i r  sample and is  compared o p t i c a l l y  against t he  clean reagent.  
The s e n s i t i v i t y  of t h e  i n s t r u m e n t  is about 10% and it records on a log- 
ar i thmic scale from 0.02 t o  2 ppm. Because of the need f o r  c a r e f u l  mix- 
ing of sample and reagent t he  response t i m e  of the  i n s t r u m e n t  is about 
15 minutes. 

N i t r i c  oxide (NO) is not measured but ca lcu la ted  from a d i f -  

Nitrogen dioxide (NO2) is measured by a w e t  chemical reac t ion .  

fe rence  between t o t a l  oxides of ni t rogen and NO& A two channel i n s t ru -  
ment  is used. One channel measures NO2 by t h e  above described technique. 
The o the r  channel passes the  a i r  through an oxidizing environment which 
oxid izes  a l l  oxides of nitrogen t o  NO2 and proceeds t o  test f o r  NO2 once 
again.  The technique s u f f e r s  from slow response and t h e  p o s s i b i l i t y  of 
o the r  chemicals confusing t h e  measurement. Since NO is obtained as the 
d i f f e rence  between these  f a i r l y  l a rge  readings, e r r o r s  i n  measurement 
may be very large. I n  f a c t ,  i t  is not unusual t o  read negat ive NO va l -  
ues. The combined NO, NO2 instrument c o s t s  about $9,000, 

measures on any of four ranges--0 t o  10, 20, 50, 1000 ppm (methane 
equiva len t )  each scale is accurate  t o  k5$ f u l l  scale. 
instrument is  $5000.00. 
guish  between r eac t ive  and non-reactive hydrocarbons. Non-reactive 
hydrocarbons, pr imari ly  methane, make up a l a rge  p a r t  of m o s t  a i r  samples 
but  con t r ibu te  l i t t l e  t o  smog. Reactive hydrocarbons are the  r e a l l y  
important ingredien ts  s ince  they are involved i n  the  photochemical 
reac t ions  t h a t  produce eye irritants.. 

Sulphur dioxide (S02) is measured by bubbling a i r  a t  a metered 
rate through a West-Gaeke reagent f o r  twenty-four hours a t  a s t a t i o n  and 
re turn ing  t h e  l i qu id  t o  San Francisco for analys is ,  t he  measure is  i n  
the  0 t o  10 pp b i l l i o n  510%. Present ly  t h e  sulphur  dioxide burden is 
so l o w  i n  genera l  t h a t  i t  is not  an ambient problem. 
be a se r ious  local problem i n  t h e  v i c i n i t y  of sources.  

Hydrocarbons are measured by flame ioniza t ion .  The instrument 

The c o s t  of t h e  
Its major drawback is  t h a t  i t  does n o t  d i s t i n -  

I t  may, however, 
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P a r t i c u l a t e  and haze measurements are very d i f f i c u l t ,  and - 
each measurement technique is  complicated by spec ia l  f a u l t s .  Two 
measurements techniques are popular i n  the  Bay A r e a :  the  s m a l l  f i l t e r  
un i t  ca l l ed  CoH (coef f ic ien t  of haze) which draws a i r  through a f i l t e r  
tape f o r  a spec i f ied  t i m e  and measures the  comparative op t i ca l  densi ty  
of the tape, and the  high volume sampler, which draws a la rge  volume, 
of a i r  through a paper or g las s  f i l t e r  and obtains  the  weight increase.  
The hi-vol may a l s o  be used t o  analyze the  composition of the f i l t r a t e .  
Of these  two techniques, the  second i s  more basic  but it su f fe r s  from 
three  f a u l t s .  
s o l s  which evaporate before they are weighed; t he  second, t he  undue 
influence of very l a rge  pa r t i cu la t e s ;  and t h e  t h i r d ,  the  poss ib i l i t y  
of chemical react ion between corrosive aerosols  and material of the 
f i l t e r .  The f i r s t  technique su f fe r s  a l l  these f a u l t s ,  plus the addi- 
t i o n a l  problem t h a t  d i f f e r e n t  absorbed aerosols  a f f e c t  the op t i ca l  
t r a n s m i s s i o n  d i f f e r e n t l y .  I n  f a c t ,  t he  co r re l a t ion  between the two 
measurements is poor, and even the  vague co r re l a t ion  t h a t  may e x i s t  
a t  one s ta t ion  is not repeated a t  another.* (See Figure 4.7.) 

T h e ' f i r s t  of these is  the  loss  of high v o l a t i l i t y  aero- 
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Figure 4.7. COMPARISON OF HI-VOL AND COEFFICIENT 
OF ]HAZE, JULY 1969 - SEPTEMBER 1969. 

*Private communication from Rich Thui l l ie r ,  B A A E D .  
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4.3 Meteorological D a t a  

The meteorological  va r i ab le s  most important f o r  a i r  po l lu t ion  
problems are wind ve loc i ty  and d i r ec t ion ,  temperature, v e r t i c a l  mixing 
( turbulence) ,  and t h e  height,  thickness ,  and type of inversion l aye r s .  

Ten of the  D i s t r i c t ' s  s t a t i o n s  measure wind  ve loc i ty  and d i r ec t ion ,  
and local temperature. 
optimum, as i l l u s t r a t e d  by the Livermore s t a t i o n  (Figure 4.5) which 
shows the proximity of s eve ra l  obs t ruc t ions  l i k e l y  t o  inf luence the  
wind ve loc i ty  measurement. 

and 1600) from t h e  U. S. Weather Bureau's radiosonde readings a t  Oakland. 
N o  measurements are made elsewhere i n  the Dis t r ic t .  

The l o c a t i o n  of t he  instruments is  not always 

Winds a l o f t  and inversion height are obtained twice a day (0400 

4.4 Sources of Pol lu t ion  

A i r  po l lu t ion  sources  are measured for two reasons:  

(1) t o  e s t a b l i s h  a source inventory, and 

( 2 )  t o  ca tch  v i o l a t o r s  of D i s t r i c t  emissions regulat ions.  

The techniques used f o r  these two func t ions  are very d i f f e r e n t  and w i l l  
be discussed sepa ra t e ly ,  

Source Inventory 

A i r  po l lu t an t s  come from a tremendous v a r i e t y  of sources, 
including bo i l e r s ,  i nc ine ra to r s ,  f resh pa in t ,  steamboats, f r y i n g  pans, 
a i rp l anes ,  burning houses, foundries ,  gas pumps and garbage p a i l s ,  as 
w e l l  as more notorious sources such as o i l  r e f i n e r i e s ,  cement p l a n t s  
and automobiles. To prepare a ca ta log  or inventory of emission sources 
f o r  use i n  a i r  po l lu t ion  c o n t r o l  i t  is necessary t o  narrow the mi l l i ons  
of sources down t o  a manageable number of most s i g n i f i c a n t  ind iv idua l  
sources and ca t egor i e s  of lesser sources.  Then numbers descr ib ing  e m i s -  
s i ons  for each of t hese  major sources and ca t egor i e s  of minor sources 
must be obtained. 

The Bay Area A i r  Po l lu t ion  Control D i s t r i c t  has begun t h i s  
inventory preparat ion but has not y e t  progressed t o  where the  inventory 
f u l f i l l s  da t a  needs descr ibed earlier i n  t h i s  r epor t .  An IBM card  f i l e  
has been begun on approximately 16,000 sources of emissions, but it is 
not complete and not adequate f o r  ca l cu la t ing  area emission t o t a l s .  For 
some of t h e  major e m i t t i n g  companies estimates of the amounts of e m i s -  
s i ons  have been prepared, but  t h e  l ist  is not n e a r l y  as extensive as it 
should be. 

Moreoyer, a geographical map of emission sources, descr ib ing  
how much of what po l lu t an t s  come from each segment of t he  Bay A r e a  is  
not  ava i l ab le .  Such a map i s  essential  f o r  t he  appl ica t ion  of a n a l y t i -  
ca l  pred ic t ion  models. Appendix 4-1 i l l u s t r a t e s  t h e  na ture  of such a 
map as it  w a s  developed from t h e  Puget Sound D i s t r i c t ' s  emis s ion  inven- 
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I t  is convenient t o  d i s t i n g u i s h  between s t a t iona ry  sources, 
such as cement  p l an t s ,  pa in t  spray booths, and o i l  r e f ine r i e s ,  and 
moving sources,  such as automobiles and a i rp l anes .  

Inventory of S ta t ionary  Sources 

I t  is not economically f e a s i b l e  t o  measure each source 
d i r e c t l y .  
t yp ica l ,  or average un i t s ,  be they  bo i l e r s ,  c a t a l y t i c  crackers,  stor- 
age tanks or t r a i n  engines.  These measurements lead t o  "emission 
f a c t o r s "  which spec i fy  the  emission from each u n i t  i n  terms of its 
s i z e ,  thru-put,  load f a c t o r ,  or other  important operation parameters. 
By determining or es t imat ing  the number of u n i t s  of each type i n  a n  
area and t h e i r  operat ion parameters, and applying the appropriate  
emission f a c t o r ,  a n  estimate of emissions i n  t h a t  area is  obtained. 
Emission f a c t o r s  or t o t a l  emissions from some of t he  l a r g e r  sources 
are occasional ly  checked by d i r e c t  measurement. 

The D i s t r i c t  must r e l y  on measurements made on prototype, 

I t  is important t o  r e a l i z e  t h a t  the source inventory i s  
fundamentally a n  estimate and not a compilation of measured emissions. 
A s  a r e s u l t  it i s  sub jec t  t o  a number of e r r o r s :  

Er rors  i n  the  emission f a c t o r .  For example i n  1969 new 
measurements on ITOX emissions from the t e n  power p l a n t s  
i n  the  D i s t r i c t  led t o  a revised 1968 source es t imate ,  
Where previously 105 tons/day had been a t t r i b u t e d  t o  
u t i l i t i e s ,  t h e  revised f i g u r e  w a s  63 tons/day. The mag- 
n i tude  of t h i s  adjustment is indicated when it is real- 
ized tha t  the  r e s u l t i n g  est imate  of t o t a l  NqX emissions 
from non-automotive sources w a s  219 tons/day Theref ore  
t h e  change reduced t h e  estimated t o t a l  by n e a r l y  25%. 

Erro r s  i n  source parameters. A s  thruput  and o ther  
opera t iona l  parameters change the  D i s t r i c t  is  not always 
n o t i f i e d .  Breakdowns, mis-operation, and upse ts  can 
se r ious ly  a f f e c t  t he  emission from many u n i t s .  

F luc tua t ions  i n  e f f e c t i v e  emission f a c t o r s .  I n  many 
i n s t a l l a t i o n s  the e m i s s i o n  d e t e r i o r a t e s  slowly between 
overhauls.  T h i s  is not r e f l ec t ed  i n  the emission f ac -  
t o r s .  For example, D i s t r i c t  da t a  show t h a t  the appro- 
p r i a t e  emission f a c t o r  f o r  a f l u i d  c a t a l y t i c  cracker  can 
change by a f a c t o r  of 2 t o  3 between overhauls. Degrada- 
t i o n  of seals on f l o a t i n g  roof t a n k s  can r e s u l t  i n  a 
s i m i l a r  two- t o  three-f old increase  i n  emission f a c t o r .  

A t  present  t h e  source inventory is  obtained by combining 
equipment r e g i s t r a t i o n  and emission f a c t o r  on a county-wide bas i s .  I t  
is not  t h e  D i s t r i c t ' s  p rac t i ce  t o  break out these  f i g u r e s  i n  terms of 
emissions from s p e c i f i c  i ndus t r i e s  or companies. For a va r i e ty  of rea- 
sons, including publ ic  pressure,  t he  D i s t r i c t  has begun the  p rac t i ce  of 
accounting f o r  the e f f l u e n t  f o r  c e r t a i n  companies--81 a t  t h e  most recent  
count.  These 81 blessed ones are chosen a t  t h e  d i s c r e t i o n  of t h e  D i s -  
t r i c t  management. 
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I f  a company is on the  l i s t  of 81 companies and i f  i t  is  
issued a v i o l a t i o n  notice, i t s  emission estimates are made publ ic  i n  
the D i s t r i c t ' s  monthly Enforcement Report. 
s i n c e  t h i s  p r a c t i c e  w a s  i n s t i t u t e d ,  32 of these  81 companies have been 
issued such not ices .  From t h i s  information and d a t a  on ca tegor ies  
ava i l ab le  from the 1969 Distr ic t  Source Inventory (summarized i n  Appen- 
d i x  4-2) a number of meaningful conclusions c a n  be drawn: 

I n  t h e  f o u r  monthly r epor t s  

(1) The top  30 emitters comprise over 90% of the  t o t a l  SO2 
emissions i n  the  Distr ic t .  I n  o ther  words, the prepon- 
derance of such emissions i s sues  from a r e l a t i v e l y  s m a l l  
number of r a t h e r  la rge  companies concentrated i n  t he  
petroleum, chemical, meta l lurg ica l ,  and u t i l i t i e s  ca t e -  
go r i e s .  

( 2 )  Four companies and t h e  t e n  u t i l i t y  p l a n t s  account f o r  
s l i g h t l y  less than 50% of the  N% a t t r i b u t e d  t o  non- 
automotive sources.  

(3 1 With the  ces sa t ion  of r e s i d e n t i a l  i nc ine ra t  ion and 
excepting a minor cont r ibu t ion  from a g r i c u l t u r a l  burn- 
ing, CO emissions from s t a t i o n a r y  sources are neg l ig ib l e  
compared with the automobile's cont r ibu t ion .  

(4) Jet aircraft  con t r ibu te  3.5% of p a r t i c u l a t e s .  

(5)  U t i l i t y  companies con t r ibu te  3.5% of p a r t i c u l a t e s .  No 
p a r t i c u l a t e  control equipment is i n s t a l l e d  on these  
p lan ts .  Since 905 e f f e c t i v e  equipment is  ava i lab le ,  
t hese  t en  u t i l i t y  companies deserve some a t t e n t i o n .  

(6) E m i s s i o n  of hydrocarbons a r e  widely dispersed.  The 32 
c i t e d  emitters account f o r  only 2.5% of the  t o t a l .  
Paint ing,  dry cleaning, f u e l  s torage,  e t c . ,  make up a 
l a r g e  por t ion  of the remainder. N o  r epor t s  are issued 
on t h e  r e a c t i v i t y  of these var ious sources.  

Automobile Emission Inventory 

Automobiles are acknowledged t o  be a major source of emissims. 
They are the  l a r g e s t  source i n  terms of absolute  t o t a l  tonnage. In  terms 
of normalized" tonnage t h e y  are roughly equal i n  magnitude t o  all other  
sources combined. 

The D i s t r i c t  estimates e f f l u e n t s  from automobiles on t h e  bas i s  
of t o t a l  ga l lons  of gaso l ine  so ld  i n  each county. Other estimates (see 

Y 

Normalized means weighted according t o  a i r  q u a l i t y  s tandards.  Although 
cars e m i t  more carbon monoxide than a l l  o ther  po l lu t an t s  combined, CO 
is  t o l e r a b l e  i n  much higher concentrat ions than some of the  o the r  pollu- 
t a n t s ,  and hence is weighted less heavi ly .  
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Appendix 2-2) can be based on t ranspor ta t ion  s t u d i e s  and a r r i v e  a t  
d i f f e r e n t  conclusions.  N o  agency is  present ly  es t imat ing au to  e m i s -  
s ions  on the b a s i s  of d i r e c t  sampling of vehic les  on the  road. 

Vio la t ions  

One of the important aspec ts  of D i s t r i c t  operation is i ts  
enforcement procedures. A t  present  i t  employs twenty-four inspec tors  
and f o u r  superv isors .  A t y p i c a l  day of operation of one of t h e  i n -  
spec tors  is descr ibed i n  Appendix 4-3. 

P a r t i c u l a t e  Emission Measurement 

The v i o l a t i o n  most f requent ly  observed is smoke, and the  
measure of smoke v i o l a t i o n  is  the  Ringelmann s c a l e .  This  s c a l e  w a s  
developed i n  the  19th century t o  judge t h e  blackness of smoke from 
coa l  burning f i r e s .  The plume from a s tack is  viewed aga ins t  t h e  sun 
and an  es t imate  i s  made of t he  percentage obscuration of l i g h t  by the 
plume. The Ringelmann s c a l e  extends from 0 (for no obscuration) t o  5 
( f o r  t o t a l  darkness) ,  so t h a t  a Ringelmann 2, for example, i nd ica t e s  
40% obscurat ion.  

Inspectors  are t ra ined  t o  es t imate  plume obscuration by eye, 
and a r e  required t o  observe the  same plume many times during a one t o  
two hour period before deciding on t h e  proper or average Ringelmann 
number f o r  t h a t  plume. 

Besides t h e  obvious s u b j e c t i v i t y  of t h i s  evaluat ion,  i t s  
o ther  disadvantages a r e  as follows : 

(1) The reading i s  s t rongly dependent on the type and s i z e  of 
p a r t i c u l a t e s  (see Figure 4.8). 

(2)  I t  can only be read i f  

( a >  the  sun is i n  the  proper pos i t ion  r e l a t i v e  t o  the plume 
(b)  
(c) there is  l i t t l e  or no  water vapor i n  the plume 
(d)  plumes from other  s t acks  do not combine w i t h  t he  ob- 

t he  humidity is  less than 60% 

served plume. 

(3 )  I t  cannot be read a t  night .*  

(4 )  It  is unsui tab le  f o r  automation. 

Some of the l a r g e r  i ndus t r i e s  have i n s t a l l e d  continuously 
reading p a r t i c u l a t e  monitors i n  t h e i r  s tacks .  The records f r o m  these  
stack-meters are occasional ly  made ava i l ab le  t o  t h e  inspec tors .  

* 
It is poss ib l e  the re fo re  t o  "blow" s tacks,  burn smoky fue l ,  or other-  
w i s e  e m i t  l a rge  q u a n t i t i e s  of smoke a t  night  without danger of a vio- 
l a t i o n .  

69 



Figure 4.8. FERTILIZER PUNT. N o t e  b a t t e r y  of s t acks  i n  
cen te r  of p i c t u r e .  (1) T h i s  i s  a combined plume. ( 2 )  
The stacks on t h e  l e f t  end are pu t t ing  out t he  s a m e  s t u f f  
as those on the r i g h t  of the ba t t e ry .  The d i f f e rence  is 
t h a t  a f t e rbu rne r s  have j u s t  been i n s t a l l e d  on them making 
the  plumes i n v i s i b l e ,  The inspec tor  t h i n k s  t h i s  is be- 
cause t h e y  somehow keep the  steam from condensing. T h i s  
s tops  c i t i z e n  complaints but not po l lu t ion .  

However, there is n o  requirement t o  i n s t a l l  these instruments,  t o  have 
them properly ca l ib ra t ed ,  or t o  make the  records ava i l ab le  t o  the D i s -  
t r i c t .  

Sul fur  Dioxide Measurement 

The regula t ions  covering SO2 emission spec i fy  ground l e v e l  
concent ra t ions  which, basically,  may not exceed 1.5 ppm for three 
consecut ive minutes. Large emi t t e r s  are required t o  i n s t a l l  "at  least 
three recording s u l f u r  dioxide monitoring s t a t i o n s  located i n  t h e  area 
surrounding the  source".* The regula t ion  says nothing about t he  d i s -  
t a n c e  of these s t a t i o n s  from the  s t ack  or t h e i r  r e l a t i o n  t o  s tack  he ight .  
Plumes may w e l l  pass over these  s t a t i o n s  and cause heavy ground l e v e l  
concentrat ions f u r t h e r  downwind. A t y p i c a l  i n s t a l l a t i o n  i s  shown i n  
Figures  4.9 t o  4.11. 

Present  instruments have large t i m e  lags and slow response 
which produces peak readings lower t h a n  they a c t u a l l y  are. For example, 

* 
BAAPCD Regulation 2, Sect ion 3123.3. 
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Figure 4.9. SULPHURIC ACID SCAVENGER P U N T .  

Figure 4.10. SO2 MONITOR MAINTAINED BY P U N T  ( D I S T R I C T  
INSPECTOR HAS A KEY). 
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Figure 4.11. INTElRIOR OF SO2 MONITOR 
(OPERATES 24 HOURS PER DAY). 

the  Westhoff U3S analyzer,  one of t h e  fastest and bes t  i n s t r u m e n t s  used 
i n  the D i s t r i c t ,  has a dead t i m e  of 0.6 minutes, and takes 1.6 minutes 
t o  reach 90% of a t r u e  reading a f t e r  a s t e p  change input .  A puff of a i r  
conta in ing  1.6 ppm SO2, and passing t h e  s t a t i o n  f o r  one minute would n o t  
a l low the recorder  t o  reach m o r e  than 75% of the c o r r e c t  reading. 
fore, t h e  highest  recorded reading would be 1.2 ppm. I t  is estimated 
t h a t  because of t h i s  e f f o r t ,  only 50% of a l l  t i m e  v i o l a t i o n s  are being 
recorded. 

There- 

Hydrocarbon Measurements 

Inspectors  use hydrocarbon "sn i f f  ers" t o  observe e m i s s i o n s  
from hydrocarbon sources .  These s n i f f e r s  are not  s p e c i f i c  f o r  hydro- 
carbon type, n o r  can they measure t o t a l  emissions from a source.  
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Loopholes 

There are many loopholes i n  the regula t ions :  f o r  instance,  
a company is allowed 3 minutes per hour of excessive emissions, a i r -  
planes emit t ing excessively can be cited only i n  s ing le  county dis-  
tricts, autos i n  Contra Costa County a r e  exempt from cont ro l  device 
requirements, combined plumes cannot be judged on Ringelmann. 

W e  d i d  not have t i m e  t o  explore how many such loopholes 
there are, why each of them exists, whether they  a l l  should e x i s t  o r  
what would be the  consequence of e l iminat ing any o r  a l l  of them. W e  
th ink  such a review should be made by someone not  connected w i t h  t he  
D i s t r i c t ,  
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Chapter 5 

IMPROVED DATA COLUCTION SYSTEM 

5.1 Introduct ion 

Chapter 4 h a s ' i l l u s t r a t e d  e x i s t i n g  methods f o r  measuring and 
monitoring a i r  q u a l i t y  and e m i s s i o n  sources and discussed de f i c i enc ie s  
i n  t h e  present ly  e x i s t i n g  systems. In  t h i s  sec t ion ,  changes i n  both 
the source and ambient monitoring systems i n  the Bay Area are discussed 
and suggest ions are made for implementing an automobile inspect ion pro- 
gram. The suggestions made here fol low a n  in t ens ive  inves t iga t ion  of 
a l ternate  methods of c o l l e c t i n g  and disseminating a i r  pol lu t ion  da ta .  
Our recommendations are technica l ly  q u i t e  modest, but adequate t o  add 
s i g n i f i c a n t l y  t o  t h e  value of t he  Bay Area a i r  po l lu t ion  monitoring 
system. Our i n t e n t  w a s  t o  o u t l i n e  a system which would be ab le  t o  
monitor both ambient a i r  and sources i n  s u f f i c i e n t  d e t a i l  so  t h a t  it 
is poss ib l e  t o  determine the  cont r ibu t ion  of p a r t i c u l a r  sources t o  the  
measured a i r  q u a l i t y .  Such a system is needed t o  provide a more r a t i o -  
n a l  b a s i s  for placing con t ro l s  on emi t te rs  which can be d i r e c t l y  r e l a t ed  
t o  local v i o l a t i o n s  of a i r  qua l i t y  s tandards.  

5.2 Fixed Source Measurements 

The conclusion of t h i s  study is  t h a t  major i n d u s t r i a l  emitters (a 
major emitter i s  one which con t r ibu te s  0.1% or more of a contaminant t o  
the  t o t a l  i n  t h e  Bay A r e a )  should be required t o  continuously monitor 
and record t h e i r  emissions and pe r iod ica l ly  repor t  them t o  the  B A A E D .  
The BAAPCD should not attempt t o  specify t h e  p a r t i c u l a r  instruments 
used by the industry,  but should r a t h e r  devote t h e i r  e f f o r t  t o  ensuring 
t h a t  t h e  i n s t r u m e n t s  m e e t  spec i f i ca t ions ,  are properly ca l ib ra t ed ,  and 
are c o r r e c t l y  i n s t a l l e d  and operated.  

below, 
Typical concentrat ions for gaseous po l lu t an t s  i n  s tacks  i s  shown 

Table 5.1 

Pol lu tan t  Typical Range 

co 
NO 
SO2 

0-1000 ppm 
0-5000 ppm 
0-2000 ppm 

Because of the  rather l a rge  concentrat ions involved and because of a 
l a r g e r  cu r ren t  marke t ,  source contaminant monitoring instruments are 
more r ead i ly  ava i l ab le  than ambient a i r  m o n i t o r i n g  i n s t r u m e n t s .  There 
are n o  technical reasons why it is n o t  f e a s i b l e  f o r  major emitters t o  
monitor t h e i r  e f f l u e n t s .  
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The fol lowing b r i e f  discussion ou t l ines  some techniques s u i t a b l e  

G a s  chromatography i s  a s p e c i f i c  a n a l y s i s  t o o l  e spec ia l ly  use fu l  

f o r  source monitoring 

f o r  s epa ra t ing  and iden t i fy ing  hydrocarbon emissions. 
chromatograph w i l l  be used i n  combination with a flame ioniza t ion  
d e t e c t o r .  Since the  response t i m e  may be 20 or 30 minutes i t  is  best 
used t o  a n a l y z e  a "bag" sample taken  a t  the  source,  
are not of ten  emitted from stacks, these  bag samples would necessarily 
be taken n e a r  p o t e n t i a l  e m i s s i o n  po in ts  such as leaking tanks and process 
equipment. Calcu la t ing  emission r a t e s  from ana lys i s  of such samples is 
obviously d i f f i c u l t .  Thus, chromatography does not seem t o  be a prime 
candidate  f o r  f u r t h e r  development. 

Mass spectrometry is  cu r ren t ly  f ind ing  use i n  measuring contaminants 
a t  l e v e l s  (g rea t e r  than  1 ppm) found n e a r  sources.  U n l i k e  chromatography 
the response i s  rap id .  However, ana lys i s  i s  s t i l l  made a t  s p e c i f i c  points .  
Emission rates o ther  than i n  s t acks  requi re  in t eg ra t ion  of the var ious 
poin t  measurements with wind da ta .  For i n - s t a c k  measurement of many con- 
t a m i n a n t s  the  technique has promise. Current high c o s t  of instrumentation 
and somewhat s e n s i t i v e  compound i d e n t i f i c a t i o n  procedures are b a r r i e r s  
which must be overcome before mass spectrometry can be used on a wide- 
spread b a s i s .  

Typically the 

Since hydrocarbons 

Microwave spectroscopy is a l s o  cur ren t ly  being developed as a rap id ly  
responding point  monitoring technique. I t  is use fu l  f o r  compounds which 
have absorption spec t r a  i n  t he  lower f requencies  . However, l i n e  broaden- 
ing a t  atmospheric pressure necess i t a t e s  operation a t  pressures  less t h a n  
1.0 mm Hg. T h i s  requi res  a reduction operation, present ly  done across  a 
membrane. More e f f o r t  is  needed t o  pursue the  f e a s i b i l i t y  of t h i s  method. 

Corre la t ion  spectroscopy has been used as a source in t eg ra t ing  tech- 
nique f o r  SO2 and NO2 by using t h e  sun as t h e  l i g h t  source.  Fur ther  study 
can provide seve ra l  o the r  compounds or groups of compounds analyzable i n  
t h i s  way. For  non-stack source monitoring the  technique s impl i f i e s  de te r -  
mination of emission rates s ince  the  reading is  of t o t a l  po l lu t an t  mass i n  
the l i g h t  pa th  t o  the  i n s t r u m e n t .  

E l ec t ro  chemistry Cer ta in  s p e c i f i c  po l lu t an t s  may be p r e f e r e n t i a l l y  
t r ans fe r r ed  across a l i q u i d  membrane. Electric cu r ren t  generated during 
t h i s  t r a n s f e r  can be monitored t o  y i e l d  concentration, following s u i t a b l c  
c a l i b r a t i o n .  Because t h i s  is  a secondary technique it is  dependent on 
f ind ing  appropr ia te  membranes f o r  each po l lu t an t .  I t  seems less l i k e l y  
f o r  broad appl ica t ion  than co r re l a t ion  spectroscopy. 

Pro tab le  measuring instruments have th ree  uses i n  t h e  a i r  pol lu t ion  
f i e l d  : making perimeter inventor ies  of geographical areas, loca t ing  un- 
known sources  of pol lu t ion ,  and measuring i n d u s t r i a l  sources too small t o  
requi re  continuous monitoring. There are seve ra l  co lor imet r ic  de t ec to r s  
f o r  CO which weigh 2 l b s  o r  less and can d e t e c t  CO l e v e l s  of 10 ppm. 
Por tab le  hydrocarbon " sn i f f e r s "  can detect HC concentrat ions as low as 
0.2$. 

P a r t i c u l a t e s  and aerosols  can be monitored i n  the stack by densitom- 
eters which measure t h e  o p t i c a l  t ransmit tance of t he  smoke in s ide  the  
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s t ack  i n  t he  inf ra red  region (pr imari ly  from 1 t o  2 microns). They do 
not  g ive  information concerning the s i z e  d i s t r i b u t i o n  of t he  p a r t i c u l a t e s .  
By measuring the t ransmit tance of t h e  s tack  gas a t  s eve ra l  d i f f e r e n t  
wavelengths, a n  es t imate  may be obtained of t h e  size d i s t r i b u t i o n  as 
w e l l  as t h e  number of p a r t i c l e s  being emitted.  Appendix 5-4 conta ins  
a desc r ip t ion  of a mul t ip le  frequency densitometer which can produce 
d a t a  on p a r t i c l e  s i z e  d i s t r i b u t i o n  as w e l l  as quant i ty  e m i t t e d .  Such 
a n  instrument could be used t o  rep lace  the  Ringelmann approach t o  moni- 
t o r i n g  stack e f f l u e n t  

5.3 Auto Survei l lance Svstem 

A major p o l l u t e r  i n  t h e  Bay A r e a  is t h e  automobile. It  produces 
most of the  carbon monoxide, and a l a rge  port ion of the hydrocarbons 
and oxides of ni t rogen present  i n  t he  a i r .  Y e t  t he  BAAPCD exerc ises  
no con t ro l  over t hese  emissions.  A s  a f i r s t  s t e p  i n  an  automobile 
emission c o n t r o l  system, i t  is recommended t h a t  the D i s t r i c t  i n i t i a t e  
a n  automobile su rve i l l ance  sys tem.  The purpose of t h i s  s y s t e m  w i l l  be 
t o  determine j u s t  how bad the  emissions from p a r t i c u l a r  automobiles can 
ge t  and how much improvement can be e f f ec t ed  through a con t ro l  system. 
W i t h i n  t h e  n e a r  fu tu re ,  every new automobile w i l l  have t o  pass a n  assem- 
bly l i n e  emissions test  before  i t  can  be r eg i s t e red  or sold in  the  S t a t e  
of Ca l i fo rn ia .  T h i s  w i l l  provide exce l len t  information on the pol lu t ion  
cont r ibu t ion  from new automobiles. An inspect ion system would ensure 
t h a t  automotive emission con t ro l  systems are maintained a f t e r  sale of 
the automobile. 

I t  is recommended t h a t  t h i s  su rve i l l ance  system cons i s t  i n i t i a l l y  
of a s i n g l e  van instrumented t o  read concentrat ions of carbon monoxide, 
hydrocarbons, and oxides of n i t rogen .  Attached t o  the  van should be a 
t ra i ler ,  mounted w i t h  a chassis dynamometer, and l a rge  enough t o  accomo- 
d a t e  a n  automobile. The veh ic l e  t o  be ltested can be driven onto the 
dynamometer and have i ts  exhaust emission tested. A t  present  the  auto- 
mobile manufacturers a r e  developing a n  assembly l i n e  exhaust emissions 
test s a t i s f a c t o r y  t o  the S t a t e  of Ca l i fo rn ia .  It is  recommended t h a t  
t h i s  same test t h a t  w i l l  be used f o r  new automobiles a l s o  be used i n  
t h i s  su rve i l l ance  system. If t h i s  is n o t  f ea s ib l e ,  t h e n  a test such 
as descr ibed by C l i n e '  should be used. 

proximately twenty-seven thousand do l l a r s .*  
stopped f o r  checking j u s t  as the  Highway Pa t ro l  present ly  s tops  vehic les  
f o r  s a f e t y  checks. Based on one van with one team working f o r t y  hours 
pe r  week, approximately t e n  thousand vehic les  could be checked pe r  yea r .  
T h i s  assumes that the van is running tests only t w e n t y  hours per  week, 
t h e  o ther  twen ty  hours being consumed by dr iv ing ,  maintenance, etc. 

I t  is estimated that the  c o s t  of t he  van and t ra i le r  would be ap- 
Random vehic les  can be 

* 
E m i s  s ions Instrumentation $12,000 
Van 7,000 
Trailer-mounted Dynamometer 8,000 

27,000 
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The t e s t  program would requi re  t h r e e  people. One, a pol ice  o f f i c e r ,  
would d i r e c t  vehic les  t o  t h e  van. 
on the trailer, and record the y e a r ,  m o d e l ,  and make of t h e  ca r ,  as w e l l  
as type of control systems, while a t h i r d  would operate  the  ins t rumen ta -  
t i o n  i n  the  van. 

Another would supervise  the  vehic les  

This i n i t i a l  single-van program is  expected t o  g ive  the  d i s t r i c t  
d a t a  necessary t o  more r igorously de f ine  i ts  program with respect  t o  
automobiles. The aqtomobile i s sue  is  discussed more f u l l y  in  Chapter 7. 

5.4 A i r  Qual i ty  Measurement System 

One of t h e  primary purposes of t h e  monitoring system is t o  iden t i fy  
the  most heavi ly  pol lu ted  areas i n  t h e  region. These areas are t h e  gov- 
e rn ing  f a c t o r s  i n  t h e  determination of whether a i r  q u a l i t y  s tandards are 
being m e t .  In  conjunction with the source measurements, da t a  i n  such 
areas w i l l  make it  poss ib le  t o  determine the  s p e c i f i c  causes of these 
high po l lu t ion  l e v e l s .  

I n  designing a monitoring s y s t e m  one must make sure  t h a t  t he re  i s  
not  some unmonitored source area i n  t h e  basin which has a i r  of consis- 
t e n t l y  poor q u a l i t y  (below ARB standards) ,  or t h a t  episodes (of danger- 
ously high po l lu t an t  l e v e l s )  occur i n  regions where there a r e  no moni- 
t o r i n g  s t a t i o n s ,  Pockets of high pol lu t ion  a r e  more l i k e l y  the  lower 
the  wind ve loc i ty .  High winds cause atmospheric turbulence and good 
mixing of po l lu tan ts ,  but,  without wind, po l lu t an t s  move pr imari ly  by 
molecular d i f fus ion ,  a slow process.  Y e t  it i s  p rec i se ly  during low 
subsidence inversions,  when wind v e l o c i t i e s  are very low, t h a t  smog is 
most severe, and the  g r e a t e s t  v a r i a t i o n s  i n  a i r  po l lu t ion  concentrat ions 
can be expected. Consequently, any e f f e c t i v e  a i r  qua l i t y  monitoring 
s y s t e m  must be ab le  t o  funct ion i n  a s i t u a t i o n  of zero  wind and repre- 
s e n t a t i v e l y  sample and measure a i r  q u a l i t y  i n  the  e n t i r e  basin.  

As discussed i n  Chapter 4, s i g n i f i c a n t  v a r i a t i o n s  i n  po l lu t ion  
l e v e l s  have been measured within distances of a f e w  m i l e s .  The present  
network of s t a t i o n s  based approximately 20 m i l e s  apa r t  i s  c l e a r l y  inade- 
quate on those days where the  wind is weak and po l lu t ion  i s  heavy under 
a subsidance inversion.  The present  a i r  qua l i t y  measurement s y s t e m  can 
be improved by any of t h ree  general  a l t e r n a t i v e s .  

(1) Adding add i t iona l  f ixed  s t a t i o n s ;  

( 2 )  Replacing f i x e d  s t a t i o n s  by a l a r g e r  number of mobile s t a t ions ;  

(3) Adding a series of mobile s t a t i o n s .  

Fixed Monitoring S ta t ions  Only 

A recent  d i r e c t i v e  by George Morgan, Director ,  A i r  Qua l i ty  and 
Emission D a t a  Division, NAPCA, d i scusses  guide l ines  f o r  d i s t r i b u t i o n  of 
monitoring s t a t i o n s .  H i s  estimate a r r i v e s  a t  15-25 s ta t ions t o  fu rn i sh  
"an adequate amount of a i r  qua l i t y  data"? d i s t r i b u t e d  a s  fol lows:  
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1 - Heavily pol lu ted  or d i r t y  a r eas  3-5 s t a t i o n s  

2 - Non-urban areas 2-4 s t a t i o n s  

3 - Population or iented 

4 - Source or iented 

3-7 s t a t i o n s  

3-5 s t a t i o n s  

5 - Comparison ( C e n t e r  C i t y )  1 stat ion 

6 - Other (modeling or gradien t  a n a l y s i s )  3 s t a t i o n s  

Assuming t h a t  20 complete s t a t i o n s  would be s a t i s f a c t o r y  f o r  
the Bay Area--an un l ike ly  s i t u a t i o n  consider ing tha t  even then each 
s t a t i o n  would cover on t h e  average an  area of 170 square miles--ten new 
s t a t i o n s  would have t o  be added t o  those present ly  i n  ex is tence .  M r .  
John Kinosian, Chief Supervising Engineer, ARB, has estimated the  annual 
c o s t  of equipping and operat ing a f ixed  s t a t i o n  a t  $40,000. T h i s  f i g u r e  
is  based on a seven y e a r  deprec ia t ion  of s t a t i o n  equipment, personnel 
cos t ,  supervis ion,  and se rv ices  such as c a l i b r a t i o n .  The annual cos t  of 
10 add i t iona l  s t a t i o n s  would then be $400,000. 

a i r  po l lu t ion  po ten t i a l ,  f o r  i t  is bes t  t o  have them measure unrepresen- 
t a t i v e l y  high po l lu t ion  values  and thus be on the  s a f e  s ide .  Unfortu- 
na te ly ,  w e  do not know today where these  high po l lu t ion  a reas  are, nor 
are they  l i k e l y  t o  remain  i n  the  same locat ion year  a f t e r  year as indus- 
t r y  and population change. The only way t o  f i n d  and follow these loca- 
t i o n s  is t o  u t i l i z e  mobile monitoring s t a t i o n s .  

The new s t a t i o n s  should be located pr imar i ly  i n  areas of high 

Mobile S ta t ions  Only 

Although it is  poss ib le  t o  conceive of a monitoring network 
cons i s t ing  only of mobile s t a t i o n s ,  the e x i s t i n g  of f ixed  s t a t i o s s  and 
the  experience gained with them makes it des i r eab le  t o  keep them operat-  
ing, a t  least u n t i l  enough experience w i t h  a mixed system has shown con- 
c lus ive ly  that  they can be replaced. H i s to r i ca l  da t a  from the  f ixed  
s t a t i o n s  is valuable  i n  d e t e r m i n i n g  t rends .  I n  addi t ion ,  f i xed  s t a t i o n  
da ta  provides a continuous reference t o  which mobile u n i t  data can be 
prepared. 

Mobile and Fixed S ta t ions  Combined 

The main purpose of mobile s t a t i o n s  should be t o  obtain mean- 
i n g f u l  da t a  on a i r  po l lu t ions  over t he  en t i re  a rea .  T h i s  da t a  can be 
co r re l a t ed  w i t h  f i xed  s t a t i o n  readings t o  obtain a i r  qua l i t y  maps which 
include "pol lu t ion  hot-spots" . The vans can a l s o  be used s p e c i f i c a l l y  
t o  f i n d  and monitor such hot-spots.  Mobile s t a t i o n s  should be ab le  t o  
cover 150-250 road m i l e s  a day and an area of 200-500 square m i l e s ,  
depending on population dens i ty .  When not operat ing i n  the mobile m o d e ,  
t h e  s t a t i o n s  c a n  be parked with instruments operat ing in  spots  which 
requi re  more in t ens ive  d a t a .  

Assuming tkrat mobile u n i t s  would d r i v e  50,000 m i l e s  a y e a r  a t  
a c o s t  of 104 per  m i l e  and would be replaced every t w o  y e a r s  a t  a c o s t  
of $4000, each veh ic l e  a lone would requi re  $7000. Ins t rumen t s ,  operator  
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( d r i v e r )  sa la ry ,  supervision and overhead would br ing t h e  t o t a l  c o s t  t o  
about $50,000 pe r  yea r  p e r  van. More d e t a i l s  on van c o s t  are contained 
i n  Appendix 5-2. 

by t h e  Distr ic t ,  6 mobile s t a t i o n s ,  i n  addi t ion t o  t h e  e x i s t i n g  10 sta- 
t i o n s  w i t h  upgraded instrumentation, would adequately cover the  area. 
The c o s t  of adding these 6 mobile s ta t ions is estimated t o  be $300,000 
p e r  year .  T h i s  i s  *the system which w e  recommend. W e  f u r t h e r  recommend 
t h a t  as a n  i n i t i a l  s t ep ,  a s i n g l e  van be used f o r  one yea r  t o  gain ex- 
perience i n  operat ing such a mobile system and i n  s e t t i n g  up d a t a  re- 
t r i e v a l  and evaluat ion techniques. 

I t  is  estimated t h a t ,  i n  t h e  s i x  coun t i e s  present ly  control led 

Mobile Sampling Operation 

The mobile u n i t  is the most p r a c t i c a l  method of monitoring 
ambient a i r  q u a l i t y  under those condi t ions which normally produce 
episodes ( l o w  winds, subsidence inversion, po l lu t ion  t r a v e l  by d i f f u -  
s ion  with r e s u l t i n g  high concentration g rad ien t s ) .  In addition, t h e  
mobile u n i t  has t h e  advantage of reaching every inhabited region of 
t h e  basin so tha t  t h e  p robab i l i t y  of undetected dangerous l o c a l  pollu- 
t i o n  areas can be reduced d r a s t i c a l l y .  The mobile u n i t  can be used t o  
take d a t a  e i ther  while moving or while s t a t iona ry .  

d i s t a n c e  because of the ve loc i ty  of the veh ic l e  and because of the 
t i m e  response of instruments. For a n  instrument which requires  30 
seconds t o  reach 90% o f  a n  equi l ibr ium value, a veh ic l e  moving a t  30 
mph (44 f p s )  w i l l  cover 1320 f e e t .  The instrument reading w i l l  be 
smoothed by the i n t e g r a t i o n  over t h i s  d i s t ance .  The i n t e r p r e t a t i o n  
of mobile da t a  w i l l  thus  r equ i r e  knowledge of veh ic l e  speed and posi- 
t i o n  of a funct ion of t i m e  so  t h a t  t h e  d a t a  can be r e l a t e d  t o  a s p e c i f i c  
l oca t ion  a t  a given t i m e .  Because of other unknowns ( the  e f f e c t ,  f o r  
instance,  of t h e  v e h i c l e ' s  own exhaust i n  t r a f f i c )  data taken i n  motion 
is of a more q u a l i t a t i v e  nature  than d a t a  taken while halted.  

By stopping t h e  mobile s t a t i o n  f o r  a 10 t o  15 minute in t e rva l ,  
s t a b l e  readings can be obtained which can be related t o  a s p e c i f i c  point  
a t  a s p e c i f i c  t i m e .  Unknowns can be reduced ( f o r  instance,  the vehicle  
can be shu t  down and t h e  s t a t i o n  run by l o c a l  power) and temporal mappicg 
of the a i r  q u a l i t y  can be done. I t  is  the re fo re  possible  t o  use the  
mobile u n i t  d a t a  for e i t h e r  s p a t i a l  mapping of a i r  q u a l i t y  a t  a given 
t i m e ,  or f o r  temporal mapping of a i r  q u a l i t y  a t  any po in t .  

Data taken with a mobile u n i t  i n  motion are averaged over 

S p a t i a l  Mapping with Mobile Units 

It  is frequent ly  use fu l  t o  p l o t  contours of constant concentra- 
t i o n  ( i sop le ths )  on a map of an a i r  bas in ,  These curves are present ly  
developed by assuming a l i n e a r  i n t e rpo la t ion  model such as those discussed 
i n  Chapter 6. This assumption corresponds t o  t h e  so lu t ion  of t he  steady 
state d i f f u s i o n  equation and assumes t h e  absence of wind and n e i t h e r  
sources nor s inks  between adjacent s t a t i o n s .  This is  obviously a poor 
assumption. 
and t h a t  t h e  winds are blowing, it becomes impossible t o  accurately 

In t h e  event t h a t  sources do e x i s t  between adjacent s t a t i o n s  
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pred ic t  intermediate  pol lu t ion  l eve l s  from only the  data a t  t he  present ly  
e x i s t i n g  f ixed  s t a t i o n s .  

allows comparison of t he  measured value a t  an intermediate  poin t  with 
the value predic ted  by in t e rpo la t ion  between adjacent  s t a t i o n s .  The 
d i f f e rence  between the measured and in t e rpo la t ed  values  is a funct ion 
of l o c a l  sources and a i r  movement. Consideration of these  d i f f e rences  
w i l l  r e s u l t  i n  a n  increased understanding of these  sources and t h e  a i r  
movement. This is  p rec i se ly  the  understanding needed t o  more log ica l ly  
c o n t r o l  emissions.  

Monitoring between adjacent  f ixed  s t a t i o n s  with mobile u n i t s  

5.5 Temporal Mapping with Mobile U n i t s  

L a r s e n  a t  NAPCA has shown t h a t  the d i s t r i b u t i o n  of a po l lu t an t  a t  
a f ixed  s i te  can be graphica l ly  represented by log-normal p l o t  of t he  
frequency with which c e r t a i n  concentrat ion l e v e l s  are exceeded (see Fig- 
u re  5 .1) .  
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Figure 5.1. FREQUENCY THAT VARIOUS 
1-HR-AVERAGING-TIME NITROGEN OXIDES 
CONCENTRATIONS EXCEEDED VARIOUS VAL- 

U J I  51 I I6 5 0  80 59 9999 UES I N  WASHINGTON, D.C. FROM 12/1/61 
TO 12/1/64. 

F H i C c i h C Y  . %OF - * N E  COCC. EX: 

When a mobile u n i t  has been t o  a s i te  i n  a community f o r  a s u f f i c i e n t l y  
l a rge  number of measurements a p l o t  such as Figure 5 .1  can be construc- 
t ed .  

By comparison of such p l o t s  f o r  var ious sites i n  the  a i r  basin t h e  
con t ro l  d i s t r i c t  and t h e  l o c a l  r e s iden t s  can iden t i fy  those areas which 
have t h e  highest  p o t e n t i a l  f o r  severe a i r  po l lu t ion .  By comparison of 
these p l o t s  on a y e a r l y  bas i s  t he  con t ro l  d i s t r i c t  c a n  determine t h e  
e f f ec t iveness  of con t ro l  procedures in’ any p a r t i c u l a r  region. 

5.6 Fixed S ta t ion  Design and Equipment 

The i d e a l  f ixed  s t a t i o n  should measure two c l a s s e s  of var iab les :  
po l lu t an t  concentrat ions and meteorological parameters. 
l ists the  va r i ab le s  of i n t e r e s t .  

The t a b l e  below 
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Table 5.2 

Meteorological Parameters Po l lu t an t  Concentrations a t  Nose U v e l  

1 -Wind Direct ion 

2 - Horizontal  Components of Wind Velocity 

3 - Vertical Component of Wind V e l o c i t y  

4 - Temperature--Dry Bulb 

5 -Temperature--Wet Bulb 

6 -Height t o  Base of Inversion 

7 -Height t o  Top of Inversion 

8 -  Incident  Radiation 

9 - Prec ip i t a t ion  

1 -Carbon Monoxide (CO) 

2 -NO 

3 -NO2 

4 -03 

5 - T o t a l  Oxidant 

6 - T o t a l  HC 

7 - Reactive HC 

8 - PAN, or other  s p e c i f i c  hydrocarbons 

9 - so2 
10 -Lead 

11 - Tota l  P a r t i c u l a t e  as &m3 

12 - P a r t i c u l a t e  i n  Submicron Range 

The a i r  sample f o r  measurement of po l lu t an t s  should be taken a t  a 
l e v e l  about f i v e  f e e t  above the  ground, t h e  l e v e l  a t  which most people 
brea the .  The sampling l i n e  and pumping rate should be s u f f i c i e n t l y  l a rge  
s o  t h a t  t he  d i f f u s i o n  of r eac t ive  p a r t i c l e s  or gases t o  the  w a l l  w i l l  be 
minimized. 

Po l lu t ion  Instrument a t  i on 

Ambient instruments must be capable of measuring concentrat ion 
l e v e l s  orders  of magnitude lower t h a n  t h e  concentrat ions i n  s t acks .  Ta- 
b l e  5.3 lists some t y p i c a l  ambient concentrat ions of po l lu t an t s .  

Table 5.3 

TYPICAL CONCENTRATION OF POLLUTANTS I N  URBAN AREAS 

Mean Range Peak Values 
PPm PPm 

Po l lu t an t  

0.05 - 0.10 1.5 

NO 0.03 - 0,lO 1.4  

0.03 - 0.06 0.8 

so2 

NO2 
GO 5 - 10 70 

Oxidants 0.05 - 0.30 1 .o 
Hydrocarbons 2 - 3  20 
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Operational requirements of ambient instruments should be 
such t h a t  a highly t r a ined  opera tor  is  not needed. Because such 
i n s t r u m e n t s  should be por tab le  i n  the  sense t h a t  t h e y  may be ca r r i ed  
i n  a van or a i rp lane ,  t h e i r  weight should be less t h a n  one hundred 
pounds. 

adaptable  t o  ambient a i r  monitoring. However, cu r ren t  technology 
provides only one type of instrument which meets the above require-  
men t s  f o r  gaseous ambient a i r  monitoring--the absorpt ion spectrometer.  
Several  o the r  types of i n s t r u m e n t s ,  such a s  the Faraday c e l l  and the  
enzyme f luorescence de tec tor ,  may become s u i t a b l e  i n  t h e  f u t u r e .  

Many of t he  p r inc ip l e s  l i s t e d  i n  Section 5.2 should be 

Absorption Spectrometry 

The absorpt ion spectrometer may operate  e i ther  i n  t he  
in f r a red  region or the  u l t r a - v i o l e t  region of t h e  spectrum. I t  can 
be used t o  make q u a n t i t a t i v e  measurements, and c a n  be operated e i ther  
w i t h  a n  a r t i f i c i a l  l i g h t  source or with d i r e c t  or r e f l ec t ed  sun l igh t .  

A l l  po l lu t an t s  have inf ra red  absorpt ion bands, s o  t h a t  an  
i n f r a red  spectrometer can be adapted t o  measure t h e  concentrat ions of 
a l l  of t h e  po l lu t an t s  of i n t e r e s t ,  although present ly  e x i s t i n g  in s t ru -  
ments can measure only one po l lu t an t  a t  a time. Table 5.4 shows the  
performance s p e c i f i c a t i o n s  of a t y p i c a l  Luf t - type inf ra red  spectrometer* 
which has been designed s o  t h a t  it may be changed from one po l lu t an t  t o  
another  i n  t he  f i e l d .  

Table 5.4 

TYPICAL SPEC IF ICATIONS OF INFRARED SPECTROMETER 

Speed of response 

Noise l e v e l  

Accuracy 1% of f u l l  s c a l e  

Sen s it i v  i t y  (example ) 

Selec t  i v  i t y 

Power requirements 200 w a t t s  

Dimensions (40" c e l l )  67" x 13" x 10" 
Weight 85 l b s .  

90% of f i n a l  reading i n  5 seconds 

Less than 1% of f u l l  s c a l e  

0-10 ppm C02 w i t h  40" c e l l  

Background a f f e c t s  a n a l y s i s  less t h a n  1% 

There are seve ra l  u l t r a - v i o l e t  spectrometers designed s p e c i f i -  
c a l l y  f o r  a i r  po l lu t ion  measurements. One of these uses a c o r r e l a t i o n  
de tec t ion  scheme and i s  designed t o  make volumetric measurements using 

* 
Mine Safety Appliance Co. Infra-red analyzer .  
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e i t h e r  t h e  sun  or a lamp as l i g h t  s o u r c e  so t h a t  t h e  t o t a l  number of 
m o l e c u l e s  of t h e  p o l l u t a n t  between t h e  l i gh t  source and ins t rument  
w i l l  be measured .* (Appendix 5-1) .  T a b l e  5.5 i n d i c a t e s  t h e  perfor- 
mance s p e c i f i c a t i o n s  of t h e  c o r r e l a t i o n  s p e c t r o m e t e r .  A t  t h e  p r e s e n t  
t i m e ,  o n l y  one p o l l u t a n t  a t  a t i m e  can be measured but work is i n  
p r o g r e s s  t o  measure t w o  p o l l u t a n t s  w i t h  one ins t rument  s i m u l t a n e o u s l y .  

T a b l e  5.5 

SPEC IF  ICAT IONS OF CORRETAT ION SPECTRONDETER 

Present A p p l i c a t i o n  SO2' NO2' ( I 2 )  

t 
T h r e s h o l d  s e n s i t i v i t y  2 PPmm 

Power r e q u i r e m e n t s  5 w a t t s  

D imens i o n s  

Viewing u n i t  
E l e c t r o n i c s  u n i t  15" X 18'' X 7" 

11" X 26" x 10'' 

Weight 72 l b s .  

Ano the r  UV s p e c t r o m e t e r  d e s i g n e d  f o r  a i r  p o l l u t i o n  measure- 
ments uses a d e r i v a t i v e  d e t e c t i o n  scheme. I t  i s  a t  a n  e a r l y  stage of 
deve lopment  a l t h o u g h  some p r o t o t y p e  t e s t i n g  h a s  been done.** 
i n f r a r e d  s p e c t r o m e t e r  i t  makes p o i n t  measurements by d rawing  a n  a i r  
sample t h r o u g h  a cel l .  T y p i c a l  s p e c i f i c a t i o n s  f o r  t h i s  t y p e  of d e r i v a -  
t i v e  s p e c t r o m e t e r  are g i v e n  i n  T a b l e  5.6.  The number of c o n t a m i n a n t s  
a n a l y z e d  by t h i s  i n s t r u m e n t  is a p p a r e n t l y  l imi ted  by data h a n d l i n g  ca- 
p a b i l i t i e s .  

L i k e  t h e  

T a b l e  5 .6  

SPEC IF ICATIONS OF DERIVATIVE SPECTROMETER 

Measureable p o l l u t a n t s  SO2' NO, NO2, 03' NH3 

Thresho ld  s e n s i t i v i t y  03 2.5 p p M  
NO2 5 .O pphm 
NO 0.6 pphm 
SO2 0.05 pphm 
NH3 0.1 pphm 

Weight 80 lbs.  

* 
B a r r i n g e r  Resea rch  Inc  . C o r r e l a t i o n  s p e c t r o m e t e r .  ' ppmm--part p e r  m i l l i o n  over e n t i r e  v i e w  l e n g t h  i n  meters. 

' pphm--parts per 100 m i l l i o n .  

** 
S p e c t r o m e t r i c s  Der iva t ive  S p e c t r o m e t e r .  
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Future P o s s i b i l i t i e s  f o r  Gaseous Ambient A i r  Monitoring 

Faraday c e l l  devices - Simple devices based upon the  f u e l  cel l  
p r i n c i p l e  f o r  measuring S02, N02, NO, or H2S are now becoming ava i l ab le .  
These devices  have a dynamic range of 0.1 t o  5000 ppm. The primary ad- 
vantage of these  i n s t r u m e n t s  is low cost--the c e l l s  c o s t  about $225 w i t h  
a l i f e  expectancy of 6 months and the e l ec t ron ic s  c o s t  about $2000 addi- 
t i o n a l .  

Enzyme de tec to r s*  - Work has j u s t  started on the  response of 
c e r t a i n  b io log ica l ly  important enzymes t o  ni t rogen dioxide.  The enzymes 
normally r e a c t  w i t h  a s u b s t r a t e  t o  produce f luorescence.  The react ion 
rate--and t h e  fluorescence--is reduced i n  t he  presence of NO2. A t  pres- 
e n t  1-10 ppm of NO2 c a n  be detected although increased s e n s i t i v i t y  is 
hoped f o r  i n  t h e  f u t u r e .  Research i n  t h i s  area has j u s t  s t a r t e d ,  and 
r e s u l t s  should not be expected soon. 

P a r t i c u l a t e  Monitoring 

The most important parameters f o r  p a r t i c u l a t e  a n a l y s i s  are 
t h e  numbers of p a r t i c l e s  of each s i z e  and t h e i r  composition. The m e a -  
surement s y s t e m  should determine the  p a r t i c l e  s i z e  d i s t r i b u t i o n  by a 
densitometer such a s  t h a t  described i n  Appendix 5-4. The chemical 
ana lys i s  of t h e  sample co l l ec t ed  by a Hi-Vol sampler c a n  give the  over- 
a l l  composition of the mass co l l ec t ed .  Cascade impacters which can 
c o l l e c t  p a r t i c l e s  of t h e  r e sp i r ab le  s i z e s  a r e  a l s o  ava i l ab le .  

Meteorological Monitoring 

Sampling f o r  meteorological data is  q u i t e  d i f f e r e n t  from 
sampling f o r  po l lu t ion  concentrat ion.  The meteorological standard f o r  
repor t ing  wind data is t e n  (10) meters above the ground over open ter- 
r a i n .  If open te r ra in  is not ava i l ab le  the  s tandards recommend the  
instruments be placed a t  such a n  e leva t ion  t h a t  the measured value is 
equivalent  t o  t h e  10 meter value over open t e r r a i n .  Needless t o  say  
t h i s  is d i f f i c u l t  i n  p rac t i ce .  A l o c a l  survey, taking i n t o  account 
neighboring bui ldings and trees should be made a t  t h e  s t a t i o n  p r i o r  
t o  placement of t h e  wind i n s t r u m e n t s .  

Figure 5.2 shows the  e f f e c t  of a cub ica l  bui lding upon wind 
flow pa t t e rns ,  The BAAPCD usual ly  m a i n t a i n s  meteorological i n s t r u m e n t s  
on t h e  roof of their  monitoring s t a t i o n s .  I t  i s  readi ly  obvious from 
t h i s  f i g u r e  t h a t  the wind ve loc i ty  measured and even t h e  d i r e c t i o n  are 
changed s i g n i f i c a n t l y  by the  drag e f f e c t  of t h e  monitoring s t a t i o n .  

i ts  own dis turbance  of the  wind f i e l d .  The ideal s t a t i o n  would there- 
f o r e  be hemispherical i n  shape, and the  geodesic dome design of t h e  
CAMP s t a t i o n s  is  a p r a c t i c a l  so lu t ion .  The meteorological measurements 
should be a t  a height s u f f i c i e n t  t o  be above the  displacement flow over 

The ideal monitoring s t a t i o n  would be designed t o  minimize 

* 
Ames Research Laboratories,  National Aeronautics and Space Administra- 
t i o n .  
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Figure 5.2. MEAN FLOW AROUND A CUBICAL BUILDING. The 
presence of a bluff  s t r u c t u r e  i n  otherwise open ter- 
r a i n  w i l l  produce abe r ra t ions  i n  t h e  wind  flow gen- 
e r a l l y  s i m i l a r  t o  those shown. 

the  bui lding.  I t  i s  the re fo re  recommended t h a t  the B A A E D  i n s t a l l  
towers above t h e i r  present  s t a t i o n s  and t h a t  a l l  w i n d  v e l o c i t i e s  be 
t a k e n  a t  a uniform height  above ground l e v e l .  A tower w i l l  a l s o  allow 
the  measurement of temperature a t  two or more l e v e l s  which i s  invalua- 
b l e  i n  determining the l o c a l  atmospheric s t a b i l i t y .  For a more complete 
discussion of da t a  taking a l o f t  s ee  Chapter 6. 

SDecif i c  Fixed Sta t ion  Recommendations 

The philosophy recommended i n  t h i s  study u t i l i z e s  f ixed  sta- 
t i o n s  t o  provide da t a  on average ambient a i r  contaminant leve ls ,  d a t a  
a s  reference t o  t h a t  taken by mobile s t a t i o n s ,  and d a t a  f o r  h i s t o r i c a l  
t r e n d  a n a l y s i s .  Preliminary analyses  w e r e  done ignoring the present  
network. T h i s  r e su l t ed  i n  a system requi r ing  only s i x  f ixed  s t a t ions ,  
located a t  the  e n t r a n c e s  (and exi ts)  t o  the a i r  basin and i n  a few loca- 
t i o n s  f a r  removed from sources.  Mobile u n i t s  w e r e  t h e n  proposed t o  
provide da t a  on devia t ions  from the  average contaminant l eve l s .  

Realizing the  imprac t ib i l i t y  of cons t ruc t ing  an e n t i r e l y  new 
network, the f i n a l  conclusions of the study are tha t  the present  f ixed  
s ta t ions should be re ta ined  and updated. A l l  a i r  sampling intakes and 
meteorological instruments should be relocated t o  be cons is ten t  between 
s t a t i o n s  and f r e e  of unwanted flow e f f e c t s  from the  s t a t i o n s  themselves 
and from other  ob jec ts  nearby. If t h i s  is not poss ib le  f o r  p a r t i c u l a r  
s t a t ions ,  t h e y  should be relocated and housed i n  dome s t ruc tu res ,  i f  
poss ib l e .  

S ta t ion  instrumentation should be updated as rapidly as possi-  
b l e  t o  minimize the  wet-chemistry required i n  taking d a t a .  Our s p e c i f i c  
recommendations f o r  gaseous monitoring i n s t r u m e n t s  f o r  f ixed  s t a t i o n s  
are the same a s  those f o r  mobile s t a t i o n s  (see next s ec t ion ) .  W e  a l s o  
suggest tha t  high p r i o r i t y  be placed upon securing p a r t i c u l a t e  measuring 
instruments which can monitor p a r t i c l e  s i z e  as w e l l  as t o t a l  content .  
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5 . 7  Mobile S ta t ion  Design and Equipment 

Mobile u n i t s  need not  measure as many va r i ab le s  as the  f ixed  
s t a t i o n s .  They need t o  measure wind and temperature only in  the  
s t a t i o n a r y  mode. 

The va r i ab le s  t o  be measured by mobile s t a t i o n s  are: 

Table 5.7 

Po l lu t an t  Concentrations 
a t  Nose Level 

Meteorological Parameters (when stopped ) 

1 -  

2 -  

3 -  

4 -  

5 -  

Wind d i r e c t i o n  1 - co 
Horizontal  component of wind ve loc i ty  2 - NO 

V e r t  ic  a 1 c omp onen t of wind ve 1 oc it  y 

Temperature Dry Bulb 4 - Tota l  Oxidant 

Temperature W e t  Bulb 5 - Reactive HC 

3 - NO2 

6 - SO2 

A s  f a r  as possible ,  the po l lu t ion  measuring instruments should be 
spectrometr ic  or dry chemistry w i t h  maximum response t i m e s  of a few 
seconds. Our s p e c i f i c  recommendations a t  present  are : 

CO: U s e  non-dispersive in f r a red  (NDIR) analyzer") or 
HgO reduction.(2) 

s u i t a b l e  de r iva t ive  spectrometer.  (3) 

Correlat ion s p e ~ t r o m e t e r ( ~ )  with folded l i g h t  path.  

NO: NO measurements should await the  a v a i l a b i l i t y  of a 

NO2 : 

Oxidant: The potassium iodide oxidation technique i s  recom- 
mended u n t i l  a d e r i v a t i v e  spectrometer s p e c i f i c  f o r  
03 has been developed. (3 

u n i t .  A t o t a l  HC analyzer  is  a second choice and 
should be i n s t a l l e d  pending development of the spe- 
c i f  i c  device f o r  r e a c t i v i t y .  

A c o r r e l a t i o n  s p e ~ t r o m e t e r ( ~ )  should be used, w i t h  
folded l i g h t  path.  

Reactive XC: Reactive HC are present ly  unmeasurable i n  a mobile 

SO2 : 

(1) Such as made by Mine Safety Appliance Go. or Beckman Instru-  

(2) Johnson-Williams, Co. 

(3) Spectrometrics,  I n c .  

(4)  B a r r i n g e r  Research Inc. (see Appendix 5-11. 

ments ,  Co. 
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The meteorological instrumentation should be placed on a r e t r ac t a -  
b l e  tower which w i l l  be r a i sed  i n t o  p lace  when parked. The ideal  mobile 
u n i t  would be an  electric veh ic l e  capable of a t t a i n i n g  60 mph w i t h  a 
range of 200 m i l e s  over a n  8 hour per iod.  The obvious drawback of t h e  
I C  engine is t h a t  there is a l w a y s  t he  p o s s i b i l i t y  of the  vehic le  exhaust 
reaching the  probe and  d i s t o r t i n g  t h e  reading. A t  the  present  t i m e  e lec-  
t r i ca l  propulsion cannot m e e t  t he  spec i f i ca t ions  a The second a l t e r n a t l v e  
is  t o  convert  the  IC, engine and AC genera tor  from gasol ine  t o  W G  f o r  low 
emissions,  I t  i s  recommended t h a t  the BAAPCD t a k e  t h i s  s t e p  immediately 
f o r  t h e i r  e x i s t i n g  mobile u n i t .  

for t h e  instrumentat ion.  There is  a d e f i n i t e  e f f e c t  of unregulated 
vol tage  on t h e  span of some of the  instruments.  For consistency, vol-  
t age  regula t ion  is  a must. 

Tota l  cos t  is about $500. 

The mobile u n i t  while i n  motion w i l l  r equi re  AC e l e c t r i c a l  power 

Mobile Unit-Driving Pa t t e rns  

During t h e  f i r s t  y e a r  a s i n g l e  mobile u n i t  should operate 
throughout the e n t i r e  a i r  b a s i n  obtaining s u f f i c i e n t  da t a  t o  f u r t h e r  
r e f i n e  the exact number of mobile u n i t s  (6)  recommended i n  t h i s  study. 
I t  is  an t i c ipa t ed  tha t  eventual ly  one mobile u n i t  w i l l  be assigned t o  
each county. Within each county, such as Santa Clara,  there a r e  many 
i d e n t i f i a b l e  regions which can be monitored (Coyote, Gilroy, Los Gatos, 
Saratoga, South San Jose,  E a s t  San Jose,  Downtown San Jose, Santa Clara,  
Sunnyvale, Palo Alto, Milpi tas ,  e t c . ) .  The mobile u n i t  should be as- 
signed a c i r c u i t  w i t h i n  the  county br inging it t o  each of these loca- 
t i o n s  on a regular  b a s i s .  A t  each loca t ion  the  BAAPCD should assign a 
s p e c i f i c  p lace  for t h e  van t o  park a t  which e l e c t r i c a l  power w i l l  be 
ava i l ab le .  The van should d r i v e  t en  minutes and s top  ten  minutes as it 
goes from loca t ion  t o  loca t ion .  The 10 minute sampling t i m e  a t  a given 
loca t ion  w i l l  al low the  i n s t r u m e n t s  t o  reach equi l ibr ium values .  =e- 
tween s tops  po l lu t an t s  can be monitored as described previously.  The 
mobile u n i t  should be ab le  t o  reach each spec i f ied  loca t ion  twice i n  an  
ordinary working day. 

prolonged periods of high a i r  po l lu t ion  leve ls ,  t he  mobile u n i t s  should 
be kept  operat ing i n t o  the evening and around t h e  clock i f  necessary. 
The scheduling of add i t iona l  monitoring under these condi t ions should 
be p a r t  of an episode warning and con t ro l  procedure which i s  discussed 
i n  d e t a i l  i n  a following sec t ion .  

p l e t e  t he  instrumentation of t h e i r  mobile u n i t  and begin a program of 
monitoring throughout t h e  e n t i r e  air basin.  In t h e  f i r s t  year t h e  
B A A E D  should develop the information necessary t o  r e f i n e  the exact  
design of t h e  mobile u n i t  network necessary f o r  t he  e n t i r e  Bay Area. 
Estimated first y e a r  expenditures are discussed i n  Appendix 5-2. 

In  the  event t h a t  atmospheric condi t ions are conducive t o  

I t  is  the re fo re  recommended t h a t  the EAAPCD immediately com- 
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5.8 Addit ional  Recommendations 

Measurement of Ver t i ca l  Pol lu tan t  Dis t r ibu t ion  

The v e r t i c a l  d i s t r i b u t i o n  of po l lu t an t s  is an  important 
parameter i n  determining the  mechanism of d ispers ion  of po l lu t an t s .  
The upper atmosphere may act as a capac i tor ,  s t o r i n g  po l lu t an t s  and 
later r e l eas ing  them back t o  the  ground as high l e v e l  a i r  is  mixed 
with t h e  ambient a i r .  

There are t h r e e  methods ava i l ab le  f o r  measuring v e r t i c a l  
po l lu t ion  d i s t r i b u t i o n  : 

1. Vent i la t ion  sampling from a probe placed a t  t he  top  of a 
tower. 

2. A i r  sampling by f l y i n g  over the region. Ins t rumen t s  can 
be mounted i n  t he  plane or samples can be taken f o r  later 
ana lys i s  a 

3 .  Long path sampling using co r re l a t ion  spectrometer or 
other  techniques.  T h i s  measurement corresponds t o  the  
t o t a l  amount i n  ppm-meters above the  ground. 

The d a t a  obtained from these 3 techniques have d i f f e r e n t  
u t i l i t y .  The v e n t i l a t i o n  sample t a k e n  a t  the  top  of a tower can pro- 
v i d e  very use fu l  information when compared w i t h  the ground l e v e l  con- 
cen t r a t ion  w i t h  knowledge of t he  v e r t i c a l  wind ve loc i ty .  

f e e t .  Although it is  poss ib le  t o  take  v e r t i c a l  soundings by touching 
down a t  a i r p o r t s  i n  t h e  basin,  t he  movement of t he  plane provides an  
i n t e g r a t i n g  e f f e c t .  The t o t a l  burden a t  var ious l eve l s  can be measured 
q u i t e  accura te ly  by c i r c l i n g  above a given area of t he  basin.  

The c o r r e l a t i o n  spectrometer is descr ibed i n  Appendix 5-1. 
Its main u t i l i t y  is in  determining atmospheric burden f o r  inventory 
purposes. If downwind from a source, these d a t a  i n  conjunction w i t h  
wind v e l o c i t i e s  can be used t o  compute the  source emissions. 

I t  is recommended t h a t  the  D i s t r i c t  sponsor, or urge NAPCA 

The a i rborne  sampling is l imited t o  he ights  above about 1000 

t o  support ,  research on the  v e r t i c a l  mixing parameters and e f f e c t s  i n  
t h e  Bay A r e a .  

5.9 The Application of A i r  Qua l i ty  Measurements 

A monitoring sys t em f o r  a i r  q u a l i t y  can only be j u s t i f i e d  by 
demonstrating how the  d a t a  c a n  be used t o  promote the  reduction of 
a i r  po l lu t ion  l e v e l s .  If t he  data are not analyzed and used as a 
basis for ac t ion ,  the money is wasted and would be b e t t e r  spent  i n  
h i r i n g  add i t iona l  inspec tors .  

Before the da ta  c a n  be analyzed, t h e y  must be presented i n  a 
form which can be understood. It is  almost impossible t o  comprehend 
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t he  meaning of da t a  when presented i n  t h e  form of a t a b l e  of numerical 
va lues .  Graphical presenta t ion  of t he  data should be used t o  f u r t h e r  
understanding and t o  promote the  acceptance of con t ro l  ac t ion  based on 
t h e  data themselves. 

D a t a  A n a l y s i s  

If da t a  are gathered from f ixed  s t a t i o n s  only, reduction t o  
graphica l  form depends on t h e  use  of a n  a n a l y t i c a l  model of the var ia -  
t i o n  of a i r  q u a l i t y  from poin t  t o  poin t  i n  the area. Such m o d e l s  are 
discussed i n  Chapter 6. One funct ion of t he  mobile u n i t s  i n  the  network 
i s  t o  provide the add i t iona l  da t a  necessary f o r  evaluat ion of these 
models and t o  decide how bes t  t o  apply t h e m  t o  de te rmine  source con t r i -  
but ions t o  pol lu t ion .  The Distr ic t  w i l l  a l s o  use t h i s  data i n  conjunc- 
t i o n  with source maps, descr ibed i n  Chapter 4. By placing contour maps 
of l i n e s  of constant  concentrat ion ( i sop le ths )  over the source maps it 
w i l l  be poss ib le  t o  v i s u a l l y  de t ec t  which sources are most l i k e l y  the 
major cause of l o c a l  po l lu t ion .  This information can then be u t i l i z e d  
for j u s t i f i c a t i o n  of s p e c i a l  con t ro l  measures f o r  those emitters found 
t o  be causing high l e v e l s  of po l lu t ion  i n  l o c a l  regions.  

The da ta  can a lso be p lo t t ed  on probabi l i ty  paper as shown i n  
Figure 5.1. A s  previously discussed these  p l o t s  can be used t o  compare 
a i r  pol lu t ion  l e v e l s  between regions as w e l l  as t o  provide a comparison 
by year f o r  the purpose of evaluat ion of con t ro l  measures. The question 
a s  t o  whether a i r  pol lu t ion  i s  increas ing  or decreasing i n  a given area 
is a p a r t i c u l a r l y  d i f f i c u l t  one t o  a n s w e r ,  but comparison of such c h a r t s  
f o r  t he  same region, over s eve ra l  years would ind ica t e  the  t rends.  

c o s t l y  card punching or o the r  manual da t a  conversion, the  measurements 
a t  a l l  s t a t i o n s  should automatical ly  be converted from analog t o  d i g i t a l  
form and punched on paper tape  or punched cards  f o r  d i r e c t  input t o  the 
computer. Instruments t o  perform t h i s  funct ion are r ead i ly  ava i l ab le  a t  
nominal c o s t .  

To use raw d a t a  e f f e c t i v e l y  i n  a computer without tedious and 

I t  i s  recommended tha t  the r a w  data be converted by the  compu- 
t e r  i n t o  a format compatible with SAROAD, * so t h a t  t hese  d a t a  can  become 
a useable p a r t  of the n a t i o n a l  a i r  qua l i t y  data bank. 

Episode Control 

One of the m o s t  important func t ions  of a n  a i r  qua l i t y  monitor- 
ing sys t em is  the  pred ic t ion  of episodes of dangerously high pol lu t ion  
i n  t i m e  f o r  publ ic  ac t ion .  

equate f o r  t he  following reasons.  
The present  a ler t  warning sys t em by the  BAAPCD is highly inad- 

* 
SAROAD: Storage And Ret r ieva l  of A i r  Qua l i ty  Data--a s p e c i a l  computer- 
ized d a t a  bank maintained by t h e  Federal  government. 

90 



The S t a t e  hea l th  l i m i t  f o r  oxidants i s  0.1 ppm ( f o r  one hour).  
The D i s t r i c t  does not consider  a n  a l e r t  warning u n t i l  a n  aver- 
age l e v e l  of 0.40 ppm has been exceeded f o r  one hour. Even 
then t h e  warning cannot be issued without t h e  approval of the 
Chief Administrative Off icer .  

The BAAPCD monitoring s t a t i o n s  are manned only 8 hours per  day, 
Monday through Friday. 
over the weekend, no warning can be given because the  sys t em 
does not t r a n s m i t  data t o  Headquarters. A peak of 0.48 ppm 
and a n  hourly l e v e l  of 0.42 ppm oxidant w a s  reached on a Sun- 
day i n  October 1968 i n  San Jose.  No aler t  was given. 

If dangerous l e v e l s  occur a t  night  or 

The present  sys t em has no p red ic t ive  capab i l i t y .  That is, 
episode warnings come too  la te  f o r  any co r rec t ive  or preven- 
t i v e  a c t i o n .  A t  best, people can be urged t o  s t a y  indoors 
and not d r i v e .  

Most episodes occur during per iods of prolonged subsidence 
invers ions .  The s t a t e  of t he  a r t  of meteorology today is such t h a t  a 
subsidence inversion can be predicted 12 t o  24 hours i n  advance. If a 
predic t ion  of continued low inversion coincides  w i t h  a rapid rise i n  
po l lu t an t  l eve l ,  one should a n t i c i p a t e  a n  episode and i s sue  warnings 
t o  minimize automobile t r a v e l  and c lose  down o ther  sources of po l lu t an t s .  

cur ,  the  warning should be given before the  danger l e v e l s  a r e  reached. 
Under  these condi t ions overtime should be authorized t o  man t h e  monitor- 
ing s t a t i o n s  evenings or weekends, and t o  make observations u n t i l  t he  
danger is passed. A detailed procedure i s  out l ined  i n  Appendix 5 - 3 .  

If the  atmospheric condi t ions a r e  r i g h t  f o r  an  episode t o  oc- 

5.10 Recommended Instrumentation Research 

NAPCA should in t ens i fy  i t s  support  of research and development of 
source emission instrumentation and ambient a i r  q u a l i t y  instrumentat ion.  
Spec i f ic  recommendations i n  each of these two ca tegor ies  follow. 

A m b i e n t  A i r  Q u a l i t y  Measurement 

Mobile vans are almost c e r t a i n l y  the ambient monitoring sta- 
t i o n s  of t h e  f u t u r e .  The reasons f o r  t h i s  have been discussed.  I n  
order  t h a t  d a t a  t a k e n  i n  a moving van be t r u l y  assigned t o  a given lo-  
ca t ion ,  t h e  response t i m e  of t he  i n s t r u m e n t s  must be of the order  of 
1-5 seconds. T h i s  c r i t e r i o n  e l i m i n a t e s  from considerat ion f o r  develop- 
ment most i n s t r u m e n t s  which requi re  gas d i s so lu t ion  and subsequent w e t  
chemical ana lys i s .  

Two techniques, very s i m i l a r  i n  p r inc ip l e ,  have been u t i l i z e d  
already i n  making working instruments ab le  t o  d e t e c t  ambient l e v e l s  of 
s eve ra l  po l lu t an t s .  Since every gas has a n  emission and an absorption 
spectrum, each is  t h e o r e t i c a l l y  analyzable by spectroscopy. However, 
it must be determined exac t ly  which p a r t  of the spectrum is most feasible  
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for ana lys i s .  T h i s  choice is determined by t h e  s t r e n g t h  of t he  
absorpt ion or emission a t  any given frequency, t h e  r e l a t i v e  s t r eng th  
of common background a t  t h a t  frequency, and the a v a i l a b i l i t y  of tech- 
niques (emission sources  and d e t e c t o r s )  a t  t h a t  frequency e 

instruments need be used t o  analyze f o r  every known gaseous po l lu t an t .  
Further ,  t hese  instruments could be modified t o  handle o the r  po l lu t an t s  
a s  they  are i d e n t i f i e d  . 

Given s u f f i c i e n t  e f f o r t ,  it is probable t h a t  only 1 or 2 

Recommendation 

Spectroscopic techniques should be f u r t h e r  developed t o  a l l o w  

The es t imated t i m e  f o r  t h i s  development i s  about 6 man-months 

measurement of a l l  known gaseous po l lu t an t s .  

per  p o l l u t a n t .  A t  $20/hour, t h i s  amounts t o  $200,000 f o r  10 po l lu t an t s .  
T e s t s  of t he  techniques themselves w i l l  r equi re  about 1 man-year, or 
$40,000. 
strument w i l l  probably requi re  an add i t iona l  2 man-year e f f o r t  or about 
$80,000, 
a spectrometr ic  ambient a n a l y s i s  sys t em would be about $320,000. 

i nves t iga t ing  long-path high reso lu t ion  spectroscopy t o  reso lve  cons t i -  
t uen t s  of planetary atmospheres. 

In tegra t ion  of t he  mult i -pol lutant  ana lys i s  i n  a s i n g l e  i n -  

Thus, the  t o t a l  R & D budget for the  i n i t i a l  exp lo i t a t ion  of 

A spectroscopy t e a m  a t  NASA-Ames Research C e n t e r  has been 

Recommendation 

It is recommended t h a t  t h i s  technique be combined w i t h  tech- 
niques of reac t ion  rate chemistry t o  provide information on t h e  p rec i se  
chemical reac t ion  k i n e t i c s  of the  a i r  pol lu t ion  process.  A s  previously 
mentioned, the p a r t i c l e  s i z e  d i s t r i b u t i o n  is  extremely important i n  mon- 
i t o r i n g  p a r t i c u l a t e s .  

Recommendat ion 

Instruments should be developed which are capable of monitor- 
ing p a r t i c l e  s i z e  and composition as w e l l  as t o t a l  p a r t i c u l a t e  contamina- 
t i o n  i n  ambient a i r .  

Source Measurements 

Interferometr ic  spectrometers are capable of measuring the 
in f r a red  ( I R )  emission spec t r a  of emissions from c a l i b r a t e d  smoke s tacks  
and plumes.* The use of t h i s  technique is l imited only by t h e  l imi ted  
s ta te  of knowledge of po l lu t an t  I R  spec t r a  and the  I R  r ad ia t ion  of i n t e r -  
f e r i n g  chemicals. 

* 
T h i s  has been done by Digi lab Corporation of Block Engineering. 
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R e c  ommenda t ion 

Basic research  should be d i rec ted  towards obtaining I R  emission 
and absorpt ion s p e c t r a  of po l lu t an t s  for use i n  in te r fe rometr ic  spectro-  
scopy. 

The Ringelmann Measurement is one of the most j u s t l y  c r i t i c i z e d  
t o o l s  used i n  A i r  Rol lut ion Control.  However, it is s t i l l  used. 

R e c  ommend a t  i on 

An instrument f o r  use i n  source monitoring which can account 
for both p a r t i c l e  s i z e  d i s t r i b u t i o n  and to ta l  emission (such as t h a t  i n  
Appendix 5-4) should be developed as soon as poss ib le .  
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Chapter 6 

MODELING A I R  POLLUTION 

6.1 Introduction 

An a i r  po l lu t ion  model i s  an abs t r ac t ion  designed t o  p red ic t  t he  
e f f e c t s  on t h e  outputs of a real system of t he  con t ro l l ab le  inputs  t o  
the  sys t em.  The purpose of t he  abs t r ac t ion  is t o  f u r t h e r  t he  under- 
s tanding of t h e  real  system and t o  allow dec is ion  makers t o  assess the 
e f f e c t s  of var ious con t ro l  s t r a t e g i e s  t h a t  may be employed. Because 
of the  complexity of t he  a i r  po l lu t ion  problem, it is most important 
t o  be a b l e  t o  know i n  advance t h e  consequences of a p a r t i c u l a r  con t ro l  
ac t ion .  If a t igh ten ing  of emission regula t ions  f o r  a c e r t a i n  process 
is proposed, one must ask the  ques t ions :  

1. How much does the  reduction i n  emissions improve the a i r  
qua 1 it y ? 

2. What is  the  c o s t  of t h e  t i g h t e r  emission requirement? 

3 .  A r e  there o ther  con t ro l  s t r a t e g i e s  which might be more 
e f f e c t i v e  a t  the  same or lower cos ts?  

A s  a s p e c i f i c  example, i n  1967 el iminat ion of a g r i c u l t u r a l  burning i n  
t he  Bay Area w a s  proposed by t h e  B A A E D .  While estimates of t he  reduced 
tonnages of r e s u l t i n g  po l lu t an t s  could be made, these f i g u r e s  could not 
be translated i n t o  t h e  r e s u l t i n g  improvement i n  a i r  qua l i t y  a t  any point  
i n  t he  Bay Area. Furthermore, one l i k e l y  e f f e c t  of t h i s  proposed con- 
t r o l  program w a s  tha t  the  amount of land devoted t o  farming would have 
been reduced, w i t h  a percentage of t he  land made ava i l ab le  being occu- 
pied by indus t ry .  Thus, t he  ove ra l l  e f f e c t  might w e l l  have been a n e t  
increase  i n  po l lu t ion  l eve l s  i n  t he  Bay Area. Fortunately,  meteorolo- 
g i s t s  a t  San Jose S t a t e  College pointed out tha-t by requi r ing  agr icu l -  
t u r a l  burning t o  be done only a t  meteorologically favorable  t i m e s ,  the  
r e s u l t i n g  po l lu t an t  emissions could be e f f e c t i v e l y  control led.  A s  a 
r e s u l t  the  ban on a g r i c u l t u r a l  burning w a s  not imposed. 

The poin t  of t h e  example i s  tha t  t he  dec is ions  t o  be made of ten 
involve technica l  quest ions of a complicated na ture .  The s t r a i g h t f  or- 
ward philosophy of simply squeezing a l l  sources may not r e s u l t  i n  sub- 
s t a n t i a l l y  b e t t e r  a i r  qua l i ty ,  i n  f a c t ,  unforeseen side e f f e c t s  may 
even lead t o  a degradation i n  a i r  q u a l i t y .  I n  addi t ion ,  e f f e c t i v e  
c o n t r o l  programs can be c a r r i e d  out most e f f e c t i v e l y  when t h e  po l lu t an t  
emitters f i n d  it  i n  t h e i r  bes t  in terest  t o  cooperate; such cooperation 
is more e a s i l y  obtained when emission regula t ions  a r e  based on demon- 
s t r a b l e  t echn ica l  considerat ions rather t h a n  on a r b i t r a r y  dec is ions .  

The purpose of a i r  pol lu t ion  m o d e l s  i s  t o  provide a l i n k  between 
source emissions and a i r  qua l i t y .  More s p e c i f i c a l l y ,  these models 
could be used t o :  

95 



1. 

2. 

3. 

4. 

5 .  

6. 

Provide a bas i s  f o r  l oca t ing  a i r  qua l i t y  monitoring instruments 
t o  guide i n  source emission regula t ion .  From spec i f ied  source 
emission da ta ,  po in ts  of m a x i m u m  concentrat ion can be estimated 
and po l lu t an t  concentrat ions measured a t  these poin ts .  

B e  used as a guide i n  source e m i s s i o n  regulat ion enforcement 
and monitoring of ambient a i r  q u a l i t y .  
p a r t i c u l a r  po l lu t an t  a t  a monitoring s t a t i o n  can be a t t r i b u t e d  
t o  t h e  emissions from a s p e c i f i c  source.  

A high reading of a 

Enable one t o  make r a t i o n a l  planning dec is ions  by assess ing  the  
e f f e c t s  of adding or a l t e r i n g  sources ( the  po l lu t an t  concentsa- 
t i o n s  i n  Santa Clara caused by a new freeway or housing develop- 
ment n e a r  Gilroy can be determined).  

Help t o  systematize the  c o l l e c t i o n  of source e m i s s i o n  da t a  ( the  
operation of m o d e l s  r equi res  a complete source inventory).  

Provide a means  of p red ic t ing  the  occurance of a i r  pol lu t ion  
episodes and developing abatement s t r a t e g i e s  (a model could 
ind ica t e  whether the r e f i n e r i e s  i n  t he  North should be shut  
down, or t r a f f i c  banned from downtown San Francisco, i f  a n  
a ler t  occurs 1 

Provide information t o  t h e  publ ic  about which sources con t r ibu te  
most t o  degradation of a i r  qua l i t y  i n  var ious r e s i d e n t i a l  areas. 

A val ida ted  model does provide important information on which r a t i o -  
n a l  technical ly-or iented dec is ions  can be based; however, cur ren t  p rac t i ce  
ind ica t e s  t h a t  the  development and use of models is  j u s t  beginning. I n  
the  remainder  of t h i s  chapter ,  the  s t a t u s  of model bu i ld ing  is  indicated 
by a review of s eve ra l  e x i s t i n g  models, and examples of appl ica t ions  of 
t hese  models t o  the  San Francisco Bay Area are presented,  The conclusion 
of t he  chapter  gives  a set of s p e c i f i c  proposals,  including estimated 
costs and manpower requirements, f o r  a n  i n i t i a l  e n t r y  of t he  B A A E D  i n t o  
t h e  use and development of models. 

6.2 A Review of Several  Exis t ing  Models 

In a n  attempt t o  determine the state of t h e  a r t  of a i r  pol lu t ion  
modeling, a survey of e x i s t i n g  models w a s  undertaken by t h i s  study group. 
To provide a complete survey would have required a f a r  g rea t e r  t i m e  than 
w a s  ava i lab le ,  so  t h e  enumeration given below is  presented as being rep- 
resenta t ive ,  not  as a complete l ist .  

1. "Development of a Prac t i ca l ,  Multipurpose Urban Diffusion M o d e l  f o r  
Carbon Monoxide", W .  B. Johnson, F. I,. Ludwig, and A.  E. Moon. Pre- 
sented a t  t he  Symposium on Multiple-Source Urban Diffusion Models, 
Chapel H i l l ,  N.C., O c t  1969, 
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T h i s  is a thoroughly computerized d i f fus ion  m o d e l  which computes 
hourly l o c a l  concentrat ion of a primary po l lu t an t  throughout a 
c i t y .  I t  is  pr imari ly  designed f o r  automotive sources but can 
a l s o  accommodate s t a t iona ry  sources.  

The program u t i l i z e s  t r a f f i c  surveys, and, on the  bas i s  of t r a f f i c  
dens i ty  and estimated average speed of ca r s ,  ca l cu la t e s  t o t a l  hour- 
l y  emission of carbon monoxide along every major street i n  a c i t y .  
These streets are then taken as l i n e  sources of po l lu t ion .  The 
p o l l u t a n t s  a r e  assumed t o  d i f f u s e  according t o  an  equation which 
takes i n t o  account wind ve loc i ty  and d i r ec t ion ,  and c e r t a i n  s t a t i s -  
t i c a l  d i s t r i b u t i o n  c o e f f i c i e n t s  which govern v e r t i c a l  and horizon- 
t a l  spreading. 

Assuming t h a t  the  te r ra in  is f l a t  and t h a t  meteorological da t a  
t a k e n  a t  one poin t  (usual ly  the  l o c a l  a i r p o r t )  are va l id  everywhere, 
t h e  program c a l c u l a t e s  and combines t h e  po l lu t an t  concentrat ions 
from a l l  these  street sources and produces a map of t h e  c i t y  over- 
l a i d  w i t h  l i n e s  of constant  po l lu t an t  concentrat ion ( i s o p l e t h s ) .  

The model has been appl ied t o  CO i n  S t .  Louis, and a comparison of 
ca l cu la t ed  and measured data i s  presented. Although the  ca lcu la ted  
values  d i f f e r  from t h e  measured values,  t h e  authors  contend t h a t  
proposed refinements w i l l  make the  model more accurate .  

A Diffusion Model f o r  A i r  Po l lu t ion  Over Connecticut, A Summary”, I t  2. 
N .  E .  Browne, Journal of A i r  Po l lu t ion  Control Association, Vol. 
19, No.8, 1969. 

A geographical area is subdivided i n t o  a rec tangular  array of g r i d  
po in t s .  Each g r i d  square is  assigned a value t h a t  s p e c i f i e s  its 
source s t r e n g t h  i n  a p a r t i c u l a r  ins tance  and a wind f i e l d  value 
t h a t  determines t h e  advection of mater ia l .  The wind f i e l d  is  rep- 
resented by a stream funct ion Jr and the  rec tangular  components of 
t h e  wind ve loc i ty  are given by t h e  gradient  of $. T h i s  is the  
mechanism by which the  l a rge  s c a l e  motion (or t r anspor t )  of the  
po l lu t an t s  is modeled. The small  s c a l e  motions, or d i f fus ion ,  a r e  
handled by using the  Gaussian plume equation. Empirical da t a  is 
used t o  determine the  po l lu t an t  var iances  i n  the  lateral  and v e r t i -  
c a l  d i r e c t i o n s .  

Pol lu t ion  from a poin t  or from a small area i s  t raced along a tra- 
j ec to ry  following the  mean wind; i t  spreads by d i f fus ion  as it 
t r a v e l s .  A t  any  receptor  point  t h e  t o t a l  po l lu t ion  is found by 
summing t h e  cont r ibu t ions  a t  t h a t  point  from a l l  of the sources.  
To make t h e  computational procedure more e f f i c i e n t ,  backward pol- 
l u t a n t  t r a j e c t o r i e s  a r e  computed. 

Five p o l l u t a n t s  are considered and predicted p a t t e r n s  f o r  CO and 
SO2 i n  Connecticut are presented. 

3 .  Regional A i r  Po l lu t ion  A n a l y s i s  (RAPA), Phase I, TRW Systems Group, 
U.S. Dept. HEW PHS NAPCA, Wash. D.C., Contract No. PH 22-68-60. 

The RAPA model conta ins  fou r  in tegra ted  submodels : an  atmospheric 
d i f fus ion  model, a control-cost  e f f ec t iveness  model, an aba tement  
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s t r a t e g y  model, and a regional  econometric model ( f o r  the S t .  Louis 
area). The cornerstone of t h e  in tegra ted  model is the  atmospheric 
d i f f u s i o n  model which is based on t h e  Gaussian plume equation de- 
sc r ibed  by M a r t i n  and Tickvart  and a s t a t i s t i c a l  m o d e l  proposed by 
Larsen.  The control-cost  e f f ec t iveness  model provides cos t  and 
cos t  e f f ec t iveness  values  f o r  a i r  po l lu t ion  con t ro l  measures appl i -  
cab le  t o  each of t h e  sources i n  t he  regions '  emission inventory.  
The abatement s t r a t egy  model provides con t ro l  s t r a t e g i e s  t o  prevent 
or c o n t r o l  a i r  po l lu t ion  source emissions within a spec i f i ed  t i m e -  
t a b l e .  The econometric m o d e l  assesses the  economic impacts on a 
region of the poss ib l e  con t ro l  s t r a t e g i e s .  

, 

4. "Numerical Inves t iga t ion  on the Atmospheric Dispersion of Stack 
Eff luents" ,  C .  C. Shir ,  IBM Research Laboratory. 

T h i s  is a d i f fus ion  model which must be regarded as a second-genera- 
t i o n  attempt a t  determining the d ispers ion  of a n  e f f l u e n t  from a 
s tack .  Instead of using the  Gaussian approximating so lu t ion  of the 
nonl inear  p a r t i a l  d i f f e r e n t i a l  equations,  a f i n i t e  d i f f e rence  ap- 
proach i s  used t o  solve the equations governing the  behavior of the 
physical  process.  Surf ace roughness is  incorporated i n  the  model, 
and c l o s e  c o r r e l a t i o n  w i t h  observed plume d a t a  i s  reported,  The 
primary l i m i t a t i o n  of the approach i s  the enormous computing f a c i l -  
i t i es  required;  however, t h i s  e labora te  model may be i n s t r u m e n t a l  
i n  i nd ica t ing  the important parameters, thereby leading t o  s impler  
and more f e a s i b l e  m o d e l s .  

5. Chicago A i r  Po l lu t ion  Systems Analysis Program APICS, Argonne 
N a t i o n a l  Laboratory Report N o .  ANL/ES-CC-006. 

Argonne National Laboratory has developed t h i s  m o d e l  f o r  the Chicago 
area. There are ac tua l ly  two d i s t i n c t  m o d e l s :  a regression model 
f o r  p red ic t ing  t h e  occurrence of ep isodal  po l lu t ion  s i t u a t i o n s  and 
a Gaussian plume model f o r  p red ic t ing  longer-term po l lu t an t  concen- 
t r a t i o n s .  

6. Seinfeld and Friedlander  (Meteorological Research/Cal e Tech. ) "A 
Dynamic M o d e l  of Photochemical Smog", Environmental Science and 
Technology, Vol.. E,  Nov. '69, p. 1175. 

Se infe ld  states t h a t  smog formation over urban areas is cont ro l led  
by (1) reactant emission rates, (2) wind ve loc i ty  vector ,  (3)  m i x -  
ing, (4) temperature, and (5) s o l a r  rad ia t ion .  I n  p r inc ip l e ,  com- 
p l e t e  space and t i m e  h i s t o r i e s  could be developed f o r  each cons t i -  
t uen t  by so lv ing  the appropriate  conservation equations.  Even 
presuming accura te  meteorological inputs,  two drawbacks are the 
number of chemical species  involved and the  computational t a s k  i n  
solving sets of non-linear p a r t i a l  d i f f e r e n t i a l  equations.  
t i o n s  lead t o  the  compromise of t h i s  case with the pe r fec t ly  mixed 
e l e m e n t  m o d e l .  The number of species ,  i t  is noted, a l s o  is  compound- 
ed by the formation of f r e e  r a d i c a l s  f o r  which some gross  reactions 
must be assumed t o  reduce the  model t o  manageable proport ions.  

Assump- 
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Se in fe ld ' s  m o d e l  uses a n  expanding volume. The model has two t i m e  
per iods :  (1) t he  t i m e  i n  which volume of r eac t an t s  expands t o  i n -  
vers ion height  and (2) t he  subsequent t i m e  i n  which t h e  reactants 
are well-mixed under the inversion l aye r ,  whose height can a l s o  
change. T h i s  approach w a s  explained i n  a research proposal which 
included a preliminary r e s u l t  i n  the form of a graph s imilar  t o  
t h e  p l o t  of average po l lu t an t  concentrat ions i n  L.A. N o  f u r t h e r  
d a t a  is y e t  ava i l ab le .  

7. Eschenroeder and Martinez (General Research Corp., Santa Barbara, 
C a l i f .  ), "Mathematical modeling of photochemical smog", AIAA 8 t h  
Aerospace Sciences Meeting, J a n  1970. 

The model of Eschenroeder and Martinez i s  perhaps the  f i r s t  publ i -  
ca t ion  of r e s u l t s  on a well-developed simulation of a photochemical 
reac t ion  process .  Especial ly  g ra t i fy ing  i s  the well-documented 
va l ida t ion .  While t h e  m o d e l  does employ some assumptions and is  
n o t  portrayed as a r igorous mechanistic model, it makes a s t rong  
case  f o r  the  f e a s i b i l i t y  of photochemical smog models of t h i s  type.  
The e f f o r t s  i n d i c a t e  a depth of knowledge of t he  chemistry, meteo- 
rology, and computational aspec ts  of t he  problem, Several  f e a t u r e s  
worthy of note are : (1) inclusion of experimentally-determined 
d i f fus ion  coe f f i c i en t s ,  ( 2 )  range of r e a c t i v i t i e s  of hydrocarbons, 
(3 )  c a p a b i l i t y  of ranging from homogeneous mixing through a 5 point  
v e r t i c a l  d i f fus ion  model both w i t h  and without advection (wind) ef- 
f e c t s ,  and (4) t he  volume element bas i s  of a flow channel through 
the inversion l a y e r .  The authors  suggest f u r t h e r  a t t e n t i o n  t o  
recent  information about hydrocarbon r eac t ions  and a l s o  the need 
t o  study t h e  formation of aerosols  and t h e  ex t inc t ion  of u l t r a -  
v i o l e t  r ad ia t ion ,  the  l a t te r  a n  a f f e c t  which would have d i r e c t  
bear ing on the i n i t i a t i o n  of the  photoc ly t ic  reac t ions .  

Each of t h e  above m o d e l s ,  and o thers  not included i n  the summary, 
have required the  expenditure of l a rge  amounts of manpower, y e t  a tele- 
phone survey of s eve ra l  po l lu t ion  con t ro l  d is t r ic ts  revealed l imited 
usage of these m o d e l s .  There are seve ra l  f a c t o r s  which may account f o r  
t h i s  r e l a t i v e  i n a t t e n t i o n  of con t ro l  d i s t r i c t s  t o  e x i s t i n g  models: 

1. 

2. 

3 .  

The m o d e l s  themselves are s t i l l  i n  a n  embryonic s t age  of 
development; most have not been va l ida ted  using measured 
da ta ,  and none are a t  t h e  s t age  where they can be consid- 
ered off -the-shelf i t e m s  e 

I n  most cases, n e i t h e r  t h e  source emission da ta  nor the  
meteorological data required as input  t o  the models e x i s t .  

Very few of t he  po l lu t ion  cont ro l  d i s t r i c t s  surveyed have 
personnel who have been ac t ive  i n  t h e  area of modeling. 
Without exception t h i s  w a s  a t t r i b u t e d  t o  i n s u f f i c i e n t  man- 
power t o  m e e t  o ther  t h a n  day-to-day c o n t r o l  and enforce- 
ment requirements. 
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I n  a n  e f f o r t  t o  learn more about t he  data requirements and poten- 
t i a l i t i e s  of var ious m o d e l s ,  t h e  study group c a r r i e d  out severa l  f e a s i -  
b i l i t y  s tud ie s .  The r e s u l t s  of t hese  inves t iga t ions  a r e  discussed i n  
t h e  following s e c t  ion.  

6.3 Examples of A i r  Po l lu t ion  Models 

Three models w e r e  inves t iga ted  by the group: a Box Model, t he  
Gaussian Plume Model, and a Photochemical Reaction Model. The first 
t w o  w i l l  be discussed b r i e f l y  here; a more lengthy discussion of the 
Photochemical Reaction M o d e l  appears i n  Appendix 6-2. 

A Box Model f o r  Airshed Capacity Estimations 

The physical  laws tha t  govern the  d i s t r i b u t i o n  of po l lu t an t s  
i n  the atmosphere lead t o  nonl inear  p a r t i a l  d i f f e r e n t i a l  equations t h a t  
are very d i f f i c u l t  t o  solve,  even using modern d i g i t a l  computers. For 
c e r t a i n  purposes, however, so lu t ion  of the p a r t i a l  d i f f e r e n t i a l  equa- 
t i o n s  is not necessary; f o r  example, a i rshed capaci ty  of the San Fran- 
c i s c o  Bay Area under c e r t a i n  meteorological condi t ions can be estimated 
using a geometric approach. The following paragraphs descr ibe the as- 
sumptions and reasoning used t o  der ive  a n  a i rshed capaci ty  Box Model 
f o r  t h e  Bay A r e a .  

The airshed is pictured as a box of volume V and ( inversion)  
height h as shown i n  Figure 6.1. The box is or ien ted  so t h a t  one f a c e  
is perpendicular t o  the  p reva i l i ng  wind, which is assumed t o  be of con- 
s t a n t  speed v and d i r e c t i o n .  This  f a c e  of t he  box has a length L. 
The following condi t ions  are also assumed. 

Figure 6 .I. A BOX MODEL. 

(a)  The source e m i s s i o n  rate S ( m a s s  pe r  u n i t  t i m e )  of any 
po l lu t an t  of i n t e r e s t  i n t o  the box is cons tan t  w i t h  t i m e .  
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There i s  instantaneous pe r fec t  mixing w i t h i n  t he  box, s o  
tha t  t h e  concentrat ion C (mass per  u n i t  volume) of any 
po l lu t an t  is uniform throughout t he  box a t  any t i m e .  

The a i r  pressure  and temperature are uniform and constant  
throughout t he  box. 

Any reac t ions  involving the po l lu t an t s  are ignored. 

The wind blows only c l e a n  a i r  i n t o  t h e  box a t  the volume- 
t r i c  rate Q = hLv. D i r t y  a i r ,  of po l lu t an t  concentrat ion 
C, leaves the box a t  the same rate Q. 

L e t  C ( t >  represent  t he  concentrat ion of a po l lu t an t  i n  t h e  
box a t  some t i m e  t .  Then a mass balance f o r  the po l lu t an t  i n  the  box 
y i e lds  t h e  d i f f e r e n t i a l  equation 

d C  
d t  V - = S - Q C  

or 

where T V/Q is  the  average residence t i m e  of a u n i t  mass of t he  
po l lu t an t  i n  t he  box. If Co is the  po l lu t an t  concentrat ion a t  t i m e  
t = 0, t h e  d i f f e r e n t i a l  equation f o r  C ( t )  has the  so lu t ion  

Thus, a f te r  a s u f f i c i e n t l y  long t i m e  (t >> T) ,  t h e  po l lu t an t  concen- 
t r a t i o n  w i l l  approach a steady-state concentrat ion C ( W )  = S / Q .  The 
v a r i a t i o n  of po l lu t an t  concentrat ion with t i m e ,  f o r  t he  case Co = 0, 
i s  sketched i n  Figure 6.2. 

300 f e e t  and a box volume of 9.3 X 1012 cubic f e e t *  with a wind ve loc i ty  
of 5 mph, and le t  

A s  a simple numerical example, assume a n  inversion height  of 

L = ( V / h > l I 2  = 1.76 X lo5 f e e t .  

Then 

Q = 1.39 X lox2 f t  3 /h r  , 

* 
Based on a planimeter measurement of the s i z e  of the  Bay A r e a  a t  two 
e leva t ions ,  sea l e v e l  and  300 f e e t .  

101 



t / T  

Figure 6.2. THE GROWTH OF POLLUTANT CONCENTRATION WITH TIME PREDICTED 
BY THE BOX MODEL. 

and  

T = 6.7 h r s .  

I n  about one day (t r 4T) t h e  po l lu t an t  concentration w i l l  reach its 
steady-state  value. To estimate t h a t  value, assume S is the  value 
quoted by t h e  BAAPCD for 1968.3 For SO2 t h e  source rate quoted is 396 
tons/day or 3.84 X lo4 lbs/hour. Hence 

-8 3 
C ( w )  = S/Q = 2.76 x 10 l b s / f t3  or 4.45 X gm/meter 

This number can be compared with t h e  a i r  q u a l i t y  standard f o r  S02, which 
i s  0.5 ppm i f  t h e  p a r t i c u l a t e  l e v e l  is not exceeded. Let t ing t h i s  be 
CR, and assuming the SO2 is  a t  standard conditions,  

3 
CR = 0.5 ppm by volume or 1.43 x gram/meter 

Thus, under the condi t ions assumed, t he  concentration of SO2 would, i n  
about one day, approach a s teady-state  value t h a t  is about one-fourth 
as l a r g e  as t h e  more relaxed of t h e  two a i r  q u a l i t y  standards.  

The s i t u a t i o n  f o r  SO2 is not unique. Table 6.1 summarizes 
similar ca l cu la t ions ,  under the same assumptions, for the  po l lu t an t s  
for which a i r  q u a l i t y  cri teria have been e s t ab l i shed  and source da t a  
are ava i l ab le .  The r e s u l t s  for p a r t i c u l a t e s  are of dubious value, 
s ince  m o s t  are r e l a t i v e l y  heavy and do not remain suspended i n  the a i r  
i n d e f i n i t e l y  . 
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Table 6.1 

t 

Pol lu t an t  

co 

NoX 

s02 

P a r t i c u l a t e s  

STEADY-STATE POLLUTANT CONCENTRATIONS PREDICTED BY THE BOX MODEL 
FOR A 5 mph VENTILCITING WIND 

c(o3) 
cR 

cR 3 
S C(m> 

3 
(tons/day ) (gm/m 1 (PPm 1 (gm/m 1 

6275 6.05 X lom3 20 2.5 x lom2 .24 

555 5.35 0.25 5.13 x 10 1.05 

3 95 3.80 0.05 1.43 x .27 

-4 

.04 1.15 x 3.3 

200 1.95 6.0 x 3.2 

The c r u c i a l  question is, of course,  how va l id  are the  r e s u l t s  
of these ca l cu la t ions  based on the  simple box model. Instantaneous mix- 
ing  does not occur, so  the  po l lu t an t  concentrat ions w i l l  not be uniform. 
There w i l l  be some "hot spots"  and corresponding regions of lower COD- 

c en t r a t ions  . I n  t h a t  sense, the  ca lcu la ted  concentrat ions represent  
Bay A r e a - w i d e  averages.  A l s o ,  t he  e f f e c t s  of photochemical react ions,  
p a r t i c u l a r l y  for NO,, have not been considered. The choice of t h e  aver- 
age wind ve loc i ty  is a l s o  c r i t i c a l ,  inasmuch as t h e  s teady-s ta te  concen- 
t r a t i o n  C(m) is inverse ly  proport ional  t o  t h e  wind ve loc i ty .  The 
s i t u a t i o n  of low inversion height  is ind ica t ive  of low wind ve loc i ty ,  
s ince  t h e  only s i g n i f i c a n t  "escape route"  is through the  Carquinez 
S t r a i t s .  The assumed wind ve loc i ty  of 5 mph may be too  high a value 
for a 300 foot inversion he ight .  I n  t he  l i m i t  of zero  w i n d  ve loc i ty ,  
t h e  so lu t ion  f o r  C ( t )  becomes, w i t h  C o  = 0, 

S 
v C ( t )  = - t 

For such a case, t h e  well-mixed concentrat ions t h a t  would obtain a t  t he  
e n d  of a two day, 300 f o o t  inversion w i t h  the sources used previously 
are shown i n  Table 6.2. A f i n a l  assumption t o  be considered i s  the oc- 
currence of a 300 f o o t  (or lower) inversion which p e r s i s t s  f o r  two or 
more days.  
d ix  6-1 d iscusses  the meteorology of t h e  Bay A r e a .  

Such s i t u a t i o n s  have occurred seve ra l  t i m e s  a yea r .*  Appen- 

* 
D a t a  on inversion heights  measured a t  t h e  Oakland Airport  show 5 such 
cases  i n  1962, 3 i n  1963. 
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Table 6.2 

POLLUTANT CONCENTRATIONS PREDICTED BY THE 
BOX MODEL AFTER TWO DAYS OF NO WIND 

Po l lu t an t  

co 

NoX 

s02 

P a r t i c u l a t e s  

C (48 h r s  ) 

gm/m3 

4.35 x 

3 -85 

1 .40  x 

1.40  lom3 

cR 

gm/m3 

2 .5  x lo-' 

5.13 

1.43 x 

1 .15  

6 . 0  x 

1 .7  

7 .5  

1 . 9  

24 

23 

These ca l cu la t ions  based on a simple box model of t he  San 
Francisco Bay A r e a  i nd ica t e  the  p o t e n t i a l  for se r ious  pol lu t ion  episodes 
w i t h  the present  sources of po l lu t an t s .  Fur ther  development of t he  model 
would be valuable,  p a r t i c u l a r l y  the  re lax ing  of t h e  r e s t r i c t i v e  assump- 
t i o n s  of pe r fec t  mixing and  no photochemical reac t ions  a 

po l lu t ion  condi t ions  should be q u i t e  dependable. A t  300 feet  above mean 
sea l eve l ,  the area  t o  the  east and south is w e l l  enclosed by the  moun- 
t a i n s .  With l i g h t ,  va r i ab le  w i n d s ,  v e r y  l i t t l e  v e n t i l a t i o n  of t h e  box 
can take p lace .  T h i s  m o d e l  provides a reasonable bas i s  for con t ro l  of 
the t o t a l  emission of po l lu t an t  allowed i n  t h e  Bay A r e a .  If design con- 
d i t i o n s  are acceptable  for t h i s  "episode condi t ion" t o  occur three or 
fou r  t i m e s  per  y e a r ,  condi t ions during most of t h e  year  w i l l  be rather 
p leasant .  Episode predic t ion  is comparatively e a s y  with the  box model 
as a base. With a knowledge of the height and durat ion of t he  inversions 
and the t o t a l  emission r a t e ,  the i n t e n s i t y  and dura t ion  of a po l lu t ion  
episode is r e a d i l y  pred ic ted .  No ser ious  episode can occur w i t h  a high 
inversion l e v e l  and good ven t i l a t ion .  

When more complete meteorological d a t a  becomes ava i l ab le  t h i s  
m o d e l  can be re f ined  t o  include any  ven t i l a t ion  t h a t  occurs. The m o d e l  
becomes more inaccura te  as the inversion height  is increased and f o r  
non-stagnant wind  speeds i n  the  mixing l a y e r .  Even under adverse condi- 
t i ons ,  some v e n t i l a t i o n  may occur through the inversion l a y e r  over high 
ground t o  the east and south of t h e  Bay. Where high sur face  temperatures 
occur, e spec ia l ly  i n  summmer, v e n t i l a t i o n  through holes  i n  t he  inversion 
is  an t i c ipa t ed .  The use of a co r re l a t ion  spectrometer should ind ica t e  
such areas of v e n t i l a t i o n .  

The use of the box m o d e l  f o r  long-term f o r e c a s t s  of Bay A r e a  
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The Gaussian Plume Dispersion Model 

An approximate so lu t ion  t o  the  nonl inear  p a r t i a l  d i f f e r e n t i a l  
equations which govern the  t ranspor t  of t he  e f f l u e n t  from a s t ack  is 
the  Gaussian plume equation f o r  a continuously emi t t ing  point  source.  
The Gaussian plume equation is an  i n t e g r a l  p a r t  of s eve ra l  of t he  d i f -  
fus ion  models descr ibed i n  the previous sec t ion .  The form of the  Gaus- 
s i an  equation used here is 

where 

3 
C is  the  ca l cu la t ed  concentrat ion a t  the  poin t  x ,y , z  (g/m ) 

Q is  t h e  poin t  source emission rate (g/sec) 

u is  the wind  speed (m/sec) 

a r e  t h e  v e r t i c a l  and hor izonta l  d i f fus ion  parameters (m)  
OZ, Oy 
x is  the  d i s t ance  from the  source i n  the  downwind d i r ec t ion  ( m )  

y is crosswind d i s t ance  from average plume c e n t e r l i n e  ( m )  

z i s  the  height  of t he  receptor  above ground ( m )  

h is the  e f f e c t i v e  source height above ground ( m )  

The coordinate  system is  shown i n  Figure 6.3. 

By ca l cu la t ing  the  concentrat ion of s eve ra l  points ,  concentra- 
t i o n  i sop le ths  can be drawn.  I n  addi t ion,  t he  simulation can be used 
t o  i l l u s t r a t e  t he  u t i l i t y  of t he  m o d e l  i n  dec is ion  making. 

If the area surrounding the  source is divided i n t o  sixteen 
sec to r s  (corresponding t o  the  points  on a compass) w i t h  the  s e c t o r  
c e n t e r l i n e  one of the  s ix teen  standard w i n d  d i r ec t ions ,  and  i f  it is  
assumed t h a t  every wind d i r ec t ion  w i t h i n  a s e c t o r  occurs w i t h  equal 
probabi l i ty ,  t h e n  Eq. (1) becomes 

where it has a l s o  been assumed t h a t  t he  concentrat ion is t o  be ca lcu la-  
ted a t  ground l e v e l  ( z  = 0). Evaluating t h e  cons tan ts  i n  Eq. ( 2 )  gives  
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PLUME CENTER LINE 

EFFECTIVE STACK HEIGHT = H + AH 

Figure 6 . 3 .  COORDINATE SYSTEM FOR 

2.03Q 
uo  x C(x,y,o) = - exP 

z 

GAUSS IAN PLUME EQUATION. 

This equation is  considered t o  be v a l i d  when x <xL,  where xL is t h e  
d i s t ance  a t  which 

0 = 0.47 Dm ; (4) 
Z 

Dm is t h e  mixing depth (assumed t o  be equal  t o  t h e  height  of t h e  base 
of the  inversion above ground), an input  parameter. For x > ~ X L ,  t he  
mix ing  is assumed t o  be uniform and the  r e l a t ionsh ip  

2.55Q 
C(x,y, 0) = - 

UXD m 
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app l i e s .  For 
i n t e r p o l a t i n g  
Eq. (5)  w i t h  

XL < x < 2 x ~  the  concentrat ion i s  determined by l i n e a r l y  
betwgen The values  given by Eq. (3 )  with 
x = 2x 

x = xL and by 
L' 

The above equations apply f o r  one wind ve loc i ty ;  t o  account 
f o r  t he  d i f f e r e n t  r e l a t i v e  frequencies  of t he  var ious wind speeds Eqs .  
( 3 )  and (5)  are mul t ip l ied  by t h e  f a c t o r  

where f k  is the r e l a t i v e  frequency (obtained from windrose data)  of 
the  kth wind speed i n  the  d i r e c t i o n  of interest .  T o  obtain the  t o t a l  
concentrat ion a t  a point  then, 

is  used f o r  x < xL, and 

n 2.55 fkQ 

k = l  ukxDm 
\ 

app l i e s  f o r  x > 2 x ~ ;  n i s  t h e  number of wind speeds i n  the d i r e c t i o n  
of interest. The parameter h is  t h e  e f f e c t i v e  stack height;  i t  is 
determined empir ica l ly .  To account f o r  t h e  s t a b i l i t y  condition of the 
atmosphere, h is mul t ip l ied  by the  f a c t o r  (1.4 - 0.1s);  S = 1.0 
corresponds to t he  most unstable  c l a s s ,  and S = 5.0 corresponds t o  
the most s t a b l e  c l a s s .  For a f irst  approximation, S = 4.0 (which 
corresponds t o  n e u t r a l  s t a b i l i t y )  may be used. 

w a s  s e l ec t ed  as an  example appl ica t ion  of the  program. R e a l i s t i c  e m i s -  
s ion  d a t a  w a s  ava i lab le ,  and the  BAAPCD provided monthly averages of 
measured p a r t i c u l a t e  concentrat ions obtained by high volume samplers i n  
the  v i c i n i t y  of Permanente. 

w a s  inconclusive.  There are seve ra l  reasons which may account f o r  t h i s :  

The Permanente Cement operation, near  Los Altos,  Cal i forn ia ,  

A comparison of t h e  measured and ca lcu la ted  concentrat iqns 

1. The windrose d a t a  used w a s  from Moffett F ie ld  which is approx- 
i m a t e l y  10 m i l e s  from Permanente and i n  very d i f f e r e n t  terrain.  

2. The mixing depth w a s  estimated from data t a k e n  a t  Oakland A i r -  
p o r t .  

107 



3 .  

4. 

5. 

6 .  

7. 

8 .  

The terrain around Permanente is  very undulating, hence the  
value used f o r  height  above ground l e v e l  is open t o  question. 
T h i s  i s  l i k e l y  t o  be a l a rge  poss ib le  source of e r r o r  because 
of t he  exponential  involving h2. 

The d i r e c t i o n s  given f o r  t he  measurements taken by the  J3AAPCD 
near  Pennanente were East-Southeast and Northwest, and any 
s l i g h t  devia t ions  from these d i r ec t ions ,  or equivalent ly  a 
d i f f e rence  i n  wind frequency da ta ,  could cause d i f f e rence  i n  
ca lcu la ted  concentrat ion of a f a c t o r  of f i v e  t o  e igh t .  

No attempt w a s  made t o  incorporate  terrain information i n t o  
the program--this could be done a t  the  expense of f u r t h e r  
coqplexi ty  . 
Ground roughness, a s i g n i f i c a n t  f a c t o r  according t o  the work 
of C .  C .  Sh i r  of IBM Research Laboratory, w a s  a l s o  not includ- 
ed.  

The e f f e c t s  of p a r t i c u l a t e  background leve l ,  accumulation ef- 
f e c t s ,  and p a r t i c u l a t e  f a l l o u t  were not  included. 

An average wind speed w a s  used i n  t h e  e f f e c t i v e  s tack  height  
equation (8) r a t h e r  than ca l cu la t ing  h f o r  each wind speed. 

Although meaningful d a t a  comparisons w e r e  not achieved, the  
u t i l i t y  of the  model and t h e  importance of accura te  input data w e r e  
i l l u s t r a t e d .  By reviewing the  equations used, it is seen t h a t  t h e  
e f f e c t s  of such f a c t o r s  as e m i s s i o n  rate, process changes (such as 
exhaust gas temperature and s t ack  gas e x i t  ve loc i ty ) ,  and s tack height 
on po l lu t an t  concentrat ions can be obtained. Furthermore, t he  model 
can be used t o  p red ic t  po in ts  of maximum concentrat ion where samples 
should perhaps be taken. 

6.4 Research and Development Proposals 

Although a i r  po l lu t ion  m o d e l s  have not y e t  received widespread 
appl ica t ion  i n  dec is ion  making, it appears i nev i t ab le  that w i t h i n  the 
next f i v e  t o  ten  y e a r s  t h i s  s i t u a t i o n  w i l l  change. There a r e  seve ra l  
f a c t o r s  which ind ica t e  t h a t  t h i s  is  t h e  case :  

1. Exis t ing  models w i l l  improve i n  accuracy as the pol lu t ion  
model ing  process becomes b e t t e r  understood. 

2. Optimal and r e a l i s t i c  long-range planning of t ranspor ta t ion  
and area development w i l l  be increas ingly  r e l i a n t  on model 
estimates of po l lu t an t  e f f e c t s .  

3. Pol lu t ion  c o n t r o l  districts w i l l  be forced t o  become more 
model-oriented as t h e  indus t r i e s  t o  be cont ro l led  develop 
po l lu t ion  m o d e l s  t o  support  content ions about their own 
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emissions. I n  the Bay Area, f o r  example, the Shel l  Develop- 
ment  Company is i n  the  process of developing one model t o  
relate process emissions t o  Ringelmann number and another 
model f o r  es t imat ing  the  v i s i b i l i t y  e f f e c t  i n  t he  Bay A r e a  
of the S h e l l  process emissions.  If t hese  models can be shown 
t o  have a reasonable degree of accuracy, She l l  w i l l  be ab le  
t o  present  concrete  technica l  evidence a t  hearings of the 
Technical Advisory Board of t he  BAAPCD or when confronted by 
cour t  ac t ion .  The impact of such a sophis t ica ted  technica l  
presenta t ion  w i l l  be d i f f i c u l t  t o  counteract  un less  the  va l id-  
i t y  of t he  model can  be refuted,  or more accurate  models can 
be presented by the l3AAPCD. 

4. A s  source emissions increase  i n  an airshed,  it w i l l  become 
more and more important t o  apport ion emissions i n  a n  optimal 
manner. To accomplish t h i s ,  a more complete understanding of 
the e f f e c t  of emissions on a i r  qua l i t y ,  a s  can be obtained 
from va l ida ted  models, w i l l  be required.  

I t  i s  tho recommendation of t h i s  group t h a t  expanded modeling ef- 
f o r t s  be i n i t i a t e d  by NAPCA and that  the BAAPCD should e s t a b l i s h  a pro- 
gram designed t o  acquire  t h e  expe r t i s e  required t o  cont r ibu te  t o  the  
eventual  development and operation of models of a i r  pol lu t ion  dispers ion 
i n  t he  Bay Area. T h i s  should not be construed as a recommendation t h a t  
t he  BAAPCD immediately embark on a n  expensive development program of 
d i f fus ion  models, r a t h e r  that  the in-house c a p a b i l i t y  be developed t o  
adapt genera l  modeling p r inc ip l e s  and f u t u r e  models t o  the Bay A r e a  
s i t u a t i o n .  Since a unique f e a t u r e  of the Bay A r e a  is i ts  meteorology, 
i t  is important t h a t  meteorological expe r t i s e  be the  foundation on 
which t h e  modeling e f f o r t s  are b u i l t .  I t  is a l s o  important tha t  an  
engineer w i t h  experience i n  computer operation and pol lu t ion  measure- 
m e n t  technology be included i n  t h i s  i n i t i a l  e f f o r t .  These considera- 
t i o n s  lead t o  the  following proposals.  

1. 

2. 

3. 

NAPCA should make a major commitment t o  an extensive modeling 
e f f o r t  i n  a t  least one Wes te rn  urban area. The purpose of 
t h i s  study would be t o  develop general  modeling p r inc ip l e s  
which w i l l  be appl icable  t o  models f o r  ind iv idua l  po l lu t ion  
con t ro l  d i s t r i c t s .  

NAPC.A should provide funding and technica l  a s s i s t ance  f o r  
adapting models t o  m e e t  the  cont ro l ,  enforcement, and planning 
needs of ind iv idua l  d i s t r i c t s .  

The 'BAAPCD should e s t a b l i s h  a d iv is ion ,  i n i t i a l l y  cons i s t ing  
of a t  least two technica l ly  qua l i f i ed  people, responsible  f o r  
research  and development, data a n a l y s i s ,  and modeling. The 
c h a r t e r  of t h i s  d iv i s ion  would be t o  i n i t i a t e  long-range tech- 
n i c a l  programs t o  assist the D i s t r i c t  i n  formulating optimal 
c o n t r o l  and enforcement po l i c i e s ,  and t o  make the responsible  
agencies aware of t he  a i r  pol lu t ion  implicat ions of land use, 
planning, zoning, and t r anspor t a t ion  dec is ions .  Spec i f ic  tasks 
for t h i s  d iv i s ion  could be : 
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a. 

b. 

C .  

A two-year study of e x i s t i n g  models i n  cooperation with 
Stanford Research I n s t i t u t e ,  or a similar firm, leading 
t o  a proposal f o r  NAPCA support  t o  adapt e x i s t i n g  m o d e l s  
t o  t h e  cont ro l ,  enforcement, and planning needs of t he  
BAAPCD . 
Collaborat ion with t h e  Enforcement Division of t he  D i s -  
t r i c t  i n  e s t ab l i sh ing  a n  up-to-date computerized source 
inventory.  

I n i t i a t i o n  of a s ta t i s t ica l  study of t h e  a i r  qua l i t y  data 
t h a t  have been obtained a t  e x i s t i n g  measurement s t a t i o n s  
t o  determine techniques f o r  re- locat ing these  s t a t ions ,  
and t o  provide rout ing information f o r  mobile vans. 

One of t h e  goa ls  of t h i s  new d iv i s ion  should be the i d e n t i f i -  
ca t ion  of, and spec i f i ca t ions  f o r ,  necessary da ta  t h a t  is  not 
provided by t h e  e x i s t i n g  su rve i l l ance  system or by the  improved 
system out l ined  i n  Chapter5. The d iv i s ion  should ac t ive ly  en-  
courage a i r  po l lu t ion  research i n  u n i v e r s i t i e s ,  p a r t i c u l a r l y  
those i n  t he  Bay A r e a .  

6.5 Summary 

Modeling holds t h e  promise not only of being a powerful t o o l  f o r  
a s s i s t i n g  i n  cu r ren t  c o n t r o l  programs but a l s o  f o r  r e l i a b l y  pred ic t ing  
t h e  consequences of today 's  dec is ions .  The present  e f f o r t s  of t h e  
BAAPCD toward achievement of b e t t e r  a i r  qua l i t y  are laudable and must 
continue. The D i s t r i c t  should e s t a b l i s h  a vigorous p a r a l l e l  e f f o r t  i n  
i n t e r p r e t i v e  and p red ic t ive  a n a l y s i s  based upon a growing expe r t i s e  i n  
mathematical modeling. 

The recommendations made i n  t h i s  chapter  would requi re  the  expendi- 
t u r e  of a s i g n i f i c a n t  amount of money. Current funding a t  Federal, state, 
and l o c a l  l eve l s  are not  adequate t o  e f f e c t i v e l y  p ro tec t  and improve a i r  
q u a l i t y .  A i r  po l lu t ion  i s  a complex and se r ious  problem; i ts  so lu t ion  
requi res  a s t ronger  degree of f i n a n c i a l  commitment.  
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Chapter 7 

RECOMMENDATIONS FOR THE BAY AREA A I R  POLLUTION CONTROL DISTRICT 

7.1 Introduct ion 

The previous chapters  have dealt  pr imari ly  with the technica l  con- 
s i d e r a t i o n s  of a i r  q u a l i t y  monitoring, measurement of source emissions, 
instrumentation, a i r shed  modeling, and da ta  ana lys i s .  The purpose of 
Chapter 7 i s  t o  recommend and d iscuss  var ious approaches t h a t  w i l l  help 
the  BAAPCD reduce a i r  contaminants. 

There are t w o  c l a s s e s  of recommendations i n  t h i s  chapter .  C l a s s  
one, are those t h a t  could be e f f ec t ed  by the  D i s t r i c t  immediately. 
That is, the e x i s t i n g  l a w s ,  funds, and manpower are ava i l ab le .  A c l a s s  
two recommendation requi res  a combination of add i t iona l  l e g i s l a t i o n  
funding and manpower and could be implemented within 3 y e a r s .  Some of 
t h e  class one recommendations lead i n t o  c l a s s  two recommendations w i t h  
l i t t l e  or no break. When t h i s  i s  t h e  case, a t t e n t i o n  w i l l  be s p e c i f i -  
c a l l y  d i r ec t ed  t o  each c l a s s .  

7 . 2  Goals - 
L i t e r a t u r e  published by a i r  pol lu t ion  d i s t r i c t s  usual ly  f a i l s  t o  

mention a s p e c i f i c  t imetable  f o r  gchieving p a r t i c u l a r  a i r  q u a l i t y  l e v e l s  
or p a r t i c u l a r  emission l e v e l s .  T h i s  omission e x i s t s  because the d i s -  
t r i c t s  do not have s p e c i f i c  programs defined f o r  t he  fu tu re .  

" the reduction of a i r  contaminants".' 
improvement of a i r  qua l i t y .  Th i s  w a s  i n t e rp re t ed  i n t o  the  r a t h e r  loose 
goal of a t t a i n i n g  a i r  qua l i t y  of 1950 l eve l s  (sometimes 1940 l e v e l s ) .  
Sometimes t h e  D i s t r i c t  t a l k s  of meeting the  S t a t e ' s  a i r  q u a l i t y  s t a n -  
dards, but  t h e r e  i s  no ind ica t ion  as t o  how much worse present  condi- 
t i ons  are or when and how these standards are t o  be m e t .  

The S t a t e  l a w  e s t ab l i sh ing  the  BAAPCD charged the  D i s t r i c t  w i t h  
Implici t  i n  t h i s  i s  cont inua l  

Problem 1: The BAAPCD needs well-defined w r i t t e n  goa ls .  

Recommendation: Two sets of goals  appear t o  be necessary, one t o  
d e a l  with a i r  qua l i t y  and t h e  o ther  t o  handle emission regula- 
t i o n s .  

A .  A i r  Qual i ty  -- t h e  a i r  q u a l i t y  a t  a l l  places  within the  
D i s t r i c t  s h a l l  never exceed the  Ca l i fo rn ia  S t a t e  A i r  
Qua l i ty  Standards.  

must be reduced by the shown percentage of t o t a l  emissions 
of that  po l lu t an t  within the D i s t r i c t  each y e a r  i n  order  
t o  m e e t  the A i r  Qua l i ty  Goal. 

- 

B. Emission Regulations -- t h e  emission of each po l lu t an t  
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Table 7.1 

EMISSION REDUCTION GOALS 
For A l l  Sources i n  the  Bay A r e a  Combined 

Po l lu t an t s  P a r t i c u l a t e s  so, NO-- co HC 

1969 emissions 
(t ons/day 201 351 504 7164 1899 

Goals (tons/day)* 86 210 (74.5)** 3620 (586)" 

Annual reduction 
required t o  
achieve goa l  i n  
5 years ($1 

15.6 9.8 (31.8) 12.8 (21) 

i n  10 years ($1 8.1 5 (17.4) 6.6 (11.1) 

Pol lu t an t  l e v e l s  required so  that the  average a i r  qua l i t y  could not 
exceed S t a t e  s tandards even during a 300 f t .  subsidence inversion 
l a s t i n g  two days or more w i t h  l i t t l e  or no wind. 

These numbers assume that these  po l lu t an t s  remain unchanged i n  the  
atmosphere. I n  r ea l i t y  t h e y  react chemically and form other  products, 
some of them harmful. A r e a l i s t i c  reduction program awaits a b e t t e r  
knowledge of the  chemistry of t he  atmosphere. T h i s  assumes t h a t  90% 
of the p a r t i c u l a t e s  sett le out i n  two days.  

* 

** 

Discussion 

To c a l c u l a t e  reasonable emission goa ls  i t  i s  necessary t o  
relate emissions t o  the  qua l i t y  of a i r  i n  t he  airshed. T h i s  r e l a t ion -  
sh ip  has been made here through the  use of t he  "BOX M o d e l " .  
Model considers  the Bay A r e a  a i r shed  as a box of a i r  t h a t  is ven t i l a t ed  
due t o  winds and the  "box top'' i s  the  bottom of a subsidence inversion 
l a y e r .  For purposes of goal-set t ing,  t h e  box top  has been assumed a t  
300 f e e t ,  a condi t ion which occurs 4 t o  8 t i m e s  a year  i n  t he  Bay A r e a .  
Secondary po l lu t an t  reac t ions  were not considered by t h i s  approach. 

A goa l  which seems reasonable is t o  reduce emissions so  that ,  

The Box 

f o r  a 2 day subsidence inversion a t  300 f e e t ,  wi th  the  var ious wind 
condi t ions  shown, the average ambient a i r  qua l i t y  a t  l e a s t  m e e t s  t he  
state s tandards.  Shown i n  Table 7.2 below are the maximum rates of 
emissions i n  tons/day tha t  the a i r shed  can  accommodate without exceed- 
ing the  S t a t e  A i r  Qual i ty  Standards, on the  average. The "Box Model" 
is  used t o  c a l c u l a t e  these rates. T h i s  does not mean t h a t  a i r  qua l i t y  
s tandards are not exceeded l o c a l l y !  
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Table 7.2 
- 

TOTAL ALLOWABLE EMISS 1 

E f f ec t ive  
Wind Speed 

5 mph 

1969 Tota l  
E m i s  s ion 
R a t e s  

I Automotive 

I Sta t ionary  

41 T/day I 21 T/day 

160 T/day 330 T/day 

N RATES I N  TONS/DAY 
I I 

* 
Calculated using 0.4 ppm as a state standard and hexane a s  the  average 
organic.  

For comparing w i t h  a i r shed  capaci ty  10% of t h e  t o t a l  emissions w i l l  be 
assumed t o  s t a y  suspended i n  the  a i r .  T h i s  is q u i t e  conservat ive s ince  
i n  a memo from M. Fe lds t e in  t o  D.  J. Callaghan on June 1, 1970, 50% was 
assumed. 

** 

I t  i s  s e e n  t h a t  f o r  a 0 mph wind  a l l  contaminants exceed the 
allowable emission rate. Therefore, emission rates must be reduced or 
state s tandards w i l l  probably be exceeded when a zero wind condi t ion 
w i t h  a 300 foo t  subsidence inversion occur. I n  order  t o  reduce the  
1969 emissions t o  t h e  t o t a l  allowable emissions w i t h i n  5 years,  or as 
an a l t e r n a t i v e  10 years, t he  emissions of each po l lu t an t  must be reduced 
by t h e  percentages indicated i n  Table 7.1 every y e a r .  Since these a r e  
based on the simple box model, these percentage goals  should be revised 
when better m o d e l s  become ava i l ab le .  

Some of these percentages may be d i f f i c u l t  t o  a t t a i n  i n  prac- 
t i c e .  Therefore, Table 7.3 shows t h e  number of y e a r s  required t o  reduce 
1969 emission rates t o  the allowable emission. 

This  i nd ica t e s  t h a t  f o r  a 2 mph e f f e c t i v e  wind a l l  but t he  N% 
standards are going t o  be m e t  according t o  the  "Box Model". 
e f f e c t i v e  wind corresponds t o  a wind of approximately 40 mph through t h e  
Golden G a t e .  

(A 2 mph 

If the automobile cont r ibu t ions  are neglected,  that  is, only 
d i s t r i c t  j u r i s d i c t i o n  cont r ibu t ions  t o  emissions a r e  considered, t h e n  
t h e  t a b l e  looks as shown i n  Table 7.4. However, i t  must be rea l ized  t h a t  
t h i s  does not assure  tha t  t h e  a i r  qua l i t y  s tandards w i l l  be m e t .  I n  f a c t ,  
the  N%, p a r t i c u l a t e s ,  organics,  and CO from autos  a lone w i l l  cause t h e  
s t a t e  s tandards t o  be exceeded when a 300 foo t  subsidence inversion holds 
f o r  2 days according t o  the Box M o d e l .  T h i s  is s e e n  b y  comparing the 
automotive emissions w i t h  t he  allowable emission rates. 
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Table 7,3 

RATES FOR VARIOUS PERCENTAGE PER YEAR REDUCTION 

YEARS REQUIRED TO ATTAIN ALLOWABLE EMISSION RATES 

Ef fec t ive  
Wind 

Par t iculates  

sox 

O r g a n i c s  

co 

0 MPH 2 MPN 
-_. 

% D e c r e a s e  i n  Emiss ions  Per Y e a r  

Table 7.4 

YEARS REQUIRED TO REDUCE STATIONARY SOURCE 
( D I S T R I C T  JURISDICTION) EMISSIONS TO ALLOWABLE LEVELS * 

* 
Based on 1968 data. 
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7.3 Approaches and Tools Available t o  Help Meet t he  Goals 

Basical ly  the  a i d s  f o r  achieving these  goals  can be divided i n t o  
two broad ca t egor i e s :  Operating Procedure and Education. Br ie f ly ,  
O p e r a t i n g  Procedures include the  establishment of a source inventory 
and enforcement p o l i c i e s  of t he  D i s t r i c t .  Education of t he  publ ic  
includes t h e  a v a i l a b i l i t y  of information and an involvement of the  
publ ic  i n  t he  improvement of a i r  qua l i t y .  

A .  Operating Procedures 

Problem 2:  Ef fec t ive  regulat ion of emissions is d i f f i c u l t  i f  t he  
i d e n t i t y  of t h e  emi t t e r s  and the  m a s s  of po l lu t an t s  emitted is un- 
known or not conveniently access ib le .  

Recommendation A :  The BAAPCD should i ssue  a Request f o r  Proposal 
t o  d a t a  processing firms f o r  t h e  development of a comprehensive 
source inventory sys t em.  

Discussion: A comprehensive source inventory s y s t e m  w i l l  al low 
t h e  BAAPCD easy and quick access t o  information a s  t o  who is  res-  
ponsible  f o r  p a r t i c u l a r  emissions, the  mass of po l lu t an t s  each 
source is  emit t ing,  and who has e f f e c t i v e  c o n t r o l  equipment. Also 
the  RFP p r e s e n t s  t he  D i s t r i c t  with d iverse  expert  opinions as t o  
how t o  organize and operate  a source inventory.  

$40,000 pe r  year  when contracted outs ide.  This includes program- 
ming and mas te r f i l e  bui lding and the  sa l a ry  f o r  f u l l  t i m e  people 
a t  t h e  D i s t r i c t  t o  coordinate  with the  con t r ac to r .  Also included 
i n  t h e  above c o s t s  a r e  monthly r epor t s  described i n  d e t a i l  i n  the  
appendix. Weekly repor t s  would be ava i l ab le  upon request f o r  ap- 
proximately $50 pe r  r epor t .  

The D i s t r i c t  would supply forms t o  t h e  se rv ice  bureau which 
then keypunches, programs, and processes the  information. 

I t  i s  estimated t h a t  t he  proposed source inventory system 
would requi re  6 months t o  1 year  t o  become operat ional  a f t e r  sign- 
ing a c o n t r a c t .  Two a l t e r n a t i v e s  t o  con t r ac t  batch processing 
were inves t iga ted .  Both a r e  more expensive. The cos t  f o r  t i m e  
shar ing,  $41,00O/year i s  s u f f i c i e n t l y  c lose  t o  t h a t  of t he  cont rac t  
es t imate  t h a t  it may be preferab le  i f  t h e  add i t iona l  computer capa- 
b i l i t y  provided by time-share terminals is an advantage t o  the  D i s -  
t r i c t .  

The cos t  t o  the  D i s t r i c t  of attempting t o  do t h e i r  own source 
inventory and operat ing t h e i r  own computer would range from $80000 
t o  $150,000 pe r  y e a r  depending upon the  s i z e  of the  computer rented 
and t h e  support i t  requi res .  

upon a sys t em and implementation of it is a c l a s s  2 recommendation. 

The s y s t e m  discussed i n  Appendix 7-1 would cos t  approximately 

Issuing t h e  RFP is  a c l a s s  1 recommendation. Actually deciding 

Problem 3 : D i f f i c u l t y  i n  obtaining and determining accurately t h e  
emissions from various l a rg?  sources.  

Recommendation: The BAAPCD should exerc ise  i ts  au thor i ty  under 
paragraphs 3210 and 3211 of Regulation 2 t o  requi re  the  l a rge  
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emitters, those who e m i t  over 0.1% of the  t o t a l  of any  one pollu- 
t a n t  t o  purchase and properly i n s t a l l  and operate  emission measur- 
ing equipment f o r  t h a t  po l lu t an t .  
and repor t  d a i l y  emission averages and peak emission rates t o  the  
D i s t r i c t  on a monthly bas is ,  except during upsets  or other  unusual 
operat ing per iods,  when they should repor t  every hour. The Distr ic t  
should o f f e r  c a l i b r a t i o n  se rv ice  f o r  the  instruments a t  a f e e .  I t  
should check the i r  proper i n s t a l l a t i o n  and operation a t  unannounced 
and i r r e g u l a r  i n t e r v a l s .  

Discussion: One important reason f o r  i n s t i t u t i n g  a repor t ing  s y s t e m  
is  t h a t  i t  e s t a b l i s h e s  t h e  i n t e n t  of the D i s t r i c t  t o  exe r t  e f f e c t i v e  
c o n t r o l  upon po l lu t an t  emitters. T h i s  r i gh t ,  es tab l i shed  by law, 
w i l l  only become a r e a l i t y  when demands, such as report ing,  are i m -  
posed on emitters. Instruments f o r  stack i n s t a l l a t i o n  should requi re  
approval by the  D i s t r i c t .  
r equ i r e  an e m i t t e r  t o  purchase new and b e t t e r  equipment i f  i t  be- 
comes ava i l ab le .  

T h i s  repor t ing  of e f f l u e n t s  would i n i t i a l l y  be compared w i t h  
t he  ca l cu la t ions  of t he  BAAPCD. Af te r  t h e  source inventory w a s  
opera t iona l  t h e  repor t ing  system would be in tegra ted  with the  source 
inventory a t  m i n i m a l  expense. It is recommended t h a t  these two re- 
commendations be s t a r t e d  simultaneously t o  reduce the  ove ra l l  time 
(2 t o  3 yea r s )  required f o r  complete in t eg ra t ion .  

on who is pu t t ing  w h a t  i n t o  the  people 's  a i r .  T h i s  w i l l  al low f a i r  
and equj t a b l e  determination as t o  who should reduce t h e i r  emissions 
and by how much. 

The preliminary repor t ing  s y s t e m  is a class 1 recommendation 
and combining the repor t ing  s y s t e m  w i t h  the  source inventory i s  a 
c l a s s  2 recommendation. 

They should measure continuously 

The Distr ic t  should have the r i g h t  t o  

The source inventory-reporting s y s t e m  w i l l  produce hard da t a  

Problem 4 : Lack of communication channels between other  planning 
and con t ro l  agencies,  co l leges  and u n i v e r s i t i e s  and the  BAAPCD. 

Recommendation A: The D i s t r i c t  should ac t ive ly  inf luence the  ac- 
t i v i t i e s  of zoning commissions, area planning commissions and agen- 
c i e s  dea l ing  with rapid t r a n s i t ,  w a t e r  po l lu t ion ,  waste d isposa l ,  
e t c .  toward improving a i r  q u a l i t y  and t h e  q u a l i t y  of l i f e  i n  the  
Bay Area. 

Discussion: Th i s  may be done by having regular  meetings of d i rec-  
t o r s ,  but  informal discussions w i l l  a l s o  prove f r u i t f u l .  The D i s -  
t r i c t  must not  be a f r a i d  t o  d iscuss  the problems of a i r  pol lu t ion  
t h a t  are caused by lack of zoning, lack of planning, and the  auto- 
mobile. The BAAPCD must introduce a i r  pol lu t ion  data i n t o  these 
a c t i v i t i e s  because i f  they don ' t  n o  one w i l l .  

some of t h e i r  problems by encouraging non-polluting a l t e r n a t i v e s  
and suggesting a uni f ied  approach t o  improve the qua l i t y  of l i f e  
i n  t he  Bay A r e a .  

I t  should be noted here t h a t  a good way t o  determine he lp fu l  
improvements i n  e x i s t i n g  mass t r a n s i t  s y s t e m s  i s  t o  use them. It 
is f e l t  t h a t  t he  employees of the  D i s t r i c t  should be the  leaders 

U 

T h i s  gives  t h e  BAAPCD a n  informal method t o  attempt t o  solve 
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i n  using municipal and mass t ranspor ta t ion  s y s t e m s  t o  t r a v e l  t o  
and from work. This i s  a C l a s s  2 recommendation s ince  it w i l l  
r equ i r e  manpower and money. 

Recommendation B : A Research and Development l i a i s o n  person should 
maintain open channels of communication w i t h  i n t e re s t ed  f acu l ty  and 
s tudents  i n  t h e  l o c a l  u n i v e r s i t i e s  and co l l eges  i n  an e f f o r t  t o  
present  t h e  R and D problems of the D i s t r i c t .  

Discussion : The D i s t r i c t  could obtain answers ,  f r e e  of charge, 
through graduate s tudent  theses, t o  some of t he  D i s t r i c t s  problems. 
There is  a s i z a b l e  amount of research going on i n  the  u n i v e r s i t i e s  
and co l l eges  anyway so the  D i s t r i c t  may as w e l l  t r y  t o  d i r e c t  some 
of t h e  research toward the so lu t ion  of t he  BAAPCD's pressing re- 
search  problems. T h i s  is a C l a s s  2 recommendation s ince  add i t iona l  
manpower i s  required.  

c o n t r o l  over s m a l l  emitters, provides guide l ines  f o r  those s m a l l  
operat ions (dry cleaning establishments,  au to  p a r t  shops, e t c  .) 
who have no t echn ica l  exper t i se ,  and y e t  avoids the  complications 
of a percent system. 

Recommendation C :  The D i s t r i c t  should urge the  ARB t o  publ ish 
s tandards for hydrocarbons as soon as possible .  

Recommendation D :  The D i s t r i c t  should review the  upset and break- 
down exception i n  Regulation 2. 

Discussion: The upset and breakdown procedure now does not encour- 
age i n d u s t r i e s  t o  maintain t h e i r  po l lu t ion  con t ro l  equipment. If 
a breakdown occurs, the p lan t  needs only t o  no t i fy  the  D i s t r i c t  t o  
avoid a v i o l a t i o n  not ice .  T h i s  a t t i t u d e  encourages m i n i m u m  nainte- 
nance and should be abolished by a change i n  the  regulat ion.  

The proposed approval sys t em gives  the D i s t r i c t  a reasonable 

B .  Education 

The Board must de f ine  i t s  c l i e n t e l e  as those who breathe bad 
a i r  rather t h a n  as those who produce bad a i r .  The B A A E D  sometimes 
seems t o  be ac t ing  l i k e  a bu f fe r  between the  general  public and 
indus t ry  ins tead  of acting i n  the publ ic  i n t e r e s t .  T h i s  a t t i t u d e  
has produced a publ ic  f e e l i n g  of f r u s t r a t i o n  with t h e  BAAPCD. 

Public support  and cooperation a r e  very important aspec ts  of 
a i r  po l lu t ion  con t ro l  and should be encouraged. Increased public 
support  could r e s u l t  i n  an increased budget and more e f f e c t i v e  
po l lu t ion  con t ro l .  Public awareness of who is emit t ing w h a t  could 
produce economic pressure on the po l lu t e r .  

Problem 5 :  Public  support, cooperation and involvement i n  the 
f i g h t  f o r  b e t t e r  a i r  q u a l i t y  has not been adequately encouraged 
by t h e  Dis t r ic t .  

Recommendation A :  The Board should e s t a b l i s h  a pol icy of releas- 
i n g  a l l  d a t a  co l l ec t ed  by the D i s t r i c t .  
compulsory publ icat ion,  but  the d a t a  should be made ava i l ab le  on 
a c o s t  b a s i s  t o  s c i e n t i f i c ,  t echnica l ,  i n d u s t r i a l ,  and c i t i z e n  groups. 

This does not suggest 
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Recommendation B: The D i s t r i c t  should e s t a b l i s h  and publ ish i t s  
exact  performance goa ls ,  It  should explain what these  goals,  i f  
achieved, mean i n  terms of a i r  qua l i ty ,  of hea l th  and v i s i b i l i t y ,  
and why these, r a t h e r  than more s t r ingen t  goa ls  have been se lec ted .  

Recommendation C :  The Distr ic t  should prepare a monthly progress 
repor t  f o r  t he  Board s i m i l a r  i n  form t o  tha t  shown i n  Chapter 3. 
T h i s  repor t  should be published regular ly  i n  " A i r  Currents", t h e  
Dis t r ic t ' s  monthly b u l l e t i n ,  and given wide c i r c u l a t i o n .  

Recommendation D :  The D i s t r i c t  should publ ish t h e  complaints, 
suggestions,  and problems i d e n t i f i e d  by c i t i z e n ' s  groups and hold 
s p e c i a l  hearings where c o n f l i c t s  between such groups, and between 
a group and t h e  s t a f f  can be heard. 

Recommendation E : The Di s t r i c t  should r e loca te  i ts  headquarters 
i n  an area where a i r  po l lu t ion  concentrat ions are highest ,  such as 
Richmond, San Jose, or Livermore. Such a move would not only show 
the  D i s t r i c t ' s  real concern w i t h  a i r  qua l i t y  but could a l s o  a l l e v i -  
a te  its parking problem. 

Recommendation F:  The D i s t r i c t  should attempt t o  e n l i s t  t he  a id  
of a c t i v e  c i t i z e n s  groups t o  help pass l e g i s l a t i o n  t h a t  is f e l t  by 
the  Distr ic t  t o  be necessary t o  reduction of a i r  contaminants. The 
D i s t r i c t  should a l s o  e n l i s t  the  a i d  of the publ ic  t o  economically 
censure repeat ing v i o l a t o r s  e 

Discussion : These recommendations make t h e  D i s t r i c t  more "v i s ib l e"  
t o  the  public and make the  information and a c t i v i t i e s  of t he  B A A E D  
more ava i l ab le  t o  the publ ic .  They e f f e c t i v e l y  change t h e  s tance  
of t he  D i s t r i c t  from a buf fer  between industry and the  people t o  
an agency of the  general  publ ic  i n  t h e  f i g h t  f o r  c lean a i r .  Anoth- 
er recommendation on how t o  dea l  w i t h  and u t i l i z e  the  good w i l l  of 
c i t i z e n s '  groups is shown i n  Appendix 7-2. 

C .  Approaches t o  Reduce Automobile Emissions 

The following two quotes from the  "Harvard Bullet in" ,  13 Apri l  
1970 should be considered before deciding whether emissions should 
be cont ro l led  or automobile usage should be ac t ive ly  discouraged. 

"God help  us i f  w e  invent t he  automobile t h a t  doesn ' t  po l lu t e  
the a i r .  The automobile is a po l lu t an t  not  on ly  of our air ,  but  of 
our  physical  environment a I n  urban s i t u a t i o n s ,  t he  physical pollu- 
t i o n  is worse t h a n  the  a i r  pol lu t ion ."  

between p r i v a t e  and public t ranspor ta t ion  i n  f avor  of public t r a n s -  
por ta t ion .  C i t i e s  complain e n d l e s s l y  about t he  f a i l u r e  of the i r  
m a s s  t r a n s i t  systems, when i n  f a c t  i n  every ac t ion  they have taken  
they have opposed them by favoring p r iva t e  t ranspor ta t ion  . ' I  

There are bas i ca l ly  three approaches t o  the  automobile : 

"A c i t y  with any wisdom should s h i f t  the  competit ive balance 

(1) The a c t i v e  discouragement of automobile usage coupled 
w i t h  t h e  a c t i v e  encouragement of a l t e r n a t i v e  t ransporta-  
t i o n  m o d e s  without l e g a l  enforcement. 

3.18 



( 2 )  Control,  by l e g a l  enforcement of both automobile growth 
i n  population cen te r s  and au to  emissions, thereby help- 
ing  both ''land" and ''air'' po l lu t ion .  

( 3 )  Control  only of automobile emissions t o  help so lve  the  
a i r  po l lu t ion  problem. 

Which of these  approaches is followed must be decided on the 
b a s i s  of t he  automobile su rve i l l ance  s y s t e m  recommended i n  Chapter 
5. T h i s  information w i l l  provide a bas i s  f o r  deciding (a) whether 
a l l  au tos  should m e e t  the  same emission s tandards or whether cars 
should only m e e t  t he  s tandards i n  e f f e c t  t h e  year it w a s  produced, 
(b)  whether or not a s ta tewide au to  emission inspect ion combined 
w i t h  l i cens ing  should be advocated, or (c )  whether con t ro l l i ng  
emissions only w i l l  be e f f e c t i v e .  

The three bas ic  approaches are discussed below. 

Approach A 

ment  behind it. I t  c o n s i s t s  m a i n l y  of working w i t h  o ther  agencies 
as proposed i n  Recommendation A of Problem 4. However, it i s  a l s o  
e a s y  t o  implement and can be done by the  D i s t r i c t  alone.  

T h i s  is a weak method of a t t ack  s ince  it  has no l e g a l  enforce- 

Approach B 

l a t i o n  and w i l l  upset people 's  love affairs  w i t h  t h e i r  c a r s .  
T h i s  is a s t rong  method of a t t ack  but  w i l l  r equi re  much l eg i s -  

Approach C 

If the  conclusion is  t o  only con t ro l  au to  emissions then t w o  
paths  l i e  ahead. One is  t o  l e g i s l a t e  t h a t  no c a r s  w i t h  emissions 
above a c e r t a i n  l e v e l  be l icensed .  The o ther  is less publ ic ized 
but  may be e f f e c t i v e .  I t  bas i ca l ly  c o n s i s t s  of "flagging" c a r s  
according t o  t he i r  emission l e v e l .  T h i s  is necessary t o  c a l l  a t -  
t en t ion  t o  au to  emissions s ince  t h e y  are i n v i s i b l e .  

badly" or t o  others "That guy's exhaust is  t e r r i b l e " .  With present  
publ ic  awareness and w i t h  a sound public education program t h i s  
"flagging" procedure could be q u i t e  e f f e c t i v e  because "soc ia l  pres- 
sure"  would be exerted on ind iv idua ls  t o  reduce emissions. 

Basical ly  it te l ls  t h e  d r i v e r  "Your 'smokestack' is 'smoking' 

Whichever approach is used, t he  automobiles ' emissions must 
be analyzed by a shor t  test which w i l l  compare favorably t o  the 
s tandards descr ibed i n  Chapter 4. 

Problem 6:  The automobile produces a l a rge  f r a c t i o n  of t h e  objec- 
t i onab le  po l lu t an t s  emi t ted .  

Recommendation A :  I n i t i a t e  an automobile emission t e s t i n g  program 
such t h a t  a l l  cars r eg i s t e red  i n  the Bay A r e a  are tested once every 
two years. A p r a c t i c a l  t e s t  which takes about two minutes per  c a r  
is ava i l ab le  (see Chapter 5 ) .  I t  not only gives  a measure of t he  
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exhaust emission performance hut a l s o  a rough diagnosis  of ad jus t -  
men t s  needed t o  improve performance. Require t h a t  these  adjustments 
a r e  made before  the  c a r  is r eg i s t e red .  W e  be l ieve  that  t h e  D i s t r i c t  
has the l e g a l  r i g h t  under i ts  c h a r t e r  t o  i n i t i a t e  such a program. 

Recommendation B : Provide economic incent ives  t o  minimize t h e  use 
of cars i n  c i t i e s  by promoting: 

(a)  the  i n s t a l l a t i o n  and use of urban mass t ranspor ta t ion  
systems; 

(b)  t he  designat ion of express lanes  on bridges and freeways 
for buses and for cars with fou r  or more passengers; 

( c )  t he  imposition of reg iona l  gaso l ine  or a u t m o b i l e  use 
taxes;  

(d)  t he  use of graduated bridge t o l l s  (and t o l l s  on highways 
leading i n t o  t h e  c i t y ) ,  higher during rush hours, and 
lower when t raff ic  is  low, higher  for s i n g l e  d r i v e r s  and 
l o w e r  f o r  r ide-share  groups. 

Recommendation C :  Take t h e  lead i n  coordinat ing the  e f f o r t s  of 
c i t y  counci is ,  county zoning boards, and l o c a l  and regional  plan- 
ning and development agencies on plans that  discourage t h e  use of 
automobiles, such a s  : 

(a) support  of c i ty-centered planning t o  reduce commute d i s -  
tances;  

(b) prevention of cons t ruc t ion  of new access  roads i n t o  the 
c i t i e s  and of  new parking lots; 

( c )  i n s t a l l a t i o n  of b icyc le  paths and pedestr ian m a l l s .  

Recommendation D :  Have l o c a l  inspec tors  r epor t  smoking autos  ob- 
served i n  the  normal course of t h e i r  d u t i e s  t o  t h e  Highway Pa t ro l  
for issuance of c i t a t i o n .  Vio la tors  t o  be required t o  make correc-  
t i o n s  w i t h i n , l 5  days and present  t h e i r  c a r  for a smoke test or f ace  
a f i n e .  

Discussion: I t  is  c l e a r  tha t  t h e  l a w  e s t a b l i s h i n g  t h e  D i s t r i c t  
does not g ive  it  the  r i g h t  t o  l e g i s l a t e  or con t ro l  automobile e m i s -  
s i ons .  I t  i s  equal ly  clear t h a t ,  without e f f e c t i v e  cont ro l  of au to  
emissions the  D i s t r i c t  cannot do the  job  it is intended t o  do. 
Theref ore it should a c t i v e l y  promote by publ ic i ty ,  advocacy, recom- 
mendations, etc. the  kind of laws and ordinances that w i l l  con t ro l  
t h e  automobile. Only t h e  D i s t r i c t  knows the f u l l  ex ten t  of t h e  
l o c a l  problem. I t  could be a m o s t  e f f e c t i v e  advocate for the peo- 
p l e  i n  the area. The cos t  of inspect ion of t he  2,500,000 automobiles 
i n  t he  Bay A r e a  w i l l  be i n  t he  neighborhood of 4 mi l l ion  d o l l a r s .  
T h i s  could be regained by charging $2 per  c a r  f o r  t he  inspect ion.  
Detailed cost f i g u r e s  are i n  Appendix 7-3. 
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The "flagging" system can be i n s t i t u t e d  by a D i s t r i c t  regula- 
t i o n .  However, a system of inspect ing emissions before l i cens ing  
must be worked through t h e  Department of Motor Vehicles.  

Evaluation of t h e  Performance of t h e  B A A E D  Toward Meeting the 
Above Goals 

A f t e r  examining  the data published by the  B A A E D  it becomes 
c l e a r  tha t  no good r e l i a b l e  method e x i s t s  t h a t  can give one conf i -  
dence tha t  the D i s t r i c t  i s  e f f e c t i v e l y  reducing pol lu t ion .  B A A E D  
has published ambient a i r  q u a l i t y  l eve l s  f o r  t h e  various po l lu t an t s .  
These l e v e l s  ind ica ted  that the  concentrat ions of some of the pollu- 
t a n t s  have been decreasing. However, t he  data on which these trends 
are developed are considered un re l i ab le  f o r  such conclusions because 
of the inadequacy of the  present  monitoring system. U n t i l  a meaning- 
f u l  measure f o r  a i r  q u a l i t y  has been found and a monitoring system 
has been set up tha t  c a n  g ive  a r e l i a b l e  p i c t u r e  of a i r  q u a l i t y  i n  
t he  Bay Area, t h e  D i s t r i c t ' s  performance must be based on source 
emission, on how w e l l  t he  D i s t r i c t  meets stated emission goa ls .  

Problem 7: There is no e f f e c t i v e  performance measure f o r  t h e  D i s -  
t r i c t ,  n o r  a measure of e f f ec t iveness  which is comprehensible t o  
the  publ ic .  

Recommendation A : The Dis t r ic t ' s  annual performance should be 
measured aga ins t  c l e a r l y  s t a t e d  goals  t o  be published a t  t he  begin- 
ning of t h e  y e a r .  These goals  should be expressed i n  terms of per- 
cen t  n e t  reduction of t o t a l  emissions u n t i l  such t i m e  when a r e l i a -  
b l e  and meaningful measure of a i r  qua l i t y  has been es tab l i shed ,  a t  
which t i m e  a i r  q u a l i t y  goals  should be set .  

Recommendation B: An outs ide agency such as t h e  A i r  Resources 
Board should be responsible  f o r  an annual review of t he  Dis t r ic t ' s  
performance. T h i s  review should receive wide pub l i c i ty .  

Recommendation C :  A measure of e f fec t iveness  should be used which 
expla ins  the D i s t r i c t ' s  performance t o  the publ ic  i n  c l e a r  and 
simple terms. Appendix 7-4 i l l u s t r a t e s  one such measure. 

Discussion : A t  present  the D i s t r i c t  measures i t s  own perf ormance 
by es t imat ing  t h e  tonnage of po l lu t an t s  i t  has prevented from being 
emit ted.  T h i s  can be compared t o  a man who convinces himself of a 
bigger  income i f ,  i n  f a c t ,  he has only spent  less. What is  needed 
is a n e t  reducti.on of t o t a l  emissions i n  t he  D i s t r i c t .  The D i s -  
t r ic t ' s  own records over the  las t  s ix  y e a r s  show very l i t t l e  change 
i n  t h e  t o t a l  emission of any one of t he  po l lu t an t s  even i n  those 
emitters under the  D i s t r i c t ' s  j u r i s d i c t i o n .  The one exception, 
carbon monoxide, is v a s t l y  overshadowed by t h e  CO emitted from 
automobiles. 

be asked t o  eva lua te  i t s  own performance. Its c r e d i t i b i l i t y  can 
be increased immeasurably i f  independent aud i to r s  f i n d  t h a t  the  
agency's performance m e e t s  or exceeds i t s  goa ls .  

measures--has as its primary purpose a n  ind ica t ion  of whether 

I t  is not a good pol icy f o r  any agency, publ ic  or pr iva te ,  t o  

The proposed index of effectiveness--one of many poss ib le  
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7,4 

emissions are being reduced, It is based on h i s t o r i c a l  emission 
data already generated, and more r e l i a b l y  ava i l ab le  i n  the  f u t u r e  
i f  sources are going t o  be tested as is  recommended i n  Chapter 5. 

Finances 

Problem 8: I t  i s  important t o  move toward a n  economic assoc ia t ion  
between the sources of po l lu t ion  and the abatement costs. The D i s -  
t r i c t  now relies f o r  revenue on the  property tax, a revenue source 
already overburdened." I t  is d i f f i c u l t  t o  see how the higher c o s t  
f o r  a more e f f e c t i v e  D i s t r i c t  can be der ived without r e so r t ing  t o  
o the r  sources.  It is important t o  move towards an e x p l i c i t  econom- 
i c  assoc ia t ion  between t h e  sources  of po l lu t ion  and t h e  c o s t s  of 
abatement; the impl i c i t  publ ic  subsidy of p r i v a t e  and corporate  
p o l l u t e r s  is inequi tab le  and indefens ib le .  

S i n c e  new taxa t ion  i s  needed, one should ask: what is t h e  
least pa in fu l  and fairest  taxa t ion ,  the  m o s t  e a s i l y  enforced, the 
one most s u i t e d  t o  be se l f - l i qu ida t ing  once t h e  a i r  pol lu t ion  prob- 
l e m  i s  solved? If emission taxes  w e r e  proposed, how should they 
be appl ied t o  industry and commerce, and how t o  the  automobile? 

Recommendation A:  The D i s t r i c t  should sponsor and promote f o r  
s t a t iona ry  emitters e f f l u e n t  taxes  which create economic incent ives  
t o  reduce emissions, t o  i n s t a l l  and m a i n t a i n  po l lu t ion  con t ro l  
equipment and t o  improve i ts  e f f ec t iveness .  The following is a 
somewhat a r b i t r a r y  t a x  schedule, based on the r e l a t i v e  importance 
of each po l lu t an t  t o  a i r  qua l i t y .  

5#/ l b  . s02 

co 0.2#/lb. 

10#/lb e Nox 

Par t  ic  u l a t  e s 0 . I # / t r i l l i o n  par t ic les** 

The t a x  schedule f o r  organics is  ye t  t o  be determined, but should 
be based on t h e i r  r e a c t i v i t i e s .  Of course such a schedule does 
not preclude l i m i t s  on maximum emissions and such l i m i t s  should 
be established. 

* 
For example, t h e  property taxes  i n  San Francisco now approach $13 p e r  
$100 valuation; and t h e  s ta te  l e g i s l a t u r e  has discussed (and barely 
defeated) a property tax r e l i e f  b i l l .  

T h i s  is  an unusual d e f i n i t i o n  i n t e n d e d  t o  penal ize  emitters of small 
p a r t i c l e s .  
d i s t r i b u t i o n  means is ava i l ab le .  
be the only poss ib le  a l t e r n a t i v e .  

*" 
It can be enforced on ly  when a reliable p a r t i c l e  siee 

U n t i l  then a "per pound" tax  may 
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Recommendation E:  For l a rge  emitters t h e  t ax  should be computed 
from continuously recording monitors. For smaller emitters, the 
t a x  i s  based on emission estimates f o r  t he  process.  The burden 
of showing t h a t  h i s  e m i s s i o n  is smaller t h a n  estimated by the  
D i s t r i c t  rests with t h e  emitter. 

Discussion: Revenue from these  taxes  should be used t o  f inance  
t h e  a c t i v i t i e s  of t he  D i s t r i c t ,  and for research i n t o  ant i -pol lu-  
t i o n  devices .  On t h e  bas i s  of t he  above t a x  schedule and 1969 
emission data, t h e  revenue would be $50,000 t o  $100,000 per  day, 
or about $30,000,000 per  yea r ,  Of course, as emissions are re- 
duced t h e  revenues w i l l  become lower. 

Recommendation C :  The D i s t r i c t  should propose t o  t h e  S t a t e  a 
po l lu t ion  t a x  on gasol ine  t o  be r ed i s t r ibu ted  t o  the  Distr ic ts  
i n  the  S t a t e  according t o  t h e  gasol ine so ld  there. For example, 
a 16 per  ga l lon  t a x  on gasol ine would produce a n  estimated 90 
mi l l ion  d o l l a r s  i n  t h e  S t a t e  of which $18,000,000 is generated 
i n  the  Bay A r e a .  Finances from taxes  on automobiles are discussed 
i n  Section E .  

Discussion: 
on automobile r e g i s t r a t i o n s  which would y i e l d  $25 mil l ion  annually, 
and a $1 addi t ion  t o  d r i v e r s  l i cense  f e e s  which would y i e l d  another  
$2-3 mil l ion  annually.  

Road and br idge t o l l s  of 34 per  vehic le  m i l e  on only 1% of Bay 
A r e a  roads would y i e ld  $16 mi l l ion  per  year .  

If t h e  Federal  Highway Trust  Fund can be tapped, t h e  Bay Area’s 
propor t iona te  share of only a 10% divers ion  would amount to some $60 
mi l l ion  annual ly .  

t r a v e l  new roads t o  obtain some of it. 

O t h e r  p o s s i b i l i t i e s  include a $1 “ A i r  Po l lu t ion  Tax” 

T h i s  i s  t o  say  t h a t  t he  money is  ava i l ab le  but t he  EAAPCD must 
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Chapter 8 

LONG-RANGE STRATEGIES FOR THE CONTROL OF A I R  POLLUTION 

8.1 Introduct ion 

Previous chapters  of t h i s  r epor t  have pointed out t h a t  present ly  
e x i s t i n g  da ta  are not s u f f i c i e n t  t o  adequately desc r ibe  the  ex ten t  of 
t h e  a i r  po l lu t ion  problem i n  the San Francisco Bay A r e a ;  t he  question 
"Has the  q u a l i t y  of a i r  i n  the Bay A r e a  improved or degraded i n  the 
recent  past?"  cannot be d e f i n i t i v e l y  answered. The design of a system 
f o r  c o l l e c t i n g  the  necessary d a t a  has been proposed. These data, when 
input  t o  models tha t  s e e m  l i k e l y  t o  be developed i n  t h e  not- too-dis tant  
fu tu re ,  w i l l  a l s o  al low answers  t o  such quest ions as 'kow would a new 
po l lu t an t  Soiirce a t  one poin t  i n  the  Bay A r e a  a f f e c t  a i r  q u a l i t y  every- 
where else i n  t h e  region?", or "To what ex ten t  w i l l  decreasing the  e m i s -  
s ion rate from a n  e x i s t i n g  source improve ove ra l l  a i r  qual i ty?"  I t  must 
be remembered, however, t h a t  regard less  of how extensive the  da t a  a r e  
or how exac t ly  t h e  models e s t a b l i s h  the cause-effect  r e l a t i o n  be tween 
po l lu t an t  sources and a i r  qua l i ty ,  t hey  are only more accurately def in-  
ing the problem. Ef fec t ive  con t ro l  programs f o r  l imi t ing  po l lu t an t  
emissions t o  t h e  ex ten t  necessary t o  obtain and maintain the  des i red  
a i r  q u a l i t y  w i l l  s t i l l  have t o  be developed. 

For a given set of a i r  qua l i t y  s tandards  (which themselves are 
subjec t  t o  rev is ion) ,  and with the  p o s s i b i l i t y  of a cont inua l ly  increas-  
ing population w i t h  i t s  accompanying demands f o r  goods and se rv ices  whose 
byproducts are po l lu t an t  emissions, what c o n s t i t u t e s  a long-range "solu- 
t i o n "  t o  t h e  a i r  po l lu t ion  problem? Such a so lu t ion  might be defined as 
a s y s t e m  f o r  providing i n  a n  optimum manner the goods and se rv ices  desired 
by t h e  consumers (people) of the area so t h a t  t o t a l  po l lu t an t  emissions 
are cons i s t en t  w i t h  t h e  maintenance of a i r  q u a l i t y  standards.  
manner" should be determined by the consumers. They should determine, f o r  
example, whether add i t iona l  t r anspor t a t ion  c a p a b i l i t y  i s  more des i r ab le  
than a higher  pe r  c a p i t a  usage of e l e c t r i c a l  power, or how much they are 
w i l l i n g  t o  pay (both i n  money and reduced a v a i l a b i l i t y  of o ther  goods and 
se rv ices )  f o r  continued, un res t r i c t ed  use of p r i v a t e  automobiles s o  long 
as a i r  qua l i t y  s tandards can be maintained. 

There a r e  two interrelated s t eps  i n  providing t h i s  so lu t ion .  F i r s t ,  
the  t o t a l  po l lu t an t  emissions cons i s t en t  w i t h  the  maintenance of a i r  
qua l i t y  s tandards must be determined. Second, t he  optimum d i s t r i b u t i o n  
of t h i s  t o t a l  "pol lu t ion  p ie"  must be a r r ived  a t .  These two s t eps  w i l l  
be considered i n  d e t a i l  i n  the following sec t ions  of t h i s  chapter .  T h a t  
these two s t e p s  are not independent i s  i l l u s t r a t e d  by the  following hypo- 
t h e t i c a l  example. A new housing p ro jec t  i n  Palo Al to  w i l l  r equi re  more 
cement t h a n  c a n  be provided by e x i s t i n g  sources,  so  t h a t  construct ion of 
a new cement  p lan t  is being considered a t  one of two loca t ions .  (For 
s impl ic i ty ,  assume any o ther  material or plant  loca t ion  is not acceptable . )  
Location A is c lose  t o  Palo Al to  and the sources of supply of the  necessary 
materials f o r  making cement, s o  the c o s t  of cement i n  Palo Al to  would be 
low. Unfortunately, the meteorological condi t ions prevalent  a t  loca t ion  
A are such that pol lu t ion  emissions from a cement p lan t  located there would 

The "optimum 
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have a l a rge  e f f e c t  on a i r  qua l i t y  i n  neighboring areas. 
cement p lan t  t h e r e  would necess i t a t e  a reduction i n  emissions from 
other  sources i n  t he  neighborhood. Location B has favorable  meteoro- 
l o g i c a l  condi t ions,  so  t h a t  a l a rge  amount of cement could be produced 
t h e r e  with very l i t t l e  e f f e c t  on a i r  q u a l i t y ,  Negl igible  reductions 
i n  emissions from o the r  sources would be necessary ( the  t o t a l  "pollu- 
t i on  p ie"  could be increased) .  Unfortunately, loca t ion  B is f a r  from 
Palo A l t o  and the  sources of t he  necessary materials; the  c o s t  of ce- 
ment  i n  Palo A l t o  would be high i f  t h e  cement p l an t  w e r e  located a t  B. 
Thus a choice must be made between t h r e e  options.  

Building a 

( a )  Build t h e  cement p lan t  a t  A and reduce emissions from other  
sources accordingly e 

(b)  Build the  cement p lan t  a t  B and pay more f o r  cemen t .  

( c )  Abandon the  housing pro jec t ,  thereby l imi t ing  t h e  growth of 
Palo A l t o .  

Th i s  hypothet ical  example serves  t o  i l l u s t r a t e  an important point  
about the  long-range so lu t ion  of the a i r  pol lu t ion  problem: Planning 
and development must be c a r r i e d  out on a regional  bas i s ,  and considera- 
t i o n  of po l lu t iqn  emissions must be a f a c t o r  i n  t h e  planning and devel- 
opment of t h e  region. Only through such regional  act ion,  i n  which the  
B A A E D  should be an a c t i v e  and f o r c e f u l  pa r t i c ipan t ,  w i l l  it be poss ib le  
t o  e f f e c t i v e l y  and equi tab ly  resolve quest ions such as : 

(a)  Is it  prudent t o  continue t o  bui ld  more parking f a c i l i t i e s  i n  
downtown San Francisco, thereby encouraging f u r t h e r  automobile 
t r a f f i c  i n t o  San Francisco, accompanied by increasing business 
and a i r  pol lu t ion ,  while a t  t he  same t i m e  pushing f o r  an ex- 
panded Bay Area Rapid T r a n s i t  (BART) capab i l i t y  and promoting 
i ts  use? 

(b)  To what ex ten t  should South Bay r e s iden t s  be permitted t o  par- 
t i c i p a t e  i n  t h e  decis ion t o  bui ld  f u r t h e r  r e f i n e r i e s  i n  t he  
North Bay i f  it is determined t h a t  emissions from the  new 
p lan t s  w i l l  f u r t h e r  degrade South Bay a i r  qua l i t y?  

8 . 2  The Magnitude of t he  Pol lu t ion  P i e  

The f i r s t  s t e p  i n  e s t a b l i s h i n g  a long-range con t ro l  program is t o  
determine what l imi t a t ions  on t o t a l  po l lu t an t  emissions must be imposed 
i n  order  t o  maintain a i r  qua l i t y  a t  l e v e l s  equal  to ,  or b e t t e r  than,  
t h e  e x i s t i n g  s tandard.  One might rephrase t h i s  with the  question "What 
is  the  m a x i m u m  t o t a l  rate, from a l l  sources, a t  which a p a r t i c u l a r  pol-  
l u t a n t  can be emitted i n  the  Bay Area and s t i l l  m a i n t a i n  the  a i r  qua l i t y  
standard f o r  t he  pol lutant?"  However, t h i s  is n o t  an adequate question, 
f o r  as pointed out i n  t he  preceding section, the loca t ion  of a source 
and the  p reva i l i ng  meteorological condi t ions  a t  t h a t  location w i l l  a l s o  
a f f e c t  t h e  degree t o  which the source cont r ibu tes  t o  the  degradation of 
a i r  q u a l i t y .  Thus t h e  maximum s i z e  of t h e  po l lu t ion  p i e  can only be 
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determined if the  r e l a t ionsh ip  be tween  source ( s t r eng th  and loca t ion )  
and regional  a i r  q u a l i t y  i s  known. 

A t  t he  present  t i m e ,  knowledge of t he  cause-effect  r e l a t ionsh ip  
between source and a i r  qua l i t y  is  q u i t e  scanty.  Possibly the  most 
r e l i a b l e  information ava i l ab le  now would be a simple ca l cu la t ion  based 
on the  Box Model (see Chapter 6 )  tempered by the  judgement and experi-  
ence of t h e  t echn ica l  s t a f f  of t h e  con t ro l  d i s t r i c t .  A s  more compre- 
hensive m o d e l s ,  such a s  those discussed i n  Chapter 6, a r e  developed and 
va l ida ted ,  more exact  determinations of the  cause-effect  r e l a t ionsh ip  
w i l l  become ava i l ab le .  Therefore, i t  is  v i r t u a l l y  mandatory f o r  a con- 
t r o l  d i s t r i c t  t o  s t a y  abreas t  of developments i n  a i r  pol lu t ion  modeling, 

i f  i t  is t o  ca r ry  out a n  optimum a i r  pol lu t ion  con t ro l  program. 

Although t h e  necessary comprehensive m o d e l s  f o r  determining the  
exact  source--air  q u a l i t y  r e l a t ionsh ip  a r e  not y e t  available--work can 
be done now toward g e t t i n g  a b e t t e r  estimate of t he  magnitude of t he  
po l lu t ion  p i e  than can be made using t h e  Box Model. Appendix 8-1 out- 
l i n e s  a program f o r  making such a n  estimate by d iv id ing  t h e  t o t a l  Bay 
Area a i r shed  i n t o  a i r  c e l l s  and t h e n  determining the  maximum permissible  
po l lu t an t  emission rate i n  each such c e l l .  

, 

Appendix 8-1 a l s o  descr ibes  how the  pol lu t ion  p i e s  f o r  t he  individ-  
u a l  a i r  c e l l s  could be d i s t r i b u t e d .  Caution must be t aken ,  however, i f  
these a l l o c a t i o n s  are t o  be made independently of each other .  In fact ,  
t h i s  approach i s  very s i m i l a r  t o  the present  s i t u a t i o n ,  where each lo- 
c a l i t y  ( towns ,  d i s t r i c t s ,  perhaps even count ies )  acts as a c e l l  and  de- 
t e r m i n e s  as bes t  it can how much industry it should t r y  t o  a t t r a c t  or 
what t r anspor t a t ion  system bes t  s u i t s  i t s  needs.  What i s  good for  a 
s i n g l e  c e l l  may be harmful f o r  t he  region a s  a whole. Referring t o  t h e  
hypothet ical  example of the previous sec t ion ,  i t  might be very bene f i c i a l  
f o r  the economy of Location A t o  bui ld  a cement p lan t  there but  bad f o r  
t he  o v e r a l l  area. In  any f u r t h e r  development of the Bay A r e a ,  t he  e f f e c t  
on the  ove ra l l  a i r  qua l i t y  must be considered. In o ther  words, t he  a l l o -  
ca t ion  of po l lu t ion  l i m i t s  f o r  an ind iv idua l  a i r  c e l l  or l o c a l i t y  must 
be cons i s t en t  w i t h  t he  bes t  interests of the e n t i r e  Bay A r e a .  

Once 
i t  is the  
rates a r e  
have been 

the  maximum permissible  amount of each po l lu t an t  is es tab l i shed ,  
funct ion of t he  con t ro l  program t o  see t h a t  ac tua l  emission 
not  l a r g e r .  I n  Chapter 2, the fol lowing f i v e  con t ro l  techniques 
idont i f  i ed  . 
Emission con t ro l .  

A l t e r n a t e ,  less po l lu t ing  production processes.  

A l t e r n a t e s  t o  products which r e s u l t  i n  excessive pol lu t ion .  

Voluntary reductions i n  demand f o r  products which r e s u l t  i n  
excessive pol lu t ion .  

Compulsory reductions i n  demand. 
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Present  con t ro l  programs, such as the  S t a t e  of Ca l i fo rn ia  emission 
s tandards f o r  new cars and the  BAAFCD con t ro l  of f i xed  sources, are 
based on only t h e  first of t hese  techniques.  Chapter 1 points  out 
t h a t  t he  a i r  q u a l i t y  s tandards are being exceeded i n  the Bay Area, 
so t h e  present  emission rates are t o o  la rge .  In addi t ion ,  t he  dis-  
cussion i n  Chapter 2 ind ica t e s  t h a t ,  wi th  a continued growth of t h e  
Bay Area population and a cont inuat ion of the present  con t ro l  pro- 
grams, these  emission rates are l i k e l y  t o  increase  * 

To reduce and m a i n t a i n  t o t a l  po l lu t an t  emission rates t o  accept- 
a b l e  leve ls ,  the o ther  con t ro l  techniques w i l l  have t o  be used i f  the  
Bay Area population continues t o  grow. The BAAPCD must take  the lead 
i n  t h i s  regard.  For example, t h e  pro jec t ions  of emissions from auto- 
mobiles (Figures 2.3a, 2.3b, 2 . 3 ~ )  ind ica t e  reduct ions u n t i l  t he  mid- 
1980's and r a t h e r  rapid increases  t h e r e a f t e r .  The BAAPCD should s ta r t  
now t o  exert whatever pressures  it can f o r  the  development of alterna- 
t i v e s  t o  t h e  i n t e r n a l  combustion engine automobile: expanded BART 
c a p a b i l i t y  and s m a l l ,  "around town" electric cars are p o s s i b i l i t i e s .  
Before long, it w i l l  probably be necessary t o  reduce or  e l i m i n a t e  
automobile t r a f f i c  i n  certain downtown areas; t h e  BAAPCD should begin 
now, with the  cooperation of t h e  Regional Transportation Planning Com- 
m i s s i o n  (RTPC) and o the r  l o c a l  planning agencies, t o  acquaint t he  pub- 
l i c  with the  l ike l ihood of t h i s  ac t ion  and the  need f o r  i t .  In shor t ,  
the  BAAPCD should start now t o  increase the  scope of its a c t i v i t i e s  i n  
order  t o  develop a comprehensive con t ro l  program. I n  t he  long run, i t s  
most p r o f i t a b l e  a c t i v i t y  may w e l l  be publ ic  education: thoroughly 
acquaint ing t h e  publ ic  with t h e  growing ser iousness  of t he  problem, 
honestly poin t ing  out the l i m i t a t i o n s  of t he  present  con t ro l  program, 
and doing everything poss ib le  t o  encourage a c t i v e  publ ic  involvement 
and support  i n  t he  c rea t ion  and car ry ing  out of a comprehensive con t ro l  
program. 

8.3 Di s t r ibu t ing  t h e  Pol lu t ion  P i e  

Once the  t o t a l  permissible  emission rate f o r  each pol lu tan t  has 
been determined by the  bes t  ava i l ab le  means, the next s t e p  is t o  es tab-  
l i s h  t h e  pol lu t ion  quotas f o r  t he  var ious ca tegor ies  ( t ranspor ta t ion ,  
r e s i d e n t i a l ,  r e f i n e r i e s ,  e l e c t r i c a l  power generat ion,  e tc . )  i n  such a 
m a n n e r  as t o  bes t  s a t i s f y  the  wide spectrum of demands f o r  goods and 
serv ices ,  as i l l u s t r a t e d  by Figure 8.la. Although t h e  magnitude of t h e  
po l lu t ion  p i e  w i l l  r ema in  e s s e n t i a l l y  constant  (subject  t o  s m a l l  varia- 
t i o n s  caused by such th ings  as the s i t i n g  of a new cement p lan t ) ,  i t s  
d i s t r i b u t i o n  is  l i k e l y  t o  vary with t i m e .  For example, as shown i n  
Figures 2.3a, 2.3b, and 2 . 3 ~  of Chapter 2 ,  the  emissions from automo- 
b i l e s  can be expected t o  decrease u n t i l  t h e  mid-1980's. Thus the  
t ranspor ta t ion  s l i c e  of t h e  po l lu t ion  p i e  might be decreased accordingly 
and the  o ther  s l i c e s  could be increased correspondingly, as shown i n  
Figure 8.1b. In an i d e a l  s i t u a t i o n ,  t h e  slice labeled Unused, which 
represents  the extent t o  which a c t u a l  t o t a l  emission rates a r e  less than 
the maximum allowable rates determined from a i r  q u a l i t y  standards,  would 
grow continuously with t i m e ,  i nd ica t ing  t h a t  a i r  q u a l i t y  i n  the region 
is g e t t i n g  b e t t e r  and b e t t e r .  P r a c t i c a l l y  speaking, i n  the  l i g h t  of 

128 



a .  A hypothe t ica l  d i s t r i b u t i o n  b. A la ter  d i s t r i b u t i o n  r e f l e c t -  
of quotas among var ious c a t -  ing a reduction i n  emission 
egor ies  t o  maintain a i r  from automobiles. The Unused 
qua l i ty  a t  s t a t e  s tandards.  s l i c e  ind ica t e s  a i r  qua l i t y  

with regard t o  t h i s  po l lu t an t  
is b e t t e r  than t h e  s t a t e s t a n -  
dard.  

Figure 8.1. DISTRIBUTION OF THE POLLUTION PIE FOR A SINGLF: POLLUTANT. 

ever-growing population and the  r e s u l t a n t  increase i n  t o t a l  demand f o r  
goods and serv ices ,  t h e  Unused sl ice of t he  p i e  w i l l  only develop i f  
t he  a i r  po l lu t ion  con t ro l  program is  a vigorous and e f f e c t i v e  one. 

a r e  complex and, t o  some degree, unclear .  The cu r ren t  mechanism begins 
with t h e  summation of t he  ind iv idua l  des i r e s  of the  consumers, of ten 
subt ly  influenced by var ious means of adver t i s ing ,  which a r e  r e f l ec t ed  
i n  t he  amounts of t he  var ious goods and se rv ices  produced. Their  pro- 
duction is  accompanied by po l lu t an t  emission rates, cont ro l led  by the  
BAAPCD and the  automobile emissions standards,  which c o n s t i t u t e  the  
po l lu t ion  p i e .  A s  long as the re  is  no r e a l  squeeze on the  s i z e  of the  
p ie ,  t h i s  mechanism is perhaps the  most s a t i s f a c t o r y  one. However, 
when uncontrolled consumer demands resu l t  i n  a tendency f o r  t he  pol lu-  
t i o n  p i e  t o  grow t o o  la rge ,  o ther  pressures  w i l l  have t o  be exerted by 
con t ro l  agencies,  planning and development commissions and c i t i z e n s  
groups. These should be d i r ec t ed  toward reducing consumer per-capita 
demand or s h i f t i n g  it t o  alternate products and se rv ices .  H e r e  t h e  
value of publ ic  education w i l l  become very apparent, s i n c e  a n  informed 
publ ic  is  more l i k e l y  t o  cooperate with the  demands of a r e s t r i c t i v e  
con t ro l  program. 

decide how the  pol lu t ion  p i e  is t o  be d i s t r i b u t e d ,  they should be par- 
t i c i p a n t s  i n  t he  process.  They w i l l  be, i f  they have e f f e c t i v e l y  e n l i s t e d  

The mechanics of how the  t o t a l  po l lu t ion  p i e  i s  ac tua l ly  divided 

Although con t ro l  agencies l i k e  t he  BAAPCD w i l l  not, and should not,  
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the  support  of t h e  publ ic  and i f  t h e i r  voices are heard when decisions 
a r e  made on such quest ions as "If and where should a new freeway be 
b u i l t ? "  or "Should the re  be any  l i m i t  t o  t he  number of r e f i n e r i e s  lo- 
ca ted  i n  the  North Bay A r e a ? "  

8.4 Transportation--A Case Study 

Once the  po l lu t ion  p i e  has been d i s t r i b u t e d  among the major categor- 
ies (such as t ranspor ta t ion ,  residential ,  refineries, e t c  . each of 
these w i l l  i t s e l f  be sub jec t  t o  d i s t r i b u t i o n .  A s  an example, how 
should the  t r anspor t a t ion  sl ice be apportioned between automobiles, 
buses, trains,  e tc ,  so as t o  provide t h e  necessary passenger-mile 
c a p a b i l i t i e s  within the Bay Area, keeping t o t a l  po l lu t an t  emissions 
within t h e  prescr ibed l i m i t s  while a t  the  same t i m e  meeting t h e  de- 
sires of the cornmuters t o  the  greatest possible extent? T h i s  is 
c l e a r l y  a complex problem, but equal ly  clearly one which must be 
solved on a reg iona l  basis, There w i l l  be many c o n f l i c t i n g  f a c t o r s ;  
f o r  instance,  commuters of ten  f avor  t h e  ind iv idua l  freedom and con- 
venience of automobiles although automobiles e m i t  a r e l a t i v e l y  l a rge  
amount of p o l l u t a n t s .  Thus there w i l l  undoubtedly be many acceptable  
so lu t ions  but  no apparent ''best'' so lu t ion .  It  is not the purpose of 
t h i s  s ec t ion  t o  a r r i v e  a t ,  or advocate, any p a r t i c u l a r  t ranspor ta t ion  
sys tem;  i t s  purpose is t o  i l l u s t r a t e  how one might go about providing 
commuter t r anspor t a t ion  within a prescr ibed po l lu t ion  l e v e l  c o n s t r a i n t  
but w i t h  a given, increasing commuter t r anspor t a t ion  requirement. 

The S t a t e  of Ca l i fo rn ia  is w e l l  recognized as the nat ion 's  leading 
innovator i n  c o n t r o l  of automobile emissions. I t  is general ly  conceded 
t h a t  it is s t i l l  q u i t e  poss ib le  t o  make sizable gains  i n  con t ro l l i ng  
the  emissions from gasol ine  p is ton  dr iven engines.  However, t h e r e  w i l l  
c learly come a point  where it is  s imply  not economical or t echn ica l ly  
f e a s i b l e  t o  reduce these  e m i s s i o n s  f u r t h e r .  I n  order t o  prepare f o r  
t h i s  t i m e  it is use fu l  t o  consider  a l t e r n a t i v e  automotive power p l an t s  
which would permit the  publ ic  t o  cont inue i n  i t s  present  t r anspor t a t ion  
l i f e  s t y l e  but  w i t h  some pollution-level-from-automobile cons t r a in t .  
Table 8.1 presents  a summary of the opt imis t ic  po l lu t ion  estimates from 
a l t e r n a t i v e  power as summarized by the  Technical Advisory Committee of 
the  Ca l i fo rn ia  A i r  Resources Board. The electric car w a s  not reported 
on a t  t h i s  t i m e  because of i t s  se r ious  range l i m i t a t i o n .  However, t h i s  
vehic le  may eventual ly  have real value as a second car a l t e r n a t i v e .  

p lan ts ,  and it may w e l l  be that a very l o w  emission passenger veh ic l e  
can be developed given s u f f i c i e n t  money, t i m e  and interest. Depending 
upon t h e  success  of each of these a l t e r n a t i v e s  power p lan t  programs, t h e  
State through either incent ives  or regula t ing  action, could con t ro l  t h e  
mix t o  achieve the  desired goal .  However, the success of a n  a l t e r n a t i v e  
power p lan t  development program is clear ly  i n  the hands of the Federal  
government. 
ava i l ab le  resources  i n  ind iv idua l  corporat ions or state agencies without 
s u b s t a n t i a l  Federal subsidy w i l l  make t h i s  approach, however desirable, 
completely imprac t ica l ,  

I t  is apparent that  there are ga ins  t o  be made on a l t e r n a t i v e  power 

The enormous expense of such a program compared t o  the  



Table 8.1 

ESTIMATES OF POLLUTION EMISSIONS FROM 
ALTERNATIVE AUTOMOBILE POWER PI ANTS^ 

(1 1 G a s  Turbine 

Wankel 

(2 1 S t i r l i n g  

Natural  G a s  

(3 ) Steam 

G a s  o l  i n e  

(4) 
I n t e r n a l  
Combust ion 
( f o r  compari- 
s o n )  

Po l lu t an t  Emissions (grams/mile) 

HC co 

.05 

1.8 

.06 

1.5 

0.2 

8.5 

3 .O 

23 

0.3 

6 

1 .o 

87 

(1) kppears t o  be a. reasonable replacement 
gaso l ine  i n t e r n a l  combustion engine. 

NoX 

0.8 

2.2 

1 .O 

1.5 

.15 

5.7 

t o  the  

(2) U n l i k e l y  a l t e r n a t i v e  because of s i z e  and weight. 

(3) Appears impossible f o r  steam engine t o  compete 

(4 )  For  uncontrolled emissions (see Table 2.1).  

economically. 

What t h e n  can the s ta te  do t o  hedge aga ins t  t he  uncer ta in  emergence 
of a s t rong  Federal  research and development program i n  automotive t r a n s -  
por ta t ion?  Further ,  what can the  State do t o  hedge aga ins t  t he  almost 
c e r t a i n  de lays  and f a i l u r e s  which such a Federal  program would experience 
i f , ,  indeed, it were t o  evolve? Simply stated, the S t a t e  and the Bay A r e a  
have t o  plan and be ready t o  implement a l t e r n a t i v e  t ranspor ta t ion  systems 
and t o  in su re  tha t  the publ ic  w i l l  a l ter  i t s  t r anspor t a t ion  l i f e  s t y l e  t o  
u t i l i z e  these  a l t e r n a t i v e s .  

In consider ing the l a rge  v a r i a t i o n s  i n  po l lu t ion  per  passenger-mile 
of var ious  t r anspor t a t ion  modes, i t  is c l e a r  t h a t  a n  ove ra l l  t ranspor ta -  
t i o n  plan can be developed which serves  t o  minimize the a i r  po l lu t ion  
r e s u l t i n g  from passenger t r anspor t a t ion .  It is a l s o  noteworthy t h a t  w i t h  
the exception of t h e  he l icopter ,  the  c o s t  pe r  passenger-mile is compara- 
b l e  t o  the  po l lu t ion  p e r  passenger-mile f o r  t h e  var ious modes of t rans-  
po r t a t ion .  Consequently, i t  is reasonable t o  expect t h a t  e f f o r t s  t o  
minimize the o v e r a l l  po l lu t ion  r e s u l t i n g  from t r anspor t a t ion  w i l l  i n  f a c t  
tend t o  reduce the expense t o  the community of d a i l y  commuting. 
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For ease i n  v i sua l i za t ion ,  Figure 8.2 presents  a hypothe t ica l  
conjec ture  of how t h e  Bay Area community might u t i l i z e  i t s  f u t u r e  
t r anspor t a t ion  resources .  Transportation planners  seek t o  m e e t  t hese  
requirements and provide a t  t h e  same t i m e  t h e  most convenience and 
f l e x i b i l i t y  t o  t h e  publ ic .  In so doing, it is  not a t  a l l  unreasonable 
t o  expect t h a t  t r anspor t a t ion  planners  should p re s s  f o r  add i t iona l  
freeways and parking f a c i l i t i e s .  On t he  o ther  hand, t h e  a i r  pol lu t ion  
control planner, recognizing t h e  o v e r a l l  t r anspor t a t ion  requirements 

I L CO TO 

0 

Figure 8.2. A €€hOTHETICAL MIX FOR MEETING THE GROWING TRANSPORTATION 
REQUIREAiIENTS OF THE BAY AREA. 
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f o r e c a s t ,  must seek t o  help m e e t  those requirements with a l l  of t h e  
same objec t ives  of t he  t ranspor ta t ion  planner, but with the  addi t iona l  
and heavi ly  weighted objec t ive  of accomplishing t h e  t a s k  with minimum 
po l lu t ion .  That is  t o  say,  he must generate,  present ,  and argue f o r  
a l t e r n a t i v e  t r anspor t a t ion  systems which m e e t  the publ ic ' s  need but  
would not exceed t h e  po l lu t an t  emission l imi t a t ion .  

t a n t  p i e  might be s t a t e d  as fol lows:  "Given a time-varying l imi t a t ion  
P i  (t 1 on the  t o t a l  emission (due t o  t r anspor t a t ion )  of each of t he  
var ious po l lu t an t s ,  what mixes of t r anspor t a t ion  are f e a s i b l e  within a 
spec i f i ed  t i m e  frame i f  t he  o v e r a l l  t r anspor t a t ion  requirements are 
spec i f ied?"  For s impl ic i ty ,  assume t h a t  t he  o v e r a l l  t r anspor t a t ion  
requirement, i n  passenger-miles, a s  a funct ion of t i m e  is given by 
R ( t ) ,  and is composed of t he  cont r ibu t ions  f r o m  automobiies, buses, 
t r a i n s ,  and f e r r i e s  k(t), B ( t ) ,  T ( t ) ,  and F ( t )  respec t ive ly] .  

The problem of d i s t r i b u t i n g  the  t r anspor t a t ion  slice of t h e  pol lu-  

Thus, 

R ( t )  = A ( t )  + B ( t )  + T ( t )  -!- F ( t )  . (1 1 

Although there are clear ly  o ther  modes of t r a v e l ,  these f o u r  comprise a 
s u f f i c i e n t l y  l a rge  majori ty  f o r  t h i s  i l l u s t r a t i o n .  Fe r r i e s ,  which were 
once very popular i n  the  Bay Area, are introduced not a t  a l l  whimsically 
when one cons iders  t h e  f l a i r  of going t o  work across  or up the  Bay i n  a 
modern, high speed w a t e r  sur face  c r a f t .  

With a given po l lu t ion  per  passenger-mile f o r  t he  automobile, bus, 
commuter t r a i n  and f e r r y  (ka, kb, k t ,  k f ) ,  it is poss ib le  t o  w r i t e  a 
po l lu t ion- leve l  c o n s t r a i n t  equation f o r  each po l lu t an t .  

k a A ( t )  + k b B ( t )  + k t T ( t )  + k f F ( t )  - < P i ( t )  

Similar ly ,  w i t h  c o s t s  pe r  passenger-mile known (say c,, Cb, C t ,  and 
c f ) ,  the operat ing cost C ( t ) ,  or the  s y s t e m  can be wr i t t en  as 

T h i s  approach t o  t r anspor t a t ion  and i t s  r e s u l t i n g  po l lu t ion  can be 
used t o  present  the consequences t o  a v a r i e t y  of "what i f "  quest ions or 
s i t u a t i o n s  such as:  

What i f  a new proposal t o  increase BART by 300% over the 
1975-85 t i m e  period is accepted? 

What t r anspor t a t ion  a l t e r n a t i v e s  must be considered i f  
automobile growth continues a t  i t s  present  exponential  
growth rate and Pi  is  spec i f i ed  f o r  each of severa l  
po l lu t an t s?  
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To take  a s p e c i f i c  case, consider  t he  evaluat ion of the e f f e c t s  
of changing the t r anspor t a t ion  plan f o r  buses from B ( t )  t o  a new 
plan B ' ( t ) .  Us ing  Eq. (1) and the known plans f o r  R ( t ) ,  T ( t ) ,  and 
F ( t ) ,  t h e  new automobile plan, A ' ( t ) ,  can be determined." If t he  
t r anspor t a t ion  plans A ' ( t ) ,  B ' ( t ) ,  T ( t ) ,  and F ( t )  s a t i s f y  t h e  
po l lu t ion  r e s t r a i n t  of Eq. (21, t h e  t r anspor t a t ion  d i s t r i b u t i o n  they 
represent  is s a t i s f a c t o r y  from the  pol lu t ion  s tandpoint .  If no t ,  
e i ther  a new bus plan must be t r i e d  or t he  t r a i n  and/or f e r r y  plans 
ad jus ted .  

A s  a hypothe t ica l  case,  suppose t h a t  a 30% increase i n  busing 
c a p a b i l i t i e s  is  t o  take p lace  over a th ree  yea r  per iod beginning i n  
1975. During t h a t  period, no  add i t iona l  t r a i n  or f e r r y  f a c i l i t i e s  
are contemplated Because t h e  t o t a l  t r anspor t a t ion  requirement w i l l  
rise faster t h a n  busing c a p a b i l i t i e s  between 1975 and 1968, add i t iona l  
automobile t r a f f i c  w i l l  be necessary. A s  a r e s u l t ,  t he  po l lu t ion  re- 
s t r a i n t  P i  f o r  hydrocarbons w i l l  be exceeded, s t a r t i n g  i n  June 1976, 
unless  by t h a t  t i m e  t h e  r a t i o  of two-person t o  one-person automobile 
t r i p s  increases  by 20%. 
t ranspor ta t ion  planning agencies, among which may be:  

A v a r i e t y  of options are thus ava i l ab le  t o  

Begin increas ing  busing c a p a b i l i t i e s  earlier, say i n  1974, 
and cont inue through 1978, so  t h a t  a 50% increase is ob- 
ta ined .  

Plan for increased t r a i n  c a p a b i l i t i e s ,  t o  begin n o  la ter  
than June 1976. 

Increase the  r a t i o  of two-person t o  one-person automobile 
t r a f f i c  by graduated bridge t o l l s  and o the r  economic i n -  
cen t ives  

Increase the t r anspor t a t ion  s l i c e  of t h e  t o t a l  po l lu t ion  
p i e  f o r  hydrocarbons and e i t h e r  reduce o ther  s l i c e s  ac- 
cordingly or accept f u r t h e r  degradation of a i r  qua l i t y .  

8.5 Conclusions and Recommendations 

A i r  po l lu t ion  i n  t he  San Francisco Bay A r e a  comes about from a 
v a r i e t y  of urban systems, upon the c rea t ion  or design of which t h e  
B A A E D  has l i t t l e  or no inf luence.  A s  an example t h e  choice between 
or u l t ima te  mix of a l t e r n a t i v e  t ranspor ta t ion  or power generation 
systems is determined by completely separa te  agencies even though the 
impact of such dec is ions  may dramatical ly  a l te r  t h e  q u a l i t y  of a i r .  
I n  such an arrangement the M P C D  is forced i n t o  a defensive and 

* 
The automobile plan is chosen as t h e  dependent va r i ab le  s ince  any 
f a i l u r e  of buses, t r a i n s ,  and f e r r i e s  t o  supply t h e i r  shares  of t h e  
necessary overall t r anspor t a t ion  requirement w i l l  m o s t  l i k e l y  r e s u l t  
i n  t h e  pub l i c ' s  using automobiles t o  make up the d e f i c i t .  
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inappropr ia te  posture  of t r y i n g  t o  con t ro l  po l lu t ing  systems which have 
been designed q u i t e  apa r t  from the goal  of c lean  a i r .  Present con t ro l  
programs are, a t  bes t ,  j u s t  "holding the  l i n e " ;  i n  t h e  f a c e  of increas-  
ing Bay Area population, i t  is a v i r t u a l  c e r t a i n t y  t h a t  a i r  qua l i t y  w i l l  
g e t  worse unless  more e f f e c t i v e  con t ro l  measures are ca r r i ed  out.  A s  a 
primary s t e p  i n  e s t ab l i sh ing  a comprehensive con t ro l  program, it is 
s t rongly  recommended tha t  any f u r t h e r  planning and development of t h e  
Bay Area be done on a regional  bas i s ,  w i t h  po l lu t an t  emissions and e f -  
f e c t s  on l o c a l  and regional  a i r  qua l i t y  as important f a c t o r s  when con- 
s i d e r a t i o n  is given t o  loca t ing  any  new freeways, i ndus t r i e s ,  res iden-  
t i a l  developments and the  l i k e .  

The BAAPCD must broaden the  scope of i ts  a c t i v i t i e s  t o  develop a 
comprehensive program of a i r  pol lu t ion  con t ro l .  In p a r t i c u l a r ,  i n  ad- 
d i t i o n  t o  the  operation recommendations set f o r t h  i n  Chapter 6, t he  
BAAPCD should : 

Adopt the  philosophy t h a t  there is an upper l i m i t  on the  t o t a l  
r a t e  of emission of any po l lu t an t  from a l l  sources i n  t h e  Bay 
A r e a  and reflect t h i s  philosophy i n  i t s  regula t ions .  

Stay abreas t  of t he  l a t e s t  models and  techniques f o r  d e t e r m i n -  
ing t h e  cause-effect  r e l a t ionsh ip  between po l lu t an t  sources 
and a i r  qua l i t y .  

Make the  bes t  poss ib le  computation of the  t o t a l  po l lu t ion  p i e  
f o r  each po l lu t an t  t h a t  i s  cons is ten t  w i t h  t he  maintenance of 
a i r  qua l i t y  s tandards and d i r e c t  i t s  source emission con t ro l  
program toward ensuring t h a t  a c t u a l  t o t a l  emission rates do 
not exceed these  upper l i m i t s .  

Fami l ia r ize  l o c a l  and regional  planning agencies w i t h  the  a i r  
po l lu t ion  problem and the  r o l e  which such agencies can play 
i n  i t s  so lu t ion ;  i n  p a r t i c u l a r ,  t he  BAAPCD should use whatever 
inf luence it can t o  insure  tha t  these agencies s t rongly  consid- 
e r  e f f e c t s  on a i r  qua l i t y  i n  a l l  of t h e i r  ac t ions .  
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Appendix 1-1 

A I R  QUALITY CRI’IXRIA 

The fol lowing t a b l e s  were ext rac ted  from Reference 6 of Chapter 1. 
These t a b l e s  are summaries of some of t he  experimental evidence which 
w a s  s tud ied  by t h e  technica l  advisory s t a f f  of t he  A i r  Resources Board 
i n  adopting t h e  latest vers ion of Ca l i fo rn ia ’ s  A i r  Quality Standards. 
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Table 1-1.1 

AIR QUALITY CRITERIA FOR OZONE BASED ON HEALTH EFFECTS~ 

_.__I_- 

EFFECT 

Odor Detection 

R e s ~ l r ~ t o r y  I r r f t a t t o n  (Noce 
d Throat), Chest Constr ic t lon 

e s  i n  Pulmonary Fbnctions: 

nlshed FEV1.0 a f t e r  
eks  

b) S m l l  decremcnts i n  VC. 
FRC an3 D L a  i n  respec- 
t l v e l y  3, 2 and 1 o u t  of 
7 aGbJects 

) Reduced VC, severe cough, 
i n a b i l i t y  +n concentrate  

Acute a lmonary  Edema 

0.3  

0.5 

0.2-0.3 

0 -6-0.8 

0.1-1.0 

2.0 

9.0 

5 Minutes 

Continuous P i r l n l  
Working Hours (a 
Hours) 

3 Hours/Day 
6 Dayspeek for 
1 2  Weeks 

Continuous During 
Working Hours 

2 Hours 

1 Hour 

2 Hours 

Odor de tec ted  i n  9/10 subjec ts  within 
5 minu tes . 
Occupational exposure of welders 
(other  o l l u t a c t s  probably also 
prescnty . 

Experlmental exposure. Change re turns  
to normal 6 weeks a f t e r  exposure, 
changes observed at 0 2  ppm. 

Occupational exposure. All 7 subjects  
smoked. Normal values for VC, FRC and 
D b  based on predicted value. 

Eo 

Experimental exposure of 11 subjects .  

Inereace i n  1/L, a t  0.1 ppm and C / b  at 

Hlgh temperatures. One subject .  

1.0 ppm. 

Refers to  p e a  concentration of occu- 
pa t iona l  exposure. Most of exposure 
w a s  to  lcwer level .  

Campfled by t h J  Califomla S t a t e  DepartErent of  Pu3l lc  Health. 

Table  1-1.2 

A I R  QUALIlY CRITERIA FOR OXIDANTS BASED ON HEALTH EFFECTS' 

EFFECT; 

%ye I r r i t a t i o n  

Dpairmczt  of RLtonary Function 
(Airway res i s tance)  

Aggravation of Resplrs  
Discnsc: Asthma 

l[apalred Perfornance of Student 
AthAe t a s  

Regress ion  
about  0.1 

0.13' 

DURATION 

5 Minutes 

1 Week i n  Room 
Contalning Ambi- 
ent A i r  

Contlnuous 

1 Hour + 

REFERENCE 

Henschlcr e t  a1 

Klelnfeld e t  Crx. 

Bennett 

Young e t  sl 

Young et al 

Goldsmlth e t  a1 

Griswold a t  aL 

Kleinfeld e t  al 

I 

Most subjec ts  had eephysema. 

Pa t ien ts  exposed t o  m b l e n t  air. 
V ~ U O  r e f e r s  to oxidant leve l  a t  

:choettZln and 

lcuLated from a measured value of 0.25 ppa (phenalphthnlein methal) whlch l r  ecpivstent  to 0.13 (XI). 

C C n p l k i  by the Callfornla S t a t e  Department of Public  Health. 
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Table 1-1.8 

HYDROGEN SUW IDE ODOR, PHYSIOLOGICAL RESPONSE AND 
VEGETATION DAMAGE RELATED TO SPEC IF IED CONCENTRAT IONS 

Concentration 
Reference 

(PPm 1 

Odor 

0.011 

0 -036 

0.072 
< 0.072 

0.043-0.145 

0.022 
0.13 

0.77 

4.6 

0.025 
0,30 
3-5 

0.07 
6.7 

20 

50-100 

200-300 

5 00 -700 

700-1,000 

1,000-2,000 

U.S.S,R, Atmospheric Standard f o r  Maximum 4 
Average 

S ingle  Value 
U.S.S,R. Atmospheric Standard f o r  Maximum 

Concentration not  sensed by o l f ac to ry  organs 
Concentration sensed by o l f ac to ry  organs 
Odor d e f i n i t e  and clearly pe rcep t ib l e  

No odor as determined by a panel  of observers 5 
Threshold odor l e v e l  as determined by a panel  

F a i n t  odor, r ead i ly  pe rcep t ib l e  by a panel of 

Eas i ly  not iceable  by a panel of observers 

of observers 

observers 

F i r s t  de t ec t ab le  odor 
D i  s t inc  t odor 
Offensive and moderately i n t e n s e  

Physiological  Response 

Affec ts  l i g h t  s e n s i t i v i t y  of eye  
Chronic t o x i c i t y  i n  rats 

6 

7 

Recommended threshold l i m i t  value f o r  indus- 8 
t r i a l  exposures 

Subacute poisoning, mild c o n j u n c t i v i t i s  and 9 
mild r e sp i r a to ry  t r a c t  i r r i t a t i o n  a f t e r  
one-hour exposure 

Subacute poisoning, marked c o n j u n c t i v i t i s  
and r e sp i r a to ry  t r a c t  i r r i t a t i o n  a f t e r  
one-hour exposure 

Subacute poisoning, dangerous i n  one-half 
t o  one hour 

Pos s i b l e  acute  poisoning, rap i d  unconscious- 
n e s s ,  dea th  

Acute poisoning, rapid unconsciousness, dea th  
i n  few minutes 
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Table 1-1.8 (Cont) 

Concentration 
(PPm) 

Reference 

70-150 S l igh t  symptoms a f t e r  s eve ra l  hours exposure 10 
170-300 Maximum concentrat ion t h a t  can  be inhaled 

400-700 Dangerous exposure a f t e r  30 t o  60-minute 
f o r  one hour without s e r ious  consequences 

exposure 
600 F a t a l  a f t e r  30 minutes 

100 S l igh t  symptoms may appear a f t e r  severe1 h r s .  11 
200 Suf f i c i en t  t o  cause symptoms i n  man 

1,000 Rapidly f a t a l  

Vegetation Damage 

f i v e  hours 

f i v e  hours fumigation 

20 -40 S l igh t  damage t o  a few spec ies  fumigated f o r  12 

400 Some spec ies  escaped v i s i b l e  damage a f t e r  
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Appendix 2-1 

A PROGRAM FOR THE LONG-RANGE PREDICTION OF POLLUTANT 
EMISSIONS FROM AUTOMOBILES 

Automobiles are a major source of a i r  po l lu t an t s ,  and t h e i r  e m i s -  
s i ons  are sub jec t  t o  Federal  and S t a t e  of C a l i f o r n i a  c o n t r o l  programs 
(see Chapter 2) .  I t  would be advantageous t o  be a b l e  t o  c a l c u l a t e  what 
t he  e m i s s i o n  rates from automobiles w i l l  be i n  f u t u r e  years. This a b i l -  
i t y  would a l l o w  eva lua t ion  of t h e  present  c o n t r o l  programs or any f u t u r e  
extensions of t h e m .  This appendix ou t l ines  a now e x i s t i n g  program f o r  
use on a d i g i t a l  computer tha t  w i l l  very rap id ly  c a l c u l a t e  p ro jec t ions  
of p o l l u t a n t  emissions from automobiles f o r  any  con t ro l  program. Such 
p ro jec t ions  f o r  CO, HC, and NOX, based on C a l i f o r n i a ' s  automobile e m i s -  
s ion  s tandards  program, are shown i n  Chapter 2 .  

per year) of  t h e  p o l l u t a n t ( s )  of  i n t e r e s t  over t h e  d e s i r e d  span of years 
and p l o t s  t h e  emission rates f o r  t h e  var ious  yea r s .  The v a r i a b l e  inputs  
ava i l ab le  t o  the  user  are: 

Bas i ca l ly ,  t h e  program computes the annual emission r a t e s  (pounds 

(a)  The span of years over which the ca l cu la t ions  a r e t o b e  made. 

(b) The a c t u a l  or projected annual car  s tock  and car sales. 

(c) The su rv iva l  p robab i l i t y  o f  cars (p robab i l i t y  of t h e  car  s t i l l  
being d r iven )  as func t ion  of  car age. T h i s  su rv iva l  p r o f i l e  
appears t o  have been t i m e  (not age) independent over t h e  past  
t e n  years or so. 

( d )  The average usage ra te  ( m i l e s  d r iven  per year)  as a func t ion  
of t h e  car's age. 

(e) The emission rate (pounds per m i l e )  of  t h e  p o l l u t a n t s  of 
i n t e r e s t  f o r  uncontrolled cars. 

( f )  The d e s i r e d  con t ro l  l e v e l s  and t h e  years they are t o  be 
imposed. 

(g)  The d e t e r i o r a t i o n  of t h e  emission con t ro l  device w i t h  age. 

The program treats a l l  c a r s  o f  the s a m e  age as equiva len t ;  a l l  c a r s  of 
the same age are assumed t o  e m i t  p o l l u t a n t s  at t he  same rate and t o  have 
been d r iven  t h e  s a m e  number o f  m i l e s .  No f i n e r  t i m e  r e s o l u t i o n  than one 
yea r  is considered;  a l l  cars sold dur ing  any year a r e  assumed t o  have 
been sold a t  t h e  beginning of  tha t  year .  

po l lu t ion  of i n t e r e s t .  The program c a l c u l a t e s  Q ( t )  over t h e  d e s i r e d  
span of  years  t from t h e  equat ion 

L e t  Q ( t )  be t h e  annual emission ra te  during year  t f o r  t h e  

nmax 

A ( t )  = 1 
n=l  

S( t -n+l)  P(n)q v(n)k  (t-n+l) D(n) 
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Here n is an index represent ing  t h e  ages i n  years  (n-1) of  t h e  auto- 
mobiles involved i n  t h e  ca l cu la t ion .  The factors involved i n  t he  equa- 
t i o n  are discussed i n  t he  following paragraphs. 

C a r  Sa l e s  

S ( t )  r ep resen t s  t he  number of cars sold i n  t h e  year t .  These 
va lues  can be read d i r e c t l y  i n t o  t h e  program, or they  can be ca lcu la ted  
by t h e  program based upon any predicted sales p a t t e r n  i n  f u t u r e  years.  
For example, F igure  2.2 of Chapter 2 shows that t h e  car population of 
t h e  Bay Area has been growing exponent ia l ly  over t he  pas t  30 years .  The 
emission p ro jec t ions  shown i n  Figures  2.3a, 2,3b, and 2 . 3 ~  w e r e  based 
on a continued increase  i n  t h e  car populat ion a t  t h e  same exponent ia l  
rate. Assuming a t i m e  independent su rv iva l  p robab i l i t y  (see the  follow- 
ing  paragraph) ,  t h i s  implies  t h a t  car sales w i l l  a l s o  increase  at t h e  
same rate. Thus the  projected sales were computed as 

S ( t + l )  = a S ( t ) ,  t > 1960 

S ( t )  = S(t+l),h,  t < 1960 
- 

where S(1960) and a were input  data t o  t h e  program. S(1960) was 
chosen so that  the  ca r  stock n ( t )  of the  Bay Area, as shown i n  Figure 
2.2 of  Chapter 2, w a s  c o r r e c t l y  calculated by 

nmax=40 

n = l  
n ( t )  = 1 S(t-n+1) P(n> . 

The growth f a c t o r  a w a s  determined from Figure 2.2 from the  r e l a t i o n s h i p  

so tha t  l n ( a >  = a is  the  s lope  of t h e  curve of Fig. 2.2. 

Surv i v a l  Pr obabi 1 i t  y 

P(n) is t h e  p r o b a b i l i t y  t h a t  a car of  age n-1 years  is s t i l l  
being dr iven .  
be i n t e r n a l l y  ca lcu la ted  by any d e s i r e d  formula. Nationwide automobile 
r e g i s t r a t i o n  data over t h e  pas t  15  years indicate t h a t  t h e  su rv iva l  prob- 
a b i l i t y  as a func t ion  of car age is not changing s i g n i f i c a n t l y .  A compo- 
s i t e o f t h e s e  data is  shown i n  Figure 2-1.1. I t  has,been a r b i t r a r i l y  ex- 
tended so tha t  t h e  s u r v i v a l  p robab i l i t y  goes to  zero at a car age of 40 
years. T h i s  p r o b a b i l i t y  p r o f i l e  P(n) w a s  used t o  compute the  projec- 
t i o n s  shown i n  Chapter 2. 

T h i s  data  can be read d i r e c t l y  i n t o  t h e  program or it  can 
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CAR AGE (years) 

Figure 2-1.1. THE SURVIVAL PROBABILITY OF CARS AS A FUNC- 
T I O N  OF THEIR AGE. ( D a t a  taken from Automobile Fac ts  
1969, Automobile Manufacturers Associat ion,  f o r  car ages 
of 15 years  or less. For l a rge r  ages,  curve 15  is ar- 
b i t r a r i l y  drawn t o  g ive  z e r o  p robab i l i t y  a t  age 40 years . )  

- 

Uncontrolled Emissions Factor 

q is  the rate (pounds per m i l e )  a t  which t h e  po l lu t an t  of i n t e r e s t  
is  e m i t t e d  from an uncontrol led automobile. T h i s  f a c t o r  is perhaps the  
major source of unce r t a in ty  i n  t h e  ca lcu la ted  emissions pro jec t ions .  The 
va lues  used i n  the p ro jec t ions  of Chapter 2 ,  which are shown t h e r e  i n  
Table  2.1, are based on an average urban d r iv ing  cycle .  

Annual Mileage 

The annual mileage dr iven  by a car  of age n-1 years i s  represented 
by v ( n ) .  This  input  t o  t h e  program can be a l lowed  t o  vary w i t h  car age,  
or it can be t r e a t e d  as a s i n g l e  cons tan t .  The va lues  used i n  t h e  pro- 
j e c t i o n s  of Chapter 2 are shown i n  Table 2-1.1. The o v e r a l l  n a t i o n a l  
average annual mileage for cars of a l l  ages i s  9350 m i l e s  per car per 
year.  It  has not var ied appreciably over the las t  ten  y e a r s .  

Control Levels and Y e a r s  

k ( t )  is the  degree of con t ro l  f o r  t h e  po l lu t an t  of i n t e r e s t  im-  
posed on the emissions from a l l  cars s o l d  during year t .  Numerically, 
it is the  r a t i o  of  the  emission standard fo r  year t t o  the  uncontrolled 
emission rate;  a value of 1 . 0  implies  no con t ro l ,  w h i l e  a value of  0.0 
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Table 2-1.1 

DETERIORATION AND MILEAGE DATA’ USED IN CALCULATING 
PROJECTED EMISSIONS FROM AUTOMOBILES 

* 
** Age a t  the  beginning of t h e  year 

This is the  f a c t o r  by which control led emissions l e v e l  
(grams per mile)  is mult ipl ied due t o  d e t e r i o r a t i o n  of 
cont ro l  dev ice .  

represents  t o t a l  cont ro l .  Any number of  p a i r s  k ( t ) ,  t can be read 
i n t o  t h e  program. The values of k ( t )  used i n  t h e  project ions of Chap- 
ter 2 were those determined from t h e  S t a t e  of Ca l i fo rn ia  emissions con- 
t r o l  program, summarized i n  Table 2 .1  of t h a t  chapter.  

Deter i o r  a t  ion of Con tr o l  Dev i ces 

The program al laws considerat ion of t h e  d e t e r i o r a t i o n  of  t he  e m i s -  
s i on  cont ro l  devices  with age. The d e t e r i o r a t i o n  f ac to r  D(n3 would 
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have a va lue  of  1.0 i f  there w e r e  no d e t e r i o r a t i o n  and would 
as d e t e r i o r a t i o n  occurs .  Table 2-1.1 lists t h e  values  of D 
HC and CO c o n t r o l  devices  used i n  t h e  p ro jec t ions  of Chapter 
are based on s t u d i e s  made i n  Los Angeles. N o  data  e x i s t  for 
v i c e s ,  and consequently va lues  of 1 .0  were used i n  t h i s  case 

increase  
n)  f o r  
2. They 

NOx de- 

In  a d d i t i o n  t o  eva lua t ing  t h e  r e s u l t s  of  present  con t ro l  programs, 
as discussed i n  Chapter 2, t h e  program could be used t o  determine ap- 
p r o p r i a t e  con t ro l  programs, o r  the non-existence of them, t o  accomplish 
p a r t i c u l a r  goals. For example, it could be used t o  determine what, i f  
any, add i t ion  emission s tandards  should be imposed, and when, t o  reduce 
emissions of N4, i n  t h e  Bay Area t o  1940 l e v e l s  and maintain them there. 
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Appendix 2-2 

AUTOMOTIVE A I R  POLLUTION SOURCES 

Automobile exhaust is one of t h e  major con t r ibu to r s  t o  a i r  po l lu t ion .  
Since c a r s  are moving sources, l o c a t i n g  t h e  emission from automobiles 
is  not easy.  Common p r a c t i c e  is  t o  ass ign  au to  emissions on t h e  b a s i s  
of  gaso l ine  sales; i .e . ,  i t  i s  assumed t h a t  about as much gas is  burned 
i n  a c e r t a i n  a r e a  as i s  sold there,  and that  i n  any one year t h e  amount 
of  p o l l u t a n t s  emitted f o r  each ga l lon  of gas burned is  cons tan t .  These 
assumptions are reasonable  as long as the areas considered are l a rge .  
They are reasonably v a l i d  f o r  t h e  e n t i r e  Bay Area, and probably p r e t t y  
good on a county bas i s .  However, i f  one wants au to  emissions on a f i n e r  
g r i d ,  a d i f f e r e n t  method must be employed, not only because these assump- 
t i o n s  become i n v a l i d ,  but a l s o  because i t  i s  d i f f i c u l t  t o  ob ta in  statis- 
t i c s  on t o t a l  gaso l ine  sales f o r  smaller subdivis ions.  T h i s  appendix 
desc r ibes  a method for counting local automobile emissions based on sta- 
t i s t i c a l  information o f  t r i p s  made, and i t s  app l i ca t ion  t o  the  Bay Area. 

The method presupposes t h e  ex is tence  of a de t a i l ed  t r i p  inventory.  
For tuna te ly ,  such an inventory e x i s t s .  I t  w a s  prepared by t h e  Regional 
Transpor ta t ion  Planning Commission (RTPCO), formerly known as Bay Area 
Transpor ta t ion  Study Commission (BATSC), and is  based on a 1965 survey 
o f  some 35,000 Bay Area households. Ext rapola t ions  t o  1980 and 1990 
a l s o  e x i s t .  Although RTPC has made many d i f f e r e n t  breakdowns of their  
survey, t h e  present  work w a s  concerned only w i t h  t h e i r  t a b l e s  f o r  week- 
d a y  t r i p s  of  a l l  veh ic l e s .  The o r i g i n a l  survey had broken t h e  a r e a ,  
i . e . ,  t h e  n ine  Bay Area count ies ,  i n t o  291 d i s t r i c t s ,  embedded i n  30 
super d i s t r i c t s  (Figure 2-2.1). Time and impatience d i d  not permit use 
of  t he  f i n e  g r id  so t h e  ca l cu la t ions  were made for the  30 super d i s t r i c t s  
(SD). RTPC furnished 30 X 30 matrices showing t h e  number of  t r i p s  from 
any one SD t o  any other SD as w e l l  as the t r i p s  wi th in  each SD. 

Next estimates of  t h e  mileage for each of  these 900 poss ib l e  t r i p s  
were made. To minimize t h i s  work, a t a b l e  w a s  constructed l i s t i n g  each 
t a r g e t  SD and t h e  S D s  adjacent t o  it from where t r a f f i c  might come (see 
Table  2-2.1). Then, on l a r g e  scale road maps, t h e  mileage required t o  
go through t h e  t a r g e t  SD, and t h e  mileage t o  a pre-selected center  (see 
Table 2-2.2) wi th in  t h e  t a r g e t  SD w e r e  measured. It should be emphasized 
t h a t  t h i s  t a b l e  shows the  mileage i n  t h e  t a r g e t  SD, not i n  t h e  SD from 
where t h e  t ra f f ic  comes. 

Since the  amount of po l lu t ion  e m i t t e d  depends on t h e  type  of d r iv ing  
as w e l l  as t h e  mileage d r iven ,  a c t u a l  mileages are mult ipl ied by 1.5 i f  
t h e y  represent  congested c i t y  t r a f f i c ,  and by 0.7 i f  t hey  represent  un- 
congested highway or country dr iv ing .  Normal t r a f f i c  mileage i s  l e f t  
unchanged. 

Next a 30 X 30 rou t ing  matrix w a s  prepared, showing t h e  number of  
the last SD d r iven  through when coming from t h e  o r i g i n  SD and before  
reaching the t a r g e t  SD. For example, going from SD 29 t o  SD 15, 16  i s  
t h e  number of the  las t  SD dr iven  through. I f  o r i g i n a l  and d e s t i n a t i o n  
SD are the  same or adjacent ,  the number zero  i s  used. 

153 



Figure 2-2.1. THE RTPC (BATSC) SUPER D I S T R I C T S .  
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Table 2-2.1 

SECTION FROM MILEAGE CHART 

15 

15 

15 

15 

15 

16 

16 

SD 
f r o m  which 

T r a f f i c  Comes 

Target 
SD 

6 

13 

14 

16 

20 

01 

15 

-I 

M i l e s  
Through 

Target SD 

12.6 

7.0 

10,5 

10.5 

11.7 

8.0 

8.0 

With the matrix and t h e  mileage t a b l e ,  one 
emission mileage f o r  t r i p s  between any two SDs. 

M i l e s  
t o  Center 

of  Target SD 

8.9 

3.5 

6,1 

5.5 

5.6 

7.0 

6.0 

can compute t h e  equivalent  
For example, i r -  going 

from SD 29 t o  SD 15, a d r i v e r  would have gone through SDs 18, 17, 16, and 
accumulated 

9.8 equivalent  m i l e s  i n  SD 29 
7 18 
6 17 
8 16 

and 5.6 15 

11 11 

I1  11 

11 11 

11 11 

Since d r i v e r s  do not u sua l ly  start  or end a t  the  center  of an SD, 
some mileage must be added t o  each end of t h e  t r i p .  Sim.ilarly, t r i p s  
wi th in  a d i s t r i c t  must be assigned an "average" mileage. I t  w a s  assumed 
t h a t  the average t r i p  wi th in  a d i s t r i c t  is 7 m i l e s ,  and tha t  3-1/2 m i l e s  
are added t o  i n t e r - d i s t r i c t  t r i p s  at each end. Thus, a t r i p  from SD 29 
t o  SD 15 c o n s i s t s  of 9.8 + 3.5 = 13.3 m i l e s  i n  SD 29 and 5.6 + 3.5 = 9.1 
m i l e s  i n  SD 15 p lus  the "through" mileages stated above i n  SD 16, 17 and 
18. I n  t h i s  fash ion ,  t o t a l  mileages w e r e  computed f o r  each SD. 

t a ined  from e s t i m a t e d  data  for Los Angeles( l )  as fol lows:  
Emission data f o r  a "normal" m i l e  were now needed. These w e r e  ob- 

( l ) A i r  Po l lu t ion  i n  Los Angeles - L.A. County A i r  Po l lu t ion  Control 
D i s t r i c t ,  Jan.  1968. 
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Estimated Emission 
lb/car-mile (x 100) 

Year Pa r t  i cu la t  es HC No, co 

1969 0.068 2.55 1.28 14.2 

1980 0.054 0.55 0.61 5.0 

Multiplying mileage i n  each SD by estimated emissions l eads  t o  t h e  e m i s -  
s i o n s  i n  each SD, Tables 2-2.3, and 2-2.4. 

Table 2-2.2 

DISTRICT CENTER 

Distr ic t  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Center 

Union Square 
R t .  1 at  Geary 
R t .  200 and 101 
R t .  1 and 35 
S.S.F. - E l  Ca .  at Grand 
S.M. - E l  Cam. a t  3rd Ave. 
M.P. - E l  Cam. at S ta .  Cruz 
L.A. - E l  Cam. a t  San Antonio 
Santa Clara 
Cambell 

S.J. - 1st and San Carlos 
Morgan H i l l  
Livermore 
Fremont (Thornton & Fremont ) 
Castro Valley 
Oakland - Lake Merritt 
Berkeley - Universi ty  and Shattuck 
Richmond - McDonald & 23rd 
Martinez 
Walnut Creek 

Clayton 
Vallejo - 29th & Tennessee 
Vacav i 1 l e  
Napa 
R t .  120 and Knoxville Rd. 
Pet aluma 
Santa Rosa 
Healdsburg 
R t s .  37 and 101 
M i l l  Valley 
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Discussion: 

Many of the  assumptions made i n  the analyses  are open t o  quest ion:  
the choice of  r o u t e s  between S D s ,  the  estimates of mileage, t h e  d r iv ing  
t y p e  co r rec t ion  f a c t o r s ,  and the emission factors. They need t o  be con- 
firmed or corrected by a c a r e f u l  s tudy of d r i v i n g  i n  the  Bay Area. 

T h i s  appendix has out l ined  a technique f o r  de r iv ing  automobile e m i s -  
s i on  d e t a i l s  by using t h e  ex tens ive  surveys made by RTPG. These analyses  
could be extended t o  the  291 d i s t r i c t s  f o r  which RTPC made i t s  o r i g i n a l  
survey. Such a s tudy would be time-consuming b u t ,  w e  be l ieve ,  it is  the  
only method capable of e s t a b l i s h i n g  d e t a i l e d  au to  emission maps f o r  t h e  
D i s t r i c t .  
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Appendix 3-1 

A I R  QUALITY INDICES 

Various at tempts  have been made t o  desc r ibe  t h e  state of t he  a i r  
i n  terms of a s i n g l e  index. For example, the BAAPCD uses  the combined 
p o l l u t a n t  index (CPI) discussed i n  Chapter 1 .  The CPI is  the  sum of 
several p o l l u t a n t  concent ra t ions  (60, N%, oxidants )  and t h e  coeff  i- 
c i e n t  of haze, each weighted r a t h e r  a r b i t r a r i l y  so  that t h e  CPI usu- 
a l l y  l ies  somewhere on a s c a l e  between 0 and 100. On p a r t i c u l a r l y  
bad days t h e  value can be g r e a t e r  than 100. The CPI weights m o s t  
heavi ly  those p o l l u t a n t s  which reduce v i s i b i l i t y ;  t h e r e  is no real 
c o r r e l a t i o n  between it and the  var ious  S t a t e  a i r  q u a l i t y  s tandards.  
This appendix desc r ibes  two combined ind ices ,  a d a i l y  local a i r  
q u a l i t y  index ( D M Q )  and a n  ambient a i r  q u a l i t y  index (AAQ), which 
are based on these s tandards .  

Consider a n  a i r  c e l l ,  which may be either the  e n t i r e  a i r shed  or 
a subdiv is ion  of it (see Chapter 3 and Appendix 8 - l ) ,  and assume t h a t  
t h e  time-averaged concent ra t ions  have been measured for a l l  p o l l u t a n t s  
for which a i r  q u a l i t y  s tandards have been e s t ab l i shed .  I n  t h i s  s e n s e  
t i m e  averaging means t h a t ,  for each po l lu t an t ,  the concentrat ions ( C i  
for t h e  ith p o l l u t a n t )  have been averaged over t h e  t i m e  spec i f i ed  i n  
the s tandard;  e.g. ,  8 hours for CO, 1 hour for S02, e t c .  (see Table 
1 . 3 ) .  Fur the r  assume tha t  maximum d a i l y  time-averaged concentrat ion 
of each p o l l u t a n t  ( C i m )  has been determined. Then the  r a t i o  of C i m  
t o  the  a i r  q u a l i t y  s tandard ( C i s )  can be ca l cu la t ed  for each pol lu-  
t a n t .  Then t h e  d a i l y  l o c a l  a i r  q u a l i t y  index i s  def ined as the 
metic average of t hese  r a t i o s .  Tha t  is, f o r  t h e  a i r  c e l l  under 
e ra t  i on 

a r i th -  
consid- 

where N is t h e  number of p o l l u t a n t s  for which a i r  q u a l i t y  s tandards 
have been e s t ab l i shed .  Table 3-1.1 shows the breakdown of a hypothet- 
i ca l  DLAQ determinat ion.  For t h i s  p a r t i c u l a r  case  

1 
DLAQ = - c0.50 + 0.90 + 0 .33  + 0.40 + 0.40 + 1 .20  + 1.251 = 0 .71  7 

. 

The ambient a i r  q u a l i t y  index is  determined monthly on the b a s i s  
of d a t a  c o l l e c t e d  i n  t h e  previous month.  The c r i t e r i o n  is t h a t  for 
the ith p o l l u t a n t  o n l y  one  time-averaged measurement ( C i )  pe r  y e a r  
i s  expected t o  exceed t h e  state s tandard  ( C i s ) .  Let  Ti be t h e  
averaging t i m e  f o r  t h i s  po l lu t an t  i n  hours. There w i l l  then be 365X 
(24/Ti) values  of C i  obtained each yea r .  A value C: i s  t o  be 
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Table 3-1.1 

A HYPOTHETICAL DAILY LOCAL A I R  QUALITY INDEX TABLE FOR AN AIRCELL 

Po l lu t an t  I Cal i fo rn ia  Standard 

‘is 

Oxidant I 
0.1 ppm for 1 hour I (Corrected 

f o r  Nitrogen 
Dioxide) 1 

20 ppm for 8 hours I Carbon 
Monoxide 

I 
i 

0.03 ppm f o r  1 hour I Hydrogen 
Su l f ide  

0.05 ppm 0.50 

0.25 ppm for 1 hour 0.1 ppm 1 0.40 I Nitrogen 
Dioxide 

Sul fur  
, Dioxide 

0.04 ppm for 24 hrs.? 
0.5 ppm for 1 hour 0.016 ppm I 0.40 

1 Par t icu la te*  100 pg/m3, 24 hour 
Matter I sample 

* 
Note: S t a t e  s tandards for Tota l  Hydrocarbons have not y e t  been 
adopted i n  Ca l i fo rn ia .  The 0.4 f i g u r e  has been proposed. 

This e n t r y  is obviously not a concentrat ion,  but m a x i m u m  obscuration 
as measured i n  inverse  m i l e s .  I t  is shown i n  t h e  concentrat ion col-  
umn for convenience of presenta t ion .  

*Applicable i n  areas where t h e  p a r t i c u l a t e  m a t t e r  s tandard i s  exceeded. 

*Applicable i n  t h e  San Francisco Bay A r e a  A i r  B a s i n  and South Coast 

** 

B a s i n  only. 

determined so t h a t  only one of t hese  values  C i  is  s t a t i s t i c a l l y  expec- 
ted t o  exceed C z ,  In o ther  words Ti/(24 X 365) = 1.15 X loe4 T i  i s  
t h e  f r a c t i o n  of t h e  values which are expected t o  be l a r g e r  than CT. 
(Note t h a t  f o r  Ti = 24 hours, C i  values  are determined da i ly ;  t h e  

C i  
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value  of t h e  f r a c t i o n  is 1/365). The ambient a i r  q u a l i t y  index is 
def ined as t h e  arithmetic average, over a l l  po l lu t an t s ,  of i n t e r e s t  
of t h e  r a t i o s  Ci/Cis. That is, for any given a i r  c e l l  * 

N 

where, as before,  N is  t h e  number of p o l l u t a n t s  f o r  which a i r  q u a l i t y  
s tandards have been e s t ab l i shed .  
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Appendix 4-1 

PUGET SOUND DISTRICT EMISSION INVENTORY 

Attached is a map of p a r t  of t h e  Puget Sound Dis t r ic t  over la id  by 
a g r i d .  The dens i ty  of t h e  g r i d  is changed t o  a d j u s t  for population 
and i n d u s t r i a l  d e n s i t i e s .  Once loca t ion  and emission d a t a  have been 
obtained for a l l  emitters i n  t h e  D i s t r i c t ,  they can be a l loca t ed  t o  
t h e  g r i d  squares,  and a t a b l e  s i m i l a r  t o  Table 4-1.1 can be produced. 
The a n a l y s i s  and predic t ion  of a i r  q u a l i t y  i n  t h e  D i s t r i c t  i s  g r e a t l y  
aided by such d a t a .  
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T a b l e  4-1.1 

KING, PIERCE,  & SNOHOMISH COUNTIES 
SUMMARY OF AREA SOURCE EMISSIONS FOR THE STUDY AREA, 1967 (TONS/DAY) 

H o r i z o n t a l  V e r t  i e a l  

(100 m) (100 m) 
HC NO 

A r e a  
SO Part  CO (Km2 1 X X 

G r i d  C o o r d i n a t e  C o o r d i n a t e  

1 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

5600 

5 800 

6100 

5550 

5650 

5 800 

5550 

5650 

5 425 

5 475 

5525 

5575 

5650 

5 425 

5 475 

5525 

55 75 

5 425 

5 475 

5525 

5575 

5650 

5 800 

5 425 

53300 

53300 

53200 

53150 

53150 

53100 

53050 

53050 

52975 

52975 

52975 

52975 

52950 

52925 

52925 

5 2 925 

52925 

52875 

5 2 875 

52875 

52875 

52850 

5 2 900 

5 2 825 

400 

400 

1600 

100 

100 

400 

100 

100 

25 

25 

25 

25 

100 

25 

25 

25 

25 

25 

25 

25 

25 

100 

400 

25 

(I 11 

.03 

.ll 

.38 

.46 

. O B  

e 25 

.09 

e 36 

.05 

.06 

-03 

.06 

.36 

.31 

.20 

.06 

-36 

.61 

e 84 

.09 

.13 

.03 

.41 

.31 

.07 

.ll 

e 26 

.52 

.23 

.65 

.23 

.03 

.ll 

15 

.07 

e 14 

.03 

.63 

e 43 

.11 

.03 

.42 

.79 

.15 

.22 

.09 

.07 

20.89 

5.35 

7.19 

3.74 

24.41 

15.16 

40 a 12 

14.67 

0 .oo 
8.32 

10.40 

5.54 

13.40 

0 .oo 
47.19 

29.34 

11.95 

0 .oo 
34.87 

58.22 

15.74 

20.07 

6.33 

1.44 

4.23 

.72 

1 . lo 
.55 

9 99 

3.26 

7.42 

2.21 

0 .oo 
1-27 

1.57 

.45 

1-48 

0 .oo 
7.58 

5 s.44 

1-34 

0 moo 
5.42 

8.92 

1,69 

3.34 

1.06 

.04 

1.37 

.33 

e 46 

.46 

.97 

.99 

2.70 

.96 

0 .oo 
.54 

.68 

.35 

.61 

0 .oo 
2.76 

1.88 

.56 

0 .oo 
1.83 

3 -34 

,68 

1 .oo 
.42 

.05 
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F igure 4-1.1 GRID COORD INATE SYSTEM. 
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A p p e n d i x  4-2 

DETAILS FROM EMISSION REPORTS ON VIOLATORS 

The fo l lowing  are estimated emiss ions  f r o m  32 emitters, f o r  whom 
BAAPCD has published specific data.  
and NOx e m i s s i o n s .  

A l s o  included is a s u m m a r y  of SO2 

Source Month Par t .  SO2 O r g .  NOx CO 

A .  J .  R a i s c h  Paving 
San Jose 

A m e r .  B r a s s  & I r o n  
O a k l a n d  

A l l i e d  C h e m i c a l  
Port C h i c a g o  

A m e r .  S m e l .  & R e f .  
C r o c k e  t t 

B e r k e l e y  A s p h a l t  
B e r k e l e y  

B i r d  & Sons 
C r o c  ke  t t 

C a l i f .  & Haw. Sugar 
C r o c k e t  t 

C .  B.  H o b b s  C o r p .  
Milpi tas 

C e r t a i n - T e e d  Prod. 
R i c h m o n d  

C h e v r o n  Chem.  C o .  
R i c h m o n d  

C o l l i e r  C a r b o n  & Chem. 
R o d e o  

E c o n o m y  R e f .  & Service 
O a k  l a n d  

6 

1,495,697 

6 

697 

4 

6 

596 

7 

7 

49 697 

7 

6 

0.1 

0.1 

0.2 

0.4 

0.2 

0.3 

0.1 

0 . 2  

0.1 

0.1 0.1 

3 .O 

78.0 0.1 0.2 0.3 

3.5 

0.1 0.1 

3 .6  

0.6 

2.1 0.3 

0.1 

2.3 

SUB TOTALS (Page 1) 1.7 88.2 0.8 4.8 0.7 
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co Nox O r g  . s02 Source  Month Par t .  

F i b r e b o a r d  Corp.  
A n t  i oc h 

FMC 
Newark 

G l a s s  C o n t a i n e r s  
Hayward 

Indus t r ia l  Chem. 
A l l i e d  D i v i s i o n  
Richmond 

I d e a l  Cement  
Redwood C i t y  

Judson S t e e l  C o .  
Emeryv i l l e  

Lloyd A.  F r y  Roofing 
San Leandro  

Myers D r u m  Coo 
Emeryvi 1 le  

Owens-Corning F i b .  
S a n t a  Clara 

Owens - I l l i no i s  
Oak l a n d  

PG & E 
Mart i ne  z 

P a c i f i c  S t a t e  S t e e l  
Union C i t y  

7 

59 6 

4 

5 

6 

4,597 

435,697 

6 

5 

496 

597 

6 

0.4 

0 -4 

0.1 

0.5 

0.5 

0.1 

0.3 

0.3 

0.2 

0.9 

0.2 

2.2 0.1 

28 .O 

0.1 0.1 

0.2 0.1 

0.1 

0.2 

5.4 0.1 

0.1 0.1 

0.1 

0.4 

0.1 

5.0 2.0 

0.1 0.1 

0.5 

2 .o 

2.7 

0.2 

SUB TOTALS (Page 2 )  3.9 35.9 0.7 11.2 2.2 
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co Nox O r g  . s02 Source Month P a r t .  

P h i l l i p s  Pe t ro .  
M a r t i n e z  

P lan t  Gro. Corp . 
Milpi tas  

Saf eway S t  ores  
Oakland 

She l l  O i l  
Martinez 

Standard O i l  
Richmond 

S tau f fe r  Chem. Co. 
Richmond 

U.S. Pipe & Foundry 
U n i o n  C i ty  

Trumbull Asphalt  
San Leandro 

697 3.7 34.0 15.6 18 .O 

6 0.2 

5 0.3 0.1 

4,697 1.7 18.3 9.9 11 .o 

495,697 3.6 39.1 21.1 23.7 

5 0.1 8.6 0.1 

5 0.1 0.1 

6 0.1 0.1 

1 .o 

0.7 

1.5 

0.1 

SUB TOTALS (Page 3) 

GRAND TOTALS 

D i s t r i c t  1969 

Tota l  1969 

$, D i s t r i c t  

9.7 100.1 46.7 53 .o 3*4 

15.3 224.2 48.2 69 .O 6.3 

160 330 9 41 194 95 6 

20 1 35 1 1899 564 6164 

9,6 68.9 2.5 12.2 0 .o 
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SO2 SUMMARY--THE BIG TEN 

Source Tons/Day % Tota l  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 e 

Asarco 

Standard O i l  

P h i l 1  i p s  

I n d u s t r i a l  Chem. 
Al l i ed  Div i s ion  

S h e l l  

S t  auf f er  

PG & E, Martinez 

C o l l i e r  

C & H Sugar 

Al l i ed  Chem. 

Fibreboard Corp 

12-15 

78.0 

39.1 

34 .O 

28 .O 

18.3 

8.6 

5.4 

3.6 

3.5 

3 .O 

2.2 

0.5 

22.2 

11.2 

9.7 

8.0 

5.2 

2.5 

1.5 

1 .o 

1 .o 

0.9 

0.6 

Important sources not on v i o l a t o r  l ist  

Su l fu r i c  Acid P lan t s  70.9 20.2 

U t i l i t y  Co. Boilers 34.4 9.8 

TOTAL 329.5 93.5$ 

D i s t r i c t  (1969) 330 
Tota l  (1969) 35 1 

TOP 30 EMITTERS COMPRISE >90$ OF TOTAL SO2 EMISSION 
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NOx SUMMARY D i s t r i c t  (1969) 194 
T o t a l  (1969) 564 

S o u r c e  Tons/Day % D i s t r i c t  Cum. % District 

1, S t a n d a r d  O i l  23.7 12.2 12.2 

2. P h i l l i p s  Pet. 18 .O 9.3 21.5 

3. Shel l  O i l  11 .o 5.7 27.2 

4. Ideal Cement 5 .o 2.6 29.8 

U t i l i t i e s  (10) 38.2 19.7 49.5 

TOTAL 91 150 .OO 7 8% 

O t h e r  categories of n o t e :  

D o m e s t i c  home use 21.7 

Non-Auto. T r a n s .  16.6 
& C o n s t r .  

11.2% 

8.676 
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Appendix 4-3 

R I D I N G  SHOTGUN WITH INSPECTORS 
Summary of Gleanings i n  No Special  Order 

1. I rode wi th  f o u r  inspec tors  i n  a l l ,  most of t h e  t i m e  being spent 
w i t h  one i n  Richmond and a second i n  Oakland. 

2 .  The job  of t h e  inspec tors  begins when t h e  D i s t r i c t  g e t s  wind of 
a new p lan t  or p a r t  of a p l an t  going i n  somewhere. They may 
n o t i c e  a new stack going up. C i ty  and county bui ld ing  permits 
are required and may g ive  t h e  Dis t r ic t  l eads  on new sources .  

3 .  The D i s t r i c t  is not empowered t o  requi re  permits  fo;. emission 
equipment nor t o  spec i fy  what s o r t  of c o n t r o l  equipment must be 
used by emitters. An in spec to r  w i l l  v i s i t  t h e  new p l an t  and t r y  
t o  suggest what lessons have been learned i n  t he  pas t  by o the r  
companies. If t h e  company does not do a good job  of s e l e c t i n g  
and i n s t a l l i n g  c o n t r o l  equipment, they  w i l l  be cited i n  v i o l a t i o n  
la te r  and tha t  may cause t h e m  t o  change t h e  equipment as a way of 
coming i n t o  compliance. 

The inspec tor  said he thought t h a t  a permit sys t em might 
he lp .  Industry,  he said, responds i n  a v a r i e t y  of ways t o  e m i s -  
s ion  c o n t r o l  problems. Some companies do a good job of planning 
ahead. Others head s t r a i g h t  toward what looks l i k e  lowest i m m e -  
d i a t e  c o s t .  I n  many cases the p l an t  des igners  are not experienced 
i n  emission c o n t r o l  design and so louse it up. Then t h e  D i s t r i c t  
has t o  do  source t e s t i n g ,  catch them on Ringelmann and hass l e  
a f t e r  t h e  problem u n t i l  it is f i x e d .  

4.  Ralph Warner 's  h e l l - r a i s i n g  wi th  t h e  c i t i z e n s  of Richmond appears 
t o  have had a n  apprec iab le  impact. More inspec tors  a r e  t o  be 
added t o  the r e f i n e r i e s .  

5. Richmond, i n  t he  opinion of one inspec tor ,  is t h e  heavies t  pol lu-  
t i o n  area i n  Ca l i fo rn ia .  

6 .  The e f f e c t  of w r i t t e n  v i o l a t i o n  notices on refineries and publica- 
t i o n  of c i t e d  offenders  w a s  g r e a t e r  than the  inspec tor  expected. 
H e  s a i d  it r e a l l y  shook t h e m  up. 

7. A problem source i n  the r e f i n e r y  areas is  what i s  known as a 
"scavenger p l an t " .  Apparently, it takes  i n  SO2 and d i r t y  H2SO4 
from the r e f i n e r y  and a f t e r  processing sells  it back t o  t h e  re- 
f i n e r y  as c lean  H2SO4. 
according t o  the  inspec tor .  

I t  happened t h a t  when he w a s  showing m e  t h e  p l an t  t h e  p l a n t  
manager came out .  From informal conversat ion between the t h r e e  
of u s  I gathered t h a t  the manager does h i s  bes t  t o  keep th ings  
c l ean .  If he g e t s  c i t e d  it embarasses h i m  w i t h  h i s  higher  man- 
agement. The p l an t  manager be l i eves  the process could be cleaned 
up for a pr ice ,  but he i s  n o t  i n  a pos i t i on  t o  make tha t  s o r t  of 

Its s t ack  puts  out  d r o p l e t s  of H2SO4, 
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8. 

9. 

10. 

11. 

12. 

13 a 

14. 

15. 

dec is ion  f o r  t h e  company. H i s  f e e l i n g  is  t h a t  it would be f a i r  
t o  crack down harder  on h i s  company only i f  a l l  t h e i r  compet i tors  
were s i m i l a r l y  h i t .  
t o  c lean  th ings  up f u r t h e r  and customers would pay more f o r  gaso- 
l i n e .  This company has i n  t h e  pas t  been c i t e d  and published on 
the offender  r epor t  e 

T h i s  would probably cause a l l  t h e  managements 

Combined plumes a t  one f e r t i l i z e r  company make it impossible t o  
c a t c h  them wi th  a Ringelrhann. The inspec tor  i s n ' t  su re  why t h a t  
loophole e x i s t s .  H i s  guess is  t h a t  i f  t h e  same volume of crud 
came out  of one s t ack  it would look less d i r t y  t h a n  it does i n  
t h e  combined plume. 

More i n t e r e s t i n g  about t h i s  p a r t i c u l a r  set  of stacks i s  t h a t  one 
of them r e c e n t l y  had a n  a f t e rbu rne r  i n s t a l l e d  on it and t h e  plume 
of t h a t  p a r t i c u l a r  one is  i n v i s i b l e ,  while a l l  the rest even 
though they are pu t t ing  out t h e  same thing,  are highly v i s i b l e .  
For t h a t  company t h i s  promises t o  make the  publ ic  pressure  go 
away even though t h e  e m i s s i o n s  do not .  

The way Ringelmann works is  by c a l i b r a t i o n  of t h e  in spec to r s '  
eyeba l l s  every t h r e e  months. This is done f o r  both white and 
black smoke a t  t h e  Universi ty  of Ca l i fo rn ia  f i e l d  s t a t i o n .  When 
an  i n spec to r  makes a Ringelmann test he doesn ' t  use a c h a r t  or 
any o the r  equipment. 

Another loophole t u r n s  out t o  be R and D smoke. 

In-stack B a i l e y  Smoke Meters a r e  being used.  For instance,  Stag- 
dard O i l  has 17 of them i n  operat ion now i n  i ts  Richmond s t acks .  
One of t h e  inspec tors  has a c t u a l l y  w r i t t e n  a v i o l a t i o n  no t i ce  
based on t h e  recorder  c h a r t  d a t a  from one of t hese  meters. He 
claimed t h a t  with what t he  meter w a s  reading t h e r e  had t o  be an  
excessive Ringelmann. He t h i n k s  t h e  company decided not t o  f i g h t  
it a t  t h i s  po in t  but may choose t o  later.  

Standard i s  a l s o  operat ing two laser beam smoke d e t e c t o r s .  

When a company phones i n  a breakdown t h a t  is  occurr ing they g e t  
off t he  hook o n l y  i f  it is t h e  po l lu t ion  c o n t r o l  equipment tha t  
broke down. Some inspec tors  may be more l i b e r a l ,  but a t  least 
one says t h a t  when he hears of a breakdown he tries t o  z i p  out  
t o  t h e  company and i f  it is  being caused by t h e  wrong th ing  he 
c i t e s  them. H e  doesn ' t  f e e l  t h i s  d e t e r s  the company from repor t -  
i n g  i t s  breakdowns because they w i l l  g e t  worse f l a k  from him i f  
t hey  don't and he ca tches  them. 

A l l  the inspec tors  I ta lked  t o  seemed t o  be i n  favor  of t i g h t e r  
s tandards  . 
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16. With more inspec tors  assigned t o  o i l  companies, one inspec tor  
s a i d  he th inks  they  can do a n  appreciably b e t t e r  job.  
is  a f i n e  l i t t l e  gadget f o r  s n i f f i n g  hydrocarbons (it doesn ' t  
d i sc r imina te  between r e a c t i v e  and non) which he would l i k e  t o  
to te  around t h e  piping and valves  t o  apply Reg. 3. (The gadget 
is made by Johnson and W i l l i a m s  i n  Mountain V i e w . )  

There 

17. He would l i k e  s i m i l a r l y  po r t ab le  and easy t o  use s n i f f e r s  f o r  
S& and H2S, Telemetered information from remote meters around 
c e r t a i n  company si tes would a l s o  be d e s i r a b l e  i n  h i s  view, 
Shel l ,  he says ,  has such SO2 meters (po r t ab le ) .  

18. H2S regu la t ions  would a l s o  be n i ce  t o  have and he th inks  they 
w i l l  come. Right now t h i s  man makes h i s  own sensors  out  of beer 
c a n s  and sets them up i n  s e n s i t i v e  spots .  When a r e f ine ry  t r i g -  
g e r s  these alarms he gives  them a hard t i m e  about t he i r  H2S even 
though t h e  l a w  i s n ' t  c l e a r l y  behind h i m .  He  s a y s  the companies 
know t h i s  but  respond anyway because they can see such l a w s  com- 
ing.  

19. Another loophole i s  tha t  when sh ips  are ordered by the  Coast 
Guard t o  "pop t h e i r  valves1'  as p a r t  of t h e  Coast Guard's inspec- 
t i o n  t h e y  may put  out a l o t  of smoke and not be c i t e d .  

20. Another loophole is  tha t  moving sh ips  are not c i t e d ,  only sta- 
t i o n a r y  ones. 

21. Every person who complains is  contacted by t h e  D i s t r i c t .  One 
i n spec to r  es t imated t h a t  approximately 50% are contacted by 
phone and t h e  o the r  ha l f  i n  person. Every complaint is followed 
up on and checked out by an inspec tor .  I rode along on one such 
complaint, which turned out t o  be a n  apartment house inc ine ra to r .  
When w e  got  t h e r e  it w a s  no longer smoking, The inspec tor  s a i d  
tha t  s eve ra l  complaints had been received on t h i s  one and he has 
been t r y i n g  t o  check a t  a t i m e  when he might see the  smoke. Un- 
less he does, he c a n ' t  c i t e  i t .  

who burns t h e  apartment 's  t r a s h  f o r  them doesn ' t  separa te  t h e  
p l a s t i c s  w e l l  enough because the  load of garbage i s  t o o  b ig  f o r  
h i m  t o  handle a lone i n  t h e  t i m e  he has. When t h e  manager said 
"without t h i s  i nc ine ra to r  operat ing,  w e  *d r e a l l y  be i n  t rouble" ,  
t h e  inspec tor  asked why. "Because it  would c o s t  us more money 
t o  have it hauled away". 

H i s  suspicion is t h a t  the cause of t h e  smoke is t h a t  t h e  man 

22. Having more c i t i z e n s  r i d e  shotgun a s  I d i d  would raise h e l l  w i t h  
h i s  job i n  t h e  opinion of one inspec tor .  Point ing th ings  out and 
answering ques t ions  slows h i m  down. H e  cannot require companies 
t o  admit s t r ange r s  when he goes i n  t o  make inspec t ions .  And t h e r e  
are ques t ions  about what i s  being emitted from s tacks  which the  
present  respec t  of propr ie ta ry  secrecy pol icy  would not allow him 
t o  desc r ibe .  
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23. The inspec tor  g e n e r a l l y  has no idea how much p o l l u t a n t  comes from 
h i s  area or from a given s t ack .  
t h e r e  w a s  some way t h a t  would help h i m  do h i s  job  b e t t e r  because 
he couldn ' t  see how i t  would. Moreover, i t  seemed t o  him t h a t  i f  
such knowledge led  him t o  push harder  on l a r g e r  emitters t h a t  
would be u n f a i r .  (Under t h e  present  r u l e s  I agree.)  

One  of them wondered i f  I thought 

24. The pol icy  of t he  inspec tors  I rode w i t h  is t o  w r i t e  up every 
v i o l a t i o n  they can. They expect t h a t  even i f  t hese  are not pros- 
ecuted now they w i l l  form p a r t  of a use fu l  body of evidence for 
the  f u t u r e  as crackdown g e t s  tougher. 

25. The c i t a t i o n  n o t i c e  looks s o r t  of l i k e  a t r a f f i c  t i c k e t .  It can 
be s e n t  through t h e  m a i l ,  but  one inspec tor  t o l d  m e  he p r e f e r s  t o  
submit every one personal ly  and explain why he wrote it. The man 
I watched him hand one t o  squirmed p r e t t y  hard (a junk dea le r ) ,  
saying he w a s  t r y i n g  t o  do a l l  he could, he d i d n ' t  know he w a s  
smoking, h i s  employee must have made the  m i s t a k e ,  c a r s  make most 
of t h e  po l lu t ion  anyway, t he  s m a l l  businessman can 't hardly sur -  
v ive  anymore, he'd l i k e  t o  ge t  r i d  of h i s  whole business,  the 
in spec to r  should have pointed out t he  smoke t o  h i s  employee so  
the  employee would understand, e t c .  But he s t i l l  got t he  t i c k e t .  

26. The inspec tor  be l ieves  t h a t  although not many t i c k e t s  lead t o  
f i n e s  now, more of them w i l l  i n  t he  f u t u r e .  H e  takes the  poten- 
t i a l  $6,000 max on f i n e s  recent ly  passed se r ious ly  and doesn ' t  
th ink  it j u s t  a ges tu re .  H e  once l e f t  t h i s  D i s t r i c t  and went t o  
another  where he s a i d  followup on compliance w a s  not pushed as 
hard.  T h i s  he d i d n ' t  l i k e  and so he came back here .  

27. One  company w i t h  problems on h i s  beat  is one which re-processes 
d r a i n  o i l  from c a r  crankcases s o  it can be used again.  The 
premises s t i n k  and the company has employed 6 co l l ege  s tudents  
f o r  the summer t o  c lean  and r epa in t  t h ings .  But the s t i n k  won't 
go away. 

28. How does a n  i n spec to r  spend h i s  time? The man I asked hes i t a t ed  
t o  estimate percentages but guessed t h a t  t h e  rank order  from m o s t  
t o  least w a s  roughly as fol lows:  

1. Reinspections of con t ro l  equipment t o  check proper funct ion-  

2 e Issuing v i o l a t i o n  not ices  and making f i r s t  inspec t ions .  
3. Following up on complaints.  
4. P a t r o l l i n g  t o  look f o r  d i r t y  plumes, etc.  

He s a i d  tha t  during a salary survey some years ago a more 
d e t a i l e d  study of i n spec to r s '  a c t i v i t i e s  w a s  made, but he d i d n ' t  
recall the d i s t r i b u t i o n .  

ing @ 

29. Airplanes can be c i t e d  by the  D i s t r i c t  i f  they  exceed Ringelmann 2 
f o r  more t h a n  10 seconds. 
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30. Another loophole i s  t h a t  t h i s  only a p p l i e s  t o  s i n g l e  county 
Distr ic ts .  

31. Of t h e  4 inspec tors  I rode with 2 were former employees of 
r e f i n e r i e s  and 2 w e r e  former policemen. 

32.  In genera l  my impression w a s  t h a t  these  men l i k e  t he i r  work, 
enjoy tak ing  an adversary pos i t i on  r e l a t i v e  t o  the  companies 
they deal w i t h  because they have a high respec t  f o r  t h e i r  
"opponents" and f i n d  it chal lenging,  e n j o y  con t inua l ly  learn-  
ing m o r e  about t h e  game, and t a k e  s a t i s f a c t i o n  from winning 
rounds. They t r y  t o  be t a c t f u l  with t h e  emitters but  are i n  
no way obsequious. They would l i k e  t o  see t i g h t e r  regula t ions  
and they a r e n ' t  worried about these working undue hardships  on 
companies. My o v e r a l l  f e e l i n g  w a s  t h a t  t h i s  phase of the D i s -  
t r i c t ' s  operat ion i s  run w e l l  and ready t o  move on w i t h  f u t u r e  
progress  i n  o the r  areas. 
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Inspector  I n i t i a t i v e .  T h i s  is  
a home-made H2S Detector  made 
out  of beer  cans. (Some inspec- 
t o r s  use o i l  cans, but t h i s  one 
l i k e s  R a n i e r . )  Although there 
a r e  no legal enforcement provi- 
s ions  for H2S a t  present ,  the  
inspec tors  put monitors l i k e  
these around and bea t  on com- 
panies  t h a t  put the s t u f f  out .  

Inspector Inves t iga t ing  a Complaint t ha t  t h i s  Apartment 
Inc inera tor  w a s  Smogging. H i s  hunch w a s  tha t  the  man who 
dumps the i r  c a n s  i s  overloaded t o  the  poin t  where he can't 
adequately separa te  out a l l  t he  p l a s t i c  and it g e t s  i n  and 
smogs. The apartment manager a t  l e f t  s a i d  it would be un- 
comfortably expensive t o  have the  garbage hauled away. 
Because t h e  s t ack  w a s  not  smoking when w e  got  there ,  no 
c i t a t i o n  w a s  i s sued .  
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The Same Inspector  had Issued a C i t a t i o n  Ear l ie r  i n  the  
Day on t h i s  Scrap Metal Company. The s t ack  which had 
smoked (burning t h e  in su la t ion  off of copper w i r e  t o  
reclaim the  copper) is  t h e  stubby black one i n  the cen- 
ter .  The c i t a t i o n  w a s  i ssued while the s t a c k  w a s  smok- 
ing, bu t  the opera tor  of the i n c i n e r a t o r  d i d n ' t  want t o  
s ign  it. So t h e  in spec to r  came back (with m e >  later t o  
present  it t o  t h e  company p res iden t  who then d i d  s ign  i t .  
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The Inspector  Ca l l ed  t h i s  
one Ringlemann 1. 

This  he Cal led about Ringlemann 23. 
p l a n t  before, but  d id  n o t  a t  t h i s  t i m e  because he th inks  
t h e  company go t  one a couple of days ago and i s  meeting 
wi th  t h e  D i s t r i c t  t o  d i scuss  it and work out  a compliance 
schedule t h i s  af ternoon.  

H e  has c i t e d  t h e  
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Appendix 5-1 

A TEST OF LINE-INTEGRATED AMBIENT AIR POLLUTION DETECTION* 

I n  t roduc t ion 

The use of gas concentrat ion da ta ,  obtained by a s p a t i a l l y  in t e -  
gra ted  gas de tec t ion  system, as r ep resen ta t ive  of t h e  a i r  q u a l i t y  of a 
given area is now being advocated. To test t h e  v a l i d i t y  of t h i s  type 
of da ta ,  an  experiment w a s  undertaken by Environmental Measurements, 
Inc.  t o  compare them with d a t a  simultaneously measured by a cu r ren t ly -  
accepted poin t  monitor technique. T h i s  repor t  desc r ibes  t h a t  experi-  
ment  e 

Object ive 

The ob jec t ive  of t h i s  experiment w a s  t o  compare and c o n t r a s t  the 
d a t a  measured by a n  NO2 line-monitor sys t em set up i n  a t y p i c a l  urban 
environment w i t h  t h e  data obtained by a n  NO2 point  monitor sys t em cur- 
r e n t l y  i n  operat ion as p a r t  of a s tandard a i r  q u a l i t y  monitoring sta- 
t ion a 

Equipment 

The line-monitor s y s t e m  used w a s  a B a r r i n g e r  Corre la t ion  Spectrom- 
eter (Figure 5-1.1) and assoc ia ted  sepa ra t e  l i g h t  source (Figure 5-1.2). 
The l i g h t  source w a s  a Varian Associate  Xenon i l l umina to r  chopped a t  a 
7.4 KHZ rate. The  spectrometer w a s  tuned t o  accept  t h i s  modulation 
frequency and t o  r e j e c t  dayl ight  in te r fe rence .  There w e r e  no s p e c i a l  
requirements a t  t h e  l i g h t  s i t e  o ther  than a 117 v o l t  60 HZ e l e c t r i c a l  
o u t l e t .  I n s t a l l a t i o n  t i m e  w a s  less t h a n  one hour. 

The po in t  monitor w a s  t h e  Saltzman NO2 de tec t ion  s y s t e m  cu r ren t ly  
i n  use  by the  Bay Area A i r  Po l lu t ion  Control D i s t r i c t  a t  t h e i r  nain 
laboratory,  939 E l l i s  S t r e e t ,  San Francisco.  

Locat i o n  

One end of t h e  l i n e  path w a s  t h e  E l l i s  S t r e e t  o f f i c e  of the B A A E D .  
On two sepa ra t e  three-day per iods,  t h e  Barr inger  Corre la t ion  Spectrom- 
eter w a s  set up i n  a f i f t h  f l o o r  labora tory  and aimed a t  t h e  Xenon l i g h t  
mounted on top  of downtown bui ld ings  i n  a standard long-line configura- 
t i o n  (Figure 5-1.3). 

The f i r s t  l i n e  w a s  southward between the  E l l i s  S t r e e t  laboratory and t h e  
Ca l i fo rn ia  S t a t e  Automobile Associat ion bui ld ing  diagonal ly  across  Van 
N e s s  Avenue. The second w a s  eastward toward the  Y E A  Hotel on Eddy 
S t r e e t  almost perpendicular  t o  Van N e s s  Avenue. 

Two l i n e  sites were se l ec t ed  f o r  t h i s  experiment (Figure 5-1.4). 

* 
A paper by Anders F Jepsen, Environmental Measurements, Inc . 
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Figure 5-1.2. MODULATED LIGHT SOURCE. 
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San Francisco, California 
May 1970 

Basic map reproduced by permission of the California State Automobile Association, Copyright Owner. 

Figure 5-1.4. LONG-LINE PATHS NO2 AMBIENT A I R  MONITOR. 
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Because of t h e  almost instantaneous response of t h e  Barringer 
Corre la t ion  Spectrometer compared t o  t h e  r e l a t i v e l y  slow (20 minutes 
f o r  90%) response of t he  po in t  monitor, t h e  d a t a  were not  expected t o  
agree i n  t i m e .  Therefore, f o r  one test  the  comparison w a s  made between 
one-hour averages of both the  long-l ine and po in t  monitor records;  f o r  
t h e  o ther ,  both d a t a  sets were obtained by s c a l i n g  the  record a t  one- 
half  hour i n t e r v a l s .  

- 

F i r s t  D a t a  Set  

The d a t a  from the  i n t e r v a l  15-17 May, when the  long-l ine w a s  
almost d i r e c t l y  along Van N e s s  Avenue, are displayed i n  Figure 5-1.5. 
Both long-l ine and po in t  monitor d a t a  w e r e  sca led  d i r e c t l y  from t h e  

- Long-line --- Point Monitor 

Figure 5-1.5. LONG-LINE V S  POINT MONITOR NITROGEN DIOXIDE CONCENTRATIONS. 
BAAPCD-CSAA, May 1970. 
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records and show approximately the  same peaks and troughs f o r  p a r t  of 
t he  per iod,  but t h e  magnitudes are of ten  q u i t e  d i f f e r e n t .  The long- 
line da ta  sometimes show l a r g e r  peaks and sometimes smaller .  

The major s i m i l a r i t y  between t h e  two sets of d a t a  is the  low 
NO2 l e v e l  i n  t he  night t ime hours and the  high l e v e l s  i n  mid-morning. 
The double-peaked morning event was de tec ted  by both sys t ems ,  and the  
amplitudes of t he  two peaks are f a i r l y  s i m i l a r ,  al though the  lesser 
peak a t  0900 on 16 May is much l a r g e r  on t h e  po in t  da t a  than on the  
long-l ine d a t a .  

The major d i f f e rence  between the  two sets of d a t a  is  the  l ack  
of a high morning l e v e l  i n  t h e  po in t  d a t a  on 17 May, a Sunday, while 
t h e  long-l ine d a t a  does d e t e c t  such a high peak. The Sunday high l eve l  
was of lesser amplitude than on t h e  previous day. 

The long-l ine d a t a  a l s o  d i sp lays  s h o r t  term v a r i a t i o n s  of 
g r e a t e r  amplitude than found i n  t h e  poin t  d a t a .  This i s  explained by 
t h e  f a s t  response t i m e  of t h e  system. 

Second Data Set  

The da ta  from t h e  i n t e r v a l  22-24 May, when the  long-line was 
perpendicular  t o  Van Ness Avenue, are displayed i n  Figure 5-1.6. In  

1 6 0  

1 4 0  

1 2 0  

1 0 0  

8 0  

6 0  

4 c  

2 c  

c 

- Long-line 
--- Po i n  t Mon i t o r 

I . 
1 2 0 0  1 8 0 0  2400  0600 1 2 0 0  1 8 0 0  2400  0600 1 2 0 0  1 8 0 0  

2 2  May 2 3  May 2 4 Way 

Figure 5-1.6. LONG-LINE V S  POINT MONITOR NITROGEN DIOXIDE CONCENTRATIONS. 
BAAED-YMCA, May 1970. 
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t h i s  f i g u r e ,  t h e  hourly averages ca l cu la t ed  by t h e  BAAPCD were used t o  
d i sp l ay  the  p o i n t  d a t a  r a t h e r  than numbers scaled d i r e c t l y  from t h e  
record. The long-line d a t a  w a s  s i m i l a r l y  t r e a t e d  f o r  purposes of com- 
par ison e 

A s  i n  Figure 5-1.6, t h e  d a t a  from t h e  two de tec t ion  systems 
both show high NO2 l e v e l s  i n  mid-day and low NO2 l e v e l s  a t  n igh t .  The 
c a l c u l a t i o n  of hourly averages e f f e c t i v e l y  smooths both sets of da t a .  

There are some major d i f f e rences  between the point  and long- 
l i n e  d a t a  f o r  t h i s  i n t e r v a l .  On 22 May, a f a i r l y  s u b s t a n t i a l  peak NO2 
concentrat ion w a s  de t ec t ed  i n  t h e  l a te  afternoon on t h e  long-line system. 
This peak w a s  no t  observed on t h e  point  da t a .  The point  monitor w a s  
inoperable  for  two hours during t h i s  event, and t h e  l o w  readings t o  
e i t h e r  s i d e  of t h e  off-time are perhaps a l s o  i n  e r r o r .  During t h e  e a r l y  
morning of 24 May, t h e  long-line system reported a f a i r l y  low average 
concentrat ion while t h e  po in t  monitor indicated t h a t  t h e  NO2 l e v e l  w a s  
twice as high. A peak which w a s  detected a t  mid-day on 24 May (a Sunday) 
by t h e  long-line system went undetected by the po in t  monitor. 

Discussion 

T h i s  experiment has compared the output from two very d i f f e r e n t  
a i r  monitoring techniques.  The po in t  monitor y i e l d s  t i m e  i n t eg ra t ed  
d a t a  a t  a s i n g l e  point  and has a delayed response t o  changes. The 
long-line monitor, with a rapid response, y i e l d s  s p a t i a l l y  in t eg ra t ed  
data which can a l s o  be averaged over t i m e .  Thus, d i f f e rences  between 
t h e  r e s u l t i n g  two sets of d a t a  are t o  be expected. 

For most days, t h e  systems both detected a high NO2 l e v e l  a t  mid- 
day and a low i n  t h e  night .  However, on the  t w o  Sundays of measurement 
the  long-line system reported an NO2 peak a t  mid-day which the po in t  
monitor d i d  not  d e t e c t .  The lower long-line NO2 peak on Sundays prob- 
ably correlates with reduced automobile t r a f f i c .  The lack of a peak 
i n  the po in t  monitor d a t a  may i n d i c a t e  t h a t  t h e  in-take pipe w a s  loca- 
ted  i n  such a pos i t i on  t h a t  on the Sundays it w a s  upwind of t h a  area of 
NO2 bu i Id  -up . 

The 22-24 May d a t a  shows t h a t  t h e  hourly-averaged point  d a t a  w a s  
s i g n i f i c a n t l y  lower i n  t h e  afternoon on t h e  22nd of May and higher on 
t h e  23rd. T h i s  might r e f l e c t  changing wind condi t ions.  Whatever t h e  
cause, t he  long-line d a t a  d i d  y i e l d  s i g n i f i c a n t l y  d i f f e r e n t  average 
NO2 concentrat ions from the po in t  monitor. 

t h e  wind cond i t ions  which prevai led.  I t  should be noted, however, that 
t h e  dominant movement of a i r  w a s  from w e s t  t o  east, and tha t  sources of 
gas upwind of t h e  s i te  were obviously i n f l u e n t i a l .  Furthermore, u n t i l  
more d a t a  have been gathered simultaneously Over a wider area, one can 
only specu la t e  on t h e  e f f e c t  s p e c i f i c  s t a t i o n a r y  sources and l o c a l  traf- 
f i c  p a t t e r n s  have on t h e  ambient NO2 concentrat ions.  

No e f f o r t  has been made t o  c o r r e l a t e  these t w o  sets of d a t a  w i t h  
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Conclusions 

1. Because of t h e  bas i c  d i f f e rences  i n  sampling method, t h e  Barr inger  
Corre la t ion  Spectrometer Long-line Configuration y i e l d s  s i g n i f i c a n t l y  
d i f f e r e n t  d a t a  from a w e t  chemical NO2 po in t  monitor. 
t h e  p o s s i b i l i t y  t h a t  t he  poin t  monitor w a s  no t  l o c a t e d ' a t  t h e  most 
r ep resen ta t ive  si te,  it is suggested t h a t  t h e  long-line data is 
more r ep resen ta t ive  of l o c a l  a i r  q u a l i t y .  

Because of 

2. The f a s t  response of t h e  long-l ine monitor provides a more accura te  
measurement of v a r i a t i o n s  i n  NO2 l e v e l  than does da t a  c u r r e n t l y  ob- 
ta ined  wi th  t h e  po in t  monitor. 

3 .  A r r a y s  of long-l ines  using mir rors  would extend t h e  area which could 
be covered by a s i n g l e  spectrometer.  Thus, t h e  sources  of NO2, be 
they  p a r t i c u l a r  t r a f f  ic-laden streets or s t a t iona ry  sources,  could 
be de tec ted  and t h e i r  s p e c i f i c  e f f e c t  on ambient NO2 l e v e l s  under 
varying weather condi t ions  could be s tudied .  
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Another T e s t  w i t h  the  Barr inger  Corre la t ion  Spectrometer, August 11, 1970 

The Barr inger  van and the BAAPCD van were dr iven  through San Fran- 
c i s c o  t o  Crocket t  and back. The Barr inger  van monitored SO2 t o t a l  burden 
on t h e  t r i p  east, NO2 t o t a l  burden coming back w e s t .  The BAAPCD van mon- 
i t o r e d  po in t  l e v e l s  of S02, 60 and oxidant a t  a l l  t i m e s  us ing standard 
techniques.  W e t  chemistry w a s  used f o r  SO2 and oxidant, thus  response 
t i m e  w a s  slow. The Barr inger  NO2 reading w a s  compared w i t h  t h e  BAAPCD 
measurement a t  E l l i s  S t r e e t  on re turn ing .  

Resul t s :  Low l e v e l  SO2 w a s  seen by both i n s t r u m e n t s .  The Barringer 
showed about 20 ppm-m. A peak of about 50 ppm-m appeared on the  Barr inger  
leeward of PG & E .  A peak w a s  a l s o  shown by t h e  BAAPCD van, but  the re- 
sponse w a s  t o o  slow t o  make a comparison. 

The Barr inger  showed NO2 burdens varying from 10 ppm-m t o  70 ppm-m. 
Changes of 20-30 ppm-m w i t h i n  a block or two were common. The E l l i s  
S t r e e t  reading w a s  0.06 ppm when the  Barr inger  ou ts ide  read about 60 
ppm-m. If 0.06 ppm were the average concentrat ion t o  the  inversion 
l a y e r  and no NO2 ex i s t ed  above wi th in  the  range of t he  Barringer,  the 
invers ion  height  must be 1000 meters. However, the  weather bureau re- 
ported an inversion height  of 113 meters a t  Oakland. Thus, it seems 
t h a t  there are higher  than ground l e v e l  concent ra t ions  of NO2 a l o f t .  

O t h e r :  The Barr inger  has been used i n  d i r e c t  l i n e  measurements of 
Comparison w i t h  E l l i s  NO2 us ing  the b l ink ing  l igh t  f o r  3 d a y s  running. 

S t r e e t  readings are good. Some inc idents  are s e e n  which were not s e e n  
by t h e  BAAPCD, bu t  t h e  highs and lows w e r e  near ly  i d e n t i c a l .  
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Appendix 5-2 

COST FOR AN EXPERIlMENTAL MOBILF: STATION 

For the  f i r s t  y e a r  conversion of t h e  mobile un i t ,  t h e  po l lu t an t  
instrumentat ion required w i l l  be t h e  NO2-SO2 spectrometer, and the 
t o t a l  HC analyzer.  A complete meteorological sys t em w i l l  be required 
s i n c e  t h e  van is not present ly  instrumented f o r  these  da t a .  

The c o s t  of c o r r e l a t i o n  spectrometer f o r  N02, SO2 $15,000 

Tota l  HC a n a l y z e r  2,700 

Meteorological da ta ,  Dry and W e t  Bulb 
temperature, wind ve loc i ty  and d i r ec t ion  2,000 

Retractable  tower f o r  above 1,000 

Analog t o  d i g i t a l  converter  and tape  
punch, 15 channels 6,500 

I n s t a l l a t i o n  of equipment i n  van, 
vo l tage  regula tor ,  conversion from 
gasol ine  t o  LPG for low emissions 2,500 

TOTAL COST OF REFURBISHING OF VAN $29,700 
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Appendix 5-3 

RECOMMENDATION FOR AN EPISODE WARNING SYSTEM 

A proper episode warning s y s t e m  must a c t  as a c o n t r o l l o r  system. 
I f  done properly,  based on a n t i c i p a t i o n  of dangerous l e v e l s  such as 
0.40 ppm, t h e  publ ic  should be warned and proper  ac t ion  taken so  t h a t  
t h e  danger l e v e l  w i l l  never be reached. I t  is the re fo re  recommended 
t h a t  t h e  fol lowing episode con t ro l  system be implemented. 

A t  t h e  c l o s e  of each day (by 5 p.m.1 t h e  episode c o n t r o l  
o f f i c e r  s h a l l  d e l i v e r  t o  t h e  Chief Adminis t ra t ive Of f i ce r  
(CAO) h i s  p red ic t ion  of the  fol lowing:  1 - whether t h e  
S t a t e  heal th  s tandards w i l l  be exceeded on t h e  next day 
f o r  any  po l lu t an t ,  2 - whether t h e  p o s s i b i l i t y  of reaching 
the  episode l e v e l  e x i s t s  i f  no c o n t r o l s  are placed on the  
s y s  tern. 

If the episode c o n t r o l  o f f i c e r  i nd ica t e s  a p o s s i b i l i t y  t h a t  
e i ther  of the two can occur, t he  CAO w i l l  no t i fy  t h e  P I  & E 
o f f i c e r  who shall n o t i f y  t h e  news media so tha t  t h e  publ ic  
c a n  be warned. If t h e  p red ic t ion  is f o r  dangerously high 
l eve l s ,  such a s  0.40 ppm oxidant, t h e  publ ic  w i l l  be re- 
quested t o  postpone n o n - e s s e n t i a l  au to  t r a v e l  on the  fo l -  
lowing day. 

On t h e  day i t s e l f ,  t h e  P I  & E o f f i c e r  sha l l  no t i fy  t h e  press  
when the f i r s t  warning l e v e l  i s  reached. This f i r s t  warning 
l e v e l  sha l l  be t h e  s ta te  h e a l t h  s tandard and f o r  oxidant i t  
sha l l  be 0.10 ppm oxidant on a n  hourly average. 

If the  oxidant l e v e l  of 0.40 is reached it s h a l l  be consid- 
e red  a danger l eve l ,  and warnings s h a l l  be t ransmi t ted  t o  
the media warning ch i ld ren  not t o  play outs ide  and order ing 
a l l  non-essent ia l  t r a f f i c  off the streets. 

A t  t h e  c l o s e  of t he  day, t h e  episode con t ro l  o f f i c e r  sha l l  
repor t  t o  t h e  CAO i f  h i s  p red ic t ion  f a i l e d ,  and i n d i c a t e  
what data were lacking or misleading and how t h e  e r r o r  can 
be prevented i n  t h e  f u t u r e .  

In add i t ion  t o  t h e  24 hour fo recas t ,  t h e  episode con t ro l  
o f f i c e r  shall ,  a t  t h e  end of each day, and e spec ia l ly  on 
Friday, r epor t  t o  t h e  CAO h i s  p red ic t ions  f o r  t h e  evening 
and f o r  the weekend. H e  s h a l l  recommend t o  the  CAO which 
s t a t i o n s  s h a l l  be manned during the evening or over t h e  
weekend, and sha l l  au tho r i ze  overtime f o r  t h e  a t t e n d a n t s .  

The alert  s y s t e m  sha l l  be publ ic ized so  t h e  publ ic  w i l l  know 
what t o  expect when the  alert  is c a l l e d .  
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Appendix 5-4 

R INGE LMANN ALTERNATIVE 

Introduct ion 

Present ly  t h e  Ringelmann test  (Regulation 2)  i s  used t o  l i m i t  t he  
emission of p a r t i c l e s  from s t a t i o n a r y  sources .  The Ringelmann test  
p r o h i b i t s  smoke da rke r  t h a n  Ringelmann 2. The disadvantages of us ing  
the  Ringelmann test a r e :  

(1) I t  r equ i r e s  a t r a ined  observer and i s  sub jec t ive  

(2)  It r equ i r e s  t h e  proper background 

(3) It r equ i r e s  t h e  s u n  t o  be i n  t h e  proper pos i t i on  

(4) I t  does not work i n  t h e  dark 

( 5 )  I t  can not be used i f  t h e  humidity is g r e a t e r  than 60 pe r  cent  

(6)  I t  can not be used i f  t h e  plume conta ins  water vapor 

(7) I t  i s  not s u i t a b l e  for non-black smoke 

(8) It can not be used f o r  combined plumes 

(9) It is not s u i t a b l e  for automation. 

A l l  these d i f f i c u l t i e s  are pr imar i ly  caused by two th ings :  f i r s t ,  mea- 
surements must be made ex te rna l  t o  t h e  s tack;  second, the  Ringelmann 
test  r equ i r e s  a human opera tor  t o  make v i s u a l  judgements.* If emissions 
a r e  regulated,  i n s t ead ,  on t h e  b a s i s  of o p t i c a l  t ransmit tance measure- 
m e n t s  i n s i d e  t h e  s tack ,  the d i f f i c u l t i e s  enumerated above would be a l -  
l e v i a t e d .  I n  add i t ion ,  o p t i c a l  t r a n s m i t t a n c e  measurements c a n  determine 
t h e  s i z e  d i s t r i b u t i o n  of the p a r t i c l e s  as w e l l  as t h e i r  number. 

Current Op t i ca l  T r a n s m i t t a n c e  Instrument 

Many of t h e  l a r g e  stacks i n  t h e  Bay A r e a  are monitored by in-stack 
densi tometers  manufactured by the  B a i l e y  Meter Co.  (Wickliffe,  0.) ( the  
B a i l e y m e t e r ) ;  these densi tometers  have been i n s t a l l e d  by the i n d u s t r i e s  
a t  their  own v o l i t i o n .  

-E 
The D i s t r i c t  i t s e l f  i s  f u l l y  aware of these  shortcomings and has re- 
quested research  funds t o  develop a plume opaci ty  under which would 
remain many of t h e  f a u l t s  of t h e  Ringelmann tes t .  Unfortunately these 
funds have not  been granted.  
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The B a i l e y m e t e r  is  a pho toe lec t r i c  densi tometer  which measures 
t h e  amount of l i g h t  t ransmi t ted  through the  s t ack  gas in s ide  t h e  s t ack .  
I t  uses  a sea led  beam lamp as an o p t i c a l  source and a bolometer as a 
detector. The meter is c a l i b r a t e d  by means of n e u t r a l  dens i ty  f i l t e r s  
and shows good agreement with t h e  Ringelmann system. 

The Baileymeter opera tes  i n  t h e  in f r a red  region (1 t o  2 microns) 
and is  not  a b l e  t o  obta in  a n  estimate of t h e  number of p a r t i c l e s  going 
through t h e  densi tometer  nor  does it obtain any information on t h e  par- 
t i c l e  s i z e  d i s t r i b u t i o n .  

Improved Densitometer 

If t h e  o p t i c a l  t ransmit tance of t h e  s t ack  gas i s  measured a t  SBV- 

era1 wavelengths ( ins tead  of one band a s  i n  t he  Baileymeter) i t  is pos- 
s i b l e  t o  es t imate  the  p a r t i c l e  s i z e  d i s t r i b u t i o n  as w e l l  a s  t h e i r  number. 

and t h e  design of a n  appropr ia te  instrument is presented.  
I n  t h i s  s ec t ion  the  theory of an improved densitometer i s  discussed 

Theory of Operation 

The number of p a r t i c l e s  i n  a gas c a n  be determined by measuring t h e  
o p t i c a l  t ransmi t tance  of t h e  gas w i t h  a c a l i b r a t e d  densitometer.  The 
Lambert-Beer l a w  relates t h e  number of p a r t i c l e s  t o  the t ransmit tance 
T as 

Light f l u x  received wi th  p a r t i c l e s  present  - (naQR 1 T =  = e  Flux which would be received i f  p a r t i c l e s  were n o t  p resent  

where n = number of p a r t i c l e s  pe r  u n i t  volume, j = the pa th  length,  
a = pro jec t ed  area of one of t he  p a r t i c l e s ,  and Q = t he  e x t i n c t i o n  
c o e f f i c i e n t .  If t h e  p a r t i c l e s  are of d i f f e r e n t  s ize  and ex t inc t ion  
c o e f f i c i e n t s ,  t h e n  a summation of t h e  d i f f e r e n t  values  of a and Q 
must be made. 

The e x t i n c t i o n  c o e f f i c i e n t  Q depends on t h e  p a r t i c l e ' s  r e f r ac -  
t i v e  index, i t s  shape, and t h e  wavelength of t h e  l i g h t .  The ex t inc t ion  
c o e f f i c i e n t  can be ca l cu la t ed  by means of t h e  M i e  theory f o r  s p h e r i c a l  
p a r t i c l e s ,  Figure 5-4.1. For l a r g e  p a r t i c l e s  d >>A, where d is 
the p a r t i c l e  diameter and A t he  wavelength, Q approaches 2 f o r  both 
s p h e r i c a l  and non-spherical p a r t i c l e s  and f o r  a l l  values  of r e f r a c t i v e  
index d i f f e r e n t  from the  t r anspor t ing  gas .  For d on t h e  order  of t h e  
wavelength, Q reaches i t s  m a x i m u m  value of about 3 or 4 depending on 
t h e  exac t  composition of t h e  p a r t i c l e .  For d much less than t h e  wave- 
length,  Q a d4 and approaches zero  rap id ly .  

f o r  s p h e r i c a l  p a r t i c l e s  except i n  t h e  resonant region where d N A 
where t h e  maximum w i l l  n o t  be as prominent and t h e  rise t o  the maximum 
w i l l  be slower.  

For non-spherical p a r t i c l e s ,  the  Q curves  are s i m i l a r  t o  those 

202 



0 

c- z w u 
LL 
LL 
W 
0 
V 
z 
I- 
V z 
c 
X 
W 

0 

- 

PARTICLE-SIZE PARAMETER ( a  =%) 
Figure 5-4.1. EXTINCTION COEFF IC IENT FOR SPHERES. 

If t h e  p a r t i c l e  t ransmi t tance  is found t o  vary w i t h  wavelength, 
then a n  estimate of t h e  s i z e  d i s t r i b u t i o n  and t h e  number of p a r t i c l e s  
can be de termined  by comparing t h e  measurements w i t h  t h e  t h e o r e t i c a l  
values  of Q .  If t h e  t r a n s m i t t a n c e  does not vary with the  wavelength, 
Q may be t a k e n  equal  t o  two and t h e  area-concentration ( 5 ,  - n )  may be 
determined. 

Instrument Design 

To determine t h e  s i z e  d i s t r i b u t i o n  of the p a r t i c l e s  as w e l l  as 
t h e i r  number it is necessary t o  make t ransmit tance measurements a t  
s e v e r a l  d i f f e r e n t  wavelength. The bes t  measurements are obtained when 
the  wavelengths used are on t h e  order  of t h e  p a r t i c l e  s i z e .  I n  t h i s  
s ec t ion  the design of a s u i t a b l e  mul t ip le  wavelength densitometer which 
opera tes  a t  f i v e  wavelengths from W t o  I R  is presented.  

Phys ica l ly  t h e  densi tometer  c o n s i s t s  of a l i g h t  source, a de tec tor ,  
e l e c t r o n i c s  f o r  the  de tec tor ,  and a recorder .  Figure 5-4.2 shows two 
poss ib l e  mounting conf igura t ions  f o r  t h e  densitometer.  Figure 5-4.2a 
i s  across  s t ack  mounting w i t h  t he  l i g h t  source on o n e  s i d e  of the s tack  
and t h e  d e t e c t o r  on t h e  o the r  so t h e  dens i ty  of t h e  stack gas flowing 
up through the stack c a n  be measured. Figure 5-4.2b shows a configura-  
t i o n  which can be in se r t ed  i n t o  the s tack  from one side, i n  t h i s  ca se  
t h e  l i g h t  t r a v e l s  i n  a shielded enclosure so t h a t  t h e  a f f e c t s  of turbu- 
lence i n  the s t ack  c a n  be reduced. 

The densi tometer  considered here works i n  the n e a r  u l t r a v i o l e t  t o  
t h e  n e a r  i n f r a red  region. For t h i s  band of wavelengths it i s  poss ib le  . 
t o  use a tungsten lamp as a source.  The wavelength d i s t r i b u t i o n  of 
l i g h t  from a tungsten lamp i s  shown i n  Figure 5-4.3; t h e  envelope of 
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a. Across s tack mounting. 

7- I \  - Y. 

I I I 
I I I 

b .  In s t a c k  mounting.  

Figure 5-4.2. TWO POSSIBLE STACK MOUNTING METHODS. 
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WAVELENGTH (microns) 

Figure 5-4.3. REIATIVE OUTPUT OF A 3.400°K TUNGSTEN LAMP. 

t h e  lamp, and t h e  o the r  op t i c s ,  must be constructed from a material 
which w i l l  pass  t he  wavelengths being considered (Glass Technology Inc. 
BSC-2 f o r  example). 

of g l a s s  f i l t e r s .  Figure 5-4.4 shows the  f i v e  p a r t i c u l a r  f i l t e r s  
proposed and t h e i r  r e l a t i v e  transmissions; t hese  f i l t e r s  peak a t  0.34 
1 ~ -  (W),  0.44 1 ~ -  (blue) ,  0.53 p. (green),  0.65 IJ- ( red) ,  and 0.8 p. (IR). 
The f i l t e r s  are placed Over t h e  photosens i t ive  sur face  of t h e  d e t e c t o r  
so t h a t  t h e  d e t e c t o r  w i l l  respond only a t  t h a t  wavelength. 

The d e t e c t o r s  are s e n s i t i z e d  t o  p a r t i c u l a r  wavelengths by means 

Two types of photoce l l s  are necessary f o r  d e t e c t o r s .  Figure 5-4.5 
shows t h e  re la t ive response of selenium and s i l i c o n  photoce l l s .  The 
selenium c e l l  i s  t o  be used with the  W, b lue  and green f i l t e r s ;  t h e  
s i l i c o n  c e l l  is t o  be used with the  red and I R  f i l t e r s .  The photoce l l s  
and f i l t e r  can be arranged a s  i n  Figure 5-4.6. 

ter .  The output of each d e t e c t o r  goes t o  a n  ampl i f i e r  with va r i ab le  
gain so t h a t  t he  densi tometer  c a n  be c a l i b r a t e d .  The output of t h e  
ampl i f i e r s  goes t o  a meter which ind ica t e s  t he  present  t ransmit tance 
of t h e  stack gas and t o  a recorder  which provides the  da t a  logging. 

Figure 5-4.7 shows schematical ly  the  cons t ruc t ion  of t h e  densitome- 
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Figure 5-4.4. REIATIVE TRANSMISSION OF GIASS FILTERS. 
#1 Ul t rav io l e t  t r ansmi t t i ng  (Corning 7-60) 
#2 Blue f i l t e r  (Eastman Kodak No. 47) 
#3 Green  f i l t e r  (Eastman Kodak No. 58) 
#4  Red f i l t e r  (Eastman Kodak No. 29) 
#5 Infrared t ransmi t t ing  (Corning 7-69) 

Figure 5-4.5. SPECTRAL RESPONSE OF 
PHOTOSENSITIVE MATERIALS. 
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PHOTOSE N SIT I V E PICK -UPS 
WITH FILTERS FOR 
UV, BLUE, GREEN. 
RED, 8 I R  

Figure 5-4.6. END VIEW OF DETECTOR ARRAY. 

UV DETECTOR TO UV CHANNEL 

BLUE DETECTOR TO BLUE CHANNEL 

GREEN DETECTOR TO GREEN CHANNEL 

RED DETECTOR TO RED CHANNEL 

I R  DETECTOR TO I R  CHANNEL 

- - 
PHOTOSENSITIVE OPERATIONAL OUTPUT OUTPUTS TO 
DETECTORS WITH AMPLIFIERS METERS RECORDERS 
F I LT E RS 

Figure 5-4.7. SCHEMATIC DIAGRAM OF MLJLTI WAVEIBNGTH DENSITOMETER. 
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The c o s t  of t h e  densitometer can be determined as follows. 

Source 
Lamp $ 8.00 
Housing 10 .oo 

$18 .OO 

Detector (6) 
Photoce l l s  6 .OO 
F i l t e r s  6 .OO 

Labor 
Housing 10 .oo 

12 .oo - 
$34.00 

Electron i c  s 
Amplifiers 18.00 
Meters 60 .OO 
C a s e  20 .oo 
Labor 12.00 

$110 .oo 
$162 .OO 

T h i s  corresponds t o  a n  estimated sales p r i c e  of $500 i n  q u a n t i t i e s  of 
less than  5000 u n i t s .  

C ommen t s 

The densitometer above operates  a t  f i v e  wavelengths from 0.34 p t o  
0.8 p. 
i n  the I R  region. Because of materials and absorption of oxygen, opera- 
t i o n  a densitometer operat ing a t  less than 0.2 p is unl ike ly .  

c u r t a i n s .  

It  would probably be b e t t e r  i f  t h e  more measurements were made 

I t  may be necessary t o  p ro tec t  t h e  lamp and t h e  de t ec to r  with a i r  

20 8 



Appendix 6-1 

THE METEOROLOGY OF TIE BAY AREA AND 
ITS EFFECT ON THE A I R  POLLUTION PROBLEM 

The meteorology of the  Bay A r e a  is  q u i t e  complex because of s eve ra l  
i n t e r a c t i n g  sys t ems .  The topography of t he  Bay Area produces a wide 
v a r i e t y  of meteorological condi t ions  and c l imate  i n  a r e l a t i v e l y  s m a l l  
area. An oceanic c l imate  is produced over much of t he  Peninsula while 
much higher temperatures occur over t h e  land m a s s  t o  the east. Summer 
af ternoon temperatures n e a r  Sacramento of ten  exceed those of San Fran- 
c i s c o  by 50°F. 
ear th 's  su r face  are more pronounced on t h e  east s i d e  of the Bay Area 
t h a n  over t h e  Bay or the Peninsula.  Cold, moist ,  m a r i t i m e  a i r  flows 
i n t o  t h e  a rea  from t h e  w e s t  through the  Golden Gate and through breaks 
i n  the mountains. T h i s  cold,  dense a i r  t e n d s  t o  be trapped i n  t he  Bay 
Area by t h e  surrounding mountains. The top  of t h i s  dense l a y e r  of a i r  
is usua l ly  less than 2000 f e e t  above mean sea leve l ,  and the  l a y e r  be- 
comes q u i t e  t h i n  a t  higher  su r face  e l eva t ions .  

W i n t e r  temperature i n v e r s i o n s  due t o  r ad ia t ion  from t h e  

A semi-permanent high pressure  a rea  i s  usua l ly  present  over the  
eas t e rn  p a r t  of t h e  P a c i f i c  Ocean. This high pressure  c e l l  moves t o  
the no r th  i n  la te  summer and back t o  t h e  south i n  win ter .  The pos i t i on  
of t h i s  high pressure  area t e n d s  t o  block r a i n  producing f r o n t a l  systems 
from t h e  Ca l i fo rn ia  coas t ,  e spec ia l ly  during summer. Strong surf  ace 
hea t ing  over t he  i n t e r i o r  of Ca l i fo rn ia ,  Arizona, and Nevada produces 
a rather permanent low pressure  area t o  the east, w i t h  maximum heat ing 
and  pressure  reduct ion during the la te  summer. A pressure  g r a d i e n t  
thus e x i s t s  from w e s t  t o  east producing t h e  s t ronges t  average winds  i n  
summer. Radiation cool ing from t h i s  l a rge  l a n d  mass, e spec ia l ly  i n  w i n -  
ter, produces s t rong  night t ime su r face  temperature invers ions  and a re- 
duct ion i n  the west-east pressure  g rad ien t .  Surface w i n d s  a r e  thus re- 
duced i n  ve loc i ty  concurrent ly  w i t h  the  maximum temperature invers ions .  

T h i s  high pressure  area usua l ly  extends over the Bay Area. A s  a 
p a r t  of t h e  general world c i r c u l a t i o n  pa t t e rn ,  i t  is a subsiding a i r  
mass during most of t h e  y e a r .  T h i s  subsidence produces hea t ing  and 
very n e a r l y  a d r y  ad iaba t i c  temperature l apse  rate, approximately 5.4OF 
pe r  thousand f e e t  of e leva t ion ,  above the 2000 f o o t  l e v e l .  A s t rong  
temperature inversion is thus produced w i t h  warm,  dry a i r  above a l a y e r  
of cold,  moist ,  s t a b l e  a i r .  T h i s  subsidence inversion is most pronounced 
i n  summer, but there is some combined e f f e c t  of r ad ia t ion  and subsidence 
invers ions  throughout t h e  yea r .  

Because of t h e  e f f e c t s  of t e r r a i n  and l o c a l  heat ing,  t he  height  of 
t h e  invers ion  is  q u i t e  va r i ab le  and poorly documented ( the  only radio- 
sonde readings r egu la r ly  a v a i l a b l e  f o r  t h e  Bay A r e a  are obtained twice 
d a i l y  a t  Oakland f o r  0400 and 1600 PST). These readings i n d i c a t e  t h a t  
t he  height  of the inversion a t  Oakland i s  f requent ly  1400 f e e t  or less 
i n  summer and  only 300 feet  i n  w i n t e r .  Although t h e  inversion p e r s i s t s  
most of t h e  summer and only about 15% of t h e  t i m e  i n  w i n t e r ,  t h e  w i n t e r  
condi t ion  is much m o r e  s e r ious  from the  viewpoint of a po l lu t ion  accumu- 
l a t i o n  n e a r  t h e  su r face .  W i n t e r  v e n t i l a t i o n  is  poor, e spec ia l ly  a t  night ,  
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because of t h e  low pressure  g rad ien t .  Winds are l i g h t  and va r i ab le  
one-third of the t i m e  during t h e  win ter  months a t  t he  San Francisco 
In t e rna t iona l  Ai rpor t .  With a low c e i l i n g ,  or l i d ,  due t o  t h e  inver-  
s ions  of 300 f e e t  or less above mean sea l eve l ,  t h e r e  i s  l i t t l e  oppor- 
t u n i t y  f o r  movement of t h e  p o l l u t a n t s  out  of t h e  Bay Area t o  t h e  east 
and south  because of t h e  terrain Surf ace invers ions  f requent ly  occur 
i n  the  Bay A r e a  i n  winter .  Six years of d a t a  a t  Oakland show su r face  
invers ions  f o r  15 days i n  December, 23 days i n  January, and 8 days  i n  
February (Smalley). Inspection of t h e  radiosonde d a t a  obtained a t  
Oakland f o r  t h e  years 1962-64 i nd ica t e s  a pe r s i s t ence  of low l e v e l  
invers ions .  These p e r s i s t e n t  i n v e r s i o n s  a t  l e v e l s  below 500 f e e t  and 
l a s t ing  f o r  per iods  of from t w o  t o  f o u r  days tend t o  occur t h r e e  or 
f o u r  t i m e s  p e r  y e a r .  

t o  a w e l l  def ined "smog season". Records obtained from the  Bay A r e a  
monitoring s t a t i o n  i n d i c a t e  a s i g n i f i c a n t  number of high readings i n  
win ter  and f a l l  months. For example, December 4-7, 1968 w a s  a four-  
day per iod of l o w  v i s i b i l i t y  and severe po l lu t ion  assoc ia ted  with a 
low v e n t i l a t i o n .  On December 5, a p a r t i c u l a t e  po l lu t ion  maximum w a s  
recorded a t  s i x  s t a t i o n s ,  t h e  CO peak a t  Richmond w a s  28 ppm, and San 
Francisco and San Rafael recorded NO2 peak values  of 0 .28  ppm. The 
records show t h a t  t h i s  four-day per iod was not a n  i s o l a t e d  occurrence.  
I n  February 1967, f o r  example, San Jose had 128 peak hours with n i t r o -  
gen d ioxide  readings i n  excess of 0.10  ppm and 115 such high hours i n  
January.  A t  San Francisco, t he  1967 high per iods with ni t rogen d ioxide  
readings i n  excess of 0.10 ppm t o t a l e d  62 hours i n  January and 40 hours 
i n  November. I n  Redwood City,  t h e  1967 peak occurred i n  October w i t h  
106 hours i n  excess  of 0.10 pprr.. 

p e r s i s t  throughout t h e  Bay Area f o r  t he  e n t i r e  day or on consecutive 
days.  However, a 300 f o o t  l i d  can reasonably be assumed with pe r s i s -  
tence for a t  l e a s t  three days.. The stagns?tion s i t u a t i o n  w i l l  do l i t t l e  
t o  move the  p o l l u t a n t s  from the area during such a three-day per iod.  
Exis tence and pe r s i s t ence  of invers ions  below 300 f e e t  f o r  t h r e e  or 
more days w i t h  poor v e n t i l a t i o n ,  l o w  v i s i b i l i t y ,  and  high su r face  a i r  
po l lu t ion  l e v e l s  have been shown t o  occur during t h e  w i n t e r  months. 
Data are n o t  adequate t o  prove con t inu i ty  of t h e  invers ion  over the  
e n t i r e  Bay A r e a  or t o  show t h a t  there is no break i n  the  inversion 
dur ing  t h e  twelve hour period between soundings a t  Oakland. The un- 
f o r t u n a t e  lack of temperature and inversion d a t a  i n  t h e  lower atmo- 
sphere c a n  o n l y  be overcome by obta in ing  more information wi th  addi- 
t i o n a l  s t a t i o n s  i n  t h e  f u t u r e ,  Observation of c louds and s k y  condi t ions  
f r o m  the su r face  or from a i r c r a f t  g ives  some ind ica t ion  of temperature 
invers ions  a l o f t .  L ikewise ,  high su r face  temperatures i n d i c a t e  l i k e l y  
l oca t ions  of breaks i n  the  inversion,  but  a d d i t i o n a l  radiosonde sound- 
ings  of t h e  lower atmosphere are essential  f o r  any accurate estimate of 
atmospheric condi t ions .  One suspec ts  t h a t  the  inversion he ights  and 
s t r eng ths  are f requent ly  q u i t e  v a r i a b l e  over t h e  Bay Area, but t h e r e  is 
n o  way to  s u b s t a n t i a t e  or con t rad ic t  t h i s  w i t h  t h e  present  inversion 
d a t a  e 

A i r  po l lu t ion  and low v i s i b i l i t y  i n  t h e  Bay A r e a  are not  l imi ted  

Although su r face  inversions do occur, it i s  doubt fu l  t h a t  they 
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With su r face  heat ing during the af ternoon over the  land mass i n  
t he  e a s t e r n  p a r t  of the Bay A r e a ,  breaks may occur i n  the inversion 
and al low some v e n t i l a t i o n  through the  l i d .  Such breaks i n  t h e  i n -  
vers ion  would be expected i n  summer and may a l s o  occur i n  winter .  
More d a t a  are needed t o  document t h e  ex is tence  of thermal convection 
through the  invers ion .  I n  s p i t e  of the lack of da ta ,  a knowledge of 
t h e  meteorology involved allows confidence t h a t  no break occurs i n  
t h e  invers ion  when Oakland d a t a  i n d i c a t e s  a three-day inversion of 
300 f e e t .  

W i t h  a su r face  inversion,  a common w i n t e r  s i t u a t i o n  i n  t h e  Bay 
Area, one might assume from t h e  theory involved t h a t  a l l  p o l l u t a n t s  
emitted would indeed l i e  on the  ground or very near  the  sur face .  
Such i s  hardly the  case  however. Even though t h e  wind  i s  l i g h t  and 
va r i ab le ,  mixing does occur near t h e  ground as a r e s u l t  of movement 
over and around su r face  obs tac les .  This mixing normally occurs i n  
t h e  lower 200 feet or  so above ground l e v e l .  Severe s i t u a t i o n s  may 
occur, however, when almost no mixing occurs f o r  s i x  hours or so and 
the  p o l l u t a n t s  do indeed l i e  almost on the su r face  of t h e  ground w i t h  
t h e  top  of t h e  l a y e r  a t  less t h a n  f i f t y  f e e t .  T h i s  condi t ion has 
f r equen t ly  been observed and photographed i n  connection w i t h  plumes 
from s t a c k s .  
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Appendix 6 - 2  

AN ATMOSPHERIC PHOTOCHEMICAL REACTION MODEL 

A s i g n i f i c a n t  f a c t o r  t o  consider ,  when modeling the  e f f e c t s  of 
var ious  emission sources  upon t h e  ambient a i r  qua l i t y ,  i s  t h a t  very 
few of the  contaminants emit ted i n t o  the a i r  are chemically i n e r t ,  
or n e a r l y  so. Chemical r eac t ions  among a number of p o l l u t a n t s  are 
t r igge red  by sun l igh t  energy i n  t h e  u l t r a v i o l e t  range, while a number 
of o t h e r  r eac t ions  r equ i r e  only thermal energy .  Therefore, it is  not 
s u f f i c i e n t  t o  cons ider  how a p o l l u t a n t  i s  t ranspor ted  by p reva i l i ng  
meteorological  e f f e c t s  from one  poin t  t o  another;  one a l s o  must a s k  
the  quest ion,  “How much has been consumed, or generated,  by chemical 
reac t ion?“  
tochemical r eac t ions ;  t o  a lesser ex ten t  t h i s  is a l s o  t r u e  on the E a s t  
Coast. 

A i r  po l lu t ion  i n  Ca l i fo rn ia  is l a r g e l y  the  r e s u l t  of pho- 

For chemical reac t ions ,  the rate of r eac t ion  is propor t iona l  t o  
the  concent ra t ion  of r eac t an t s  : 

where t h e  concent ra t ion  C i  of chemical component i changes w i t h  
t i m e  t through a rate c o e f f i c i e n t  k ( T ) ,  which i s  paramet r ica l ly  
dependent upon temperature T. The dependence of concentrat ion of a 
chemical spec ie s  as shown above i n d i c a t e s :  (1) n o t  only i s  the amount 
of contaminant changing with t i m e ,  but  so i s  t h e  rate of r eac t ion  it- 
s e l f ,  and (2 )  s i n c e  concent ra t ions  may be expected t o  vary w i t h  d i s -  
t ance  from a n  emission source,  spatial-dependence must a l s o  be consid- 
ered i n  the  r eac t ions .  

The form of the equation above may be used t o  express  e i ther  a 
r a t e  of formation, or a rate of decomposition, depending only upon 
whether t h e  s ign  pref ixed  t o  the r i g h t  hand side is  p o s i t i v e  or nega- 
t i v e .  Then, 

R a t e  of - N e t  R a t e  of - R a t e  of 
Appearance Format i o n  Dee ompos it ion 

- 

T h i s  equation po in t s  out another  p r i n c i p l e :  there are a number of on- 
going chemical r eac t ions  i n  the atmosphere, such as t h e  pho to ly t i c  cyc le  
involving t h e  oxides of ni t rogen (see Figure 6-2.1). 
t i o n  of p o l l u t a n t s  such as hydrocarbons and excess  amounts of n i t r i c  
oxide, 
Ozone concent ra t ion  would the re fo re  r e m a i n  a t  some low leve l ,  i n  s p i t e  
of the  f a c t  tha t  it i s  simultaneously being formed and decomposed a t  
very high rates. For primary po l lu t an t s ,  i .e.,  those which are d i r e c t l y  

Without the  addi- 

the  rates of formation and decomposition f o r  ozone would be equal ,  
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Figure 6-2.1. ATMOSPHERIC NITROGEfi DIOXIDE PHOTOLITIC CYCLJ3 SHOWING 
INTERACTION WITH HYDROCARBONS. 
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emit ted i n t o  t h e  atmosphere, i t  is s u f f i c i e n t  t o  cons ider  t h e  rate of 
decomposition; while f o r  secondary po l lu t an t s  ( those  formed as a r e s u l t  
of chemical r e a c t i o n )  it is necessary t o  take  i n t o  account t h e  rates of 
both formation and disappearance.  I t  must be noted, e spec ia l ly  i n  t h e  
ozone example, t h a t  small d i f f e rences  between formation and decomposi- 
t i o n  rates cause a s i z e a b l e  concentrat ion build-up. 

which present  some d i f f i c u l t y  i n  any modeling e f f o r t ;  some of these are 
listed below. 

There are seve ra l  characteristics of photochemical reac t ion  s y s t e m s  

1. 

2. 

3. 

4. 

One 

A l a rge  number of chemical components is involved. This 
arises from the  involvement of hydrocarbons i n  the nitrogen- 
oxygen pho to ly t i c  cyc le  (Figure 6-2.1). I n  addi t ion  t o  R 

number of d i f f e r e n t  hydrocarbon components, the  problem is  
f u r t h e r  confounded by formation of hydrocarbon f ree- rad ica ls  
which p r o l i f e r a t e  . 
Computations f o r  even a m o d e s t  number of chemical components 
are a s i z e a b l e  undertaking f o r  even a large computer. 

The reac t ion  mechanisms for t h e  major s t e p s  i n  t h e  photo ly t ic  
cyc le  a r e  known, but those involving many of the hydrocarbons 
a r e  s t i l l  t h e  subjec t  of research.  Least understood i s  t h e  
r o l e  played by free r a d i c a l s .  

Related t o  the  v a r i e t y  of hydrocarbons i s  t h e  d i f f e r e n t  degree 
of r e a c t i v i t y  of var ious hydrocarbons ( see  Figure 6-2.23. The 
m o r e  r e a c t i v e  hydrocarbons d isappear  more quickly,  and w h i l e  
usua l ly  present  i n  smaller q u a n t i t i e s ,  conversely form com- 
pounds w i t h  orders  of magnitude g r e a t e r  i r r i t a n t  c a p a b i l i t y  
t h a n  slowly-reacting compounds (see Figure 6-2.3). A s  a n  
example, it was recent ly  confirmed t h a t  peroxy-benzoyl-nitrate 
(PBzN) i s  200 t i m e s  the  e y e - i r r i t a n t  t h a t  formaldehyde is, 
making it t h e  w o r s t  known such offender .  I t  i s  produced by 
r eac t ion  between benzaldehyde and  ozone, two common secondary 
p o l l u t a n t s .  The re  a r e  undoubtedly o the r  such polynuclear 
aromatic hydrocarbons which have not  as y e t  been i d e n t i f i e d .  

method which can be used t o  s impl i fy  the  photochemical model 
is t o  ignore the s p a t i a l  v a r i a t i o n s  of chemical composition and examice 
only the  time-dependent behavior.  T h i s  leads t o  a "pot-type" r eac to r  
i n  which pe r fec t  mixing i s  assumed w i t h  uniform concentrat ions,  or homo- 
genei ty .  The  ordinary d i f f e r e n t i a l  equat ions which r e s u l t  a r e  s t r a i g h t -  
forward and t h e  only computational d i f f i c u l t y  is t h e  number of equations,  
from number of chemical species ,  which must be coupled t o  r e f l e c t  i n t e r -  
a c t ions .  A more r igorous approach includes t h e  spatial-dependence of 
concent ra t ions  as w e l l ,  r e s u l t i n g  i n  t h e  " tubular"  r eac to r  where in  com- 
pos i t i on  d i f f e r s  a t  each po in t  i n  the  r eac to r ,  i .e.,  a composition pro- 
f i l e  may be cons t ruc ted .  This l a t t e r  approach the re fo re  involves non- 
l i n e a r  p a r t i a l  d i f f e r e n t i a l  equations,  and a s i g n i f i c a n t l y  g r e a t e r  
degree of computational d i f f  i c u 1 . t ~ .  
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Figure 6-2.3 e EYE-IRRITATION PROPENSITIES OF PHOTOCHEMICAL SMOG 
PRODUCTS FROM VARIOUS HYDROCARBON TYPES. 

For t h e  present  work, t h e  "pot" r eac to r  approach w a s  taken. To 
f a c i l i t a t e  t h e  programming, t he  s impl i f ied  k i n e t i c s  as proposed by 
Fr ied lander  and Seinfeld (see Sect ion 6.2) w e r e  adopted i n  t h i s  study. 
This cons is ted  of t h r e e  d i f f e r e n t i a l  equat ions f o r  the  p r i n c i p a l  spe- 
c i e s ,  NO, N02, and hydrocarbons, with pseudo-steady s ta te  r e l a t ionsh ips  
assumed f o r  ozone, atomic oxygen, and f r e e  r a d i c a l s .  

encompassed a n  area t h e  size of t h e  Bay Area and which extended t o  t h e  
The f i r s t  m o d e l  considered cons is ted  of a homogeneous box which 
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height  of the base of the inversion l a y e r .  The second model considered 
involved a n  e l e m e n t  which w a s  100 f e e t  square on the  base and which a l s o  
extended t o  t h e  inversion l a y e r .  This smaller homogeneous element, re- 
f e r r e d  t o  as a "cloud", w a s  considered t o  t r a v e l  i n  a c o r r i d o r  through 
a geographic area t ranspor ted  by hor izonta l  wind. The e f f e c t s  of ven t i -  
l a t i o n  were added t o  both models. Vertical d i f f u s i o n  was approximated 
i n  both m o d e l s  by incorpora t ing  t h e  assumption of Fr iedlander  and Sein- 
f e l d  (see Sect ion 6.21, which permitted expansion of t he  cloud from some 
low l e v e l  up t o  the inversion l a y e r  base according t o  some predetermined 
rate. 

In the homogeneous box model, a high l e v e l  of n i t r i c  oxide and cor -  
responding values  of hydrocarbons and ni t rogen d ioxide  were taken as the 
i n i t i a l  condi t ions .  Vent i la t ion  of t he  box by allowing clean a i r  t o  
flow i n  and d i r t y  a i r ,  wi th  po l lu t an t  concent ra t ions  equal  t o  those i n  
t h e  box, t o  flow out a t  t h e  s a m e  rate.  I n  t he  moving cloud model, source 
emission rates were en tered  t o  represent  both a n  i n i t i a l  source and a n  
a l ternate  source encountered a t  a la te r  po in t  i n  t he  co r r ido r .  Vent i la t -  
ing a i r  entered the e l e m e n t  w i t h  t he  po l lu t an t  concentrat ions of the 
t r a i l i n g  element; i t  flowed out with the concentrat ions e x i s t i n g  i n  the 
cloud a t  t h a t  moment. 

A record of t h e  box-reactor model s imulat ion is shown i n  Figures  
6-2.4 and 6-2.5,  with 0, 1, and 5 mph v e n t i l a t i o n .  In  one  case  t h e  
volume is f ixed ,  and i n  t he  o the r  t h e  volume is allowed t o  expand from 
a height  of 100 f e e t  t o  the  inversion l a y e r  a t  400 f e e t  i n  30 minutes 
and t h e n  t h e  l i d  i t s e l f  expands a t  1 f t / m i n  t h e r e a f t e r .  

The record shown i n  Figure 6-2.6 i s  the  r e s u l t s  of the moving-cloud 
model, w i t h  v e n t i l a t i o n  effects (advection) of wind a t  1 mph as w e l l  as 
5 mph t r anspor t  of t h e  cloud through some hypothe t ica l  co r r ido r .  The 
cloud t r a j e c t o r y ,  theref  ore, covers  40+ m i l e s  i n  t h e  a l l o t t e d  t i m e  span. 
The cloud s i z e  is  100 feet  square and expands (at 10 f t /min)  from a n  
i n i t i a l  v e r t i c a l  height of 100 f e e t  t o  t h e  assumed inversion l a y e r  height  
of 400 f e e t  i n  30 minutes a f t e r  s t a r t -up .  Af t e r  t h i s  period the inver-  
s ion  l i d  i t s e l f  is allowed t o  increase  a t  a rate of 1 f t / m i n .  

The i n i t i a l  concentrat ions of NO and NO2 are assumed t o  each be 0.1 
ppm and hydrocarbons 0 . 2  ppm. The NO and hydrocarbons are assumed t o  
increase  i n i t i a l l y ,  s imulat ing the  early-morning t r a f f i c  generat ion of 
these materials. Emission rate i t s e l f  w a s  var ied  through half  a sinu- 
s o i d a l  cyc le ,  w i t h  peak rate a t  30 minutes a f t e r  s t a r t -up .  Concentra- 
t i o n s  a c t u a l l y  peaked a t  about 50 minutes a f t e r  s tar t -up,  w i t h  NO ap- 
proximately a t  0.78  ppm and r e a c t i v e  hydrocarbons (RH) a t  1.14 ppm. The 
buildup of these materials is allowed t o  occur without photochemical 
r eac t ion  f o r  30 minutes a f t e r  s t a r t -up  a t  which t i m e  "the sun w a s  turned- 
on, ' '  t o  start  t h e  photochemical reac t ion .  T h i s  represents  the f a c t  tha t  
t h e  s o l a r  energy i n  the U.V. range is not s i g n i f i c a n t  u n t i l  2 hours pas t  
sunr i se ,  due t o  low s o l a r  zen i th  angle .  

another  source some 180 minutes a f t e r  s ta r t -up .  The peaks are a t  about 
200 minutes, with the NO a t  0 . 3  ppm and RH a t  0.9 ppm. This alternate 
source w a s  assumed t o  be approximately 2000 f t  long ( i .e, ,  20 minutes) 
with peak emission rate (again s inuso ida l )  occuring as the  cloud reached 

During i t s  t r a j e c t o r y  through the  co r r ido r ,  the  cloud encounters 
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Figure 6-2.4. BATCH-BOX REACTOR MODEL, F IXED-VOLUME, SHOWING EFFECTS OF 
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Figure 6-2.5. BATCH-BOX REACTOR MODEL, SHOWING EFFECTS OF VARIABLE 
VOLUME. 
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the  190 minute poin t .  The a l t e r n a t e  source is  not m e a n t  t o  imply tha t  
a cloud might m e e t  only a s i n g l e  such source.  In  r e a l i t y  a number of 
sources  would be encountered by a cloud. The model mere ly  shows a 
bas ic  technique f o r  inc lus ion  of o t h e r  sources,  and t h e  general  e f f e c t s  
upon primary and secondary p o l l u t a n t s  when such occur.  Figure 6-2.7 
shows t h e  r e s u l t s  of moving cloud s imulat ions with v e n t i l a t i n g  winds 
of 0, 1, and 5 mph but  no alternate source.  

The moving cloud s imulat ions show NO2 peaking about 50 minutes 
a f t e r  the i n i t i a l  NO peak and sooner a f t e r  the NO peak due t o  the 
a l t e r n a t e  source.  A s  a secondary p o l l u t a n t  i n  t h e  atmosphere, NO2 
increases  fol lowing t h e  in t roduct ion  of s o l a r  energy; it later decays 
a s  o the r  products such as aldehydes and ozone are produced. 

The ozone concentrat ion increases  as NO2 decreases .  The e f f e c t  
of t he  alternate source,  however, is t o  decrease t h e  ozone concentra- 
t i o n ,  a r e s u l t  of t h e  reac t ion  of t h e  ozone w i t h  NO. The ozone con- 
c e n t r a t i o n  without al ternate sources  reaches steady-state a f t e r  8 
hours. I n  a c t u a l  experience,  ozone (and oxidants)  should begin t o  
decrease.  The s imulat ion c a n  e a s i l y  be updated by t h e  addi t ion  of 
accura te  "late af ternoon" t r a f f i c  sources  of NO, and o ther  more d i s -  
t r i b u t e d  NO sources,  which should cause t h e  ozone t o  decrease by reac- 
t i o n  wi th  NO. 

The r e s u l t s  obtained from these  s imulat ion e f f o r t s  lead t o  t h e  
conclusion tha t  t h e  use  of a photochemical model-simulation obviously 
r equ i r e s  : 

A good source-emissions geographical model. 

Determination of solar energy p a t t e r n s .  

Meteorological e f f e c t s  of wind, temperature, humidity, inver- 
s i o n  as w e l l  as p a t t e r n s  i n  both ho r i zon ta l  and v e r t i c a l  d i -  
r ec  t i o n s .  

H i s t o r i e s  of known contaminants, with latest information on 
r eac t ion  rates. The success  achieved with t h e  s impl i f ied  
scheme could undoubtedly be improved upon with the  inclusion 
of a d d i t i o n a l  equation. For  example, s o l a r  energy w a s  con- 
s t a n t ;  i.e., e i t h e r  on or o f f .  Hydrocarbons were lumped 
toge ther  with n o  attempt t o  d iscern  between high and l o w  
r e a c t i v i t y  f r a c t i o n s .  An extension of t h e  number of equa- 
t i o n s  could a l s o  be made t o  include dynamic equations t o  
p r e d i c t  o the r  contaminant spec ies  such as PAN. 
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Figure 6-2.7.  MOVING-CLOUD MODEL, SHOWING EFFECTS OF VENTILATION. 
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Appendix 7-1 

DESCRIPTION OF PROPOSED SOURCE INVENTORY MASTERFILE RECORDS 

The sys t em as i n i t i a l l y  conceived would r equ i r e  f o u r  bas i c  master- 
f i l e s .  

1. The bas ic  equipment inventory masterf i l e  
2.  The company information masterf i l e  
3. The u n i t  f a c t o r s  and process  weight f a c t o r  

4. The t o t a l  e m i s s i o n s  from a l l  sources  o t h e r  
m a s  t e r f  i l e  

than r e g i s t e r e d  sources  

( F i l e  1) 
( F i l e  2 )  

( F i l e  3) 

( F i l e  4) 

(1) The Basic Equipment Inventory Masterfile 

T h i s  m a s t e r f i l e  would conta in  the information shown i n  Table 7-1.1 
f o r  a l l  r e g i s t e r e d  f ixed  source emitters. I t  would have approximately 
15,000 records (one record f o r  each regis%ered source)  r equ i r ing  approx- 
i m a t e l y  130 d i g i t s  p e r  record.  There are 33 i t e m s  s to red  on each record.  
This m a s t e r f i l e  which would be the  l a r g e s t  of t h e  f o u r  m a s t e r f i l e s  could 
e a s i l y  be contained on one reel of magnetic tape .  

The bas ic  equipment m a s t e r f i l e  would be updated monthly with any 
add i t ions ,  d e l e t i o n s  or changes t h a t  have occurred during t h e  preceding 
month. The e m i s s i o n  amounts f o r  new or changed records would then be 
c a l c u l a t e d  from F i l e  3, the  u n i t  f a c t o r s  and process  weight f a c t o r  m a s -  
t e r f i l e .  T h i s  updated equipment inventory m a s t e r f i l e  would t h e n  be t h e  
bas i c  bu i ld ing  block from which o t h e r  m a s t e r f i l e s  ( F i l e  2 )  are developed 
or from which d a t a  concerning ind iv idua l  p ieces  of equipment c a n  be re- 
t r i e v e d .  

(2)  The Company Information Masterf i l e  

T h i s  group of records is  a summary of information on the bas i c  
equipment inventory m a s t e r f i l e  ( F i l e  1) accumulated by company. Because 
much of the  data necessa ry  f o r  enforcement must be r e l a t e d  t o  t h e  l e g a l  
e n t i t y  or f i r m  it seemed appropr ia te  t o  develop a smaller f i l e  (5,000 
records,  one record p e r  company) so  t h a t  more e f f i c i e n t  prepara t ion  of 
r epor t s  would be poss ib l e .  T h i s  masterf i l e  would r equ i r e  5,000 records,  
and 100 d i g i t s  p e r  record.  Again one reel of magnetic tape  would e a s i l y  
hold such a f i l e .  

The i t e m s  of information presented i n  Table 7-1.2 would appear on 
the company information f i l e .  The number of i t e m s  could e a s i l y  be ex- 
panded i f  a d d i t i o n a l  information was t o  be s to red  f o r  each record.  

(3) The Unit Fac tors  and Process Weight Fac tor  Mas te r f i l e  (see Table 
7-1.3) 

T h i s  m a s t e r f i l e  would c a r r y  t h e  estimated e m i s s i o n s  f o r  p a r t i c u l a r  
p ieces  of equipment c l a s s i f i e d  by r e g i s t r a t i o n  number or bas ic  equipment 
number. For  those  ca t egor i e s  of equipment where the  process  weights are 
known the process  weight f a c t o r s  would be mul t ip l i ed  by the  process  
weight t o  determine t h e  expected emissions f o r  that  equipment. 
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Table 7-1.1 

BASIC EQUIPMENT INVENTORY MASTERF'IU 

Company Code 
Regis t ra t ion  No,. 
A r e a  Code (Coubty) 1st d i g i t  
Industry Code (SIC code) 
Primary Ac t iv i ty  C l a s s  
Basic Equipment C l a s  8 
Regis t ra t ion  Date 
D a t e  of Last  Inspection 
I n  spec t i on Sc hedu le  
Process Weight 
Hours of Operation/Day 
V a r i a n c e  S ta tus  
Year t o  D a t e  C i t a t i o n s  
Last Year C i t a t i o n s  
Year t o  D a t e  Breakdowns 
Last  Year Breakdowns 
P a r t i c u l a t e  E m i s s i o n s  
0 - 2 p .  
21.14 

Reactive Organic E m i s s i o n s  (Tons/Day) 
Non-reactive Organic Emissions (Tons/Day) 
Nitrogen Oxides E m i s s i o n s  (Tons/Day) 
Su l fu r  Oxides Emissions (Tons/Day) 
CO Emissions (Tons/Day ) 
Other Emissions (Type Tons/Day) 
Control  Equipment Type 
Control  Equipment Age 
Value of Control  Equipment 
Equipment Age 
Equipment Value 
Percent Control of Each Po l lu t an t  
Update Indica tor  

(4) The Total Emissions from A l l  Sources Other Than Registered Sources 

This m a s t e r f i l e  w i l l  conta in  emission t o t a l s  by p o l l u t a n t s  f o r  
those  a c t i v i t i e s  t h a t  are not  accounted f o r  on F i l e  1. These a c t i v i -  
t i es  inc lude  such th ings  as mobile sources,  ind iv idua l  home sources  
(space heat ing,  water heat ing,  etc . I ,  automobile f i l l i n g  operat ions,  
background, etc,  The primary purpose of t h i s  information is t h e  u l t i -  
mate determinat ion cf t o t a l  emissions released when combined with F i l e  
1 or F i l e  2 .  Thus t h e  t o t a l  emission r epor t s  prepared annually could 
e a s i l y  be prepared by computer. 

developed t o  determine automobile emissions, it becomes r e l a t i v e l y  
easy  t o  incorpora te  the output of such a model i n t o  t h e  t o t a l  emission 
f i g u r e s .  The output of such a model would mere ly  be the  input  t o  t h e  

As b e t t e r  models (probably r equ i r ing  computer ca l cu la t ion  are 
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Table 7-1.2 

COMPANY INFORMAT ION F ILE 

Company Code 
Area Code 
Company N a m e  
Company Address 
N a m e  of Responsible Of f i ce r  
Telephone No. of Responsible Of f i ce r  
N e t  Worth 
Nature of Business 
Number of Employees 
Number of U n i t s  of Equipment 
E m i s s i o n s  (Tons/Day 

P a r t i c u l a t e s  
0 - 2 1 . 1  
21.1+ 

Organics 
Reactive 
NOX 
SOX 
co 

Number of C i t a t i o n s  (Year t o  D a t e )  
Number of C i t a t i o n s  (Last  Year) 
Number of Breakdowns (Year t o  Date) 
Number of Breakdowns (Last Year) 

Table 7-1.3 

UNIT FACTORS & PROCESS WEIGHT FACTORS 

Basic Equipment C l a s s  
Type of Fac tors  1 Unit Factor ,  2 Weight Fac tor  
P a r t i c u l a t e s  

0 - 2 1 . 1 .  
2 P +  

Organic 
Reactive 
Non -reac t ive  
OXY 

NO, 
so, 
60 
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m a s t e r f i l e  record j u s t  descr ibed.  A s  t he  W P C D  becomes more sophis- 
t i c a t e d  it should be poss ib le  t o  determine the  geographic o r i g i n  of 
such source e m i s s i o n s  and t h i s  information could e a s i l y  be combined 
by area w i t h  t h e  emission da ta  from t h e  bas i c  equipment inventory 
masterf i l e .  

Processing 

The a c t u a l  design of t h e  programs and processing sequences would 
be the  r e s p o n s i b i l i t y  of the se rv ice  bureau. The processing sequence 
shown i n  Figure 7-1.1 is  one poss ib le  approach t o  the problem. T h i s  
desc r ip t ion  of the  processing of t he  source inventory s y s t e m  w a s  u t i -  
l i z e d  t o  f a c i l i t a t e  t h e  d iscuss ions  of estimated c o s t s  w i t h  var ious 
computer s e r v i c e  bureaus. 

The f o u r  m a s t e r f i l e s  w i l l  be s to red  on magnetic tape  u n t i l  pro- 
ces s ing  is  required.  When processing begins t h e  information on these 
tapes  w i l l  be loaded on t o  l a rge  d i sk  f i l e s .  Between processings the  
information could be stored on t he  inexpensive magnetic tape  reels and 
dur ing  processing t h e  s y s t e m  would have the  f l e x i b i l i t y  of random ac- 
ces s  s to rage  on t h e  d i s k  f i l e s .  

The r epor t s  t h a t  could be generated from t h i s  s y s t e m  are descr ibed 
i n  Table 7-1.4.The a n t i c i p a t e d  frequency of t hese  r epor t s  is indica ted  
on each r epor t  desc r ip t ion .  

Costs and O t h e r  Considerat ions 

The c o s t s  of undertaking a computerized source inventory s y s t e m  
were evaluated f o r  t h r e e  a l t e r n a t i v e  methods of accomplishing the job.  
These t h r e e  a l t e r n a t i v e s  are : 

1. Service bureau (batch-processing) . 
2. Service bureau (t ime-sharing) 

3. BAAPCD in-house computer and support  s e rv i ces .  

The con t r ac t ing  of t h e  job  t o  a s e rv i ce  bureau (batch-processing) 
is  s e e n  t o  be t h e  least expensive approach w i t h  a n  estimated monthly 
c o s t  of approximately $3,200 or $40,00O/year a f t e r  the major set-up 
c o s t s  have been pa id .  S imi la r  c o s t  f o r  a time-sharing approach appears 
t o  be approximately $3,40O/mo. or $41,50O/year. These c o s t s  can be re- 
duced i f  a s u b s t a n t i a l  proport ion of t h e  monthly r epor t s  could be run 
q u a r t e r l y .  

A l l  s t a r t -up  c o s t s  such as t h e  i n i t i a l  m a s t e r f i l e  build-up, pro- 
gramming, and t r a i n i n g  have been amortized over t h e  f i r s t  y e a r  of 
operat ion.  The d i f f e rence  i n  t h e  s t a r t -up  c o s t s  between batch-process- 
ing  and time-sharing is  pr imar i ly  t h e  need for an  add i t iona l  perpon f o r  
d a t a  input  f o r  the  t i m e  shar ing  system. 
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T a b l e  7-1.4 

REPORTS 

The f o l l o w i n g  reports would be prepared for the  registered fixed sources. 

Report 1 P o l l u t a n t s  by R e g i s t r a t i o n  Number (When Needed, Annual )  

A l l  other 
R e g i s t r a t i o n  N o .  Par t iculates  O r g a n i c s  NO SO CO I n f o r m a t i o n  -x n - 

0031 Tons/day e tc .  

0035 Tons/day 

R e p o r t  2 T o t a l  P o l l u t a n t  E m i s s i o n s  by Basic Equipment C l a s s i f i c a t i o n  
(BEC) (Monthly) 

CO N o .  of U n i t s  - Part iculates  O r g a n i c s  NO so 
-X -X 

BEC N o .  

001 Tons/day 

002 

003 

R e p o r t  3 T o t a l  P o l l u t a n t  E m i s s i o n s  by I n d u s t r y  (Monthly) 

Par t iculate  O r g a n i c s  NO SO CO N o .  of U n i t s  I n d u s t r y  -x -x - 
Agricu l ture  Tons/day 

Mining Tons/day 

C o n t r a c t  C o n s t .  Tons/day 

etc. 

Report 4 T o t a l  P o l l u t a n t  by P r i m a r y  A c t i v i t y  C l a s s  (PAC) (Monthly) 

Particulates Organics  NO SO CO N o .  of U n i t s  -x -x - PAC - 
C a t a l y t i c  

C r a c k i n g  

Combust i o n  

etc. 

2 3 1  



Report 5 T o t a l  P o l l u t a n t  E m i s s i o n s  by  Area C d e  by  BEC w i t h  County 
S u b t o t a l s  (Monthly 

Area Code BEC Particulates O r g a n i c s  NO SO CO N o .  of U n i t s  -x n - - 

Report 6 Top 50-100 Companies by P o l l u t a n t  (Monthly)  

Part i cu la  t es O r g a n i c  s 

C o .  N o .  E m i s s i o n s  $ of T o t a l  Co. N o .  E m i s s i o n s  $ of T o t a l  No__ 
62892 12 t o n s / d a y  2% 15679 0.8 TD 0 05% ... 
13976 11 t o n s / d a y  1.9% 92163 0.7 TD 0.45$ ... 

R e p o r t  7 Age D i s t r i b u t i o n  of Equipment by I n d u s t r y ,  Company, and  BEC 
( A n n u a l l y )  

C o .  N o .  BEC N o .  of U n i t s  X Years O l d  Mean A g e  - I n d u s t r y  

Agriculture 2, 4, 6, 8, 10, 12, 14, 16 

32176 001 3, 7, 9, 14, 6, 2, 1, 0 7.5 

002 

38965 00 1 

002 

Mining 

R e p o r t  8 Top 25 Companies by P o l l u t a n t  for N o  C o n t r o l  Systems (Monthly) 

Par t iculates  O r g a n i c s  

Co. N o .  E m i s s i o n s  $ of T o t a l  C o .  N o .  E m i s s i o n s  $ of T o t a l  NO -X 

35498 8 t o n s / d a y  1.6% 15679 0.8 TD 0.5% 
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Report 9 Top 50 Companies by C i t a t ion  Over Pas t  Two Years (Quar t e r ly )  

C o .  No. Number of C i t a t i o n s  This Year Number Last Y e a r  

72541 9 0 

31592 7 12 

e t c .  

Report 10 Top 25 Companies by Number of Upset-Breakdowns (Quar t e r ly )  

Co. No. Number of Upset-Breakdowns Emissions Due t o  Breakdowns 

Report 11 Inspection Schedule f o r  Fixed Sources (Monthly) 

Regis t ra t ionNo.  Location Day Month Inspector  D a t e  of L a s t  Inspection -- 

Although t h e  c o s t  d i f f e rence  between batch processing and t i m e -  
shar ing  is  n o t  g rea t ,  t h e r e  seems t o  be no s t rong  reason for having 
i n s t a n t  information r e t r i e v a l  c a p a b i l i t y  f o r  t h e  source inventory 
program. I n  general ,  the d a t a  i n  t h i s  sys t em would be rather s t a t i c  
w i t h  few changes occurr ing i n  the data on a day by day bas i s .  A t  
p resent  i t  appears t h a t  t h e  a b i l i t y  t o  r e t r i e v e  information from the 
source inventory within a week's t i m e  i s  s u f f i c i e n t  f o r  t h e  needs of 
t he  d i s t r i c t .  

I f ,  however, t h e  BAAPCD has o the r  computing app l i ca t ions  tha t  
r equ i r e  t ime-sharing so lu t ions ,  it may be t h a t  t hese  add i t iona l  ap- 
p l i c a t i o n s  would make t h e  t ime-sharing a b e t t e r  bargain t h a n  batch- 
processing.  I n  addi t ion ,  the time-sharing system allows the  u s e r  t o  
do h i s  own programming and new d a t a  input  app l i ca t ions .  Having t h i s  
a b i l i t y  would a l s o  allow t h e  D i s t r i c t  t o  t a k e  advantage of t he  l a rge  
l i b r a r y  of programs t h a t  most time-sharing sys t ems  have ava i l ab le .  
That  is, programs f o r  such th ings  as fo recas t ing ,  f i n a n c i a l  ana lys i s ,  
engineering, mathematics and s t a t i s t i c s .  

The t h i r d  a l t e r n a t i v e ,  the  development of a n  in-house computer 
c a p a b i l i t y ,  would be much more expensive than the  same se rv ice  pro- 
vided by a se rv ice  bureau. The l a r g e s t  expense would be computer 
r e n t a l  ($2,000 t o  $7,000 pe r  month) and personnel c o s t s .  
keypunchers, and a computer opera tor  would have t o  be hired.  Total 
c o s t s  would q u i t e  probably exceed $89,000 pe r  yea r .  
processing requirements would n o t  j u s t i f y  such a n  expenditure.  

i n  Tables 7-1.5 and 7-1.6, 

Programmers, 

Present  d a t a  

The d e t a i l e d  c o s t  estimates f o r  A l t e rna t ives  1 and 2 are shown 
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Table 7-1.5 

COST ESTIMATES FOR SERVICE BUREAU CONTRACT (Batch Processing) 

Tape F i l e s  

Storage Costs 
6 tape  reels a t  $20/ea. = $120 
Amortized 1 y e a r  

$10/mo. 

T e r m i n a l  Cost 0 

Delivery Cost $5 / t r ip  $20/mo. 

P 1" og ram i ng $4000 one t i m e  c o s t  
Amortized over 1 year $333/mo. 

Master f i le  Development one t i m e  c o s t  

Keypunching 2,000,000 characters/4000 char .  h r .  = 500 h r .  

500 h r .  x 6/hr. = $3000 

Amortized over 1 y e a r  = $250/mo. 

Processing 150,000 cards/500 card/min. = 300 m i n  = 6 h r s  X $90/hr. 

= $540 

Amortized over 1 year  = $45/mo. 

Personnel (To be h i red  by BAAPCD)** 

1 person a t  $15,000/year 

1 person a t  $10,00o/year* 

$1,25O/mo. 

833/mo 

* 
May not  be needed f o r  f i r s t  y e a r .  

Personnel Spec i f ica t ions  

($15,000) Responsible for coordinat ion between BAAPCD and the  computer 
s e r v i c e  bureau. During development of computer sys t em t h i s  ind iv idua l  
must make sure  t h e  sys t em w i l l  do what it is intended t o  do. Once the  
sys t em is opera t iona l  t h e  major a c t i v i t y  w i l l  be t h e  accumulation of 
accura te  emission d a t a  f o r  t h e  source inventory.  This person should 
have 4 years experience with computer d a t a  processing sys t ems .  Some 
computer programming experience is  essential .  

** 

($10,000) Responsible f o r  c l e r i c a l  a c t i v i t i e s  r e l a t ed  t o  the  d a t a  i n -  
pu t  and output of t h e  sys tem.  
computer sys t ems  would be des i r ab le .  

Experience r e l a t e d  t o  da t a  handling f o r  
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Processing 

Masterf i l e  Update 

Keypunching (1600 changes/year) z $40/mo. 

Processing included with t o t a l  processing charge. 

Tota l  Processing Charge $750/mo. + $0.02/mo (15,000 records ) = $1050/mo. 

Cost Per Month 1st Year 

Cost Per  Month Af te r  1st Year 

- Thuesen 

Table 7-1.6 

COST ESTIMATES FOR SERVICE BUREAU (Time-sharing) 

Random F i l e s  - Bina ry  Storage Fixed Word Length 

S t  orage Costs 

B a s i c  Equipment Inventory 495,000 words 
4 Alphanumeric char  ./word = 1,970,000 char .  

Maximum 1,970,000 2( .39/100 = 

1,970,000 packed numeric X .13/100 = 

$2998/mo, 

$3 193/mo. 

$772/mo. 
$500/mo. 
$256/mo. 

Company Information F i l e  

200,000 words 4 Alphanumeric = 800,000 

800,000 x .39/1000 = 312/mo. 

$300/mo. 

800,000 x $.13/1000 = 104/mo. 

U n i t  Weight Factors  

500 records x 10 words/record = 5000 words = 20,000 char .  

20,000 x $.34/1000 = $8/mo. 
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Terminal  Cost 

D a t a  N e t  730 10 cps 1 - 0 
Including Service 

30 day agreement 
72 char  . / l i n e  

Frieden 10 cps 1 - 0 
Including Service 

1 y e a r  agreement 
140 char  . / l i n e  

Ren t  
In  s t a 1 l a t  i on 

Rent 

TermiNet  300 10-15-30 1 - 0 Ren t  
Including Service 

1 y e a r  agreement 
118 char  . / l i n e  

Programming 

E s t i m a t e  con t r ac t  c o s t  
Amortized over 1 y e a r  

Mas ter f i le  DeveloDment 

Amortized over 1 y e a r  

Personnel ( t o  be hired by BAAPCD)* 

2 people 
1 a t  $15,00O/year 
1 a t  $10,00O/year 

$180/mo. 

$23'5/mo. 

$4000 
$333/mo. 

@%/year 

$25,00O/year $2080/mo. 

*Personal Spec i f ica t ions  

($15,000) Responsible for coordination between B A A E D  and 
t h e  computer s e rv i ce  bureau. During development of compu- 
t e r  s y s t e m  t h i s  ind iv idua l  must make sure  t h e  s y s t e m  w i l l  
do what it is  intended t o  do. Once the  s y s t e m  i s  opera- 
t i o n a l  the major a c t i v i t y  w i l l  be t h e  accumulation of ac- 
c u r a t e  emission d a t a  for t he  source inventory.  T h i s  per- 
son should have 4 y e a r s  experience w i t h  computer data 
processing sys t ems .  Some computer programming experience 
i s  essential . 
($10,000) Responsible f o r  c l e r i c a l  a c t i v i t i e s  r e l a t ed  t o  
t h e  d a t a  input  and output of t h e  s y s t e m .  Experience rela- 
t ed  t o  d a t a  handling f o r  computer s y s t e m s  would be des i r a -  
b l e .  
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Training 

Programming Courses $145 .OO/student $300 
Amortize over 1 y e a r  

Processing Costs 

T e r m i n a l  t i m e  and processing t i m e  r u n  approximately 
$15/hr. 

Hours updating or input 4 hours/mo. a t  $15/hr. 

Report 1 $60/mo. 

Report 2 
Off l ine  $35/run 

Report 3 
Of f l ine  $%/run 

Report 4 
Off l i n e  $%/run 

Report 5 
Off l ine  $35/run 

Report 6, 8, 9, 10, 11 
T e r m i n a l  2 hr .  
Processing Time 

Report 7 
Off l i n e  $35/run 

Cost p e r  month 1st y e a r  

Cost per  month a f t e r  1st y e a r  

$14 
$60 

$25/mo e 

$60/mo. 

$60/mo. 

$35/mo 

$35/mo. 

$35/mo. 

$35/mo 

$74/mo. 

$35/mo. 

$369/mo. 

$3,93O/mo. 

$3,367/mo. 
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Appendix 7-2 

THE PROBLEM OF THE CURIOUS AND CONCERNED CITIZEN 

In r e l a t i n g  t o  t h e  publ ic  t he  D i s t r i c t  f a c e s  a problem of s a t i s f y i n g  
r eques t s  f o r  information without unduly dra in ing  i ts  a b i l i t y  t o  work on 
i t s  main  

1. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

- 

task of c leaning  the  a i r .  The problem s e e m s  t o  arise as fol lows.  

A c i t i z e n  or group of c i t i z e n s  becomes i n t e r e s t e d  i n  a i r  pol lu-  
t i o n  and decides  t o  d i g  i n t o  t h e  sub jec t .  

It is a new sub jec t  t o  h i m ,  and possibly he has n e i t h e r  the 
background nor t h e  t i m e  t o  become t r u l y  exper t  on t h e  sub jec t .  

He comes t o  t h e  D i s t r i c t  and asks f o r  information about A i r  
Po l lu t ion .  

The D i s t r i c t  r ecep t ion i s t  gives  him t h e  "usual" publ ic  l i tera- 
t u r e  and r e f e r s  him t o  the  publ ic  r e l a t i o n s  o f f i c e  i f  he wan t s  
more. 

If t he  Publ ic  Relat ions o f f i c e  c a n ' t  answer  h i s  question, he 
a s k s  t o  see one or m o r e  of t h e  s t a f f .  

If t h e  s t a f f  t h i n k s  he can r e a l l y  he lp  w i t h  a problem, t h e y  
spend t i m e  w i t h  our c i t i z e n .  

If t h e y  t h i n k  t h a t  he, l i k e  some others  they have encountered 
i n  t h e  pas t ,  w i l l  only t a k e  t h e i r  t i m e  from other  work and 
e i t h e r  come up w i t h  nothing of he lp  t o  t h e  Distr ic t ,  or use 
what he learns t o  go home and throw br ickbats  a t  t h e  D i s t r i c t ,  
t h e y  w i l l  t r y  t o  g e t  r i d  of t he  v i s i t o r .  

If t h e n  they do  g ive  the  v i s i t o r  s h o r t  s h r i f t ,  he may accept  
it or he may use h i s  anger f o r  f u e l  i n  mounting more h o s t i l e  
a t t a c k s  on the D i s t r i c t .  

The D i s t r i c t  does not publ i sh  information about its weaknesses, 
although l i k e  any  organizat ion it has them. So our c i t i z e n  
w i l l  seek out  such information from o the r  sources.  

One complaint he w i l l  have is  t h a t  t h e  D i s t r i c t  w i l l  not coop- 
erate w i t h  h i m .  Since t h e  D i s t r i c t  w i l l  now tend t o  view h i m  
as a n  opponent, t h e r e  w i l l  be some v a l i d i t y  t o  t h i s  claim. 

A s  a r e s u l t  of h i s  attacks, t h e  D i s t r i c t  w i l l  become more de- 
f ens ive ,  and t h i s ,  i n  tu rn ,  w i l l  increase t h e  p robab i l i t y  of 
more such c i t i z e n  enemies .  

Eventually w e  f i n d  the Dis t r ic t  progressively a t  odds w i t h  
c i t izens,  although i ts  whole reason f o r  e x i s t i n g  is t o  serve 
and t o  be responsive t o  them. 
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In  our  view t h i s  problem is a very important one and t h e  present  
way of dea l ing  w i t h  it is unsa t i s f ac to ry .  W e  d id  not recognize t h e  
mechanics of t h e  problem i n  t i m e  t o  apply apprec iab le  e f f o r t  t o  solv-  
i ng  it, al though t h i s  problem is one whose symptoms w e  encountered 
e a r l y  i n  our workshop when some members of t h e  Dis t r ic t  avoided tel l-  
ing  us about problems facing t h e  D i s t r i c t ,  t r i e d  t o  g ive  us the  i m -  
p ress ion  t h a t  everything w a s  w e l l  under con t ro l  and def lec ted  our 
reques ts  f o r  c e r t a i n  kinds of information. Our response w a s  a t  least 
p a r t l y  l i k e  t h a t  of t h e  angered c i t i z e n ,  which led  us t o  de f ine  our 
problem as how t o  persuade the D i s t r i c t  i n t o  cooperat ing w i t h  us rather 
than de f in ing  problems on which the  D i s t r i c t  and w e  could e f f e c t i v e l y  
co l l abora t e .  

The problem of how t o  harness t h e  p o t e n t i a l  helpfulness  of c i t i z e n s  
who want t o  l ea rn  and become involved i n  t h e  D i s t r i c t ' s  e f f o r t  is con- 
sequent ly  one which w e  see as needing more e f f o r t .  W e  don ' t  know the  
b e s t  answer, whether t o  allocate more D i s t r i c t  funds t o  publ ic  informa- 
t i o n  disseminat ion,  or t o  publ i sh  more about i t s  weaknesses and unsolved 
problems so i ts  c r i t i c s  c a n ' t  c a p i t a l i z e  on such information as "discov- 
eries", or t o  t a k e  some o the r  approaches w e  have not though of .  
s t rong ly  under t h e  impression, tha t  t h e  Dis t r ic t ' s  present  approach t o  
t h i s  problem, one which seems t o  say "we are t h e  smog exper t s  and the  
publ ic  should s t a y  out of our a f f a i r s ' '  is not t he  most e f f e c t i v e  approach 
tha t  could be found and t a k e n .  

W e  are 

Consequently, w e  recommend t h a t  t h e  Dis t r ic t  take  a f r e s h  look a t  
t h i s  problem, cons ider  a l l  the o the r  poss ib le  ways of dea l ing  with it 
t h a t  t hey  and o thers  (possibly some of t h e  h o s t i l e  c i t i z e n s  themselves) 
can th ink  of and reformulate the i r  strategy f o r  dea l ing  w i t h  it. 3 n e  
way t o  r e t h i n k  t h e  problem might be t o  encourage some teams of s tudents  
from one or more of t h e  u n i v e r s i t i e s  i n  the Bay A r e a  t o  analyze the 
problem and make recommendations f o r  how bes t  t o  treat i t .  Such teams 
might be found i n  business  or l a w  schools,  or b e t t e r  y e t  i n  a group of 
s tuden t s  from seve ra l  d i s c i p l i n e s .  The expense t o  t h e  D i s t r i c t  of doing 
t h i s  would be t h a t  of g iv ing  t i m e  t o  one more group of hummingbirds, who 
w i l l  nose around f o r  information, taking people 's  t i m e .  I n  our view 
t h i s  t i m e  would be w e l l  spent  and would lead t o  greater e f f i c i ency  later 
which would more than compensate and would make l i f e  more p leasant  f o r  
D i s t r i c t  employees as w e l l .  
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Appendix 7-3 

AUTOMOBILE INSPECTION 

Each au to  must be ind iv idua l ly  inspected.  With about 2.5 m i l l i o n  

A rough estimate on t h e  magnitude of t h e  undertaking is  as fol lows.  

au tos  i n  t h e  Bay A r e a  t h i s  is a l a r g e  t a sk  t o  take on. 

2,500,000 automobiles 

Autos can be inspected a t  the rate of 1 au to  every 4 minutes 

If w e  assume a n  e i g h t  hour day, f i v e  days a week, f i f t y  weeks a y e a r ,  
and a load f a c t o r  (percent  t i m e  t h e  equipment is  used e f f e c t i v e l y )  of 
80$, t h e  Bay A r e a  would requi re  100 s t a t i o n s  t o  inspec t  each c a r  once 
a y e a r .  ( I t  may be adequate t o  inspec t  only every two years!) 

These should be located according t o  the a u t o  populations i n  each 
county : 

Alameda 24 

Contra Costa 12 

Marin 8 

San Francisco 16 

San Mateo 16 

24 Santa Clara 

100 
- 

Estimated c o s t  of a program t o  test veh ic l e  e m i s s i o n s  i n  the Bay 
Area : 

Operating 

Technicians ' salary 

Helper 

Land Lease 

She l t e r  

U t i l i t i e s  

$12,000 

9,000 

3,000 

5,000 

500 

$29,500 
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Equipment 

Instrumentation which w i l l  measure and record 

CO, NOx, and HC (Beckman) 

S t i cke r s  

Dynamometer and Trailer 

$10,000 

10,000 

500 

$20,500 

Tota l  c o s t  per  s t a t i o n  - 1st y e a r  $50,000 

Tota l  c o s t  per  s t a t i o n  - subsequent years 37,000 

(Based on 7-year deprec ia t ion  of equipment) 

A charge of $2.00 pe r  inspect ion would cover these  cos t s .  

It  has been proposed t h a t  Ca l i fo rn ia  s tar t  an au to  sa fe ty  inspec- 
t i o n  program. If t h i s  were t o  be implemented, t h e  add i t iona l  cos t  t o  
analyze exhaust i s  a t  present  about $10,000 per  s t a t i o n  f o r  in s t rumen-  
t a t i o n  t o  check and record N&, CO, and HC. 

Motor Vehicle Inspection Program f o r  t h e  Stsate of Cal i forn ia"  by C l a y -  
ton Manufacturing Co. ca l cu la t e s  t h a t  for t h e  whole state:  

"A Study t o  De te rmine  t h e  F e a s i b i l i t y  of I n s t i t u t i n g  a Periodic  

Safety inspect ion only $49,162,000 

Safety p lus  emission $49,634,000 

I t  seems t h a t  s ince  t h e  Bay A r e a  has about 1 /4  of t h e  autos  i n  t h e  
state t h a t  1/4 of the  c o s t  would be s u f f i c i e n t  t o  do t h i s  i n  t h e  Bay 
Area. 

For t he  Bay A r e a :  

Safety inspect ion only $12,290,500 

Safety p lus  emission $12,408,500 

It should not be assumed that an emission inspect ion sys t em 
would c o s t  $118,000. 
Clayton 's  estimate. 

This is  only the  cos t  of add i t iona l  equipment by 
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Appendix 7-4 

A PROPOSED MEASURE OF EFFECTIVENESS 

The proposed measure of e f f ec t iveness  is designed t o  u t i l i z e  d a t a  
that is  p resen t ly  prepared by t h e  D i s t r i c t .  T h i s  d a t a  is t h e  estimated 
a i r  po l lu t ion  emissions f o r  each po l lu t an t  on a tons/day b a s i s  f o r  pre- 
vious years. An example of t h i s  d a t a  is shown below. 

A I R  POLLUTION EMISSIONS I N  THE BAY AREA--1955-1969 
i n  tons  pe r  day 

1955 1964 1965 1966 1967 1968 1969 

Dis t r ic t  J u r s i d i c  t ion 

P a r t i c u l a t e s  2 85 154 149 154 160 161 160 

Sul fur  Oxides 404 357 354 372 409 375 330 

Organic Gases 1,133 873 871 90 2 93 9 970 941 

Nitrogen Oxides 170 204 222 255 240 210 194 

Carbon Monoxide 2,142 - L A - - -  1,329 1 296 1 332 1,286 950 95 6 

TOTAL 4,134 2,917 2,892 3,015 3,134 2,666 2,581 

Motor Vehicles 

P a r t i c u l a t e s  20 33 35 36 38 40 41 

Su l fu r  Oxides 11 17 18 19  20 2 1  21 

Organic Gases 736 1,088 1,130 1,072 1,027 1,028 961 

Nitrogen Oxides 155 249 265 2 82 299 335 370 

3,204 5,171 5 510 5 338 5,220 5,323 5,208 ------- Carbon Monoxide 

TOTAL 4,126 6,558 6,958 6,747 6,604 6,747 6,601 

TOTAL 

Bay A r e a  8,260 9,475 9,850 9,762 9,738 9,413 9,182 

Because a measure of e f f ec t iveness  f o r  t h e  B A A E D  i s  reasonable only i f  
i t  measures those f a c t o r s  over which the Dis t r ic t  e x e r t s  s i g n i f i c a n t  
con t ro l ,  t h e  emission da ta  used i n  such a measure should be l i m i t e d  t o  
emissions under D i s t r i c t  j u r i s d i c t i o n .  When and i f  t h e  D i s t r i c t  becomes 
m o r e  responsive t o  motor veh ic l e  emissions, t h i s  data can be incorpora- 
ted  e a s i l y  i n  the  e f f ec t iveness  measure. 
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The primary purpose of t h e  proposed measure of e f f ec t iveness  is t o  
determine whether emissions are being reduced. However, t h e  i n e v i t a b l e  
s ta t i s t ica l  f l u c t u a t i o n s  must be smoothed ou t .  For  t h i s  d a t a  from pre- 
ceding years can be used, providing it is properly weighted. The weight- 
ing f a c t o r s  used f o r  smoothing g ive  more emphasis t o  the  more recent re- 
s u l t s  and less emphasis t o  t h e  d a t a  t h a t  occurred i n  the  p a s t .  A t  one 
extreme the weighting f a c t o r  w i l l  completely ignore a l l  pas t  data and 
a t  t h e  other extreme i t  w i l l  t reat  p a s t  and present  da t a  equal ly .  

I n  o rder  t o  avoid b i a s  a t  least f i v e  years of d a t a  is  required f o r  
t he  index of e f f ec t iveness  t o  g ive  a reasonable ind ica t ion  of D i s t r i c t  
performance. A group of years less than t h e  t o t a l  number of years must 
be se l ec t ed .  For example, i f  t h e  t o t a l  y e a r s  considered are 1964, 1965, 
1966, 1967, 1968 and t h e  span of years  is  selected t o  be 3, t o t a l  weigh- 
ted  emissions w i l l  be ca l cu la t ed  for  t h e  fol lowing groups of y e a r s .  

Group 1 1964, 1965, 1966 

Group 2 1965, 1966, 1967 

Group 3 1966, 1967, 1968 

If t h e  span of years had been se l ec t ed  t o  be 2, t he  fol lowing groups 
t h a t  would be used are: 

Group 1 1964, 1965 

Group 2 1965, 1966 

Group 3 1966, 1967 

Group 4 1967, 1968 

For each group of years a weighted emission t o t a l  i s  ca lcu la ted .  
The more recent  years are given more weight, since it is t h e  c o n t r o l  
that  t h e  board has exer ted most recent ly  t h a t  is  most important. 

The e f f ec t iveness  is ca lcu la ted  as fo l lows:  

L e t  E = Weighted e f f ec t iveness  measure x f o r  po l lu t an t  p 
PI x 

N = Number of per iods i n  e f f ec t iveness  measure t i m e  span 

N ‘  = Tota l  number of per iods being considered 

a = Factor  t o  discount  a preceding per iod from the  following 
per iod 0 < a  < 1 - -  
When a = 0 pas t  da t a  ignored 

a = 1 pas t  d a t a  weighted equal ly  w i t h  p resent  da t a  

= Average quan t i ty  of emissions (tons/day) of p o l l u t a n t  p 
‘p,n i n  y e a r  n .  
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For p o l l u t a n t  p 

N-l+x 
n -N 

E f o r  x = 1 ,2 ,3 ,  ..., N '  + 1 - N 

- E  > _ > O  le t  Y = 0 )  
If (Ep,xH p ,x  P, x 

f o r  x = 1,2, ..., N '  - N 
- E  > < 0  le t  Y = 1  

( E ~ , x H  P,X P,X 

Effec t iveness  of control of po l lu t an t  p = EC = 2 Y 
P, x x=l  

O < E C  < N ' - N  - P -  

EC 

N ' - N  

P $ c o n t r o l  = 

P 
BAAPCD t o t a l  e f f ec t iveness  = 1 EC 

over a l l  
P 

o < MPCD t o t a l  e f f ec t iveness  < P ( N '  - N )  - - 

BAAPCD t o t a l  e f f ec t iveness  

p(N' - N >  
$ t o t a l  e f f ec t iveness  = 

Example 

D a t a  from A i r  Po l lu t ion  and t h e  San Francisco Bay Area, p .  16. 

Year 1964 1965 1966 1967 1968 

n 1 2 3 4 5 

P 1 2 3 4 5 
P a r t i c u l a t e s  Organics Nitrogen oxides CO 
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N' = 5 

N = 3  

a = 0.5 

E = 274 E = 283 EC1 = 0 E = 267 
191 192 1 9 3  

E = 639 E = 683 E = 721 EC2 = 0 
2 , 1  212 293 

E = 1557 E = 1608 E = 1622 EC3 = 0 

EC = 0 E = 417 E = 423 E = 447 

E = 2313 E = 2274 E = 1827 EC5 = 2 

391 392 3 , 3  

4 491 492 4 J  

591 5 J  5 J  

$, c o n t r o l  = 0.0 

$, c o n t r o l  = 0.0 

$, c o n t r o l  = 0.0 

$, con t ro l4  = 0 . 0  

$ c o n t r o l  = 100 

$, t o t a l  e f f ec t iveness  = 2/10 = 2 

1 

2 

3 

5 

Once the  weighted emission t o t a l  E j  has been ca lcu la ted  f o r  each 
group of y e a r s  j ,  t h e  number of reduct ions i n  E j  for succeeding 
groups are counted. The number of reduct ions tha t  occurred from group 
t o  group are then compared t o  the  t o t a l  poss ib l e  reduct ions t h a t  are 
poss ib le .  The r e s u l t s  are summarized below. 
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Groups 

1964 
1965 
1966 

1965 
1966 
1967 

1966 
1967 
1968 

E3 

1967 
1968 
1969 

E4 

Number of 
Reductions 

Total  Possible  
Number of 
Reduc t i on s 

P a r t i c u l a t e s  267 274 280 281 0 3 

638 683 673 619 2 3 

Organics 1557 1608 1655 1656 0 3 

417 423 405 364 2 

3 

7 

NoX 

- co 2313 2274 1927 1752 

3 

3 

15 
- 

0 
3 

2 
3 

0 
3 

2 
3 

Control (Pa r t i cu la t e s )  = - - - 0% 
Control (SOx) 

Control (Organics ) 

Control (NOx) 

= - = 66.7% 

0% = - =  

66.7% = - =  

- Control (CO) - $ = 100% 

7 
15 Total  Effect iveness  = - = 47% 

The t o t a l  e f fec t iveness  index ind ica t e s  that  t h e  BAAPCD is only 
about 47% e f f e c t i v e  i n  a f f e c t i n g  reductions i n  t o t a l  emissions f o r  each 
of t he  f i v e  major p o l l u t a n t s .  This index of e f fec t iveness  considers 
each p o l l u t a n t  as equal ly  important with regard t o  B A A E D ' S  responsi- 
b i l i t y  t o  reduce emission of p o l l u t a n t s  and should therefore  be modi- 
f i e d  t o  account f o r  the r e l a t i v e  s e v e r i t y  of each pol lu tan t  once t h i s  
can  be es tab l i shed .  
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Appendix 8-1 

A PROPOSAL FOR EMISSION REGULATIONS BASED UPON 
A I R  CELL AND A I R  SHED CAPACITY 

Background 

An a i r shed  is  genera l ly  understood t o  mean t h a t  geographical area 
t h e  boundaries of which form a more or less n a t u r a l  con ta ine r  f o r  a 
la rge ,  contiguous a i r  m a s s .  Among seve ra l  f i n e  examples i n  Ca l i fo rn ia  
are t h e  great c e n t r a l  va l ley ,  t he  Los Angeles basin,  and t h e  San Fran- 
c i s c o  Bay Area. The boundaries of the state 's  many a i r  po l lu t ion  d i s -  
t r ic ts  have been drawn t o  roughly co inc ide  w i t h  i t s  a i r shed  boundaries, 
sub jec t  t o  t h e  p r a c t i c a l i t i e s  obvious i n  using e s t ab l i shed  p o l i t i c a l  
boundaries where poss ib le .  

f e a t u r e s ,  such as mountain masses, waterways, and va l l eys ,  which t e n d  
t o  e i t h e r  conta in  sub-masses of a i r  which w e  might c a l l  " a i r c e l l s "  or 
t o  promote c e r t a i n  observable meteorological  phenomena; f o r  example, 
v e n t i l a t i o n  through mountain passes  and r i v e r  ways, and d iu rna l  airmass 
o s c i l l a t i o n  i n  mountain va l l eys .  Features  such as these, and the accom- 
panying d i v e r s i t y  and non-unif ormity of l o c a l  meteorology, are p l e n t i f u l  
w i t h i n  t h e  boundaries of t he  BAAED.  

A given a i r shed  may have within i t s  boundaries cer ta in  topographic 

Consider, now, t h e  f a c t  that  the  emission regula t ions  of t he  D i s -  
t r i c t  apply uniformly t o  a l l  areas w i t h i n  i ts  boundaries, independent 
of any  and a l l  phys ica l  f a c t o r s  of t h e  k i n d  noted above. One may rea- 
sonably conclude tha t  a given emission regula t ion  may represent  'lover- 
con t ro l "  i n  a region of t he  d i s t r ic t  blessed with cons i s t en t ly  good 
v e n t i l a t i o n ,  while t h e  same regula t ion  might g ross ly  undercontrol t h e  
problem i n  a n  a i r c e l l  where v e n t i l a t i o n  i s  s luggish  or where the topo- 
graphy is  such t h a t  inversions are low and frequent .*  A good example 
of t he  l a t t e r  is  the  Livermore V a l l e y  a i r c e l l ,  one i n  which cons i s t en t ly  
high readings of ground l e v e l  oxidant are thought t o  be a consequence 
of the f a c t  t h a t  a i r  laden w i t h  hydrocarbons, n i t rogen  oxides, and 
oxidants i s  funnel led  i n t o  t h e  V a l l e y  v i a  N i l e s  Canyon, there co m e e t  
a combination of higher  e l eva t ions  and higher  temperatures.  Inversion 
height  above ground i s  thereby reduced, and t h e  enhanced mixing a t  
higher  temperatures leads  t o  i d e a l  condi t ions  f o r  t h e  photochemical 
reac t ion .  

Another loca t ion  tha t  may bear  a t t e n t i o n  is the  upper Santa Clara 
V a l l e y  i n  the v i c i n i t y  of Gilroy and Morgan H i l l .  No a i r  q u a l i t y  m e a -  
surements have been made i n  t h i s  p a r t  of the D i s t r i c t ,  due mainly, 

* 
A Dis t r ic t  memorandum of January 6, 1970, on the  North Richmond s i t u a -  
t i o n ,  states: 
e n t  t h a n  t h e  a i r  q u a l i t y  of o ther  areas but t h i s  is due t o  topography, 
p reva i l i ng  winds and t h e  proximity of t h e  North Richmond area t o  one 
of the l a r g e s t  i n d u s t r i a l  complexes i n  the S ta t e . "  

"The a i r  q u a l i t y  i n  North Richmond may indeed be d i f f e r -  
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according t o  t h e  BAAPCD, t o  the f a c t  t h a t  no p l an t  damage has been 
observed here, and hence a i r  q u a l i t y  must be q u i t e  acceptable .  I t  
would be unfortunate ,  t o  say the l e a s t ,  i f  p l a n t  damage w e r e  t o  occur 
af ter  such benign neglec t .  The opportunity e x i s t s  now t o  take  s t e p s  
t h a t  w i l l  he lp  t o  ensure t h e  m a i n t a i n e n c e  of good a i r  q u a l i t y  i n  t h i s  
a i rcel l .  Ce r t a in  elements of high po l lu t ion  p o t e n t i a l  are present  
and should be quan t i f i ed  e The Santa Clara V a l l e y  narrows considerably 
a t  Morgan H i l l  and Gilroy; subdivis ion pressures  from San Jose south- 
ward w i l l  be inev i t ab le ;  t h e  l e v e l  of i n d u s t r i a l  a c t i v i t y  could rise 
sharp ly  as orchard and farmlands f o l d  under t h e  weight  of taxes;  care-  
f u l  meteorological  s t u d i e s  could very w e l l  i n d i c a t e  a s t rong  southward 
f low of Bay A r e a  a i r  i n t o  t h e  narrowing va l l ey  during c e r t a i n  por t ions  
of t h e  yea r .  These and o the r  f a c t o r s  should be d e a l t  with now, not 
a f t e r  a c t u a l  damage has occured and necessitated t h e  loca t ion  of a 
monitoring s t a t i o n  i n  Gilroy . 

There is  no doubt t h a t  a t  the t i m e  of formation of t he  BAAPCD, 
not  enough information and knowledge of a i r  po l lu t ion  dynamics w a s  
a v a i l a b l e  t o  do anything but  e s t a b l i s h  uniform, d i s t r i c t -wide  emission 
r egu la t ions .  The phenomena underlying these  dynamics are now more 
c lear ly  (though not completely) understood, and f u r t h e r ,  t h e  means are 
now a v a i l a b l e  t o  measure and quant i fy  t h e i r  cause, e f f e c t ,  and i n t e r -  
mediate v a r i a b l e s  quickly,  conveniently,  and accura te ly .  

R e c  ommendat ions 

In l i g h t  of t h i s  emerging knowledge and a b i l i t y  t o  measure, t h e  
fol lowing recommendations are made ; 

1. 

2. 

3. 

4. 

5 .  

that ,  by inspec t ion  of meteorological,  a i r  qua l i t y ,  and topo- 
graphic da ta ,  the BAAPCD s t a f f  make a t e n t a t i v e  d iv i s ion  of 
t h e  D i s t r i c t  a i r shed  i n t o  i t s  component a i r c e l l s .  

tha t  t h e r e  be i n i t i a t e d  a n  ongoing program of source emission, 
a i r  q u a l i t y  and meteorological  monitoring, and modeling of 
such a na ture  and i n  such de t a i l  t h a t  the inherent  capaci ty  
of each a i r c e l l  t o  assimilate a i rborne  po l lu t an t s  is  es tab-  
l ished.  

tha t  aircell  boundaries be appropr ia te ly  ad jus ted  as new i n -  
formation and understanding evolve. 

tha t  those e x i s t i n g  emission regula t ions  based upon e f f l u e n t  
concent ra t ion  and process  weight be retained f o r  e x i s t i n g  
poin t  source emitters only, as a means of "grandfathering" 
i n  t o  new r egu la t ions .  

tha t  f o r  each a i r c e l l  a schedule of t o t a l  mass emission regu- 
l a t i o n s  be drawn up on t h e  b a s i s  of a i r c e l l  capaci ty ,  geogra- 
phy, local agency land use  zoning, and o the r  p e r t i n e n t  f a c t o r s  
t o  be f e d  t o  a formula, described below, whose output w i l l  be 
a f i g u r e  f o r  tons p e r  day pe r  ac re  for t he  a i rcel l .  

250 



6. t ha t  where evidence e x i s t s  of s i g n i f i c a n t  po l lu t an t  t r anspor t  
between ad jacent  a i r c e l l s ,  t hese  c e l l s  be coupled t o  appropri-  
a t e l y  account f o r  mutual e f f e c t s .  

7. t h a t  ind iv idua l  a i rce l l  c a p a c i t i e s  be summed t o  desc r ibe  t h e  
capac i ty  of t h e  e n t i r e  d i s t r i c t  a i r shed  as a n  improvement t o  
t h e  method out l ined  i n  t h e  Box Model descr ibed i n  Chapter 6. 

Comments and Expansion on Recommendations 

1. The t e n t a t i v e  des igna t ion  of a i r c e l l  boundaries should be no 
problem. Some may not be as obvious as the Livermore and 
Gilroy examples c i t e d  above, but  t h e i r  ou t l i nes  a r e  t e n t a t i v e  
and theref  ore  f l e x i b l e .  

2. I n  o ther  sections of t h i s  r epor t  t h e r e  are d iscuss ions  dea l ing  
w i t h  t he  va lue  of a i r  po l lu t ion  su rve i l l ance  and modeling. 
Here w e  have a very  s p e c i f i c  example, one which merits con- 
s i d e r a b l e  e labora t ion .  L e t  us e l abora t e  i n  the contex t  of 
t h e  Livermore Valley 

Consider, f i r s t ,  the  t a sk  of e s t a b l i s h i n g  a source inventory f o r  
t h e  V a l l e y .  The more or less conventional sources,  i .e.,  industry,  
au todf reeways ,  space heat ing,  e t c . ,  p resent  no p a r t i c u l a r  problems 
o the r  t h a n  the  t i m e  and e f f o r t  required f o r  t h e i r  enumeration and com- 
p i l a t i o n .  The Livermore Valley has, however, a source t h a t  is not  so 
e a s i l y  d e a l t  with, namely the inflow through N i l e s  Canyon of po l lu t an t -  
laden a i r  from the  main  a i r  mass of San Francisco Bay. Knowledge of 
t h i s  p o l l u t a n t  inflow is a necessary ingredien t  f o r  f u r t h e r  a n a l y s i s  
of the Livermore a i rce l l .  

C u r r e n t  developments i n  the measurement of a i r  po l lu t ion  parameters 
by long-path absorpt ion spectroscopy poin t  d i r e c t l y  t o  t he  c a p a b i l i t y  of 
measuring t h i s  p o l l u t a n t  inflow by a method now t o  be descr ibed.  Figure 
8-1.1 below shows a " fo r  instance" cross-sect ion of t h e  N i l e s  Canyon a t  
a po in t  s e l ec t ed  for i ts  re la t ive  narrowness. A l i g h t  source and absorp- 
t i o n  spectroscope a r e  mounted a t  equal  e l eva t ions  below t h e  inversion on 
opposi te  sides of the  canyon. The spectroscope w i l l  y i e ld  a measurement 
of the average concentrat ion of a given p o l l u t a n t  over the  hor izonta l  
d i s t ance  between t h e  l i g h t  source and the  spectroscope. By making s i m i -  
l a r  concentrat ion measurements a t  other e l eva t ions  under t h e  inversion,  
and by r e l eas ing  bal loons t o  determine wind v e l o c i t y  p r o f i l e s ,  i t  is a 
s t ra ight forward  t a s k  t o  compute a n  estimate of t he  po l lu t an t  inflow. 

d a t a  are being generated,  and cons ider  the use of these d a t a  f o r  t he  
determinat ion of a i r c e l l  capac i ty .  Such a determination might proceed 
i n  a series of s t eps ,  a t  each of which a n  increas ingly  sophis t ica ted  
mathematical or simulat ion m o d e l  would be employed. The most e l emen ta ry  
of these models would be the judggment and accumulated experience of t he  
D i s t r i c t  t e chn ica l  s t a f f .  A t y p i c a l  output of t h e  judgement/experience 
model might be t h e  s t a t e m e n t  t h a t  the Livermore V a l l e y  could not possibly 

Now assume t h a t  source emission, po l lu t an t  inflow, and a i r  qua l i t y  
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Figure 8-1.1 .. A TYPICAL CROSS-SECTION, NILES CANYON. 

accommodate a population of,  s a y ,  400,000 without unacceptable degrada- 
t i o n  of a i r  qua l i t y .  The next s t e p  might be the cons t ruc t ion  of a Box 
Model (see Chapter 61, a process i n  which t h e  va l l ey  f l o o r ,  t h e  mountain 
w a l l s ,  and t h e  inversion height  act  as the  con ta ine r  of a volume of a i r  
i n t o  which a l l  p o l l u t a n t s  are introduced by e m i s s i o n  or by inflow. H e r e ,  
f o r  t h e  f i r s t  t i m e ,  one can ge t  very crude answers t o  such quest ions as: 
"If  the Livermore Valley cannot accommodate 400,000 people without de- 
s t roy ing  a i r  qua l i t y ,  j u s t  how many c a n  it hold?" 

Other, more re f ined  models could be used as they become ava i l ab le  
(see Chapter 6 ) .  The s t ronges t  cont r ibu t ion  of modeling, i n  the  present  
contex t  of fash ioning  emission regula t ions ,  is  the c a p a b i l i t y  of ex t ra -  
po la t ion  or pred ic t ion  inherent  i n  the mathematics of t he  model. T h i s  
p r e d i c t i v e  c a p a b i l i t y ,  coupled wi th  s t a t i s t i c a l  p r o f i l e s  of meteorologi- 
c a l  d a t a  f o r  t h e  a i r c e l l ,  could lead t o  capac i ty  s ta tements  of t h e  f o l -  
l o w i n g  na ture .  

Based upon topographic s t r u c t u r e ,  s t a t i s t i c a l  p r o f i l e s  of meteoro- 
l o g i c a l  phenomena, and p ro jec t ions  of p o l l u t a n t  inflow from outs ide  
t h e  V a l l e y ,  t h e  Livermore V a l l e y  a i r c e l l  is  estimated t o  have, t o  
wi th in  254, t h e  gross  i n t e r n a l  p o l l u t a n t  capac i t i e s ,  i n  tons  pe r  
day, shown i n  Table 8-1.1. 
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Table 8-1.1 

TYPICAL CAPACITY MATRIX FOR A G I V E N  AIRCELL 
Numbers a r e  r ep resen ta t ive  only 

Capacity Ma 

$, t i m e  
c omp 1 i anc e I t o  ARB q u a l i t y  Po l lu t an t :  NOx 

0.05 A 

.1 t r i x ,  Tons Per  Day 

Reactive 
HC 

B 

0.4 B 

0.21 B 

0.04 B 

0.45 C 10.2 D 

0.18 C 10.11 D 

0,07 C I 0.10 D 

These c a p a c i t i e s  are f u r t h e r  based upon t h e  c o n s t r a i n t  t h a t  the 
S t a t e  of Ca l i fo rn ia  a i r  q u a l i t y  s tandards are t o  be m e t  f o r  a 
given percentage of measurement u n i t s  (hourly average, d a i l y  
maximum, e t c  a 1 .  

Continuing with t h e  comments and expansions on t h e  earlier recommenda- 
t i o n s  : 

4. I t  should be obvious t h a t  emission regula t ions ,  as present ly  
cons t i t u t ed  w i l l  no t  and cannot e f f e c t i v e l y  guarantee a l i m i t  
on emissions i n t o  a n  a i r c e l l .  There i s  v i . r tua l ly  no l i m i t  on 
the t o t a l  tonnage of p o l l u t a n t s  t h a t  a l a rge  number of l a rge  
i n d u s t r i e s ,  each occupying a r e l a t i v e l y  s m a l l  i n d u s t r i a l  s i te ,  
can discharge t o  t h e  atmosphere, Regulations of t h i s  type 
should the re fo re  be scrapped and be replaced by new regula- 
t i o n s  which guarantee a c e i l i n g  on t o t a l  emissions.  Exis t ing  
uses,  of course,  cannot be r e s t r i c t e d  i n  a conf i sca tory  man- 
n e r ,  and w i l l  have t o  cont inue operation under t h e  old regula- 
t i o n s  u n t i l  such t i m e  as the use i s  terminated or technological  
developments i n  con t ro l  allow compliance w i t h  new regula t ions .  

5. The quest ion of capac i ty  i n  t he  contex t  of l a n d  use, planning, 
and zoning, i s  beginning t o  be ra i sed ;  more of ten i n  publ ic  
hearings,  e spec ia l ly  i n  Ca l i fo rn ia .  Some eco log i s t s  have 
suggested, f o r  example, tha t  t h e  capac i ty  of the  Los Angeles 
basin f o r  people and people-by-products has long been exceeded. 
I t  has been suggested tha t  reg iona l  planning, backed by re- 
g iona l  government w i t h  t h e  au tho r i ty  t o  implement such plans 
w i t h  p r e c i s e  zoning, i s  one answer  t o  the  t rend of vanishing 
wisdom i n  land use pol icy .  

25 3 



There is more t h a n  a l i t t l e  uncer ta in ty  i n  how rap id ly  t h i s  
t r a n s i t i o n  t o  reg iona l  government w i l l  proceed. 
proceed on the  assumption t h a t  t o t a l  mass emission regula t ions  w i l l  
have t o  be d r a f t e d  f o r  a given a i r c e l l  without any  bas ic  changes i n  
t h e  way local agencies c o n t r o l  land use  within t h e i r  boundaries,  

The procedure might have t h e  following s t eps .  F i r s t ,  t h e  D i s t r i c t  
would approach t h e  l o c a l  agencies ( c i t i e s ,  coun t i e s )  within t h e  a i rcel l  
and de termine  from them t h e i r  long-term land use  and t r anspor t a t ion  
p lans .  A s s u m e  that  such plans c a n  be summarized comprehensively and 
graphica l ly  by a diagram such as t h a t  shown i n  Figure 8-1.2. It must 
be emphasized t h a t  t h e  percentage of t o t a l  area t o  be devoted t o  a 
given use  is s t i l l  i n  t h e  hands of the l o c a l  agencies  and i s  not sub- 
ject  t o  change or ve to  by t h e  po l lu t ion  c o n t r o l  agency. 

Once t h e  information i n  Figure 8-1.2 is  ava i l ab le ,  t he  next s t e p  
c o n s i s t s  of apport ioning p ieces  of t he  t o t a l  p o l l u t a n t  capac i ty  p i e  t o  
t h e  t h r e e  use  ca t egor i e s .  This would probably have t o  be done itera- 
t i v e l y ,  as fo l lows .  The l o c a l  agencies might t e n t a t i v e l y  decide t o  
p re sc r ibe  an average r e s i d e n t i a l  d e n s i t y  of s i x  u n i t s  per  a c r e  t o  the 
55% of the  land area se l ec t ed  f o r  u l t imate  res ident ia l  and open space 
use.  Using s tandard f i g u r e s  f o r  po l lu t an t  production by domestic water 
and space heating, t he  t o t a l  tonnages produced by these 33,000 dwelling 
u n i t s  could be est imated.  In similar fashion,  standard f i g u r e s  would 
be appl ied t o  whatever m i x  of t r anspor t a t ion  modes w a s  decided upon by 
t h e  l o c a l  agencies.  They might, f o r  example, decide t o  m e e t  25% of 
t h e i r  i n t r a - a i r c e l l  t r anspor t a t ion  needs by publ ic  t r a n s i t ,  and 75% by 
p r i v a t e  auto.  From t h e  t r anspor t a t ion  mix and s tandard po l lu t ion  f ac -  
t o r s  would come estimates of t o t a l  tonnage produced by t h e  t ranspor ta -  
t i o n  s e c t o r s .  

One might theref ore  

The sums of res ident ia l  and t r anspor t a t ion  tonnages would then be 
subt rac ted  from the r e spec t ive  capaci ty  tonnages shown i n  Table 8-1.1, 
where f compliance would presumably be chosen n o  lower than 99%. 
remainders would be the tonnage allowances f o r  the 3,500 acres designa- 
ted  for i n d u s t r i a l  development. 

The 

The next  s t e p  is an adjustment f o r  e x i s t i n g  industry which, as a n  
example, p resent ly  occupies 1,000 of t he  3,500 ac res  s e t  a s ide  f o r  i n -  
dus t ry ,  and produces known tonnages of t he  respec t ive  po l lu t an t s  e These 
tonnages are t o  be subt rac ted  from the  t o t a l  i n d u s t r i a l  a l loca t ion ,  and 
i n  t u rn  the d i f f e rence  is  t o  be divided by the  2,500 n e t  ac re s  remaining 
f o r  i n d u s t r i a l  development. 

The preceding seve ra l  paragraphs c a n  be expressed i n  a compact 
equation, as fol lows.  For oxides of ni t rogen,  f o r  example, 
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10,000 ACRE AIRCELL 

I n d u s t r i a l  

(3500 acres) 
35% 

Res iden t i a l  and 
open space 
55$ (5500 acres) 

Tran sport a t  i on 
10% (1000 acres) 

- 

Figure 8-1.2. LAND USE PLAN FOR AN 
A IRCE LL, SHOW ING INDU STR IA L, RES I - 
DENT IAL, AND TRANSPORTAT ION CATE- 
GOR IES 

where 

d is  emission dens i ty  i n  tons  p e r  day p e r  acre, 

0.05 A i s  the 99.9% compliance a i rce l l  capac i ty  f o r  NOx, from 
Table 8-1.1, 

Tr is  r e s i d e n t i a l  t ons  p e r  day, 

Tt i s  t r anspor t a t ion  tons  pe r  day, 

T i s  present  industry tons  p e r  day, 

Li 

P i  

is t o t a l  land acreage designated i n d u s t r i a l ,  

and 

L is  t h e  present  land acreage occupied by i n d u s t r i a l  operat ions.  
P i  

Again by applying s tandard po l lu t ion  f a c t o r s ,  the l o c a l  agencies 
could a t  t h i s  po in t  see t h a t  t h e  remaining i n d u s t r i a l  tonnage, namely 

= d .  (Li - L . >  tons/acre/day 
Tri P l  

w o u l d  "buy" them an i n d u s t r i a l  " m i x "  of, f o r  example, t h r e e  one-megawatt 
f o s s i l  power p l an t s ,  t w o  100,000 b a r r e l  o i l  r e f i n e r i e s ,  and one l a r g e  
steel m i l l .  Should they not  l i k e  t h i s  m i x ,  they are f r e e  t o  make ad jus t -  
ments i n  t h e  a l l o c a t i o n s  t o  r e s i d e n t i a l  and i n d u s t r i a l  uses.  It  is  pre- 
sumed tha t  they w i l l  eventual ly  reach  a s a t i s f a c t o r y  apportionment, a t  
which t i m e  t h e  po l lu t ion  c o n t r o l  d i s t r i c t  w i l l  put  i n t o  effect  i n d u s t r i a l  
emission regula t ions  i n  terms of d tons/day/acre on t h e  (Li - $i) 
acres of undeveloped i n d u s t r i a l  land. 
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A t  t h i s  point  the regula t ions  would funct ion as fol lows.  An indus- 
t r i a l  app l i can t  for use  of land within the  a i r c e l l  would have t o  dec la re  
the  d a i l y  tonnages t h a t  he a n t i c i p a t e s  w i l l  be emitted by h i s  operat ion.  
Calcu la t ions  support ing t h i s  dec l a ra t ion  would be reviewed by t h e  d i s -  
t r i c t  t echn ica l  s t a f f .  The appl icant  would then be required t o  purchase 
a t  least t h a t  number of acres determined by t h e  equation. 

where 

L i s  the  minimum acreage required f o r  t h e  i n d u s t r i a l  appl icant ,  i a  

i s  t h e  declared tonnage pe r  day of t h e  app l i can t ' s  process 
f o r  the j t h  po l lu t an t ,  

and 

d j  is t h e  tons pe r  day pe r  a c r e  f o r  the  jth po l lu t an t  as pe r  
the d i s t r i c t ' s  regula t ions .  

T h i s  equation f o r  acreage is t o  be appl ied f o r  a l l  primary pol lu-  
t a n t s  i n  t h e  a p p l i c a n t ' s  dec l a ra t ion .  The f i n a l  required zcreage w i l l  
be based upon t h e  l a r g e s t  r e s u l t  of repeated app l i ca t ions  of t h e  acreage 
equation over a l l  primary po l lu t an t s .  

- 

Summary 

The emission regula t ions  as fashioned on paper i n  the  paragraphs 
above admit tedly are lacking many of t he  l e g a l i s t i c  i f ' s ,  and's,  and 
b u t ' s .  They do  represent ,  though, one way i n  which l i d s  might e f f ec -  
t i v e l y  be placed on the  burden of po l lu t an t s  tha t  any given a i r c e l l  
and its inhab i t an t s  must endure. 

The l e g a l i t y  of such regula t ions  within the  framework of the  pre- 
s e n t  3AAPeD l e g i s l a t i v e  mandate is  a matter f o r  speculat ion.  Environ- 
m e n t a l  l a w  i s  very much i n  i ts infancy. There is some precedent f o r  
the  r egu la t ions  as descr ibed above, however. The l e g a l i t y  of res iden-  
t i a l  dens i ty  c o n t r o l  v i a  zoning has been upheld aga ins t  repeated a s s u l t s ,  
f o r  example. 

are t o  survive,  cour t  tests of c o n s t i t u t i o n a l i t y ,  they w i l l  very  l i k e l y  
have t o  be backed up by legitimate s c i e n t i f i c  theory and unimpeachable 
d a t a .  Now i s  t h e  t i m e  t o  bu i ld  upon t h a t  theory and t o  s ta r t  c o l l e c t i n g  
and using t h e  d a t a .  

One t h ing  s e e m s  sure ,  however. If such new l a w s  and regula t ions  
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EPILOGUE 

This r epor t  has summarized the  eleven-week, twenty-man study of the  
a i r  po l lu t ion  problem i n  t he  San Francisco Bay A r e a  which w a s  sponsored 
by NASA and ASEE and held a t  Stanford Universi ty  during the  summer of 
1970. The r epor t  a t tempts  t o  desc r ibe  the  Bay A r e a  a i r  po l lu t ion  prob- 
l e m ,  o u t l i n e s  an  improved su rve i l l ence  sys t em f o r  both po l lu t an t  sources 
and a i r  qua l i t y ,  suggests  areas where improved modeling techniques can 
c o n t r i b u t e  t o  a b e t t e r  understanding of the  r e l a t i o n s h i p  between pol lu-  
t a n t  sources  and a i r  qua l i t y ,  and makes recommendations f o r  improvements 
i n  the present  c o n t r o l  programs. 

t i o n ;  i n  t he  l i g h t  of t h e  backgrounds of t he  p a r t i c i p a n t s  i n  t he  study, 
t h i s  i s  perhaps as it should be. Y e t  it is widely recognized t h a t  the  
a i r  po l lu t ion  problem i s  l a rge ly  a s o c i a l ,  p o l i t i c a l ,  and economic one; 
t o  a l a rge  degree the  necessary technology i s  already ava i l ab le .  

t h e  San Francisco Bay A r e a  going t o  improve?" 
appears t o  be, "Probably not ."  Not u n t i l  t h e  c o n t r o l  agencies,  such as 
t h e  BAAPCD, f u l l y  and completely ded ica t e  themselves t o  the  t a s k ;  not 
u n t i l  they re fuse  t o  accept  t he  cu r ren t  roadblocks t o  e f f e c t i v e  pol lu t ion  
c o n t r o l :  t he i r  own of ten  narrow view of t he  proper scope of the i r  a c t i v -  
i t ies ;  shortage of funds; i n s u f f i c i e n t l y  s t rong  l e g i s l a t i o n  (or insuf f  i- 
c i e n t l y  aggressive i n t e r p r e t a t i o n  of e x i s t i n g  legis la t ion);  t h e  adverse 
pressures  from vested interest groups; and, perhaps most important, pub- 
l i c  apathy (due i n  many ins tances  t o  l ack  of awareness). 

Much of the r epor t  i s  devoted t o  the  t echn ica l  aspec ts  of a i r  pol lu-  

F ina l ly  then ,  t he re  r e m a i n s  t he  question, "IS t h e  q u a l i t y  of a i r  i n  
Unfortunately, t h e  answer 

For j u s t  as people are the  real source of the po l lu t an t s ,  so  too  
must they be the  u l t ima te  source of the so lu t ion .  The q u a l i t y  of a i r  
i n  the  San Francisco Bay Area, or any o ther  area, w i l l  only improve 
when a n  enl ightened publ ic  is w i l l i n g  t o  pay t h e  p r i c e  f o r  i ts  improve- 
ment ,  when each c i t i z e n  is  w i l l i n g  t o  make t he  necessary ind iv idua l  
s a c r i f i c e s  r a t h e r  than " leaving it  t o  t h e  o the r  guy", when he is  t r u l y  
a b l e  t o  say " Y e s t '  upon asking himself,  "Rather t h a n  paying l i p  se rv i ce  
t o  t h e  need f o r  c lean  a i r ,  am I w i l l i n g  t o  d r i v e  my c a r  less, t o  c u t  
down on my use  of such th ings  as e l e c t r i c  power, t o  ac t ive ly  promote 
more e f f e c t i v e  ac t ion  by l e g i s l a t u r e s  and con t ro l  agencies, and t o  

- 

personal ly  support  t he  r a i s i n g  of t he  necessary revenues?" 

"WE HAVE MET THE ENEMY, AND HE IS US." 

Pogo 
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