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"Secondary SO2 standards  could be s e t   f o r  averaging  times of I, 
3 and 8 hours to be cer ta in   tha t  a l l  species  of plants   are p r p -  

tected f r o m  a l l   t y p e s  o f  a d i e n t  SO2 patterns,  whether  from 
single  sources  with  highly  variable  pollutant  concentrations 
o r  from  large  areas of sources  with  less  variable  concentra- 

t ions .  If only  a ,?-hour SO2 standard were used, a source 
could  conceivably be  operated so that several  consecutive 3- 

hour  concentrations were near to  b u t  d i d  not  exceed  the  stundzrd 
and plants  could  be  injured. The se t t i ng  of 1 and 8 hour 

standards  assures that plants  w i l l  no t  be injured by these 
shorter and longer  durations. 116 

"If labomtory  experiments are to   p rov ide   a   r ea l i s t i c  indica- 
t ion  of t he   s ens i t i v i t y  of plants  to SO, i n  the  air ,  it i s   c l e a r  
that  attempts  must  be made i n   f u t u r e  work t o  ensure  that  fumi- 
gations  are not carried  out   in   condi t ions of a i r  movement that 
are  a  great  deal  less  than  those  normally  prevailing  out-of- 
doors. ,120 

"PoZZutants rare ly  a i s t  aZone; instead, the a i r  environment 
consis ts   o f   a  complex m k t u r e  of phytotoxic  gases . . . The fez 
avai lable   resul ts   suggest   that   the   greater   than  addi t ive ,  less 
than  additive, and add i t i ve   e f f ec t s  of pollutant  combinations 
can make any attemps  to  set  reasonable  standards for  individual  
t ox i can t s   ve ry   d i f f i cu l t .  1,102 
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F1.0 INTRODUCTION AND DESCRIPTION OF  PROJECT 

a 

3 
c 

This r e p o r t  i s  concerned  wi th  the  assessment o f   t h e   i m p a c t   o f   a i r b o r n e  

emiss ions   f rom  the   p roposed  Hat   Creek   p ro jec t   o f  B.C. Hydro  and Power 

A u t h o r i t y ,   i n c l u d i n g   t h e   t h e r m a l   g e n e r a t i n g   s t a t i o n ,  and i t s  associated, 

ope ra t i ons ,   on   l oca l  and reg iona l   vegeta t ion .   Whi le  i t  f o c u s s e s   p a r t i -  

c u l a r l y  upon t h e  gaseous  emiss ions   (espec ia l l y   su l fu r   d iox ide ,  5.02) 
f r o m   t h e   g e n e r a t i n g   p l a n t   i t s e l f ,  i t  includes  assessments o f  the   a i rborne  

impacts   f rom  other   operat ions  such  as  the  proposed  cool ing  towers,  and, 

i n   a d d i t i o n ,   p r o v i d e s   a n   a s s e s s m e n t   o f   l o n g   d i s t a n c e   e f f e c t s  upcn  reg ional  

vegetat ion.  

The Hat   Creek   coa l   depos i t   wh ich  i s  t o  be m i n e d   t o   p r o v i d e   t h e   f u e l   f o r  

the  proposed 2000 Mw t h e r m a l   g e n e r a t i n g   s t a t i o n   c o n t a i n s   a p p r e c i a b l e  

s u l f u r .  The s u l f u r   d i o x i d e   f o r m e d   d u r i n g   i t s   c o m b u s t i o n   r e p r e s e n t s   t h e  

ma jo r   s tack   em iss ion   o f   env i ronmen ta l   conce rn .   O the r   po ten t i a l l y   ha rmfu l  

em iss ions   t o   t he   a tmosphere   . i nc lude   ox ides   o f   n i t rogen  and f l u o r i d e s ,  as 

we l l   as  a wide  range o f   t r a c e   e l e m e n t s   l a r g e l y   i n   t h e   f o r m   o f   p a r t i c u l a t e s  . 1 

For  assessment  purposes,  the  area  surrounding  the  proposed  Hat  Creek  oper- 

a t i o n s  i s  d i v i d e d   i n t o  a l o c a l  zone o f   i n f l u e n c e  o f  25 km radius.   cent red 
on the  proposed  thermal  generat ing  stat ion,   and a r e g i o n a l  zone o f   i n f l u e n c e  

covered  by a 100 km radius.   Env i ronmenta l   Research & Technology,  Inc. 

(ERT) has  developed  models o f   p r o j e c t e d   l e v e l s   o f  SO2 throughout.  the  year 

f o r   b o t h   l o c a l  and r e g i o n a l  zones . These p r o j e c t i o n s  have  formed  the 

b a s i s   f o r   t h e   p r e s e n t   a s s e s s m e n t s   o f   i n j u r y   t o   v e g e t a t i o n  causeci by  S b ,  

ox ides o f   n i t r o g e n   ( p a r t i c u l a r l y   n i t r o g e n   d i o x i d e ,  N02) and f luc l r ides   (as  

hydrogen  f luor ide ,  HF) .  S i m i l a r   m o d e l l i n g   b y  ERT3 has  permittecl  assess- 

ment o f  t h e   e f f e c t s  o f  coo l ing   tower   emiss ions .  

2 

A l t e r n a t i v e   s t r a t e g i e s   e x i s t  f o r  t h e   o p e r a t i o n  o f  thermal  power  generat ing 

1 F1- 1 
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s ta t ions ,  and  a l so   for  the design of the  s ta t ion and i t s  components . For 
the  present  report,  assessments  of  the  impacts  of  emissions from an  uncon- 
t ro l led  366 m (1200 f t . )   s t a c k  under base  load  conditions (2000 Mw) were 
developed f i r s t ,  and the  assessment methodology was then  applied  to three 
a1 ternative systems: 

4 

366 m stack  with  partial  flue  gas  desulfurization, 
366 m stack  with  meteorological  control, and  
244 m (800 f t . )   s t ack  with  meteorological  control. 

The assessments  of  impact  reported  herein  are based upon injury,  whether 
expressed  through  visual symptoms or through  modifications t o  pla.nt  growth. 
I t  must be emphasized, however, t ha t  the  data  presented  are  assessments 
and n o t  measurements, since few of the plant  species  indigenous 1:o the 
Hat Creek region have been studied  in the context of a i r  polluticm  effects. 
Even  where reports  of e f f ec t s  on individual  species  occur i n  t he   l i t e r a tu re ,  
in most cases  these  reports  contain no quantitative  information  about 
severi ty  or magnitude  of  impact. In the few cases where quantitative  data 
ex is t ,   these   in  turn require  cautious  extrapolation  to the condi_ions  of 
Hat Creek. The f i r s t   s ec t ions   o f  this report   are ,   therefore ,  devoted to  
describing the data  bases  available, and a discussion  of the reasons  for 
cau t ion   in   the i r   u t i l i za t ion ,   p r ior  t o  a description  of  the  actual  approaches 
used i n  deriving the assessments  presented. In the  course  of  developing 
this  methodology, extensive  reviews o f  the s c i e n t i f i c   l i t e r a t u r e  have been 
undertaken, which have involved  over 380 published  papers and reviews  re- 
l a t i n g  t o  vegetational  effects o f  air   pollutants  exclusive  of  the photo- 
chemical oxidant group. Computer-assisted  searches have also been under- 
taken. I n  general ,   the   l i terature  has been reviewed up  to  J u l y  1978. 

F1- 2 
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F2.0 CONTROL STRATEGIES AND DATA BASES 
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The three   a i r   qua l i ty   cont ro l   s t ra teg ies   for  which assessments  of  impact on 
vegetation  are  presented below are  described  in  detail  elsewhere . For 
the  purposes  of  the  present  report, i t   i s   s u f f i c i e n t  t o  describe t.hem only 
br ie f ly  and to comnent on features  which have a direct  bearing on the 
impact  assessment  methodology. 

4 

One strategy  involves  the  use  of  partial Flue Gas Desulfurization ( F G D ) .  
The system  proposed involves  the  diversion of par t  of the  f lue gas th rough  
wet scrubbers,  leading t o  an  approximate  halving  of  the  emissions of Sq. 
However, while  the  system  reduces  soluble  constituents of the  flue  gas, i t  
inevitably  results  in  the  increased  discharge  of  water vapour. The present 
assessment  of  impact on vegetation is  based upon an FGD system  in  conjunc- 
tion with  a 366 m (1200 f t . )  s tack.  

The remaining two strategies  involve  Meteorological  Control Systems (MCS). 
An MCS i s  a systematic  sequence  of  defined  procedures  designed  to  result  in 
a reduction i n  the  rate  of  emission o f  airborne  pollutants whenever 
meteorological  forecasts  indicate  that high ground-level  concentrations 
may occur. In the  case  of  the Hat Creek project,  evidence has been pre- 
sented f o r  two procedures by which MCS could  operate: by load  reduction, 
o r  by switching t o  low-sulfur  fuel. The  two MCS s t ra teg ies  for which assess 
ments are  presented  are  for  the two stack  heights: 366 m (1200 f t . )  and 
244 m (800 f t . ) .  

For each control  strategy and for  the  uncontrolled 366 m stack,  local zone 
o f  influence  modelling  within a 25 km radius  of  the  stack was carried  out 
by ERT as  described elsewhere'' '. The ERT projections were developed on 
a base  of  meteorological  data  obtained  within the study  area  over a 12-mnth 
period,  in  conjunction w i t h  knowledge of  the  local  topography. The Hat 
Creek model, a point-source Gaussian diffusion model, was used t o  predict  

F,?- 1 
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hourly  ground-level  concentrations of SO2 t h r o u g h o u t  the yea r   a t  each of 
728 receptor  si tes  arranged in rows of   e ight ,   radiat ing from the  stack  in 
each of the 16 points  of the compass (Figure F2-1, a fold-out a t  the end of 
t h i s  appe.ndi x ) .  

The hourly  projections  obtained  for  the  uncontrolled  si tuation were used 
as  the  basis  for  preparing  compilations o f  3-hour,  8-hour, 24-hour., seasonal 
(3-month) and annual average SO2 concentrations.   After  selecting ilppropri- 
ate  threshold  concentrations  for  each  averaging  period,  the number of S@ 
excursions above threshold were computed f o r  each r ecep to r   s i t e  and p l o t t e d  
as  frequency  isopleths. Such procedures, accompanied by information  as t o  
the maximum concentrations  reached a t  each  receptor   s i te  du r ing  the  year, 
provide an i n i t i a l  overview  of  the  probably  magnitudes  of ground level 
fumigations. 

In order  to  obtain  projections  for  the  three  control  strategies,  tlie base 
d a t a  for the  uncontrolled  si tuations were modified  as  follows. For MCS, 
appropriate  action  (whether load reduction  or  fuel  switching) was presumed 
t o  be e f fec t ive   in  meeting spec i f i ed   c r i t e r i a .  The 3-hour and 24-hour 
concentrat ion  cr i ter ia  used were: 

Averaging Time SO? Concentration (pg/rn3) Basis 

3-hour 655 Afton Smelter permi t 
24-hour 260 B.C.  PCB Level B 

The  same c r i t e r i a  were used in the FGD case, b u t  here no intermit tent  
action was invoked, the system simply  being  allowed to  function  with i t s  
scrubbers assumed t o  be continuously  achieving 54 percent removal  of SO2 
from the flue  gas. The frequency  isopleths  (at  a scale  of 1:250,000) for  
the various  averaging times for  each  strategy  are  reported  elsewhere,  to- 
gether  with the maximum predicted  ground-level  concentrations  for each 
averaging time within the year . 1 
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While such a form of  presentation  of the d a t a  prdvides  a  general  overview 
of the area w i t h i n  the local zone of influence which may receive  concentra- 
t ions  of SO2 above a given threshold, the assessmnt  of  vegetational 
in jury  requires  a more detailed  analysis  of the projected concentriitions, 
hour by hour, and receptor   s i te  by receptor s i te .  Hence, recourse was 
made t o  PEAK programnes prepared by ERT, which provided  a  detailed  print-out 
of 1-hour,  3-hour and 24-hour  average  concentrations  for  each of the three 
control  strategy  si tuations.  For these PEAK programmes , the threrihold 
selected  for  each  averaging time was a t   o r  below the level of the  nost 
s t r ingent  B . C .  Pollution  Control Board standard".Thus, the threshold for 
1-hour  averages was 225 pg/m3, f o r  3-hour  averages was  300 pg/m3, and 
for 24-hour averages was 160 pg/m3. The selection  of the ul t ra- low 1-hour 
threshold was  made i n  order t o  obtain,infotmation  about the hour-by-hour 
concentration changes pr ior   to  and a f t e r  the predicted  occurrence clf hourly 
peaks of   s ignif icant  magnitude, and i n  order  to determine the  tempcral 
relationships  of such peaks, bo th  of which have an important  bearing on 
injury  to  vegetation  (see  Section  F4.0,  below). 

3 

In order  to  provide  quantitative  assessments  of  injury t o  vegetation,  re- 
course must be made t o  the published  or  available  data on the  response of 
individual  species  to  specific  pollutants a t  dosages  comparable to  those 
predicted. As pointed  out i n  Section F4.0, a  multitude  of  factors can i n -  
fluence  the  dose-response of any species  to  a  given  pollutant. Many o f  
these  are  environmental  factors which may o r  may not be cont ro l led  3r even 
defined i n  many of the published  reports. A par t icu lar  problem i s  that  the 
majority  of such reports  concern  experimental  data  collected under " a r t i f i c i a l "  
conditions. Hence, extrapolation  to  f ield  conditions is fraught  with  dif-  
ficulty.  Nevertheless,  for most species,  such data  are the only da.ta which 
are  available and,  hence, have had t o  be used i n  the present i n j u r y  assess- 
ments. Mention should  also be made of the fact   that ,   a lmost  withou:: excep- 
t ion,  the published  data concerned "acute"  injury  rather  than  "chronic" 
injury  (see  Section F4.1, below) and ,  hence, su f fe r  further i n  t h e i r  broad 
appl icabi l i ty  t o  f i e l d   s i t u a t i o n s . .  
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F3.0 AIR  QUALITY STANDAROS AND VEGETATIONAL IMPACT 

Mention has already been made of a i r   qua l i ty   s tandards .  Such standards  are 
promulgated i n  order t o  prevent  or  minimize harmful e f f ec t s  on the environ- 
ment ,  on public  health, on materials ,  and on animals and plants.  Available 
information on the e f f ec t s  o f  pollutant  concentrations on plants forms par t  
of  the base on which standards  are  determined. However, i t  must b e  noted 
that  there  are  important  differences between compliance  with  standards on 
the one hand,  and the  determination  of  impact on the  other.  For example, 
all   standards  relate  to  the  balance between risk and cost .  The mst s t r i n -  
gent  standards  are  those which a re   e s sen t i a l ly   a t  the risk  threshold,  and 
represent  "safe"  levels  of  contamination. Less stringent  standards  recog- 
nize  that   the  costs  of  "safety" are excessive  and,  hence, knowingly permit 
a measure of risk.  Biological  impact on the other  h a n d ,  whether i t  be of 
plants  or  animals,  including humans, i s  not a matter  of risk b u t  of  actual,  
quantifiable  injury and impairment. 

Standards  are  invariably  both  time- and concentration-dependent. In par- 
t i c u l a r  they  are  expressed i n  terms o f  average  concentrations  over a given 
time in te rva l .  As a r e s u l t ,   t h e y   a r t i f i c i a l l y  impose a level o f  order on 
a s i tuat ion which i s  rarely  orderly and which i s  usually  characterized by 
va r i ab i l i t y .  Time-averaging may provide  analytical  and administrative con- 
venience, b u t  may a l so  be misleading where injury  assessment i s  concerned, 
since  biological  response is  more dependent upon actual  pollutant concen- 
t ra t ion  and time o f  exposure  than upon average  concentration  (see  Section 
F4.2, below).  Furthermore,  present day s tandards  are   set  i n  terms of i n -  
dividual  pollutants,  while i t  i s  well es tabl ished  that   d i f ferent   pol lutants  
may interact  with each other  w i t h  regard  to  biological  response. 

These comparisons between a i r   qua l i ty   s tandards  and vegetational  impact are 
sumnarized i n  Figure F3-1. I t   i s  important  to  recognize  that   full  compliance 
with a given single  standard might s t i l l   r e s u l t  in vegetation  injury,  as has 
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been pointed o u t  by Jacobson in   his   report  t o  the State  of California  Air 
Resources  Board5, particularly  if   the  averaging time of the  par t icular  
standard i s  several hours o r  more. Hence he has further  pointed o u t  t ha t  
a s ingle   s tandard  is   insuff ic ient  and  t h a t  compliance  with  several  standards 
covering  short-intermediate- and long-duration  exposures i s  necessary in 
order  to minimize the  r isk  of  injury.  While such standards  could be 
establ ished  for  a wide range  of  exposure  times,  durations of 1 hour ,  3 hours 
and  8 hours have  been proposed spec i f ica l ly  for SO2.by Larsen and Heck . 6 
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F4.0 FACTORS AFFECTING THE IMPACT OF AIRBORNE 
EMISSIONS ON VEGETATION 

This section  provides an overview o f . t h e  ways i n  which the  responses of 
plants   to   a i r   pol lutants   are   or  may be modified by a wide range c f   i n t r in s i c  
and ex t r ins ic   fac tors .  The subject has  been  reviewed extensively by various 
authors  over  the  years 7J 8J '. Consequently,  only  those  issues  of  particu- 
lar relevance  to  the Hat Creek project and about which new infomat ion   i s  
appearing i n  the   l i t e ra ture   wi l l  be discussed  here. 

F4.1 INJURY AND DAMAGE TO VEGETATION 

The terms "injury" and  "damage" require  definition,  since,  while  they have 
i n  the  past been used somewhat interchangeably,  there i s  a need for  precise 
terminology which d i f fe ren t ia tes  between various  types  of  impact. Guderian 
e t  a l l o  f i r s t  .proposed  in 1960 that  the terms "injury" and  "damage" should 
be ascribed  specific  definitions.  This  separation  has become generally 
accepted and the term "injury" now i s  used to  include  all  plant r,:sponses 
to  air   pollutant  exposures,   including  reversible  effects on metabolism. 
e f fec ts  on physiological  processes,  necrosis,  senescence and modifications 
of growth and development. "Damage" i s  reserved  for  those  effect!; which 
clear ly  reduce  the  intended  value o r  use of a plant,  whether  the Ireduction 
be i n  economic, ecologic o r  aesthet ic  terms. 

Injury i s ,   t hus ,  a purely  biological measure o f  impact,  while damage intro- 
duces the  concept  of  value or use. The bulk of  the  investigations  into 
p l a n t  responses  to a i r   po l lu t an t s   a r e  concerned w i t h  injury.  These include 
not only  invest igat ions  into  specif ic   effects  on individual  species, b u t  
also  general  dose-response  studies.  Investigations  focussing  spec:ifically 
upon  damage have largely been restricted  to  f ield  surveys and,  in  general, 
have been based more on subjective  inputs  than  objective  facts,  as  pointed 
o u t  by Waddell  and others". However, recently Oshima et aZ have developed 
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crop loss mdels   for   the   e f fec ts  of the oxidant   a i r   po l lu tan t  ozone on 
alfalfa".  Their approach will  undoubtedly be extended t o  other  species 
and  pol lutants  

F4.2 RELATIONSHIP BETWEEN INJURY, A N D  CONCENTRATION AND DOSAGE 01' 
AIR POLLUTANTS 

Biological  responses t o  air   pollutants  will   only  occur where there is  actual 
impingement of the po l lu t an t   a t  the s i te  of the biological  receptor.  Since 
such receptors  are w i t h i n  the t i s sues  and ce l l s   o f  the organism, any response 
implies the uptake  of the pol lutant   into  the  cel ls  and t i s sues ,  whether 
access t o  c r i t i ca l   s i t e s   occu r s  by  movement through or between t h e  c e l l s  of 
the organisms from the loca t ion   a t  which i t  f i rs t  penetrates  the  epidermis. 
I t   i s  important t o  note, therefore ,   that   response  is  a consequence of  
"effective" dosage  in s i t u ,  and tha t   t h i s   e f f ec t ive  dose  (and henc:e response) 
may or may not be related simply t o  ambient  concentration  or dosage . 1 3  

Factors which a f f ec t   t he  uptake  of an a i r   p o l l u t a n t  by the aer ia l   par t s  of 
a plant may a c t  independently  of  those  factors which influence the t i s sue  
response +I situ. These different  influences on plant  response  are  dealt 
with  separately below (see  Sections F4.4 and F4.5). 

Figure F4-1 sumnarizes  the  important components of  plant  response t o  a i r  
pollutants.  In par t icu lar  i t  makes the point  that,  while  concentration and 
time of  exposure  contribute  to  dosage, and hence t o  response,  they  are  not 
equally  important,  particularly  with  respect  to  acute  injury. Acute injury 
re fers   to  the rapid  response  to a toxic  agent. In the  case  of  response  to 
a i r   pol lutants ,   acute   injury  implies  a response  to one o r  two exposures  to 
a pol lutant   las t ing a few hours a t   concent ra t ions   suf f ic ien t ly  high t o  induce 
readily  observable  or  measurable symptoms w i t h i n  a couple  of days. In  
contrast,  chronic  injury  implies a response  over an extended period of time 
to  repeated  exposures t o  concentrations  of  pollutant which singly  are i n -  
s u f f i c i e n t   t o   e l i c i t   a c u t e  symptoms. 

In terms o f  the l i t e r a t u r e ,  the bulk of the work reported on a i r   po l lu t an t  
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e f f e c t s  on p l a n t s  i s  concerned  with  acute  responses,  probably becau:;e 

exper imen ta t i on   w i th   acu te l y   i n ju r i ous  dosages i s   e a s i e r   t o   u n d e r t a k e ,  i s  
l e s s  time consuming  and usua l l y   y ie lds   d ramat i c  and unequivocal  responses. 

While many workers  tend  to  regard  dose-response as a continuum,  e.g. 

Jacosbson5 , there i s  d i s c o n t i n u i t y  between  acute  and c h r o n i c   i n j u r y   r e -  

ponses,  s ince  they  usual ly  take  v isual ly  or   measurably  d ist inct   forms. 

Indeed,  Swiss  workers  have recent ly  proposed a reversed  sigmoid  form 

f o r   t h e   o v e r a l l  SO, threshold  dose-'response  curve f o r  time periods  !ranging 

from 30 mintues t o  1 yea?05.  Hence, ex t rapo la t i ons   f rom  acu te   i n ju ry   s tud ies  

to   the   chron ic   s i tua t ion   a re   o f   doubt fu l   va lue ,  and t h e   l a c k   o f   s p e c i f i c  
information  concerning  the  chronic  response  (Jacobson's  opinion  not- 
withstanding)  renders  the  assessment o f   i n j u r y   i n  such s i t ua t i ons   doub ly  

pe r i l ous .  

5 

F4.3 DOSE-RESPONSE MODELS 

With  regard  to   acute  in jury ,   severa l   workers  have.   exp lored  the  in ter re la t ion-  

sh ips   o f   concen t ra t i on  and d u r a t i o n   o f   e x p o s u r e   t o   i n d i v i d u a l   p o l l u t a n t s .  

In   a lmost  a l l  cases,  however,  emphasis has  been on the  mathemat ica l   def in i -  
t i o n   o f  response a t  t he   acu te   i n ju ry   t h resho ld ,   w i th   l i t t l e   a t tempt   be ing  
made to   i nc lude  degree o f   i n j u r y  as  a var iab le.  Hence, the models o f  O'Gara 

( a s  developed  by Thomas and H i11 I4  ),  o f  Zahn15  and o f  Guderian et C ! Z ' ~  are 
o f   l i t t l e  value i n   p r e d i c t i n g   i n j u r y   l e v e l s .  All o f  these  threshold  response 
models show the  expected  inverse  re la t ionship between concentrat ion o f  p o l -  

l u t a n t  and d u r a t i o n   o f  exposure.  However,  they d i f f e r   f r o m  each o t h e r   w i t h  

regard   to   the   mathemat ica l   fo rm  o f   the   re la t ionsh ip ,   par t l y  because o f  
d i f f e ren t   we igh t i ngs   g i ven   t o   po l l u tan t   concen t ra t i on  as  con t ras ted   w i th  

l eng th  o f  exposure,  and p a r t l y  because o f   t h e   i n t r o d u c t i o n  o f  terms t o  com- 
pensate f o r   d i f f e r e n c e s   i n   s u s c e p t i b i l i t y   t o   a c u t e   i n j u r y  casued  by  environ- 
mental   factors and  ontogeny. Such models  have some use i n   e s t a b l i s h i n g   t h e  
general  form o f  threshold-response  curves,  such as those  depicted by 

Jacobson5  and descr ibed  by  the U. S. Environmental   Protect ion Agency 
However,  such curves  are  dependent upon the  observed  responses o f   d i f f e r e n t  

9 
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species t o  d i f f e ren t  exposures, and  rather  than  establishing  universally 
applicable  thresholds,  they take  the form of curvi l inear  zones r e h t i n g  t o  
groups  of plants  with comparable s e n s i t i v i t i e s .  In t h i s  form, the zones may 
be re la ted   to   a i r   qua l i ty   s tandards .  

Figure F4-2 presents  such  curves  for SO, dervied from U. S. Environmental 
Protection Agency datag, which in turn are  derived from the actual  experi- 
mentation of workers i n  many parts  of  the world.  Species were grouped in to  
classes:   sensit ive,   intermediate,  or r e s i s t an t .  The lower  curve  for each 
class  depicts the approximate  threshold  dosage  for  acute  injury f o r  plants 
within  that   class -growing under those  conditions which a re  most con- 
ducive  to .in.iurr. No attempt has been made to   extrapolate  beyond the  8-hour 
exposure  period.  Included i n  the f igure  are   four   a i r   qual i ty   s tandards:  
the B.C.  Pollution  Control I-hour A and B levels  (450 and  900 vg/m?respec- 
t ive ly) ,  the U. S. EPA 3-hour  Secondary  Standard (1300 pg /m3) ,  and the B . C .  
Pollution Control Board 3-hour  level  contained  in the permit  for Af'ton Mines 
(655 u g h 3 ) .  Of these,  i t  appears t h a t  both.1-hour~levels   are  belcw the 
threshold  for the most sensi t ive  species  ( i g n o r i n g  fo r  the moment  1:he 
reduced threshold  in  presence NO2 curve).  both 3-hour leve ls ,  however, 
are  within the zone in which sensi t ive  species   are   l ikely  to  be injured. 
For 3-hour exposures,  the maximum non-injurious  concentration  is  interpolated a t  
approximately 400 ug/m3. A concentration of 655 vg/m3 could thus l a s t   f o r  
approximately two hours  followed or preceded by one hour a t  0 pg/m3 before 
reaching the 3-hour  threshold  while a concentration o f  1310 pg/rn3 could  only 
last  for  less  than one hour, i f  the 3-hour  threshold were not  to be exceeded. 

I t  should be r e i t e r a t ed ,  however, t h a t  the threshold  values in Figure F4-2 
are  for sensit ive  species growing under  conditions which enhance suscep t ib i l i t y  
for which data are available.  In the context of the Hat Creek Project,  
the appl icabi l i ty   of  this threshold is  n o t  known since many of  those 
species  indigenous  to the Hat Creek region are  of unknown s e n s i t i v i t y   t o  SO, 
(see  Tables F5-4 t o  F5-9) inclusive) .  On the other hand, f ield  conditions 
such as those  occurring  naturally i n  the Hat Creek region seem unliltely  to 
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w e l i c i t  the   greatest   sensi t ivi ty ,  in the indigenous  vegetation,  although the 

evidence  re la t ing  suscept ibi l i ty   in   f ie ld  vs greenhouse or fumigation chamber 
conditions  is  contradictory.  (cf.  Fig. 4-5 and  t ex t  p. F4-5). 1 .. 
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I 
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The data o f  Figure F4-2 d i f f e r  somewhat  from those presented by Ja'cobsen'. 
Specifically,  his  curves have a shallower form, as shown in  Figure F4-3. Both 
sets  of  curves are based upon in te rpre ta t ions  and assessments made by d i f fe ren t  
individuals of essent ia l ly  the same primary  data;  only the published work 
of  Larsen and Heck postades  the EPA report;  the  data  of  Jones e t  d 1 6  and 
of  Linzon17 have been taken from unpublished  material. How do such d i f -  
ferences  in  interpretation  arise? For many reasons, such as  the  d.:fferences 
in  response  observed for   different   species ,   or  even d i f fe ren t   var ie t ies ,  
races or gcotypes of the same species;  the  different  responses  observed by 
d i f fe ren t  workers  using  the same spec ies   o r   var ie t ies ,  which are  probably 
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largely  a t t r ibutable  t o  differences i n  experimental f a c i l i t i e s  and procedures; 
and the  degree  of  importance  attributed t o  various  factors which influence 
p lan t   sens i t iv i ty  and  which may or may not have been controlled  during  the 
experiments  in which response was measured. I t  would appear t h a t  Jacobson 

t 

e accepted a somewhat higher  injury  threshold  criterion  that  those  responsible 
fo r  the EPA report .  

0- 

Many of the factors  influencing p l a n t  response  will be dea l t  with  in greater  
de ta i l  below (Section F4.5), b u t  a t  this time i t  i s  pertinent t o   i l l u s t r a t e  
the magnitude o f  some of these  effects  and the influence they may have i n  
terms of  deriving a general  threshold  curve. 

c 

c 

Figures F4-4, F4-5 and  F4-6 present  generalized  depictions  of  response 
.c dervied from a wide range of  sources. In Figure F4-4. the focus i s  upon 

- ships between concentration,  exposure time and dosage.  Figure F4-4:a) 
variations  in  actue  injury  threshold between species,  and the inter,-elation- 

i l l u s t r a t e s  both the differences in threshold  concentration, and typical 
differences i n  the shapes  of the 'dose-response  curves  'for  different  species. 
I n  the case of  species 4, the   curve  i l lustrates  the condition i n  wh-ch low 
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Jacobson: Ref. 5 
EPA : Ref. 9 

FIGURE  F4-3 

FOR SENSITIVE  SPECIES IN RELATION  TO  VARIOUS 1 A N D  3 HOUR 
COMPARISON OF INJURY  THRESHOLD  DOSAGES 

A I R  QUALITY  STANDARDS 
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FIGURE F4-4 

EFFECTS OF CONCENTRATION, 
T IME AND  DOSAGE ON THRESHOLD AND PLANT RESPONSE 
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concentrations of p pollutant  such as S& or N@ may  be nutri t ionally  useful 
and result  in  increased growth. I n  Figure F4-4 (b ) ,  different  species  again 
respond d i f fe ren t ly  t o  increasing exposure times, even though the concentra- 
tion of po l lu t an t   i s   su f f i c i en t ly  great t o  cause a measurable response 
following a br ief  exposure. In Figure F4-4(c), concentration and time 
are combined, b u t  marked differences  in  threshold dosage are s t i l l  apparent. 
Again, the s i tuat ion  depicted  for   species  4 i l l u s t r a t e s  the condition in 
which low dosage  of a pol lutant  such as S q  or NQ may be beneficial .  
Finally,  Figure F4-4(d) shows tha t ,  even under constant dosage conditions, 
there i s  a g rea te r   e f fec t  of concentration  than  exposure  time on rEsponse. 

Figure F4-5 i l l u s t r a t e s   d i f f e rences  in the response t n  ident ical  dosages 
administered under different  experimental  condition4' or t o  identical  
dosages  administered  following growth in standarized b u t  d i f f e ren t  con- 
d i t i o n ~ ~ ~ .  I n  the f i r s t   c a s e ,  A ,  exposure under f ie ld   condi t ions .increased 
response  significantly,  as compared with  exposure  in  chambers. whi'ie ex- 
posures  following  different growing conditions, B. resul ted in reverse 
response. 

In Figure F4-6, response i s  shown t o  be affected by the way in whic:h a given 
dosage i s  administered. In Figure  F4-6(a) a constant   total  dosage involving 
a constant  total  exposure  time  is  divided  into numbers of  shorter  exposure 
times. As the number of such exposures  increases and ,  hence, the i r  dura- 
t i o n  decreases,  the  response i s  diminished,  indicating  that   partial ' recovery 
can occur between doses. In Figure  F4-6(b), the s ize  of the acute  injury 
response i s  shown t o  be affected by the magnitude of sub-acute  pretreatment 
doses. In curve X ,  the  pretreatment doses (in  this  case  determined  largely 
by increased  pretreatment  concentrations),  increasingly  predispose  the 
plant t o  subsequent  acute  injury;  this  is   also true in  curve & exce3t  that  
higher  dosages  ultimately  diminish the predisposition  because  here  the  in- 
crease  in  pretreatment dosage r e f l ec t s  an increase  in the duration  of the 
pretreatments rather t h a n  their   concentrations.  In other  words, the  decline 
in  response  reflects a decrease i n  predisposi t ion  ref lect ing age and  maturity 
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FIGURE F4-6 

EFFECTS OF INTERMITTENT, CONSTANT AND 
VARIABLE DOSAGES ON RESPONSE 

CAI  INTERMITTENT DOSA9ES WITH  VARYING NUMBERS  AND LENGTHS 
OF RECOVERY T I M E  BETWEEN I N D I V I D U A L  EXPOSURES 

(B) EFFECTS OF SUB-ACUTE  PRETREATMENT DOSAGES 

(C)  EFFECT OF T IME OF OCCURRENCE OF PEAK  CONCENTRATION 
WITHIN PHOTOPERIOD, WITH CONSTANT TOTAL DOSAGE 
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of the  plant. In curve 2, pretreatment dosage init ially  decreases  subsequent 
acute   injury,   i .e .   exer ts  a "protective"  effect.  Figure  F4-6(c)  depicts  the 
markedly d i f fe ren t  magnitudes of  response which resu l t  from ident-ical  dosages 
administered i n  d i f f e ren t  ways, w i t h  the peak concentrations  ranging from 
the  beginning t o  the end of a photoperiod. 

This sampling  of causes of v a r i a b i l i t y  in plant  response  includes some 
ef fec ts  which  have been known fo r  some time and others which have only 
recently been or are  currently  being  investigated. However, i t   i l l u s t r a t e s  
the variables which have t o  be considered  in  deriving  threshold  dcse-response 
curves. I t  provides,  in  part, an  explanation  for  the  differences  in  opinion 
between different  individuals,   not  only  with regard t o  thresholds b u t  a l so  
with  regard t o  the  magnitude o f  response  to a given  dosage.  Perhaps of the 
greatest   s ignif icance  in   this   context  is the f a c t  t h a t  most of  the  available 
quantitative  data on dose-response have been obtained  in  controlled  environ- 
ment or other chambers in which the environmental  conditions may  be consid- 
erably  different from those  prevalent  in  the  field. A val id   cr i t ic ism of 
many of these  data has been  made  by Ashenden  and Mansfield", on the ground 
t h a t  the  experimental f a c i l i t i e s  employed are such as t o  cause an over- 
estimation of the  concentrations  of  pollutant  required  to  effect  a given 
magnitude of response. Such  an explanation may account  for  the  observations 
of reduced thresholds  for ozone injury t o  tobacco  in  field .vs chamber . 

experiments18, which in turn could reduce the controversey on th i s   subjec t .  
(cf. F i g .  F4-5) .  

Even with the agreement over the  level  of the threshold  curve  for  sensitive 
species  for a s ingle   pol lutant  such as SO,, the   fact  t h a t  the .pol l J tan ts  tend 
t o  occur  in  mixtures,  the components of which may modify each  others '   effects ,  
adds another  level of complexity  in  determining  "effective"  threshold 
responses. The same variability  in  response  caused by a variety o f  i n t r i n s i c  
and  ex t r ins ic   fac tors  which plagues the selection of threshold  response  curves 
a lso  affects  the assessment  of the level  of  injury t o  the expected from 
dosages above the injury  threshold. Few attempts have been made to intro-  
duce injury as a variable  into  dose-response  equations. A notable  exception 
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i s   the  work of Larsen and  Heck , who developed a s e r i e s  of relationships 
essent ia l ly  based upon the presumed lognormality of plant  responses t o  a i r  
pollutants,  analogous t o  the familiar  lognormality  of the response of or- 
ganisms t o  toxins and drugs. Their  equation 7 ,  

6 

C = M S Z t P  , 
9 hr 9 

where C i s   po l lu t an t  concentration, M i s  the geometric mean injury 
threshold  concentration  (in ppm) fo r  a I-hour  exposure  duration, S i s  the 
standard  geometric  deviation, z i s  the number of  standard  deviations t h a t  
a particular  percentage of leaf   injury  is  from the median, t i s  t h e  exposure 
duration in hours, and p i s  the slope  of the log-log p l o t  of  concentration 
(ppm; ordinate)  versus  exposure  time  (hours;  abscissa)  fur a given injury 
level ,  can be rearranged  in  order  to  predict z ( and  hence percentage of 
acute  injury) from a knowledge of  concentration and exposure time. 

g hr 
g 

Rearrangement y i e lds ,  

z = log, 

- 
- C 

M tP hr - 

From the limited SO d a t a  provided by Larsen and  Heck, the  values of M 
observed for  four  species ranged from 5.6 t o  54.0 ppm ( f o r  1-hour  exposures), 
S ranged from 1.2 t o  2.48, and p from -0.25 t o  -1.86. This l a s t  c,bserva- 
tion ( o f  a slope  steeper t h a n  -1.0) i s  unique and i s  suggested t o  be spurious, 
s ince  a l l  other slopes ( p )  f e l l   f a r  short of -1.0, indicat ing  that  equal 
dosages do n o t  produce  equal injuries  (cf.   Figures F 4 - 4 ( d ) ,  F4-6(a) 
and F4-6(c)).  

g 

9 6 

The Larson-Heck model is   current ly   l imited t o  i t s   p rec ise   appl ica t ion  t o  
injury  assessment t o  those species  studies in the development  of  the model. 
The ranges of values  quoted  for Mg h r ,  S and p are quite  broad, a n d ,  of 
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the four species  studied, Norway maple,  ginkogo,  pin oak and Chinese elm, 
the f i r s t  three are  rated as " to le ran t"  t o  SC2, with  Chinese elm rated as 
"sensi t ive"  . Nevertheless, by assuming values f o r  M as high as 5.0 
( i . e .  13100 ,,g/m SO,) with S = 1 . 5 ,  and p = -0.4, l eve ls  of in;ury t o  
sensit ive  species can be predicted  for a wide range  of 1- or 3-hour peak 
concentrations and  frequenceies of occurrence.  This  approach has been  used 
to   a s s i s t   i n  the assessment of injury  to  species  in  the Hat Creek region. 
I t  i s  somewhat reassuring t o  note  that;  given the assumptions which have t o  
be made in the absence of specific  information  as t o  M values  for  indi- 
vidiual  species,  the magnitude of the assessments derived from t h i s  model a r e  
in  general  agreement  with  those  obtained by the more subjective  procedures 
used in this  report (described  in  Section  F5.4) which take  into ac:count 
the numerous factors   affect ing p l a n t  response. 

3 9 hr 
9 

9 hr 

F4.4 FACTORS AFFECTING UPTAKE OF AIR  POLLUTANTS BY VEGETATATION 

Mention was made in  Section F4.2 of the  concept  of  "effective"  rather than 
ambient  concentration or dosage. Gaseous a i r   p o l l u t a n t s  behave in  general 
in s imilar  ways t o  other  gases such as CO, , 0 ,and  water  varpour,  in terms 
of the i r  movements into and o u t  of plant  leaves. Uptake is  largely  defined 
by the  various  resistances t o  diffusion  present  inside and outside the 
leaf .  The three major resistances  to  gas movements are the boundary layer 
resistance  within the a i r  immediately  surrounding  the  leaf,  the  stomatal 
diffusive  resistance  controlled by the condition  of the stomata o r  pores on 
the  leaf  surfaces, and the: mesophyll resistance  within  the  leaf.  These 
concepts are equally  applicable t o  a canopy of  leaves as t o  a single  leaf 
in isolat ion.  In canopy s i tua t ions ,  the boundary layer   res i s tance   i s  
more appropriately  described  as aerodynamic res i s tance ,   s ince   i t s  !magnitude 
i s  dependent on the  thickness. of the boundary layer of relatively  stagnant 
a i r  surrounding the canopy, which in turn depends on the aerodynamic 
properites (e.g. roughness) of the canopy surface,  and  the  turbulence and 
mixing induced by wind speed. 
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Recent pub l i ca t i ons  2za 23, 24' have  extended  the  ear l ier  work o f  Hill 
and h is   assoc iates 26J 27' 28. The paper   by  O'Oel l   e t 'a iz2  prov ides a use fu l  

summary o f   t h e   c u r r e n t   " s t a t e   o f   t h e   a r t "  and  emphasizes t h a t  aerodynamic 

o r  boundary l a y e r   r e s i s t a n c e   i s   s i g n i f i c a n t   a t   w i n d  speed  below 1 m/s, 
t ha t   s tomata l   d i f f us i ve   res i s tance   usua l l y   exe rc i ses  a m a j o r   r o l e   i n   d e t e r -  

m in ing   overa l l   t rans fer ,  and tha t   mesophy l l   r es i s tance   f o r  SO, i s  usua l l y   o f  

minor  importance,  because o f   t h e   h i g h   s o l u b i l i t y   o f   t h e  gas. 

The importance o f  boundary l a y e r   r e s i s t a n c e   t o   t h e   u p t a k e   o f  S q  i s  the  focus 

o f   t h e   p r e v i o u s l y   m e n t i o n e d   c r i t i c i s m   l e v e l l e d  by  Ashenden  and Mansf ie ld  

a t  much of   the  exper imenta l  work on dose-response.  Their  work  convincingly 

demonstrates t h a t   i n j u r y   f r o m  a g i ven   concen t ra t i on   o f  SO2 and  exposure  time 

can be markedly  reduced i n  low  wind-speed  condit ions, and t h a t   t h i s   i n   t u r n  

can lead  to  an overest imat ion  o f   the  ambient   concentrat ions needed t o  cause 

a g i v e n   l e v e l   o f   i n j u r y .  The s t u d y   o f  Heagle et a2 29 i s  s ingu la r ly   wor th -  
l ess   i n   t he   con tex t   s ince  none o f   t h e   v e l o c i t i e s  used  exceeded 0.32 m/s. 

I n   t h e   f i e l d ,  where w ind   ve loc i t ies   ra re ly   d rop   be low 1 m/s, the  major  regu- 
l a t i o n   o f  uptake o f   p o l l u t a n t s  will, there fo re ,  be v ia  stomatal   act ion.  The 

g u a r d   c e l l s   o f  stomata on the  leaf   ep idermis  which  cont ro l   s tomata l   aper ture 

respond t o   l i g h t ,   h u m i d i t y  and C02 concentrat ion as w e l l  as  t o  t h?  concen- 

t r a t i o n   o f   p o l l u t a n t s  such  as SO2. Mans f ie ld  and Majern ik  30a  lo' observed 

i n   p a r t i c u l a r   t h a t   s i n c e   i n c r e a s e s   i n  CO 2concentrat ion  frequent1.y accompany 
levels   o f   o ther   po l lu tants   der ived  f rom  combust ion  processes,   the C& 

induced  closure  of  stomata  might i n  some s p e c i e s   o f f e r  some p o t e n t i a l   P r o t e c t -  
i o n   t o   t h e   l e a f  by i nc reas ing   s tomata l   res i s tance   t o   t ox i c  gases.  For one species 

a t   l e a s t   ( a l f a l f a ) ,   t h i s   p r o t e c t i v e   e f f e c t   o f  C4 has indeed been demonstratedgz. 

Several  workers have repor ted   e f fec ts   o f  SO 2on  stomatal   aperture,   but  
Mansf ie ld  and Majernik3'  were  the f i r s t   t o   d e t e r m i n e   t h a t  SO 2cau:;ed stomatal 
closure  of  broad bean in   l ow   humid i t y   cond i t i ons ,   bu t  caused  stom,ital  opening 
a t   humid i t i es   g rea te r   t han  40 p e r c e n t   a t  18OC (<  7 nun Hg water   vapour   de f ic i t ) .  

c 

c 
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Under these l a t t e r  conditions,  the presence o f  SO2 would therefore tend 
t o  decrease  stomatal  resistance,  leading t o  increased uptake in to  the 
leaves. 

Hence we have the pobential   for two effects  occurring  simultaneously: 
Stomatal  closure  induced by CO, , and  stomatal  opening  induced by SO, . 
How generally  widespread  are  these  effects? The CO,? induced  closure i s  
generally  accepted, b u t  i s  known t o  vary  appreciably among species.  Thus ,  
while  closure  is  almost  complete  in  cereals, such as corn and  sorghum and 
i n  soy b ean subjected t o  500 ppm C@., (an  enrichment  of  approximately 170 
ppm over normal background Cq.), the Stomata  of tomato and  cotton show 
l i t t l e  response even a t  concentrations up t o  and above 1000 ppn~ 
The published  reports o f  e f fec t s  of SO, on stomata are   essent ia l ly   confined 
t o  two species,  broad bean 303 and  a l fa l fag2.  However, recent,  yet-to-be 
published  studies a t  the Universitg of Not t ingham (M. Unsworth and V.  Black) 
have shown t h a t   i t  i s  those  species (e,g. broad  bean,  tobacco  and  sunflower), 
whose stomata'  respond t o  vapor  pressure  deficit ,  which show SO:, induced 
closure below and opening above about 40% R H ,  while i n  those  species 
(e.g. bush bean), whose stomatal  response i s  independent o f  vapor  pressure 
d e f i c i t  SO, induced'opening  occurs  regardless o f  ambient  humid.ity. Thus 
the  overal l   s i tuat ion,  based on our  present knowledge, i s  probajly best 
described by suggesting t h a t  elevated CO l eve ls  are l i k e l y  t o  sounteract t o  
some extent  the e f f e c t  o f  S0,in  inducing  stomatal  opening, and t h a t   f o r  
this reason  the same C0,levels may a l so  reduce the impact o f  SO, O f  possible 
relevance is  the  observation  that  elevated CO., levelg  reduce  the advers-e 
e f fec ts   o f  low leve ls  of a different  sulphur-containing  pollutant,  hydrogen 
sulphide, on photosynthesis . 109 

107, 108 

To r e l a t e  these e f f e c t s  t o  the Hat Creek Project, however, i t  i s   f i r s t  
\ necessary t o  determine:the  levels  of CO,, enrichment which are l i ke ly   t o  

accompany projected  levels  o f  ambient, ground-level S O 2  Based c n  the ambient 
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flue-gas  composition: 110 

carbon dioxide 
oxygen 
Sulphur  dioxide 

12% 
4% 
0.06% 

and assuming 1) t h a t  none of these gases  undergoes  chemical change w i t h i n  
the plume, and 2 )  t ha t   a l l   f o l low the same pattern  of  dispersion,  the 
leve ls  o f  C0,enrichment and 0 ,  depletion  corresponding  to  various  levels 
of SO, are  as  follows: 

so 2 C O ,  (enrichment) 0 ,  (depletion 
~ g / m , ~  (ppm) (PPd 

2,096 
1,572 
1,310 
1,048 

786 
655 
524 
262 

+160 
+120 
+loo 
+ 80 
+ 60 
+ 50 
+ 40 
+ 20 

-227 
- 170 
- 142 
-113 
- 85 
- 71 
- 57 
- 28 

The range  of  concentrations o f  GO superimposed upon the 330 ppm in the 
diluent a i r  i s  40 - 120 ppm over  the range o f  ambient, ground leve: SO2 
concehtrations  predicted  to  occur by ERT modelling . Such levels of 

enrichment  are  considerably  less  than  that used by  Hou et d g 2  t o  
demonstrate  reductions  of SO, -induced  injury and impaired  photosynthesis 
in a l f a l f a  (approx. 330 ppm above ambient). On the  other hand, t h e  higher 
concentrations (100 - 120 ppm above ambient) just f a l l  w i t h i n  the range 
i n  which Pallaslo7  observed  reduced  transpiration  (attributed  to r.tomata1 
closure) i n  C02 sensit ive  species such as  corn, sorghum and  soybean. 

[The figures fo r  oxygen depletion have been calculated because  redLCtion 
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in oxygen concentration has a l so  been reported t o  affect  stomatal  response 
However, the  depletion  of oxygen by the amounts indicated above is   in- 
s ign i f icant   in   l igh t  of the f a c t  t h a t  the d i luent   a i r   conta ins  210,000 

ppm o (21%). l  

Ill 

Effects  'of  humidity on stomatal  response t o  SO have  been mentioned above 
and considerations of the  effect  of  humidity have also  entered the modelling 
of the uptake SO2 by forests24.  Uptake o f  SO2 i s  a t  a maximum in the mid 
t o  l a te  morning, when stomatal  resistance  is  approacning  its  lowest value.  ' 

However, the maximum rate of uptake precedes the minimum stomatal  resistance 
because mesophyll r e s i s t a n c e   i s   l e a s t   a t  low night-time  temperatures and 
reaches a maximum in the early  afternoon  because of the  decrease in the 
temperature-dependent solubi l i ty   of  SO2. This  general  observation i s  
of  importance  in the context of the  increased  response t o  peak concentrations 
which occur ear ly  in the photo-period  (Figure F4-6 ( c ) ) .  

Other pollutants such as HF,  wi th   so lubi l i t i es  and d i f fus iv i t i e s   s imi l a r  t o  
SO, are  predicted t o  be taken up by plants a t  comparable ra tes  . In the 
case of NO2, i t s  reduced d i f fus iv i ty   r e su l t s  in an increased mescphyll 
res is tance,  which effectively  reduces the rate  of uptake somewhat. 

23 

Within the  leaf,   the  ult imate  sinks  for  gases such as SO2 and NO2 are meta- 
b o l i c .  I n  e i ther   case,  the dissolved  gas, or i t s   i o n i c  forms in  solution, 
can enter  the  metabolic pathways of the leaf   ce l l s  and  be reduced t o  sulphy- 
dryl and amino groups respectively, which  can be incorporated  into amino acids ,  
proteins and  other biochemical const i tuents .  In the case  of SO2 , b o t h  
oxidation and reduction may occur, and increased  levels  of  sulfat '?  are 
frequently  detected  in  plant  leaves  subject t o  SO2 fumigation. Wi thou t  describing 
the detailed  biochemisty  involved,  suffice t o  say tha t  a simplist ic  explanation 
for  the  onset of acute  injury symptoms of SO2 and NOz i s   t h a t  the l e a f ' s  
a b i l i t y  t o  u t i l i z e  the dissolved  gases has been exceeded,  possibly  because 

t 
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of t he i r   e f f ec t  in  reducing pH a t  c r i t i ca l   s i t e s   w i th in  the ce l l .  

F4.5 FACTORS AFFECTING RESPONSES OF VEGETATION 

Once within  the p l a n t  t i s sue ,   po l lu tan t   gases   e l ic i t   typ ica l  syptoms of 
in jury  3! The severi ty  of such injury can be modified by a wide 1-ange of 
fac tors .  Those factors  which are  important  in the context of Hat Creek 
are  discussed  briefly  in the following  sections. 

( a )  Season of Year 

Since  pollutants must enter   the  t issues  o f  the  plant t o  have e f f e c t  and 
since  during  the  winter months in a location such as  Hat Creek the  stomatal 
resistance  of  evergreens  is h i g h ,  while  the  deciduous and  annual species are 
without  foliage,  there is r e l a t i v e l y   l i t t l e  uptake of gaseous pollutants 
by higher  plants. Exposed mosses and lichens which lack  stomata), 
however, may take up s ign i f icant  amounts of  gases such as SO2 and HF 
during the winter, and may  be injured by the accumulation. The reduced 
impact  of SO2 during the winter months on several   tree and shrub  species 
has been  documented by and others 33a 34 ,  and i s  in  general  attributed 
t o  the low level of physiological  activity  within  the  leaves  resulting from 
the low prevailing  temperatures. However, even a t  such low levels  of 
ac t iv i ty ,   coni fe rs  may be injured,  especially  in  areas  with  higher 
concentration  during  winter months . Recently, Huttunen”’ has reported 
s ignif icant   injury  to  Pinus  syZuestris and Picea  abies (two conifepous 
species in the fores t s  of central  Finland)  caused by winter  deposition 
of SQ a t  times when the  seasonal 54 concentration  averages 30 u g h  
and  a t  which the  needles may be covered  with snow or f ros t .  The injury may 
be severe and result  in  considerable  necrosis and  needle loss ,  b u t  only 
becomes v is ib le  in the spring  with  the onset of  temperatures above freezing. 
A similar  phenomen has been observed  with  ryegrass  in  northern England,  
where deposition of SO2 the  winter months (when the seasonal averacle may 
reach 150 pg/m.?,  in the absence  of snow cover,  causes  appreciable  decrease 
in yield  during  the  following growing season . 

3 

113 
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Season i s   a l so   r e l a t ed   i nd i r ec t ly  t o  suscept ib i l i ty  t o  injury from a i r  
p o l l u t a n t s  because  of the var ia t ions  in   sensi t ivi ty  shown  by plants or 
plant   t issues  a t  d i f ferent   s tages  of development t h r o u g h o u t  the (?rowing 
season  (see  Section F4.5(c),  below). 

( b )  Time of Day 

Because the  primary  route  of gas movement t o  the   in te r ior  of p l a n t  leaves 
i s  via  the  stomata, the normal diurnal rhythm of  stomatal  opening  during 
the photoperiod  provides  greater  accessibility a n d ,  hence, greater  potential  
for  injury  during  daylight  hours. The  many observations on stomatal  aper- 
ture and  i t s   r e l a t ionsh ip  t o  the  uptake of gaseous pollutants have been 
ut i l ized  in  models such as  t h a t  developed by O'Dell e t  a2 . 22 

In sp i te  of the  controlling  influence  of  stomata on pollutant  uptake, there 
may nevertheless be appreciable  uptake or deposition of gases s u c h  as S Q  
during the night,  reaching  about  one-third  of  the  daytime  values . I n -  
dependently of e f f ec t s  of  stomata,  l igh t   sens i ty   ( the  most important 
environmental  variable  associated  with time of day) may a l s o  influence the 
e f f ec t  of gaseous pol lutants  once they  are  within the leaf .  

35 

I n  general, a posit ive  correlation exists between l igh t   i n t ens i ty  a n d  injury 
t o  SO, and other   pol lutants .  . However, p lan t   sens i t iv i ty  may s t i l l  show a 
diurnal  increase even under conditions of constant   l ight   intensi ty ,  tempera- 
ture  a n d  h u m i d i t y  ': and i t  h a s  been shown t h a t  under f i e l d  conditons  injury 
t o  SO, i s   g rea t e s t  when exposures  occur  in mid morning, in  spite  of the f a c t  
tha t   the   ra te  of  SO, uptake  usually  reaches a maximum just before midday 
and i s   s t i l l   app rec i ab le  even a t  midnight.  This  situation  is 'ana'logous t o  
currently  unpublished work from the  author 's   laboratory,  summarized in 
Figure  F4-6(c),  in which the e f f ec t s  of ozone when peak concentra.tions are 
administered  early in the photoperiod  are found t o  be  much -greater  t h a n  
when the peak occurs l a t e r  in the photoperiod. 

33 

( c )  Stage of Development of Vegetation 

The stage of  development  of the whole plant  as well as the age of  individual 
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leaves  influence  the magnitude of the injury  response t o  a i r   po l lu t an t s .  
I n  the  case  of  sensitivity t o  S O 2  , th i s  is   general ly   greatest   i r   the   spr ing 
and summer for woody species ,   par t ly  because of the  factors   referred t o  
above (Section F4 .5 (a ) )  w i t h  regard t o  time  of  year, and partly  because,  in 
general,  leaves which are  reaching the stage of f u l l  expansion are  the most 
susceptible 9J 35. Perhaps contrary t o  expectation,  pollutants such as  
hydrogen f luoride,  on the o ther  hand, tend t o  show syptoms of injury in 
very young, expanding leaves . 31 

I n  annual and biennial   species ,   sensi t ivi ty  t o  SO2 i s   l e a s t  during  the 
init ial   seedling  stages  of growth and usually  reaches a maximum j u s t   p r i o r  
t o  flowering 31, 35. In the case of woody perennials and trees, W,?nzel (as  
reported by Guderian ) has shown tha t   "a   cer ta in   sens i t iv i ty  o f  conifers 
begins i n  the l a t e  stage a t  the time  of  cumulative growth and remains unt i l  
early  maturity.  Injury  during this time can lead t o  severe  reductions in 
growth and an opening of en t i re   fores t   s tands" .  

35 

I n  al l   cases,   the most sens i t ive  p l a n t  organs  are the leaves,  although 
other  parts of a plant may be affected  secondarily  as a consequence  of leaf 
injury and the resul t ing impairment of the assimilatory machinery. Leaf 
sens i t iv i ty   to   acu te   in jury   i s   usua l ly   d i f fe ren t  from sens i t i v i ty  t o  chronic 
injury. Thus ,  while  in  general the leaves most susceptible t o  acute SO2 

injury are those of "middle age" chronic  injury symptoms usually  appear 
f i r s t  on the  oldest  leaves. SO, concentrations  also  dictates ( t o  some extent)  
which leaves  will be acutely  injured,  with  progressively younger leaves 
being affected by higher  concentrations above the  acute  injury  threshold . 35 

( d )  Genetic  Variability 

Species ,   var i t ies ,   cul t ivars  and even individual  plants  react  differently 
to  a given a i r  pollutant,  independently of any of external,  environmental 
factors which may af fec t   suscept ib i l i ty .  Levitt has classified  responses 
to  stress  in  terms of "stress avoidance and tolerance" componentsd5. In the 
context of a i r   po l lu t ion ,  stress avoidance mechanisms include  responses which 
reduce pol lutant  uptake  or   increase  detoxif icat ion,   for  example the  closure of 
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stomata.  Stress  tolerance on the  other hand includes mechanisms which modify 
the  capacity  of  the  plant t o  withstand  the  effects of the  pollutatits. 
Pollutant uptake can be reduced by specific  morphological, anatomical and  
physiological  modifications, which in many cases  are  genetically  controlled.  
Similar ly ,   to lerance  is   genet ical ly   control led  in  many cases,  based upon the 
wide and  consistent  variation  in response of different  species 'which may be 
shown by subsequent  analysis t o  have accumulated  comparable amounts of a given 
p o l l u t a n t ,  or in which even an inverse  relationship between injury a n d  
accumulation may  be demonstrated . 37 

While  most information abou t  genetic  differences in suscept ibi l i ty   der ives  
from work on cul t ivated p l a n t s ,  increasing numbers of s tudies   are  being 
reported on genet ic   var iabi l i ty  in natural  populations  ranging from trees3" 
39 t o  herbaceous  species'. The reasons  for  these  differences i n  'su:;cepti-' 
b i l i t y  between individuals of different   species  or within a single  species 
are  n o t  of concern  in  this  report. However, t he   f ac t   t ha t  such genetic 
va r i ab i l i t y   i s   r ead i ly  demonstrated  in  almost a l l   spec ies  which  have  been 
studied  argues t h a t  i t  may well be a widespread phenomenon. Hence, in the 
context of the Hat Creek project ,  one may expect   that   species  such as  
Douglas-fir (Pseudotsuga rnenziesii), ponderosa  pine (Pinus pondero;;a) and 
lodgepole  pine (Pinus controta) w i l l  show such va r i ab i l i t y  and tha-: certain 
individuals  will be  more highly  susceptible t o  pol lutants 'such  as  SO2 t han  
others  regardless  of  environmental  influences. Indeed, such  differen.ces 
may account for  the  apparent  contradiction between Katz3' and  Schei'fer and 
Hedgcock4' in terms of  their   ratings  of the suscept ib i l i ty  of several 
coniferous  tree  Species t o  S02, . in  b o t h  cases based upon observations of 
trees  affected by emissions from the smelter a t  T ra i l ,  B .C .  

- 

Genetic va r i ab i l i t y  poses one of the major  problems  with  regard t o  the 
assessment of injury from air   pol lutants   in   locat ions such as  Hat Creek. 
I n  few instances does the l i terature  provide  data  about  particular  native 
species which may be prevalent  in a given  location.  Extrapolation from the 
reported  sensit ivit ies  of  related  species  or from var ie t ies  or cu l t i va r s   i s  
hence best  avoided  since i t   i s  highly  speculative  in nature. On t h e  other 
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h a n d ,  i t   i s  frequently  the  only method available.  

Genetic  variabil i ty may also make hazardous  the  prediction  of  actual  injury 
thresholds  for  those  species whose s e n s i t i v i t i e s  t o  a i r   po l lu tan ts  have been 
studied.  Together  with the v a r i a b i l i t y  among species ,  i t  explains the 
thickness  of the zones  of sensit ivity  depicted  in  Figure F4-2. Neverthe- 
l e s s ,   i t   i s   p o s s i b l e   t o   t h i n k  o f  an "absolute"  threshold  concentration of a 
pollutant below  which even the most susceptible  species  will  show no adverse 
e f fec ts .  In the case o f  SO,, this  threshold  for  short-term exposure 
(approximately 2 t o  3 hours)  appears t o  be approximately 530 pg/m3,  while 
fo r  long-term  (several weeks) exposures i t  approximates 53 ug/m3 as a mean 
value . However, a constant  concentration of  53 ug/m3 in an extended  ex- 
posure i s  not the same in i t s   e f f e c t s   a s  a mean concentration of 53 g/m 
made up o f  fluctuating  concentrations . This i s  the chronic  si tuation 
analogous t o  the  acute  injury  response summarized in  Figure F4-6(1:). On 
the other hand,  gases such as  SO, and  NO, which are  capable of befng meta- 
bolized and entering the su l fur  and nitrogen pools within t h e  plant ,  a t  
concentrations below the injury  threshold, may be beneficial and give  r ise  
t o  increases  in growth, as  depicted  earlier  in  Figures F4-4 and F4-6(b). 
I n  the  chronic  case,  this was indeed shown t o  occur t o  individuals of 
eastern  white  pine (Pinus strobus; in the Sudbury region,  following 10 years 
of exposure t o  low SO, levels  averaging 21 vg/m , with a t o t a l  of' 29 half-  
hour excursions ' 6 5 5  vg/m and one '1310 'dg/m3, during the ten six-month 
growing season, as a r e su l t  o f  which Linzon'; 42 ' reported a 1.6% increase 
in growth. In contrast ,   t rees   subjected  to  an annual  concentration of 
45 vg/m' over ten  years,  with 86 half-hour  excursions '655 vg/m3, ten 
1310 vg/m and one  '2620 pg/m resulted  in  0.6  percent  less  radial  growth. 
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One of the consequences  of  genetic  variability  within a given  species  is 
ecological  in  nature and  leads  to changes in  plant community s t ructure .  
Such ecological changes are  discussed more f u l l y  below (Section F4.5 ( h ) ) .  
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( e )  Edaphic Factors 

avai labi l i t ies   of   soi l   moisture  and  nutrients  play  important  roles  in 
determining suscep t ib i l i t y  and resistance.  With regard t o  soil   'noisture,  i t  
has been a general and widespread  finding t h a t  susceptibility  de,zreases  with 
declining water ava i l ab i l i t y  and t h a t  resistance  of  otherwise  swceptible 
p lan ts   i s  maximal a t  the wilt ing  point or close t o  i t .  Guderian  has sum- 
marized  the  evidence3' and also  points o u t  t h a t  the e f f ec t s  of soil  moisture 
avai labi l i ty   are   c losely  s imilar  t o  those of  atmospheric  moisture  (humidity), 
a n d  appear t o  be largely mediated t h r o u g h  e f f ec t s  on stomatal  pore  size 
which influence uptake of gaseous pollutants.  Hence, the  l imited  ra infal l  
o f  the Hat  Creek region m i g h t  be expected t o  resu l t   in  an overall  decrease 
in   p lan t   sens i t iv i ty .  

The supply  of  nutrients has been shown t o  influence  plant  response t o  a i r  
pollutants  in a variety of ways. Some of  the  reports  are  contradictory, 
b u t  for  the most p a r t ,  overall   nutrient  deficiency  usually  results  in 
increased  sensit ivity . However,  Leone and Brennan have reported  the 
reverse  effect  on tobacco and tomatoe subjected t o  SO,, i n  which injury 
increased  with  sulfur  nutri t ion . Zahn generalized t h a t  d icots  became less  
susceptible t o  S@ with  increased  availabil i ty of f e r t i l i ze r   n i t rogen ,   wh i l e ,  
of the monocots tested,   barley showed no e f f ec t  of N and became  more 
sensi t ive as N-fer t i l i ty   increased44.   Sensi t ivi ty   of  both red clover and  
winter  barley  increased  with  increasing  levels of f e r t i l i z e r  phosphate b u t  
decreased w i t h  increasing  levels  of fer t i l izer  potassium35. N-deficient 
bean p l a n t s  are much more susceptible t o  NO, than those receiving adequate 
fe r t i l i zer   n i t rogen45;  Norway spruce (Picea abies) shows a similar,  response 
with  regard t o  s ens i t i v i ty  t o  hydrogen f l o ~ r i d e ~ ~ .  T h u s ,  the most. usual 
response t o  i nc reased   so i l   f e r t i l i t y   i s  a reduction in suscep t ib i l i t y  t o  a 
range of a i r   pol lutants ,   a l though  in  some cases reduced f e r t i l i t y   l e a d s  t o  
reduced sens i t i v i ty .  In the Hat Creek region, major nutrients  are  unlikely 
t o  be limiting  (with  the  possible  exception o f  phosphorous in the a lka l ine  
s o i l s )  except t h a t  t he i r   ava i l ab i l i t y   w i l l  be limited somewhat by the lack 
of precipitation. 

35 

43 
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[ f )   E f fec t s  of Mixtures of Air Pollutants 

Gaseous air pollutants  rarely  occur  in  isolation. All  combustion processes 
lead to  the  formation o f  quantities  of  oxides o f  nitrogen; in the  case o f  
coal which contains  sulphur,  the.  oxides of nitrogen  are  discharged  into  the 
air  together  with  surphur  'dioxide, and other  impurities.  'While air qua l i ty  
standards  are  expressed  in  terms o f  single   pol lutants ,  and most of the ob- 
servations o f  the   effects  o f  pollutants  on plants made in  the pdst concern 
individual  gases,  there has been a  growing concern  over  the  effects o f  com- 
binations  of  pollutants. This has come about  because  of  various  reports 
t h a t  combinations  of  gases such as SO, and ozone, and 502 and NO2 may a c t  
synergis t ical ly  and  resul t   in   greater   injury t h a n  t h a t  re;ult ing.from  either 
pollutant  alone. The observation  of symptoms of SOz injury i n  the   f ie ld  
a t  ambient leve ls  o f  SO2 l e s s  than  the  accepted  threshold  levels  based 
upon laboratory  studies has been a t t r i bu ted  t o  enhancement o r  synergism 
with  oxides o f  nitrogen'. . The resu l t s  o f  various  studies  of  the  effects 
o f  simultaneous  exposures t o  SO2 and NO2 are  sumarized i n  Table F4-1. 
Only those d a t a  f o r  exposures  in which the  concentrations of  SO2 were 
i n  the range  of those  predicted  to  occur i n  the Hat Creek region by ERT 
modelling  of the  uncontrolled  emissions', and i n  which the concentrations 
o f  SO2 were i n  excess  of  those  of N02, have been included.  This l a t t e r  
cr i ter ion was adopted  since  the S02/N02 ratios  predicted by ERT are  1:0.37 
(local zone o f  impact) and I:& 59 iregional zone o f  impact).  Rationales 
for  the  calculation  of  these  ratios have been presented by ERT elsewhere . 2 

From Table F4-1 i t  can  be seen t h a t  the   e f fec ts ,  both acute and chronic, 
of  simultaneous  exposure t o  SO2 and NO2 range from zero  to a many-fold 
increase i n  impact  over t ha t  due t o  exposure to  SO2 alone.  There  are no 
examples  of antagonism between the two gases,  resulting  in  decreased  impact. 
However, i t  should  also be noted t h a t  some of   the  synergis t ic   effects  on 
acute  injury  reported  in  the  published  literature  appear  to be quite  variable 
in magnitude and have not been confirmed by subsequent,  experimentation, 
as  pointed  out by Tingey et aZ"? Nevertheless,  overall i t  appears t h a t  
a reduction  in  the 5% threshold and an increase in injury  over  that   caused 
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by SO2 alone i s   l i k e l y   t o  be caused by concument exposures  to b o t h  SO2 and 
NO2 , at   concentrat ions  re levant   to  Hat Creek. The g rea t e s t  magnitude of 
these  effects  would on average  appear t o  be a..25%  reduction  in so, ' 

threshold and a 50% increase  in  impact  for the most sensi t ive  species  and  
conditions. The former  si tuation i s  that   depicted i n  Figure F4-2 as  
the curve  labelled, "Reduced Threshold i n  Presence of NO ". I t  should be 
noted tha t  the spec i f i c  NO, concentrat ions  predicted  for   the Hat. Creek region 
are  considerably below the injury  threshold  for  NO, alone. Thus NO, con- 
centrations between 3.7 and  18.8 mg/m. a r e  needed for   acu te   in jury  t o  occur 3 

although  physiological  effects  such  as  reduction  in  photosynthesis and re- 
ductions i n  y i e ld  may r e s u l t  from exposures as low as  940 pg/m iY0, 
However, the wr i te r  has observed  stimulatory growth e f f ec t s  on the growth of 
beans,  wheat and radish from daily  exposures  to 188 pg/m' f o r  3 hours  extending 
over  several weeks . 

3 

3 

115 

The only  other  combinations  of  gaseous  pollutants which have been studied 
extensively  are SO, and ozone. Reinert et a2 have reviewed these s tudies  
in  detail5' and conclude t h a t  the e f f ec t s   a r e  mostly  additive  or  synergistic,  
w i t h  a few cases  of less than  additive  responses. I n  contrast,  combinations 
of SO, and hydrogen f lor ido  have received  scant  at tention. The only  report '  
o f  possible  relevance  to Ha t  Creek of which the a u t h o r  i s  aware i s   t h a t  of 
Mandl e t  a2 52who found t h a t  7-day exposures of barley and  sweet c:orn t o  
393 pg/m' SO, and 0.5 pg/m' HF yielded  injury and  symptoms indentical t o  
those from SO alone. However, exposure t o  217 u g h  SO2 and 0.6 u g h 3  HF 
f o r  27 days showed a synergistic  response,  since  the  concentration  of HF 
employed caused no injury when present  alone. The emissions o f  gaseous 
f lor ides   predicted  for  the Hat Cfeek generating  station are only  ole- 
thousandth  of  the  emission  of SO,' . Although the evidence i s   scanty ,   there  
appears t o  be no reason t o  believe t h a t  the  gaseous HF emissions fvom the 
Hat Creek generating  station  stack  will   dramatically  influence  the  effects of 
SO2 or  SO,/NO, emissions. 

3 3 
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TABLE F4-1 

EFFECTS  OF  S02/NO,CbMBINATIONS  ON  .PLANT  INJURY 

I N  RELATION TO RESPONSE  TO SO ALONE 
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Mention has already been made in  Section F4.4 of the role of elevated C q  
levels  in  counteracting SO, induced  stomatal  opening of humidities between 
40 and  60%. While such an e f f ec t  might be expected t o  reduce the  uptake 
o f  SO, where CO, i s  a l so  present   a t   h igher  than normal concentrations, 
and hence reduce the magnitude  of  impact, t o  the wr i t e r ' s  knowledge there 
i s  on ly  the s ingle   reference  to   the  l i terature  o f  SO, e f f e c t s ,  u i z  Hou et aZ , 92 

which presents  experimental  evidence  for a reduction  in SO,-induced injury,  
a l t h o u g h  several workers have speculated upon the potential  "protection" 
offered by concomitant  exposure t o  the  elevated CO, concentrations 30, 106 

( 9 )  Combined Effects  of Gaseous and Other  Pollutants 

L i t t l e  information is  available  about the interact ions between gaseous a i r  
pollutants and other  pollutants such as  particulates  in  general, or heavy 
metals,  aerosols,  trace  elements,  etc. Krause and Kaiserlo3  observed  that 
exposure of le t tuce,   mil le t ,   radish and Tagetes t o  210 ug/m SO, for 28  days 
in the  presence o f  dusts  containing  the  oxides  of cadmium, lead, (copper and 
manganese resulted i n  enhancement  of the injury  caused by the heavy metals. 
While each of these  elements i s  projected t o  be present in the par t icu la te  
emissions from the Hat Creek generating  station',  the  surface  concentrations 
of oxides  (1.3, 122, 10.2 and 18.2 p g ,  Cd, Pb, Cu and Mn respectively) used 
in these  studies  are  several  orders of magnitude higher  than  those  expected 
t o  be deposited  in  either  the  local or regional zones  of influence, based 
upon ERT predictions  for  deposit ion  of  particulates and  trace  elements 
T h e  a u t h o r  i s  unaware of any other  studies o f  SO, and  heavy meta ls ,  although 
heavy metal interactions w i t h  ozone have been reported 

3 

52 

53, 54 

( h )  Effects on Mixed Vegetation 

While  most investigations  of  the  effects of a i r   po l lu t an t s  on p l a r t s  have 
been concerned  with the  responses of individual  species  or  cultivars,  eco- 
logical impacts and  e f fec ts  on competition and succession are beir.g  increas- 
ingly  studied. These s tudies  range from synthetic,  simple  simulations of 
competition,  frequently  using  species of agricultural  importance, t o  analytical  
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s t u d i e s   o f   e c o l o g i c a l  change, e i t h e r e z  post facto f o l l ow ing   t he   ope ra t i on  

o f  an i n d u s t r i a l   e n t e r p r i s e   o r   u t i l i t y ,   o r  by f i e l d   s t u d i e s   i n   w h i c h  an 

a n t i c i p a t e d   p o l l u t i o n   s i t u a t i o n  can  be  simulated on a small   scale  under 

f i e l d   c o n d i t i o n s .  

The synthet ic  approach has  been  used by   Guder iad5 and Bennett and  Runeckles5' 

to   demonst ra te   tha t   po l lu tan ts  cause  changes i n   i n t e r s p e c i f i c   c o m p e t i t i o n .  

Sens i t i ve   spec ies   a re   p rog ress i ve l y   a f fec ted  so t h a t   t h e y   l o s e   a b i l i t y   t o  

compete for   env i ronmenta l   resources and eventual ly   d isappear .  However, 

the more to le ran t   spec ies  may t h e n   e x p l o i t   t h i s   l a c k   o f   c o m p e t i t i o n  and  be- 
come dominant, w i t h   t h e   r e s u l t   t h a t  no o v e r a l l  loss i n  biomass  occurs. 

However,  changes i n   n u t r i t i o n a l   q u a l i t y   o f   t h e   v e g e t a t i o n ,   f o r  example as 

forage, may b e   s i g n i f i c a n t ,   p a r t i c u l a r l y  where,  leguminous  specie:;  decline 
w i t h i n  a  community . 35 

However, it s h o u l d   a l s o   b e   p o i n t e d   o u t   t h a t   t h e   r a n k i n g s   o f   s u s c e p t i b i l i t y  

o r   t o l e r a n c e   o f   s p e c i e s  based upon t h e i r  growth i n   i s o l a t i o n  may n o t  
ind ica te   the i r   per fo rmance  under   the  combined s t r e s s e s   o f  an air p o l l u t a n t  

and i n t e r s p e c i f i c   c o m p e t i t i o n .  Thus, t h e   w r i t e r  has observed  that   cr imson 

c l o v e r  (TrifoZium  incarmatum) surv ives i n   m i x t u r e   w i t h   b a r l e y  (Hordeum 
vulgars), f l a x  (Linwn usitutissimwn) and rad i sh  (Raphanus s a t i n s )  under 
cond i t i ons   o f  ozone  exposure i n  which i t  i s  unable t o  surv ive  a lone,   pre-  

sumably  because o f   t h e   c o n t r i b u t i o n   o f   t h e   o t h e r   s p e c i e s   t o   t h e   o v e r a l l  
p l a n t  canopy and t h e   e f f e c t s   o f  canopy s t r u c t u r e  on t h e   f l u x   o f  the p o l l u t a n t  
through  the canopy . 5 7  

A n a l y t i c a l   s t u d i e s   o f   t h e   e f f e c t s   o f   p o l l u t a n t s  on natura l   vegeta t ion  com- 

munit ies  are numerous  and i n c l u d e   r e p o r t s   o f   t h e   e c o l o g i c a l  changes a t  
WawaS8 and  Sudbury 59' 60, Ontar io ,  and Anyox" and 4 0 ,  B r i t i s h  
Columbia, t o   quo te  some Canadian  examples.  Other  North  American  itnd 

European s tud ies   a re   desc r ibed   by   M i l l e r  and  McBride . I n   a l l  cases ob- 
servat ions were made a f te r   seve ra l   yea rs '   em iss ions   o f   po l l u tan ts   (usua l l y  
502. occas iona l l y  HF), l e a d i n g   t o   t h e   i d e n t i f i c a t i o n   o f  zones of i n j u r y ,  

62 
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ranging  in  severity from complete  denudation  close t o  the  source and 
downwind from i t ,  through a t ransi t ion zone with a few hardy survivors, a 
scrub zone, and  a zone of  dying t rees ,  t o  a d i s t an t  boundary zone  3f f o l i a r  
effects.  Distance from the  source is   general ly   ref lected i n  incre3sed 
species  diversity,   with  species  tolerant  to  the  pollutant(s) becoming 
locally dominant . In some instances,  species which are of minor occur- 
rence  or  significance emerge as dominants  under severe  pollutant  stress.  
For example, the  lichens Lecunora conizaeoides, L .  dispersa and StzreocauZon 
piZeatm are   typical ly   able   to   survive  re la t ively high SO2 concent:-ations 
and  have moved and continued  to  spread  into many urban locations  in Europe 
a n d  North America, a1 though their  occurrence i n  undisturbed  habita.ts i s  
extremely  limited . 

58 

63 

More recently,   investigations have been undertaken pr ior  t o  t h e   s t a r t  up 
of  operations which will   result   in  pollutant  emissions.  Such investigations 
s t a r t  with  "baseline"  studies which are  intended  to  provide a description 
of the  existing  ecology, i n  varying  degrees  of  thoroughness,  to act: as a 
point  of  reference on which to  base  projections of impact. Such s tudies  
also  frequently  include  attempts a t  simulating  possible  projected  pollutant 
conditions  in  order t o  obtain  locally  relevant  data on the  effects  on par- 
t icular   species   for  which no impact data  are  available or on indigenous 
species  occurring  in  particular  habitats and growingly subjected  to  the 
environmental  conditions  peculiar  to  the  region  in  question. While several 
basel ine studies have been undertaken w i t h  respect t o  proposed m i n i n g ,  
smelting and  energy  generation and dis t r ibut ion developments,  of par t icular  
relevance t o  the Hat Creek proposal are  the  studies  being  undertaken a t  
Colstrip,  Montana, funded by the U.S. Environmental Protection Agency. These 
have  been reported on i n  progress  reports  for  the  years 1974'!, 1g7565, and 1g76118, 

and include  investigations  into  the  f lora and fauna o f  the  region, i t s   s a i l s  
and hydrology. In addition, some of  the predominant plant  species have been 
studied i n  the  laboratory w i t h  respect   to   their   sensi t ivi ty   to  SO2 6S,115* Of 
par t icular   interest   are   the  s tudies  u s i n g  the Zonal Air Pollution S,ystem 
(ZAPS) in which SO2 i s   re leased   a t   d i f fe ren t   ra tes   over  0.62 ha plots of 
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native  rangeland  vegetationb7.' Under the natural  conditions  of  dispersal 
of the gas  released th rough  p o r t s   a t  3 m intervals  along a tubing  manifold 
supported  0.75 m above the  ground,  exposures t o  ari thmetic mean SO, concen- 
trations  of  26, 71, 168 and  267 pg/m3 were obtained over four  plots  during 
the 1976 growing season-(April  - October inclusive) .  In addition,  the 
frequency  distributions o f  8-minute median concentrations were found t o  
be lognormal, so that  the  geometric mean (GM) values and standard  geometric 
deviations (SGD) have been used as a measurement of  dose. The observed 
GM and  SGD values  fall   within  the ranges of  values  observed  for  several 
U.S. locations,  with GM values of 29,  58, 102 and 170 u g h 3  SO, for the 
four   plots   in  1976. Studies of the  impact of these dosages on the dominant 
grass  species, Agropyron s m i t h i i  and Koder ia  cristata and upon forbs and 
shrubs have been reported  for the 1975, 1976 and part of the 1977 (growing 
seasons by b d d  e t  al". The s tudies  t o  date have shown t h a t  there  are con- 
siderable  differences  in  response from year t o  year and  from s i t e  ;:o s i t e .  
Thus,  in 1975 and 1976, net  production  of the important  grasses was inversely 
related t o  SO, concentration on one s i t e  (ZAPS I )  b u t  the pattern was n o t  
repeated i n  1976 on another   s i te  (ZAPS 11). In cont ras t ,  the forbs on 
ZAPS I appeared t o  be most productive i n  the high SO2 plot  i n  bo th  1975 
and 1976, b u t  the reverse was true fo r  ZAPS I1   in  1976. Hence, on the basis 
of the exis t ing  data ,  no clear   indicat ions have emerged as to  whether, under 
the  f ield  conditions of the s t u d y ,  the in jur ious   o r   benef ic ia l   e f fec ts  of 
SO, are  predominating.  Similarly, the below ground plant biomass dynamics 
show few consistent  treatment  effects,   al though rhizome biomass o f  the im- 
p o r t a n t  grasses appears t o  have been reduced by SO2 treatment over the years 
1975, 1976 and  1977. On the other hand, significant  reductions due t o  SO, 
treatment  in the levels  of  crude  protein  in the major grasses  occured over 
two years. A similar  decrease  in  dry  matter  digestibil i ty was observed, 
although no specif ic   differences in  crude  cell wall consti tuents were 
observed.  Furthermore,  there was evidence from 1975 and 1976 tha t  SO, fumi- 
gations  st imulated  leaf growth  of Agropyron s m i t h i i ,  by increasing the number 
of leaves  rather  than their size. However, 1977 s tudies  have shown t h a t  
this  appears  to be related  to  increased  rates  of  senescence induced by SO,. 
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This increase  in the growth of a grass  in  response  to  chronic SO2 s t r e s s   i s  
similar  to  the  author 's   f indings  with annual  ryegrass6g and winter wheat57 
under ozone stress, in which increased  senescence  occurs and lead!; to   in-  
creased  rates of top  dry  matter  production,  although  root growth 'is impaired. 
I n  the  case  of  perennial  grasses such a s  Agropyron smithii and KoezZeria 
cris tata,  any effect  of  increased  senescence and "replacement"  of  aerial 
growth may divert  ass imilates  away from storage  in below-ground perennating 
organs such as  rhizomes, and hence place the subsequent  year's growth in 
jeopardy, w i t h  consequent shif ts   in   compet i t ive  abl l i ty  and ultimately in 
the  dis t r ibut ion of species. 

The results  obtained from the ZAPS p lo t s   a t   Co l s t r ip   po in t   ou t   c l ea r ly  
the utmost importance t o  be placed upon continuing such studies over 
several  seasons,  in  order  to  obtain  unequivocal  information  about  impact, 
partly  in  order  to  determine  season-to-season  variability i n  response, and 
par t ly   in   order   to  be able  to  determine  long-term  subtle  effects on growth 
which may influence  species  survival and community composition. 
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AIRBORNE  EMISSIONS ON VEGETATION  IN THE HAT CREEK PROJECT AR81A 
F5.0 APPROACHES USED IN THE ASSESSMENT OF THE IMPACT O F  

- 

This  section  provides  descriptions  of the approaches used i n  deriving 
quantitative  assessments of the impact o f  airborne  emissions on existing 
vegetation and possible  agricultural   crops i n  the Hat Creek region. I t  
deals  with  emissions from the proposed  generating  -station and coo:ling towers 
separately. I t   d e t a i l s  the various  data  bases  used, the computed data 
derived  therefrom, and the  assumptions made in  interpreting the data. 

F5.1 GENERATING  STATION  EMISSIONS 

The local and  regional  impacts of airborne  emissions from the generating 
s ta t ion  have been assessed  for  the three s t r a t eg ie s :  366 m stack  with FGD, 
366 m stack w i t h  MCS, and 244 m stack w i t h  MCS (see  Section F2.0). For each 
case,  projected  levels and frequencies  of SO2 concentrations, computed by 
ERT'. form the prime data  base. The magnitudes  of the impacts  of  these 
projected SO, concentrations have then been derived i n  the   l igh t  of the 
various  factors,  environmental and temporal, discussed i n  Section F4.0 on 
plant  response. Major emphasis has been placed upon the impact  of SO2, the 
predominant  gaseous  emission. 

( a )  Local Impact 

The local impact o f  the generating  station  emissions  covers  the  circular 
area of 25 km radius  centred on the s tack ,   c lose   to  Harry Lake. The ERT 
projections  are presented a s  they r e l a t e   t o  128 receptor sites arranged 
radially  in rows of  eight  along  axes  at 22.5' in te rva ls  around the  stack. 
The individual  si tes  are  located 4 km from the stack and subsequently a t  
3 km intervals  out t o  25 km. The sites are  numbered outwards from the 
stack comnencing with the axis  facing south ,  and thence i n  sequence in a 
clockwise direction  (Figure F2-1, a t  end of  report);  The factors   re la ted  to  
the  locations of the individiual   receptor   s i tes ,   to  the extent  and nature of 
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the  vegetational  cover  present  around each s i t e ,  and t o  the vegetational 
response i t s e l f  are dealt   with  separately  in the following  sections. 

( i )  Factors  Related  to ERT Receptor S i t e s  

The impact of projected  ambient SO2 concentrations  is  dependent upon certain 
s i te - re la ted   fac tors .  The ERT project ions  are   s i te-specif ic ,  a n d  r e l a t e  t o  
a par t icular   e levat ion and location. The actual  vegetational  area which 
i s  "summarized" i n  a s ingle   receptor   s i te   increases   in   s ize   as  one progresses 
outwards from the  stack. For purposes of assessing  impact,  each  receptor 
s i t e  has been  assumed t o  be located  a t   the   centre  of an annual  region ex- 
tending 1.5 km along  the  radial  axis i n  e i ther   d i rec t ion ,  and occupying 
22.5' arc. The areas  of the annualar  sectors and the  distances of t he i r  
central   receptor   s i tes  from the stack  are summarized in  Table F5-1. 

Since  the  topography  of  the Hat Creek region i s  highly  variable,   the  ele- 
vational  ranges  within  each  vegetational  annular  sector have been noted and  
re la ted  to   that   se lected by ERT f o r  each receptor   s i te .  A s  would  be ex- 
pected, the greatest  ranges i n  elevation and the greatest   d i f ference from 
the ERT receptor   s i te   e levat ion  occur  in the outmost annular  sectors.  
Elevation  partly  dictates  vegetation  association through i t s   i n f luence  on 
c l imat ic   factors  such as mean temperature and length of frost-fie,? season. 
In general,  vegetation growing a t   the   h ighes t   e leva t ions   wi l l  be dormant 
for  a greater   par t  of the  year bhan t h a t  d t  lower etavat ions,  and hence i s  
expected  to be less affected i n  the  spring and f a l l  by elevated SO2 levels.  
However, i t  may  be affected in the  spring by deposition of SO;! occurring 
d u r i n g  the winter months. 

A further s i t e - r e l a t e d   f a c t o r   i s  the mixing depth used in the ERT modelling. 
This has a re la t ionship t o  possible impact in  that  i t  provides an indica- 
tion of the  range o f  elevations around t h a t  o f  a given  receptor  site  within 
which a projected  concentration might be expected t o  occur  as a r e s u l t  of 
simple transport  from the stack. 
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TABLE F5-1 
AREAS OF ANNULAR SECTORS 

COVERED B Y  VEGETATIONAL ANALYSIS 
IN RELATION TO DISTANCE FROM STACK SITE 

Distance of Receptor  Sites  Receptor  Site NOS.* Area o f  Annular Sector 
(km)  ( km2 1 

4 1,9,17,25,33,41,49,57,65, 
73,81,89,97,105.113,121 

4.7 

7 2,10,18,26.34.42,50,58,66, 8.2 
74,82,90,98,106,114,122 

10 
75,83,91.99,107,115,123 
3,11,19,27,35,43,51,59,67, 11.8 

U 

13 4.12,20,28,36,44,52,60,68, 15.3 
76,84,92,100,108,116,124 

16 5,13,21,29,37,45.53,61,69, 18.8 
77,85,93,101,109,117,125 

19 6,14,22,30,38,46,54,62.70, 22.4 
78,86,94,102,110,118,126 

22 

25 

7,15,23,31,39,47,55,63,71, 25.9 
79,87,95,103,111,119,127 

8,16.24,32,40,48,56,64,72, 29.4 
80,88,96,104.112.120.128 

* 
As used i n  ERT Peak Programme. Si tes  1 t o  8 are  arranged i n  a l ine  
due south o f  the  stack.  Sites 9 t o  16 l i e  in  south  south-west  direction. 
The subsequent  lines o f  sites  are  arranged  clockwise a t  22.5' angles 
coincident w i t h  the  remaining 14 compass points. 
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( i i )  Extent  of  Vegetational Cover 

Within each annular  sector, the extent  of individual  vegetation  associ- 
t ions was estimated from the 1:50,000 vegetation  cover maps of  the  local 
zone  of impact prepared by The TERA Environmental  Resource  Analyst  Limited. 
The associations used f o r  this assessment are coded as shown in  Table F5-2. 
The estimates  of  associations per annular  sector are presented  in  Table F5-3. 
I t  should be noted t h a t  the TERA mapping does  not  extend t h r o u g h o u t  the 
sectors  associated  with  receptor  sites 7,  8, 16,  24, 31,  32,  39, 40 47, 48, 
56,  64, 71, 72, 80, 9 5 ,  96, 103, 104,  112 and 128. The a s soc ia t im  compo- 
s i t ion  of these  sectors was therefore assumed t o  be the same as  a neighbour- 
i n g  sector,  as  indicated  in  Table F5-3. The basis   for   select ion of an 
appropriate sector f o r  this purpose was largely  topographic. 

From the estimates o f  the vegetation  associations  present  in  the  annular 
sectors,   further  estimates  of the cover  contributed by individual  species 
were  made, using  the  cover  data provided by Tera Consultants Ltd .  
Vegetation  Tables  based upon vegetation  plots  in the area. The ac:tual 
cover fo r  each species f o r  which the mean cover per association exceeded 
1 percent was calculated  for  each association  present  within an annual sec tor ,  
and summed to  give  the  total  cover provided by these  species  within the 
sector .  These estimates of cover  are  presented in Addendum A ,  and in the 
individual  tables  for each receptor  si te 's   estimated  impact.  

An assessment o f  impact has been provided  for a l l  species which were 
estimated t o  comprise a t  l ea s t  0.1 km of  cover  within a potent ia l ly  impacted 
sector  and  f o r  which impact data  are  available i n  the l i t e r a t u r e .  No 
impact d a t a  are  available  for  the  majority  of the plant  species wh.ich may  be 
exposed t o  SO2 and NO2 emissions from the Hat  Creek powerplant.  Species 
which are deemed t o  be s igni f icant  were also  included in the injury  assess- 
ment tables   in   order   to  draw attention  to  important  data  gaps.  Species 
deemed s igni f icant  were: 

( a )  All tree  species, 
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TABLE F5-2 

VEGETATION ASSOCIATIONS AND CODES 
t 
.- 

I 
I Association - Code 

Alpine: 
Mountain Avens - Sedge 

z Grassland: 
Highland  Grassland (>le30 m )  

Engelmann Spruce - Subalpine  Fir: 
Enqelmann SDruce - Grouseberry f 
Engelmann Spruce - Grouseberry - Pinegrass D 
Engelmann Spruce - Grouseberry - White 

Rhododendron E 
Engelmann Spruce - Willow - Red Heather 

Parkland F 
Engelmann Spruce - Grouseberry - Lupines G 

H 
J 
K 

- Interior  Douglas-fir: 
Douglas-fir - Pinegrass 
Douglas-fir - Bunchgrass 
Douglas-fir - Spiraea - Bearberry 
Douglas-fir - Bunchgrass - Pinegrass M 

Ponderosa  Pine: 
Ponderosa Pine - Bunchgrass ! 

! 
\ -  Intrazonal : 

Riparian 
Engelmann Spruce - Horsetail 

Grassland: 
Saline  Deoression 
Kentucky B1 uegrass 
Big Sage - Bunchgrass 

I n t r a z o n a l :  
Willow - Sedge Bog 

Grassland: 
Buncharass - Kentucky Blueqrass 
Sagebrush - Bluebunch Wheatgrass 

Other: __ 
Rock 
Cultivated  Fields - R 

T 
r' 

d 
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TABLE F5-3 

ESTIMATES OF EXTENT OF VEGETATION  ASSOCIATIONS  OCCURING WITHIN 
ANNULAR  SECTORS  RELATED  TO  RECEPTOR SITES (Percentages o f  area) 

m 

Receptor   S i te  No. Vegeta t ion   Assoc ia t ion  (%) 

2 
1 

B: 5; D: 40; H: BO; U: 15 
6: 10: 0: 20; H: 45; U: 15 

3 0: 40; H: 35; W: 5; ' X :  15 
4 D: 55; H :  20; M: 5; U: 10; W: 5; X: 5 
5 D: 25; H :  45; M: 15; T: 3; U: 5; W: 5;  X: 2 
6 
7 

8: 1 ;  0: 40; H: 2 9 ;  K / M :  20; W: 5; X: 5 
(Assumed t o  be  the same a s   s i t e  15) 

8 (Assumed t o  be t h e  same as s i t e  15) 

c 

L 

' L .  

m- 

rr 

d 

10 
11 

H: 5; M: 10; Q: 2; S: 3; U: 30; X: 50 
H: 5;  M: 15; T: 10; X/S:  15; X: 55 

13 C: 10; D: 15; G: 4; H: 25; M: 3; T: 15; U:2 

14 
15 

C: 20; D: 20; G: 20; H: 20; T: 10; X/S: 5; X: 5 
A/B: 25; C: 17; 0: 20; F: 5; G: 20; H: 10; R: 3 

16  (Assumed t o  be t h e  same as s i t e  15) 

9 H: 13; M: 35; U: 50; X :  2 

12 H:  20; M: 5; T: 25; X/S:  20; X: 30 

w: 1 ;  x/s: 20; x: 5 

- ." - 
17 M: 60; P: 3; T: 10; U: 15; X:  10; Y :  2 
18 H: 5; M: 15; P: 3; T: 3 ;  X/S: 40; X: 30; Y:  4 
19 
20 

D: 8; H :  45; P: 2; T: 5; X/S: 40 
C: 15; D: 50; H: 30; T: 3 ;  W: 2 

21 6: 5; C: 48; D: 15; F: 19; G: 10; R: 2; W: 1 
22 A/B: 35; C: 38; F: 10; G :  10; H: 5; W: 2 

24 
23 A/B: 15; C: 40; F: 8; G: 20; H :  15; R: 1; U: 1 

(Assumed t o  be t h e  same as s i t e  23) 
~. " - 

25 J:  8; M: 35; P: 5; T: 2; U: 20; X: 15; Y: 15 
26 H :  38; J :  15; U: 2 ;  X/S: 25; Y :  20 
27 
28 

C: 5;  D: 40; H: 45; H/M: 8; W: 2 

29 
B :  10; C: 40; 0: 5; G: 20; H/M: 20; W: 5 
A/B:  20; C: 15; F: 35; G: 20; R: 5;  W: 5 

30 
31 

8: 10; C: 40; G: 15; H: 25; R: 5; U: 5 

32 
(Assumed t o  be t h e  same as s i t e  23) 
(Assumed t o  be  the same as s i t e  23) 

- "" - - 
c 

c 
F5-6 



TABLE F5-3 (Continued) 

33 J: 5; M: 60; U: 20; Y: 15 
34 H: 40; J: 10; M: 10; U: 15; Y:  25 
35 
36 

D: 45; H: 55 

37 
' C :  70; D: 17.; R: 3; W :  10 

38 
B: 10; C: 70; H: 10; M: 5; W: 5 
C: 25; H: 25; K/M: 25; M: 25 

40 
39 

(Assumed to  be the same as s i t e  31) 
(Assumed t o  be the same as s i t e  31) 

9- 

4 

'4 

c 

C 

c 

41 

43 
42 

44 
45 
46 
47 
48 

M: 70; P: 10; U: 20 
H: 30; J/K: 40; K/M: 25; R :  5 
C :  15; H: 7.0; J: 5; R: 5; X: 5 
C :  45; H: 10; K/J: 20; K/T: 5; R: 10; W: 5; X: 5 
8: 3; C: 45; H: 34; J: 8;  K/T: 6; R: 3; X: 1 
6: 5; C: 35; H: 45; J: 15 
(Assumed to  be the same as s i t e  46) 
(Assumed to be the same as s i t e  31) 

49 
50 

H: 50; J: 15; P: 30; U: 5 

51 
H: 35; J: 30; M: 5; Q: 20 
E: 10; H: 80; R: 5; W: 5 

53 
52. 

C: 30; D: 15; E: 20; J: 15; K/J: 10; K/T: 3; R: 2; 
C :  5; E: 45; H: 30; K/T:  5; M: 10; W: 5 

54 C: 15; D: 15; G: 5; H: 20; J: 25; Q: 5; R: 5; X: 5; 

55 B: 3; C: 20; H: 10; J: 20; M: 5; P: 2; R: 5; T:  12; 

56 (Assumed t o  be the same as s i t e  55) 

w: 5 

Y: 5 

u: 20; x: 2; Y: 1 

57 H: 80: J: 5: P: 5: U: 10 
58 
59 
60 

H: 90; Q: 3;  R: 2; U: 5 
E: 8; H: 85; W: 2 

J: sof P: IO; u: i o  

61 E: 80; H: 15; R: 5 
62 C :  5; D: 10; E: 60; G: 5; M: 15; R: 5 
63 
64 

C :  12; D: 10; E: 60; G: 10; W: 3 
(Assumed to be the same a s  s i t e  63) 

- ._ -. 
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TABLE F5-3 (Continued) 

65 H: 60; M: 20; U: 20 

67 
66 H: 45; J: 20; M: 15; U: 20 

H: BO; J: 10; P/U: 10 
68 H: 80: J: 15: M: 5 
69 E: 9;.H: 85;-Q: 15; W: 1 
70 H: 70; M: 28; U: 2 

~~ 

71 (Assumed t o  be   the  same as s i t e  70) 
72 (Assumed t o  be t h e  same as s i t e  70) 

73 H: 100 . .  

74 H: 85; M: 10; U: 5 

76 
75 H: 95; U: 5 

H: 10; J: 70; M: 5; U/P: 15 
77 H: 20; J: 35; M: 20; T: 5; U: 5: V: 15 
78 H: 30; M: 25; N: 5;-T: 5;.U: 5 ; . V :  30 
79 
80 

H: 35; J/K: 10; M: 20; P: 5; V: 25; X : - 5  
(Assumed t o  be t h e  same a s   s i t e  79) 

81 D: 90; H: 10 
82 H: 95; Q: 5 
83 H: 90; V: 5; X: 5 

85 
84 H: 20; N: 15; P: 8; T: 15; U: 2; V :  35; X: 5 

H: 30; J/K: 5; M: 25; N: 15; T: 10; V: 15 
86 
87 

C: 10; 0: 25; H: 40; M: 20; N: 5 

88 D: 55; H: 43; W: 2 
D: 50; H: 45; Q: 3; W: 2 

_ _ _  

90 
89 0: 100 

91 
D: 3; H: 70; U: 25; W :  2 

92 
H: 85; P: 2;  U: 8; V: 5 
H: 10; M: 5; N: 5; T: 10; V:  68; X: 2 

93 M: 45; N: 3; P: 5; T: 5;  V: 40; X: 2 
94 c: 8;-0: 20; H: IO;  J: io; M: i 5 ;  P: 5; v: 20; x: 2 
95 (Assumed t o  be t h e  same as s i t e  94) 
96 (Assumed t o  be  the  same as s i t e  94) 

" 

98 
97 H: 90; U: 10 

H: 85; U: 15 

100 
99 H: 80; U: 20 

H: 60; N: 5; U: 5; V :  30 
101 
102 T: 10; V: 90 

P: 3; T :  17; V:  80 

103 
104 

(Assumed t o  be t h e  same as s i t e  102) 
(Assumed t o  be t h e  same as s i t e  102) 

F5- 8 



I 

LT 

r. 

TABLE F5-3 (Continued) 

106 
105 H :  80; U: 20 

D: 50; H: 50 
107 0: 30; H: 50; M: 20 

1 09 
1 08 H: 10; M: 75; U: 5 ;  V: 10 

M: 2; T: 18; V: 80 
110 T: 20; V:  70; Townsite: 10 
111  (Assumed to be t h e  same as s i t e  119) 
112  (Assumed t o  be t h e  same as s i t e  119) 

113 0: 6a: H: 40 
114 C: 5; D: 95- 
115 
116 

0: 75; H: 5; M: 20 
M: 60; T: 5; V: 35 

. ~. ~ .” ~~ 

117 M: lo;  S: 2; T: 8; V: 80 

119 
118 M: 20; N: 10; S: 5; T: 10; V: 55 

M: 5; N: 5; T: 10; V: 80 
120 M: 15; N: 20; R: 5; V :  60 

121 B: 5; 0: 60; H: 30; U: 5 

123 
122 

8: 15: 0: 65: F: 10: G: 10 
B: 10; 0: 90 

124 
125 

B: 20; 0: 15; G: 5;-H: 25; M: 30; U: 5 

126 
H: 30; M: 50; T: 5; U: 5; V :  5; X: 5 
B: 10; C: 5; 0: 35; H: 25; M: 20; X: 5 

127 D: 40; H: 25; M: 20; V: 5; X: 10 
128 (Assumed t o  be t h e  same as s i t e  127) 
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( b )  Major ecosystem  components. The value of 0.5 km of  cover was 
a rb i t r a r i l y   s e l ec t ed   a s  the  cut-off  value. This value corresponds 
t o  10.6 percent of smallest   sectors  and 1.7 percent  of  the 
la rges t   sec tors .  

(c)  Species which are of  particular  importance t o  wi1dli:'e or 
livestock  grazing. 

Because of the dearth of impact  data on the  majority  of the shrubs, gramin- 
aceous and  herbaceous  species,  lichens and mosses, many of the species  present 
are therefore  not  included  in  the  assessment.  Information on the cover 
provided by these  species i s ,  however,  presented  separately by receptor   s i te  
in order  to  provide a complete picture  of  the  nature of the cover  present. 
In addition, the information  provides a useful  indication of those species 
deserving  attention w i t h  regard t o  future  studies  of  impact. 

( i i i )   Factors   Related  to   Vegetat ional  Response 

I n  addition t o  factors   re la ted t o  receptor   s i tes  and their  associated  vegeta- 
t ion,  the numerous factors  which influence p l a n t  response and have been 
described  in  Section 4.0 have t o  be incorporated  into the overa"1  assessment 
of  impact. The various  weighting  factors used in  these  incorporations 
are  described la ter  i n  this section. However, one group of  fact:ors  related 
to  the  timing  of  exposures t o  SO, within the year,  within the day, and within 
the  daylight hours, and  the sequences of concentrations  experienced a t  any 
given  receptor s i t e ,  are  of  par t icu lar   s ign i f icance  w i t h  regard t o  the 
assessment  of  impact, as described above i n  Section F4.5. Accordingly, an 
ini t ia l   detai led  inspect ion was made of  the PEAK programme data  provided 
by ERT fo r  the 366 m uncontrolled stack, as  described below. 

A.  Analysis  of ERT PEAK Programe Data fo r  Uncontrolled Base- 
Load 366 m Stack  Emissions  of SO, 

The PEAK programe SO2 d a t a  provided by ERT for  the uncontrolled 366 m 
stack  with the generating  station  operating under  base-load  cond"tions 
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comprised three  sets:  excursions above 450 u g h  for  1-hour;  excursions 
above  633 ug/m averaged  over 3 hours; and excursions above 260 \lg/m aver- 
aged over 24 hours. In the  case of t h e   l a t t e r  two averages i t  :>hould be 
noted t h a t  these  are  averages  for  defined 3-hour and 24-hour intervals ,   i .e .  
3-hour  averages commencing a t  hours 1, 4,  7 ,  10, 13, 16, 19 and  22, and 
24-hour averages commencing a t  hour 1. In other words, they do n o t  neces- 
sarily  inlcude  the  highest  average  levels  reached  over  all 3-hour and  24-hour 
averaging  periods  throughout  the  year. 

3 

3 3 

The importance to  injury  assessment  of SO2 concentration,  duration of 
exposure,  interval between exposures,  time  of day of exposure, a i d  time  of 
year of exposure, has been described above. I n  order t o  determi:le the 
overall  pattern  of  exposures,  the  I-hour PEAK data  for  selected  .si tes was 
studied in de t a i l .  A s  an example of the pattern o f  exposures  predicted, 
Figure F5-1 shows the  data  for  Receptor S i t e  14 fo r  the period  April 1 t o  
October 31. This  period was selected  as  being  the  average growing season 
for  the  local  region  (see  section  F!j.I(a)(iii)B, below). With the  cut-off 
a t  450 u9/m3 SO,, no data  are  available for many of the days within the 
growing season,  although i t  i s  probable  that on many occasions SCl, levels  
greater  than zero would have occurred.  Nevertheless, the figure  provides 
a visual image  of the  types of exposure  possible. For example, on days 
96 and  97, the  only  excursions were during  the  night; on day 116, the  single 
excursion  occurred  shortly  after  daybreak; and on day 223, there were fumi- 
gations  lasting  several hours i n  the morning and the evening, followed two 
days l a t e r  by a similar  pattern; on several other occasions  there were 
isolated 1-hour  peaks. 

I t  shou ld  be borne  in mind t h a t   t h i s  example i s  taken from the  uncontrolled 
stack PEAK programme and is  presented merely t o  demonstrate  the somewhat 
random nature of occurrence of  peak S& concentrations. While i t  should 
also be understood t h a t  the  uncontrolled  stack  data  are of largely academic 
interest   s ince,  in operation, the Hat Creek Generating  Station would be 
operated  with  controls a t  l e a s t  t o  ensure compliance  with a maximm 3-hour 
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SQ average  concentration  objective  of 655 v g/m , these data were the  only 
ones  available  in the early  stages  of impact  assessment, and hence were used 
t o  develop.methodo1ogy. Thus the frequency  isopleths  presented by ERT a t  
a scale  of 1:250,000 were found to  provide  too general an overview  of the 
ambient SO picture  throughout the year. In order t o  assess the actual 
impact of SO2 concentrations and frequencies, i t   i s  necessary t o  r e l a t e  
isopleths   to  the locat ions of spec i f i c  sites and their associated  vegetation. 
The combination of maps showing isopleths  of peak concentrations and 
isopleths, of frequencies was found t o  provide more useful  information t h a n  
one based on frequency  isopleths of excursions above several  thresholds. 
Hence the PEAK programme data was used to  prepare  detailed maps o f  b o t h  
frequences of excursions above a single  selected  threshold,  and t , i e  maximum 
average  concentrations  attained b o t h  throughout  the  year and within  the 
growing season,  for  each  averaging time. Examples of such maps are  presented 
l a t e r  in th i s   repor t ,   in  the sections  dealing  with each of the three   a l te r -  
native  control  stragegies.  (Section F6-1, F6-2 and  F6-3). 

3 

The detailed  studies of the  uncontrolled  stack  data  led  to the ide l t i f i ca t ion  
of those s i t e s  :areound which the vegetational impact was l i ke ly  t o  be 
greatest.  These-Bbservations were then used as the  basis  for  selecting 
the s i t e s  which  were subjected t o  further  analysis  with  regard  to .time of day 
of  peak occurrence, as depicted f o r  s i t e  14 in  Figure F5-1. This  analysis7' 
revealed  that of a total   of 620 excursions  greater t h a n  450 vg/m SO, 
which occurred a t  the 12 most a f f ec t ed   s i t e s ,  58.1 percent  occurred between 
one hour a f te r   sunr i se  and  the hour of  sunset.  Furthermore,  the peak con- 
centrations reached dur ing  daylight  hours  averaged 88.9 percent of the maxima 
predicted  for the days i n  question. Of the  daylight maxima,  20 percent 
occurred  in  the hours immediately  following  sunrise, a t  which time they would 
be expected t o  exercise a maximum effect  (see  Section F4.5 ( b ) ) .  

3 

The d a t a  f o r   s i t e  14 depicted i n  Figure F5-1 fall  within  these  overall 
relationships. Thus, while  daytime peaks occurred on 18 o u t  of a t o t a l  of 
23 days on which peaks occurred  within the growing season,  only 43 cof a 
to ta l  of 69 1-hour  excursions  occurred  during  daylight  hours (62 percent).  
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Although the data  subjected t o  th i s   ana lys i s   a l l   re la ted   to   the   mcont ro l led  
stack  emissions,  perusal  of  the comparable PEAK p r o g r a m s   f o r  t;ie various 
control   s t ra tegies   indicated  that   s imilar   re la t ionships  between ipeak occur- 
rences and time of day occurred  in  those  cases  (see  Sections F6.1, F6.2 and 
F6.3). 

B.  Weighting Factors Used in  Assessing  Vegetational Impact 

The final  assessment of impact of emissions from the  proposed Ha.t Creek 
generating  station has been made in the l ight   of   current ly   avai ldble   infor-  
mation on the  response of individual  species t o  specific  emissions,   partic- 
ularly SO, and  NO,, and  current'knowledge of the variables which. influence 
these reponses,  described above i n  Section F4.0. 

With regard to  the  dose-response  of  individual  species,  original  data were 
compiled wherever available  for  those  species  occurring  within  the  vegeta- 
tion of the Hat Creek area. However, exhaustive  searches of the l i t e r a t u r e  
fa i led  t o  reveal  dose-response  data  for  the  majority  of the species  present 
including some of major  importance. In some cases, the only  information 
available  appears t o  be subjective,  and in  the form of  rankings  of  sensi- 
t ivity",  which while  of  general  use,  provide no basis   for  a quant i ta t ive  
assessment of  impact. In a few cases,  data from d i f f e ren t  source:; yielded 
widely  different  dose-response  information  for a given species.  In these 
cases,  detailed  perusal of the  original  reports  occasionally  yie'lded  clues 
as  to  the  reasons for the  dispar i ty;   as  a r e su l t  judgment  was used to  deter-  
mine  which da ta  would be most applicable t o  the Hat Creek s i tua t ion .  In 
some cases, where experimental   details   as  to how the dose-response  data were 
obtained were lacking,  these  data were discounted. In most cases where relevant 
data   exis t ,  i t  should be borne in mind tha t  the data were probab'iy obtained 
in laboratory  rather t h a n  f i e ld   s i t ua t ions ,  and t h a t  there  is   considerable 
l ikel ihood  that  the plants  studied were i n  a more susceptible  state  than 
would  be in the case of nature. 

"" 

- 

I n  the  case of the important  tree  species  present i n  the Hat Creek area,  

c 
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dose-respon lse information was generated by extrapol ation from the few iso- 
lated  data  in the l i terature   for   individual   species ,   together  w i t h  the 
subjective  observations o f  numerous workers  as to   the  relative suscept ib i l i -  
t i e s  o f  these and other species t o  S Q .  These subjective  assessments  are 
summarized as  follows) ranked in 0rde.r of increasing  tolerance):  

Pinus  strobus = P. ponderosa 
P. strobus = P. ponderosa = Pseudotsuga menziesii  e Pinus  ccntorta 
Abies lasiocarpa PS. menziesii e P. contorta  Picea engelmanni 

71 

72 

< P. ponderosa 40 

A .  lasiocarpa Ps. menziesii < P. monticola e P. ponderosa 
c P. contorta e P. engelmannaz . .40 

Ps. menziesii e P. ponderosa < P. engehanni i  P. monticola 
< P. contorta 

Ps. menziesii e P. ponderosa P. strobus < P. contorta 
P. strobus = P. resinosa = P. bankisana  Ps.  menziesii = P. contorta 

34 

= P. ponderosa = P. monticola.= P. engelmannaa . .21 

The three  pines, P. strobus, P. . r e s inosa   md  P. banksicma described  as 
"sensi t ive"  by Davis and Wilhour2' were included  in the dose-response  data 
obtained  under  field  conditions by Dreisinger and McGovern", as  follows: 

Maximum average  concentrations.( ig /m3)  of 5%. 
causing 10 percent in jury  

l h  2h 4h 8h 

P. strobus 1179  917 655 
P. resionosa 2043  1809  1153 

P. banksiana 1362  1153 760 

880 
786 

524 

Mean 1528  1293 856  620 
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Treshow reports   that  young Pseudotsuga menziesii t rees  were marked by 2040 
ug/m SO, in 8 h. All  of these  data were in te r re la ted  by assigning the 
following  numerical  values  of  tolerance  relative  to Ps. menziesii: 

3 

P. bankisma, P. strobus, P. resinosa: 0.3 
A .  lasiocarpa: 0.8 
Ps. menziesii: 1.0 
P. contorta, P. ponderosa, P. engelmannii: 1.2 

. .  

Dose-response data for A. lasiocarpa,  Ps. menziesii, P. contorta, P. ponder- 
osa and P. engehanni were then  generated by proportion  to  the mean d a t a  f o r  
the sensit ive  pine  species .(P. strobus, P. resinosa, and P. bmksianai and 
to  the 8-h datum fo r  Ps. menziesii. 

This  procedure  admittedly  provides  only a best  estimate of the dose-response 
charac te r i s t ics  o f  the  important  tree  species,  b u t  i s  considered t o  be j u s t i -  
f i ed  on the basis  of  the numerous subjective  reports o f  re la t ive  suscept i -  
b i l i t i e s  and  the des i r ab i l i t y  of providing a quantitative  assessment for these 
species. However, f o r  no other  types  of  vegetation  are  there such extensive 
subjective  assessments, and hence the procedure has n o t  been applied  to  other 
species. 

Where dose-response  data  are  available  for  individual  species, t h e  assess- 
ment of  response has  been based upon considerations of the following  modifying 

Where t ree  and  shrub-layers  are dominant within an association, 
the impact on the  lower  vegetation  has'been reduced because  of  the 
likelihood of their  exposure  to  concentrations  less  than  those 
predicted as a consequence  of deposition  in the upper storeys 
Enhanced impact has been a t t r i bu ted  t o  exposures  occurring  during the 
ear ly  hours  of daylight; 
Enchanced impact on exposed species has been  assumed re la t ive   to   da ta  
generated  in  laboratory  or chamber experiments  in which low wind 
veloci t ies  were employed", except where the species a re  protected 
by upper stories  of  vegetation; 

23, 24 
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i;) In  general,  species have been  assumed t o  be less   sens i t ive  when 
growing under natural  conditions in the  f ield  than when grown in 
growth chambers and greenhouses"; 

(5)  Increased growth has been assessed where sequential  exposures have 
been predicted  to   occur ,   or  where several peaks occur  within a 
single  daylight  period,  regardless of whether  they  are  consecutive 
or intermit tent ;  

(6)  Impact o f  SO, has been considered  to be enhanced  50 percent and  
.thresholds have been considered t o  be reduced 25 percent by the 
simultaneous  fumigation w i t h  NO, a t  SO,/NO, r a t io s  expected f o r  
the Hat  Creek generating  station  emissions  (see  Table F4-1) .  As 

pointed o u t  in the  discussion  of  Table F4-1, there i s  solne 
controversy  as t o  the magnitude of the e f f ec t s  of adding NO t o  
SO fumigations, and sow reported  observations have n o t  been 
repeatable. On the other  hand,  other  reports or addi t ive  or  
synerg is t ic   e f fec ts  appear t o  be both unquestionable and dramatic. 

( 7 )  Impact of SO, has been considered t o  be reduced by the  concomitant 
presence of elevated  levels of CO,. Since  there  appears  to be no 
information  available  as  to the combined e f f ec t s  o f  SO, m d  CO, 
on t ree  and shrub  species, and in   the  l ight  of the re la t ive ly  
low levels  o f  CO, enrichment l ikely  to  occur  (see Sectiorl F4 .4 ) ,  
a 25% reduction of impact has been used f o r  such species. On the 
other hand a 50% reduction has been applied  to  assessments of impact 
on graminaceous and herbaceous  species. Such reductions  are 
admittedly  conservative i n  l i g h t  o f  reports o f  "protections"  against  
SO t o  a l fa l fa"  and broad beanlot b u t  appear t o  be r e a l   i s t i c  
i n  the l i g h t  of  scanty  data  available on the  subject,  and the 
general view t h a t  changes in ambient C02 concentration grEater t h a n  
50 ppm are  necessary  to  cause  significant  changes  in  stomatal 
a p e r a t ~ r e ' ' ~ .  From the  data  presented on p. F4-12, i t  car, been seen 
tha t  such  changes in CO, concentration  will  only be exceeded in 
conjunction w i t h  SO, levels   greater  than 655 u9/m3. 

(8) Impact on t r ee  and shrub species has been assumed t o  be increased 
25% because of the likelihood of injury  resul t ing from the  deposition 

a- 
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of SO, during  the  winter months (outside  the growing season). I n  
the  table of impact  assessment presented l a t e r   i n  this report ,  the 
grea tes t  emphasis has been placed on exposures  April 1 .. October 31 
growing season ( the period  over which the mean monthly temperature 
in Hat  Creek i s  above O C ) .  However, the limited  data  available'12 
require t h a t  an adjustment be made for  winter  deposit ion.  

One .of these modifying fac tors  (SO,/NO,interaction) has been incorporated 
d i r ec t ly   i n to  the tab les   o f   sens i t iv i t ies  of indiviudal  species .to airborne 
emissions  presented below in  Section F5.3. Two others  (CO, and winter dep- 
os i t i on )  have been incorporated  directly  into  the  cumulative  dose-response 
curves used t o  estimate  injury,  presented below in  Section F5.4. 

In addition t o  the above factors,   several   other  considerations h.3ve  been 
borne  in mind with  regard t o  the quantitative  assessment of in jury .   F i r s t ly ,  
the ERT modelling i s  described  as  probably  being  accurate t o  a Factor of 2,  
Furthermore,  the  database used by ERT i s . l imi t ed   t o  a single  calendar  year.  

2 

- 
4 The year-to-year and season-to-season  variations i n  the meteorolm3gy of the 

Hat Creek area,  which undoubtedly  occur,  will add another  level 3f uncertainty 
as  to  the  precise ground level SO, concentrations which may occur. However, 
the conservatism  already  built  into the ERT modelling  suggests t h a t  i t s  use, 
coupled  with the various  weighting  factors  described  above,  will  lead  to  fair 
assessments  of the most probable  impacts  of the emissions from the Hat Creek 
generating  station f o r  the  three  control  strategies proposed. The use of  
"average" and  "worst" case  si tuations  is   frequently  adopted i n  impact assess- 
m e n t  studies7' in order   to  accommodate uncertainties  in the modelling  pro- 
cedures used. However the  present   context ,   i f  a "worst"  case  exists, i t   i s  
unlikely t o  lead  to  impacts more t h a n  about 10% greater  than  the  average  case 
because of the randomness w i t h  which the modelling e r ro r s  would be distributed. 

Perhaps the greatest   uncertainties of a l l ,  however, relate  to  the  long-term 
effects  of  fumigations  occurring  season  after  season. I t  has already been 
pointed o u t  on several  occasions  that the data   avai lable   in   the  l i terature  
regarding  long-term  chronic  injury  responses  are even scarcer t h a n  those 
dealing  with  short-term  acute  responses. And ye t  such long-term  chronic 

c 
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responses  undoubtedly  occur. Indeed  examples are  cited  in  various 
reviews 9, 3', and specific  reference has been made to  Linzon's  study  of 
pinus strobus i n  the Sudbury region . In addition such e f f ec t s  on t rees ,  and 
other  perennial  species,  for example the  grasses, may  show l i t t l e   v i s i b l e   s i g n s  
o f  injury  or  reduction i n  y ield i n  the  short  term, b u t  reduction  of photo- 
synthesis  (whether by loss  of photosynthetic  tissue t h r o u g h  necrosis,  or by 
impairment  of the  photosynthetic  process) may lead  to  serious  reduction i n  
the amounts o f  assimilates  stored i n  the  roots and crowns, which in t u r n  may 
lead  to  progressive  declines  in  productivity  over  the  years,  if  not  the  death 
of  individual  plants w i t h  inadequate  reserves  for  overwintering. Data relevant 
t o  such e f f ec t s   a r e  expected t o  come from the ZAPS p l o t s  i n  the EPA Colstr ip  
study, t o  date,  the  study has not  progressed  far enough t o  draw any clear  
conclusions . 68 

42 

Because  of the  additional  uncertainties  related  to long-term ef fec ts ,   the  
estimation of chronic  injury is  more d i f f i c u l t  than  the  estimation of injury 
of the  acute  type.  Nevertheless,  the  assessments  presented  later i n  this 
report have attempted t o  recognize  the  impacts  of  both  types  of  response. 

( b )  Regional  Impact 

The regional  impact of the  generating  station  emissions  covers arl area bounded 
by a 100 km radius  centered on the  stack. ERT projections'  of  ground-level 
concentrations of SO,, NO, NO2 and particulates  within  the  regioral  area beyond 
the  local zone of  impact are  extremely low except i n  close  proximity to   t he  
edge of the local model in certain  directions.  For example, for  the most part 
SO, levels   are  i n  the  range 0.5 t o  2.0 pg/m3 from the  uncontrolled 366 m s tack,  
which is  well below the  level   l ikely  to  induce  injury i n  any species.  Further- 
more, the  other  present or proposed sources of SO, emissions  within  the  region 
have  been suggested  as g i v i n g  r ise   to   regional  SO, levels  1.5 t o  2.0 times 
greater than  those  emanating from the Hat Creek generation  staticn'. However, 
the combined emissions of SO, a r e   s t i l l  extremely low  and  no impact on vege- 
ta t ion   i s   l ike ly .  Indeed, i t  is  possible  that  the  ground-level SO, concentra- 
tions  predicted  could be generally  mildly,advantageous t o  the  regional vege- 
ta t ion  as  a source of nutr ient   sulfur .  
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However,’ while the low ambient  concentrations  of SO2 predicted  for  the  region 
should n o t  g ive  r ise   to  any direct   injury  to  vegetation,  indirect   effects a r e  
possible,  particularly  following  long  range  oxidation  to SO, and the  possible 
e f f e c t  which e i t h e r  form of oxide would have on the pH of rainwater, i .e.  the 
Occurence of acid  rain. NO2 in  the  gaseous  emissions would also  contribute 
t o  the ac id i f ica t ion  of rain.  The impact of acid rain on vegetation i n  
general has been reviewed  elsewhere75. In the Hat Creek context,   calculated 
r a i n f a l l   a c i d i t i e s  ranged fom pH 3.7 to  5.5 ,  depending upon the spe.:ific 
assumptions made with  regard  to  buffering  capacity of neutral izat ion by N H ,  . 75 

However, pH values  less than 4 .3  appear t o  be extremely unlikely.  !hch  values 
are a t  or above the threshold  for  direct   injury  to most vegetation, even the 
most susceptible  pines76, and are   greater  than those which s igni f icant ly  
modify plant  host-parasite  relations77. Hence i t  appears  that no d’ rec t ly  . 
injur ious  effects  on vegetation  will  occur. 

F5.2 COOLING TOWER EMISSIONS 

; The cooling towers associated  with the generating  station  will   uti l ize  water 
from the Thompson River.  Evaporative  cooling  in such towers inevitably 
resu l t s  in the entrainment  of  droplets  of  cooling  water  containing  cissolved 
so l id s ,   pa r t i cu la r ly   s a l t s ,   i n  the stream of  a i r  and water vapour which they 
emit.  Condensation  of this   water   resul ts  i n  v i s ib le  plumes, containing  saline 
aerosols whose chemical  composition r e f l e c t s  t h a t  of the cooling water used 
and whose deposition  occurs around the s i t e  of the cooling  towers. ERT has 

provided an assessment  of the atmospheric  effects and deposition,  isopieths 
for   four   a l ternat ive  cool ing tower designs3. The projected maxmimum deposition 
rates   are:  3 

Four round mechanical d ra f t  towers: 51,400 kg/km /year; 
Four rectangular mechanical draft  towers: 24,150 kg/km /year; 
Two natural   draf t  towers: 4,717 kg/km /year; 
Four natural  draft  towers: 8,760 kg/km ‘/year. 

2 

2 

2 

2 

I n  all  cases  the  deposition  rate  drops  to 560 kg/km,’/year w i t h i n  3 km of the 
towers. 
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McCune e t  ~ 1 ~ ~ : h a v e  s tudied  the  effects  of saline  aerosols on a range of p l . a n t  
species. The aerosols which they used consisted 47.9 percent of c i lor ide  ion,  
in comparison with  the 6 percent  chloride content o f  the Thompson 7iver  water. 
This wide discrepancy makes precise  assessment  impossible  since  there i s  no 
information  offered  as  to the p a r t i c u l a r   s e n s i t i v i t i e s  of the  species  tested 
t o  specific  ions  within the aerosol. However, the range  of  suscep.:ibilities 
includes  "sensitive"  species such as  hemlock (injured by 6 hours'  treatment 
with  deposition  rate  equivalent  to 636 kg/km /year) and "resis tant"   species  
such as witchhazel  (injured by 6 hours treatment  with a deposit ion  rate 
equivalent t o  46,500 kg/km /year) .  CurtislZ0 recently  reported  the  results of 
several  years'  studies  of  simulated  cooling tower aerosol  depositi'sn on a 
range of plant  species. He concluded t h a t  the e f f ec t s  were negligible.  

2 

2 

This range of responses  to such long and shor t  term exposures makes i t  
unlikely t h a t  many species of vegetation i n  the Hat Creek region  will be 
adversely  affected by aerosol  deposition  occurring  throughout  the  ,year, 
regardless of the choice  of  cooling  towers. However, w i t h i n  a distance of 

i approximately 1 km from the towers, some in jury   to  some species ma,y occur 
as  a consequence  of  continued  deposition. The quantitative  assessment of  such 
injury  is   not  possible in the  absence  of specific  information  as t,] the e f f ec t s  
of the particular  mixture of sa l t s   t yp ica l  of Thompson River water, appl ied  to  
vegetation i n  aerosol form. Indeed, the presence of  su l fa te  and cllcium  as 
two of the major ions may be of some nutr i t ional   benefi t .  

I t  should  also be noted tha t ,  because of the  water vapour content  'If the 
plumes from the cooling  towers, impact on elevated  terrain such as Cornwall 
Peak wil l   resul t  i n  conditions  in  local h i g h  humidity. I f  the impingement 
of the  cooling tower plume coincides  with  that of the generating  station 
stack,  the  locally high  humidity will  increase  the  probable  impact o f  S0,/N02 
in the  la t ter ' s   emissions,  through the ef fec t   o f  humidity on stomatal 
aperature . 30 
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F5.3 SENSITIVITIES OF INDIVIDUAL  SPECIES TO AIRBORNE EMISSIONS 

The quantitative  assessment of  impact on vegetation  of  the  airborne  emissions 
from the  proposed Hat Creek project i s  f i n a l l y  based on consideration of the 
responses of individual  species  to  the  predicted  dosages  of  the  different 
components of  the  emissions, i n  the  l ight  of  the  various  factors ,dhich  modify 
response and  which have been weighted  accordingly,  as  'described  in  Section 
F5.1. Because the  dose-response  of  individual  species i s  a major component 
of  the  assessment,  the  injury  responses  of  individual  species  to  mbient 
SO2 concentrations  relevant  to  the Hat  Creek s i tua t ion ,   as  modifi1.d  by NO2 

CO2 and  winter  deposition, have  been tabulated and are  presented i n  Tablei F5-4 
and F5-9. Those species of particular  importance  to  forestry,   agriculture,  
rangeland an'd wi ld l i f e  use and of ethnobotanical  interest  have been included 
in  these  tables,  although  perusal will reveal  that  data  are  lacking  for 
over 60% of  these  species,  including  several  highly impor tan t  species,  e.g. 
the  primary  range  grass, Agropyra  spicatwn (bluebunch  wheatgrass). 
Because the  major  impact on vegetation i s   l i k e l y  t o  be caused by  .:he S02/N0 
interaction,  the  tables  are  confined  to  responses  to  these  pollutnnts. The 
predicted  concentrations of NO2 are  i n  themselves below the  threshold for 
injury,  as discussed  previously  in  Section  F4.5(f). The  same is  t rue  for  
gaseous fluoride  emissions,  at  least  as  regards  short-term  effect!;.  

- 

3 
Based upon a 1.60 x 10" ra t io .of 'gaseous   f luor ide- to  SO2 emissiorls , the  range 
of  fluoride  concentrations  (as HF) corresponding t o  various SO2 levels  
i s  as follows: 

ug/m HF: 1.59 1.27 1.06 0.85 0.64 0.42 0.21 0.11 0.05 
pg/m3 S% 1500 1200 1000 800 600 400 200 100 50 

3 

Exposures to   l eve ls  such as 0.4 and 1.5 g/m' HF for over 65  days are  
necessary  for  injury  to  occur on Pinus ponderosag7 and Pseudotsugo menziestz 
respectively,  while 16 days of exposure to  0.6 g/m HF were reqLired  to 
injure  the  sensit ive  tulip  cult ivar  Paris35. No short-term  dosages of t h i s  
magnitude are  predicted i n  the Hat Creek region. However, since  f luorides 

3 

. .98 
3 

F5-21 



TABLE F5-4 

SENSITIVITIES OF  TREE SPECIES TO SO2 I N  THE PRESENCE OF NO, (SO,/NO, RATIO 3 : l )  
CONCENTRATIONS LISTED ARE NECESSARY TO INDUCE 1 - 10% FOLIAR IVJURY FOLLOWING 

SINGLE EXPOSURES FOR THE TIMES  INDICATED 

Species 1 hr.   2  hr .  3 hr.*  4 hr.  8 hr. 
Concent ra t ion  (pg/mJ) o f   SO^ f o r  

. Notes 

Abies l a s i o c q a * *  (3020) 
Abies l a s i o c q a  - 
Alnus rubra - 
Picea engeZmcmnii** (4530) 

Pinus contorts** 
Pinus a lb icaul i s  - 

(4530) 
Pinus  ponderosa** (4530) 
Pinus  ponderosa ** - 
Pseudotsuga menziesi i (  3780) 
Populus  tremuloides 825 
Populus t r e m l o i d e s  - 
Populus trichocarpa (3780) 

(2560) 
~ 1 9 6 5 0  

(3840) 

(3840) 
(3840) 
<19650 
(3200) 

770 

(3200) 

- 
- 

- 

(2100) - 
(3050) 

(3050) 
(3050) 

(2600) 
( 683 1 

(2600) 
( 683 1 

- 
- 

- 

(1690) - 
- 

(2540) 

(2540) 
(2540) 

- 

- 
(2120) 

(2120) 

- - 

(1230) 
- Reference 79 
- No :n fo rmat ion  

( 1840) 
- No jn fo rma t ion  

(1840) 
(1840) 

(1530) 
- Reference 79 

- Reference 38 
- Reference 60 

(1530) Assumed t o  be as 

* 

** 

< 

sen5, i t ive as 
Pseudotsuga men- 
z i e s i i  (Reference 
21 1 

3-hour  values  obtained by i n te rpo la t ion   f rom  curves   based or1 1, 2, 4, and 
8-hour  data. 

Data i n  parentheses  obta ined  f rom  in tercompar ison  o f   repor ted  suscept ib-  
i l i t i e s   o f   c o n i f e r o u s  species17, 21, 40, 60, 71,  73 and  comFlarison o f   d a t i  

S e c t i o n   F 5 . l ( a ) ( i i i ) B .  

Pub l i shed   da ta   a re   p robab ly   t oo   h igh   because   o f   l ow   a i r   ve loc i t i es  
dur ing  fumigat ions.  

f o r  Pseudotsuga rnenziesii18 w i t h  those f o r  ' s e n s i t i v e "  Pinus spp.60. See 
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TABLE F5-5 

SENSITIVITIES OF IMPORTANT SHRUB SPECIES TO SO I N  THE PRESENCE OF NO, 
(SO,/NO, RATIO 3 ~ 1 ) .  CONCENTRATIONS LISTED ARE NECESSARY TO lNDUCE 
1 - 10% FOLIAR INJURY FOLLOWING  SINGLE EXPOSURES FOR THE TIME!; INDICATED 

Species Concentrat ion (ug/m') o f  9 2  f o r  
1 hr. 2 hr. 3 hr.* 4 hr. 8 hr. Notes 

Acer glabrwn - - - - 
Ainus incma - - 
Amelanchier a l n i f o l i a  - 

- 
~ 1 9 7 0  (<1680) - 

- 

Arctostaphylos uva- 
u r s i  

Artemisia  frigida 
Artemisia dracuncu2us 

Artemisia  ludoviciana 
Artemisia  tridentata 
Betu2a  glandulosa 
Chrysothamnus  naus- 
eosus 
Cornus stolonifera 

- - 
- (2370) 1965 

<11790 (<10060) - 
<7860 (<6700) '- - - - 

(<11790)  (<10060) - - - - 

"In1:ermediate" 
(Reference 2 1 )  

Assumed t o  be  as 
No in fo rma t ion  

s e n s i t i v e  as 
Ameiiznchier  utah- 
ensis (References 

~- 

Juniperus scopuZorwn - 
Kalmia microphylla 
Lonicera  invoZucrata - 
Pachystima myrsinites - 
Popu2us tremuloides - See 
Ribes s p p .  - 
Rosa spp. - 
Rosa woodsii - 
Rubus idaeus - 
Sa2i.z sp. 806 
Shepherdia  canadensis - 
Spiraea  doug2assii 
Symphoricarpos albus - 
Symphoricarpos oreo- 
phitus - 

- 

- 

<I9650 - - 
m 

Table F5-4 - 
<3930 

74 7 

- 
- 
- 
- 
- 

e1970 (<1680) - 
Vaccinim spp. - - - - 
* 3-hour  values  obtained  by  interpolat ion  f rom  curves based  on :,, 2, 4, and 

e Published  data  are  probably  too  high  because o f   l o w   a i r   v e l o c . ' t i e s   d u r i n g  
8-hour  data where ava i l ab le ,  or by  computation  from 2 o r  4-hour values. 

fumigations. 

FS-23 

21, 66) 

ererice 21 
"Tolerant"   (Ref-  

NO i n fo rma t ion  
Reference 66 
Reference 79 
Reference 79 
No in fo rma t ion  

Reference 79 
" In termediate"  
(Reference 2 1 )  
No in fo rma t ion  

erertce 2 1 )  
"Tolerant"   (Ref-  

Reference 79 .. 
No i n fo rma t ion  
No in fo rma t ion  
Reference 79 

No in fo rma t ion  
No in fo rma t ion  

No in fo rma t ion  
Reference 79 

No in fo rma t ion  
Reference 60 

No i n fo rma t ion  
No in fo rma t ion  

Reference 79 
No in fo rma t ion  

3 



TABLE F5-6 

n 
I 

I 

i 

,.. 

I 

‘E 

SENSITIVITY OF IMPORTANT GRASSES, RUSHES AND SEDGES TO SO2 I N  THE PRESENCE 
OF NO2 (SOJNOz RATIO 3:l). CONCENTRATIONS LISTED ARE NECESSARY TO INDUCE 
1 - 10% FOLIAR INJURY FOLLOWING  SINGLE EXPOSURES FOR THE TIMES INDICATED 

Species Concen t ra t i on  (ug/mJ) o f   SO^ f o r  
1 h r .  2 h r .  3 hr.* 4 hr.  8 hr. Notes 

- <15720 (<13410 - 
- - - - - No i n f o r m a t i o n  - - - - - No in fo rma t ion  

<7860 (16700) - - Reference 79 
- <19650 (<16760) - - Reference 79 - <19650 (<16760) - - Reference 79 - - No in fo rma t ion  - - - - - No i n f o r m a t i o n  - - - No i n f o r m a t i o n  - - - - No in fo rma t ion  - - - - No in fo rma t ion  - - - - No in fo rma t ion  

- - - - - No i l f o r m a t i o n  - - - - No i l l f o rma t ion  

- - - - No i n f o r m a t i o n  - - - - No in fo rma t ion  

- - - - No i n f o r m a t i o n  - - - - No i n f o r m a t i o n  

- - - - No i n f o r m a t i o n  

- (2370 1 1960 - Reference 66 
- Reference 79 

- - 
- 

- (3560)  2950 - Reference 66 

- (4745)  3930 - Reference 66 
- 

<1965 (<1675) - - Refe.-ence 79 

1060 (900) 785 415 Reference 60 
- 395 (335) - - Reference 82 - - (<4740) <3930 - Reference 81 - <11790 (<10060) - - Reference 79 - - - - - No in fo rma t ion  - - - - No in fo rma t ion  - - - Reference 79 

- <15720 (~13460) - - Reference 79 

- <11790 (<10060) - - Reference 79 

- - 13560) 2950 - Reference 66 

- - - - No i n f o r m a t i o n  

y i n t e r p o l a t i o n  from  curves  based on 1, 2,  4, and 
&hour  data  where  avai lable,   or   by  computat ion  f rom 2 o r  4-hour  values. 
Publ ished  data  are  probably  too  h i g h  because o f  l o w   a i r   v e l o c i t i e s   d u r i n g  
fumigations. 
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TABLE F5-7 
m 
I SENSITIVITIES OF IMPORTANT HERBACEOUS SPECIES TO SO IN THE PRESENCE OF NO 

FOLIAR INJURY  FOLLOWING  SINGLE EXPOSURES FOR THE TIMES  INDICATED 
( S O ~ / N O ~  RATIO 3:1). CONCENTRATIONS LISTED ARE NECESSARY TO INDUCE 1 - 10% 

" 

'C 

'* 

Species 1 hr. 2 hr. 3 hr.* 4 hr. 8 hr. 
Concentration (Ug/rn') of  SO^ for Notes 

~ 

Achillea  millefolium - <11790 (<10060) - - Reference 79 
Allium  caxnuwn - - - - - No information 
Antennaria  spp. - m - - - Ref,?rence 79 
Arnica  spp. - - - - - No information 
Aster Spp. - - - - - No information 
As  tragal US Spp. - - - - - No information 
Astragalus  utahensis - <1965 (<1675) - 
Balsamorhiza  sagittata - 

- Refi?rence 79 

Castilleja  miniata 
- No information - - - - - No information 

Cornus cmadensis - - - - - No information 
Epi1obi.m auptifoZiwn - - No information 
Equisetum  spp. - m - - - 
Erigeron  speciosus 

Reference 79 - No information 
Eriogonwn  spp. - - - - - No information 
Fragaria  glauca - - - - - 
Friti 1 laria  pudica 

No .information - No ,information 
Geranium viscosissim~m - - - - - No information 
Hedysanmr  boreale - - - - - No .information 

Lewisia  rediviva 
Lathyrus  ochroleucus - - - - - No information - No information 
Linnaea  borealis - - - - - No information 
Lupinus  tepidus - - - - - No information 
Medicago lupulina - - - - - No .information 
Melitotus  alba - - - - - No ,information 
Opuntia  fragiZis - - - - - No information 

Pedicutaris  racemosa - - - - - No .information 
Penstemon spp. - - - - - No information 
Polygonum  vivipanmt - - - - No .information 
Potentitla  spp. 
Salsola kati 

- - - - No 'nformation 
- ~ 7 8 6 0  (<6700) - 

Sanecio  triangularis 
- Reference 79 

Taraxacwn  officinale 
- - - - No .'nformation 

Thallictnmt  occidentalis - - (<4740)  <3930 - Reference 81 - - - - No information 
Trifofoziwn  repens 
Valerianu  sitchensis 

- No information - No information 
* 3-hour values  obtained by computation from 2 o r  4-hour values. 
< Published  data  are  probably  too high because  of low a i r   ve loc i t ies   dur ing  

- - - 

- - 
- - - - 

- - - - 

- - - - 

Opuntia sp. - m - - - Reference 79 

- 
- 
- 
- 
- - - - - - - 

fumigations. 
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TABLE F5-8 
.L - .  

i 
li 

4 

4 

c 

SENSITIVITIES OF LICHENS AND MOSSES TO SO2. CONCENTRATIONS LISTED ARE 
INJURY THRESHOLDS (SHORT TERM) OR THRESHOLDS  FOR  SURVIVAL  (ANNUAL) 

~ 

Species Concentrat ion (ug/m3) o f   SO^ f o r  
1 hr. 3 hr. 2.4hr: A n n u a l  

Alectoria  jubata 
(Alectoria  fuscescens) - 
Alectoria s p p .  ~ 

Alectoria americcma - 
Cladaia  (Cladinn) 
rangi  ferina 3900 
Cludonia  spp. 
Letharia  vulpina 
Peltigera spp .  - 
Stereocaulon a l p i n m  
Abietinella  abietina 
AuZacomniwn spp.  - 
Bmchytheciwn  uncinatus - 

- 
- 
- 
- 

26.2 - 52.4 - 
13.1 - 26.2 

14 - - 
- 
- 
- 
- 
- 

Brachythecim  sytabulwn - - - 10.5 - 52 
Dicrcmwn scopariwn - - - - 
Dicranwn spp .  - - - - 
Ditrichwn  flexicaule - - 
Drepanocladus uncinatus - 
Eurynchim  pulchellwn - - - 
Halocomiwn splendens - 
Hypnwn revolutwn 
Hypnwn upress i fone  - - - 52 - 105 
Leptobrywn pyriforme 
miwn insigne 
Pleuroziwn  schreberi - - - 
Pohlia  nutans - - - - 
Pohlia  cruda - - - 105 - 131 
Polytrichwn s p p .  - - - - 
This austriacea - - - 
Tomenthypnwn n i tens  
Tortula m a t i s  
Tortub  princeps - - - 10.5 - 105 

- 
- 

- - - 
- 

- - 
- - - 

- - 
- - - - 
- - - - 

- 

- 
- - - - - - - - 

~~ 

Notes 

Reference 83 
No in fo rma t ion  
Reference 84 

.No in fo rma t ion  
Reference 85 

No in fo rma t ion  

No in fo rma t ion  
No in fo rma t ion  

No i n fo rma t ion  
No in fo rma t ion  

Zone >III, 
Reference 86 
Reference 87 
Zone >IV, 

No in fo rma t ion  
Reference 86 

No in fo rma t ion  
Zone > I   I ,  
Reference 86 
No in fo rma t ion  

No in fo rma t ion  
No in fo rma t ion  

Reference 87 
No in fo rma t ion  
No in fo rma t ion  
Zone V, 

Zone > I I I ,  
Reference 86 

Reference 66 
Reference 87 

No i n fo rma t ion  
No in fo rma t ion  

No in fo rma t ion  
No in fo rma t ion  

Reference 87 
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TABLE F5-9 

SENSITIVITIES OF IMPORTANT OR POTENTlAL A G R I C U L T U R A L  CROPS TO SO2 IN THE PRESENCE 
OF NO2 (SOZ/N02 RATIO 3 ~ 1 ) .  CONCENTRATIONS LISTED ARE NECESSARY TO INDUCE 1 - 10: 

FOLIAR INJURY, TO R E D U C E  PHOTOSYNTHESIS 1 - 10% (PS), O R  TO REDUCE 
GROWTH ( G R )  FOLLOWING EXPOSURES FOR THE TlMES  INOlCATED 

Species Concentration (ug/rn') of  SO^ f o r  
1 hr .  2 hr. 3 hr.* 4 hr. 8 hr. > 5 h r .  Notes 

Pilfalfa 
(Ned-lcapc s a t i v a )  400 PS - - 

490 PS 1570 (1340) 
1475 PS - - - - - <2100 PS 
1475 - 885 - - (1780) 

- - - 

- Reference 48 
- Reference 89 
- Reference 47 
- Reference 92 
- Reference 16 
- Reference 96 

Reference 95 
13'1 GR 8h/d-4wks 

262 GR 7hld-cont. .. 

Reference O! 
2193 1387 (1130)  983 772 - Reference 60 ". 

klsike  Clover 
(Trifolium "-4 hyybri6m) - - - - <la70 . - - Reference 35 
;!bite Clover 
(T.-=iwn pepers) - - - - - . - Noinformation 
3romegrass 
I E ~ m m m s  a m e n s i s )  - - - - - - _  b in fo rma t ion  
(E~omus i n e m i s )  - 15720 (<13410) - - - Reference 79 

- Reference 96 - - ( <  3160) <<2620 - 
~~ 

:rested  Idheatgrass - - - - - - b informt ' ior  
y&oDyron - cristatzon) 

Irchard  Grass w a  G R  20 wks 
'Dactylis g h e r a t a )  . - - - - - - Reference 127 

"Sensitive" 
Reference 

'erennial  Ryegrass 
'Loliwn perenne) - - - - - 191 GR 26 wks. 

Reference 88 

Reference 90 

Reference 
"Sensitive" 

- - - - - 131 GR 1 yr .  

- - - - - - 
leed Canarygrass 
'Phale-is  arundinaceal - - - - - No information 
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rABLE F5-9 Continued - 
Species Concentration (Ug/m') o f  SO? fo r  

1 hr. 2 hr. 3 hr.* 4 hr. 8 hr. > t~ hr. Notes 

Timothy - - - - 1870 GR 
(Phleum pxatense) 1300  1060 (900) 786 413 

Reference 3, 
Reference 6( 

Referencell: 
Corn 
(Zea mays) m m (-1 m m - Reference 6L 

Reference 9; 

- - - - - 178 GR 20 wks. 

- - - - - <786 GR 5h/d-2wks 

- - - - - 890 G R  8h/d-lwk 
Reference 5; - - - - - 157 GR 8h/d-2wks 
Reference Si - - - - - -. "Resistant" 
Reference 9 

Rats 
(Avena sativa) - 393 (260) 130 - -. Reference 4t 

1240  1160 (850) 670 335 -. Reference 61 
>980 - >790 - - Reference 9j 

Rye 
fSecaZe cereaZel - - - - - -. "Sensitive" 

Reference 9 

Faba Bean - - - - - <745 GR 48h.Ref. 35 
(Vicia fabal - - - - - <786 GR 5h/d-2 wks 

Reference 9: 

Io t a to  1260 1100 (970) 845 745 .. Reference 66 

Reference 9 

romato 1260  1100 (970) 845 745 -. Reference 6L 
(Lycopersicon - - (<4740) <3930 - .. Reference 43 
esculentwnl - - (1580) 1310 - .. Reference 96 - - (790) 695 - .. Reference 47 - - (315) 262 - .. Reference 46 

(Solanum buberoswn) ' - - - - - .. " b t e m d i a t l  

* 3-hour values  in  parentheses  obtained by interpolation from curves based on 
1, 2, 4, and 8-hour data where available,  or by computation from 2 or 4-hour 
val ues. 

fumigations. 
< Published  data are probably too high  because of low a i r  velocities  during 
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are  cumulative,  non-metabolizable  toxicants,  chronic  fluoride  injury may 
occur on sensitive  vegetation  at  sit$.subjected  to  repeated  fumigations. 
For example, P. ponderosa has been reported" t o  be injured by exposures t o  
average  concentrations  as low as  0.06 pg/m . The only  species  likely  to 'be 
affected by fluorides i n  the  Hat Creek region  are  trees such as P. oonderosa, 
and an assessment  of  impact on these  species  is  provided  in  the Hat Creek 
Detailed  Environmential  Studies,  Forestry  Report. 

- 

3 

No plant injury i s   an t i c ipa t ed  from the levels  of particulates  predicted 
t o  be deposited from the  emissions from the  generating  station  stack. 
Based upon the ERT projections  for annual  average S& concentration!?, 
the proposed 0.12 r a t i o  of  particulate/S&  emissions and  a deposition  velocity 
of 0.1 cm/sec, the  greatest  predicted  annual  deposition  fluxes  for 
particulates  are:  

2 

2 

2 

366 m stack/FGO 17.0 mg/m"/year 
366 m stack/MCS 26.5 mg/m'/year 
244 m stack/MCS 35.2 mg/m' /year 

There i s  no evidence to  suggest  that  vegetation  will be affected by par t iculates  
deposited a t  such ra tes   o r  by the  specific  trace  elements  present wythin them 100 

F5.4 SPECIFIC METHODOLOGY - IMPACT OF ASSESSMENT OF SOZ/NO, 

( a )  Site-by-Site  Analysis  of Peak Occurrences 

Data  from the ERT PEAK programmes for  each  control  strategy were ' 

as  outlined above (Section  F5.l(a)(i i i)A).   Tables were drawn up l i s t i n g  
the 1-hour, 3-hour and 23-hour  peaks projected t o  occur  throughout  the  year 
for  each receptor s i te  around which i t  was considered  likely t h a t  impact would 
be discernible. The assembled data were then  subdivided  into  a)  -those 
pertaining t o  the  April-October growing season, and b )  those  relating  to 
daylight hours. For  each s i t e ,   t he  maximum predicted  concentration  occurring 
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dur ing  the  day l ight   hours o f  the  growing season was noted (Cmax)  and the 
t o t a l  number o f  peaks w i t h i n   t h e   d a y l i g h t   h o u r s  o f  the  growing season  which 
were 80% o r  more o f   t h i s  maximum  was ca lcu la ted   (n ) .  The se lec t ion   o f  80% of 

the maximum peak c o n c e n t r a t i o n   p e r   s i t e  as  the  lower limit i s  admi t ted l y  

a r b i t r a r y .  In  terms o f  the  complete PEAK Programe  da ta   fo r   each  cont ro l  

s t ra tegy,  however, the  range 80-100% included  approximately one h a l f   o f   t h e  
peaks  above t h e   t h r e s h o l d   s e l e c t e d   f o r   t h e   p a r t i c u l a r  PEAK Prograinme output,  

i n  the case o f  t h e   h i g h e s t  peak  values (1500 - 1800 pg/m3),  and an increas ing 

p ropor t i on  as the   va lue   f o r   t he   h ighes t  peak value  decreased. Hence, w h i l e  

i t  may be argued  that   the  product  Cmaxns would i n f l a t e   t h e   v a l u e   f o r  cum- 
u l a t i v e  dose, there i s   t he   coun te r -a rgumen t   t ha t  an approximately  equal 
number o f   l e s s e r  peak concen t ra t i ons   wh ich   m igh t   a l so   e l i c i t  an e”fect ,  

depending upon their   absolute  magnitude, have been excluded  from the  computation 
o f  cummulative  dose. The 80% l e v e l  i s  thus a  compromise. 

Where peaks occu r red   w i th in  3 hours of daybreak, t h e i r   i m p a c t  was weighted 
a by m u l t i p l y i n g   t h e i r  number by 1.5, t o  account f o r   t h e i r   g r e a t e r   p o t e n t i a l  

(I o f  peak occurrences j u s t   d e s c r i b e d  ( n .  for   the  growing  season) ,   i .e .  

- 
6 f o r   i n j u r y  (see  Section F4.5). The p r o d u c t s   o f  Cmax and the  weighted number 

S cmax.ns 
were  used  as an i n i t i a l   a p p r o x i m a t i o n   o f   c u m u l a t i v e   g r o w i n g  season  dose f o r  

each s i t e .  These  dose values were  then i n t e r p r e t e d  as i n j u r y  by  reference 

to  cumulat ive  dose-response  curves  for   the  d i f ferent  species,   developed as 

descr ibed  in   the   nex t   sec t ion .  

s 

c 

(b)  Cumulative Dose-Response Curve - 
As o u t l i n e d  above (Sekt ion F4.2 and F4.3), concentrat ion - response  curves 
o f   p l a n t s   t o   a i r   p o l l u t a n t s ,  where the  durat ion  o f   exposure i s  con:;tant, 

show a rough d i r e c t   p r o p o r t i o n a l i t y  above the  response  threshold. When 
dosage i s  kept  constant  (by  changing  concentrat ion  and  durat ion i n  inverse 

.-L 

4 propor t ional i ty ) ,   response i s  usua l l y   g rea te r  when h igh  concentrat fons  are 

a the  response i s  f requent ly ,   but   not   invar iab ly ,   less  than  would be the  

invo lved.   In   the  case o f  i n t e r m i t t e n t  exposures to   h igh   concent ra t ions ,  

case i f  the same concentrat ions were main ta ined  w i thout   b reak   fo r  t.he same 
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I t o t a l   l e n g t h  o f  time.  Each o f  these  aspects  of  dose-response has  been 

1 ( i n   t h e  sense o f  a mathematical  model) has y e t  been proposed  because o f  
documented f o r   c e r t a i n   s p e c i e s ,   b u t  no o v e r a l l   i n t e g r a t i o n   o f   t h e s e   e f f e c t s  

I 

t he   l ack   o f   commona l i t y   i n   t he   ava i l ab le   da ta .   Never the less ,   f o r   quan t i t a t i ve  

m assessment o f  impact, some f o r m   o f   i n t e g r a t i o n  i s  essen t ia l .  
U 

In   the   p resent   repor t ,  a s i m p l i s t i c  approach has  been taken   t o  meet t h i s  .. 
m need, based upon the  knowledge  that   increas ing dosage per  se e l i c i t s  an 

I i .e.   in jury,   accumulates,   there i s  a d e c l i n e   i n   t h e   r a t e   o f   r e s p o n s e ,  because 

increased  response,  above  the  response  threshold,  and  that, as response, 
.I 

l ess   t i ssue  is  a v a i l a b l e   t o  respond  (e.g. see Fig.  F4-4(c)).  The d a t a   f o r  

s e n s i t i v i t y   o f   s p e c i e s   p r e s e n t e d   i n   T a b l e s  F5-4,  F5-5,  F5-6,  F5-7, F5-8 

and  F5-9 were used as the  basis  for   the  cumulat ive  dose-response  curves 

d e p i c t e d   i n   F i g u r e  F5-2. 

c 

.I 
b 

m 

I 

1 

The cu rves   a re   l im i ted   t o   t hose   spec ies   re levan t   t o   t he   Ha t  Creek r e g i o n   f o r  

which  dose-response  data o f  any k i n d   e x i s t   i n   t h e   l i t e r a t u r e .  The shapes 

and  slopes o f   t h e   c u r v e s   a r e   i n   l a r g e  measure  based upon judgment  rather 

than  observation, because,  as has been p o i n t e d   o u t  above (Section  F4.3) 

few  data  ex is t   for   the  actua l   dose-response  o f   ind iv idual   spec ies.  

The values f o r   t h e   a b s c i s s a   i n   F i g u r e  F5-2 a r e   f o r  SO2 dose, m o d i f i e d   t o  

take  in to   account   the  concomi tant   presence  o f  NO2, as was the   case  fo r   the  
data i n  the  above-mentioned  tables. The curves  a lso  incorporate t h e  reduct ions 

in impact  discussed i n  Sect ions F4.4,  F4.5 and F5.1 ( a ) ( i i i ) ( b ) )  t 3  

accommodate t h e   p r o b a b l e   e f f e c t s   o f   l o c a l i z e d  CO2 enrichment. They f u r t h e r -  
more t a k e   i n t o   a c c o u n t   t h e   i n c r e a s e d   i n j u r y   l i k e l y   t o   o c c u r  t o  t r e e  and 
shrub   spec ies   resu l t ing   f rom  the   depos i t ion   o f  SOZ dur ing   the   w in te r  season 

discussed i n  Sect ions  F4.5(a)   and  F5. l (a) ( i i i )B.   Th is   "winter   deposi t ion"  

c o r r e c t i o n  was appl ied  to   the  dose-response  curves  ra ther   than  to  .the s i t e -  
s p e c i f i c  assessments,  based on ca lcu la ted   cumula t ive  dose f o r   t h e   A p r i l -  

October season, because  of  the  general  consistency i n   t h e   r e l a t i o n s h i p s  
observed fo r   t he  peak d i s t r i b u t i o n s   f o r   a l l   s i t e s  between the  grow.ing  season 
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FIGURE F5-2 

CUMULATIVE DOSE-RESPONSE CURVES (GRO!JII.IG SEASON B A S I S )  
FOR MAJOR SPECIES I N  THE  HAT  CREEK  LOCAL  REGION 
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and the  total   year,   as  discussed i n  Sect ion  F5. l (a)( i i i )A.  

The dose  response  curves i n  Figure F5-2 contain  negative  values.  for  injury 
a t  the  lowest  doses, and reveal  various  thresholds  of  injury  response. The 
precise form of  the  negative parts of the  curves i s  unknown, because  of 
the  almost  total   lack  of  specific  data.  This depiction  of  sub-threshold 
responses i s  merely  intended t o  indicate  that   possible  beneficial   effects 
could  occur  over  this  range  of  doses. 

( c )  Site-by-Si  te Assessment  of  Impact 

The cumulative  seasonal  doses  for  the  receptor  sectors of i n t e re s t ,  computed 
as described i n  Section  F5.4(a), were  used to  estimate  cumulative  injury 
or benef ic ia l   e f fec t  by reference  to  the  dose-response  curves o f  Figure F5-2. 
These preliminary  estimates were then fur ther   ref ined i n  t he   l i sh t  of the 
o ther   s i te -spec i f ic  modifying factors  described above i n  Section  F!j . l(a)(i i i)B, 
i . e .  p l a n t  cover  distribution,  al t i tudinal  range, mixing depth,  etc. The 
result ing  f inal   estimates of impact are  those  presented  in  Sections F6.1, 
F6-2 and  F6-3,  below. 

( d )  Comparison of Impact  Assessment  Methodologies 

Mention has been made i n  Section F4.3 by the Larsen-Heck model o f  dose 
response as  the  only  existing model which incorporates  degree o f  injury 
as a variable. A l t h o u g h  the  database  for  the model i s  extremely l imi ted  

fo r  S O 2  i t  was nevertheless   of   interest   to  compare the  assessments of 
injury  derived from the somewhat subjective  procedures used i n  the   present '  
study,  with  those  obtained by use of  the Larsen-Heck model. A random 
selection of species and receptor   s i tes  was used for  this comparison. By 

assuming certain  values  for  the  model's i n d i v i d u a l  parameters which are  
w i t h i n  the  range  of t h o s e  observed for  the  species  studied i n  i t s  development. 
an approximate  value  for  injury can be obtained from the  rearrangzd 

6 
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equation(p. F4-8): 

where Z is  the number of standard  deviations  that  a particular  percentage  of 
leaf  injury i s  from the median (50% in ju ry ) ,  C i s  the concentration of 
SO,, Mghr  is  the  geometric mean concentration  for a 1-hour  exposure which 
induces 50% injury median, t i s  the exposure  duration (hours) p i s   t h e  
slope of the concentration  (ordinate) vs durat ion  (abscissa)   l ine on log- 
log  paper for any given degree of  injury,  and  S i s  the standard  geometric 
deviation of the response  of a par t icular   species .  

9 

Assuming an injury  threshold o f  l%for   concent ra t ion ,  C t ,  and using mean values 
from Larsen and Heck’s data   for  S and p of 1.5 and  -0.4 respectively,  

Mg hr 
9 

values can be calculated (for 50% injury)  from 

Ct  = M 
4 hr 

. t  P Z  .sg , 

rearranged  to: 

for  any value o f  C,, where Z ’= -2 .33 standard deviations from the median 
(50% injury) .   I f  the values  for C t ,  based on 1-hour  exposure  durations 
are used in  Equation 2 ,  the concentrations  required t o  induce 50% injury 
(M ) are   re la ted  to  Ct according  to 

ghr 

Mg. h r  = 2.57 Ct (1-hour) 

The value  of the coeff ic ient   (2 .57)  compares well with the mean value  of. 2.67 
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for   the  injury  ra t ios  quoted by Larsen and Heck for   th ree  of the four 
species which they studied . The difference  is   a t t r ibutable   to   the  select ion 
of average  values S and p.  For threshold  values based on 2 - ,  3-, 4- or 
&hour exposure  durations, the coefficients  are  3.39,  3.99, 4.48 or 5.91 
respectively.  These coeff ic ients  were used to   ca lcu la te  mean M values 
f o r  a selection o f  the species  included  in  Tables F5-4, F5-5, F5-6 and 
F5-9; these  values  for  Mg,hrare  presented  in  Table F5-10, and were used in 
Equation 1 t o  compute expected  injury  levels  for  various  combinations of 
peak concentrations and  frequencies,  selected from the receptor  :site 
analysis  described above in  Section  F5.4(a). Each  peak was assumed t o  
have a 1-hour duration,  the impact  of which ( i n  number of standat-d 

deviations from the  meaian) was 'transformed  to  percent in,jur,v., .and multiplied 
by the number of peaks (n,)  t o  y i e ld  a value  for  cumulative  injury  for the 
season. The values were in turn adjusted f o r  CO2 enrichment and  winter 
deposition  as  described in Sect ion  F5. l (a)( i i i )B.  No adjustment was 
made fo r  concomitant N02, since this adjustment is   already  included  in the 
tables o f  sens i t i v i ty .  

6 

9 

4 hr 

A sampling  of such values i s  presented  in Table.F5-11, together w i t h  

assessments  obtained by the simpler b u t  more subjective  procedures of Section 
F5.4(b) and (c) .  In the l i g h t  of the range o f  species, the range of 
concentrations and frequencies, and the various  assumptions made in  both 
the subjective  procedure and the use o f  the Larsen-Heck model, the agree- 
ments revealed i n  Table  F5-11 are  reassuring. 

(e )  Accuracy o f  Assessments 

I t  will  be obvious from all  the  foregoing t h a t  the assessments  derived 
from the procedures used must be associated  with  appreciable errors in the 
s t a t i s t i c a l  sense. The  many contr ibutory  factors   re la t ing  to   the  var iabi l i ty  
i n  plant  response have  been detai led i n  Section F4. The various  assumptions 
made and their uncertainties,  r e l a t i n g  both to  the impact  of  ambient CO2 

concentrations on vegetation, and t o  the projected  values  for  ambient 
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TABLE F5-10 

MEAN VALUES OF Mg, ,,,FOR SELECTED SPECIES, CALCULATED FROM EQUATION 2. 
FOR  ASSUMPTIONS MADE I N  THE  CALCULATIONS SEE TEXT 

Species  Mghr (Ilg/m I 3 

Abies  lasiocarpa 7,810 
Picea enge Zmamii 11,560 
Pinus  spp. 11,560 
Pseudotsuga menziesii 9,710 
populus  tremuloides 4,140 * 
Artemisia  frigida 8,800 

. S a l k  sp. 4,150 * 
KoeZeria cr i s ta ta  18,940 

Poa pmtens i s  5,030 ** 
(AZfaZfa) 4,430 ** 
(Oats) 2,850 
(Potato.) 3,840 
(Tomato ) 3,840 

s 

* Threshold  concentrat ions  used  are  twice  those  in   Tables F5-4 and F5-5 f o r  
these  species,  since  those  data refer t o  h i g h l y  s e n s i t i v e  c lones.  

** Based on geometric means o f  t h resho ld   concen t ra t i ons   repo r ted   by   d i f f e ren t  
observers,  presented i n  Tables F5-6 or F5-9. 
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COMPARISON OF INJURY ASSESSMENTS  MADE BY SUBJECTIVE PROCEDURES 
WITH THOSE BASED UPON THE LARSEN - HECK MODEL, FOR VARIOUS 

SPECIES AND PROJECTED EXPOSURES TO AMBIENT S$ 

Es t ima ted   i n ju ry  (%)  

Sub jec t ive  Larsen-Heck Species 'max n 
S 

h g / m   3 )  (hours) 

S a l k  sp. 723  3 <1 
1565 

28 
49 

1644 
28 

40 
40 

23  45 

Pseudotsuga 1730 61 3 
menziesii 

Picea  engezmannii 
1565 
723  28 

49 
1644 40 

Artemisia frigida 1565 49 

Poa pratensis 1565 
1644 

49 
40 

O(+) 
0 

2 

5 
6 

(+) I n d i c a t e s   p o s s i b l e   b e n e f i c i a l   e f f e c t .  
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concentrat ions have been discussed i n   e a r l i e r   p a r t s   o f   S e c t i o n  F5. What then 

a r e   t h e   l i k e l y  ranges o f   v a r i a b i l i t y   a s s o c i a t e d   w i t h   s p e c i f i c   i n j u r y  assess- 

ments?  Rather  than  assigning a value,  which  would  probably be almost 

meaningless,  since some component e r r o r s  will be add i t i ve   wh i le   o thers   tend 

t o  cancel  each  other,  suff ice i t  t o  say t h a t   t h e  assessments  quoted  are 

best  est imates,   which  at tempt  to  provide a view o f   t h e  most l i k e l y  consequences 

o f   t h e   o p e r a t i o n s   o f   t h e   H a t  Creek  generat ing  stat ion  throughout a p a r t i c u l a r  

year.   Several   of   the component i npu ts  have bu i l t - i n   conse rva t i sm,   i nc lud ing  

the ERT m o d e l l i n g ,   y e t   t h i s  i s  based on a s ing le   year 's   meteoro log ica l   da ta .  

On the   o the r  hand, the   b io log i ca l  component  has tended t o  emphasize the  most 
h i g h l y   s u s c e p t i b l e   s p e c i e s   i n   c o n d i t i o n s   w h i c h   f a v o u r   t h e i r   s u s c e p t i b i l i t y  

t o   i n j u r y .   W h i l e   t h i s  may be u n j u s t i f i e d   f o r   p o p u l a t i o n s   o f   d i f f e r e n t   s p e c i e s  

as a whole, the   fac t   remains   tha t   ind iv idua l   p lan ts   w i th in   those  p3pu la t ions  
are   go ing   to  be  more susceptible  than  others,  as a r e s u l t  o f  both  'genetic 

and  environmental  dif ferences, and t h a t   t h e s e   i n d i v i d u a l s   a r e  goin.3 t o  respond 

more d ramat i ca l l y .  

i A l l  th ings  considered, however, it seems reasonable  to  suggest  tha. t   whi le 
t t h e r e   i s  a d i s t i n c t   p o s s i b i l i t y   t h a t   t h e   i m p a c t  o f  the H a t  Creek generat ing 

t regardless o f   t h e   c o n t r o l   s t r a t e g y  employed, t h e r e   i s  a g r e a t e r   l i k e l i h o o d  

s t a t i o n   c o u l d  be greater  than  that   suggested  by  the assessments o f   i n j u r y ,  

t h a t  it will be somewhat less.  

c 

c 

L 
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GENERATING STATION EMISSIONS ON VEGETATION 
F6.0 ASSESSMENT OF IMPACTS OF 

The f o l l o w i n g  assessments o f   t h e  impacts o f   genera t i ng   s ta t i on   em iss ions   a re  

p r e s e n t e d   s e p a r a t e l y   f o r   t h e   t h r e e   c o n t r o l   s t r a t e g i e s .   I n  each  case, separate 
assessments a r e   p r o v i d e d   f o r   t h e   l o c a l  and reg iona l  zones o f  impact. The 

q u a n t i t a t i v e  assessments o f   i n j u r y   a r e   c o n f i n e d   t o   t h o s e   r e s u l t i n g   f r o m  SO2 
and NO2 exposure  since  there i s  no  evidence t o   b e l i e v e   t h a t   o t h e r   e m i s s i o n s  

( w i t h   t h e   p o s s i b l e   e x c e p t i o n  o f  f l u o r i d e s )  will have  measureable  impact on 

loca l   vegeta t ion .  

F6.1 366 m STACK WITH FLUE GAS DESULFURIZATION  (FGD) 

(a)  Local  Impact  Assessment o f  S02/N02 Emissions 

(i) B a s i s   f o r  Assessment 

The de ta i led   v iew  o f   the   g round  leve l   imp ingement   o f   the   genera t ing   s ta t ion  

plume  from a 366 m s t a c k   w i t h  FGD  was ob ta ined  f rom  the   re levant  ERT PEAK 

programme data,  based upon 1-hour  excursions  greater  than 255 pg S02/m3. 
3-hour  excursions  greater  than 300 pg S02/m3 and  24 hour   excurs ions  greater  
than 160  pg S0,/m3 (See Section  F2.0). 

Wh i le   t he   de ta i l ed   p r i n tou ts  were   inspec ted   to   ob ta in  an o v e r a l l  assessment 
o f   t h e   p a t t e r n   o f  SO2 c o n c e n t r a t i o n s   p r e d i c t e d   t o   o c c u r   a t  a given  , ; i te (as 
f o r  example w i t h   t h e   d a t a   f o r   t h e   u n c o n t r o l l e d   e m i s s i o n s   d e p i c t e d   f o r  ERT 

r e c e p t o r   s i t e  14 i n   F i g u r e  F5-11, a t t e n t i o n  has  been focussed upon  .those 
s i t e s   a t  which  1-hour  excursions above  450 pg/m3, 3-hour  averages  above 

300 pg/m3  and 24-hour  averages  above  160 u g h 3  SO, a r e   p r e d i c t e d   t o   o c c u r  
d u r i n g   t h e   p e r i o d   A p r i l  1 t o  October 31. Because o f   t h e  importance o f   t h e  

magnitude o f   t h e   p r e d i c t e d  peak  concentrat ions as we l l   as   t he i r   f r equenc ies  

i n  caus ing   i n ju ry   t o   vege ta t i on ,   i sop le ths  o f  seasonal   (Apr i l  - October) 
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peak concentrations  as well as  frequency  isopleths were construc:ted,  as 
described  previously  for  the  uncontrolled 366 m stack  situation  (Section 
F5.l(a)(i i i)A.),   together  with maps depicting  the annual s i tua t ion   for  
purposes of compari son. 

These maps are  presented in  Figures F6-1 t o  F6-7. By overlayins the peak 
concentration and frequency  isopleths  for a given  time of excursion, i t   i s  
possible  to  determine  precisely  those  receptor  si tes which the ERT modelling 
predicts  will be exposed t o  elevated  concentrations and the number of such 
events  likely  to  occur during the  season  of  vegetational growth. 

Comparison of Figures F6-1  and F6-2  shows t h a t  the maximum I-hour concentra- 
tions  predicted  for  the  April-October  season  are  essentially  those  predicted 
fo r  the complete  year.  Within the l imits  of the available  data,  much the 
same can  be sa id   for  the 3-hour maxima, although  four  receptor  si tes  to the 
southwest of the   s tack   ( s i tes  20, 21, 28, 29) no longer show maxima greater 
than 300 pg/m , as  revealed in Figures F6-4  and  F6-5.  However, while the 
24-hour maxima for  the  year  are shown i n  Figure 6-7, there  are no such 
maxima greater  than 160 ug/m3 predicted t o  occur between April 1 and October 
31. 

3 

The predicted numbers of  excursions  greater than 450 ug/m3 (I-hour)  or 
300 pg/m3 (3-hour)  during  the  April-October  season  are shown i n  Figures 
F6-3 and  F6-6 respectively. 

The s imi l a r i t i e s  between the annual and seasonal 1-hour isopleths (Figures 
F6-1  and F6-2) provide  corroboration  of the situation  described  for uncon- 
trolled  emissions, in which comparable peak concentrations were predicted 
to  occur  during  April-October and January-December (Section F5. I). Similarly,  
inspection of the  I-hour peak programme data  for  the FGD strateg,y  also shows 
t h a t  approximately 60 percent of  the seasonal  excursions oc cur  during day- 
l i gh t  hours, and t h a t ,  of these,  approximately 20 percent  occur  in the hours 
immediately following  sunrise. Hence these proportions of daylight and 
daybreak 1-hour excursions have  been adopted  routinely  in the assessment 
of  impact. 

c 
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Figure F6-1 

PREDICTED ANNUAL MAXIMUM 
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Un l i ke   t he   1 -hour   s i t ua t i on ,   i n   t he  case o f  3-hour  averages  there  are  only 

7 such predic ted  excurs ions 300 pg/m3 dur ing  the  Apr i l -October  season. 
Furthermore,  of   these  only one i s  p red ic ted   to   occur   w i th in   day . : igh t   hours .  

The low  (<350 pg/m3)  peak 3-hour  averages  revelaed  by  the ERT da ta   ind ica te  

t h a t  such  vegetat ion '   in jury  as may occur i n  most l i k e l y   t o  be t h e   r e s u l t  

o f  1-hour  peaks. Hence i n j u r y  has  been assessed for   the  vegetat : ion  assoc iated 

w i t h   s i t e s  14, 20, 21, 22,  27,  28, 29,  35,  36,  37, 44, 51, 116,  123 and  124. 
These assessments a re   p resented   in   Tab les   F6-1   to  F6-16,  and a r e   d e r i v e d   i n  

Sect ion F5.4. S i n c e   r e l a t i v e l y   l i t t l e   i n j u r y  i s  a n t i c i p a t e d  a t  any o f  these 

recep to r   s i t es ,   t he   i n fo rma t ion   p resen ted  i n  Tables  F6-1  to  F6-16  does n o t  
list a l l  o f   t he   spec ies   con t r i bu t i ng   0 .1  km o r  more to   t he   p lan t   cove r  

assoc iated  wi th   each  s i te .  Such deta i led  cover   est imates  are,  however, 
i n c l u d e d   i n   t h e   t a b l e s   p r e s e n t e d   f u l l y   i n  Addendum A ,  and p a r t l y   i n   t h e  

tab les   p resen ted   i n  Addendum A, and p a r t l y   i n   t h e   t a b l e s   p r e s e n t e d   i n   c o n n e c t i o n  
w i t h   t h e  366 m stack/MCS and 244 m stack/MCS  assessments i n  Sections F6.2 and 

F6.3, r e s p e c t i v e l y .   I n   t h e   p r e s e n t  assessment, no i n j u r y   o r   p o s s i b l e   g r o w t h  

s t i m u l a t i o n  i s  expected  from s i t e  13, 15, 16,  23,  53 and 6 1  and  hence  these 
are   omi t ted   f rom  the   tab lu la t ions .  

The assessments o f   i n j u r y   t o   n a t u r a l   v e g e t a t i o n   a r e  based upon the  sensi- 

t i v i t i e s   l i s t e d   i n  Tables F5-4 t o  F5-8. The assessments o f   i n j u r y   t o   p r e s e n t  

o r   p o t e n t i a l   a g r i c u l t u r a l   c r o p s   a r e  based on t h e   s e n s i t i v i t i e s   l j s t e d   i n  

Table F5-9. 

Wi th   regard   to   agr icu l tu ra l   impact ,   Tab le  F6-17 p resen ts   de ta i l s   o f   p resen t  
and po ten t ia l   agr icu l tu ra l   lands   w i th in   the   annu lar   sec tors   assoc : ia ted  

w i th   t hose   recep to r   s i t es  a t  w h i c h   p o t e n t i a l l y   i n j u r i o u s  SO, l e v e l s  may 
occur ,   i .e .   s i tes  13, 14, 20, 23, 44, 52, 53  and 116. All except s i t e  23 

r e l a t e   t o   e x i s i t n g   c u l t i v a t e d   l a n d s .  

In  assessing  impact on cu r ren t   ag r i cu l tu ra l   c rops ,   t hose   c rops   l i s ted   i n  
the   Agr icu l tu ra l   Repor t   Tab le  F5-1Io4 as occu r r i ng   w i th in   t he   l oca l   s tudy  

F6-3 



POTENT 

TABLE F6-1 

‘IAL  IMPACT OF SO2 AND N@ EM 
UPON VEGETATION WITHIN-RECEPTOR SE 

ISSIONS 
CTOR 14 

BASED-ON THE 366 METRE STACK, FGD AIR  QUALITY MODEL 

A )  Number of Predicted  Excursions and April - October Maxima 

Maximum Expected Concentration 
Standard No. of  Excursions 

1-hr.’450 vg/m3 11 729 
3-hr. >300 vg/m3 
24-hr.>160 vg/m3 

B)  Assessment of  Potential  Injury  to  Significant  Species 

Within Sector 
Total Cover Percent  Injury 

S p e c i e s  (kmz) . SaZix SF. 0.2 O(+) 
Poa pratensis 0.2 O(+) 
Pleuroziwn schreberi 2.6 0 

able. For detailed o f  spec ie s   l i s t  and cover,  see 366111 stack/MCS 
No injury  expected to  other  species f o r  which i n j u r y  data  are  avail- 

assessment,  Section F6.2 ,  Table F6-26. 

(+ )  Possible beneficial   effect  of  So2 on growth. 

F6-4 



TABLE F6-2 

POTENTIAL  IMPACT OF SO2 AND NO, EMISSIONS 
UPON VEGETATION  WITHIN RECEPTOR SECTOR 20 

BASED ON THE 366 METRE STACK, FGD AIR  QUALITY MODEL 

A )  Number of Predicted  Excursions and April - October Maxima 

Maximum Expected  Concentration 
Standard No. o f  Excursions 

1-hr..>450 pg/m3 25 658 

24-hr.?160 pg/m3 

, 3-hr.>30D Ug/m3 
a 
.4 

1% 8)  Assessment of  Potential  Injury  to  Significant  Species 

Total Cover 
Within Sector Percent  Injury 

e Species ( km2 ) 
- 
i Salix sp. 0.2 e. Pteuroz im  schreberi 2.6 

rr, No injury  expected t o  other  species  for which in ju ry  d a t a  are avail-  

r& (+) Possible  beneficial  effect o f  SO, on growth. 

able. For detailed of  spec ie s   l i s t  and  cover,  see 366111 stack/MCS 
assessment,  Section F6.2,  Table 6-29 .  

I' 
F6-5 

. 



a 
i 

TABLE F6-3 

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 2 1  

BASED ON THE 366 METRE STACK, FGD A I R  QUALITY MODEL 

Number o f  P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. of Excurs ions 

1-hr.,450 u g/$ 17 705 

3-hr. >300 ug/m3 

24-hr. >160 ug/m3 

1 

a!. 

Assessment o f  P o t e n t i a l  Injury t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n j u r y  

Species (ks 1 "_ 
Sal&  cascadensis 1.8 0(+1 
SaZix nivaZis 2.0 O(+ 1 
Pteuroziwn  schreberi 4.3 0 

No i n j u r y   e x p e c t e d   t o   o t h e r   s p e c i e s   f o r   w h i c h   i n j u r y   d a t a   a r e   a v a i l -  
a b l e .   F o r   d e t a i l s   o f   s p e c i e s  l i s t  and cover, see 366m stack/MCS 
assessment, Sec t ion  F6.2. Table F6-30. 

f+ )  P o s s i b l e   b e n e f i c i a l  e f f e c t  o f  SO2 on growth 

P' 
F6-6 



TABLE F6- 4 

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 

BASED ON THE 366 METRE STACK.FGD A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 22 

1 
L 

A )  Number of Pred ic ted   Excurs ions  and A p r i l  - October Maxima 

m Maximum Expected  Concentrat ion 
I .. 

Standard No. of Excurs ions 

.L - I-hr .s450 p g / d  11 606 
3-hr.s300 p g / d  

24-hr.Xl60 u.g/d I I  - 

r 8)  Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec tor  P e r c e n t   I n j u r y  

Species (kd.) ~ - - 
i Salix  sp.  

a!! 
Salix  caseadensis 
Sa l ix   n iva l i s  
PZeuroziwn schreberi 

0.1 
1.1 
1.3 
3 .6  

;m> 

No i n j u r y   e x p e c t e d   t o   o t h e r   s p e c i e s   f o r   w h i c h   i n j u r y   d a t a   a r e   a v a i l -  
a b l e .   F o r   d e t a i l s   o f   s p e c i e s   l i s t  and  cover, see 366m stack/MCS 

e.. assessment, Sec t ion  F6.2, Table F6-31. 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t  of SO, on growth. 

a. 

a 



TABLE F6-5 

POTENTIAL IMPACT OF SO, AND N4 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 27 

BASED ON THE 366 METRE STACK, FGD A I R  QUALITY MODEL 

A) Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. o f   Excu rs ions  

1-hr.>450 vg/m3 11 496 

3-hr.%300 pg/m3 

24-hr.>160 .yg/m3 

c, 

E 

. 
% 

i 

B)  Assessment o f  P o t e n t i a l  Injury t o   S i g n i f i c a n t  Species 

Total   Cover P e r c e n t   I n j u r y  

Species 

SaZix s p .  0.2 O(+) 

No i n j u r y   e x p e c t e d   t o   o t h e r   s p e c i e s   f o r   w h i c h   i n j u r y   d a t a   a r e   a v a i l -  
a b l e .   F o r   d e t a i l s   o f   s p e c i e s  l i s t  and  cover, see 366111 stack/MCS 
assessment,  Section F6.2, Table F6-34. 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO, on growth. 

c 

c 
F6-B 

. 



TABLE F6- 6 

POTENTIAL  IMPACT OF SO, AN0 NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 28 

BASED ON THE 366 METRE STACK, FGD A I R  QUALITY MODEL 

A) Number o f  P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. o f  Excurs ions 

1-hr.2450  pg/+  31 6 96 
3-hr.>300 .u,g/m 3 

24-hr.>160 v g / d  

e, 8)  Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n j u r y  

Snpcies f km2) - ..". -" 
Sal ix  SF. 0 . 3  
Pleuroziwn schreberi 2.7 0 

1 

No i n j u r y   e x p e c t e d   t o   o t h e r   s p e c i e s   f o r   w h i c h   i n j u r y   d a t a  arm: a v a i l -  
ab le .   Fo r   de ta i l s   o f   spec ies  l i s t  and cover, see 366111 stack/MCS 
assessment, Sec t ion  F6.2, Table  F6-35. 

c 

c 

m- 

c 
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TABLE F6- 7 

POTENTIAL  IMPACT OF SO, AND NO, EMISSIONS 
UPON VEGETATION  WITHIN RECEPTOR SECTOR 29 

BASED ON THE 366 METRE STACK, FGO AIR QUALITY MODEL u 
I 

A )  Number o f  Predicted  Excursions and April - October Maxima 

!I Maximum Expected  Concentration 
.I 

Standard No. o f  Excursions . .  

*I. - 1-hr.>450 vg/m3 18 

2 
3-hr.>300 pg/m3 

24-hr.>160 pg/m3 

631 

I 
Y 8 )  Assessment of Potential   Injury  to  Significant  Species 

I, 

Total Cover 
Within Sector Percent Injury 

Species ( km2) . .  - 
i 

e. SaZix sp. 
Salix  cascadensis 
SaZix nivaZis 
PZeurozim schreberi * 

0.3 
3.4 
3.8 
1.2 

No in ju ry  expected t o  other species f o r  which injury  data are avail-  
able. For de t a i l s  o f  species l i s t  and  cover,  see 366111 stack/MCS 
assessment,  Section F6.2, Table F6-36. 

I. 
(+) Possible  beneficial  effect of S$ on  growth. 

r) 

nB- 

ic 

c 
F6-10 
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. TABLE F6-8 

POTENTIAL IMPACT OF S02'AND N&. EMISSIONS 

BASED ON THE 366 METRE STACK, FGD AIR QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 35 

A)  Number o f  Pred ic ted   Excurs ions   and  Apr i l  - October Maxima 

Maximum Expected  Concentrat ion 
Standard No. of Excurs ions 

1-hr.,450 p g / d  40  637 

3-hr.>300 v g / d  1 338 

24-hr.>160.yg/m? 

U 

.I 
3 

s B)  Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

u, 
Total   Cover 

Wi th in   Sec to r  P e r c e n t   I n j u r y  
Species (ka 1 

- 
i SaZiz sp. 0.1 

s PLeurozim  schreberi 0.8 

c 

1 
0 

No i n j u r y   e x p e c t e d   t o   o t h e r   s p e c i e s   f o r   w h i c h   i n j u r y   d a t a   a r e   a v a i l -  
a b l e .   F o r   d e t a i l s  o f  species list and cover, see 366m stack/MCS 
assessment, Sec t ion  F6.2, Table  F6-40. 

I 

r 

I 
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. TABLE F6-9 

POTENTIAL IMPACT OF SO, AND NO, EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 36 

BASE0 ON THE 366 METRE STACK, FGO AIR QUALITY MODEL 

A) Number of Pred ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion. 

Standard No. of Excurs ions 

1-hr.>450 pg/m3 48  696 

3-hr.>300 p g / d  1 335 

24-hr.>160 pg/$ 

B)  Assessment of P o t e n t i a l   I n j u r y  t o  S i g n i f i c a n t   S p e c i e s  

I. 

Total   Cover 
W i t h i n   S e c t o r  P e r c e n t   I n j u r y  

Species (kmz) 
- 
4 S a l i x  sp.  0.5 

L Pleuroziwn schreberi 5.0 
3 
0 

No i n j u r y   e x p e c t e d   t o   o t h e r   s p e c i e s   f o r   w h i c h   i n j u r y   d a t a   a r e   a v a i l -  
ab le .   For   de ta i l s  o f  species l i s t  and cover, see 366m stack/MCS 
assessment, Sec t ion  F6.2, Table F6-41. 

F6-12 



TABLE F6- IO 

POTENTIAL IMPACT OF SO, AND NO, EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 37 

BASED ON THE 366 METRE STACK, FGD A I R  QUALITY MODEL 

A) Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

.. 
m 

Maximum Expected  Concentrat ion. 
Standard No. of Excurs ions 

1-hr.>450 vg/m3 7 489 
3-hr.>300 ug/m3 

24-hr . r l60 ug/m3 

- 

,-. 
.I B) Assessment o f   P o t e n t i a l   I n j u r y  t o  S i g n i f i c a n t   S p e c i e s  

I ... Total   Cover 
Wi th in   Zec to r  P e r c e n t   I n  j u r ~ t  

Species (km 1 

No i n j u r y   e x p e c t e d   t o   o t h e r   s p e c i e s   f o r   w h i c h   i n j u r y   d a t a   a r e   a v a i l -  
ab le .   Fo r   de ta i l s   o f   spec ies  l i s t  and  cover, see 366m stack/MCS 
assessment, Sec t ion  F6.2, Table F6-42. 

J (+) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  5% on growth. 
I 

t 
F6- 13 



TABLE F6-11 

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 

BASED ON THE 366 METRE STACK, FGD AIR  QUALITY MODEL 
UPON VEGETATION WITHIN -RECEPTOR SECTOR 44 

A )  Number of  Predicted  Excursions and April - October Maxima 

Maximum Expected Concentration 
Standard No. of Excursions - 
1-hr.>450 u g / d  6 453 
3-hr.>300 v g / d  
24-hr.>160 u g h ?  

I 
I 

i.. 

I 

- ... B) Assessment  of Potent ia l   Injury  to   Signif icant   Species  

a " 

Total Cover 
W i t h i n  Sector Percent  Injury 

Species ( k d )  

0 .1  
0.3 

No injury  expected  to  other  species  for which injury  data  are  avail-  
ab le .   for   de ta i l s  of s p e c i e s   l i s t  and cover,  see 366m stack/MCS 
assessment,  Section F6.2, Table F6-45. 

(t) Possible   beneficial   effect   of  SO2 on growth,. 

4 
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TABLE F6-12 

POTENTIAL  IMPACT OF SO,, AND NO, EMISSIONS 

BASED ON THE 366 METRE STACK, FGD AIR QUALITY MODEL 
UPON VEGETATION  WITHIN RECEPTOR SECTOR 51 

A )  Number o f  Predicted  Excursions and April - October Maxima 

Maximum Expected Concentration 
Standard No. of Excursions 

. 
z 

-L 

c 

I-hr.  >450 ug/m9 21 
3-hr.>300 pg/m3 
24-hr.,160 .?g/m3 

637 

B)  Assessment  of Potential   Injury t o  Significant  Species 
Total Cover 

Within Sector Percent 1nju:Py 
Species ( k g )  

No injury expected to   other   species   for  which injury  data  are  avail-  
ab le .  For d e t a i l s  o f  s p e c i e s   l i s t  and  cover,  see 366111  stack," 
assessment,  Section F6.2, Table F6-48. 

(+ )  Possible  beneficial   effects o f  SO2 on growth 

4 
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. TABLE F6-13 

POTENTIAL  IMPACT OF SO? AND NO, EMISSIONS 
UPON VEGETATION  WITHIN RECEPTOR SECTOR  52 

BASED ON THE 366 METRE STACK, FGD AIR QUALITY MODEL 

A )  Number of Predicted  Excursions and April - October Maxima 

Maximum Expected  Conogntration 
Standard No. of  Excursions 

1-hr.>450 ,,g/m3 21 678 
3-hr.>300 vg/m3 
24-hr.7160 u g h 3  

- 
I B )  Assessment  of Potential   Injury  to  Significant  Species 

Total Cover 
W i t h i n  Sector  Percent  Injury 

Species ( km2) - 
- . 

II 
Salia: sp. 0.3 

L PZeuroziwn schreberi 0 . 3  
O(+) 
0 

No injury  expected t o  other   species   for  which injury  data  are  avail-  
able. For d e t a i l s  of s p e c i e s   l i s t  and cover,  see 366m stack/MCS 
assessment,  Section F6.2, Table F6-49. 

(+) Possible  beneficial   effect  of SO, on growth 

c 
F6-16 
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TABLE F6-14 

POTENTIAL IMPACT OF SO, AND NO, EMISSIONS 

BASED ON THE 366 METRE STACK, FGD AIR  QUALITY MODEL 
UPON VEGETATION WITHIN~RECEPTO~ SECTOR 55 

" 
A )  Number of Predicted Excursions and April - October Maxima 

II Maximum Expected  Concentration, - 
Standard No. o f  Excursions 

m 
" 

I 1-hr.,450 u g h 3  10 494 

I 24-hr.>160pg/mY 

3-hr.'300 u g h 3  
I 

SI 

(I 6) Assessment of Potential  Injury to Significant Species 

'II 

LI 

Total Cover 
Within Sector Percent Injury 

Species ( km2) 

0.3 

r 
Y No injury  expected to species for which injury  data  are  avail- 

able. For details of species list and cover, see 366111  stack/l.ICS 
assessment,  Section F6.2, Table F6-62. 

(+) Possible beneficial effect of SO, on growth. 

F6-17 
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. TABLE F6-15 

POTENTIAL IMPACT OF SO, AND NO, EMISSIONS 

BASE0 ON THE 366 METRE STACK, FGD A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 123 

A )  Number o f  P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

I ... 

I .- 

'C 

c 

U 

Maximum Expected  Conc>?ntrat ion 

Standard No. o f  Excurs ions - 
1-hr.>450 u g h  60 

3-hr.>300 pg/m. 1 
24 -h r .>160   .ugh  

637 
300 

B) Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t  Species 

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n j u r y  

Species ( km2) 

Picea  engelmunnii 0.5 
Pinus c a t o r t a  6.8 
Pseudotsuga rnenziesii 0.2 
Alectoria  jubata 2.4 
Pleuroziwn  schreberi 1.6 

No i n j u r y   e x p e c t e d   t o   o t h e r   s p e c i e s   f o r   w h i c h   i n j u r y   d a t a   a r e  a v a i l -  
a b l e .   F o r   d e t a i l s   o f   s p e c i e s   l i s t  and  cover, see 366111 stack./MCS 
assessment ,   Sect ion  F6.2, T a b l e  F6-63. 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t s   o f  SO, on growth. 

c 

L 
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TABLE F6-16 

POTENTIAL IMPACT OF SO, AND NQ EMISSIONS 

BASED ON THE 366 METRE STACK, FGD A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 124 

A) Number o f   P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concsntrat ion 

Standard No. o f   E x c u r s i o n s  

1-hr.>450 p.g/n? 72 825 

3-hr.>300  pg/m3  4 312 

24-hr.>160 v.g/m3 

a 
4 

I 

I 
1 

" 

c 

7 

B)  Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n j u r y  

Species ( km2) 

Abies Zasiocarpa 
Picea  enge  lmannii 
Pinus  contorta 
Pinus  ponderosa 
Pseudotsuga menziesii 
AmeZanchier alnifoZia 
SaZix sp. 
Poa pmtens i s  
Alectoria  jubata 
Drepanocladus uncinatu 
PZeuroziwn schreberi 

0.2 
0.7 

0.3 
1.6 

3.0 

0.1 
1.5 

0.2 ~~~ 

0.6 

0.9 
0.1 S 

No i n j u ry   expec ted   t o   o the r   spec ies   f o r   wh ich   i n ju ry   da ta  a r e  a v a i l -  
ab le .   Fo r   de ta i l s  of species l i s t  and cover, see 366m stack/MCS 
assessment,  Section F6.2, Table  F6-64. 

(t) P o s s i b l e   b e n e f i c i a l   e f f e c t s  of SO, on growth. 
( c )  I n d i c a t e s   t h r e s h o l d   f o r   i n j u r y .  
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I TABLE F6-17 

EXISTING AND POTENTIAL AGRICULTURAL LAND DISTRIBUTION 
WITHIN RECEPTOR SECTORS IN WHICH S02/N02 IMPACT WOULD OLJXR 

FROM EMISSION FROM THE 366 M/FGD MODEL (AREAS  IN KM2) 

-. 

CLI Agricultural Land Capabilityd 

Present  Potential 
I rri ga- I rri %a- Class Class Class Class  Class 

Si te   t ion t ion  1 2 3 4 5 

13  1.56 3.1 
I 
I 

'Z 

'h 

'Z 

r 

1 4  0.06  0.8 
20 - n/a 
23 - n/a 
44 - 'n/a 

53 - n/a 
116 - 0.52 

52 - n/a 

{ 3.22 
2.52e 

- 0.30  5.22 

- 2.47 

a all   data  received from  Canadian Bio Resources Consul tan1:s Ltd. 
b from Figure 4-9. Hgb Creek Detailed Environmental Studies, 

Agriculture Report 
c from Figure 5-1 , I&$ Creek Detailed Environmental Studies, 

Agriculture  Report 
d from Figure 4-7, H.Q#-eek Detailed Environmental Studies, 

Agriculture  Report 
e indicates   that  l and  i s  probably  less  suitable than indicated 

by CLI c l a s s ,  based on climate  data (Figure 4-7 legend, 
Creek Detailed Environmental Studies,  Agriculture Report ) 

4 

n/a  inventory  information  not  available z 

E 
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area have been assumed t o  be of general occurrence  throughout  tt.e  culti- 
vated  lands. However, a l f a l f a  hay i s  the most common crop, with some plant- 
ings of grass-legume mixtures fo r  hay or  winter  pasture, and a few plant-  
ings of annua l  cereals.  

The major potential   agricultural   crops  cited in the Agricultural Report 
are tomatoes (and  other  heat-loving  crops),  faba  beans,  potatoes, cabbage 
and corn,   al l  o f  which could be grown in the Cache Creek - Ashcroft  areas, 
The only  proximate s i t e s   a r e  93 and 94. Corn is   a lso  depicted in the 
Agriculture  Report,  Figure 4-12, as a potential  irrigated  crop  within Hat 
Creek Valley, b u t  the area i s   c l o s e   t o  the mine and generating  station 
s i t e s  and is  not  expected t o  receive  elevated  levels o f  SO,. 

The lands  identified  in the Agriculture  Report,  Figure 4-7Io4 as   fa l l ing  
within Canada Land Inventory  Classes 2 t o  4 a re   for  the most part  Class 
3 or  Class 4. The most probable  uti l ization  of such land would be f o r  hay 
production,  if   irr igated,   or  for  reseeded range and grazing  land. 

Because of the  a l ternat ives  between present and potential  use for   agr i -  
culture,  the  assessments of impact are presented  individually  for  those 
s i t e s  a t  which injury or growth st imulation may occur. No effect:;  are 
expected a t  s i t e s  13,  23, 44 and 53. The assessment of the impac:: a t  the 
remaining s i tes   are   presented in  Table F6-18. 

( i i )  Impact on Natural  Vegetation 

Inspection of Tables F6-1 t o  F6-16 indicates t h a t  the 366 m / F G D  Air  Quality 
Model i s  expected t o  give  r ise   to  some injury in receptor  si tes 28, 35, 36, 
and  124 for  the average case  predicted by ERT modelling. 

The extent o f  injury in these   s i t e s   i s   a s ses sed  in terms of  annual  impact 
and  takes  into  account n o t  only the probably impact o f  individual I - ,  3- 
and 24-hour average exposures, b u t  a l so  the consequences  of repeated expos- 
ures th roughou t  the growing season and  the year,  as  discussed above  
Section  F!j.l(a)(iii)B.). 

F6-21 



I 
I 

a 
I 

I 

TABLE F6-18 

POTENTIAL  IMPACT OF SCh AND  NO  EMISSIONS 
UPON EXISTING AND POTENTIAL AGRICULTURAI C R O P S ~ ~ T H I N   SPECIFIC RECEPTOR SECTORS 

BASED ON THE 366 M/FGD  AIR  QUALITY  MODEL 

Percent  Injury 

(t) Possible  beneficial  effect o f  SO on growth. 
+O Indicates  threshold  for  injury. 
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I t  j h o u l d  be noted that  several   species in  those  sectors a t  which 
exposures are   c lose  to   the  injury  threshold  are   l is ted  as  being  possible 
beneficiaries  of  the SO, fumigations,  as  discussed above (Section F 4 . 2 ;  
Figure F4-4). In addition, i n  several  instances  the dosage l ikely  to  be 
received is   a t   the   threshold of  in jury ;   i . e .  is  borderline between injury 
a n d  possible  benefit. 

The lack  of  information a b o u t  many of  the  species  present poses additional 
problems  in determining  the  overall impact  of the  predicted  ground-level 
ambient concentrations. T h u s ,  i t   i s  not  possible  to  determine  the  nature 
of the  ecological  changes which would resu l t .  However, i t   i s   c l e a r  t h a t ,  
considering  the  average  case  situation  alone, impact on SaZix SF. would 
occur and would in t u r n  probably  lead t o  secondary  impact on wi ld l i fe  and 
gamebirds. Where S a t i x  occurs  in  exposed  locations,  the impact within a 
single  year may be re la t ive ly  minor (except a t  s i t e  124 ,  Cornwall Peak), 
b u t  would unquestionably  lead t o  decline as a r e su l t  of continuing  stress.  

No attempt has been  made in  this  assessment t o  predict  damage or economic 
loss.  Furthermore, most of  the  assessments have required  the  exercise  of 
judgment ra ther  t h a n  measurement, par t icular ly  so since much of the  injury 
expected  will be of the  chronic  rather than the  acute  type, a n d ,  as has 
been pointed o u t  previously,   there  is  a dearth  of  quantitative  information 
concerning  chronic  response. For purposes of  quant i ta t ion,  however, 
Tables F6-1 t o  F6-16 include  information on the  total  cover of assessed 
species w i t h i n  each  annular  sector. While there   i s  no simple method fo r  
deriving impact  over a sector  from  knowlege of the  probable  injury t o  
individual  plants, an idea  of  the  relative magnitude of  the  total  impact 
on a given species can be obtained from the products of cover and  injury. 

( i i i )  Impact on Present and  Potential  Agriculture 

In the  context  of  the  present and potential   agricultural  land  (Tilble F6-17) 
and the  diversity  of  agricultural   crops  suited t o  the Hat Creek region. 

c 
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The assessments o f  impact  presented i n  Table  F6-18  re la te  to   those  spec ies 

wh ich   a re   o r   m igh t  be  grown on lands   w i th in   spec i f i c   recep to r   s i t es .  They 
a r e   a l l   e i t h e r   a n n u a l s   o r   p e r e n n i a l s  which a r e   s u b j e c t   t o  one o r  more harvests 

annual ly.  Hence t h e   g r e a t e r  emphasis i n  terms o f   i m p a c t  has been p laced 

on exposures  occurr ing  dur ing  the  growing season. Fur thermore,   the  fact  

t h a t   t h e y   a r e   a l l  grown a t   l o w e r   e l e v a t i o n s  has been taken  in to   account  

i n  making  the  assessments. As a r e s u l t ,   t h e  assessments  suggest t h a t   t h e r e  

would  be  minimal  negative  impact,  and  that many crop  species  would  possibly 

bene f i t   f r om  the   p red ic ted   l ow- leve l   exposures   t o  SO,, as  has been shown 

f o r  example t o   o c c u r   i n   a l f a l f a  9 4 ,  perennial  ryegrass”  and  corn . 
Again, i n  some cases t h e   e f f e c t s   o f  dosage will be  border1,ine  between i n j u r y  

and  benef i t .  

101 

(b)  Regional  Impact Assesement 

The ERT reg iona l   p ro jec t ions   fo r   the   uncont ro l led   emiss ions   f rom a  366 m 
stack’   are  such  that   the  predicted  annual   average  concentrat ions  of  SO,, 

NO, NOZ and p a r t i c u l a t e s   a r e   w e l l   b e l o w   t h e   t h r e s h o l d s   o f   i n j u r y   f o r   v e g e t -  

. t i o n .  The ERT modelling,  however, does n o t   p r o v i d e   i n f o r m a t i o n   a s   t o   t h e  

occurrence o f   i n d i v i d u a l  peak concentrat ions beyond the  25 km l o c a l  zone o f  
impact.  Nevertheless, i n   t h e  366 m/FGD Air Q u a l i t y  Model, the  1-hour 

peaks greater  than 450 pg/m SO, appear t o  be c o n f i n e d   t o   t h e   l o c a l  zone 

o f  impact,  although  there i s   u n c e r t a i n t y  as t o  whether  such  peaks  would 
occur i n  the SSkl d i rec t i on ,   i . e .  beyond r e c e p t o r   s i t e  16  (Figure  F6-2). 

It appears   t he re fo re   t ha t   no   po ten t i a l l y   i n ju r i ous  peak  concentr, j t ions 
a r e   l i k e l y   t o  occur o u t s i d e   t h e   l o c a l  zone o f  impact. As a consequence, 
the  impact o f   t h e  366 m/FGD system  on  the  regional zone o f  impact i s  probably 

minimal, and may l a r g e l y  be r e l a t e d   t o   m a r g i n a l ,  i f  measurable,  -increases i n  

growth. 

3 

Conversion  products formed wi th in  the  s tack  p lume  are  s imi lar ly   expected 
t o   r e s u l t  i n  low  ambient  concentrat ions o f  su lphate  and  n i t ra te  which  are 

u n l i k e l y   t o   e l i c i t  any  measurable  response o f   v e g e t a t i o n  wi th in the 100 km 
rad ius   reg iona l  zone o f  impact,  regardless o f  whether  the a i r  contaminants 
impinge on the  vegetat ion  by dry o r  wet   depos i t ion ,   inc lud ing   ac id   ra in .  

C 
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F6.2  366 m STACK WITH METEOROLOGICAL CONTROL STRATEGY (MCS) 

( a )  Local Impact Assessment  of S%/NO,? Emissions 

The assessment  of impact due to  emissions  of SO2 and NO, from the 366 m/MCS 
systems  within the local zone of impact has followed  the same form as tha t  
for  the FGD strategy. Below are  presented  sections on the basis for  these 
particular  assessments,  the  assessments  themselves, and discussion of t h e i r  
significance t o  natural  vegetation and t o  agr icul ture .  

( i )  Basis for Assessment 

ERT PEAK programme data were again used as  described  for the 366 m/FGD 
strategy  (Section F6.1) t o  prepare  concentration and  frequency  distributions 
fo r  1-hour, 3-hour and  24-hour averaging  times. The I-hour  predlctions  are 
presented  in  Figures F6-8 t o  F6-10, the 3-hou-r in  Figures F6-11 t.o F6-13, 
and the 24 hour in  Figures F6-14 t o  F6-16. 

I n  the  case  of the I-hour peak d is t r ibu t ions ,  comparison of Figures F6-8 and  
F6-9 again shows that  the maxima were essent ia l ly   the same for  each receptor 
s i t e   i n  the April-October  season  as  for the whole year. With regard t o  the 
3-hour averages,  there were reductions in the maxima f o r   s i t e s  14, 15, 16, 
20, 21, 22,  23, 2 7 ,  28, 29, 51, 52 and 61 as revealed by comparison of 
Figures F6-11 and F6-12. 

Of the I-hour excursions, inspection of the PEAK programme d a t a  a g a i n  
indicated t h a t  approximately 60 percent  occurred  during  daylight  iours and 

t h a t  20 percent o f  these were a t  daybreak. In the case  of  the  3-lour 
averages,  half  of the 100 excursions  occurred in daylight  hours, \with only 
2 occurring a t  dawn. 

In  contrast ,  most of the 24-hour averages  >160 pg/m' SO, occurred  outside 
the  April-October  season  with  the r e su l t  t h a t  s i t e s  2 7 ,  '18, 19, 43, 52, 61 
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figure F6-8 
c PREDICTED  ANNUAL MAXIMUM 

d- 366 m STACK WITH MCS 
1- HOUR SO2 CONCENTRATIONS (yg/m3) 
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Figure F6-9 
m i  PREDICTED  SEASONAL MAXIMUM 

1 -HOUR SO2 CONCENTRATIONS (yg/rnS) 
U' 366.m STACK WITH MCS 
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Figure F6-10 

PREDICTED SEASONAL TOTALS 
OF I-HOUR SO2 CONCENTRATIONS > 450 ,yg/ms 

366m STACK W I T H  MCS 
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Figure F6-11 

3-HOUR SO2 CONCENTRATIONS (~.1g/m3) 
c PREDICTED ANNUAL MAXIMUM 

e 3 6 6 m  STACK WITH MCS 
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PREDICTED  SEASONAL MAXIMUM 

366m STACK WITH MCS 
3-HOUR SO2 CONCENTRATIONS ( ~ ~ g / n n b )  
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Figure F6-13 
a P R E D I C T E D   S E A S O N A L   T O T A L S  

OF 3 - H O U R  S o n  CONCENTRATIONS > 300 yg/mS 
366m STACK WITH MCS 



P e 

I 
u 

I 

a 
e 

I .. 

-=. e 

i. 
i 

* 
a 

t 
a 

c 

D . I 
i 

e 

a .  
e 

a 

0 

. 

a 

c 0 
0 . 

a 

e 

a 

e a 

a 

a 

a 

a 

e a a 

a 

e 

a 

a 

260 yg/rn3 =PCB Level B 
160 pg/rn3 = PC0 Level ::A:: 

.e 

Figure F6- 14 
a- PREDICTED  ANNUAL  MAXIMUM 
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62, 63 and 63 do not show such  averages i n  Figure F6-15 (cf.  Figure F6-14). 
A to ta l   of  10 24-hour  averages ug/m SO, occur between April 1 and 
October  31, a t  s i t es  13, 14,  15,  93, 94 and 124. 

3 

Since  appreciably more receptor si tes are exposed i n  s ign i f icant  1-hour, 
3-hour aor 24-hour concentratons than i n  the case of the 366 m stack/FGD 
projections, the assessments of injury i n  the  present 366 m stacE:/MCS 
si tuat ion have been undertaken f o r  sites 8, 13,  14,  15,  16,  20, 21; 22,  23, 
27,  28, 29,  30,  35,  36,  37,  43,  44,  45, 51, 52,  53,  54,  63,  64,  116,  123, 
124  and 125. These assessments  of  injury,  together w i t h  the  estimates of 
.cover f o r  each  species  listed  are  presented i n  Tables F6-19  and F'6-46. The 
cr i ter ia   for   inclusion  of  a species are those described i n  Section F5.1 
( a ) ( i i i ) .  Complete cover  estimates  for  all  species  prodiving 0.1. km cover 
within a receptor  si te  are  presented i n  Addendum A.  

No assessment  data  are  tablulated for sites 6 ,  7,  24,  31,  32,  38,  46, 55, 
56, 61, 62, 64, 70,  86,  93,  94,  126, 127 and 128 since  only  possible 
beneficial   effects  (on those spec ies   for  which assessment i s  feas.ible) 
appear 1 i kely. 

Agricultural impact is  again  assessed i n  terms  of  both  present arld potential 
use.  Table F6-47 presents  details   of  present and potential   agricultural  
lands w i t h i n  the receptor  sectors i n  which potent ia l ly   injur ious S02/N02 

levels may occur, .i  . e .   s i t e s  6 ,  13,  14,  20,  23,  34, 31, 32, 38, 4.3, 44,  45, 
52, 53, 54, 55, 56,  63, 64, 70, 86, 93, 94, 116, 125,  127, and 128. O f  

these sectors, 13, 14, 20, 2 4 ,  44,  45,  52,  53, 55, 56,  93, 116 and 125 
include  lands  currently  under  cultivation. The assessments  of  impact on 

agricultural   crops  are summarized i n  Table F6-48, for   those  recer tor   sectors  
i n  which injury i s  expected  to  occur. T h u s ,  no specific  data  are  presented 
for   sectors  6 ,  24, 31, 32,  38, 45,  52, 53, 54, 55, 56, 63,  64, 70, 86, 
93,  94, 126  and 127 and 128 since i t  seems l ike ly   t ha t  the e f f e c t s ,  i f  any, 
in  these sectors will  probably be s l igh t ly   benef ic ia l .  
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TABLE F6-19 

POTENTIAL IMPACT OF So2 AND NQ EMISSIONS 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 8 

A )  Number o f  Pred ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. of Excurs ions 

l -hr .s450 ug/m3 45 72 3 

3-hr.>300 ug/m3 0 
24-hr.>160 ug/m3 0 

6 )  Assessment of P o t e n t i a l   I n j u r y  t o  S i g n i f i c a n t   S p e c i e s  

Total   Cover 
W i t h i n   S e c t o r  P e r c e n t   I n j u r y  

Species (kd') 
Abies  lasiocarpa 
Picea enge h a n n i i  
Pinus  cuntorta 

Arctostaphy 20s uva-ursi 
Pseuabtsuga menziesii  

Juniperus l.ommaris 
Juniperus scopulorwn 
Salix  cascadensis 
Sa l ix   n iva l i s  
Shepherdia  canadensis .. 

Agropyron spicatum 
Vaccinim scopariwn 

Calamagrostis  purpurascens 
CaZomagrostis rubescens 
Carex aZbo-nigm 
Poa grayana 
Stipa  uccidentalis 
Trisetwn  spicatwn 
Achillea  miZZefuZim 
Antennaria wnbrineZZa 
Dryas octopetala 
Equisetwn  arvense 
Equisetum  scirpoides 

Linnaea boreaZis 
Fmgaria g Zauca 

0.5 
6.8 

1.3 

1.1 
1.9 

0.1 
0.8 
0.9 
1.4 
7 .4  
0.3 
0.5 
6.3 
1.0 

0.1 

5.8 

0. a 

0.1 
0.2 

1.6 
1. a 
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TABLE Fb-19 (Continued) 

Total Cover 
Within Sector Percent  Injury 

Species ( k d )  

Lupinus lepidus 2.2 
Pedicularis  bracteosa 0.7 
Phyllodoce  empetriformis 0.9 
Pyrola secunda 0.5 
Alectoria  fremontii 0.5 
Alectoria  jubtata 3 . 3  
Alectoria saramentosa 1.7 
Letharia  vulpina 1.5 
Peltigera  aphthosa 0.8 
Drepanocladus mcinatus  0.9 
Pleuroziwn  schreberi 3.1 

(+)  Possible  beneficial   effect   of SO, on growth. 

? 

0 

0 
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TABLE .F6- 20 

POTENTIAL IMPACT OF SO, AND NO2 EMISSIONS 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 13 

I 
i 

” I 

E 

-I 

A) Number of Pred ic ted   Excurs ions  and Apri l  - October Maxima 

Maximum Expected  Concentrat ion.  

Standard No. o f   E x c u r s i o n s  

1-hr.>450  vg/m3 7 1  
3-hr.>300 vg/m3 7 
24-hr.>160 ug/m3 1 

943 

438 

208 

B) Assessment o f   P o t e n t i a l  Injury t o   S i g n i f i c a n t  Species 

W i t h i n  Zec tor  
To ta l  Cover P e r c e n t   I n j u r y  

Species ( km2) 
Abies  lasiocaTa 0.1 
Picea  engetrnannii 1.9 
Pinus  cantorta 2.5 
Pseudotsuga rnenziesii 2.0 
Amelachier   alni fol ia  0.2 
Arctostaphylos  uva-ursi 0.9 
Juniperus c o m i s  0.5 
Satix  sp. 0.2 
Shepherdia  canadensis 0.7 
Vaccinium  scoparium 1.9 
A g r o p y m n  spicatwn 0.4 
Calamagrostis  rubescens 5.3 
Carex rostrata 0.2 
Hordeum jubatwn 1.0 
Juncus balt icus  0.7 
Poa pratensis 0.5 
Achi l lea   mi l~e fo l iwn 0.3 
Fragaria  gzauca 0.6 
Linnaea borealis 0.6 
Lupinus lepidus 0.5 
Taraxacum o f f i e ina te  0.2 
Alectoria  jubata 1.3 
Letharia  vulpina 2.0 
Bepanocladus  uncinatus 0.2 
Pleurozium  schreberi 1.3 

(t) P o s s i b l e   b e n e f i c i a l   e f f e c t  of SO2 on growth. 

? 
3 
O ( + )  
? 
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TABLE F6- 21 

L, POTENTIAL IMPACT OF SO, AND NO2 EMISSIONS 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 14 

c A)  Number o f  P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima - Maximum Expected  Concentrat ion 

Standard No. of Excurs ions 

1-hr.>450 p . g / d  72 

3-hr.s.300 u g / d  7 
24-hr.?160 r g / d  1 

.R 
1565 
487 

2 14 

c B)  

r 

I 

Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

W i t h i n  Sec tor  
T o t a l  Cover P e r c e n t   I n j u r y  

Species 
~. ~ 

(k$) ~ 

Abies  lasiocarpa 0.4 
Picea  engelmannii 5.6 
Pinus  contorta 4.6 
Pseudotsuga menziesii 1.8 
Amelanchier a l n i f o l i a  0.1 
Arctostaphylos  uva-ursi 0.9 
Artemisia  frigida 0.1 
j un iperus   comni s  0.8 
Sal ix  sp. 0.2 
Shepherdia  canadensis 

9.5 
1.1 

Agropyron spicatwn 
vaccinium scoparim 

0.4 
Hordeum jubatwn 0.4 
Poa pratensis 0.2 
AchilZea  millefoliwn 0.1 
Equisetum merase 0.1 
Equisetum scirpoides 0.1 
Fragaria  glauca 1.2 
Linnaea borealis 1.3 
Lupinus  Zepidus 1.6 
Phyllodoce empetrifomis 0.7 
Tarazacm  officinaze 0.1 
A tectoria  jubata 2.7 
Alectoria saramentosa 0.8 
Letharia  VU~pina 2.0 

4 
2 
2 

? 
? 
? 

1 
? 
? 

O(+) 

L 

Y F6-30 



. 
I- 

i 

TABLE F6-21 (Continued) 

Within Sector  
Total Cover Percent  Injury 

Species ( km2') 

Pettigera  aphthosa 0.7 ? 
DrepanocZadus uncinatus 0.8 0 
PZeurozim  schreberi 2.6 3 

(+) Possible  beneficial   effect  o f  SO2 on growth. 

(-+) Indicates  threshold  for  injury 
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TABLE F6-22 

UPON VEGETATION  WITHIN RECEPTOR SECTOR15 
EASED ON THE 366 METRE STACK, MCS  AIR QUALITY MODEL 

POTENTIAL  IMPACT OF SO2 AND N@ EMISSIONS 

A) Number of Predicted  Excursions and April - October Maxima 

Maximum Expected  Concentration 
Standard No. of Excursions - 

l-hr;>450 ug/m3 73 1342 
3-hr.;300 vg/m3 5 407 

24-hr.sl60 u4/m3 1 178 

E )  Assessment of Potential  Injury  to  Significant  Species 
Total Cover 

W i t h i n  Sector Percent  Injury 
Species (kn? ) . Abies  lasiocarpa 0.5 

Picea  engelmannii 6.0 
Pinus  contorta 5 .1  
Pseudotsuga menziesii 1.1 
ArctostaphyyZos uva-ursi 1.7 
Junipems c o m i s  1.0 
JmiperUS s c o p u l o m  0.1 
S a l k  caseadensis 0.7 
Salix n iva l i s  0.8 
Shepherdia  canadensis 1.2 
Vacciniwn  scopariwn 6.5 
Agropyron spicatwn 0.3 
Calamagrostis  mbescens 5.6 
Carex a Zbo-nisrwn 0.9 - 
Poa grayana 
Stipa  occidentalis 

Achillea  millefolium 
Trisetwn spicatwn 

Dryas octopetala 

Equisetum scirpoides 
Equisetum  aruense 

Fragaria glauca 

Lupinus lepidus 
Linnaoa borealis 

0 . 7  
0.1 
0.2  
2 . 3  
1.7 
0.1 
0.1 
1.6 
1.4 
2.0 
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TABLE 6 - 2 2  (Continued) 

Within Sector 
Total Cover Percent Injury , 

Species ( km2 ) 
Pedicularis  bracteosa 0.6 - ?  
Fhytlodoce empe t r i fon i s  . 0.8 ? 
klectoria  jubata 2.9 0 
Alectoria saramentosa 1.5 ? 
Letharia  vulpina 1.4 ? 
Peltigera  aphthosa 0.7 ? 
DrepanocZadus uncinatus 0. a 0 
Pleuroziwn  schreberi 2.7 3 

(+) Possible  beneficial  effect o f  SO2 on growth. 

- 
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TABLE F6-23 

POTENTIAL  IMPACT OF SO; AND NO,, EMISSIONS 

I 

I 

c 
m 

UPON VEGETATION WITHIN~RECEPTO’R SECTOR-G 
I BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A)  Number of Pred ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. of Excurs ions - 

1-hr.>450 vg/m3 50 1203 

3-hr.>300,ug/m3 1 353 
24-hr.>160 & n 3  

E) Assessment  o’f P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Within Sector  P e r c e n t   I n j u r y  

Species (km?) 
Abies  lasiocarpa 
Picea  engehannii 
Pinus  contorta 

Arctostaphylos  uva-wsi 
Pseudotsuga menziesii  

Juniperus corrnmmis 
Juniperus scopulorwn 

SaZix  nivaZis 
Satix  cascadensis 

Shepherdia  canadensis 

Agropyron s p i c a t m  
Vaccinium scopariwn 

Calamagrostis  purpurascens 
Catamagrostis  rubescens 
Carex aZbo-nigm 
Poa grayana 
Stipa  occidentatis 
Trisetum s p i c a t m  
AchiZZea millefolium 
Antennaria  mbrine Zla 
Dryas octopeta2a 
Equisetm arvense 
Equisetum scirpoides 
Frageris gZauca 
Linnaea boreaZis 
Lupinus  2epidus 

0.5 
6.8 
5.8 
1.3 
1.9 
1.1 
0.1 
0.8 
0.9 
1.4 
7.4 
0.3 
0.5 
6.3 

0.8 
1.0 

0.1 
0.2 
0.3 
0.184 
1.9 
0.1 
0.2 
1.8 

2.2 
1.6 
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TABLE F 6 - 2 3  (Continued) 

Total Cover 
With in  Sector  Percent  Injury 

Species ( k G )  

Phy 1 todoce anperi fomis  
Pediculuris bracteosa 

Pyrola secunda 
A lec tor ia   f r emat i i  
Alectoria  jubata 
Alectoria  sarmentosa 

- Letharia  vulpina 
Peltigera  aphthosa 
DrepanocZadus uncinatus 
PZeuroziwn schreberi 

0.7 
0.9 ? 

? 

0.5 
0.5 

? 
? 

3 . 3  0 
1.7 
1.5 

? 
? 

0.8 
0.9 0 

? 

3.1 1 

(+) Possible beneficial   effect   of  SO, on growth. 

( c )  Indicates  threshold  far  injury.  
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TABLE F6-24 

POTENTIAL IMPACT OF SOi- AND NO, EMISSIONS 
UPON  VEGETATION WITHIN RECEPTOR SECTOR 20 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A) Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 
Standard No. o f   E x c u r s i o n s  

1-hr.>450 p g / d  32  1219 
3-hr.>300 pg/m3 2 352 
24-hr.>160 vg/m3 

‘I 

I 

Q 

8)  Assessment d f  P o t e n t i a l  Injury t o   S i g n i f i c a n t  Species 

Total   Cover 
Wi th in   Sec to r  Percent  Injury  

Species (kmz) 

O(+) 
e(+) 
O(+) 

Abies  lasiocarpa 
Picea  engelmannii 
Pinus  contorta 
Pseudotsuga menziesii  
Amelanchier azni fozia 
Arctostaphylos  uva-ursi 
Juniperus c o m i s  
Sat ix  sp. 
Shepherdia  canadensis 
Vacciniwn  scopariwn 
Agropyron s p i c a t m  
Calamagrostis rubescas  

Achillea  millefoliwn 
Carex rostrata 

Fragaria  glauca 

Lupinus  Zepidus 
Linnaea borealis 

Alectoria  fremontii 
AZectoria  jubata 
Letharia  vulpina 
Peltigera  aphthosa 

PZeuroziwn schreberi 
Drepanocladus uncinatus 

0.1 

5.5 
1.9 

1.9 
0.1 
1.1 
1.2 
0.2 
1.4 
2.9 
0.1 
8.1 
0.1 
0.1 
0.8 
0.9 
1.0 
1.4 
2.3 
2.3 
0.6 
0.3 
2.2 

(t) Possible b e n e f i c i a l   e f f e c t s  o f  SO2 on growth. 
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TABLE f 6 -  25 

'ACT OF SO2 AND NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 2 1  

EASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL. 

A)  Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 
Standard No. o f  Excurs ions 

I-hr.> 450 wg/m3 32  1438 
3-hr.>300 pg/m3 4 45 1 
24-hr.zl60 ug/m3 

6) Assessment o f   P o t e n t i a l  Injury t o   S i g n i f i c a n t   S p e c i e s  

W i t h i n  Sector  
T o t a l  Cover P e r c e n t   I n j u r y  

Species . Abies  Zasiocarpa 
Picea engeZmannii 
Pinus  contorta 

Arctostaphylos  uva-ursi 
Pinus  aZbicauZis 

Sa Zix caseadensis 
Junipems c o m i s  

SaZix  nivaZis 
Shepherdia  canadensis 
Vaccinium membranacewn 
Vacciniwn scopariwn 
Catamagrostis  purpurascens 
Calamagrostis  rubescens 
Carex  albo-nignun 

Xquisetwn  arvense 
Cornus canadensis 

Equisetum  scirpoides 

Linnaea  boreaZis 
Frngaria gZauca 

PedicuZaris  bracteosa 
Lupinus tepidus 

AZectoria  fremontii 
ThaZ ic tm  occidentaZis 

A lectoria  jubata 
AZectoria  sarmentosa 

( km3) 
0.7 O(+) 
6.7 O(+) 

0. i ? 
1.4 
0.8 

2.0 
1.9 5 

5 
0.9 
0.2 

? 

5.0 ? 
? 

3.5 O(+) 

O(+) 
O(+) 

0 . i  

0.4 
2.1 

0.6 
0.2 
0.2 
1.4 
2.4 
1.6 
0.5 
0.5 
0.5 
3.3 
0.6 
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I TABLE F6-25-(Continued) 
I 

I 

n 

Total Cover 
Within 2ector Percent  Injury 

Species ( k m  ) 

I Peltigera  aphthosa 0.9 ? 
Drepanocladus mcinatus  0.7 9 
Pleurozium  schreberi 4 . 3  1 I 

I (t) Possible  beneficial   effects of SO, on growth. 
I 

L 
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TABLE F6-26 

POTENTIAL  IMPACT OF SO2 AND NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 22 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A) Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

m 
I 

" 

c 

m- 

la- 

Maximum Expected  Concentrat ion 
Standard NO. o f  Excursions 

1-hr.>450 33 

3-hr.>300 v g / d  

24-hr.>16O.ug/m3 

1276 

6)  Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Species 
Abies lasiocarpa 
Picea engelmannii 

Pinus contorta 
Pinus albicaul is  

Pseudotsuga menziesii  
Arctostaphylos  uva-ursi 
Artemisia frigida 
Juniperus c o m i s  
Juniperus scopulorum 
S a l k  sp. 
Salix  cascadensis 
Sa l i x   n i va l i s  
Shepherdia  canadensis 

Agropyron spicatwn 
Vaccinium  scoporium 

Calamagrostis  purpurascas 

Carex a l b o - n i g m  
Calamagrostis  rubescens 

Poa grayana 
Carex rostrata 

Stipa  occidentalis 
Trisetwn  spicatum 
Achillea  millefolium 
Antennaria aZpina 
Antennaria  wnbrinella 

W i t h i n  Sec tor  
T o t a l  Cover 

( km2) 
0.6 
6.5 
0.2 ." 

1.7 
0.4 
1.6 
0.1 

0.1 
0.4 

0.2 
1.2 
1.4 
0.7 

~" 

4.9 
0.3 
0.5 
1.5 
1.2 
0.1 
0.7 
0.1 
0.1 
0.3 
0.1 
0.2 

P e r c e n t   I n j u r y  
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TABLE 16-26 (Continued) 

Within Sector 
Total Cover Percent Injury 

Species ( km2) - - 
Dryas dctopetula 
Equisetum  arvense 
Equisetwn  scirpoides 

Linnaea borealis 
Fragaria  glauca 

Pedicularis  bracteosa 
Lupinus lepidus 

Alectoria  jubata 
Taraxacwn o f f i c i n a l e  

Alectoria saramentosa 
Peltigera  aphthosa 

Pleuroziwn  schreberi 
Drepariocladus mcinatus  

2.0 
0.3 
0.3 

2.1 
1.3 

0.6 
1.1 

0.1 
0.6 
0.5 
0.7 

3.7 
0.6 

(+) Possible  beneficial  effects o f  SO, on growth. 

c 

L 

c 
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TABLE F6- 2 7  

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 23 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

I 
1 

1 
1 

1 
I 

" - . 
" 

*" 

c 

A )  Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 
Standard No. o f   Excurs ions 

1-hr.>450  ug/$ 30 
3-hr.>300 ug/m' 

24-hr.>160 ug/m3 

1140 

B )  Assessment o f   P o t e n t i a l  Injury t o   S i g n i f i c a n t   S p e c i e s  

Species 

Abies lasiocarpa 
Pice6 engeimamii 

Pinus catorta 
Pinus albicaulis 

Pseudotsuga  menziesii 
Amelanchier  alnifolia 
Arctostaphylos  uva-ursi 
Juniperus corrpmozis 
Salix sp. 
SaZix  caseadensis. 
Salis  nivalis 
Shepherdia  canadensis 
Vacciniwn  scoparium 
Agropyron  spicatwn 
Calamagrostis  rubescens 
Carex albo-nigm 
Poa grayana 

Achillea millefolium 
Trisetum spicatwn 

Antennaria  umbrinella 
Cornus  canadensis 
Dryas  octopetaza 
Equisetum  arvense 
Equisetum scirpoidss 
Frngaria  glauca 

W i t h i n  Sec tor  
T o t a l  Cover Percent  1njur:y 

1.6 
0.4 
0.1 
1.1 

0.8 
1.2 

7.3 
0.1 
3.3 
0.7 
0.6 
0.2 
0.2 
0.1 
0.5 
1.0 
0.3 
0.3 
1.7 

o i+ j 
2 
O(+) 

2 
2 
? 
? 
? 
? 
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TABLE F 6 - 2 7  (Continued) 

T o t a l  Cover 
Wi th in   Sec tor  Percent Injury 

Species (kd') " - 

Linnaea borealis 2 . 5  
Lupinus lepidus 1 . 7  
Pedicularis  bmcteosa 0.0 
Phyllodoce empe t r i fon i s  0.6 
Pyrola  secunda 0.5 
Thalictrwn  occidentalis 0.5 
Alectoria  jubata 2 . 7  
Alectoria saramentosa 0.9 
Letharia v u l p i n a  1.4 
PeZtigera  aphthosa 0.9 
Drepanocladus uncinatus 1.0 
Pleuroziwn  schreberi 4.5 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t s  o f  SO2 on growth. 

? 

? 
? 

? 
? 

0 
? 

? 
? 

0 
? 

0 

c m 
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T A R E  F628 

POTENTIAL IMPACT OF SO, AND NO EMISSIONS 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTO~ SECTOR 27 

A )  Number o f   P red ic ted   Excu rs ions  and A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. o f   E x c u r s i o n s  

I " 

" . 
'" 

c 

1-hr. >450 u g h 3  25 

3-hr. >300 pg/m3 1 
24-hr. >160 ug/m3 

764 
30 1 

B) Assessment of P o t e n t i a l   I n j u r y  t o  S i g n i f i c a n t   S p e c i e s  

W i t h i n  Sec tor  
T o t a l  Cover Percent  - 

Picea  engelmamii 
Pinus  contorta 
Pseudotsuga menziesii 
ArneZanchier a ln i fo l ia  
Arctostaphylos  uva-ursi 
Juniperus c o m i s  
Sal ix  sp. 
Shepherdia  canadensis 

Agropyron  spicatum 
Vacciniwn scopari~m 

CaZamagrostis rubescens 

Allium mrnuwn 
Achillea miZZefoliUm 

Arnica l a t i f o t i a  
Cornus canadensis 

Linnaea borealis 
Fragaria gzauca 

Lupinus  lepidus 
PhyZlodoce empetr i fomis  
PyroZa secundcc 
Alectoria  jubata 
Letharia  vulpina 
hepanocladus  meinatus 
PZeurozium schreberi 

0.8 
3.4  
2.5 
0.2 
1.1 
0.7 
0.2 
0.9 
1.5 
0.2 
7 .2  
0.2 
0.2 
0.2 
0.2 
0.5 
0.4 
0.6 
0.2 
0.2 
1.4 
2.1 
0.2 
1.0 

(t) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO2 on growth. 
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TABLE F6-29 

POTENTIAL IMPACT OF SO2 AN0 NO2 EMISSIONS 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 28 

A)  Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 
Standard NO. o f   E x c u r s i o n s  

1-hr.>450 vg/ma 32 1309 

3-hr. 7300 vg/m3 4 482 

24-hr..>160 vg/m3 

B )  Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

W i t h i n  Sec tor  
T o t a l  Cover P e r c e n t   I n j u r y  

Species ( k d )  

Abies  lasiocarpa 0.4 O(+) 
Picea  engelmannii 5.4 O(+) 
Pinus  contorta 2.1 O(+) 
Pinus ponderosa 0.1 O(+) 
Pseudotsgua menziesii  1.1 O(+) 
Amelanchier a l n i f o l i a  0.1 O(+) 
Arctostaphylos  uva-ursi 0.6 O(+) 
Juniperus c o m w i s  0.3 O(+) 
Jwiwerus  sconu~orum 0.2 O(+) 

I 

S a l k  sp. 
Shepherdia  canadensis 

Agropyron spicatum 
Vaccinium  scoparium 

Catamagrostis  rubescens 
Carex rostrata 
Achillea  millefolium 
Equisetum arVenSe 
Equisetum scirpoides 
Fragaria  glauca 
Linnaea borealis 

Alectoria  jubata 
Lupinus lepidus 

Alectoria saramentosa 
Letharia  vulpina 

0.3 
0.6 
4.3 
0.6 
1.9 
0.3 
0.2 

0.2 
0.2 

0.9 
1.5 
0.9 
1.7 
0.5 
6.7 

5 
? 
? 
? 
? 
? 
O(+ 
O(+ 
O(+ 
? 
? 

0 
? 

? 
? 

c 
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TABLE F6-29 (Continued) 

Within Sec to r  
T o t a l  Cover Percent I n j u r E  

Species ( k & )  - 
Peltigera  aphthosa 0.6 ? 
DrepanocZadus uncinatus 0.6 0 
PZeuroziwn  schreberi 2.8 1 

(+)  P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO, on growth. 
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TABLE F6- 30 

POTENTIAL IMPACT OF SO2 AND  NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 29 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A)  Number of Pred ic ted   Excurs ions   and  Apr i l  - October Maxima 

Maximum Expected  concentration^ 
Standard NO. of Excursions 

1-hr.>450 pg/m3 32 1306 

3-hr.>300 ,ug/m3 4 571 
24-hr.>160 11g/m3 

W 

U 

** 

I 

01 

II 

r 
*. 

c " 

c. 
I 

c 
II 

" 
L. 

6) Assessment o f  P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n j u r y  

Species (km2) - - ." 
._ 

Abies  lasioearpa 

Pinus albicaul is  
Picea  engelmannii 

Arctostaphylos urn-ursi 
Pinus contorta 

Sal ix  sp.  
Jwriperus commtnis 

Sa l ix   n iva l i s  
S a l k  cascadensis 

vacciniwn scop&iwn 
A g r o p y r m  spicatum 
Calamagrostis  rubescens 
Carex a l b o - n i g m  

Festum  ovina 
Carex rostrata 

Poa grayana 

Achillea  millefoliwn 
Trisetwn  spicatwn 

Antennaria  roseus 

Equisetum  arvense 
Dryas octopetala 

Eriogonwn heracteoides 
Fragaria  glauca 
Linnaea borealis 

? 
? 

F646 
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TABLE F6-30 (Continued) 

T o t a l  Cover 
Wi th in  Sector P e r c e n t   I n j u r y  

Species (kd;) 
Lupinus lepidus 1.9 
Pedicularis  bracteosa 0.6 
T h a l i c t m   o c c i d e n t a l i s  0.6 
Alectoria  jubata 

0.5 
1.2 

Pleuroziwn  schreberi 
Dreponocladus wcinatus  

1.2 

(+)  P o s s i b l e   b e n e f i c i a l   e f f e c t  of SO2 on growth. 

? 
? 
? 
0 
0 
1 
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TAB,LE F6-31 

UPON VEGETATION WITHIN RECEPTOR SECTOR 30 
BASE0 ON THE 366 METRE STACK, MCS A I R  QUALITY MOOEL 

POTENTIAL  IMPACT OF SO;! AN0 NO2 EMISSIONS 

A)  Number o f  P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. o f   E x c u r s i o n s  

1-hr.>450 pg/m3 31 75 7 

3-hr.>300 p9/m3 1 303 

24-hr .>160jg/m3 

.. 
I 

I 
I 

IC 

. 
II-. 

u- 

m- 

B) Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Species 

Abies  lasiocarpa 
Picea  engelmannii 
Pinus contorta 
Pseudotsuga menziesii  
Amelmchier  alnifolia 
Arctostaphylos uva-ursi 
Juniperus c o m n i s  
S a l k  sp. 
Shepherdia  canadensis 

A g r o p y r m  spicatwn 
vacciniwn scopariwn 

Calamagrostis  purpurascens 
Calamagrostis  rubescens 
Poa pratensis 

Achillea  millefolium 
Stipa  occidentalis 

Equisetum  aruense 
Fragaria g lauca 
Linnaea  boreaZis 
Lupinus lepidus 
Pyrola  secunda 
Tarmcum  o f f ie inale  
Alectoria  jubata 
Alectoria sarcnnentosa 

W i t h i n  Sector  
T o t a l  Cover P e r c e n t   I n j u r y  

( km2 ) 

0.8 

2.0 
7.4 

2.1 
0.1 
1.3 
0.2 
0.2 
0.9 
5.3 
0.3 
0.3 
4.6 
0.4 
0.2 
0.4 
0.3 
1.2 
2.8 
1.0 
0.5 
0.1 
2.2 
0.6 ? 

a- 
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TABLE F6-31 (Continued) 

Total Cover 
Within  Sector Percent  Injury 

Species (km?:) 

Letharia vuZpina 2.0 ? 
Peltigera  aphthosa 0.8 ? 
Drepanocladus uncinatus 0.8 0 
PZeuroziwn schreberi 3.9 0 

(+ )  Possible  beneficial   effect  of S q  on growth. 

(t) Indicates  threshold  for  injury.  

. 
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TABLE F6-32 

POTENTIAL IMPACT OF SO2 'AND NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR  SECTOR 35 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A )  Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. o f   E x c u r s i o n s  

l -h r .s450 pg/m3 39 1024 

3-hr.2300 ug/m3  6 570 
24-hr.>160 ug/m3 

" . 
'C 

i 

m.. 

rc 

I)- 

," 

m- 

a -  

B) Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

W i t h i n  Sec tor  
T o t a l  Cover Percent   In jur ,y  

Species ( km2) 

Picea  engelmannii 0.6 O(+) 
Pinus contorta 3.7 O(+) 
Pseudotsuga menziesii 2.6 O ( + )  
Amelachier  alnifolia 0.2 O(+) 
Arctostaphylos  uva-ursi 1.2 O(+) 
Juniperus conamolis 0.8 O(+)  
SaZix sp. 0.2  6 
Shepherdia  canadensis 1.0 ? 
Vaccinium  scoparium 1.5 ? 
Catamagrostis  rubescens 8.0 ? 
Achillea  miZlefoZiwn 0.2 O(+) 
Fragaria  gzauca 0.6 ? 
Lupinus lepidus 0.6 ? 
A Zectoriu  jubatu 1.5 0 
Letharia mlpina 2.3 ? 
Peltigera aphthosa 0.3 ? 
Drepaocladus  wcinatus 0.1 0 
Pleurozium schreberi 0.8 1 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t  of SO, on growth. 
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TABLE J6-33 

POTENTIAL IMPACT OF SO, AND N O ,  EMISSIONS 

BASED ON THE 366 METRE STACK,  MCS AIR QUALITY MODEL 
UPON VEGETATION  WITHIN RECEPTOR SECTOR  36 

A )  Number o f  Predicted Excursions and April - October Maxima 

Maximum Expected Concentration 
Standard No. of Excursions Average Case Worst Case 

1-hr..>450 pg/m3 46. 1309 

3-hr.  >300 ~ g / m 3  6 646 
24-hr. >160 ,,g/rnl 

I 

I 
I 

i 

m - 

L, 

c 

B )  Assessment of Potential  Injury t o  Significant  Species 
Total Cover 

Within Sector Percent  Injury 
Species (k+) 

Abies  lasiocarpa 
Picea  engelmannii 
Pinus  contorta 
Arctostaphy 10s uva-ursi 
Juniperus c o m n i s  

Shepherdia  canadensis 
S a l k  sp. 

Vacciniwn scoparium 
Calamagrostis  rubescens 
Carex aquat i l i s  
Carex rostrata 
Cornus canadensis 
Equisetum  arvense 
Fragaria  glauca 
Linnaea borealis 

Alectoria  fremontii 
Lupinus Zepidus 

A Zectoria  jubata 
AZectoria  sarmnentosa 

Pleurozium schrebex+ 
Drepanocladus uncinatus 

0.5 
6.4 

0.1 
3.2 

0.6 

0.9 
0.5 

4.5 

0.1 
2.0 

0.6 
0.5 

0.4 
0.9 

0.7 
2.8 

2.4 
0.6 

0.5 
0.6 
5 .  a 

I 

r. 

(t) Possible  beneficial  effect of SO2 on growth. 
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TABLE F6- 34 

POTENTIAL IMPACT OF SOi: AN0 NO2 EMISSIONS 

BASE0 ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 37 

A)  Number o f   Pred ic ted   Excurs ions   and  Apr i l  - October Maxima 

Maximum Expected  Concentrat ion 
Standard No. o f   E x c u r s i o n s  

I - h r  >450 pg/m3 44  94 1 

3-hr.>300 ug/m3 3 449 

24-hr. >160 rg/m3 

B) Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Tota l   Cover  
W i t h i n   S e c t o r  P e r c e n t   I n j u r y  

Species (krnx) 

Abies  lasiocarpa 
Picea  engehannii 
Pinus  contorta 
Pseudotsuga menziesii  
Amelanchier a ln i fo l ia  
Arctostaphylos  uva-ursi 
Juniperus c o m n i s  
J w i p e m s  s c o p u l o m  
Sal ix  sp. 
Shepherdia canaa'ensis 

Agropyron spicatwn 
Vacciniwn scopariwn 

Calamagrostis  rubescens 

Achillea  millefolium 
Carex rostrata 

Fragaria  glauca 
Linnaea borealis 

Alectoria  jubata 
Alectoria  fremontii 

Letharia  vutpina 
Peltigera  aphthosa 

Pleuroziwn  schreberi 
Drepanocladus uncinatus 

0.7 

1.9 
7.8 

0.1 
1.0 

0.3 
0.7 

0.2 
0.4 
0.9 
4.7 
0.5 
2.0 
0.3 
0.1 

3.2 
1.0 

0.6 
2.2 
0.8 
1.0 
0.7 
5.7 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t  of SO, on growth. 

O ( + )  

? 
? 

0 
? 

? 

0 
? 

0 
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I TABLE F6-35 

POTENTIAL  IMPACT OF SO2 AND N& EMISSIONS 

BASED ON THE 366 METRE STACK, MCS  AIR  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 43 

I 
1 

m 
u 

" 

" 

" 

E 

A )  Number of Predicted  Excursions and  April - October Maxima 

Maximum Expected Concentration 
Standard No. of Excursions  Average  Case Worst Case 

I-hr. >450 p g/m3 50 
3-hr.>300 pg/m3 4 

550 
320 

B)  Assessment  of Potential   Injury t o  Significant  Species 
Total Cover 

Within Sector Percent  Injury 
Species (kn?') 

Abies  lasiocarpa 
Picea  engelmannii 
Pinus  contorta 
Poeudotsuga menziesii 
Amelanchier a ln i fo l ia  
Arctostaphylos  uva-ursi 
Sa l ix  sp.  
Shepherdia  cmadensis 

Agropyron spicatwn 
Vacciniwn scopariwn 

Calamagrostis rubescens 
Achillea  millefoliwn 
Alectoria  jubata 

Pleuroziwn  schreberi 
Letharia  vulpina 

0.5 

0.3 
1.5 

3.2 
0.2 
1.2 
0.2 
0.5 
0.6 
0.6 
6.0 
0.3 
0.6 
3.0 
0.8 

(+)  Possible  beneficial   effect  of SO, on growth. 
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TABLE F6- 36 

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MOOEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 44 

A )  Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. o f   E x c u r s i o n s  

1-hr.?450 pg/m3 50 783 

3-hr.>300 ug/m3  4  399 

24-hr. >I60 ,pg/m3 

B)  Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec tor  P e r c e n t   I n j u r y  

Species (km2,) . Abies  lasiocarpa 0.4 
Picea  engetmannii 4.1 
Pinus  contorta 1.0 
Pinus  ponderosa 0.2 
Pseudotsuga menziesii 2.0 
Arctostaphylos  uva-ursi 0.8 
Juniperus c o r n i s  0.4 
Juniperus scoputom 0.5 
populus tremutoides 0.1 
Sal ix  sp. 0.4 
Shepherdin canadensis 
Vacciniwn  scopariwn 

0.7 
2.5 

Agropyron spicatwn 1.0 
CaZamagrostis rubescens 1.4 
Carex rostrata 0.3 
Xoeteria  cristata 0.2 
Stipa  richardsonii 0.1 
Achillea  millefoliwn 0.1 
Antennaria  roseus 0.1 
Equisetwn  amense 0.2 
Fragaria  gtauca 0.6 
Linnaea borealis 1.7 
AZectoria  jubata 1.2 
Letharia vulpina 0.6 
Pettigera  aphthosa 0.5 
Drepanocladus uncinatus  0.3 
Pleuroziwn  schreberi 3.0 
(+)  P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO2 on growth. 
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TABLE F6-  37 

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 
UPON VEGETATION WITHIN' RECEPTOR SECTOR 45 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

e 

ar A) Number of Pred ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

a 
Maximum Expected  Concentrat ion. 

Standard No. of Excursions - 

1-hr..>450  ug/m3 50 664 

3-hr.>300 pg/m3 1 319 

24-hr.>160 ;g/m3 

I 

II 

* B)  Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Tota l   Cover  
Wi th in   Sec to r  P e r c e n t   I n j u r y  

'I Species (km') 
~ Abies  Zasiocarpa 
i 0.7 O(+ 1 

:.) Pinus contorta 1.2 O(+) 

- 
Picea  engeZmannii 5.3 O(+) 

Pinus  ponderosa 0.2 O(+) 
Pseudotsuga menziesii 2.6 O(+) 
Amelanchier a l n i f o l i a  0.2 O(+) 
Arctostaphyzos  uva-ursi 1.2 O(+) 
Juniperus c o m i s  0.3 O(+) 
Juniperus SCOpU Z O n U n  0.2 O(+) 
S a l k  sp .  0.2  2 
Shepherdia  cmadensis 
Vacciniwn scoparim 

0.9 ? 
3.0 ? 

Agropyron s p i c a t m  0.9 
Calamagrostis  rubescens 

? 
5.0 

Koeleria c r i s ta ta  0.1 a,+, 
Achillea  millefoliwn 0.3 O(+) 
Equisetum m e n s e  0.2 IO(+) 
Fragaria gZauca 0.8 ? 
Linnaea borealis 2.1 
Alectoria  jubata 1.6  0 

? 

Letharia vulpina 
Peltigera  aphthosa 

2.4 ? 
0.6 

hepanocladus uncinatus 0.4 
? 
0 

Pleuroziwn schreberi 3.7 0 
(t) P o s s i b l e   b e n e f i c i a l   e f f e c t  of SO, on growth. 
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i TABLE F6-38 

POTENTIAL  IMPACT OF SO; AND N4 EMISSIONS 

BASED ON THE 366 METRE STACK,  MCS  AIR  QUALITY MODEL 
UPON VEGETATION  WITHIN RECEPTOR SECTOR 51 

A)  Number of Predicted Excursions and April - October Maxima 

I 
Y 

m 
U 

1, 

U . 
i C  

'C 

Ir 

c 

Maximum Expected Concentration, 
Standard No. of  Excursions 

1-hr..a450 pg/fi 22 
3-hr. >300 .pg/m3 2 
24-hr. >160 p,g/m3 

1024 
346 

B) Assessment o f  Potent ia l   In jury   to   S igni f icant  Species 

W i t h i n  Sector 
Total Cover Percent  Injury 

Species (kmi ' ) - - -~  

Abies  lasiocava 0.4 O(+) 
Picea  engetmannii 0.6 O(+) 
Pinus contorta 0.6  O(+) 
Pseudotsuga menziesii 3.7 O(+) 
Amelanchier a l n i f o l i a  0.2 O(+) 
ArctostaphyZos urn-ursi 1.5 O(+) 
Juniperus conununis 0.1 O(+) 
Rosa  gymnocarpa 0.6 ? 
Salix  sp. 0.4 2 
Shepherdia  canadensis 0.8 ? 
Vacaccinim S C O ~ C U - ~ U ~  0.6 
Agropyron s p i c a t m  0.2 

? 

Calamagrostis d e s c e n s  
? 

1.0 ? 
Carex rostrata 
Achillea  milZefoZiwn 
AZectoria  jubata 
Letharia  vulpina 

0.2 
0.3 
0.4 
3.6 

(+) Possible  beneficial   effect  of Sq. on growth. 

a,+, 
0 
? 
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POTENTIAL IMP 
UPON VEGETATI 

TABLE *F6-39 

'ACT OF SO2 AN0 NO2 EN 
ON WITHIN RECEPTOR SE 

iSIONS ' 

L I'OR 52 
BASED-ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A )  Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion,  

Standard No. of Excursions ~ . .  - " 

I-hr.   >450 pg/m3 25 1267 
3-hr.>300 pg/m3 3 349 
24-hr.>160 ug/s3 

B )  Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi thin Sector  P e r c e n t   I n j u r y  

Species (kms) 
* Abies  lasiocarpa 0.2 

Picea  enge hannii 1.4 
Pinus  contorta 3.7 
Pinus ponderosa 0.1 
Pseudotsuga  menziesii 3.0 
Amelanchier  alnifozia 0.2 
Arctostuphylos  uva-ursi 1.2 
Juniperus comnis 0.8 
Juniperus scopu~orwn 0.2 
Rhododendron  albiflorwn 2.1 
Rosa gymnocarpa 0.6 
Salix sp. 0.4 
Shepherdia  canadensis 2.8 
Vacciniwn  membranacewn 0.3 
Vacciniwn scopariwn 3.7 
Agropyron  spicatwn 0.6 
Calamagrostis  rubescens 4.9 
Carex  rostra& 0.3 
Trisetwn  spicatwn 0.3 
AchiZlea  miZZefolium 0.2 
Antennaria  roseus 0.1 
Fragaria  gzauca 0.5 
Linnaea  boreaZis 1.0 
Alectoria  jubata 0.5 
Letharia  vulpina 3.2 
Pleuroziwn  schreberi 0.3 
(+) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO, on growth. 
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TABLE F6-40 

L 
L POTENTIAL  IMPACT OF SO2 AND NO2 EMISSIONS 

UPON VEGETATION  WITHIN RECEPTOR SECTOR 53 
BASED ON THE 366 METRE STACK, MCS AIR  QUALITY MODEL 

t A )  Number o f  Predicted  Excursions and April - October Maxima 

Maximum Expected Concentration. e 
Standard No. o f  Excursions 

'I 
1-hr.>450 u.g/d 25 
3-hr.?300 u g / d  

94 1 

rL 
24-hr.>160 . u g / d  

"C B )  Assessment of Potential  Injury t o  Significant  Species 

Within Sector 
Total Cover Percent  Injury 

L 

lr 

c 

a- 

" 

T 

Species 
Abies  lasiocarpa 
Picea engeZmannii 
Pinus  contorta 
Pinus  ponderosa 

Arctostaphylos  uva-ursi 
Pseudotsuga menziesii 

Juniperus c o m i s  
Chrysothamnus  nauseosus 

Rhododendron a l b i f l o m  
juniperus scopulonun 

Sal ix  s p .  
SheDherdia canadensis 
Vacciniwn membranacewn 

Agropyron spicatum 
Vaccinium scoparim 

Calamagrostis  rubescens 

KoeZeria cr i s ta ta  
Carex ros trata 

Trisetwn  spicatwn 
Achillea  millefolium 
Antennaria  roseus 
Equisetwn  arvense 

Linnaea borealis 
Fragaria gtauca 

Lupinus lepidus 

(km') 
0.3 

4.6 
3.9 

0.5 
0.9 
0.6 
0.2 

0.4 
1.1 

0.4 
1.1 

0.2 
1.7 

4.7 
2.2 
2.8 
0.3 
0.2 
0.1 
0.2 

~. 

0.2 

0.8 
0.2 

? 

2.0 ? 
0.5 ? 
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TABLE F640 (Cont inued) . 
Total   Cover 

Wi th in   Sec to r  P e r c e n t   I n j u r y  

Species (k&) 

Alectoria  jubata 1.7 0 
AZectoria  saramentosa 0 .3  ? 
Letharia vulpina 1.1 ? 
Drepcmocladus wacinatus 0.4 0 
Pleuroziwn  schreberi 2.9 1 

(+ )  P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  So2 on growth. 

"IC 
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TABLE F6-41 

POTENTIAL IMPACT OF so? AND NO, EMISSIONS 

1 
m 

'I 
Y 

- 
i 

't 

IC 

'L 

m- 

UPON VEGETATION WITHIN-RECEPTOR SECTOR 54 
BASE0 ON THE 366 METRE STACK, MCS A I R  gUALITY MODEL 

A) Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. of Excurs ions . - 

1-hr.>450 vg/m3 25 

3-hr.>300 u g h 3  

24-hr.>160 ug/m3 

a34 

E )  Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
W i t h i n   S e c t o r  Percent  1njur.y 

Species ( km2) - 
Abies  lasiocapa 
Picea  engelmmnii 
Pinus  contorta 
Pinus  ponderosa 
Pseudotsuga menziesii 
Amelanchier a ln i fo l ia  
Artemisia  frigida 
Artemisia  tridentatu 
Arctostaphylos  uva-ursi 
Chrysothanmus nauseosus 
Juniperus c o m n i s  
Juniperus scopulomun 
S a l k  sp. 
Shepherdia  canadensis 

Agropyron s p i c a t m  
Vaccinim scopariwn 

Calomagrostis  rubescens 
Hordeum jubatwn 

Poa pratensis 
Koeteria  cristata 

Achillea  miltefolium 
Antennaria  roseus 
BaZsmorhiza  saqittata 

0.2 
3.7 
3.1 
0.7 
2.2 

0.2 
0.1 

0.7 
0.8 
0.3 
0.6 
0.3 
0.2 

2.7 
0.8 

3.9 
2.2 

0.3 
0.1 

0.2 
0.5 

0.5 
0.3 

? 
? 
? 
? 
? 

1 
0 (+ 

O(+ 
O(+ 
? 

Equisetwn  amen&? 0.4 O(+) 
Equisetum scirpoides 0.3 O(+) 
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TABLE FZ-41 (Cont inued) 

W i t h i n  Sec tor  
T o t a l  Cover P e r c e n t   I n j u r y  

Species (kd) 
Fragaria  glauca 0.7 ? 
Linnaea borealis 1.1 ? 
Lupinus  lepidus 0.7 ? 
T a r a x a m   o f f i c i n a l e  0.1 O(+) 
Alectoria  jubata 1.8 0 
Letharia  vulpina 2.0 ? 
Peltigera  aphthosa 0.2 ? 
Drepanocladus uncinatus 0.4 0 
Pleurozium  schreberi 2.2 1 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO2 on growth. 

' D -  

m- 

' C  
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TABLE F6-42 

POTENTIAL  IMPACT OF S& AND N& EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 63 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A) Number of Pred ic ted   Excurs ions   and  Apr i l  - October Maxima 
m 
II 

t 

i 

'Z 

L 

Maximum Expected  Concentrat ion 

Standard No. of Excurs ions 

I - h r .  >45D ug/m3 20 

3-hr. >300 vg/m3 

24-hr.  >I60 11g/m3 

894 

B) Assessment of P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

W i t h i n  Sec to r  
T o t a l  Cover P e r c e n t   I n j u r y  

Species 
Abies l a s i o c q a  
Picea engeZmannii 
Pinus  contorta 
Pseudotsuga menziesii  
Arctostaphylos  uva-ursi 
Juniperus commoris 
Rhododendron a t b i f l o m  
Rosa  gymnocarpa 
S a l k  sp. 
Shepherdia  canadensis 
Vaccinium membranacewn 
Vaccinium  scopariwn 
Calamagrostis  rubescens 
Carex rostrata 
Trisetum  spicatum 
Arnica  cordifolia 
Equisetum  arvense 
Fragaria gkuca  
Linnaea borealis 

Pedicularis  bracteosa 
Lupinus lepidus 

Thatictrum  occidentalis 

Alectoria  jubata 
Alectoria fremontii 

Alectoria saramentosa 

(kd) 
0.3 

10.8 
5.0 

1.6 
0.9 
2.0 
4.7 

~~ ~ 

0.8 
0.3 

0.8 
5.2 

11.2 
5.2 

'0.7 
0.3 

0.6 
0.1 
1.4 
2.8 
0.9 
0.7 
0.9 
0.9 
1.9 
0.5 

~. ~ 

? 
2 
? 
? 
? 
? 
? 

? 

? 
? 

? 
? 
? 
? 
0 
? 

O(+) 

O(+) 

c 
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TABLE F6- Jz-{Continued) 

Within Sector 
Total Cover Percent  Injury 

Species ( km2 ) 

Letharia vulpina 3 . 3  
Drepaocladus  uncinatus 0.5 

? 
0 

Pleuroziwn  schreberi 1.8 0 

(t) Possible  beneficial effect of SO2 on growth. 
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TABLE FC-43 

POTENTIAL  IMPACT OF SO, AND N4 EMISSIONS 
UPON VEGETATION  WITHIN RECEPTOR SECTOR 116 

BASED ON THE 366 METRE STACK,  MCS  AIR  QUALITY MODEL 

A )  Number of Predicted  Excursions and April - October Maxima 

Maximum Expected  Concent.ration 
Standard No. of Excursions 

l-hr.>450 ug/m3 52 865 

3-hr.,300 pg/m3 5  404 
24-hr.,160 ug/m3 

B)  Assessment of Potential   Injury  to  Significant  Species 

Within Sector 
Total Cover Percent  Injury 

Species (kn?-<) 

i Pinus ponderosa 0.7 O(+) 
Pseudotsuga menziesii 3.1 O(t) 
Amelanchier alnifolia 0.6 
Arctostaphylos uva-ursi 0.4 O(+) 
Artemisia  tridentata 2.0 0 
Chrysothamnus nauseosus 0.6 O(+) 
Juniperus c o m i s  0.3 O(+) 
Juniperus s c o p u ~ o m  0.9 O(+) 
Agropyron spicatm 4.7 ? 
Koeleria cristata 0.5 . .  O(+) 
Stipa  comata 0.3 O(+) 
Antennaria roseus 0.2 a(+) 
Balsamorhiza sagittata 0.9 ? 
Letharia vutpina 0.7 . ? 

(t) Possible  beneficial  effect of SO, on growth. 
(k) Indicates  threshold  for  injury 
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TABLE F6- 44 

POTENTIAL IMPACT OF SO2 AND NQ EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 123 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A) Number o f  P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion 
Standard No. o f  Excurs ions 

1- h r   . 4 5 0  @/m 60 1024 
3-hr. >300 pg/m3 11 528 
24-hr. >I60 pg/m.3 

8) Assessment of P o t e n t i a l  Injury t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n j u r y  

Species ( km2) 
Picea  engezmannii 0.5 ‘ Pinus  contorta 6.8 
Pseudotsuga menaiesii 0.3 
Arctostaphyzos  uva-ursi 0.8 
Juniperus commulis 1.5 
Shepherdia  camdensis 1.5 
Vacciniwn  scoparium 3.0 
CaZamagrostis rubescens 6.7 
Fragaria  glauca 0.7 
Linnaea boreaZis 0.6 
Lupinus lepidus 1.3 
Phy ZZodoce empetrifomis 0.5 
Alectoria  jubata 2.5 
Alectoria saramentosa 0.6 
Letharia vulpina 0.9 
Pettigera aphthosa 0.5 
DrepanocLadus uncinatus 0.3 
PZeuroziwn schreberi 1.7 

P o s s i b l e   b e n e f i c i a l   e f f e c t  o f  SO2 on growth. 
I nd i ca ted   t h resho ld  f o r  i n j u r y  
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TABLE F6-45 

POTENTIAL IMPACT OF SO, AND Na EMISSIONS 
UPON VEGETATION WITHIN' RECEPT~R SECTOR 124 

BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL 

A )  Number o f  Pred ic ted   Excurs ions   and  Apr i l  - October Maxima 

Maximum Expected  Concentrat ion.  
Standard No. o f  Excurs ions 

1-hr.>450 pg/m2 70 1644 
3-hr. >300 ug/m2 15 646 
24-hr. >160 ug/rn2 1 159 

B)  Assessment o f  P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n j u r y  

Species (kw) - . Abies  lasioca"pa 
Picea engehanni i  
Pinus  contorta 
Finus  ponderosa 

Amelanchier a h i f o l i a  
Pseudotsuga m a z i e s i i  

Arctostaphylos UVa-WSi 
Chrysothmus nauseosus 
Juniperus c o m i s  
Juniperus s c o p u l o m  
Salis s p .  
Shepherdia  canadensis 
vacciniwn scoparium 
Agropyron spicatwn 

Koeleria  cristata 
Calamagrostis  rubescens 

Poa pratensis 
Stipa  occidentalis 
Achillea  millefolium 
Antennaria roseus 

AZectoria jubata 
Tarmacm o f f i c ina le  

Letharia vulpina 
Drepanocladus uncinatus 
Pleurozim  schreberi 

0.2 
0.7 
1.6 
0.3 
3.1 
0.4 
1.5 
0.2 
0.5 
0.6 
0.1 
0.6 
1.1 

4.6 
1.8 

0 . 3  
0.3 
0.2 
0 . 3  

0.1 
0.1 

0.6 
1.8 
0.2 
1.0 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  S@ on growth. 
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TABLE F6-46 
I - POTENTIAL IMPACT OF SO, AND NO, EMISSIONS 

UPON VEGETATION WITHIN RECEPTOR SECTOR 125 
BASED ON THE 366 METRE STACK, MCS A I R  QUALITY MODEL - a A) Number o f   Pred ic ted   Excurs ions   and  Apr i l  - October Maxima 

a Maximum Expected  Concentrat ion - 
Standard No. o f   E x c u r s i o n s  

, I )  l -hr .>450 ,,grin3 62 

I. 24-hr. >160 ug/m3 

I 

3-hr. 7300  pg/m3 1 

7 18 
302 

,m 
1 8)  Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

a 
I . 

I I  
LI 

I 

z 

c 

I, 

L 

Species 
Abies  lusiocaTa 
Picea  engehannii 

Pseudotsuga  menziesii 
Pinus  ponderosa 

Amelanchier a ln i fo l ia  
Arctostaphylos  uva-ursi 
Artemisia  tridentata 
Chrysothamnus nauseosm 
Juniperus c o m n i s  
Juniperus scopulommt 

Agropyron s p i c a t m  
Salix SF. 

Koeleria  cristata 
Caknnagrostis  rubescens 

Poa pmtensis 
S t i p a  occidentalis 
Ach i l l ea   m i l l e fo t im  
Antennaria  roseus 
Balsamorhiza sagi t tata 
Taraxacum offieinale 
Alectoria  jubata 
Letharia vu lp im  

W i t h i n  Sec tor  
T o t a l  Cover 

(kn?") 
0.2 
0.3 
0.7 
5.3 
0.8 
1.2 
0.3 
0.4 
0.3 
0.9 
0.1 
3.7 
4.0 
0.5 
0.5 
0.1 
0.3 
0.7 
0.9 
0.1 
0.2 
2.8 
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TABLE F6-47 

E X I S T I N G  AND  POTENTIAL  AGRICULTURAL  LAND  DISTRIBUTION  WITHIN RECElPTOR 

THE 366 M/MCS A I R   Q U A L I T Y  MODEL (AREAS I N  KM2) 
SECTORS I N  WHICH  SOZ/NO2  IMPACTS WOULD  OCCUR FROM E M I S S I g N S  FROM 

C L I   A g r i c u l t u r a l  Lend C a p a b i l i t y d  

6 1.16 2 . 1  

13 1.56 3.1 

14 0.06 0.8 
20 
21  
24. 
31 

32. 

38 
4 3  

44 

45 
5 2  

51 
54 

55 
56. 

61 nla  
64. 
70 

n l a  

86 
"/a 
n/a 

93 0.61 "/a 
94 n l a  

n / r  
"/a 

0.25 n l a  
0.03 n l a  

n l a  
n l a  

0.33 n l a  
n1a 
" l a  
n t a  
n l a  

0 .44  n t a  
1.51 n/a 
1.31 " l a  

116 

125 n l a  

126 n l a  

127 

128. 
nla 
n l a  

0.52 

0.10 
0.50 

2.81 

6.23 

2.08 

0.41 

2.51e 

0.15= 

1.80e 

0.20 

~ 0.1P 
1.30 

' 0.24 

0.16 
2.15 

1 .ooe 

2.65 
1.22 ' 2 . d  
0. la 

0.22 
2.53 

0.41 

2.08 

2.60 
1.12 

2.41 
0.46 

a a l l  d a t a  received frm Canadian B i o  Rerovrcer Consu l tan ts   L td  

b from Figure  4-9,  H a t  Creek Detai led  Environlnental  Studies,  Agriculture  Report*" 

c from Figure 5.1, Hat Creek De ta i l ed   Env i ronmnta l   S tud ies ,   Ag r i cu l tu re  Report"' 

d from Figure  4-7. H a t  Creek Detai led  Environrnental   Studfcs.   Agr icul ture Report'" 
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POTENT1 
UPON EXISTING AND POTENl 

BASED C 

~~ ~ 

TABLE F6-48 

:AL IMPACT OF SO AND NO EMIS: 

I N  THE 366M/MCS A I R  QUALITY MOL 
IAL AGRICUTURAL~ROPS WI;FHIN SF 

;IONS 
'ECIFIC RECEPTOR  SECTORS 
IEL 

P e r c e n t   I n j u r y  - Average Case 

Receptor  Sector 

(+)  P o s s i b l e   b e n e f i c i a l   e f f e c t  o f  SO, on growth. 

( A )  I n d i c a t e s   t h r e s h o l d   f o r  i n ju ry  
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( i i )  Impact on Natural  Vegetation 

From the  estimates of  injury  presented  in  Tables F6-19 t o  F6-46, i t   i s  
apparent t h a t  the 366 m/MCS Air  Quality Model wil l   g ive  r ise  t o  considerably 
more widespread injury than that  expected from the 366 m/FGD stragegy. 
Thus  some injury  to  sensit ive  species  is   expected  in  sectors 8, 13, 14,  15, 
16,  20, 21. 22,  23, 27 ,  28,  29, 30,  35,  36,  37,  43, 44, 45, 51, 52 ,  53,  54, 
63, 116, 123, 124 and 125. The impact of  of the  projected S02/N02 emissions 
would probably be s l ight ly   beneficial  t o  the vegetation in the  rmaining 
sectors  investigated. Such benefits  would also  probably  accrue t o  tolerant  
species  within the sectors  showing injury.  

I 

L 

" 
m 

L 
I 

U 
I 

z 

As in the case of the 366 m/FGD assessment, the extent  o f  injury in the 
severely  affected sectors in the Clear Range t o  the  south and west, and on 
Cornwall Park t o  the south-east  of the stack  is   assessed  in terms of a n n u a l  
impact, which i s  of par t icu lar  importance 'in  terms  of i t s  consequences . t o  
the growth of the tree  species  present,  and t o  shrubs such as Sal& with 
their  importante t o  wi ld l i fe  and gamebirds. 

Again, no a t tempt   i s  made t o  present an assessment of economic loss  or 
damage in  these d a t a ,  b u t  the provision o f  information  as  to the extent  
of cover  provided by the species injured by the S02/N02 emissions  permits a 
semi-quantitative  assessment of the magnitude  of the  impacts on different  
species. 

( i i i )  Impact on Present and Potential  Agriculture 

The combination of the  data on the extent  and nature o f  agriculture  lands 
(Table F6-47) and  on the  impact of the predicted S02/N02 emissions on the 
range of crop  species which might be grown within  specific  recep.tor  sectors 
(Table F6-48) permits a n  assessment  of present and potential  impact. From 
Table F6-48 i t   i s  apparent t h a t  the sec tors   l ike ly   to   suf fe r  the grea tes t  
amount on injury  to  crop  species  are  those SSW of the stack, a t  the south 
end of the Hat Creek Valley, on the ground r i s ing   in to  the Clear Range. 
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It should be no ted   t ha t   no   i n ju ry   appears   t o  be l i k e l y  on p resen t   o r   po ten t i a l  

crops in   the  Ashcrof t -Cache Creek  areas,  growing a t  low  e leva t icns .  I f  
any SO2 impact  occurs i n  these  areas, i t  appears  probably  that  i t  will take 

the  form o f  min’or  growth  st imulat ions. 

(b) Regional  Impact  Assessment 

As i n  the  case o f  the 366 m FGD s t ra tegy ,   the   reg iona l   impact   o f   the   p red ic ted  

SO,/NO, emissions  from  the 366 m/MCS system i s  u n l i k e l y   t o   i n v o l v e  measurable 
i n j u r y   t o   v e g e t a t i o n .  The only   uncer ta in t ies  concern  the  reg ions  immediate ly  

sur round ing   the   loca l  zone o f  impact   to   the  south and  southwest,  and t o   t h e  
nor thwest .   In   each  o f   these  d i rect ions  the maximum 1-hour  and  3-hour  con- 

c e n t r a t i o n   d i s t r i b u t i o n s   ( F i g u r e s  F6-9  and F6-12, . respect ive ly)   run  out  

beyond the 25 km r a d i u s   o f   t h e   l o c a l  zone o f  impact, Hence t h e   J o s s i b i l i t y  

ex i s t s   o f   impac t  beyond the  25 km zone. I n   p q r t i c u l a r ,  a p a t t e r n   o f   i n c r e a s i n g  

numbers o f   excu rs ions  i s  seen i n   t h e   s o u t h e r l y   d i r e t t i o n ,   t h r o u g h   s i t e s  6, 

7 and 8. S i m i l a r l y ,   h i g h  peak concentrat ions and frequencies  appear  possible 

i n   t h e  SSW d i r e c t i o n  beyond s i t e  16. Al though  the peak concentrat ions  are 

somewhat less   to   the   nor th -west ,   there  i s  u n c e r t a i n t y  as to   the  ground- level  
concentrat ions beyond s i t e s  56 and 64, a l t h o u g h   i n   t h e s e   d i r e c t i o n s   t h e  

number of   1-hour  peaks  appears t o  be diminishing  (Figure  F6-10).  Thus, 
there may be adverse e f f e c t s  on some species of the  emissions  under  the 

366 m/MCS s t ra tegy   w i th in   the   ex tended  reg iona l  zone to   the   sou th .  However, 

such e f f e c t s   o f  SO, and NO, as occur i n   o t h e r   d i r e c t i o n s  will probably be 
marg ina l l y   benef ic ia l   in   na ture .   Fur thermore ,   there  does n o t  appear t o  be 

any  reason t o  expec t   d i rec t l y   adve rse   e f fec ts  on vegetat ion  f rom  the con- 
version  products  of  the  primary  emissions  from  the 366 m genera t ing   s ta t ion  
stack  operat ing  under MCS. 

F6.3 244 m STACK WITH METEOROLOGICAL  CONTROL STRATEGY (MCS) 

The 244 m/MCS s i t u a t i o n   i s  one wh ich   cannot   d i rec t l y  be  compared w i th   t he  

s t r a t e g i e s  based upon a 366 m stack.  No i n fo rma t ion  as t o   t h e   n a t u r e   o f   t h e  

I 
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peak; and t he i r   d i s t r ibu t ion  from an uncontrol.led,  base-load  operation 
emitting th rough  a 244 m s tack   i s   ava i lab le ,  nor i s  regional zone of  impact 
modelling f o r   t h i s  reduced stack height. Hence the predictions from ERT’s 
modelling  of the local zone of  impact have t o  be considered on t h e i r  own 
merits. In the  following  sections,  the same general  format i s  followed  as 
before,  with  assessments o f  impact  being  presented on natural  veg’ztation 
and agriculture  within  both the local zone of impact, and the  regional zone 
of  impact. 

( a )  Local Impact Assessment 

( i )  Basis fo r  Assessment 

ERT PEAK programme d a t a  again  provided  the  basis  for  preparing peak concentra- 
tion and  frequency  distributions  for  1-hour,  3-hour and  24-hour averaging 
times. The 1-hour predictions  are  presented i n  Figures F6-17 t o  1-6-19, the 
3-hour  in  Figures F6-20 t o  F6-22 and the 24-hour i n  Figures F6-23 t o  F6-25. 
In the case of the I-hour peak d is t r ibu t ions ,  comparison  of  Figures F6-17 
and  F6-18  shows that   the  peak distribution  within the growing season i s  
v i r tua l ly  unchanged  from t h a t  predicted  for  the  entire  year.  

Comparison between the 366 m and 244 m stack  heights  both  operating under 
MCS (eg.  Figures F6-8 and F6-17) i l l u s t r a t e s   c l e a r l y  the greater   extent  of 
the impingement of peak SO2 concentrations  greater than 450 pg/m as  a con- 
sequence of the  shorter  stack he ight .  Furthermore,  the  pattern o f  the   total  
numbers of  excursions above 450 pg/m3 i s  markedly d i f f e ren t  in parts of the 
local zone of impact. Thus comparison  of  Figures F6-10 and  F6-19 shows t h a t  the 
lower  stack  height  results i n  a large  increase i n  the numbers of s.uch 
excursions SE, S, N and  NE of the  s tack,  such that  the  frequency of impingements 
on Cornwall Peak, fo r  example, become overshadowed by those  occurring a t  
lower elevations of the Hat Creek Valley,  imnediately  to the south  of the  stack. 
Par t icular ly  marked i s  the more than  ten-fold  increase i n  the  frequency of 
ground-level  fumigations  predicted t o  occur due n o r t h  of  the stack and in 

3 
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Level "A" 
Level "8" 

* Figure F6-17 

PREDICTED  ANNUAL MAXIMUM 
1 - HOUR SO2 CONCENTRATIONS (yg/n13 1 

244 m STACK WITH MCS 
t L  



Figure F6-18 
PREDICTED  SEASONAL  MAXIMUM 

1- HOUR SO2 CONCENTRATIONS (yg/rns) 
244m STACK WITH MCS 
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Figure F6-19 
ff PREDICTED  SEASONAL TOTALS 

r- 244m STACK WITH MCS 
OF 1-HOUR SO2 CONCENTRATIONS > 450 yg/m3 
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Figure F6-20 

PREDICTED  ANNUAL  MAXIMUM 
3- HOUR SO2 CONCENTRATIONS (yg/m3) 

3 6 6 m  STACK WITH MCS 
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Figure F6-21 

PREDICTED  SEASONAL  MAXIMUM 
3-HOUR SO2 CONCENTRATIONS (yg/m13) 

244m STACK  WITH  MCS 
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Figure F6-22 

PREDICTED  SEASONAL  TOTALS 
OF 3 - H O U R  SO2 CONCENTRATIONS > 300 yg/m3 

2 4 4 m  STACK WITH MCS 
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t h e   A r r o w s t o n e   H i l l s   t o   t h e   n o r t h - e a s t .  

Comparisons  between the  3-hour  (e.g.  Figures F6-12  and  F6-21)  and  24-hour 

(e.g.  Figures F6-15  and  F6-24)  peak d i s t r i b u t i o n s   s i m i l a r l y   r e v e a l   t h e  

grea ter   ex ten t   o f   g round- leve l   fumigat ions   f rom  the  244 m stack. 

I n   g e n e r a l   t h e   d i s t r i b u t i o n s   o f  average  concentrations  resembled  those 

found  by   inspec t ion   o f   the  PEAK programme fo r   the   uncont ro l led   emiss ions ,  
described i n  S e c t i o n   F 5 . 1   ( a ) ( i i i ) A .   T h i s   i s   i l l u s t r a t e d   w i t h   r e g a r d   t o  

average maxima by t h e   c l o s e   s i m i l a r i t i e s  between Figures F6-17  and  F6-18 
f o r  1-hour maxima, and F igure  F6-20  and  F6-21 f o r  3-hour maxima. However, 

the  24-hour  average  concentrat ions  to  the  west and no r th   o f   t he   s tack   revea led  

i n   F i g u r e  F6-23 are  absent   f rom  F igure F6-24 i n d i c a t i n g   t h a t   o n l y   t h o s e   t o  

the  south and east   occurred  dur ing  the  growing season. 

Since  the number o f   r e c e p t o r   s i t e s  exposed t o   s i g n i f i c a n t   I - h o u r ,  3-hour . and  24-hour  average  concentrations o f  502 and NO2 i s  appreciably  increased 
over  the 366 m stack/MCS s i tua t ion ,   the   methodo logy   used  fo r   repor t ing  

the 244 m stack/MCS  assessment  has  been s i m p l i f i e d   t o  reduce  the  bulk o f   t h e  

data. Thus the  comparisons o f   d a t a   f r o m   t h e  two  models f o r  thosm? s i t e s  

which were  assessed f o r   t h e  366 m stack/MCS s i t u a t i o n   r e v e a l s   t h a t   t h e  
cummulative  doses f o r   t h e  244 m s tack   a re   re la ted   to   those  f rom  the  366 m 
s tack   by   fac to rs   rang ing   f rod  0.9 t o  2.8, as shown 
more t h e   c u m u l a t i v e  dose. i n j u r y   c u r v e s   ( F i g  F5-2) 

o f   i n j u r y   a r e   e s s e n t i a l l y   l i n e a r  and a l l  i n t e r c e p t  
approximately -5% i n j u r y .  Hence each  curve  can  be 
equation: 

i n  Table F6-4,3. Fur ther -  
used f o r   t h e  ,assessments 

t h e   o r d i n a t e   , l x i s   a t  
described by <dn 

I = k.d-5, (3)  

Where I i s   p e r c e n t   i n j u r y ,  k i s  a c o n s t a n t   f o r  a pa r t i cu la r   spec ies ,  and 
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TABLE F6-49 

MULTIPLIER  FACTORS FOR CUMULATIVE  DOSES FROM 244M/MCS  EMISSICNS BY 
COMPUTATION FROM 366 M/MCS DATA, FOR CERTAIR RECEPTOR SECTORS 

Receptor  Section  Factor  Reference  Table 

8 
13 
14 
15 
16 
20 
21 
22 

2.0 
1.1 
1.1 
1.1 
1.4 
1.3 
1.2 
1.2 

F6 - 19 
F6 - 20 
F5 - 21 
F5 - 22 
F 5  - 23 
F6 - 24 
F6 - 25 
F6 - 26 

23 1.1 Flj - 27 
28 
29 
30 
35 
36 
37 

44 
43 

45 
51 
52 
53 
54 

63 
116 
123 

125 
124 

1.6 

0.9 
1.5 

2.2 
1.6 
1.5 
1.2 
1.9 
2.0 
1.9 
1.3 
1.3 
1.2 
0.9 
2.2 
2.8 
1.6 
1.6 

F 6  - 29 
F6 - 30 
F6 - 31 
F6 - 32 
Ffi - 33 
F6 - 34 
F6 - 35 
F b  - 36 
FE. - 37 
FE - 3% 
F6 - 39 
F6 - 40 
F6 - 41 
F6 - 42 
F6 - 43 
F6 - 44 
F6 - 45 
F6 - 46 

K 

F6-74 

t 



d i s  cummulative  dose.  Equat.ion ( 3 )  can be rear ranged  to  

I + 5 = k d  

- The r e l a t i o n s h i p  between l e v e l s   o f  i n ju ry  caused  by d i f f e r e n t  doses i s  
.I therefore  g iven  by 

#4 - I1 + 5 = kdl 

1 1 1  I2  + 5 = kd2 I + 5 = d 2  

, o r  - - ( 4 )  
I1 + 5 = dl 

2 
I 

which i s  independent o f  species. Hence from a knowledge o f   t h e   m t i o  

between two doses  and  the i n j u r y  caused  by one, i t  i s  p o s s i b l e   t o  use 

Equa t ion   (4 )   t o   ca l cu la te   t he   i n ju ry   caused   by   t he   o the r .  

A sample o f  such  computed in jury  l e v e l s   i s   p r e s e n t e d   i n   T a b l e  F6-ti0 f o r  

a range o f   i n j u r y   l e v e l s   ( s u c h   a s   t h o s e   e x p e c t e d   f r o m   f u m i g a t i o n s   o f  
various  species  from 366 m stack  emissions)  and  several  dose r a t i o s  

cover ing  the  range  o f   those i n  Table F6-49, comparing  the 366 and  244 m 
s tack   s i tua t ions .  

Whi le   the  use  o f   the  factors   o f   Table F6-49 together  wi th  t h e   i n j u r y  assess- 

ment  of  Tables  F6-19 t o  F6-46 can  thus  provide  assessments o f   t h e  in ju ry  
expected  from  the  244 m stack/MCS s i tua t i on ,   such  assessments a r e   l i m i t e d  
to  those  species a t   o r  above t h e   i n j u r y   t h r e s h o l d   i n   T a b l e s  F6-19 t o  

F6-46. For   spec ies   be low  the   in ju ry   th resho ld   fo r   the  doses  experienced 
i n   t h e  366 m s tack   s i t ua t i on ,  it0 i n j u r y  can be computed f o r   t h e  244 m stack 

emiss ions,   even  though  the  dose  ra t ios  for   spec i f ic   sectors  may r e s u l t   i n  
cummulative  doses  which  would  be s u f f i c i e n t   t o  cause i n j u r y   t o  suc:h species. 

However, no assessments  have  been attempted i n  such  cases, i n   o r d e r   t o  
reduce   t he   t abu la t i on   o f   impac t   da ta   t o  manageable propor t ions.  Clne can 

nevertheless  obtain an idea  o f   the   magn i tudes   o f  such i n j u r y ,   b y   a a l o g y  

" 
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1 

i 

TABLE F6-50 

COMPARISON OF INJURY LEVELS  CALCULATED FOR 244 M STACK/MCS FROM 
366 M STACK/MCS  DATA, BASED ON SELECTED DOSE RATIOS FROM  TABLE 

F6-49, AN0 EQUATION ( 4 )  
m 

.- 

I 

L 1% (366 m s tack)  

( a r b i t r a r y   v a l u e s )  

I %  (244 m s tack)  

(ca lcu la ted   va lues)  Dose Ra t io  

0.9 0 i .e .  (?)*  
1 

10 
5 

0 i .e .  (+)* 

4.0 
0.4 

8.5 

1.0 0 i.e. (t) 

5 
1 

0 i . e .  (t) 
1.0 
5.0 

10.0 10 

1.1 0 i .e .  (t) 

5 
1 

0.5 

6.0 
1.6 . 10 11.5 

I 

1 

1.2 0 i . e .  (t) 
1 
5 

10 

2.2 
1.0 

13.0 
7.0 

" 

1.5 0 i.e. (t) 2.5 
4.0  

10.0 
10 17.5 

1 
5 

. " 

2.0 0 i .e.  ( * )  
1 

5.0 
7.0 

5 
10 

15.0 
25.0 

~ ~~ 

." - 
2.8 0 i.e. (t) 9.0 

12.0 
23.0 
37.0 

1 
5 

10 
.~ 

* (*)  I n d i c a t e s   t h r e s h o l d   f o r   i n j u r y ;  (+) Ind i ca tes   poss ib le   t h resho ld  
e f f e c t  .as used in  assessment tab les .  
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w i t h  the  injury  levels  expected  to be revealed  in  sectors  other .than those 
covered by Tables F6-19 t o  F6-46. These sectors  include 6 ,  7 ,  24, 27, 38, 
46, 55, 70,  93, 94, 126 and 127, and specific  assessments for these  sectors 
are  presented i n  Tables F6-51 t o  F6-64. Additional  sectors i n  which measurable 
negative  impact i s  l i ke ly  from the 244 m stack emissions are 2, :I, 4 ,  5, '12 ,  
19, 31, 32, 50, 56,  60,  64,  69, 72, 85,  107,  115, 117 and 122. tlowever, no 
specific  assessments  are  presented for these   s i t e s ,  a l t h o u g h  in  senera1  they 
a r e  somewhat less t h a n  those i n  Tables F6-51 t o  F6-64, which in turn cover  the 
same general range of impacts a s  those w h i c h  can be  computed by t.he methodology 
described above  from the 366 m stack/MCS assessments. 

W i t h  regard  to  agricultural  impact,  Table F6-65 summarizes the  pr5sent and 
potential   agricultural   lands i n  receptor  sectors which are  predicted t o  
receive  elevated levels of S02/N02. Fourteen of the 35 sec tors   l i s ted  include 
current  agricultural   land. An additional 6 sectors may include cllrrent 
agricultural   lands b u t  are  located beyond the limits of  the detailed  vegeta- 
t i ona l  mapping information  ava.ilable. The assessemnts  of  impact o n  agricul- 
tural  crops  are  presented i n  Table F6-66 f o r  those sectors  i n  w h i c h  injury 
i s  expected t o  occur. Thus  no specif ic   data   are   presented  for   sectors  19, 24, 
31,  32, 38, 50,  54,  54, 55, 56,  63,  64, 70, 72, 117, 127 and  128 w i t h i n  which 
the impact, i f  any,  of  emissions will probably  take the form o f  ma.rgina1 
growth stimulation. 

( i i )  Impact on Natural  Vegetation 

The estimates o f  injury  presented i n  Tables F6-51 and F6-64 and those derived 
from the  factors  i n  Tables F6-49 and F6-50 clear ly   indicate  the gr3ater 
impact on the emissions from the 244 m/MCS system when compared w i t h  those 
from the t a l l e r   s t ack .  T h u s ,  some negative  impact  will be f e l t  wit,lin sectors 
2-8, 12-16,  2-024,  27-32,  35-38, 43-46. 51, 55, 70, 85,  86,  93, 94 ,  107,  115, 
116, and 122-128. The magnitude for the injury t o  some species in some sectors 

E 

" 
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m 
I TABLE F6- 51 

POTENTIAL  IMPACT OF SQ AND NO : EMISSIONS 
UPON VEGETATION  WITHIN RECEPTO6 SECTOR 6 

BASED ON THE 244 METRE STACK,  MCS AIR QUALITY MODEL 

A)  Number of Predicted  Excursions  and  April - October Maxima 

:m 
Y 

I 

I 

I 
I 

r 

Q 

hu 

L 

L' 

I 

t 

Maximum Expected  Concentration 
Standard No. of Excursions 

1-hr.>450 ag/m3 95 599 
3-hr. >300 ug/m" 3 319 
24-hr:>160'ug/m3 

8) Assessment of  Potential   Injury t o  Signif icant   Species  

W i t h i n  Sec tor  
Total Cover Percent  Injtlry 

- Seecies ( k m z )  
Pima engelrnannii 0.7 
Pinus contorta 6.1 
Pinus ponderosa 0.2 
Pseudotsuga menziesii  
Populus tremuloides 

3.9 

Amelanchier a l n i f o l i a  
0.2 
0.3 

Arctostaphylos  uva-ursi 2.1 
Juniperus c o r r m i s  1.6 
Juniperus scopulorum 0. a 
S a l k  s p p .  0.6 
Vaccinium scopariwn 2.5 
Agr*opyron spicatwn 1.0 
Calamagrostis  rubescens 10.7 
cur= s p p .  
Hordeum jubatwn 

0.4 
0.1 

Poa pratensis 
Achillea  millefolium 

0.3 

Antennaria spp.  
0.5 
0.1 

Fragario  glauca 0.9 
Lupinus lepidus 1.1 
Linnaea borealis 0.5 
AFectoria  jubata 
Alectoria  sarammtosa 

2.3 
0.5 

DrepanocZadus wcinatus 0.3 
Letharia v u l p i m  3.3 
Pieuroziwn  schreberi 1 . 4  

(+) Possible  beneficial   effect  o f  S@ on growth 
( e )  Indicates  threshold  for  injury 
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TABLE F6- 52 

POTENTIAL  IMPACT OF So:, AND N b  EMISSIONS 

i 

I 

m 

c 
I 

I " 
i 

I 
I 

c 

Y 

I 

L 

c 

" ~ . . ~  

UPON VEGETATION WITHIN-RECEPTO~ SECTOR 7 
BASED ON THE 244 METRE STACK, MCS A I R  QUALITY MODEL 

A )  Number o f   P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion.  
Standard No. o f  Excursions 

1-hr.>450 p3/m3 53  596 

3-hr.>300 p9/m3 

24-hr.>160 ,ug/rn3 

B)  Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Picea  engetmanki 
Pinus  contorta 
Pseudotsuga menziesii  
Amelanchier a ln i fo l ia  
Arctostaphylos uva-ursi 
Juniperus c o m i s  
S a l k  s p p .  
Shepherdia  canadensis 

Agropyron spicatwn 
Vaccinim scoparium 

CaZmnagrostis  rubescens 

Hordewn jubatwn 
Carex spp. 

Achillea  millefoliwn 
Poa pratensis 

Lupinus lepidus 
Fragaria  glauca 

Linnaea borealis 
Taraxacum of f ic inale  
AZectoria  jubata 
Drepanocladus uncinatus 
Letharia ~ u l p i n a  
Pleurozium  schreberi 

1.9 
2.5 
2.0 
0.2 
0.9 
0.5 
0.2 
0.7 
1.9 
0.4 
5.3 

1.0 
0.2 

0.5 
0.3 
0.6 
0.6 
0.6 
0.2 
1.3 
0.2 
2.0 
1.3 

W i t h i n  Sector  
T o t a l  Cover P e r c e n t   I n j u r y  

Species ( km2 ) 
Abies  lasiocama 0.1 O ( + )  

O(+) 
0 (+ I  
O(+) 

O(+) 
O(+) 

O[+) 
4 
? 
? 
? 
? 
? 

. .  

a,+, 
O(+) 
? 
? 
? 

0 
0 
? 
0 

O(+) 

(t) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO2 on growth 
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TABLE F6-53 

TIAL IMPACT OF SO, AND NO, EM ISSIONS 
UPON VEGETATION WITHIN-RECEPTOR SECTOR 24 

BASED ON THE 244 METRE STACK, MCS A I R  QUALITY MODEL 

A) Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion- 
. .  Standard No. of Excurs ions 

1-hr.>450 v g / d  25 
3-hr.,30D ug/n? 

24-hr.?160 p g / d  

804 

6)  Assessment o f   P o t e n t i a l   I n j u r y  t o  S i g n i f i c a n t   S p e c i e s  

W i t h i n  Sector  
T o t a l  Cover P e r c e n t   I n j u r y  

Species ( km2) 

Picea  engelmmrnii 10.6 O(+) 
Pinus atbicaul is  0.1 
Pinus  contorta 3.1 

i Abies  lasiocarpa 0.9 O(+) 

Pinus  ponderosa 0 
Pseudotsuga menziesii  1.7 
Amelanchier a l n i f o l i a  0.1 
Arctostaphylos  uva-ursi 1.8 
JuniDerUS commmis 0.5 
S a l k  spp. 
sal72 caseadensis 
S a l k   n i v a l i s  
Shepherdia  canadensis 
vacciniwn  scopariwn 
Agropyron spicatwn 
Calamagrostis  rubescens 
Carex spp. 
Poa pratensis 

Achillea m i l l e f o l i m  
Trisetum spicatwn 

Antennaria 
Equisetum  arvense 
Equisetum scirpoides 
Fragaria g lauca 
Lupinus lepidus 

0.1 
1.2 
1.4 
1.0 

0.2 
3.8 
0.8 
0.1 
0.2 
0.3 
0.1 
0.3 
0.4 
1.9 
1.9 

a. 3 



I 

& 

TABLE F6-53 (Continued) 

Linnaea borealis 2.9 
Alectoria  jubata 3.1 
Alectoria  saramnt0Sa 1.0 
Drepmocladus  uncinatus 1.1 
Letharia  vulpina 1.6 
Pleuroziwn schreberi 5.1 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO, on growth 

c 
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TABLE F6-54 

UPON VEGETATION  WITHIN RECEPTOR SECTOR 27 
BASED ON THE 244 METRE STACK, MCS AIR QUALITY MODEL 

POTENTIAL  IMPACT OF SO2 AND N02, EMISSIONS 

A )  Number o f  Predicted  Excursions and April - October Maxima 

Maximum Expected  Concentration 
Standard No. o f  Excursions 

1-hr.,450 pg/nS' 25 1344 
3-hr.>300 v g / d  4 484 
24-hr.sl60 ~ g / d  

6 )  Assessment o f  Potential   Injury  to  Significant  Species 
Total Cover 

Within Sector Percent In jury  
Species ( kmz) 

4 
Picea  engetmannii 

Pseudotsuga menziesii 
Pinus contorta 

AmeZmchier azn i fo l ia  
Arctostaphylos  uva-ursi 
Juniperus corrununis 
saziz spp. 
Shepherdia  canadensis 

Agropyron s p i c a t m  
Vaccinim  scoparim 

Calmagrostis  rubescens 

Fragaria gkuca  
Lupinus lepidus 
Linnaea  boreaZis 
Atectoria  jubata 
DrepanocZadus uncinatus 
Letharia vulpina 
Pteurozium schreberi 

. AchiZZea miZZefoZiwn 

0.8 
3.4 
2.5 
0.2 
1.1 

0.2 
0.7 

0.9 
1.5 
0.2 
7.2 
0.2 
0.5 
0.6 
0.4 
1.4 
0.2 
2.1 
1.0 

(+) Possible  beneficial   effect   of SO2 on growth 
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TABLE F6-55 

POTENTIAL  IMPACT OF SO2 AND NO;! EMISSIONS 
UPON VEGETATION  WITHIN RECEPTOR SECTOR 38 

BASED ON THE 244 METRE STACK, MCS AIR QUALITY MODEL 

A )  Number of Predicted Excursions and April - October Maxima 

Maximum Expected Concentration 
Standard No. of Excursions Average Case Worst Case 

1-hr.>450 pg/m3 37 632 
3-hr.>300 vg/m3 
24-hr.>160 vg/m3 

E 

c 

a- 

B)  Assessment of Potential  Injury t o  Significant  Species 

Species 
Abies  lasiocarpa 

Pinus  contorta 
Picea  engelmannii 

Pinus ponderosa 
Pseudotsuga menziesii  

Amelanchier a l n i f o l i a  
Populus tremuloides 

Arctostaphylos urn-ursi 
Juniperus commvlis 
Juniperus scopuZom 
S a l i x  s p p .  
Shepherdia cmadensis 

A g P O p y r a  spicatwn 
Vaccinim scoparim 

Calamagrostis  rubescens 

Equisetwn arvense 
Antennaria  roseus 

Fragaria  glauca 
Linnasa borealis 
Alectoria  jubata 
Drepanocladus wcinatus  
Letharia vulpina 
Pleurozim  schreberi 

W i t h i n  Sector 
Total Cover 

(km ) 
0.5 
3.6 
0.8 
0.6 
5.4 
0.2 
0.7 
1.6 
0.7 

0.2 
1.5 

0.1 
2.0 

4.3 
3.0 

0.3 
0.2 
0.6 
1.4 
1.1 
0.3 

2.4 
2. a 

(t) Possible  beneficial   effect   of SO, on growth 

" 

1- 

F6-83 



TABLE F6-56 

POTENTIAL  IMPACT OF SO2 AND NO2 EMISSIONS 
UPON VEGETATION  WITHIN RECEPTOR SECTOR 46 

BASED ON THE 244 METRE STACK, MCS AIR  QUALITY MODEL 

A )  Number of Predicted  Excursions and April - October Maxima 

Maximum Expected Concentration 
Standard NO. o f  Excursions Average Case  Clorst Case 

1-hr.>450 p3/m3 48 599 
3-hr.>300 p.g/m3 

24-hr.>160 vg/m3 

i 

u 

B) Assessment of Potential  Injury t o  Significant  Species 
Total Cover 

Within Sector Percent  Injury 
Species ( km2) 
Abies  lasiocarpa 0.8 
Picea  engehannii 5.1 
Pinus contorta 1.1 
Pinus  ponderosa 0.4 
Pseudotsuga menziesii  4.0 
A m e l a c h i e r   a h i f o l i a  0.3 
Arctostaphylos  uua-ursi 1.7 
Artemisia frigida 0.1 
Junipems conommis 0.2 
Juniperus scopulorwn 0.2 
Rosa  gymnocarpa 
S a l k  spp .  

0.5 
0.3 

Shepherdia  canadensis 1.0 
Vacciniwn scopariwn 2.8 
Agropyron spicatwn 2 . 2  
Calamagrostis  rubescens 7.6 
Achillea  millefolium 0.5 
Antennaria  roseus 0.1 
Equisetum  arvense 0.2 
Fragaria glcruca 0.8 
Lupinus  lepidus 0.3 

Alectoria  jubata 
Linnaea borealis 

1.6  
1.9 

Drepanocladus uncinatus 0.4 
Letharia v u l p i n a  3.7 
PZeuroziwn schreberi 3.4  

(+)  Possible  beneficial  effects  of SOl, on growth. 

6' 

c 
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TABLE F6-57 

POTENTIAL  IMPACT OF S q  AN0 NQ EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 55 

BASED ON THE 244 METRE  STACK, MCS. A I R  QUALITY MODEL 

A) Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 

. . Standard " . No. of Excursions  Average Case  Worst Case 

1-hr.>450 pg/m3 25 843 
3-hr.>300 pg/m3 

24-hr.>160 ug/m3 

' 
a 

L 

tu -  

m- 

m- 

II- 

a- 

E)  Assessment o f   P o t e n t i a l   I n j u r y  t o  S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  

(kd 1 
P e r c e n t   I n j u r y  

Abies  lasiocar,pa 
Picea EngeZmannii 
Pinus  contorta 
Pinus  ponderosa 
Pseudotsuga menziesii 

Arctostaphylos  uva-ursi 
Amelanchier a l n i f o l i a  

Artemisia  frigida 
Artemesia  tridentata 
Juniperus conomcnis 
Juniperus scopuLonrm 
S a l k  s p p .  

Agropyron spicatum 
Vaccinim scopmium 

Calamagrostis  mbescens 
Poa pratensis 
Achillea miZZefoZium 
Antennaria  roseus 
Balsamorhiza sagi t te ta  
Equisetum  arvense 
Fragaria  glauca 
Linnaea  boreaZis 

A Zectoria  jubata 
Taraxacum o f f i e ina le  

Letharia vuZpina 
Drepanocladus uncinatus 

Pleurozium  schreberi 

3.1 
0.3 

0.9 
0.8 

0.2 
1.8 

0.3 

0.2 
0.2 

0.2 
0.4 
0.2 ~~ 

1.9 

2.1 
3.6 

1.9 
0.7 
0.4 
0.6 
0.3 
0.7 
1.3 
0.4 
0.9 
0.3 

2.2 
1.2 

O(+)  

0 
0 

0 
? 
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TABLE F6-5s 

POTENTIAL  IMPACT OF SO, AN0 NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 70 

BASED ON THE 244 METRE STACK,  MCS AIR QUALITY MODEL 

A )  Number of Predicted Excursions and  April - October Maxima 

Maximum Expected  Concentration. 
"__ Standard No. of Excursions  Average  Case Worst Case 

1-hr:>450 vg/m3' 46 565 
3-hr.>300 .ug/m3 
24-hr.>160 ug/m3 

i 

-. 
I 

I 

s . 
= 

c 

c 

c 

B )  Assessment of Potent ia l   Injury t o  Significant  Species 
Total Cover 

W i t h i n  Sector Percent  Injury 

" S E i  ___ e s  (km") 
Picea  engelmannii 1.7 O ( + )  
Pinus contorta 0.8 O ( + )  
Pinus ponderosa 0.5 O(+) 
Pseudotsuga menziesii  8.0 O ( + )  
Amelanchier a l n i f o l i a  0.8 O(+) 
Arctostaphylos  uva-ursi 2.6 0 ( + I  
Juniperus camnunis 0.2 O(+) 
Rosa  gymnocarpa 0.8 ? 
Sal& s p p .  0.4 1 
Shepherdia  canadensis 0.8 ? 
Agropyron spicatwn 2.1 ? 
Calamagrostis  rubescens 11 .2  ? 
Poa pratensis  0.2 O(+) 
Achillea  millefolium 0.5 O(+) 
A l l i u m  cernum 0.7 ? 
Antennaria  roseus 0.2 O(+) 
Balsomorhiza sagi t ta ta  0.6 ? 
Fragaria  glauca 0.5 ? 
Lupinus  lepidus 0 ? 
Linnaea borealis 0 ? 
Azectoria  jubata 0.6 0 
Letharia u u l p i n a  6.2 ? 

(+) Possible   beneficial   effect  of  SO, on growth. 

c 

Em- F6-86 



TABLE F6-59 

POTENTIAL IMPACT OF SO2 AND NO:! EMISSIONS 

BASED ON THE 244 METRE ,STACK, MCS A I R  QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 86 

A) Number o f   P red ic ted   Excu rs ions   and  Apri l  - October Maxima 

Maximum Expected  Concentrat ion. 
Standard No. o f   E x c u r s i o n s  

l-hr.>  450 ug/m3 92 5 14 

3-hr.>300 ug/m3 

24-hr.>160 ug/m3 

(I 

m 

I 

Y 

" 
I 

Y 

I 

" 

E) Assessment of P o t e n t i a l   I n j u r y  t o  S i g n i f i c a n t   S p e c i e s  

Total  Cover 
Mi t h i n  Sector  P e r c e n t   I n j u r y  

Species ( k d )  
Abies lasCocarpa 
Picea  engelmannii 
Pinus  contorta 

Pseudotsuga rnenziesii 
Pinus ponderosa 

Amelachier   alni fol ia  
Arctostaphylos  uva-ursi 
JWZiDerUS c o m i s  

0.1 

4.4 
2.0 

5.0 
0.6 

0.6 
1.8 
1.0 

Juniperus scopulorum 0.5 
Sa l ix  app.  0.2 
Shepherdia  emadensis 1.3 
Vaccinim scoDarium 2.4 
Agropyron spicatwn 
Calamagrostis  rubescens 
Achillea  millefolium 
Antennaria  roseus 
Fragaria  glauca 
Lupinus lepidus 
Lirznaea borealis 
AZectoria  jubata 

' DreprmocZadus uncinatus 
Letharia tnc lp ina  
PZeurozium schreberi 

~. . 

2.2 
9.9 
0.3 
0.1 

0.8 
0.8 

2.0 
0.9 

0.3 
4.1 
1.8 

(t) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO2 on growth. 

(+)  I n d i c a t e s   t h r e s h o l d   f o r   i n j u r y .  

1 
O(+) 

12. 

? 
? 

? 
? 
O ( + )  
O(+) 
? 
? 

? 
0 
0 
? 
1 
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TABLE F6-60 

POTENTIAL IMPACT OF SO2 AND N@ EMISSIONS 

BASED ON THE 244 METRE STACK, 'F(cs A I R  QUALITY MODEL 
UPON VEGETATION WITHIN' RECEPTOR SECTOR 93 

A) Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. o f   E x c u r s i o n s  - 
1-hr.>450 u g / d  126 596 

3- hr . > 300 ,u g/m3 
24-hr.>160 ug/m3' 

I 

.I 

m 
L 

" . 
" 

r, 

6) Assessnent o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n  j u,ry 

Species ( km2) 
Pinus  ponderosa 0.7 1 
Pseudotsuga  menziesii 2.8 2 
Populus trichocqa 0.1 2 
Amelanchier  alnifolia 0.4 2 
Arctostaphylos  uva-ursi 0.4 a(+) 
Artemisia  tridentata 2.8 O ( + )  
Chrysothanmus  nauseosus 0.8 ? 
Juniperus c o m i s  0.2 O(+) 
Jwziperus s c o p u l o m  0.8 O(+) 
S a l k  s p p .  0.2 25 
Agropyron  spicatwn ' 5 . 5  ? 
Antennaria  roseus 0.2 O(+) 
Balscmorhiza  sagittata 0.8 ? 
Equisetum  arvense 0.2 O ( + )  
Letharia mlpinn 0.7 ? 

(t) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SQ on growth. 

1- 
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L. 

I 

li 

II 

L 

L 

i 

c 

TABLE F6-61 

POTENTIAL IMPACT OF SO:, AND NO EMISSIONS 
UPON VEGETATION WITHIN RECEPTOk SECTOR 94 

BASED ON THE 244 METRE STACK, 'MCS A I R  QUALITY MODEL 

A) Number o f  Pred ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion 
- Standard No. o f  Excurs ions 

l -h r . i 450  vg/m3 131 565 

3-hr.>300 ug/m3 
24-hr.>160 ,pg/m3 4 251 

B )  Assessment o f  P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

W i t h i n  Sec tor  
T o t a l  Cover P e r c e n t   I n j u r y  Total   Cover 

Wi th in   Sec to r  P e r c e n t   I n j u r y  
Species (kd 1 
Picea  enqelmnnii  1.4 1 

1 
1 

1 
1 
1 

Pinus  contorta 3.1 
Pinus  ponderosa 0.8 
Pseudotsuga menziesi i  2.0 

AmeZmchier a l n i f o l i a  
Popu lus t r i c h o c q a  0.1 

0.3 
Arctostaphylos  uva-ursi 0.7 
Artemisia  frigida 0.1 
Artemisia  tridentata 1.6 

Juniperus cormnunis 
Chrysothmus nazlseosus 

0.7 
0.6 

Juniperus scopulorwn 0.4 
Sal ix  spp .  0 . 3  
Shepherdia  canadensis 0.8 
Vacciniwn  scopariwn 1.9 
Agropyron spicatwn 4 . 8  
Calmagrostis  rubescens 4.4  
Achillea  millefolium 0.3 
Antennaria roseus 0.2 
Balsmorhiza  sagittata 0.6 
Equisetum  arvense 0.3 
Fragaria gZauca 0.5 
Lupinus lepidus 0.6 
Linnaea borealis 0.7 
AZectoria jubata 1 . 4  
Drepanocladus uncinatus 0.2 
Letharia  vulpina 1.6 
Pleuroziwn  schreberi 1.5 
(+) P o s s i b l e   b e n e f i c i a l   e f f e c t  o f  502 on growth. 
(+) I n d i c a t e s   t h r e s h o l d   f o r - i n j y r y .  
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TABLE F6-'62 

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 

BASED ON THE 244 METRE STACK, "25 AIR QUALITY MODEL 
UPON VEGETATION WITHIN RECEPTOR SECTOR 126 

A)  Number o f   P red ic ted   Excu rs ions   and   Ap r i l  - October Maxima 

Maximum Expected  Concentrat ion 

Standard No. o f   E x c u r s i o n s  

r 
m 

" 
L 

r 
'U 

r 
L 

c 

I-hr.>150 vg/m3 
3-hr.>300 ug/m3, 
24-hr . i I60  ug/m3 

56 632 

8)  Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Picea  engelmannii 1.3 
Pinus contorta 5.5 
Pinus  ponderosa 0.3 
Pseudotsuga menziesii  3.9 
Amelrmchier a l n i f o l i a  0.4 
Artostaphylos  uva-ursi 1.9 
Artemisia  frigida 0.1 
Junioerus comnunis 1.3 

Total   Cover . 
W i t h i n   S e c t o r  P e r c e n t   I n j u r y  

O(+) 
O(+) 
O(+) 
O(+) 
O(+) 

O(+) 
O(+) 

O(+l 
O(+) 

Species ( km3) 

Jmiperus scopzonun 
S a l 2  spp .  
Sheoherdia canadensis 

Agropyron spicatwn 
Vaccinium sc~pariwn 

Calamagrostis  rubescens 
Hordeum jubatum 
Poa pratensis 
Achillea  millefoliwn 
Antennaria  roseus 

Lupinus lepidus 
Fmgaria  glauca 

Linnaea borealis 

Alectoria  jubata 
T a r a x a m  offieinate 

Alectoria  sarmentosa 
Drepmockzdus unc imtus  
Letharia V U l p i n U  
Pleuroziwn  schreberi 

0.5 
0.1 
1.5 
2 . 6  
1.9 
9.2 
0.1 
0.1 
0.3 
0.1 
0.8 
1.0 
0.7 
0.1 
2.2 
0.5 
0.3 

1.7 
3.0 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t  of SO2 on growth 

F6-90 
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? 

? 
? 

? 
? 
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. .  

O(+) 
O(+)  
? 
? 
? 

0 

0 
? 

? 
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TABLE F6-63 

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 127 

BASED ON THE 244 METRE STACK, 'MCS A I R  QUALITY MODEL 

I- 
,.- 

c? 

I 

A )  Number o f   P red ic ted   Excu rs ions   and  Apri l  - October Maxima 

Maximum Expected  Concentrat ion 
Standard No. o f   E x c u r s i o n s  

1-hr.7450 ug/rn3 32 543 

3-hr.2300 pg/m3 

24-hr.>160 ug/m3 

B) Assessment o f   P o t e n t i a l  Injury t o  S i g n i f i c a n t   S p e c i e s  

Abies  lasiocarpa 

Pinus  contorta 
Picea  engetmcmnii 

Pseudotsuga. menziesii  
Pinus  ponderosa 

Ametanchier a l n i f o l i u  
Arctostaphylos  uva-ursi 
Artemisia  tridentata 
Juniperus commolis 
Juniperus scopulonun 
Salix spp .  
Shepherdia  canadensis 

Agropyron spicatwn 
Vacciniwn scoparim 

Calamagrostis raubescens 
Hordeum jubatwn 
Poa pratensis 
AchilZea  milZefoliwn 
Antennaria roseus 
Fmgaria gZauca 
Lupinus  Zepidus 

Phyltodoce  empetriformis 
Linnaea borealis 

AZectoria  jubata 
Alec tor ia   sarmatosa  
Drepmocladus mcinatus  

Pleuroziwn  schreberi 
Letharia vulpina 

0.3 

6.7 
0.8 

4.5 
0.4 

0.5 
1.7 
0.5 

0.5 
1.6 

0.2 
1.7 
2.9 
2.3 

11.1 
0.1 
0.2 
0.2 
0.1 
0.9 
1.3 
0.6 
0.5 
2.6 
0.6 
0.3 
3.6 
1.6 

1 
? 

? 
? 

? 
? 
O(+)  
O(+) 
O(+) 
? 
? 
? 
? 
0 
? 
0 
? 
0 

(+) P o s s i b l e   b e n e f i c i a l   e f f e c t   o f  SO2 on growth. 
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TABLE F6-64 

POTENTIAL IMPACT OF SO2 AND NO2 EMISSIONS 
UPON VEGETATION WITHIN RECEPTOR SECTOR 128 

BASED ON THE 244 METRE STACK, MCS A I R  QUALITY MODEL 

A )  Number o f   P r e d i c t e d   E x c u r s i o n s   a n d   A p r i l  - October Maxima 

Maximum Expected  Concentrat ion.  

Standard No. o f   E x c u r s i o n s  

1-hr.>450 pg/m3 27 633 

3-hr. >300 pg/m3 

24-hr .y l60 .pg/m3 

c, . 

c 

m- 

B) Assessment o f   P o t e n t i a l   I n j u r y   t o   S i g n i f i c a n t   S p e c i e s  

Total   Cover 
Wi th in   Sec to r  P e r c e n t   I n j u r y  

Species ( km2) 
Abies  lasiocarpa 
Picea  engelmannii 
Pinus  contorta 
Pinus ponderosa 
pseudotsuga  menziesii 
Amelanchier a ln i fo l ia  
Arctostaphylos  uva-ursi 
Artemisia  frigida 
Artemisia  tridentata 
Juniperus commtnis 
Juniperus scopu~OnUn 
S a t 2  s p p .  
S a l 2  cascadensis 
Shepherdia  canadensis 

Agropyron spicatum 
Vaccinium scopar-iwn 

CaZamagrostis rubescens 
Hordeum jubatum 
Poa pratensis 
Achillea  millefoliwn 
Antennmia roseus 
Balsamorhiza sagi t tata 
Equisetwn  arvense 

Alectoria  jubata 
Linnaea borealis 

AZectoria  saramentosa 
DrepanocZadus uncinatus 

Pleurozim  schreberi 
Letharia  vulpim 

0.3 
1.0 
7.6 
0.4 
5.1 
0.6 

0.1 
1.9 

0.5 
1.9 
0.6 
0.2 
1.9 
1-9 

2 .6  
3.3 

12.6 
0.1 
0.2 
0.3 
0.1 
0.6 
0 

0.6 
3.05 
0.64 
0.3 
4.1 
1.8 



TABLE F6- 65 

E X I S T I N G  AND POTENTIAL  AGRICULTURAL  LAND  OISTRIBUTION 

IMPACTS WOULD  OCCUR  FROM EMISSIONS FROM THE, 
244 M/MCS A I R   Q U A L I T Y  MODEL (AREAS I N  KM2) 

W I T H I N  RECEPTOR  SECTORS IN WHICH SOz/NO, 

I 
I CLI A g r i c u l t u r a l  Land C a p a b i l i t y d  

p r e s e n t   P o t m t i a l  
Irriog- I r r i g y  C l a s s  Class  Class C l a s s  Class 

S i t e   t i o n   t i o n   1  2 3 4 5 

5 0.64 2.0 1.43 
6 

12 

1.16 2.7 
1.49 4.0 

2.65 0.65 

1 17 e 
~ 3.74 , .  

1. 
13 1.56 3.1 

14 0.06 0.8 
19 1.5 

3.22 
2.51 e 
0.30 
0.10 

5.22 
1.20 

. . .~ 

20 

24. 
23 

11 
12. 

4 1  
38 

44 
45 
50 
67 

m 
L 0.25 

0.03 
0.50 0.22 

2.53 0.10 

2.51 e 0.33 

0.05 
0.47 . 

c 
_ _  
53  
54 
55 

0.44 
3.51 
1.31 

2.61 
6.23 
2.08 

2.08 
~~ 

56. 
63 
64. 

85 
70 

0.75 - 
3:80 e 1 

9.25 

0.20 2.60 
1.72 

0.46 

n1a 
" l a  0.42 

0.61 
10.90 
0.20 86 ~~ 

9 1  
94 

o / a  
n/a 
nla 

0.47 

107 
116 
117 0.82 5.71 0.10 8.00 0.58 0.25 
125 

126 

127 
128 

n l a  
0.52 

" l a  

n l a  
n l a  
n l a  

2.47 

( 0.79 e 

( 1 .oo 
1.30 

0.24 
2.75 
0.76 

4.27 

0.47 

a 
d a l l  data  received frm Canadian 8 i o  Resources Consultants  Ltd. 

b from Figure 4-9.  Hfb4Creek Detai led  Environmental  Studies. 
Agr icu l ture  Repor t  

c from Figure 5-1. Hlb,Creck Oeta i led   tnv i ronmnta l   S tud ies .  

d from Figure  4-7. H y p e e k   O e t a i l e d   E o r i r o n m n t a l   S t u d i e s .  

e i n d i c a t e s   t h a t   l a n d   i s   p r o b a b l y  less su i tab le   t han   i nd i ca ted  by CLI 
class .  based on ~ I i m d t e  data,  Figure 4-7 l gpmd.   Hat  Creek O r t a l l e d  
Enr i ron ren ta l   S tud ies .   kq r i ru l t u re   Repor t  

Agr lcv l tv re   Repor t  

Aqr lcu l ture  Repor t  

* p a r t  of s e c t o r   l i e s   o u t r i d e   L o c a l  Study Area and was n o t  i n  inventory  

n l a  i n v e n t o r y   i n f o m t i o n  not a v a i l a b l e  

"C 

m- 

F6-93 



. I  I 

5 6 12 13 14 20 23 43 44 45 52 85  86 93 94 107 116 125 126 



i s  appreciable.  For example, t rees  and shrubs  such as Abies, Pseudotsugu and 

Su l i x  will unques t ionab ly   su f fe r   se r ious   dec l i ne   i n   t he   Cornwa l l   H i l l s ,  

a long  the  eastern  s lopes  of   the  Clear Range and on the  southern s.1opes o f  

t he   Pav i l i on  Range, w i th   ch ron ic   i n ju ry   appear ing  on Pseudotsuga,  Pinus 
ponderosa and SuZiz on the  southwestern  slopes o f   t h e  Arrowstone Hills. 

As i n  the  case o f  the 366 m stack  models, some species  would  probably   benef i t  

from SOz/N02 fumigat ions   in   sec tors   w i th in   wh ich   sens i t i ve   spec ies   wou ld  be 

severely  adversely  affected.  Furthermore,  ‘ in some sectors   the  e f fects ,  if any, 
o f   the   emiss ions   wou ld   p robab ly   be   marg ina l l y   benef ic ia l   to  a l l  species. 

The magnitudes  of  the  impacts  assessed i n   t h e  244 m/MCS case  are  derived 

from  assessment o f  both  acute and c h r o n i c   i n j u r y .   T h e r e   a r e   s u f f i c i e n t  

numbers o f   I -hou r   exposures   t o  SO zconcentrat ions  greater   than 1310 ug/m 

i n   f o u r t e e n   s e c t o r s  and  concentrat ions  greater  than 655 ug/m i n   t w e n t y - f o u r  
o t h e r s   t o   r e s u l t   i n   a c u t e   i n j u r y   t o   s e n s i t i v e   i n d i v i d u a l s  and species. 

Furthermore,  the  high numbers o f  I-hour  exposures t o  SO2 concentrat ions 

3 

3 

. i n   t h e  range 450 t o  655 pg/m 3occur r ing  i n  some sectors  will probably  

i n d u c e   c h r o n i c   i n j u r y   i n   s e n s i t i v e   s p e c i e s ,   i n   s p i t e  o f  t h e   f a c t   t h a t   t h e  

maximum predicted  annual  average SO 2 c o n c e n t r a t i o n   w i t h i n   t h e   l o c a l  zone 
o f  impact i s  less  than 10 ug/ma. 

(iii) Impact  on  Present  and  Potential  Agriculture 

The assessment o f  ag r i cu l tu ra l   impac t   de r i ves   f rom  the   ex ten t  and  nature 

o f  the   agr icu l tu ra l   lands ,   p resented  i n  Table F6-65 and  the  e f fects  o f  S O 2 /  
NO, emissions  preserited i n  Table F6-66. From t h e   l a t t e r ,  i t  i s  apparent 

that   impact  will be marginal i n   s e c t o r s  12, 20,  23, 52, 107 and l26. O f  
p a r t i c u l a r   n o t e   i s   t h e   g r e a t e r   i m p a c t  on a g r i c u l t u r a l   l a n d   i n   t h e   s o u t h  
end o f  the  Hat Creek v a l l e y   i t s e l f   ( s e c t o r s  5 ,  6, 13, 14  and 20) from  the 
244 m/MCS s t ra tegy  than  f rom  e i ther   s t ra tegy  employ ing a 366 m s t a c k .   I n  
a d d i t i o n ,   t h e   l o w e r   s t a c k   r e s u l t s   i n   e l e v a t e d   l e v e l s   t o   t h e   n o r t h e a s t  and 
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southeast which  would result  in in ju ry  t o  crops a t  the upper elevations of 
agricultural   land t o  the west of Ashcroft and  t o  the  east   of Cache Creek. 

I Since i t   i s  in  these  areas  that  tomatoes,  potatoes and faba beans have  been 
L l i s t e d  in the Agricultural  Report  as  Potential  crops  assessments of 

injury t o  these crop  species have been included  in  Table F6-66 for  the , 

II* 
d relevant  sectors. 
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( b )  Regional  Impact Assessment 

The ERT predict ions  for   regional   a i r   qual i ty  from the 244 m/MCS system  are 
such t h a t  t he re   i s  no  reason t o  expect   s ignif icant   injury t o  vegetation 
within  the  outer  parts of the regional zone of  impact. However, as was 
noted  in  the  case of the 366 m/MCS s i tya t ion ,   uncer ta in t ies   ex is t  around Y 

the local zone of  impact. In the present c a s e ,   t h e r e   i s   s t i l l  more reason 
for  uncertainty  because of the pat terns  of peak concentration  predicted  for 
the  local zone as one progressed  outwards a l o n g  several  axes. For example, 
inspection of Figure F6-17 c lear ly  shows t h a t  peak 1-hour SO, concentrations 
greater  t h a n  600 pg/m may occur S , SW, N W ,  NNW and SSE of the stack (beyond 
receptor   s i tes  8, 24, 56, 64 and 128 respectively)  while in the SSW direct ion 
peaks up t o  1200 pg/m may occur, beyond receptor   s i te  16. Hence, injurious 
e f fec ts  may occur beyond the  local zone of  impact  along these axes. However, 
because  of the discontinuity between the local and regional  modelling, i t  
i s  impossible  to make any def ini t ive  s ta tements  as t o  the magnitude of  such 
ef fec ts .  All t h a t  can be said i s  t h a t  f o r  the more d i s t an t   s i t e s   i n  the 
regional zone of impact, the e f f e c t s ,   i f  any,  of  the  generating  station 
emissions  are  l ikely  to be marginally  beneficial. 

3 

3 
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As po in ted   ou t   p rev ious ly   (Sec t ion  F5.2), there i s  a l a c k   o f   i n f o r m a t i o n  as 

t o   t h e   e f f e c t s   o f   s a l t   a e r o s o l s   f r o m   c o o l i n g   t o w e r   d r i f t  on p lants .  Those 
studies  which have been r e p o r t e d   i n   t h e   a v a i l a b l e   l i t e r a t u r e   a r e   < : o n f i n e d  

to   t he rma l   genera t i ng   s ta t i ons   emp loy ing   (a t   l eas t   i n   pa r t )   sa l i ne   wa te r  
f o r   c o o l i n g  purposes. Hence  a major component o f   t h e   s a l t   a e r o s o l s  

g e n e r a t e d   a r e   r e l a t i v e l y   r i c h   i n  Na and C1- ions.  The Thompson River  water 

t o  be used f o r   t h e   H a t  Creek p r o j e c t  has  an e n t i r e l y   d i f f e r e n t   c o m p o s i t i o n  . 3 

Never the less,   the  deposi t ion  ra tes  predic ted  by  the ERT models f o r   t h e  
var ious  cool ing  tower  opt ions  suggest  that   minor  adverse  ef fects  of   vegeta- 

t i o n   a r e   a l m o s t   c e r t a i n   w i t h i n   t h r e e  km o f   t he   t owers ,  and t h a t  some e f f e c t s  
may occtlr  a t   g r e a t e r   d i s t a n c e s .  However, i t  i s   n o t   p o s s i b l e   t o   o f f e r  any 
quant i ta t i ve   es t imates   o f   the   magn i tude o f  these  impacts i n   t h e  atlsence o f  
s p e c i f i c   i n f o r m a t i o n  as t o  t h e   e f f e c t s  o f  aeroso ls   o f   the   compos i t ion  

expected  from Thompson River   water  on those  species  which  occur  wi th in  the 
l o c a l i t y   o f   t h e   c o o l i n g   t o w e r s .  Indeed, it i s  poss ib le   t ha t ,  because o f  

the   con ten t   o f  Cat' and SO: ions  expected  to  be present,   aerosol   deposi t ion 
m i g h t   r e s u l t   i n   n u t r i o n a l   b e n e f i t s  t o  loca l   vegeta t ion .  

t 

3 

F i n a l l y ,  i t  should be p o i n t e d   o u t   t h a t   t h e   g e n e r a t i n g   s t a t i o n   s t a c k  and 

r. cool ing  tower plumes may i n t e r a c t .  The pr imary consequence o f  suc:h i n t e r -  

act ion  would be the  exposure o f   v e g e t a t i o n  t o  SO,/NO, mix tures in  condi t ions 
o f   h igh   humid i t y ,   i n   wh ich  case the   impac t   o f   t he  gaseous emissiorls  would 

c be enhanced  as  a r e s u l t   o f   g r e a t e r   u p t a k e .  It i s   a l s o   p o s s i b l e   t h a t  

r. appears t o  be  no i n fo rma t ion   ava i l ab le  as t o   t h e  consequences o f  5uch 

aeroso l /gas   in te rac t ions   cou ld   occur  on such  occasions. However, t he re  

i n te rac t i ons   t o   vege ta t i on .  

c 
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F8.0 CONCLUSIONS 

F8.1' EFFECTS OF GENERATING STATION EMISSIONS ON VEGETATION 

The ef fec ts  of the  generating  station  emissions on n a t u r a l  and  agricultural  
vegetation have been assessed  for each of the three  emissions  control 
options: 366 m stack  with FGD, 366 m stack  with MCS, and  244 m stack  with 
MCS. Summary conclusions  for  each  option  are  presented below, b u t  in  terms 
of  comparative  impact,  they can be ranked  in the  following order of increas- 
ing  injury t o  vegetation: 

366mIFGD < 366mIMCS < 244 m/WS 
I n  general, i t  shou ld  be observed t h a t  the primary  reason for  the  greater 
impact  of the two options  involving MCS i s  the r e s u l t  of the larger numbers 
of potentially  injurious  I-hour  concentrations  of S O J N O ,  permitted by MCS 
based upon the  projected 3-hour 655 ug/m SO2 standard. 

3 

The ERT modelling  of  the  local and regional zones of  impact i s   subjec t   to  
increasing  discontinuity  at   the  junction of the two zones (25  km from the 

- 
i stack) in the above sequence of emission  control  options, such t h a t  there 

is   greater  l ikelihood  of  injury t o  vegetation beyond the 25 km 1,imit of the 
local model in the case of the 244 m/MCS option. 

( a )  366 m StackIFGD Air  Quality Model 

This model provides the least  adverse impact on vegetation  within the Hat 
Creek region. The injury w h a h  is predicted t o  occur i s   e s s e n t i a l l y  confined 
to  the upper elevations of Cornwall Peak, with minor injury on the  Clear 
Range west of the stack. The injury  is  largely  expected t o  be chronic in 
nature,   result ing from repeated  fumigations  with SO, and  NO,. The acute 
injury  threshold of sensit ive  species may be exceeded from time t o  time. 
Injury on Cornwall Peak may be increased  as a consequence of simllltaneous 
impingement of  the  generating  station  stack and cooling tower plumes. 

No significant  injury  is   expected t o  occur t o  important  tree  species, 
although  individual  trees may  be adversely  affected on Cornwall Peak. 
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Measurable injury i s  however expected t o  shrubs such as  S u c k  and such 
injury  my  adversely  affect  the food supply  of  wildlife such as moose and  
gamebirds. No estimates o f  the impact on important  range  grasser.  are pos- 
s i b l e  i n  the  absence  of  species-specific  data 'on dose-response  for  these 
species. Some chronic  injury  to  l ichens and mosses i s   t o  be expected  in 
the  sectors  along  the  eastern  slopes of the Clear Range,and around Cornwall 
Peak subjected  to  repeated  fumigations. 

Agricultural impact (other  than  possibly on rangeland  grass  species)  is 
expected  to be of minor importance. 

I n  general,  the  negative  impacts are l i k e l y   t o   a f f e c t  few species in few 
locations. On the other  hand, there is  reason  to  believe  that in many locations,  
some benefit  may accrue t o  many species from the  uptake of S @ ,  NOzand  
additional C O , ,  a l though  th i s   e f fec t   i s  n o t  quant i f iable .  

No significant  adverse  effects on the vegetation of the  surrounding  region 
are  anticipated.  

While these  assessments  are based upon a single  year 's   operation clf the 
generating  station,  continued  operation  over  several  years might r e su l t  i n  
negative  effects on  some of the  important  tree  species  in the Cornwall Hi l l s ,  
as a consequence .of fumigations i n  the $linter months. Similarly,  cumulative 
injury  to  sensitive  shrubs would almost  certainly l e a d  t o  t h e i r  progressive 
decline, and perhaps their ultimate  disappearance. 

( b )  366 m Stack/MCS Air   Qual i ty  Model 

This o p t i o n  resu l t s  in greater  exposures  of  vegetation t o  SO2 and NO2 t h a n  
tha t   u t i l i z ing  FGD. As a consquence,  the  degree of injury  predicted t o  
occur  within  specific  receptor  sectors and the number of   receptor   s i tes  
affected  are b o t h  increased. In general, the comparison of  the t w o  366 m 
stack models indicates  greater  l ikelihood  of  injury  to  al l   vegetation  types 
from the MCS option,  with  the major area o f  impact again  being Corvwall Peak 
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and significant  injury  also  occurring on the  southern end of the Clear 
Range. There i s  a greater   r isk  of   injury t o  important  species  in  these 
locations,  much of i t  resul t ing from the increased numbers of  I-hour 
exposures t o  elevated SO, and NO, levels .  I n  contrast   to  the FGO model, 
in the case  of  the MCS strateqy a greater  proportion of in jury   i s   l ike ly  t o  
be of the acute  type, a l t h o u g h  greater  chronic  injury  will  also  occur. 

In addition t o  grea te r   spec i f ic   in jury ,  the ecological impact  of the MCS 
strategy would be greater than FGD, a s  would be the agricul tural  impact. 
In the l a t t e r  case  measurable  injury  to  forage  species i s  expected t o  
occur on the agricultural  lands  within  the  southern Hat Creek Valley on the 
slopes of the Clear Range, with minor injury  extending through Marble Canyon 
t o  the northwest and t o  the  eastern  slopes of the Cornwall Hil ls .  

Again there  appears t o  be no reason t o  expect  adverse  effects of generating 
station  emissions on vegetation beyond the  local zone within  the  regional 
zone of  impact. The possible  exception  is   in  the  directions of S and SSW of 
the stack where i t  appears   that   s ignif icant  peak SO2 concentrations might 
occur. However, for   the most p a r t  the e f f e c t s  of gaseous  emissions  within 
the regional zone of  impact would probably be beneficial   rather than injurious.  

Greater  concern s h o u l d  be noted with  regard t o  possible  interactions between 
the  stack and cooling tower plumes on Cornwall  Peak,  because  of  the greater 
emissions of SO2 and NO, than from the FGD s t ra tegy.  

As in the case ?f the FGD s t ra tegy,  continued operation of the generating 
station  over  several  years  will  result  in  cumulative  injury on the  Clear 
Range a n d  the Cornwall Hi l ls .  This i s   l i k e l y  t o  cause significant  reduction 
in t ree  growth, and the  decline and disappearance of individual  plants of 
sensi t ive shrub species. Lichen cover would probably  also be reduced.  All 
these  effects would be expected t o  result in .discernible  changes in  species 
composition and d ivers i ty .  
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( c )  244 Stack with MCS Air   Qual i ty  Model 

This  option can only be assessed  in  absolute  terms  since no other t h a n  244 m 
stack  configuration  data  are  available. However, the  potential  adverse 
impacts for  this  option  are  unquestionably  the  greatest  of the .:hree options 
under  study. The lower  stack  height would result  in  phytotoxic  ground-level 
concentrations of SO, and NO, over a much wider area t h a n  e i t h e r  of the 366 m 
stack  options, and in high  concentrations  in many o f  those  sectors  adversely 
affected by the 366 m stack emissions. There i s  good reason t o  believe  that  
some measurable  adverse e f f ec t s  would occur beyond the  l imits o f  the local 
zone of  impact,  particularly t o  the south and and west. 

The impingement of gaseous emissions would measurably injure  important  tree 
and  sh rub  species  to the southeast,  south,  southwest,  west and northwest of 
the stack. In a d d i t i o n ,  some in ju ry   t o  these species would be expected t o  
the northeast  in  the Arrowstone Hi l l s .  

The impact on agriculture would not  only adversely affect  forage  production 
within the Hat Creek Valley, b u t  would a l so  be expected t o  injurl?  potential 
crops such as  tomatoes,  potatoes and  faba beans i f  grown a t  highw  elevations 
around  Ashcroft and  Cache Creek, t o  the east and southeast. 

I n  general,  the  injury t o  vegetation which is   predicted would  be of b o t h  
acute and chronic types. Increased  acute  injury is  anticipated from the 
repeated  doses o f  elevated SO,/NO, levels  although  individual do!;es may be 

only  close t o  the acute  injury  thresholds  for  individual  species. Such 
cumulative  injury would have serious  ecological consequences  in t h a t  the 
leve ls  of injury  predicted  for some species, e.g. SaZix would lead t o  t h e i r  
rapid  decl ine,   resul t ing  e i ther  i n  denudation of the affected  terrain  or  
a t  l e a s t  in  changes in  species  composition and in  the  distribution of plant 
cover, which would  become  more and more pronounced  during  the  subsequent 
years  of  operation of the  generating  station. 

L 
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i d )  General Remarks w i th   Regard   to   Genera t ing   S ta t ion   Emis ions  

I n   t h e  assessments o f  impact ,   g rea tes t   a t ten t ion  has  been p a i d  t.o SO2 and 

NO2 . The on ly   o ther   cons t i tuents   o f   these  emiss ions   wh ich  may be i n j u r i o u s  

to   vegeta t ion   a re   f luor ides .  However, the  expected  concentrat ions  o f  gaseous 
and p a r t i c u l a t e   f l u o r i d e s   a r e  such t h a t  no   acu te   i n ju ry  i s  an t i c ipa ted .  On 

the   o ther  hand, s ince   f l uo r ides   a re   cumu la t i ve   t ox i can ts ,   ch ron ic   i n ju ry  

m igh t   we l l   occu r   i n  some spec ies ,   pa r t i cu la r l y   pe renn ia l s ,   i nc lud ing   t he  

impor tant   coni fers ,  and the  perennial  range  grasses,  over  t ime. Such i n j u r y  
would be a d d i t i o n a l   t o   t h a t  assessed i n .   t h i s   r e p o r t ,  and  would  b?  expected t o  

increase  in   magni tude  accord ing  to   the sequence: 366 m/FGD <366m/MCS. 

c 244 m/MCS. IJO assessment  has been made i n   t h i s   r e p o r t   o f   t h e  j:nown secondary 
impact  of   f luor ide  accumulat ions on l i v e s t o c k  and w i l d l i f e .  

The major  impacts on t r e e   s p e c i e s   p a r t i c u l a r l y   i n   t h e  MCS s i tua t ions   wou ld  

a f fec t   g rowth  and p r o d u c t i v i t y  and be t r a n s l a t a b l e   i n t o  economic loss w i t h  

regard   to   t imber   p roduc t ion .  

The ex ten t  o f  the assessments o f   e f f e c t s  on vegeta t ion   o f   va lue  t o  l i v e s t o c k  
and w i l d l i f e   i s   q u i t e   v a r i a b l e .   C o m p l e t e l y   l a c k i n g   a r e  assessments o f  

impact on important  range  grasses,  because, i n   t h e  absence o f  any informa- 

t i o n  on the  dose-response  character is t ics   o f   those  spec ies  o f   impor tance  to  

H a t  Creek, i t  i s  i m p o s s i b l e   t o   p r e d i c t   w i t h  any  meaningful  accura.cy  the 
impact on these  species.  This weakness i s  c l e a r   i n d i c a t i o n   o f   a c ! d i t i o n a l  
s tud ies   wh ich   a re   requ i red   i n   o rde r   t o   p rov ide  a b e t t e r  assessment o f  impact. 

The  same concerns may a lso be expressed  wi th  regard  to  other  indigenous 

species  which have  been excluded  f rom  the assessment,  and  which may be o f  
p a r t i c u l a r   i m p o r t a n c e   t o   w i l d l i f e  and  gamebirds  and fo r   e thnobotan ica l  reasons, 

e.g. Cornus stolonifera, Rosa gymnocarpa, Shepherdia canadensis, 
Symphoricarpos albus, Vaccinim s p p .  I Linnaea borealis, and severi l l  1 ichens 

and mosses. I n  terms o f  damage to   na t i ve   vege ta t i on  and t o   a g r i c J l t u r a 1  
crops, an approximation o f   t h e  economic s i g n i f i c a n c e  can  be obtai:?ed by 

assuming t h a t   t h e  assessed l e v e l s   o f   i n j u r y   c o n s t i t u t e  loss o f  product ion 
dur ing  the  ca lendar   year .  
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F8.2 EFFECTS OF COOLING  TOWER EMISSIONS ON VEGETATION 

Cool ing  tower   emiss ions  are  expected  to  have  minimal  adverse  effects on 

vegetation. Such e f f e c t s   w o u l d   l a r g e l y   o c c u r   i n   c l o s e   p r o x i m i t y   t o   t h e  

coo l ing   towers   and  wou ld   resu l t   f rom  sa l t   depos i t ion   f rom  aeroso ls .   In -  

c reased  loca l   humid i t ies  may enhance the  impact o f  t h e   g e n e r a t i n g   s t a t i o n  
emissions  where  the  plumes  from  both  sources  overlap. 
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ADDENDUM A 
ESTIMATED TREE  AND  SHRUB  COVER I N  SELECTED  RECEPTOR  SECTORS 



. 

ADDENDUM A 

ESTIMATED GRAMINACEOUS VEGETATION COVER I N  SELECTED RECEPTOR  SECTORS 

. . . . .  
0.1 . . . .  
. . . . .  

0.1 0.1 0.1 0.1 0.1 

0.1 . . . .  

0.2 * 

. .  
0.5 

. .  



. I  

ADDENDUM A 

ESTIMATED HERBACEOUS VEGETATION COVER I N  SELECTED RECEPTOR SECTORS 

........................... 



. 

ADDENDUM  A 

ESTIMATED COVER OF NON-VASCULAR  PLANTS I N   S E l E C T E D  RECEPTOR  SECTORS 

rarrr*pr ",*"" . . . . . . . . . . . . .  
" L , .  ........ 0.1 . 0.1 . .  


	Vegetation Within Receptor Sector 36 Based on the
	Vegetation Within Receptor Sector 37 Based on the
	Vegetation Within Receptor Sector 43 Based on the
	Vegetation Within Receptor Sector 44 Based on the
	Vegetation Within Receptor Sector 45 Based on the
	Vegetation Within Receptor Sector 51 Based on the
	Vegetation Within Receptor Sector 52 Based on the
	Vegetation within Receptor Sector 53 Based on the
	Vegetation Within Receptor Sector 54 Based on the
	Vegetation Within Receptor Sector 63 Based on the
	Vegetation Within Receptor Sector 116 Based on the

