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II B::. 0 INTRODUCTION 
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El.l MODELING OBJECTIVES 

?he  purpose  of  this Appendix i s  to   p rovide  Brit ish Columbia Hyd1:o & 

Fower Authorit:[ ( B . C .  Hydro11 with a detai led  discussion  of   the method 
csed  in   assess: ing  the  effecrs   of   contaminants  from the  proposed Hat 

Creek Project  on loca l  and r e g i o n a l   a i r   q u a l i t y .  The Hat Creek Project  
h i l l  cons i s t  o:! a 2000 Mw (nominal )   coa l - f i red   e lec t r ic  power p l a n t ,  an 
cpen p i t   c o a l  mine,  and a s s o c i a t e d   f a c i l i t i e s .  The  mine will bt: located 

in t h e  Upper Hat Creek  Valley  near Cache Creek, B r i t i s h  Columbia. The 
power p l an t  wi.11 be   s i tua ted  on e l eva ted   t e r r a in  i n  the  Trachytt: Hills 

near  Harry Lake. Vapor emi!;sions will be  released t o  the  atmosphere 
from  evaporative  cooling  towers,  and  combustion  products from fcur  
500 Mw units making up the   p l an t  will be  vented from a t a l l  stack. 

Emissions  from t h e  mine wil:. be pr imar i ly   fug i t ive   dus t   re leased  from 

the   su r f ace  open p i t s  durinj:  normal  coal  removal  operations. 

?he procedural  approach o r  nethod  for   this   assessment  was selec1:ed t o  

n.eet t h e  objec.:ives of the  Environmental  Report (ER) being  prepared. 
?he ER ob jec t ives   inc lude   de ta i led   ana lyses   o f :  

0 sulfur oxides 

0 nit rogen  oxides  
0 p a r t i c u l a t e  matte]: 

0 condensed  water d~ top le t s  
0 photochemical  oxidants 
0 meteorological   effects  
0 tracl?  elements 
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B1.2 APPROACH 

The  Hat  Creek  Project  air  quality  assessment  considers  the  distribution 
of  contaminants  emitted  from  the  proposed  mine  and  power  plant,  the 
production  of  contaminants  by  chemical  reactions  in  the  atmosphere,  and 
the  potential  for  weather  modification  effects. 

TO predict  air  quality  effects of proposed  industrial  sources,  mathe- 
matical  modeling  is  well  established as a  useful  tool.  The  credibility 
of  such  simulation  techniques  is  considerably  enhanced  when  the  results 
of  on-site  field  measurement  studies  are  incorporated  by  the  models. 
While no long-term  air  quality  measurement  programs  have  been  performed 
in  the  vicinity of the  proposed  project,  several  field  studies  designed 
to  characterize  the  dispersion  meteorology of the  Hat  Creek  Valley  area 
have  been  conducted.  The  models  used  in  this  air  quality  assessment 
have  been  modified  (calibrated)  to  reflect  consideration of these 
measurements. 

The  selection  of  models  to  estimate  air  quality  effects  associated  with . 

. the  various  types of emissions  from  the Hat Creek  Project  was  accom- 
plished as follows:  fl)  the  availability  and  extent of relevant  meteoro- 
logical  input  data  were  reviewed  and  evaluated; ( 2 )  various  generic 
model  types  were  examined  for  input  data  requirements  and  appropriate- 
ness of the  simulation  procedures  to  the  specific  characteristics of the 
project  and  its  environment; (3) the  basic  models  judged  to  be  suitable 
to  provide  the  information  required  by  the  study  objectives  were  tailored 
to  incorporate  the  results  of  local  measurements.  The  selected  modeling 
techniques  conform  to  the  following  fundamental  criteria. 

The  approach  is  appropriate  in  scope and detail  for  the 
phenomena  to  be  simulated. 
The  accuracy of the  approach  is  balanced  by  the  availability 
and  quality  of  the  input  data. 
The  results  provide  an  assessment  that  can  be  used  as a 
decision-making  tool  by B.C. Hydro  and  the  public. 
The  results-are  useful  for  evaluating  air  quality  effects 
associated  with  alternative  engineering  design  criteria. 



B1.3 SUMEWRY OF MODELS 

On the   bas i s   o f  t.he gu ide l ines   l i s t ed   i n   Sec t ion  B1.2, four  mode1:j were 

sel .ected  for  use in   t he   a i r   qua l i t y   a s ses smen t   o f   t he  proposed Ha-e Creek 
Project .  The app l i ca t ions  and general   features   of   these models a:re 

summarized in   Table  B 1 - 1 .  

Tht: Hat Creek Model (HCM) was chosen  to  estimate  effec:ts  of  the  major 

porter plant  emissions on ambient  contaminant  concentrations  in thc? 

v i c i n i t y   o f   t h e   p r o j e c t   s i t e   ( t o  a d i s tance   o f  25 km) .  The s p e c i f i c  

contaminants  investigated w i t h  t h i s  model inc lude   su l fur   d ioxide  (SO2), 

nixrogen  dioxide (NOZ), n i t r i c   o x i d e  (NO), hydrocarbons (HC) , carbon 
monoxide (CO) ,  arid t o t a l  suspended p a r t i c u l a t e s  (TSP) . For t he   l oca l  

sczile  calculations,  these  contaminants are assumed to  be  unaffectsad by 

chemical  transformations and physical removal processes.  The HCM i s  an 
amtlytical  (Gaussian)  point-source model t h a t  was adapted  to   include  the 

e f : iec t s   o f   the   severe   t e r ra in   near  Hat Creek and local.   dispersion  char- 
a c x e r i s t i c s   i d e n t i f i e d   i n   t h e   f i e l d   s t u d i e s .   P r i n c i p a l   a t t r i b u t e ;   o f  

t h i s   t ype   o f  model for   appl ica t ion   to   th i s   assessment   fo l low.  

0 Abi l i t y   t o   s imu la t e  plume behavior   for  a wide range  of  >weather 
conditions  without  extensive  data  manipulations.  

0 Appl icabi l i ty   o f   the  method t o   i n v e s t i g a t e   a i r   q u a l i t y   s f f e c t s  
over al.1 averaging  t imes  of   interest .  

0 Adaptabi l i ty  of t he   r e su l t s   fo r   ca l cu la t ion   o f   expec ted   f r e -  
quencies  of  contaminant  levels  above  various  thresholds  as a 
func t ion  of d i s t ance  and d i r e c t i o n  from the  power p lan t .  

0 Abi l i t y   t o   i nco rpora t e   t he  effects o f   t e r r a in  on atmosp'heric 
t ransFor t  and d i f fus ion .  

0 F l e x i t i l i t y   o f   t h e  model, e . g . ,   a d a p t a b i l i t y   t o  examine 
f e a s i t i l i t y   o f   v a r i o u s   a i r   q u a l i t y   c o n t r o l  programs. 

0 Simplicity  of  approach - er rors   due   to   input   da ta  and Fnrameterization 
a r e   r e a d i l y   i d e n t i f i a b l e .  

'Uwsual '   meteozological  conditions  that   cannot  be  adequately  sirn.Aated 

with  the HCM are  addressed by i n t e r p r e t a t i o n   o f   f i e l d  measurements. 
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TABLE B1-1 

SUMiARY OF MODELS 

Model  Name  (Acronym) 

llat Creek  Model 
(1XW 

w 
I- 
I 

ERT Air  Quality 

P 
Model (ERTAQ) 

ERT Cooling  Tower 
Plume  Model 
(COOLTOWR) 

EHT  Cooling  Tower 
Drift  Model 
(UEPOT) 

Contaminants 

Ambient  concentrations of TSP. SO2, 
CO, IC, NO, NO2,  trace  elements 
from llat Creek  Power  Plant 

Ambient  concentrations  azd  deposition 
of  TSP, SO , NO,  NO2,  NO4  from 
Hat  Creek  6ower  Plant 

Ambient  concentrations of fugitive TSP, 
from  Hat  Creek  Mining  Activities 

Geographical  Regime TJp 

Local  Analytical 

Regional 

Local 

Water  vapor,  visibility  reductions,  icing.  Local 
weather  modification  from  Cooling  Tower 
Operation 

Cooling  tower  drift  salts  Local 

Analytical 

Numerical 

Analytical/ 
Ihpirical 

1 I i f 1 1 f 



R'?gional a i r   qca l i t y   e f f ec t s   o f   t he   p roposed  Hat Creek Pro jec t   a re  

estimated by a vers ion  of   the HCM t h a t  incorporates  methods t o   c a l c u l a t e  

csmcentrations  of  primary,  contaminants and those  produced by c h m i c a l  
d '?cay  (e.g. ,   sc. lfates [SO;]), as  well   as  dry  deposit ion  f luxes o E  SO2, 

SO,, NO2, NO, and TSP. The general  formulation  of  the  regional :nodel i s  

s imi l a r  t,o that   of   the  HCM and i s  s imi l a r ly   ad jus t ed   t o   r e f l ec t   ' on - s i t e  

m'?asurement da ta .  However, a very  conservative  terrain  asswnptitm i s  
m;ade for   the   long-range   appl ica t ion   to  ensure t h a t   p r e d i c t e d   l e v e l s   a r e  

g 'meral ly   overest imated,   s ince  there  i s  s i g n i f i c a n t l y   g r e a t e r  un8:er- 
t : i i n ty   i n   ca l cu la t ing   e f f ec t s   fo r   t r ave l   d i s t ances   g rea t e r   t han  .about 
215 km. Models specif ical ly   designed  to   s imulate   regi .ona1  t ransport  and 

d. ispers ion  are   avai lable ,   but   their   val idi ty   has   been documented p r i -  
m n i l y   i n   a p p l i c a t i o n s  f o r  areas  with  high  emission  density,   extensive 

a:tr q u a l i t y  measurement da t a ,  and  numerous meteoro logica l   s ta t ions .  The 

H a t  Creek Project  i s  t o  be located i n  a r e l a t i v e l y  remote  region  with 
f e w  major  emission  sources.  Adoption of a sophistica.ted  numeric:il  grid 
model approach is therefore   unwarranted  in   this   case.  

- 

Contributions of the  proposed  coal  mining  activit ies t o  ambient  dust 

(par t iculate)   concentrat ions were estimated by means of  the  mult:.-source 

Gaussian  diffusi.on model ERT.4Q. The ERTAQ formulaticsn i s  s i m i l a r   t o  
t ha t   o f   t he  HCM, but  can accsmmodate inputs  f o r  any number of   point ,  

l:.ne, and area  sources.  

EILT's numerical model COOLTONR simulates  the  behavior of saturati:d 

cooling  tower p1.umes. This :nodel i s  an adaptat ion o f  techniques  or iginal ly  
dcveloped  to  des,cribe  the  r ise and growth  of cumulus clouds. A !lophis- 
t:.cated  system clf  thermodynamic algorithms i s  incorporated  to  tmat  

moisture  phase c:hanges along the  plume t r a j e c t o r y ,  which is determined 

by simultaneous  solution  of .a se t   o f   d i f f e ren t i a l   equa t ions   deswib ing  
conservation  of plume  mass, ~nomentum, buoyancy, to ta l   mois ture ,  :md 
entropy. When combined with  representat ive  meteorological   s ta t i : : , t ics ,  

t h e  COOLTOWR moj.el can  be  used t o  estimate  the  frequency and extent   of  

tower-induced f ~ g g i n g  and  ic.ing  and  obscuration due to   e l eva ted   .& , i s ib l e  

plumes. 
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Deposition  rates  of  cooling  tower  drift  salts  are  predicted  by  the ERT 
model  DEPOT.  This  simulation  uses  inputs  characterizing  drift  emissions; 
plume  trajectories  as  calculated  by  COOLTOWR;  and  representative  weather 
data  to  predict  monthly,  seasonal, and annual  drift  deposition  patterns. 
Both  gravitational  settling of the  larger  drift  droplets  and  turbulent 
diffusion  of  the  smaller ones are  accounted  for  in  the  DEPOT  model. 
DEPOT  is  an  analytical/empirical  model  based on a computational  scheme 
developed  by J. M. Austin. 1 

All  models  selected  have  been  successfully  implemented  for  sources 
similar  to  Hat  Creek  and  are,  therefore,  expected  to  provide a mean- 
ingful  and  reliable  assessment  of  the  Hat  Creek  Project.  Calibration 
procedures  using  site-specific  tracer  study  results  made  available  by 
B.C.  Hydro  are  also  described in this  report. 

The  effect of photochemical  oxidant  was  not  assessed  by  mathematical 
modeling  because of the  complex  nature of  the  chemistry  involved,  and 
because a detailed  understanding of background  conditions  is  necessary 
for  meaningful  simulation.  Instead,  after a careful  method  review,  it 
was decided  that a qualitative  approach  based on a literature  survey  is 
a suitable  procedure  to  assess  this  contaminant.  This  approach  is 
compatible  with  the  assessment  guidelines  listed  in  Section  B1.2. 

Detailed  descriptions of the  mathematical  formulations,  input  require- 
ments,  and  assumptions  incorporated  by  the HCM and  ERTAQ  models  are 
presented  in  Addenda A and B, respectively. An explanation of the 
procedures  used  to  calibrate  the HCM with  results of on-site  meteoro- 
logical  and  air  quality  measurements  is  provided  in  Addendum  C.  The 
cooling  tower  plume  and  drift  deposition  models  are  described  in 
Appendix  D. 
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82.0 AVAILABLE DATA BASE 
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m 

1 

UI 

I 

The choice  of a i r  q u a l i t y  modeling  techniques  and tht: accuracy  c'f  the 

techniques  for  a given   s tudy   a rea   a re   c lose ly   t i ed   to   the   quant i ty  and 

qua l i ty   o f   the   ex is t ing   meteoro logica l   da ta .  I t  is impor tan t   tha t   the  
da ta   represent  a wide  range  of  possible  meteorological  conditions  to 
increase   the   usefu lness  and representat iveness   of   the  model r e s u l t s .  

Ul i t i l  1975, the   da ta   base  f o r  eva lua t ing   the   a i r   qua l . i ty   o f   the  .3at 
Creek region was very  l imited.  However, during  the  past  two yea'rs, 

B C .  Hydro has  undertaken an in tens ive  measurement  program t o  dosxment 

the  micrometeorology  of  the Hat Creek region. This sec t ion   presents  
summary descr ipt ions  of   the   .avai lable   meteorological   data   (see 

Table  82-1) used t o   a s s e s s  Hat Creek a i r   q u a l i t y .  Complete l i s t i n g s   o f  

t hese   da t a   s e t s   a r e   p rov ided  i n  Appendix A .  

B 2 . 1  INTENSIVE FIELD STUDIES 

'If 1975, B . C .  Hydro authoriz 'sd a study by the  MEP Company to   perform 

masurements   to   character ize   the  meteorological   condi t ions of  tht: Hat 

Czeek region  during  the  spr ing and  autumn. This  two-part   progrm was 
ccnducted. in   bo th   win ter  and l a t e  summer t o   o b t a i n   d a t a   t h a t  wou1.d 

re f lec t   typ ica l   seasonal   meteoro logica l   var ia t ions .  2 7 3  B . C .  Hydro 
personnel   a l so   ?ar t ic ipa ted  :in both  seasonal  phases of  the f i e l d  measure- 
ment program. 

Because t h e  emi:;sions  from the  proposed Hat Creek Pro jec t   a re   to   be  

released from a t a l l   s t a c k ,  MEP concentrated on obtaining  upper ;air 
observa t ions   dwing   bo th   seasonal   phases   o f   the   s tudy   to   de te rmine  
c h a r a c t e r i s t i c   v e r t i c a l   p r o f . l e s  of temperature and winds. 

Throughout the  ttight-day  spring  program, four minisonde  releases were 

made each  day f m m  each of four   se lec ted   loca t ions   wi th in   the  va:.ley 

system.  These  leases were made simultaneously,  so  t h a t  an accurate  

BZ-1 



Source 

North  American 
Weather  Consultants 
(Hovind, " et a l )  

(tovind, et G) 

MEP  Project 
(Weisman,  et  al) 

(Weisman. " et  al) 

-_  

W 

N 

N 
I B . C . Hydro 

Atmospheric  Environment 
Service  of  Canada 

TABLE  82-1 

ME'IEOROLOGICAL  DATA  SOURCES  USED IN MODELING 

Period of Record Type  of  Data 

2/19/16 - 3/26/16  Oil  fog  backscatter  and  SF6  concentrations,  minisondes, 
pibals,  turbulence.  Observatlons  conducted  during  tests. 

7/31/16 - 8/11/16  Oil  fog  backscatter  and SF6 concentrations,  minisondes, 
pibals,  turbulence.  Observations  conducted  during  tests. 

3/1/75 - 3/11/15  Minisondes,  pibals,  constant  level  balloons.  Observations 
conducted  four  times  daily. 

8/31/15 - 9/11/15  Hinisondes.  pibals,  constant  level  blloons.  Observations 
conducted four or nine  times  daily. 

1/1/15 - 12/31/15  Surface  observations  consisting of wind  speed  and 
direction,  temperature,  humidity.  llourly  sequential 
observations. 

1/1/15 - 12/31/15  Radiosondes  from  Vernon.  Prince  George,  and  Port  Hardy. 
Observations  conducted  two  times  daily. 

1/1/15 - 12/31/15  Surface  observations of wind  speed,  wind  direction, and 
cloud  cover  at  Kamloops. 

1/1/15 - 12/31/15  Surface  wind  field  observations from Ashcroft.  Williams 
Lake,  and  Kelowna. 



descr ip t ion   of   the   d i s t r ibu t ions   o f   ver t ica l   t empera ture   p rof i les  and 

a s soc ia t ed   ve r t i ca l  wind f ie lds   could  be  obtained.  'The observation 
program was modified  during  September to  include  nine  soundings  per day 

a t  two of   the  5 , i tes .  

Dlta from seven  mechanical  weather  stations,  located i n  and around Hat 
C.reek Valley and operated by B . C .  Hydro,  were a v a i l a b l e   t o  MEP personnel.  
A l s o ,  four  hygrothermographs  were s i t u a t e d  on the  southwest-facing 
s.lopes  of  the H a t  Creek Valley.  These sur face   da ta ,  i n  conjunction  with 

the  minisonde  soundings,  were  used  to  identify  diurna.1  variation!;  of  the 
ver t ica l   t empera ture   p rof i le ,   sur face   a long-va l ley  and  cross-val:.ey 

d~ainage   f lows ,  and ups lope   s i rcu la t ions  due t o  daytime  heating  :?ffects.  

ME,P a lso  condwted a se r i e s   o f   cons t an t - l eve l   ba l loon   f l i gh t s  t o  i d e n t i f y  
f low  s t reaml ine   charac te r i s t lcs   wi th in   the   va l ley .  These  experiments 

included a s e r i e s   o f   t i m e d   r e l e a s e s   t o   o b t a i n   s t a t i s t i c a l   d i s p e r s i o n  

information. 

Under sponsorshj.]? by B.C.  Hyc.ro, North American  Weather Consultants 
(N4WC) conductec. an a i rborne   t racer   s tudy   dur ing   the   win ter  and summer 
months of  1976 (Iiovind " e t   a 1 . ) . 4  B.C.  Hydro personne:. a l s o   p a r t i c i p a t e d  

ex tens ive ly   i n   t h i s  program. This  program  consisted  of gas trace'c 

r e l eases  from an aircraft to   s imulate   emissions a t  t h e   e f f e c t i v e   h e i g h t  
of release a t  t w o  proposed  plant   s i tes   within  the  val ley complex. The 
t r a c e r  plumes  were t racked by an ins t rumented   a i rc raf t ,  which made 

t ransec ts   th rough  the  plumes a t   va r ious   a l t i t udes  and d is tances  from t h e  
re: .ease  point.  4. su r face   a rny   o f   s ample r s  was operated i n  c o n j u c t i o n  
with  the  airborn5  sampling  program  to  determine  ground-level concim- 

tr:.tions due t o  B?xpected emissions. 

Data  obtained du:?ing t h e   t r a c e r   s t u d i e s   r e f l e c t   t h e   f a c t   t h a t   t h e   e x p e r i -  
ments  were perfomed w i t h  the   ob jec t ive   o f  documenting plume behavior  under 
suspected  worst-case  dispersion  conditions.  Thus, it is not   possible  

t o   r e l y   s o l e l y  on these  measurements for   ana lyses   requi r ing   cons idera t ion  

of  diffusion  over  long  time  periods  and/or a spectrum of meteorolngical 



conditions.  Rather  the  field  study  provided  detailed  data  for  a  number 
of  selected  weather  conditions  that  could  be  related  to  classification 
schemes  based on more  routinely  available  information. In this  regard, 
the  gas  tracer  study  results  were  invaluable  in  the  formulation  of  site- 
specific  modeling  techniques. 

NAWC and B.C. Hydro  also  conducted  a  series of pilot  balloon  releases 
during  both  seasonal  phases of the  program.  The  wind  data  from  these 
observations,  coupled  with  minisonde  releases  made  during  the  hours 
centered  around  the  plume  sampling  tests,  provide  a  picture  of  the 
vertical  wind  and  temperature  structures  within  and  above  the  valley on 
the  days  that  plume  samples  were  taken. 

B Z . 2  SURFACE DATA  NETWORK 

B.C.  Hydro  operates  eight  mechanical  weather  stations  located  at  various 
sites  throughout  the  region  (see  Figure  B2-1).  Data  from  these  stations 
were  used  during  the MEP project.  These  eight  stations  provide  wind, 
temperature,  and  humidity  data on a  continuous  basis.  Surface  wind 
field  data  collected  by  the  Atmospheric  Environment  Service (AES) of 
Canada  are  also  available  from  Ashcroft,  Kamloops.  Williams  Lake,  and 
Kelowna,  and  were  used  with  the  surface  data  from  the  B.C.  Hydro  network 
in  performing  the  model  calculations  for  power  plant  and  cooling  tower 
emissions. A wind  rose  was  constructed  from  the  Kamloops  data  to 
examine  air  quality  effects  due  to  the  industrial  sources  in  that  area.‘ 

82.3 UPPER  AIR  OBSERVATIONS 

Radiosonde  observations  conducted  by AES are  available  from  Vernon, 
Prince  George,  and  Port  Hardy. A review of the  upper  air  data  reveals 
that  temperature  profiles  collected  at  Vernon  are  most  representative of 
the  Hat  Creek  Project  area.  These  data  have  been  used  in  conjunction 
with  MEP  data  to  identify  characteristic  mixing  depths  that  would  occur 
in the  Hat  Creek  region.  The  Vernon  data  were  used  to  create  a  wind 
rose  used  to  calculate  annual  average  contaminant  concentrations  due  to 
the  Hat  Creek  Plant on a  regional  scale. 
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* 
B3.0 MODEL METHOD REVIEW 

Thc accuracy of a.ir q u a l i t y   m d e l   p r e d i c t i o n s   f o r  a  gi.ven  app1ica:ion 

depends, i n  l a r g e   p a r t ,  on the  extent  and representati .veness of ava i l ab le  

base l ine   da t a ,   phys i ca l   cha rac t e r i s t i c s  of the  s tudy  &rea,   the   configura-  
t i o n  of sources t:o be considered, and t h e   a b i l i t y  of t:he selected  s imulat ion 

techniques  to  acc:omodate t h e s e   s i t e - s p e c i f i c   f a c t o r s .  Very sophis t ica ted  
mexhods may not  improve t h e  accuracy of pred ic t ions  for appl ica t ions   un less  

v e ~ y   e x t e n s i v e   d a t a   a r e   a v a i l a b l e ,  and where many assumptions mus't be made 
to   sa t i s fy   input   requi rements .  

Many types of  models  designed  to  estimate  effects  of  stack  emissions, 

mining a c t i v i t i e s ,  and cooling tower e f f luen t s   a r e   ava i l ab le .  Reriews 

of  such  models  have  been  reported i n  t h e   r e c e n t   l i t e r a t u r e  by severa l  
investigators,   e. ,g. ,   Eschenroeder and Roth e t   a l .  , .and will not  be 

repeated  here.  In th i s   sec t ion ,   var ious   gener ic  model.ing  methods t h a t  

have  been  considered  for use i n  the  Hat Creek  assessment  are  discussed, 
and the  important   factors   determining  the  appropriateness  of each. model 

t ype   a r e   i den t i f i ed .  

6 7 
" 

83, I ANALYTICAI, ME'IHODS 

Most mathematica.1 t reatments  of the  advection and d i f h s i o n  o f  pa.ssive 
co:ltaminants i n  the  atmosphere  involve  solutions  to a basic  equation 

ex:?ressing mass conservation within a pa rce l   o f   a i r :  

- + v * vc = v -(KVC) + s ac - 
a t  (B3-1) 

where 

C is <:oncentration  of  material   in  the  parcel,  
V i s  l.lhe wind vectclr, 
- 
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K is  the  turbulent  diffusivity,  and 
S is  source  strength. 

Probably  the  best-known  exact  (analytical)  solution  to  Equation Bj-1 
is  the  steady-state  Gaussian  solution. A number  of  models  have  been 
developed  for  applications  where  the  basic  assumptions  of  the  Gaussian 
formulation  are  approximately  valid.  These  assumptions  are  that: 

0 the  distributions  of  contaminant mass in  the  vertical  and 
cross-wind  directions  are  well-approximated  by  normal  (Gaussian) 
curves ; 

eddy  diffusivity  are  constant  during the period  represented  by 
each  calculation; 

0 meteorological  conditions  are  steady-state,  i.e.,  wind  and 

contaminant  plume mass is  conserved;  and 
downwind  distance  is  large  compared  with  plume,  i.e.,  width; 
this  is far field  approximation. 

Because  analytical  modeis  are  based on algebraic  equations,  they  are 
easily  applied,  and  the  results  may  be  readily  interpreted  for  physical 
consistency.  Such  models  ordinarily  require  only  routinely  available 
input  data  and  have  modest  computing  requirements.  However,  many 
simplifying  assumptions  regarding  the  behavior  of  the  atmosphere  are 
inherent  in  their  use,  with  corresponding  restrictions on the  appli- 
cability  of  the  results. Thus, while  analytical  dispersion  models  are 
attractive  for  their  simplicity of formulation  and  use,  they  may,  in 
some  circumstances,  provide  a  limited  representation  of  atmospheric 
processes.  Certain  site-specific  characteristics  of  transport  and 
diffusion  must  be  evaluated  for  available  measurement  data. 

Basic  input  requirements  for  Gaussian  models  generally  consist of elementary 
source  emission  properties,  wind  speed,  wind  direction,  atmospheric 
stability,  and  mixing  height  at  a  single  representative  location.  Model 
predictions  are  applicable  to  short  averaging  times,  ten  minutes  to  an 
hour,  but  can  be  generalized  for  longer  periods  by  the  use  of  sequential 
or  statistical  meteorological  inputs.  Terrain  effects  may be simulated 
within  an  analytical  framework  by  incorporating  surface  elevation  data 
'and  modifying  plume  rise  and/or  dispersion  rate.parameterizations. 
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Analyt ical  models general ly  can accommodate only  steady,  two-dimensional 

wind f ie lds .   Ikey  cannot   be  used  to   s imulate   diffus: ion and t ranspor t  
processes  during  periods  cha.racterized by changing  winds o r  geographically 

inhomogeneous tu rbu lence   due , to   i r r egu la r   so l a r   hea t ing .  They :.re 

unable   to   t reat .  complex phenomena such as s tagnat ion  o r  plume d i r ec t ion  
r s e r s a l  due t c !  v e r t i c a l  wind shear .   Analyt ical  methods a r e   g e r e r a l l y  
l imi t ed   i n   t he i r   ab i l i t y   t o   t r ea t   s imu l t aneous  dynamic  and  chemical 

processes.  However, as descr ibed  in   Sect ion 8 4 . 2 ,  so lu t ions   t o  
E ,pa t ion  B3-1 that   include  l inear   chemical   t ransformation and  mc'dified 

s , l r face  boundax:? condi t ions  to   s imulate   deposi t ion  are   avai lable .  

B.3.2 NUMERICAL METHODS 

Computer scheme!; involving  numerical   solut ions  to   the  basic   diff .wion 
e(1uation  are l e s s  frequently  used  than  analytical   models.  Numer.ica1 

models a re   genera l ly  more powerfu l ,   in   tha t  complex c i r cu la t ion   pa t t e rns  

and chemical  processes  can  be  simulated. However, imp l i c i t  i n  these  

f ea tu res  i s  the  requirement   for   detai led  input   information.  Thu:j, f o r  

applications  involving  remote  sources where  such data   are   unavai lable ,  
s:impler  modeling  techniques may be  preferable .  For example,  numerical 

models that  simulate  geographical  and/or  temporal wind  and d i f f u s i v i t y  
changes a r e   r e a d i l y   a v a i l a b l e .  But f o r  a location  such as Hat C:teek, 

d;kta adequate to document such   e f fec ts   a t   the   expec ted   he ight   o f   the  
power p l an t  plume do not e x i s t .  Improved r e so lu t ion  of the  vert: :cal  
sxructure  of  the: lower  atmosphere  near  the power p l an t  s i t e  will become 

avai lable   through measurements on a l O O m  meteorological  tower t o  be 
in s t a l l ed   we l l  i.n advance  of  plant  operation  (see Appendix H). Use of 

a numerical   dispersion model i n   t h i s   c a s e  would involve  incorpor,ittion  of 
a number of  assunptions and  approximations j u s t   t o   d e r i v e  a metecmo- 
logical   input   package  for  a s ingle   s imulat ion.  Errors inherent  i n  t h e  

model i t s e l f  would compound the  uncertainty  of  t h e  r e s u l t s .   I n  k:eneral, 

t r ade -o f f s  between t h e  degre': o f   de t a i l   i n   t he   i npu t   spec i f i ca t ions  and 
the  corresponding  expected improvements i n   t h e   p r e d i c t i o n  accura'::y  must 

be weighed; a cms ide rab le  amount of  t ime  can  be  spent  in  preparing 
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inputs  in  the  form  required  by  sophisticated  numerical  diffusion  models. 
Furthermore,  computing  costs  are  often  substantially  greater  for  numeri- 
cal  models. 

Numerical  techniques  do,  however,  offer  practical  benefits  for  simulating 
the  complex  thermodynamic  and  aerodynamic  mechanisms  governing  the 
behavior  of  saturated  vapor  plumes  discharged  from  cooling  towers. In 

addition,  the  effects  of  cooling  towers  are  largely  localized,  such  that 
the  extensive  data  requirements of numerical  models  for  regional  scale 
simulations  are  not  applicable.  Observations  of  wind  speed  and  direc- 
tion,  temperature,  humidity,  and  stability  in  a  location  representative 
of  conditions  at  the  plant  site  are  sufficient  meteorological  inputs  for 
cooling  tower  simulations.  Analytical  treatments,  e.g.,  Gaussian  formu- 
lations  patterned  after  diffusion  models  for  inert  stack  gas  emissions, 
generally  do  not  incorporate  routines  to  handle  water  phase  changes 
within  the  plumes.  Since  it is these  phase  changes  that  determine 
whether  the  plumes  are  visible, an analysis of potential  fogging,  icing, 
and  obscuration  due  to  cooling  tower  plumes is best  accomplished  with 
numerical  modeling  techniques.  Models  for thh purpose  with  relatively. 
simple  meteorological  input  requirements  and  reasonable  computing  costs 
are  available. 

B3.3 S U " 4 R Y  OF MODEL REVIEW 

The  discussion  presented  in  this  section  indicates  that  a  number of air 
quality  models  are  available  for  use  in  estimating  air  quality  effects 
due  to  emissions  of  the  proposed  Hat  Creek  Project.  Relevant  features 
of  analytical  and  numerical  models  are  summarized  in  Table B3-1. Certain 
model  types  offer  clear  advantages  for  specific  applications,  but  the 
selection  of  modeling  techniques  to  predict  contaminant  effects  due  to 
the  power  plant and mine  remains  dependent on the  availability  of 
meteorological  data,  the  source  characteristics of the  facilities,  and 
the  principal  objectives of the  model  analyses.  The  following  sections 
provide  descriptions  of  the  models  selected  for  use  in  the  Hat  Creek 
assessment. 
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TABLE  .B3- 1 

GENERIC  AIR  QUALITY  MODEL  DESCRIPTIONS 

m 
w 
fn 

Meteorological 
Type  of  Emissions  Model  Type Inputs to Use 

Power  plant  stack (a)  Analytical  Wind  speed  and  direc- 
and  mining  (Gaussian)  tion,  stability,  mixing 

Low 

activities  depth  at  one  location 

R""... rlaclve cost 

cal  input  can be 
accommodated. 

spn,flPntllll cy .t.tisti- 

(b) Numerical  Horizontal  wind  speed  High 
(finite 
difference)  wind  speed  and  direction, 

and  direction,  vertical 

diffusivities,  mixing 
depths  at  all  grid  points 
as  a  function of time. 

Cooling  towers (c) Analytical  Same  as (a). 
(Gaussian) 

Low 

(d) Numerical Same as  (a).  Moderate 

T." 
I l r n r ;  Scales 
Simulated 

1 hour (longer 
10 minutes  to 

times  with 

inputs). 
~p"IlP"til1 
7"""" 

Flexible  (com- 
puting  costs 
escalate  rapidly 
time  scale). 

Same as  (a) 

Hourly,  monthly, 
seasonal,  annual 

meteorological 
depending  on 

??E::? f G y - ~  
~ ' '  

Scales  Considered 
Geographical 

Local (<25 km) 

appropriate  modifi- 
Larger  scales  with 

c 2 t l n l l s .  

Local or regional. 

Local  only. 

Local or regional. 



B4.0 MODELS F3R THE POWER PLANT AND CCIAL MINE 

1)iscussions i n  prev ious   sec t ions   have   ident i f ied   p rac t ica l   cons t ra in ts  

bearing upon the  types  of m'3deling techniques  that   should  be  used  in  the 
Hat Creek a i r  quali ty  assessment.  The s p e c i f i c  models s e l e c t e d   t o  

es t imate   local  and r eg iona l   e f f ec t s  due to   gaseous and p a r t i c u l a t e  

c!missions  from the  power p h n t   s t a c k  and fug i t ive   dus t  from m i n h g  
a c t i v i t i e s   a r e   d e s c r i b e d   i n   t h i s   s e c t i o n .   S e c t i o n  B4.1 provide!; a 
descr ip t ion   of   the  Hat Cree'k Model (HCM), which was used t o   p r e d i c t  

concentrations  of  stack  gas  contaminants. The adaptation  of tht: HCM t o  

cs t imate   regional-scale   eff ,?cts   of   these  emissisons i s  d iscussed   in  
Section B4.2. The ERT Air Qual i ty  Model (ERTAQ), used to   ca lcu l .a te  

i nc remen ta l   e f f ec t s   a t t r i bu tab le   t o  mining a c t i v i t i e s  and t o  ot:iler 
indus t r ia l   sources   in   the   s tudy   reg ion ,  i s  descr ibed   in   Sec t ion  B4.3.  

F ina l ly ,  i n  Sect ion B4.4 t h e  methods  by  which t h e   b a s i c   d i f f u s i ' m  model 

r e s u l t s  were analyzed  in  terns o f   a l t e r n a t i v e  a i r  q u a l i t y  contr1:)l 

5:ystems are prasented. 

114.1 THE HAT (CREEK MODEL 

Ihe  fundamental  expression (chosen f o r   c a l c u l a t i o n  of ground-levlt!l 

contaminant   coxentrat ions :from the  s tack  of   the  proposed power p l an t  i s  
t.he Gaussian plume equat ion.  The bas i c  model was modified to a'::com- 
nlodate inputs   appropriate   to   the  rugged  terrain  surrounding  the  plant  

z . i te  and d i spe r s ion   cha rac t e r i s t i c s   i n fe r r ed  from on-site  meteo:rological 
measurements. The most important  assumptions  incorporated by tl;e HCM 

f o r  app l i ca t ion   t o   t h i s   s tudy   a r e :  

wind speed and d k e c t i o n  in  the   v ic in i ty   o f   the   s tack   remain  
constant   a t   the   hourly  average  values   for   each  hour;  
t h e  :!lune r i s e s  fiom t h e  s t a c k   e x i t  due t o  i t s  excess buoyancy 
t o  an equi l ibr ium  height   that  i s  well  approximated by t h e  
equations  of  Briglp ; * 
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at  any  downwind  distance,  the  maximum  concentration  is  found 
on the  plume  centerline;  plume  concentrations  decrease  away 
from  the  centerline  in  the  cross-Kind  and  vertical  directions 
according  to  normal  (Gaussian)  distributions; 

represent  hourly-average  properties;  and 

eters  determining  plume  geometry  are  constant  (i.e.,  the  model 
assumes  steady-state  conditions  during  each  computation  of 
hourly  concentrations). 

the  Gaussian  crosswind and vertical  plume  concentration  profiles 

the  stack  emission  rate  is  constant  and  meteorological  param- 

Calculation  of  ground-level  concentrations  requires  that  the  model 
simulate  a  number of atmospheric  processes  governing  plume  behavior, 
including: 

Transport  by  the  mean  wind 
Dispersion  by  turbulent  eddies 
Buoyant  plume  rise 
Terrain  effects 

(a) Transport  and  Dispersion 

The HCM formulation  assumes  that  the  stack  plume  centerline  for  each 
hour of input  data  is  aligned  with  the  mean  wind  during  that  period. 
Material  in  the  plume  is  transported  horizontally  downwind  at  the  mean 
wind  speed.  Plume  material is-considered to  be  distributed  normally 
about  the  centerline  in  the  cross-wind  and  vertical  directions  by 
turbulent  eddy  motions.  The  atmosphere,  being  a  continuous,  fluid 
medium,  exhibits  an  infinite  number of states,  each  with  its own tur- 
bulence  characteristics.  The  primary  emphasis  in  dispersion  modeling 
development  in  recent  years  has  been  toward  categorization  of  turbulence 
properties  (which  are  difficult  to  measure  directly)  for  routinely 
measured  meteorological  variables. In the  Gaussian  model,  turbulence  is 
parameterized  in  terms  of  the  dispersion  coefficients a and az, which 

Y 
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;.re respec t ive ly ,   the   s tand .wd  devia t ions  o f  plume mass d i s t r i b u t i o n s  i n  
the  cross-wind and v e r t i c a l   d i r e c t i o n s .  The turbulence  typing ticheme 
incorporated b,r t h e  HCM i s  based on measurement r e su l t s   ob ta ine t l   a t  

Erookhaven National  Laboratory by Smith' and in te rpre ted   to   p ro . r ide  

curves  of a and a as  funcxions  of plume downwind t r ave l   d i s t ance  and 
a tmospher ic   s tab i l i ty  (ASME. ) .  The formulations for 0 and a z  employed 

i n   t h e  HCM a r e  similar to   those   o f  Smith but  were  modified  to  :reflect  
t h e   r e s u l t s   o f   o n - s i t e   f i e l d   s t u d i e s .  Addendum C presents  a descr ip t ion  

of t h e  HCM calibration procedures. 

Y 2 'L 0 

9 Y 

T h e  ca l ibra t ion   ana lys i s   der ived  from t h e  North American Weathei: 

Cmsu l t an t s  (NAWC) measurentents i n  Hat Creek  Valley  indicates 1:hat 

h x i z o n t a l  plume d ispers ion  (as character ized by a ) i n   t he  Hat Creek 
area  is greatest   during  1igh.t-wind  conditions.  For each   s tab i l j . ty  

c.ategory, i t  wa.s found t h a t  a as a funct ion  of   t ravel   dis tance  (x)  can 
b,?  approximated. by t h e  expression a = ax . Table B 4 - 1  l ists the  values  
o:F 'a '  and Ib1. 

Y 

4 

Y 

Y b 

Vwt ica l   d i spe r s ion   o f   t he  tracer gas plumes released by NAWC was found 
t o   b e  governed  pr imari ly   by  the  ver t ical   temperature   prof i le   ( la?se 

r a t e ) .  Values of 'c '  and 'd '   used   to   ca lcu la te  az = cx f o r   t h e  HCM a r e  

a:.so l i s t e d  i n  Table B4-1.. 

d 

(b) Plume Rise 

A f requent ly  us'ed  scheme f o r  es t imat ing   the  rise of buoyant plumt!s from 
stack  sources  w;as developed by Briggs . The Briggs plume r i s e  f':)rmulae 8 

have  been  validilted for a number o f   d a t a   s e t s ;  however,  previous  experience 

and  application:;   involved  sources  with  smaller  init ial  buoyancy ,flux 
t han   t ha t  expec.:ed f o r  t h e  H a t  Creek Plant .  In a personal commun:ication 

Briggs'' i nd icaxd   t ha t   t he   1 :heo re t i ca l   bas i s   fo r  h i s  plume r i s e   equa t ions  
should  be  appl icable   to  any s tack  plume. However, t h e  atmospher4c 
temperature   s t ructure  above the  t a l l  stack  proposed f o r  the  Hat Creek 

Plant  may be   d i f fe ren t  from the  conditions  under which t h e  Brigg!; formulae 

have been  validcted.  In the  absence  of   addi t ional   information to support 

this   observat ion,   the   Briggs plume r i s e   equa t ions   ham been se l ec t ed  as 
thm? best   avai la tde  approximation.  
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' TABLE 84-1 

DISPERSION  COEPFICIENTS DEVELOPED I:OR TIE IlAT CREEK MODEL 

Lapseoltate (Y) Category 
C/100 m 

y less   than  -1 .5   (unstablej  

y grea te r   than   -1 .5   (neut ra l ,   s tab le)  
y less than -1.5 (unstable)  

y grea te r   than   -1 .5   (neut ra l ,   s tab le)  

Lapse Rate (y) Category 

W y less than  -1.5  (unstable) a 
a y less   than  -1 .5   (unstable)  

y grea te r   than   -1 .5   (neut ra l .   s tab le)  

'Wind speed  measured a t  plume height .  

Wind Speed* (WS) Category 
(meterslsec) 

WS l e s s   t han  2 .0  

WS less t h a n  2 .0  

WS grea ter   than  2 . 0  

WS greater   than 2 . 0  

Wind Speed (WS) Category 

WS less than 2 . 0  

WS greater   than 2 . 0  

any 

Ilorizontal 
1)ispersion Coefficients "" 

a b 
8 

0.40 0 .91  

0 . 3 6  0 .  R h  

0 . 3 6  0 . 8 0  

0 .32  0 . 7 X  

f, - - 

I ) i s m l o n  Corfficicnts 
Vert ical  

- 
c - 

"" .. 
I] 

0 . 4 0  ().!)I 

0 . 3 3  0 . 8 6  

0 . 2 2  0 .  78 

- 

T 



'he   prel iminary  design  of   the Hat Creek stack s p e c i f i e s   t h a t   e f € l u e n t  
.from the   four  (500 Mw) b o i l e r  units will be exhausted  through ftmr f l u e s  

'contained  within a s ing le  common casing. Thus, plurle r i s e   f ron .   t he  
stack i s  computed i n  the  HCM as i f  the   fou r   un i t s  were  exhauste'd  through 

,an equiva len t   s ing le   f lue .  I t  is known, e .g . ,   see  13osanquetl2 ,c g. ,  
tha t   the   aggrega te   r i se   o f  plumes  from mul t ip le   s tacks  i s  greatzr   than 
would be  expected from  any  one of   the   s tacks   a lone ,   bu t   l ess   than   tha t  

Erom a s ingle   equivalent   source  with  the combined  buoyancies of a l l   t h e  

s tacks.  However, the   separa t ion  between the  four   proposed  f lues   of   the  
4at Creek  stac.k i s  very  small ,   such  that  any  reducti.on  of r i s e  due t o  

th i s   f ac to r   i s   cons ide red   neg l ig ib l e .  

(c)   Terrain  Effects  

'The HCM s imuls . tes   the  effect   of   t ransport   over   e levated  terrain  during 

neutral  and ur.stable  atmospheric  conditions by al lowing  the p1u:ne t o  be 
l i f ted   one-ha l f   o f   the   d i f fe rence  between the   t e r r a in   e l eva t ion .  and the  

stack  base  elevation.  This  treatment is based on p o t e n t i a l  fled theory. 
I t  has  been  fcmd by Egan t h a t  a plume  from an elevated  sourc,e upwind 
c f  a te r ra in   Fea ture  will approach t e r r a i n  most c l o s e l y   a t   t h e   c r e s t .  
The height  of ;approach  can  be calculated  under  certain  simple  c.onditions.  

kbove the   c res t   the   s t reaml ine   spac ing  i n  t h e   v e r t i c a l  dimensicm will be 

less  than  that:   expected  over.valleys or l eve l  terrain. The r e s u l t i n g  
e f fec ts   a re   increased  wind speed a t   t h e   c r e s t  and  reduced v e r t i c a l  
spread  of   the plume.  Implementation  of a 50% (or half-height)   correc-  

tion i s  equiva len t   to   incorpora t ion   of  the  combined effects   of   increased 
wind speed anti modified  plme  spread  expected from t h e o r e t i c a l  arguments 

for   neut ra l   s t : , ab i l i ty .  In the  HCM the  50% cor rec t ion  is assumed f o r  

neut ra l  and unstable  condit.ions. 

13 

An elevated pl.lume of  gases will approach t e r r a i n   f e a t u r e s  more c lose ly ,  
however, duriqg  stable  conc.i t ions.  The distance  of  closest  approach  can 

be computed for s imple   s i tua t ions  when t h e   t e r r a i n   f e a t u r e  can be assumed 

t o  be  two-dimensional; for example, an i n f i n i t e l y  long   r idge .   In   th i s  
case,  Queney "_ c t  - a l .14  have  demonstrated  that a plume is l i f t e d  about 20 
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to 40% of  the  terrain  elevation  during  stable  flows.  The  exact  per- 
centage  depends on the  original  height  of the plume  upwind of the 
crest. 

There  is no exact  solution  to  the  problem  of  stable  air  flow  over 
irregularily  shaped  features.  Experimental  and  theoretical  evidence, 
e.g.,  Egan,  lndlcates  that  a  plume  should  approach  closer  to  three- 
dimensional  features  than  to  two-dimensional  features.  by  about  a  factor 
of two. For example,  a  plume  would  travel  about  half  as  far  above  an 
isolated  peak  as  over  a  long  ridge.  During  stable  conditions  the  effect 
of  elevated  terrain  is  simulated  in  the HCM by  allowing  the  plume  to be 
lifted  a  vertical  distance  equivalent to.10% of  the  difference  between 
the  terrain  and  stack  base  elevations.  A 10% terrain  correction  represents 
a  reasonable (yet conservative)  simulation  estimate. 

13 . . 

In summary, for all  stabilities and wind  speeds  the  model  allows  the 
plume  to  approach  a  terrain  obstacle  without  allowing  direct  plume 
impaction.  The  distance  of  approach  and  height  above  the  terrain  is 
stability  dependent. 

(d)  Model  Averaging  Times 

The HCM was  used  to  calculate  ground-level  contaminant  con centration 1s 
within 25 km  from  the  proposed  power  plant  site.  It  is  assumed  that 
plume  travel  times  to  points  within  this  distance  are  short  enough so 

that  depletion  of  stack  gases  by  chemical  transformations or deposition 
processes  may  be  neglected. A one-year  sequence of hourly  centerline 
concentrations  was  computed  with  meteorological  input  data  from  the 
B.C. Hydro  mechanical  weather  stations  (see  Section B 2 . 3 ) .  Multiple- 
hour  averages  were  formed  from  the  hourly  values.  Three-hour  concen- 
trations  were  calculated  by  averaging  consecutive  hourly  centerline 
values,  except  during  light  wind/stable  periods.  Simple  averaging  of 
centerline  values  was  considered  unduly  conservative for these  conditions, 
which  are  characterized  by  pronounced  wind  directional  variability. 
Justification  for  this  conclusion  is  given  by  Wilson  et  a1.l'  and 
Lague . 16 

" 

L 

li 

& 

R 

ut 
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For  these  periods,   the plume mass i s  considered  to  be d i s t r i b u t e d  uni- 

:iormly across  a 22.5" sector   centered  a long  the mean wind d i r e c t i o n .  

'This sector-averaging  assumption i s  used i n  computing  concentra.tions  for 

meraging  t imes  greater   than  three  hours   regardless   of   weather   condi t ions.  

(he-hour,  3-hour,  &hour,  24-hour,  seasonal, and annual  average 

concentrations  during  the  1-year  period (1975)  were ca lcu la ted  w i t h  

.:he HCM and analyzed  for   var ious  a i r   qual i ty   contro: .   systems.  

(e) Sulfur  Dioxide  Control  Systems 

'The HCM was used   to   eva lua te   incrementa l   a i r   qua l i ty   e f fec ts  of s tack  

emissions from the  proposed power p lan t   wi th  and  without  selected SO2 
cont ro l  system!;. Both f lue   gas   desu l fu r i za t ion  (FGI)) by means 'Jf wet 
scrubbers and meteorological  control  systems (MCS) were  examine'd from 

::he standpoint  of  achieving  specified  ambient SO2 l e v e l s   i n   t h e   v i c i n i t y  
of   the Hat  Creek Pro jec t .  The fo l lowing   spec i f ic  SO2 c o n t r o l   s t r a t e g i e s  

were examined i n  de t a i l :   ( 1 )  FGD with a 366m s tack;  (2) MCS wi.th a 366m 
s tack;  and  (3) MSC with a 244m s tack .  

A n  FGD system  designed  to  reduce SO2 emissions  by  54% was exami:?ed by 

.:he HCM, us ing  the  sequent ia l   meteorological   inputs  from t h e  me,:hanical 

weather   s ta t ions  and  emission  character is t ics   corresponding  to   €ul l - load 

operat ion w i t h  scrubbers.  The analysis   procedure  included  predict ions 
of concentrat ions for averaging times from one hour t o  one year .  

Results were s t a t i s t i ca l ly   ana lyzed   t o   e s t ima te   expec ted   f r equenc ie s   o f  

concentrat ions above var ious  threshold  values   as  a funct ion of (distance 
and d i r ec t ion  from t h e   p l a n t   s i t e .  

/h MCS i s  a systematic  plan  of  defined  procedures fur the  reduct ion  of  
contaminant  emissions  in  response t o  observed  or  predicted  meteoro- 
:Logical condi t ions  associated  with  re la t ively  high  ambient   concsntra-  

1:ions.  Such a program involves   the   spec i f ica t ion  of' control  measures t o  
be   t aken   in te rmi t ten t ly  as required by t h e   d i s p e r s i o n   c h a r a c t e r i s t i c s  of 

the  local  atmosphere.  For the  Hat  Creek  assessment,  the MCS wa:j con- 

: ; idered  to   involve:  
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use  of  0.45%  sulfur  coal  when  atmospheric  conditions  are 
favorable  for  contaminant  dispersion; 

e use  of  0.21%  sulfur  coal  when  atmospheric  conditions  are  such 

assumed guideline values. This  control action would  be used 
that  use of 0.45% sulfur coal  would  lead to  SO2 levels above 

during  the  winter  months  (November  through  February)  when, it 
is  assumed,  demand on electrical  generation  by  the  Hat  Creek 
facility  would  be  the  greatest;  and 

e uniform  load  reduction  of  the  four SOO-Md generating  units 
(without  changing  fuel)  during  periods  characterized  by 
atmospheric  conditions  capable  of  producing  SO2  foncentrations 
above  the  guideline  values  with  full-load  operatlon.  This 
control  action  would  be  preferred  over  fuel  switching  during 
the  months  March  through  October,  when  the  demand  for  electric 
power  is  generally  less  than  available  reserves. 

u 

Air  quality  effects  of  load  reduction  were  investigated  by  direct  appli- 
cation of the HCM with  emissions  adjusted  to  reflect  discrete  partial 
load  conditions.  Evaluation of expected  fuel  switching  requirements = 
during  winter  months  was  accomplished  by  a  computer  analysis  program 
designed  for  this  purpose.  This  program,  the  DECA  model,  is  described  in L 

Appendix  C.  DECA  uses  results of the HCM to  predict  the  frequency  and 

c 

duration  of  required  fuel  switch  actions  to  maintain SO2 levels  below 
specified  threshold  values. 

A  complete  description  of  analysis  methods  and  results  of  the SO2 control 
system  assessment  is  provided  as  Appendix  C. 

84.2  THE  REGIONAL  DISPERSION  MODEL 

Air  quality  effects of power  plant  emissions  at  locations  between  2s  and 
100  km  from  the  proposed  Hat  Creek  Project  were  estimated  by  an  adapta- 
tion  of  the HCN. While  the  Gaussian  formulation  is  not  generally 
intended  for  regional-scale  applications,  the  low  density  of  meteoro- 
logical and air  quality  monitoring  stations  in  the  project  area  favors 
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1. 

adoption  of a r e l a t i v e l y   s i n p l e  modeling  approach. To cornpensare for 
1:he uncer ta in ty   assoc ia ted  riith appl ica t ion   of   the  Ciaussian model f o r  
reg iona l   sca le   ca lcu la t ions ,  model input  parameters were s e l e c t e d   t o  

ensure  that   conservat ive  predict ions would r e s u l t ,   i . e . ,   e r r o r s  i n  the  
calculated  conc:entrat ions  tend  to  be in   the   d i rec t icsn  of  overest imates .  

“he regional  model incorporates  algorithms  to  simula.te  simple  chemical 

i:ransformation and dry  deposi t ion  processes ,   s ince  such mechanisms may 

11e significant over   larger   t ravel   dis tances .   Oxidat ion  of  SO2 1:o produce 
!;Oa i s  assumed to   p roceed   a t  a r a t e   o f  one percent  per  hour (Hirly e t   a 1  .) . 
1)eposition  of  contaminants is ca lcu la ted   as  a f l u x  a. t  t h e  ground sur face .  

A t echnica l   descr ip t ion   of   the   reg iona l  model i s  prc’vided  in Addendum A .  

17 - _  

Leasonal and annual  average  concentrations  and  deposit ion  rates  of SO 

!;04, NO, NO2, and TSP a t t r i b u t a b l e   t o   t h e  proposed Fower p l a n t  ‘were 
estimated by the  regional   mdel .   Meteorological   inputs   consis t t td   of  an 

annual wind rose  developed from 700mb winds  measured t w i c e   d a i l y   a t  

Vernon, B.C.  The average  e levat ion  of   this   pressure  surface i s  about 
:1OOOm (10,000 f t )  MSL, and is near the  expected  f ina.1  height of t h e  Hat 

Creek  plume. Use of wind da ta   t aken   a t  12-hour i n t e r v a l s  i s  adequate t o  
compute seasonarl  and  annual  average  concentrations and d e p o s i t i m   r a t e s .  

- - 2’ 

1\s noted above, uncer ta in t ies   inherent  i n  the   use  o f  mathematical  modeling 
::or a regional  assessment  require  that   conservative  assumptions  be 
:tncorporated in the  input   data .  For t h i s  r eason ,   t e r r a in   e l eva t ions  

corresponding 1.0 the  model receptor   points  were assigned  e levat ions  as  

:iollows:  (1) for r ecep to r s   l oca t ed   a t   e l eva t ions  below tha t   o f   t he  
proposed  stack  base  (about 1400111 or 4,650 f t ) ,  t he   e l eva t ion  wa!; set a t  
.:he s tack  base  height ;  (2) receptors  a t  e leva t ions  above the   s tack   base ,  

were assigned  their   actual   values .   This   input   specif icat ion i s  equivalent  
!:O placing  the  ‘ground’  plane  at   the  stack  base  elevation and r e s u l t s   i n  

JL predic ted  plume approach  height much n e a r e r   t o   t h e   t e r r a i n   t h , m  would 

actual ly   be  expected  in   val leys  downwind from the   p l an t .  As a .I:esult, 

~:round-level  concentrations  are  probably  overestimated. 
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84.3  THE  ERTXQ XODEL 

The  ERTAQ  diffusion  model  is  a  Gaussian  formulation  similar  to the HOl 
for  input  requirements,  assumptions,  and  mathematical  representation. 
However,  ERTXQ  accommodates  multiple-source  data  and  is,  therefore, 
appropriate  for  estimating  combined  air  quality  effects  due  to a number 
of  emission  sources. In the  context  of  the  present  analysis,  this  model 
is  used  to  evaluate TSP concentrations  from  Hat  Creek  coal  mining 
activities.  A  detailed  technical  description  of  the  ERTAQ  model  is 
provided  in  Addendum B. 

Fugitive  emissions  related  to  mining  activities  are  input  to  the  model 
as  point,  area,  and  line  sources.  Operations  classified  as  point 
sources  include  the  action of trucks  dumping  coal  at  transfer  points; 
line  sources  consist of vehicle  operations  over  unpaved  roads  and the 
maintenance  and  construction of haul  roads;  the  major  pit  operations 
(shoveling,  scraping,  and  blasting) as well  as  emissions  from  coal  piles 
and  wind  erosion  from  unprotected  areas  are  classified  as  area  sources. 

A stability  wind  rose  constructed  from  iurface  meteorological  measure- 
ments  at  the  B.C.  Hydro  mechanical  weather  station No. 5 (see  Figure  82-1) 
was  used  to  predict  annual  average  particulate  concentrations  due  to 
fugitive  dust  emissions  at  the  mine.  Worst-case  24-hour  values  within 
the  Hat  Creek  Valley  were  also  estimated  using  the  ERTAQ  model.  Emission 
factors  incorporate  assumptions  regarding  the  amount of emitted  material 
that  remains  suspended  without  being  deposited by gravitational  settling. 
ERTAQ  cannot  account  for  the  fact  that  the  principal  mining  operations 
will  occur  with’in  the  pit  and  will  not  generally  escape  to  affect 
particulate  concentrations  beyond  this  area. Thus, concentrations 
beyond  a  few  hundred  meters  from  the  mine  are.  expected  to  be  overestimated 
in  the  predictions. 
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B5.0 COOLING TOWER MODELS 

=.., 

13RT's numerical model COOLTOWR s imulates   the complex thermodynanic  and 

aerodynamic  processes  governing  the  behavior  of  moist,  buoyant  :?lunes 

in t roduced   to  %he  atmosphere. A second  model, DEPOT, es t imates   the 

geographical   d is t r ibut ion  of   cool ing  tower  dr i f t   deposi t ion.   Special  

adaptat ions of both models  have  been  developed t o  produce r e a l i s t i c  
pred ic t ions  of po ten t ia l   e f fec ts   assoc ia ted   wi th   opera t ion   of   r ' sc tan-  

1:ular mechanical  draft,  round  mechanical  draft,  and  hyperbolic  :latural 
d r a f t  tower  systems. The following  subsections inc1.ude br ie f   t ' schnica l  

descr ip t ions  o f  these  models  and explanations  of  the  approach  a(iopted by 
ERT i n  employing them t o   s i m u l a t e   p o t e n t i a l   e f f e c t s  due t o  atmospheric 
m i s s i o n s   r e s u l t i n g  from operation  of  various  types of cooling 'towers i n  

::he Hat  Creek  region.  Detailed  descriptions  of  the COOLTOWR ami DEPOT 

models are   presented  as  Addenda t o  Appendix D .  

135.1 MODEL DESCRIPTIONS 

COOLTOWR is a numerical model t ha t   ca l cu la t e s   t he   phys i ca l   p rope r t i e s  of 

moist plumes as a function  of downwind d is tance  from the  cooling  towers.  

'%e model is designed  to   provide  s imultaneous  solut ions  to  a sy:j%em of  

d i f fe ren t ia l   equa t ions   descr ib ing   the   conserva t ion   of  plume mass, t o t a l  
plume moisture,  plume momentum, and plume specif ic   entropy.  A :series of  

::hennodynamic rout ines  i s  included  to  simulate  phase  changes of plume 

water   a long   the   t ra jec tory  of the  cooling  tower  effl .uent.  The p r inc ipa l  
:issumptions i n  COOLTOWR a re :  (1) plume mass f lux   increases  w i t h  down- 

wind d i s t ance   acco rd ing   t o   t he   r a t e   a t  which  ambient. a i r  i s  entrained;  
:2) changes in   the   p lume 's   ver t ica l  momentum a r e  due: t o  i t s  buoyancy 
:?elative  to  the  environment;  (3)  hor izonta l  momentum o f   t he  plume mass 
depends  only on t h e   r a t e  of entrainment  induced by i t s  motion r e l a t i v e  

1:o t h e  wind; (4) t o t a l  plume moisture   f lux  increases   a long i t s  1:rajec- 
1:ory wi th   the   ra te  at  which  ambient  water  vapor i s  entrained;  ( i s )  t h e  
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deplet ion of plume moisture due to   p rec ip i t a t ion  i s  negl ig ib le ;  and 
(6) thermal  energy i n   t h e  plume a t  any po in t   i n  i t s  t r a j e c t o r y  i s  t h e  

sum of i t s  in i t i a l   hea t   con ten t  and tha t   o f   en t r a ined   a i r .  

The DEPOT model uses plume t r a j e c t o r i e s  computed by COOLTOWR to   s imulate  
the  processes by  which d r i f t   d rop le t s   ( spec i f i ed   i n   t e rms  of  an i n i t i a l  

mass-size  distribution)  undergo  transport  and dispersion  in  the  atmosphere. 
As l a rge   d rople t s  fa l l  from the   sa tura ted  plumes in to   the   unsa tura ted  
atmosphere,   evaporation  reduces  their   diameters  and,  therefore,   their  

f a l l   v e l o c i t i e s .  DEPOT accounts   for   these complex processes  governing 
the   behavior   o f   d r i f t  i n  the  atmosphere. .4s with COOLTONR, spec ia l  
fea tures   a re   incorpora ted  by DEPOT t o   d i s t i n g u i s h  between the  source 
charac te r i s t ics   o f   var ious   cool ing  tower designs.  

85.2 TECHNICAL APPROACH 

Because the  plume of a cooling tower i s  composed of   water   droplets  and 

water  vapor,  the  behavior and e f f ec t s   o f   t he  plume will d i f f e r  somewhat 

from those  of a contaminant  gas plume. COOLTOWR and DEPOT a r e   s p e c i f i c a l l y  
designed  to   t reat   the   fa l lowing  environmental   effects   associated  with 
cooling  tower  plumes: 

(a) 

obscurat ion  or  shadowing  by e l eva ted   v i s ib l e   ( s a tu ra t ed )  
plumes 

sur face   i c ing  and foggings 

mul t ip le  tower e f f e c t s  

s a l t   depos i t i on  due to   cool ing tower d r i f t  

plume downwash 

Visible  Plume Length 

In p rac t i ce ,   t he  plume remains  vis ible  (due to   the   sca t te r ing   of   l igh t )  
only so long as it contains   droplets   of  condensed  water  of s u f f i c i e n t  
s i z e  and number t o  make t h e  plume subs t an t i a l ly  opaque.  Otherwise,  the 
plume may not   be   v i s ib le  even  though it contains  small  amounts of  the 



condensate. In t h e   p r e s e n  model,  based on t h e   r e l a t i o n  betweNrm hor i -  

z o n t a l   v i s i b i l i t y  and the  :Liquid water  content  given by Houghtm  and 

Radford18 it  is assumed tha t   t he  plume i s  i n v i s i b l e  i f  t he  comilensate 

mixing r a t i o  :rc) f a l l s  bel.ow 0.00001. The  maximum v i s i b l e   p l m e   l e n g t h  

i s  ca lcu la ted   d i rec t ly  from the  model as the   ho r i zon ta l   d i s t ance   a t  

which r = 0.0~3001. 
C 

(b)  Icing and  Fogging 

i,bst fogging  and/or  icing  incidents will occur  near  the  cooling  towers 

:as a r e s u l t  of aerodynamic downwash (especially  for  mechanical  $draft  
.:ewers). However, t o  account for the   e leva ted   t e r ra in   sur rounding   the  

proposed power p l an t   s i t e ,   t he   r e s r t l t s   o f  plume r i s e  and t r anspor t  

ca lcu la t ions  were  superimposed upon the  terrain fea tu res .  A t  those 
poin ts  where the   t e r r a in   i n . t e r cep t s   t he  plume,  fogging o r  icing  (depending 

cln the  ambient  temperature) will occur. As explained  in   the  di i ;cussion 

c l f  c o o l i n g   t o w r  modeling resul ts ,   such  effects   due t o  impingentmt  of 

extended  vis ible  plumes a t  h igh   e l eva t ions   a r e   p red ic t ed   t o  occ1.1r only 
about   f ive hou:rs per   year .  

(c)  Multiple Tower Effec ts  

The behavior of' combined plumes  from a row of   ident ical   cool ing  towers  
i s  simulated by a sub-model of the  COOLTOWR program.  Geometrica.1 
c r i t e r i a   a r e  used to   determine  points   of   intersect ion  of   individ.ua1 

plumes.  Then,  physically  realist ic  assumptions are used to   desc r ibe  
a l t e r a t i o n s   i n  plume proper t ies   (e .g . ,   f luxes   o f  i t s  mass, to ta l   mois ture ,  

and momentum) r e su l t i ng  from t h e  merging  process. At t h e   p o i n t  of 
mwging,   the  propert ies  of t'he mixed plumes a r e  combined i n   t h e  model. 
The merging scheme i s  general ized  to   a l low  s imulat ion  of  plume behavior 

from a row of any number of  'cooling  towers. 
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(d)  Salt  Deposition  Due  to  Cooling  Tower  Drift 

lvhiIe  condensation  products  such  as  cooling  tower  fog  are  reasonably 
pure  water,  drift  droplets  have  the  composition of the  circulating 
water.  Through  evaporation  and  the  addition  of  makeup  water,  salt 
.concentrations  higher  than  those  found  in  the  source  water  occur  in  the 
circulating  water  after  a  few  cycles  through  the  condensers.  Chemicals 
present  in  the  circulating  water  can  therefore  be  deposited on the 
countryside  by  the  drift.  The  drift  is  carried  aloft  in  the  plume  as 
long  as  the  upward  motion  of  the  plume  is  greater  than  the  settling 
velocity  of  the  droplet.  Droplets  are  eventually  deposited on the 
ground  at  various  downwind  distances  that  are  determined  by  the  wind 
speed  and  the  mass-size  distribution  of  the  drift  escaping  the  towers. 

The  DEPOT  model  uses  inputs  from  COOLTOWR  and  drift  emission  charac- 
teristics  to  describe  mean  trajectories  for  each  of  a  range  of  drop 
sizes.  Larger  droplets  reach  the  ground by gravitational  free-fall; 
smaller  drops  by a combination  of  settling  and  motions  corresponding  to 
turbulent  atmospheric  eddies.  Monthly,  seasonal,  and  annual  average 
deposition  patterns  are  computed  by  summing  the  contributions of all 
drop  sizes  and  incorporating  meteorological  joint-frequency  statistics. 

(e) Plume  Downwash 

During  strong  crosswinds,  aerodynamic  downwash of cooling  tower  plumes 
can  occur  unless  the  initial  vertical  momentum  and/or  buoyancy  is suf- 
ficient  to  carry it beyond  the  region of flow  separation  in the lee  wake 
of the  tower.  Hyperbolic  natural  draft  towers  are  massive  structures, 
presenting  substantial  obstructions  to  local  winds  and  producing  some 
lee  downwash.  The  height  of  such  towers  (122m  to  152m),  however,  is 
sufficient  to  preclude a resulting  plume  impact  at  the  ground  in  regions 
of  flat  terrain.  Fogging  at  points  located  on  topographic  features 
above  the  tower  site  may  occur.  Round  mechanical  draft  towers  also 
exhibit  favorable  downwash  and  recirculation  characteristics.  Plumes 
from  such  towers  behave  essentially  like  those  from  a  small  natural 
draft  tower.  The  symmetry  of  both  designs  makes  the  behavior of the 
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plumes  independent  of wind d i r ec t ion .  For applica.:ions  involving  natural 

d r a f t  and romd  mechanical  draft  towers,  the COOLTOWR model employs a 
downwash cr i te r ion   der ived  from resu l t s   ob ta ined  b, analysis  of  observa- 

t i ona l   da t a  t?y Overkamp aEd Hoult.'l The c r i t i c a l   r a t i o   o f  p1.ume ve loc i ty  

t o  wind speet.  required  to  produce downwash i s  de temined   as  a function 
of  the plume IFroude number. 

The 0ccurrenc:e  of downwask. from a rectangular  mechanical  draft:  tower i s  
dependent upcal t he   r e l a t ive   ang le   o f   t he  wind to  the  tower.   This  tower 
design is conducive  to grcNund l eve l  plume impacts ,   i .e . ,   ic ing;  and 

fogging. The (expression  atlvocated by Hanna" to   de.scr ibe  the  def lect ion 

of  rectangulm  tower plumes during downwash conditions i s  incorporated 

by COOLTOWR. 

85.3 MODEL ELIIAPTATION 

For a p p l i c a t j m   t o   t h e  B.C. Hydro cooling  tower  simulation  analysis,   the 

COOLTOWR model incorpora tes   express ions   for  plume  .growth r a t e   (d i spe r -  
s ion   coe f f i c i en t s )   cons i s t en t   w i th   t hose   de r ived  from on- s i t e   da t a  as 

described i n  :Section  84.2. In a d d i t i o n ,   v e r t i c a l  ,wind speed  prof i les  
determined from local  meteorological  data  are  used as model input .  The 

r e s u l t s   o f  mc:;nsurement s tud ies  by Slawson e t  a l .  l9 and Meyer c:t a l .  
i n   t h e  vicinj:ty  of  operational  cooling  towers  are  also  used to determine 

appropriate  entrainment  coefficients  for  both  mechanical  drafi:  and 
natural   draft:   tower  designs.  

20 
" - 

Slawson et  al..19 observed time-mean t r a j e c t o r i e s   o f  plumes f r o m  the  
three  natura: .   draft   cooling  towers a t  the  Tennessee  Valley  Authority's 

Paradise  Stroam  Plant. Mt:yer " e t  a1." presented  extensive  data   (col lected 
d u r i n g   t h e   f a l l  and winter of  1973-74)  of  the  visible plume from rec-  

tangular   mechanical   draf t   cool ing  towers   a t   the  Potomac E lec t r i c  Power 

Company's Beming Road g e n e r a t i n g   s t a t i o n   i n  Washington, D . C . ,  where 16 

tower c e l l s  !ierve fos s i l - fue l   un i t s   w i th  a t o t a l   o f  560 Mw ca1:acity. 

These  well-p:.anned  and  documented observations  have  been  used  to  deter- 

mine e n t r a i n r e n t   c o e f f i c i e n t s   t o   d e s c r i b e   t h e  growth  of  multi]:~le-cell 
plumes  from rectangular  mechanical  draft   cooling  towers.   SimSlarly,   the 

observations of  Slawson et: a1.l '   were  used  for  the  calibratiol:   of  the 

COOLTOWR model fo r   app l i ca t ion   t o   na tu ra l   d ra f t   t owers .  

- " 

" - 
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BS . 4  MODEL APPLICATIONS 

The  investigation  of  potential  environmental  effects  associated  with 
cooling  tower  operation  at B.C. Hydro's  proposed  Hat  Creek  Plant  involves 
the  following  specific  modeling  tasks: 

1) incremental  effects  upon  the  frequency  of  local  ground  fog 
formation  due  to  the  interception of visible  plumes  with  the 
ground,  and  the  locations  where  such  effects  are  significant; 

2)  the  frequency  of  tower-induced  icing  initiated  at  or  near  the 
ground  as  a  result of contact  with  saturated  plumes  during 
sub-freezing  ambient  conditions; 

3) the  extent  of  atmospheric  obscuration  attributable  to  per- 
sistent  elevated  cooling  tower  plumes,  including  the  geo- 
graphical  distribution  of  such  plumes  during  typical  monthly 
and  annual  periods; 

4 )  the  extent  of  icing  directly  attributable  to  seasonal  water 
drift  accumulations  resulting  from  cooling  tower  operation; 
and 

5)  the  airborne  drift  concentrations,  the  patterns of ground- 
level  salt  drift  deposition,  and  potential  effects on nearby 
sensitive  locations. 
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86.0 OTHER ASSESSMENT  METHODS 

I ’ rev ious   sec t ims   of   th i s  A:3pendix have dealt   with  nodeling  techniques 

used t o   e v a l u a t e   s p e c i f i c   a i r   q u a l i t y   e f f e c t s  of t h e  Hat  Creek :?reject. 

Come potent ia l ly   important   issues ,  however, do not  lend  themselves  to 

ana lys i s  by such formal  mathematical  procedures  because  of  insufficient 

da ta ,  incomp1el.e understanding  of  the  governing  processes,  or  limita- 

t i ons  of preser:t p red ic t ion   too ls .  Four s u c h   s u b j e c u   a r e   d i s c c s e d   i n  
t.lis section.  These  include the ef fec ts   o f   the   p ro jec t  on:  

v i s ib i l i t y   deg rada t ion ;  

s prec ip i t a t ion   ac id i ty ;  
ambie.?t levels of  photochemical  oxidant; and 
ambient  levels  of  :;econdary  nitrogen  oxides. 

Information frora t h e   t e c h n i c a l   l i t e r a t u r e  formed the  basis for   evalua-  

t i o n  of t hese   e f f ec t s .  The r a t iona le  and technical  considerations 
involved   in   the   se lec t ion  of assessment  methods f o r   t r e a t i n g   t h e   f o u r  

to>ics are presented i n  the  fol lowing  subsect ions.  

B6.1 VISIBILITY DEGRADATION 

V i s i b i l i t y  and v isua l  range a::e po ten t i a l ly   a f f ec t ed  by emissions  of 

atniospheric  contminants.   Visibil i ty,   as  used i n  t h i s  r epor t ,   r e f e r s   t o  
the  c l a r i t y  wi th  which an object   s tands  out  from i ts  surroundings; 
visual   range is tihe dis tance 5. t  which an ideal  black  object can j u s t   b e  

seen  against  the. horizon. 

In .?he  western  part  of  North  America,  there  are many areas   located at  
greiit  distances from  any  major sources of anthropogenic  aerosols.  In 
these   a r eas ,   v i s ib ’ i l i t y  and v ima l   r ange   a r e   l a rge ly  governed by 1.ight 
scat . ter ing of pa r t i cu la t e s  and aerosols  from natural   sources.   Thi1;l ler 

- e t  ” a 1 . 2 3  have  coml~uted t h a t  tht: visual  range  for  such  locations can  be 
greater   than 160 km. In  these  areas,  a small   increase i n  the  density  of 

l i g h t - s c a t t e r i n g   p a r t i c l e s   c o u l d   g r e a t l y   a f f e c t   t h e   v i s i b i l i t y  of 
ob jec t s   i n   t he   a r ea  of an observer. 
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E U V l s O N U E N T 4 3 E 5 ~ . P C * L i ~ 1 * ~ L a r  Nc . 
Much of  the work done  by researchers   inves t iga t ing   aerosol   e f fec ts  on 
v i s i b i l i t y  is based on l ight-scattering  theory  developed by Koschmieder. 
In h i s  work,  Koschmieder derived a re la t ionship  between the  I i g h t  

s ca t t e r ing  o r  ex t inc t ion   coef f ic ien t  and visual  range. For the  human 
eye with a minimum brightness   contrast  of 0 .02 ,  and f o r  a l i g h t  wave- 
length  of 550 m (the  wavelength at  which the human eye is most sen- 

s i t ive) ,   the   re la t ionship   can   be   expressed   as :  

24 . 

- 
Lv - 

In 0.02 
b (86-1) 

where 

Lv is t h e  visual  range  (meters);  and 

b is t h e  sca t te r ing   ex t inc t ion   coef f ic ien t .  25 

The ext inc t ion   coef f ic ien t  can  be  described  as  the s m  of severa l  

components: 

where 

bscat 

bRayleigh 

babs-gas 

babs-aerosol 

is the  component due to   aerosol   sca t te r ing ;  

is the   s ca t t e r ing  due to   a i r   mo lecu le s ;  

accounts  for  absorption due to   gases;  and 

fo r   t he   abso rp t ion  due t o   p a r t i c l e s .  

In most cases ,   the  babs-gas 

bscat  
i n  an urban   a rea   o r   in   the   v ic in i ty   o f   l a rge   po in t   sources ,  b is 
approximately  equal t o  bscat. 

and babs-aerosol a r e   neg l ig ib l e  and 

i s  much greater   than bRayleigh for  contaminated air .  Therefore, 

25 

To estimate a quan t i t a t ive   r e l a t ionsh ip  between l i g h t  s ca t t e r ing  and 
aerosols ,  i t  i s  necessary  to   understand  the  effects  o f :  
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1 

I 

1 

I 

p a r t i c l e  size d i s t r i b u t i o n  

aerosol  mass conc'sntration 

chemical  composition  of  the  aerosol 

p a r t i c l e  shape 

re la t ive   humidi ty  

< :over t   e t   a l . " j   d i scusses   the   re la t ive   impor tance  of each  of  these 

b.ariables.   Lizht is s c a t t e r e d  most e f f i c i e n t l y  by p a r t i c l e s   i n   t h e  

C , . 1  t o  1 .0  um s ize   range.  The premise   tha t   sca t te r ing   e f f ic ien-y  

i s  r e l a t e d   t o   : ? a r t i c l e  mass concentrat ion assumes that  the  atmo,spheric 
p a r t i c l e   s i z e   d i s t r i b u t i o n  :is constant.  Studies  conducted by severa l  

Iesearchers  tend  to  support  this  assumption  (Junge,  Hldy,28 Clark 
and Witby ) .  Such support  is impor tan t ,   s ince   the   e f fec t   o f   p ;? . r t ic le  

s i z e  dominates  other  aeroso:l   properties  in  determining  the  extinction 

coe f f i c i en t  due t o   l i g h t   s c a t t e r i n g .  If t h e   s i z e   d i s t r i b u t i o n  :is f ixed  
and a l l   o the r   : f ac to r s   a r e   cons t an t ,   t he   s ca t t e r ing   coe f f i c i en t  will be 

propor t iona l   to  t h e  mass concen t r a t ion ,   i . e . ,  

" 

27 . 
29 

- constant  6 -  (B6-2) 

where M is the   aerosol  mass concentration.  This important re l a t ion -  

ship,   postulate 'd by Charlson e t  a1.,30 allows  one t o   e s t i m a t e   t h e  
d is tance  from vthich an  objec:t on the   hor izon  can be  seen  (Charlson 

" 

30 
" e t  - a l .  assigned a f ac to r   o f  two a s   t he   l eve l  of e r r o r   f o r   t h i s  
expression.)  tlowever, the  equation  does l i t t l e  t o  tell one  about 

degradation i n  ,the c l a r i t y  clf ob jec ts  at' given  distances from ark 
observer  as a j k c t i o n   o f   i r t e g r a t e d  mass concentrat ion  a long  the 

l ine   o f   s igh t .   That  is, an actual   observer  will probably  notice: a 
decrease i n  v i m a l   a i r   q u a l i t y   b e f o r e  an objec t   to ta : l ly   d i sappears  

from view. 

1 

I 

Hmry  has  app:lied  the  linear  system  theory  of  visual  acuity tc '  
v i s i b i l i t y  redc.c:tion by aerosols .  His approach is based on t h e  
assumption that the  eye-brain  system i s  n e a r l y   l i n e a r  i n  i t s  response 

t o   l i g h t   s t i m u l u s ,  and t h a t   a l l   o b j e c t s  can  be  defined  in  terms o f  

21 
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Fourier  combinations  of  sinusoidal light patterns  given i n  cycles  per 
angular  degree  of  arc.  Figure  86-1  illustrates  this  concept  for 
a  spatial  frequency  of  five  cycles  per  degree.  This  approach  leads  to 
the  result  that,  as  the  integrated mass concentration  increases, the 
smallest  discernible  sinusoidal  frequency-of  an  object  decreases,. 
i.e.,  the  visual  detail  of  the  object  is  obscured. 

The visual  range (V,) of  an  object  with  sinusoidal  frequency Q is  given 
by  the  expression: 

(B6-3) 

where 

b is  the  extinction  coefficient  defined in Equation (86-2); 

CMIO)  is  the  actual  modulation  contrast  of  an  object  with  frequency 
Q at  zero  distance,  i.e.,  no  degradation  due  to  aerosols, 
with  a  representative  value  of 1, for  white  or  black; 

C,(Q)  is the  threshold  contrast  for  frequency Q; and 

D defines  the  conditions of atmospheric  illumination  and 
solar  angle  (D=l  for  full  sunlight  and D=8 for  shadow). 

According  to Henry,j2 the  human  eye-brain  system  is  capable  of  dis- 
tinguishing  object  sizes  that  correspond  to  a  spatial  frequency  (Q) of 
40 to 50 cycles/degree.  Objects  with  frequencies  of  approximately 
50 cycles  per  degree  represent  fine  detail  (e.g.,  the limb of  a  tree), 
a  frequency  of  15  cycles  per  degree  represents  moderate  detail  (the 
trunk of  a  tree)  and 5 cycles  per  degree  corresponds  to  coarse  detail 
(the  tree  itself).  Alternately,  visual  ranges  corresponding  to  these 
frequencies  represent no reduction  in  visibility,  moderate  reduction, 
and  severe  reduction. 
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OBSERVER 

Figure Btj-1 Ideal ized Example I l l u s t r a t i n g   S p a t i a l  Frequency 
of Five Cycles Per Degree 

1.n 
01 n * 
0 
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The  Equation  (B6-3)  can  be  used  to  compute  visible  ranges  corresponding 
to  any  frequencies  for a given  aerosol  mass  concentration  as  follows. 
The  scattering  coefficient b is  calculated  from  Equation  (B6-2) with 
the  constant !l/b set at 4.5 x 10 ug/m- j0. Figure  B6-2,  taken  from 
Henry,  Illustrates  the  relationship  between  the  spatial  frequency 
Q and  contrast  sensitivity  (l/CT).  Values  of  contrast  sensitivity  for 
30, 15, and 5 cycles  per  degree  are 4.5,  40, and 2 5 0 ,  respectively. In 
his  paper,  Henry  suggests  values  of %(O) and D = l  for  average  daylight. 
For this  condition,  visible  ranges  corresponding  to  frequencies  of 
interest  may  be  calculated  from  (86-3).  This  method  was  used  to  assess 
the  effects  of  emissions  from  the  Hat  Creek  Project on local  visibility. 

5 7 

31 . 

Ambiept  relative  humidity  has  an  important  effect on visibility. 
Hygroscopic  and  deliquescent  particles  in  the  atmosphere  increase i n  
size  with  increasing  humidity.  Covert ,.26 examined  light-scattering 
properties  of  various  atmospheric  aerosols  for  relative  humidities 
ranging  from  20 to 100%.  In  all  cases,  a  dramatic  increase  in  scat- 
tering  efficiency  was  noted  for  relative  humidity  values  greater  than 
70%. Thuill.er  et  al.23  also  found  that  for  the  same  aerosol  mass  dis- 
tributions,  visual  range  dropped  from  12  km  for  a  relative  humidity 
of less  than 40% to 6 km when  the  relative  humidity  exceeded 40%. 

They  concluded  that  visual  range  is  not  necessarily  indicative  of 
aerosol  mass  concentration  for  the  latter  condition. 

" 

This  dependence  of  visual  range on humidity  is  important  in the case 
of  Hat  Creek.  On-site  relative  humidity  data  indicate  that  during the 
winter  months  (December  through  February),  visible  ranges  calculated 
by  Equation  86-3  may  overestimate  the  'range  more  than 70% of  the  time 
(see  Appendix E). Based on results  reported  by  Thuiller " et  al.,23  the 
actual  visual  range  may  be  only 50% of  the  computed  values  during 
periods  of  high  humidity. 

Regional  visibility  effects  and  plume  opacity  were  estimated  by  less 
formal  methods,  based on published  accounts  in  the  literature  and 
experience  at  other  coal-fired  power  plants  with  similar  particulate 
control  equipment. 
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SPATIAL FREQUENCY (CYCLES: DEGREE) 

Figure B6-2 Contrast  Sensitivity  to  Sinusoidal  Test  Fstterns 
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B6.2  ACID  PRECIPITATION 

Current  interest  in  the  relationship  between  atmospheric  contaminants 
from  industrial  emissions  and  acidity  in  precipitation  results  primarily 
from  numerous  published  reports  of  systematic  increases  in  acidity 
(decreases  in  pH)  in  the  waterways  of  Scandinavia and  eastern 
North  In  attempting  to  formulate  quantitative  predic- 
tions  of  the  importance  of  Hat  Creek  emissions  for  changes  in  precipita- 
tion  acidity,  two  major  limitations  must  be  recognized: 

33,54 

most  experimental  evidence  of  acid  precipitation  has  been 
developed  in  locations  that  are  frequently  downwind  of  very 
large  industrial  regions,  hundreds  or  thousands  of  square 
kilometers  in  size,  and  with  large  densities of sulfur  and/or 
nitrogen  oxide  emissions;  and 

published  reports of acid precipitation are based on measurements; 
some  attempts  have  been  made  to  simulate  sulfate  deposition  by 
precipitation  fallout  in  Scandinavia,  but no modeling  tech- 
niques  to  estimate pH change  due  to  a  point  source  were  found 
in  the  literature. 

Obviously  the  experience  in  northern  Europe  and  the  eastern  sections  of 
Canada  and  the  United  States  cannot  be  applied  directly  to  .British 
Columbia.  Many  authors  have  presented  evidence of the  relationship 
between  acid  rain  in  Sweden  and  Norway  to  long-range  transport  of  plumes 
from  western  Europe  and  the  United  Kimgdom.  Similarly,  low  pH 
values  in  the  northeastern  United  States  are  attributed  to  emissions  in 
the  heavily  industrialized  Mid~est.~'  Thus,  locations  where  acid  rain 
problems  exist  are  generally  downwind  of  high-emission  areas  extending 
over  hundreds  or  thousands  of  square  kilometers.  This  is  not  the  case 
in  the  interior  of  British  Columbia. As reported-by Summers  and 
Whelpdale,40  Pacific  air  masses  moving  across  the  province  are  quite 
free  of  anthropogenic  contaminants,  and  even  sulfates  associated  with 
chlorides  from  sea  spray  are  largely  removed  by  the  time  the  air  reaches 
the  interior  of  the  Province. In fact,  evidence  is  cited  by  these 
authors  that,  except  during  passage  over  the  Alberta  gas  fields, 
eastward-moving.air  masses  remain  'clean' until they  reach  industrialized 
southern  Ontario. . 

Y , 2 8  
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hidespread pH :?eduction i n   ~ a i n  o r  snow due t o  emissions from a power 
p lan t  i s  unl ikely,   s ince  the  horizontal   area  beneath a s ing le  plume 

i s  small i n  corrparison  with  that  of most storms.  Moisture f a l l h g  
through  the   p lme,  however, may be  measurably  affect.:d. The major 

smelter   near   Sdbury,   Ontar io  i s  be l i eved   t o  be respons ib le   for   the  
a c i d i f i c a t i o n  cvf nearby  lakes  and  result ing losses among f i s h  popula- 

t i o n s .  41 However t h i s   f a c i l i t y  i s  the   wor ld ' s   l a rges t   emi t t e r   o f  SO2, 
with  an  emissicln rate  approximately 20 times t h a t   o f   t h e  Hat Creek Plan t .  
Prec ip i ta t ion   a .c id i f ica t ion  due t o   t h e  power p l an t  i!; expected t o  be 

h c a l i z e d  and r e s t r i c t e d   t o  a r e l a t i v e l y  narrow area beneath  the  plume. 

MRteorological  conditions t h a t  favor  development  of it wide,  meadering 

plume a r e   l i g h t  and va r i ab le  winds associated  with a s tagnat ing  :high 
p::essure system. Such cond i t ions   a r e   un l ike ly   t o   p roduce   p rec ip i t a t ion  

in any form. 

Tlte a c i d i t y  of  p rec ip i t a t ion   r each ing   t he   ea r th ' s   sup face   a f t e r  i t  has 

passed  through a m  e levated plume i s  the   r e su l t   o f  a se r ies   o f   ch tmica l  

and physical   events   that   occur   before  and dur ing   prec ip i ta t ion .   Sul fur  
in f o s s i l   f u e l s  i s  oxidized .in t h e  combustion  process t o  form SO.,. The 

S(Iz in  the   s tack   gas   undergols   fur ther   ox ida t ion   in   the  atmosphe:re t o  
f c m  SO; and SO;. The oxida:ion  can  occur  in a clean environment: by 
pf .oto-oxidat ion  or   in   the  presence  of  heavy  metal  catalysts o r  wzter. 

Tke r a t e  of SO2 t o  SOY convel?sion  depends on time of day  and the  presence 
01:' absence   o f   ca t a ly t i c   ma te~ ia l .  In aqueous so lu t ion  S O 2  and SC; form 

s c l f u r i c  and  su'lfurous  acids.  Nitrogen  oxide  released by high tcm 

pera ture  combus::ion undergoes similar processes   ( the   reac t ions   a re  

more numerous  and  complex t h a n   f o r   s u l f u r )   t o  form n i t r i c   a c i d   i n  
so lu t ion .   Acid . ty   in   p rec ip i ta t ion   in   the   eas te rn   Uni ted   S ta tes  and 

Scandinavia i s  xpparently  caused  primarily By s u l f u r i c  and n i t r i c :  
ac ids .  Less thxn 15% of   t he   ac id i ty  i n  samples  collected at  a s t .a t ion 

i n  New Hampshirf! was a t t r i b u t a b l e   t o   o r g a n i c   a c i d s .  42 
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The  efficiency  of  precipitation  scavenging  is  important  in  terms of 
the  amount  of  acid  absorbed  by  falling  moisture.  Rain  is  apparently 
more  efficient  than  snow  in  this  regard,  especially i n  strong  con- 
vective  situations.  The  initial  pH of the  precipitation  is  also  a 
factor  determining  the  amount of SOt dissolved  in  falling  droplets. 
Dissociation  of SO2 in  water  to  form HSO; and  HC  adheres  to  conven- 
tional  laws of chemical  equilibrium. Thus, the  lower  the  pH  of  the 
precipitation,  the  lower  the  solubility of SOz. Hales " et  al.43  concluded 
that SO2 absorption  would  proceed  most  readily  in  a  rural  environment 
with  significant  ambient SO2 concentrations  near  the  surface. 

If  the  vertical  distribution  of SOt concentration  is  not  fairly  uniform, 
SO2 absorbed  by  droplets  within  the  plume  will  be  lost  to  some  extent 
by desorption  back to the  atmosphere  below  plume  level. It is  anticipated 
that  near  the  Hat  Creek  site,  precipitation  passing  through  the  elevated 
power  plant  plume  will  reach  the  surface  with  less  sulfur  than  was 
originally  washed out at  higher  levels.  In  the  following  paragraphs, 
the  experience of researchers  investigating  precipitation  chemistry 
near  large  power  plants is used  to  estimate  acid  precipitation  effects 
due  to  Hat  Creek. 

Hutcheson  and  Hall44  analyzed  the  results  of  a  precipitation  sampling 
program  in  the  vicinity of  a  coal-fired  power  plant  in  Alabama.  They 
found  that  sulfate  aerosol  scavenging  alone  could  not  account  for 
observed  patterns  of  washout  and  suggested  that SO2 scavenging  was  the 
primary  mechanism.  This  finding  is  in  contrast  to  the  results of 
Hales  et  al.43  who  reported  that SO2 scavenging  was  less  important  than 
sulfate  scavenging  in  explaining  observed  washout  near a large  coal- 
fired  plant  in  Pennsylvania.  Hutcheson  and  Hall44  explain  this  apparent 
contradiction  in  terms  of  background  concentrations  and  stack  height 
differences  of  the  two  sites. It is  postulated  that SO2 scavenging 
dominates  when  background  concentrations  are  low,  since  the  'clean' 
rain  can  readily  absorb SO2 as  it  falls  through  the  plume.  If  the 
plume  is  from  a  relatively  low  stack,  the  reverse  desorption  process 

" 
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).as less   t ime and l e s s  unco:ltaminated a i r  below the  plume i n  wh:.ch t o  
Ilroceed.  In  tne  Pennsylvania  study,  the  precipitation was presumably 

zcidic  before  passing  throu,gh  the plume and  had more time t o  desorb 

tlelow it; consequently,   net  SO scavenging was re la t ive ly   un impor tan t .  2 

The Hat Creek Plant will have a t a l l  s tack  and will be  located i n  an 

area  with low  bsackground contaminant  levels. I t  i s  a n t i c i p a t e d   t h a t  

tloth SO and S3= scavenging will con t r ibu te   t o  wet d.eposition of 

m l f a t e s  (and  a.cid) nea r   t h ' s   p ro j ec t   s i t e .   Expe r i ence   a t   o the r  power 

p l an t s  and CheTlical ana lys i s  of snow samples i n   t h e   i n t e r i o r   o f   t h e  

Province  indicate   that   the   ,area below t h e  plume will rece ive   p rcc ip i ta -  
l.ion  with pH 1e.vels  between 4 .0  and 5.0 within 20 knl during  convective 

r.wnmer shower periods.   This may be comp&ed wi th  an observed  background 
pH of  5.0 t o  5.5 i n  snow samples  taken in the   in te r ior   o f   Br i t i ! jh  

Columbia (see 4.ppendix A ) .  Note tha t   the   a rea   over  r.hich these   e f f ec t s  
will occur will genera l ly  bss small compared t o   t h e   t o t a l   a r e a   a f f e c t e d  

tly such  storms. In addition,  about 42% o f   t h e   p r e c i p i t a t i o n   f a l l i n g  i n  
t h e  Hat Creek Valley is snow. Nyborg and Crepin4'  imply t h a t  snow is 
clnly about  one-fourth as ef€ec t ive   in   scavenging   e f f ic iency   as   ra in .  

2 4 

P o t e n t i a l   r e g i m a l   p r e c i p i t a t i o n   a c i d i f i c a t i o n  was estimated on the  
bas i s   o f   resu l t s   o f   chemica l   ana lyses   o f  snow i n   B r i t i s h  Co1umb:ta and 

predicted  ambient  levels fr,m the   d i f fus ion  modeling: ana lys i s .  The 
n~aximum predict .ed  hourly  sulfate   concentrat ion was C.5 ug/m . The 

corresponding SO concentrat ion was 1.5 pg/m . These concentrat ions 

were  assumed t.2' be  uniform  through a depth  of 1500m. The volumt: of  
p r e c i p i t a t i o n   f a l l i n g  i n  an a rea   o f  1 sq m was determined by thr: assumed 

ra infa l l   ra te .   Di f fe ren t   szavenging   e f f ic ienc ies  from t h e   l i t e r a t u r e  

were  postulated:  to  estimate  the amounts of  SO2 and S'O: absorbed by the  
fa l l ing   d rops .   Resul t s   o f   the  snow sample analyses  (see Appendi-x A) 

were  used t o   c a l c u l a t e   t h e  !ninimum pH corresponding  to  formation  of 
s u l f u r i c   a c i d  i n  the  ra inwater  by t h e  formula 

3 

2 
3 
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pH = -loglo [lo' + 011 (B6-4) 

where 

A is  the  pH  without  plume  washout; 

a is  the  scavenging  efficiency, i.e., percent  absorption  of 
SO2 and SO:; and 

I is the  incremental  sulfuric  acid  [equivalents/liter]. 

An example  of  the  use  of  Equation (86-4) follows. 

A snow  sample  collected  in  early  June  1977  in  Wells  Gray  Provincial 
Park  was  found  to  have  a  pH  of  5.1  and  an  alkalinity  of 1 . 2  mg/liter. 
The  latter  number  represents  the  amount of acid  that  must be added 
to  the  solution  to  reach  a  pH  of  4.5.  Expressed  in  terms of meq/liter, 
the  alkalinity  is  0.024.  ModeJ  results  showed an ambient SO concen- 
tration  of  1.5  vg/m  and  a  sulfate  concentration  of  0.5  ug/m In the 
vicinity of the  park. If - total  absorption of these  species  in  the 
precipitation  occurs  with  complete  conversion  to  sulfuric  acid  and 
complete  dissociation  of  the  acid  occurs  in  the  solution,  then  the 
total  meq of acid  added  to  the  sample  by  washout  is  0.0448.  Since 
0.024 meq  are  required  to  bring  the  pH  to 4.5, then  the  resulting 
pH  is  calculated as 

3 3 .  

pH = -loglo + (0.0448 - 0.024)] f 4.28  

Considering  the  conservatism of the  assumptions  regarding  absorption 
efficiency  and  dissociation,  it  is  unlikely  that  the  ambient  concen- 
trations  of  SOx  assumed  in  the  above  example  would  ever  actually 
decrease  the  pH  of  precipitation  to  this  extent. 

Overreir~~~ reported  that  deposition of excess  acid  in  Norway  occurs 
during  a  few  limited  periods of rainfall. A station in the  southern 
part  of  that  country  received 25% of  the  excess  sulfate in 15  days 
over a. 3-year  sampling  period.  Precipitation  acidity  in  Xorway 
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:.s assoc ia ted   p r imar i ly  w i t h  long  range  transport  of  plumes from 

western Europe  and the  United Kingdom. If a c i d   r a i n  from these  

iarge  area  sources  occurs  only i n  ep i sod ic   i n t e rva l s ,  i t  i s  reasonable 

::o expect t h a t  such e f f e c t s  due t o  a s ing le   s tack   source  will occur 

even more in t e rmi t t en t ly .  Thus, the  es t imated pH reduc t ions   a t t r i bu tab le  

::o Hat Creek w i l l  occur  only  occasionally on a reg iona l   bas i s .  

116.3 PHOTOCHEMICAL OXIDANTS 

Ozone (03) i s  a h ighly   reac t ive ,   co lor less   gas ,  formed by the   r eac t ion  

of  molecular  and  ground s t a t e  oxygen (02 and 0 ,  r e s p c t i v e l y ) .  Although 

0 occurs  in  highest   concentrations  in  the  lower  stratosphere,  .the 
:io-called  ozonosphere,  high  levels  (greater  than 0.1.0 ppm) a r e  (commonly 
::ound in   po l lu t ed   a r eas  of  the  lower troposphere.  Due t o  i t s  e f f e c t s  on 

human heal th ,   vegetat ion,   and  mater ia ls   (especial ly   rubber) ,  O3 has become 

J L  contaminant  of  widespread  concern t o   s c i e n t i f i c  and  medical  researchers 
its well as regulatory  agencies .  The production of O3 i n   t h e  lower 

atmosphere  occurs  mainly by the   reac t ions :  

3 

NO2 + hv -* NO + 0 (86-5) 

:md 

O + 0 2 + W + 0 3 + M  (86-6) 

where 

hv i s  t h e   u l t r a v i o l e t   l i g h t  photon f o r  waveler.gths less   than 

about 4200A, and 
. o  

M is the   ca t a lys t ,   u sua l ly  N 2 ,  necessary   to   c i ss ipa te   the   excess  

energy  produced i n  the   r eac t ion  so tha t   the   nascent  O3 does 
not   d i ssoc ia te  back t o   t h e   r e a c t a n t s .  

The major mechanism f o r  O3 loss is react ion  with NO: 

NO + O3 + NO2 + O2 (86-7) 
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Ozone  formation  and  destruction in the  atmosphere  is  largely  governed 
by  the  ratio  of NO2 to NO and by  incoming  solar  radiation;  a  high 
NO2 to NO ratio  causes  the  reaction (86-5) to  dominate,  leading  to 0; 
production,  while  a  low  ratio  allows NO to  deplete Oj by  reaction 
(86-7). Since  the  reaction (86-1) proceeds  at  a  rate  proportional  to 
sunlight  intensity, O3 is  formed  only  during  daylight  hours.  Maximum 
concentrations  normally  occur  during  the  period  from  midday  to  late 
afternoon,  depending on location of the  emissions  and  from  May  through 
September,  when  sunlight  intensity  is  sufficiently  high  to  produce  ozone 
at  latitudes  north  of 40'. 

Changes  in  the NO2 to NO ratio  can  result  from  reactions  involving a 
variety  of  atmospheric  compounds.  For  example,  hydrocarbon  radicals 
(R), readily  oxidize NO through  the  reaction: 

R02 + NO +. RO + NO2 (B6-8) 

which  serves  to  increase  the  ratio,  as  does  the  chain  reaction  involving 
co : 

an 

OH + CO + C02 + H 

H + O2 9 H02 

H02 + NO + OH + NO2 

,d the  3-step  reaction  involving SO2: 

SOt + OH - S O j  

Hso3 + o2 + " . H S O 5 + M  

HS05 + NO +. HS04 + NO2 

(86-9) 

(B6-10) 

The HS04 can,  of  course,  produce  sulfuric  acid  (which  may  be  converted 
to  sulfate)  by  abstraction of a  hydrogen  atom  from  hydrocarbons or 
radicals  such  as HOZ. 
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Examples of   reac t ions   tha t  - d x r e a s e   t h e  NO2 t o  NO r a t i o   a r e :  

OH + NO + HN03 2 

HONO + hv + OH + NO 

and NO2 + NO3 3. N 2 0 5  

N205 + H20 + 2HN03 

(86-11) 

(B6-12) 

(B6- 13) 

Emissions  from coa l - f i r ed  power p l a n t s   a r e  composed pr imar i ly  of NO, 

SO2, and particulates.   Radi-a1  hydrocarbons,  C O ,  and. NO2 a r e  d i s -  

charged i n  much sma l l e r   quan t i t i e s .  Near the   po in t  cmf emission,  the 

NO2 t o  NO r a t i o  is small and O3 concentrat ion i s  low due to   r eac t ion  
(U6-3). Furthermore,   reaction (B6-4) is unimportant  unless  abundant 

bxkground  hydrxarbons  are   :?resent .  Along t h e  plume t r a j e c t o r y ,  
NO is slowly  converted  to N O Z ,  l a rge ly  by reaction  with  background 03. 

Ar, t h e  NO t o  N:I ra t io   incre . l ses ,   fo rmat ion   of  0 abc've  background l e v e l s  

crm occur   f a r  downwind of  th's  source.  According  to Elavis e t  a l .  , O3 
concentrat ions  *t i thin  the  plxne are lower  than  ambient  levels f o r  many 

kj.lometers; Hegg; " et  al.48 ami Ogren et   al .49 descr ibe  similar behavior 

in plumes. 

2 3 47 
" 

" 

Of t h e   t h r e e  mea.surement s t o i i e s   c i t e d ,   o n l y  Davis -. e t  - a l .   r epor t ed  a 
nr : t   increase of plume 0 abofe  ambient  background leve ls .  According 

t c l  Hegg " e t   a l .43 ' ,   d i f fus ion   ,wi th in   the  plume occurs .more rap id ly   than   the  

NO + NO2 conversion  (and  therefore 0 formation) .  Net 0 formation i s  
pcss ib le   on ly  i n .  a reas  w i t h  :high ambient levels   of   ra .dica1  precursors ,  

e .g . ,   hydrocarbms,  which oxidize NO without  involving  the  background 
O... The Davis47  study was, in f a c t ,  conducted in  the  Baltimore- 

Wrshington D.C. a rea ,  an  urb,m  locale   with  re la t ively  high background 

ccmtaminant  con:,entrations. In a more recent   s tudy o f  t h e  plume  from 
t h e  Labadie powar p lan t   near   S t .  Louis, an a r e a   o f   r e l a t i v e l y  hi!:h 

bs.ckground hydrxa rbons ,   G i l l an i   e t  al." also  observed a ne t   i nc rease  

of O3 f a r  downwind (e .g . ,  190 km) from the   p l an t .  The f indings of 
0E:ren " e t  a1.49 and Hegg e t  correspond  to measurements i n   a r e a s  
with low backgrxmd  levels,  ,and may b e  considered more representa t ive  

3 

3 3 

:, 

" 
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of  applicability  to  the  Hat  Creek  Project.  This  site  is  located  in  a 
region  where  reactive  hydrocarbon  concentrations  are  expected t o  be 
very  low  (probably  less  than 1.0 ppb).  In  view  of  the  probable  lack 
of precursors  necessary  for  formation  of  excess 0 it  is  concluded 
that  the  Hat  Creek  Plant  plume  will  not  be  a  source  of  significant O3 
above  existing  ambient  levels. 

3' 

B6.4 NITROGEN OXIDES 

Atmospheric  oxidation  of SO emitted  from  a  coal-fired  power  plant  involves 
a  complicated  series  of  reactions  that  depend on background  concentra- 
tions of many  contaminants,  including  hydrocarbons,  hydroxyl  and  hydro- 
peroxyl  radicals, as well  as  other  stack  plume  constitutents.  Due  to 
the  complicated  nature  of  the  processes  governing  the  transformation  of 
NO to NO and  organic  and  inorganic  nitrates, it is  necessary  to  rely on 
experimental  results of other  studies  to  estimate  the  potential  effects 
of  Hat  Creek NOx emissions. 

2 

Based on their  work  at  the  1200 Mw Centralia  power  plant  in  Washington, 
Hegg  et.a1.48  determined  that  the  time  required  to  convert 50% of  the 
plume  NO  to NO2 is  roughly  proportional  to  the  square of plume  travel 
time.  Although  one  might  expect  a  steadily  increasing NO2 to SO ratio 
with  increased  travel  distance,  these  researchers  found  that  the  con- 
version  process  is  diffusion-controlled. It is,  therefore,  more  likely 
that  the  ratio  will  have  an  upper  limit  that  depends on meteorological 
conditions  and  the  background 0 concentration  (see  Section  B6.3). 

" 

3 

The  maximum NO2 to  NO  ratio  observed  at  Centralia  was  4.3.  This  value 
is  probably  near  the  upper  limit  for  the  prevailing  conditions  at 
Centralia,  since  the  ratio  increases  only  very  slowly  with  time  after 
the  first  ten  minutes. 
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Tlie HCM used t o  ca l cu la t e   l oca l  and regional  NOx concentrat ions (due t o  

Hlt Creek  emissions  does  not  simulate  the complex chemistry  of N O  oxida- 
t : ion  to  form NC. and organic and i n o r g a n i c   n i t r a t e s .  As indicatssd by 

the  foregoing  discussion,  any at tempt   to  do so  would necessar i ly   involve 
a series  of  speculative  assumptions  regarding  background  levels 'of 
numerous air  quali ty  parameters:   Rather,   to  estimate  incremental  NO and 

NO2 concentrat ions,   the   conversion  of  NO was taken  into  account '5y 
a ( l j u s t ing   t he  h 0  and NO emission  ra tes   to   ref lect   probable   convsrs ion 

rites. On t he   bas i s   o f   t he   Cen t ra l i a   r e su l t s ,  an i n i t i a l  NO emission 

oE SO% NO and 5 0 %  NO2 (by  volume) was assumed f o r   t h e   l o c a l  modeling 
(~naximum  downwind d is tance  of  25 km). For the   reg iona l  modeling app l i -  

c , l t ions ,  it was assumed t h a t  80% of   the NO emission:;  were i n  t h e  form 
oE NO2. 

2 

2 

X 

X 

E leva ted   n i t r a t e   l eve l s   a r e  commonly observed  in   areas  downwind , J f  

l s r g e  NO emission  sources,   since NO and NO2 a r e   p r e c u r s o r s   t o   t h e  

f m n a t i o n  of bc8:th organic  and i n o r g a n i c   n i t r a t e s .  Nitric ac id  (HN03) 

i s  t h e  most conmon species  o f  i n o r g a n i c   n i t r a t e  formed i n   t h e  at'mo- 

sphere.  The reac t ions  most f requent ly   assoc ia ted  wixh HN03 production 
a r e  : 

X 

OH + NOz + M +. HNC13 + M (B6-14) 

(B6-15) N205 .+ H 0 -+ 2HN02, 2 

In the  a tmosphere,   n i t r ic   acid formed  by  such r eac t ions   ex i s t s  a s  

n i t r a t e   s a l t s ,   s i n c e  HN03 reac ts   wi th  many o ther  compounds. FoI 

example, gaseots  ammonia r ea . c t s   w i th   n i t r i c   ac id   t o  :form NH4N03, 

ammonium nitra1:e. 

The organic   n i lxa tes   a re  formed ch ie f ly  by reactions  with  hydrocarbon 
radicals ,   e .g . : ,  

RO + :NO2 +. RON02 (B6-16) 
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Peroxyacetyl  nitrate (PAN) results  from  the  reaction: 

RCOj + X02 + RC03N02 (86-17) 

Organic  nitrates  can  reach  significant  levels  in  polluted  areas,  e.g., 
PAN  concentrations of 50 ppb  (parts  per  billion)  are  recorded  in  the 
Los Angeles  Basin.  However,  the  lack of substantial  hydrocarbon  sources 
to  produce  radical  precursors  in  the  Hat  Creek  region  should  limit  the 
production of these  compounds  to  very  low  ambient  levels (<1 ppb). 
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ADDENDUM A 

(A) 1 .0  THE HAT CREEK MODEL 

:A) 1.1 FORMULATION AND ASSUMPTIONS 

:'he Hat Creek Model (HCM) ca l cu la t e s  ground level  contaminant  concen- 

1:rations  due to emissions from the  proposed power p lan t   s tack .  The 

basic   equat ion of the  model i s  t h e  Gaussian plume express ion   re la t ing  
ambient  concent:rations  to  emissions  in  terms  of a meteorological  function 

:e .g . ,   see   Turner  ) .  Spec i f i ca l ly ,  1 

where 

(x,y,z)  are  the  coordinates  (along-wind,  crosswind, and v e r t i c a l )  

of  a Cartesian  system  with  or igin at  the  emission  source 

(O,O,H) [ length] .  

X(x,y,z) is the  ground-level  contaminant  concentration  at   receptor 
loca t ion  ( x , y , z )  [mass/length 1. In t he  present   appl ica t ions ,  3 

ground-level  centerline  concentrations  (corresponding  to y=o 

i n  Equation A-1) were calculated  for  each  hour.  

Q is the  source  emission  rate  [mass/t ime].  

H is the   e f fec t ive   he ight  of  emission  (:stack heighl: p lus  plume 

r i s e )  and,  thus, t h e  elevat ion  of  the: plume cen te r l ine  
above t h e  ground [ length] .  

u u a r e   d i s p e r s i m   c o e f f i c i e n t s   i n d i c a t i c g  plume spread   ra te  
Y '  z 

in   the  cross-wind and ve r t i ca l   d i r ec t ions ,   r e spec t ive ly  

[ length]  . 
U is the  average wind speed a t   s tack   he ight   [ length / t ime] .  

(A) 1- 1 
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The most important model assumptions  are  the  following: 

Wind speed and d i r ec t ion   a r e  uniform  throughout  the  field  of 

receptors   (po in ts   a t  which concentrat ions  are  computed) during 
the  period  corresponding  to  each  application  of  Equation A - 1 .  

However, wind  speed i s  assumed to   vary w i t h  height  above t h e  

ground. 

Emission r a t e  i s  constant and the  meteorological  parameters 
governing plume behavior   are  unchanged over   the  basic   calcu-  

la t ion  per iod  throughout   the  f ie ld   of   receptors .  

The plume l eav ing   t he   s t ack   r i s e s   un t i l  it reaches  an  equilibrium 

e leva t ion ;   the   he ight  of t h e  plume cen te r l ine  i s  c o r r e c t e d   t o  
r e f l e c t   l i f t i n g   o v e r   t e r r a i n   o b s t a c l e s .  

A t  any downwind d is tance ,  the  maximum concentration is found 
a t   t h e  plume center l ine .  The profiles  of  contaminant mass i n  

the  cross-wind and v e r t i c a l  dimensions are   wel l   descr ibed by 
Gaussian  (normal) d i s t r ibu t ions .  

Concentrat ion  prof i les   of   concentrat ion  descr ibed by t h e  
Gaussian formulat ion  are   not   instantaneous  dis t r ibut ions;  

ra ther ,   they  represent   average plume spread  over an hour. 
Consequently,   they  incorporate  the  variabil i ty  of wind flow 
and turbulence  asso’ciated  with  this time period. E 

A l l  contaminant mass is conserved,   i .e . ,  none of  the  emitted 
mater ia l  is l o s t  due t o  chemical  transformations,  deposition, - 
o r  washout  by p rec ip i t a t ion .  (In the  adaptat ion  of   the model 
fo r   r eg iona l   app l i ca t ions   t h i s  assumption is modified.  See 

Section A1.5 . )  

Assumptions 1) and 2) a re   cha rac t e r i s t i c s   o f  a s teady-s ta te  model repre-  I 

senta t ion .  Assumption 6) is v a l i d   f o r  modeling  contaminant  transport 
and dispers ion on a loca l   sca le .  Removal processes do no t   s ign i f i can t ly  
deplete   the plume from a t a l l  s t ack   fo r  a period  of  several   hours.  For 
this  reason,  different  assumptions  are  necessary  to  simulate  local and 
regional  behavior. In the   p resent   s tudy ,   ‘ loca l ’  is understood  to   refer  
t o   r ad ia l   d i s t ances  o f  25 km o r   l e s s  from the  source.  

(A) 1-2  



A l . 2  DISPERSION  COEFFICIENTS 

"he  spread  of  contaminants  released  to  the  atmosphere i s  governed by 

xurbulent eddy motions. The cha rac t e r i s t i c   s i ze   o f   t he   edd ie s  ;at a 

i:iven time and loca t ion   de te rmines   the   ra te   a t  which an airborne plume 

will be d i lu t ed  by entrainment   of   outs ide  a i r .  The degree  of  such 
nixing  permitted by ambient  conditions is gene ra l ly   r e f e r r ed   t o  as 

zttmospheric s t a b i l i t y .   S t a b i l i t y  i s  r e l a t e d   t o   t h e   v e r t i c a l   p r o f i l e   o f  
<:emperatwe,  the wind speed ,   so la r   inso la t ion ,  and  t.he na ture  of the  

underlying ground surface.   Unstable   condi t ions  favor   rapid  di lut ion  of  

plume mater ia l ;   s table   condi t ions  character is t ical ly   suppress   mixing.  

:'he HCM incorporates   the  assumption  that   hor izontal  and v e r t i c a l   p r o f i l e s  

of  concentration i n  a contaninant plume resemble  Gaussian (or normal) 
d i s t r i b u t i o n s .  Thus f o r  a given s t a b i l i t y ,  a measure  of  dispersion a t  a 

p a r t i c u l a r   d i s t a n c e  from a .plume source i s  provided by the   s tandard  
deviat ions,  a and a of  t 'hese  distributions.   Functional form!; descr ibing 

t h e  along-wind var ia t ion   o f   these   so-ca l led   d i spers ion   coef f ic ien ts   for  

d i f f e r e n t   s t a b i l i t i e s  have 'been suggested  for   point   source  appl icat ions 

by many inves t i .ga tors ,   e .g . ,   Pasqui l l ,   Gl f ford ,  and  Turner! The appl ic -  
z tb i l i ty   o f   var ious   d i spers i ' sn   coef f ic ien ts  depends l a rge ly  on the   exper i -  

nental   conditions  under which they.  were  derived. 

Y 2 '  

2 .  3 

:'he hor izonta l  and ve r t i ca l   d i spe r s ion   coe f f i c i en t s  used i n  t h e  HCM 

c lose ly  resemb1.e those  developed a t  Brookhaven National Lab0rat:n-y  and 

published by the  American S x i e t y  of  Mechanical  Engineers.  Hodever, 
the  specif ic   expressions  used  for  u and a stem from a model ca l ib ra -  
1:ion analysis  based on gas  t racer  plume simulation  experiments  conducted 
:.n t h e  Hat Creek  Valley. A comprehensive  description  of  the  calibration 
nethods and resu l t ing   d i spers ion   coef f ic ien ts  i s  presented   in  A'idendum C 

o f   t h i s  Appendi.x. 

4 

Y Z 

!jome explanation  of  the  dis:?ersion  assumptions  for  multiple-hour  average 

concentrations is warranted. The coefficients  developed from t':le gas   t racer  

s t u d i e s   a r e  tak:en to   r ep resen t  an  averaging  period o f  one  hour. The hourly 
concentrat ions  calculated b y  means of  Equation A - 1  are   ground-level   center l ine 

v a l u e s ,   i . e . ,  t:he maximum c m c e n t r a t i o n   a t   t h e  downrind distances  corresponding 
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to  model  receptor  locations. For times  greater  than  three  hours,  simple 
averaging  of  these  maxima  is  considered  unduly  conservative,  since  the 
wind  direction is specified  in  the  model  only  in  terms  of  the  .appropriate 
22.5' sector.  Thus,  for  longer  averaging  times,  the  hourly  centerline 
concentrations  are  modified  by a factor  that  effectively  replaces the center- 
line  value  by  a  value  corresponding  to  uniform  distribution  of  the  plume - 
across  the  wind  direction  sector.  Multiple-hour  average  concentrations  for 
all  periods  greater  than  three  hours  are  then  formed  by  taking  the  arithmetic - 
mean  of  these  'sector-averaged'  one-hour  values.  This  approach  was  also 
adopted in computing  three-hour  averages  for  periods  characterized  by  very 
light  winds  (less  than 2 mps) accompanied  by  stable  conditions. In these 
circumstances,  natural  variability of wind  direction  at  a  given  elevation, 
and  pronounced  directional  shear  in  the  vertical  tend  to  spread  plume  material .- 

in  the  cross-wind sense, so that  three-hour  averages  formed  from  hourly 
centerline  concentrations  are  considered  overly  conservative. E 

.I 

u 

L 

<A)1.3 PLUME RISE L 

The HCM uses the  most  recent  plume  rise  equations of Briggs! For unstable 
and  neutral  conditions: 

Ah = 1 . 6 ~ ~ 1 ~  x 2 /3  
U 

Ah = 1.6F1/3(3.5 x*J2I3  
U 

(x  < 3 . 5  x*) 

('4-3) 

where 

F is  the  buoyancy flux of  stack  emissions (m /sec ) 4 3  

x * '  is  the  downwind  distance  at  which  atmospheric  turbulence 
dominates  entrainment  in  plume  rise (m) 

x* is  14 F5I8 if F < 55 m 1 s  - (A-4) 

x* is 34.49 F2I5 if F > 55 m Is ('4-51 

4 3  

4 3  

3 . 5  x' is  the  downwind  distance  at  which  the plume becomes 
level (m) 
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For s t ab le   cond i t ions :  

1.6 F 1 /3  x 2,'3 
Ah = 

Ah = 2.9 ( - us F)l'3 

U 
- 

where ,, 

(x < 2 .4  u s 1'2) 

(x 2 2 . 4  u s 1 / 2 )  

I 
S 

s i s  the   s tab i l i ty   parameter   based  on atmospheric 

l a p s e   r a t e  

38/22 is ,the r a t e  of change of po ten t i a l  tempe:rature 
wit.11 height ('K/m) 

g is the  accelerat ion  due  to   gravi ty   (9 .81 m/sec ) 2 

Ta is the  ambient  temperature ("K) 

Ve is ?:he ex i t   ve loc i ty   o f   the   s tack   gas  (m/'sec) 

r i s  the   s t ack   r ad ius  (m) 

T is the  exi t   temperature  of s tack  gas ,  (OK) 

S 

S 

u is the  wind speed at  h (m/sec) 
S 

The equation fox: plume r i s e   i n  a calm  atmosphere,  defined by winds l e s s  

than  1.4 m/sec, id   as   fo l lows:  

Ah = S.0 F 114  s-3/8 
(A-10) 

The wind speed,  u, at stack  .height hS, was computed from the   va lue  

measured at  10m above the  gnxmd by a power-law expression: 
P 

u(:Is) = UIOm (q (A-11) 
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where  the  exponent  p  has  values  of 0.09, 0.14, and 0.20 for  unstable,  neutral, 
and  stable  conditions  respectively. 

(A)1.4 PLUME TRAPPING re= 

Equation A-1 is  used  to  predict  short-term  concentrations  for  the  condi- 
tion  of  unlimited  mixing.  Vertical  dispersion  can  be  substantially 
affected  by  the  presence  of  an  elevated  inversion  having  a  base  above 
the  effective  height  of  emission.  Such  an  inversion  base  acts  as  a 
'lid'  to  restrict  vertical  eddy  motions,  and  dispersion of contaminants 
trapped  within  the  underlying  atmosphere  layer  is  not  well  described  by 
Equation A-1, 

- 

Following  the  suggestion  of  Turner,' a  modified  expression  is  used  to 
compute  ground-level  concentrations for restricted  mixing  conditions. 
If  the  computed  plume  rise  exceeds  the  mixing  height, it is  assumed  that 
the  plume  will  not  disperse  downward  through  the  inversion  layer,  and 
the  effect  upon  concentrations  at  downwind  receptors  at  ground  level  is 
negligible.  When  the  effective  stack  height  is  below  the  mixing  height, 
concentrations  are  calculated  as  follows.  Equation  A-1  is  used  for 
distances  less  than XT, defined  as  the  downwind  distance  at  which az = 

0.47D (D is  the  mixing  depth).  Beyond a  distance 2XT. uniform  vertical 
mixing  between  the  ground  and  the  mixing  height  is  assumed.  For  distances 
between XT and 2XT, vertical  diffusion  is  treated  by  interpolation 
between  .the  extremes  for  unlimited  and  complete  mixing.  Specifically, 
the  basic  dispersion  equation  can  be  rewritten  more  generally  as: 

X(x,y,z) = 8 vdf . hdf  (A-12) 

where 
vdf  is  a  vertical  dispersion  function,  and 

hdf is  a  horizontal  dispersion  function. 

Note  that  for  unlimited  mixing or for  downwind  distance X less  than %, 
ground-level  centerline  concentrations  are  computed  with 
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Q 

a s   i n  Equatio:? A-1 .  For l imited  dispersion  caused by an  e1evat:ed inversion,  
concentrat ion$  are  computed between X and 2X by the   mul t ip le - re f lec t ion  

expression  praposed by Turner'  (Equation  5.8,  page  36). Beyond the  

d is tance  2%. uniform  mixing  between  the  inversion  base  and th,:: ground 

i s  assumed. 

T T 

(A) 1.5 THE EFFECTS OF TERIWIN 

The HCM incorporates   procedures   to   adjust   the   height   of  a plum,:: t o  

account  for  th.e  presence o:€ t e r r a i n   f e a t u r e s   i n   t h e   v i c i n i t y  O F  the  Hat 
Creek Pro jec t .  Model inputs  include  elevations  corresponding to  each 

receptor   point .  For n e u t m l  and unstable   condi t ions,   the  plum':: center-  
l i n e  i s  assumed t o  be   l i f t ( ?d  by an amount equal  to  one-half  ths:: rise of 

t h e   t e r r a i n  above the  stac:k  base  elevation.  Figure (A)-1 i l h s t r a t e s  
this   'half-hei .ght   correct ion '   in   the HCM. For s t a b l e   s t r a t i f i - a t i o n ,  it 

i s  assumed  tha.t t he  plume : en te r l ine   pas ses   c lose r   t o   t he  ground  surface; 
the   t e r ra in   cc l r rec t ion   fac tor  f o r  t h i s   c a s e  i s  0.1,  and  the pl..une i s  

assumed to   pass   a round  the   s ide   o f  a h i l l ,   r a t h e r   t h a n   o v e r  i t .  For 

neut ra l   s tab i l i ty ,   the   ha l€-he ight   cor rec t ion   to   the   Gauss ian  :['lume 

equat ion  resu1. t~  in   predicted  concentrat ions  consis tent   with t:ilose 
expected from po ten t i a l  f h w  theory   for  plumes passing  over  an  idealized 

spherical   obst:ruction (Ega-n ).  Queney e t  a1.'  have  demonstrated  that a 
plume i s  l i f t e d   w i t h  an eq l iva l en t   t e r r a in   co r rec t ion   f ac to r  of 0 . 2  t o  

0.4 during  stable  f low  over an inf in i te ly   long   r idg ,e .  The ex i s t ing  
evidence  indicates a plume should  pass more closely  to   three-dimensional  

than   to  two-di.mensiona1 fea tures  by about a fac tor   o f  two.  For  example, 
the  approach  distance  to an i so l a t ed  peak would be  about  half  that 
expected  over a long  ridge. The 10% correction  used  in HCM fo r  s t a b l e  

conditions is considered a reasonable  (yet  conserva.tive)  simulcttion 

estimate.  

6 
" 
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Ho+h/rJ”-y 1 , \ 

Figure (A)-1 Terrain  Height  Correction i n  the  Hat Creek Model 
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(A) 1 .6  THE HICT CREEK REGIONAL MODEL 

The model used t o  compute a i r   qua l i ty   e f fec ts   o f   the   p roposed  ]:lower 
p lan t  on a r e g i o n a l   s c a l e ,   i . e . ,   f o r   r a d i a l   d i s t a n c e s   o f  25 t o  100 km 

from t h e   s i t e ,  i s  similar :.n formulation  and  assumptions  to thli: HCM 

previously  dexribed.   Indeed,  most of   the  mater ia l   regarding .:he HCM 

presented  thus far in  t h i s  Addendum i s  a l s o   a p p l i c a b l e   i n   t h e  !::ontext of 
ana lys i s  methods  used for  the  regional  modeling.  Consequently,  only 

differences  between  the HCM and i t s  regional   vers ion  are   discu: : ,sed  in  
t h i s   s e c t i o n .  The pr inc ipa l   d i f fe rences   in   t e rms   of   appl ica t ions   in  

t h i s   s t u d y   a r e :  

0 meteorological  input 
treatment  of  chemical  reaction  processes 

treatment  of  conraminant  deposition. 

(a) Meteorological  Input 

Whereas the  HCM uses meteo:rological  input  data  in  the form of  ,a sequence 
of   hourly values, the   reg iona l  model was operated  with  weather  data i n  
the  form of a s t a b i l i t y  wind rose  developed  from 700 mb obserrtrt ions a t  

Vernon, B.C.  This wind rose i s  presented   in  Appendix A.  Thus!. appl i -  

cat ions  of  the: regional  model are   confined  to   calculat ion  of   l 'mg-tenn,  

e.g. ,   season 'or annual  ave:rage,  contaminant  concentrations. 

(b)  Chemical  Reaction  Processes 

The regional  :nodel  incorpo:rates  consideration  of  simple  atmospheric 
reac t ions ,  whsreby a plume contaminant i s  gradually  transforme':l  into a 
secondary  spe:ies. In par t icu lar ,   the   deple t ion  of plume SO2 t o  form 

SO: is accounted  for  in  th,?  regional  modeling  for  the Hat Cree'k a i r  
quali ty  assessment.  The loss   of  a primary  contaminant  species i s  ca l -  

culated by means of  t he   r e l a t ionsh ip  

x1 = x, exp (+) (A-14) 
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where 

X0 

X1 
X 

X 

U 

is  primary  species  concentration  in the absence  of  chemical 
decay loss 

is  primary  species  concentration  after  chemical  decay  loss 

is reaction  rate  constant 

is  downwind  distance 

is  mean  wind  speed 

Secondary  contaminants  are  formed  from  the  loss of primary  contaminant 
material. 

A  value of 4.16 x sec-’  (1.5%  per  hour)  was  assumed  for  the  rate  of 
conversion ( A )  from SO to SO= This value  compares  favorably with 
published  rates,  e.g.,  Hidy , Eliassen  and  Saltbones’,  and  Lusis  and 
Weibe . 

2 4‘ 

10 

Oxidation of NO in  the  atmosphere  is  an  extremely  complex  process 
governed  by  many  processes  including  photooxidation,  oxidation  in  the 
presence of particulate  catalysts,  and  reactions  with  hydrocarbons. 
Consequently,  the’formation  of NO2 in  the  plume  cannot  be  simulated  by 
a  simple  expression  such  as  Equation  (A-14).  According  to  Hegg  et  al., 
NO to NO2 conversion  in  a  power  plant  plume  is  diffusion-limited.  The 
maximum N 0 2 / N 0  ratio  found  by  the  authors  in  the  plume of the  Centralia 
power  plant  in  Washington  was 4 . 3 .  It  may  be  assumed  that  this  ratio 
represents  a  near-maximum  value,  since  the  ratio  grows  very  slowly  after 
about  ten  minutes. 

11 
“ 

Because of the  complexity  of  the  atmospheric  conversion  processes,  the 
decay  of NO and  formation of NO are  simulated  indirectly  by  means  of 
adjusted  stack  emission  rates.  For  the  local-scale  modeling,  emission 
rates  for NO and NO2 were  calculated on the  premise  that  the  volume  of 
NOx in  the  stack  gas  is  equally  apportioned  as NO and NO2.  For  regional- 
scale  applications,  the  results  of  Hegg  et  al.ll  were  incorporated, 
i.e., NO2 was  assumed  to  account  for 80% of  the  volume  of  NOx  leaving 
the  stack. 

2 

” 

.,P 
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( c )  Contaminant  Deposition 

The regional  model was used t o  compute average  dry  deposit ion riittes as 
well as ambient  concentrations  of plume contaminant  species. F8:m a 
E:iven species   the  deposi t ion  ra te  is found by the   r e l a t ionsh ip  

where 

M is the  mass deposi . t ion  ra te   [mass/ length  / t~me] 

x i s  the  ground-level  ambient  concentration  [mass/length'] 

U is t h e  mean wind sl?eed [length/t ime],  and 

2 .  

'3 

Vd i s  t h e   c h a r a c t e r k t i c   d e p o s i t i o n   v e l o c i t y   d i v i d e d  by 
a nomi.na1 wind spem3d [dimensionless] 

Values of   the   depos i t ion   ve loc i t ies   used  for SO2,  SOY, NO,  NOz. and TSP 

:.n the  regional.  model appl ica t ions   a re :  

0 so2: 1.0 cm/sec  (Reference 9) 

0 so;: 0.1 cm/sec  (Reference 9)  

NO, NOz: 0.1  an/sec  (Reference  12)* 

TSP: assumed same as SO- value for reg iona l   t ranspor t  
- 
4 

[n the  regional. model, deple t ion   of ,   e .g . ,  plume SO;! and SO: by deposi t ion 
:is not  accounted  for i n  the  calculation  of  ambient SOz and SO: :further 
(downwind. Thus plume concentrations of both  species.  are  probably  over- 

(estimated. 

'Authors  of  Reference 12  ac tua l ly   repor ted  a depos i t i on   ve loc i ty   fo r  NOx 
of 0.5 cm/sec for  experimental  work i n   t h e  Los Angeles  area. 'This value 
i s  considered,  excessive  for Hat Creek  modeling. A 0.1 cm/sec i epos i t i on  
ve loc i ty  is assumed f o r  both NO and NO2. 
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ADDENDUM B 

(B)  1 . 0  ERT A I R  QUALITY MODEL (ERTAQ) 

I:B) 1.1 FORMULlTION AND ASSUMPTIONS 

E,RTAQ was used  to  estimate  :short-term and annual  concentrations  of TSP 

r ,esu l t ing  from f u g i t i v e  dus.: emissions  in  t h e  proposed Hat Cree:k coal 

nine.  ERTAQ i:; a Gaussian model similar t o   t h e  HCM described i:.l Addendum A .  

Eowever, t he  EllTAQ formulation i s  designed  for   appl icat ions  involving 
multiple  sourct?s,   including  point,  l ine ,  and area sources .  Thelie 

c a p a b i l i t i e s  a:e necessary f o r  e s t i m a t i n g   a i r   q u a l i t y   e f f e c t s  dxe t o   t h e  

var ious   dus t -producing   ac t iv i t ies   o f   the  mine. 

ERTAQ incorporxtes most of  t.he same basic  assumpti0n.s  as  the HQ! i n  

that :  (1) s teady-s ta te   conc i t ions  are simulated; ( 2 )  horizontal. and 
vertical  profiles  of  emitted.  material from an individual   source  are  

assumed t o  conf'orm t o  Gaussian  prof i les ;  and (3) plume contaminant mass 
i s  conserved. :In addi t ion ,   the   d i spers ion   coef f ic ien ts   a re   the  same as 
those  described i n  Addendum A,  Section (A)1 .2 .  

Since  dust  froo: t he  mine r e s u l t s  from emissions at  01: near   the  g.round, 
w:tthout  excess  buoyancy or ve loc i ty ,  no plume rise calculations  .are 

included  in   the  concentrat ion  calculat ions.   Instead,   emissions  dre  
assumed t o  be mj.xed uniformly  through  an i n i t i a l  10-nl depth. 

The a i r   q u a l i t y   e f f e c t s  of t:he mine are  considered tc ,  be   l imi ted   to   the  

Hat Creek Valley, and TSP c m c e n t r a t i o n s   a r e   c a l c u l a t e d   t o  a maximum 
dj.stance of  10 km. Depletions or transformations  of plume materi-a1  due 
t c ,  chemical  realt ions or deposi t ion are not  considered' in  the EKI'AQ 

fc'rmulation. 

Wind speed i s  a:;sumed constant  with  height and throughout   the  f ie ld   of  

model receptors  for  each hou1:ly period.  Trapping by elevated  inversions 

and  plume penet;tation of such inversions are not considered for !;urface 

mining  applicat:.ons. The ERTAQ model does  not  incorporate methods f o r  
plume h e i g h t   c o ~ r e c t i o n  due 7:O t e r r a i n   e f f e c t s .  
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Both  short-term  (24-hour)  and  annual  average  concentrations  were  cal- 
culated  with  appropriate  meteorological  data. 

(B) 1.2  METEOROLOGICAL  INPUT  DATA 

Annual  average  TSP  concentrations  due  to  fugitive  dust  emissions  from 
the  proposed  mine  were  calculated  by  ERTAQ  with  an  annual  stability  wind 
rose  developed  from  hourly  data  collected  during  1975  at  the  B.C.  Hydro 
Mechanical  Weather  Station No. 5,  near  the  mine  site.  Tabulations  of 
the  stability  wind  rose  are  presented  in  Appendix A .  

Short-term  concentrations  were  also  calculated  for  comparison  with  24-hour 
ambient  guidelines.  For  these  simulations,  separate  sets  of  meteoro- 
logical  input  parameters  were  chosen  to  represent  a  range  of  potential 
worst-case  dispersion  conditions.  These  conditions  were  identified  from 
the  stability  wind  rose  and  from  wind  persistence  statistics  developed 
for  mechanical  weather  stations  in  the  valley.  Light-wind/stable 
(stagnation)  as  well as high-wind/neutral  situations  were  investigated. 
In  addition  to  these  extremes,  several  other  weather  scenarios  wete 
modeled  to  obtain  realistic  estimates  of  more  typical  air  quality  con- 
ditions  in  the  Hat  Creek  Valley. 

(B)1.3  AREA  SOURCES AND LINE  SOURCES 

The  ERTAQ  model  computes  ambient  concentrations  resulting  from  any 
combination  of  multiple  point,  line,  and  area  sources.  With  the  few 
exceptions  noted'in  Section  (B)I.l,  the  ERTAQ  treatment  for  point  sources 
is  similar  to  that  in  the  HCM  (see  Addendum  A).  The  emissions  from 
trucks  dumping  coal  at  transfer  points  are  examples  of  mining  activities 
modeled  as'point  sources. 

Area  sources  include  the  major  pit  operations  (shoveling,  blasting,  and 
scraping). To  simulate  air  quality  effects  due  to  a  rectangular  area 
source  QA(x.y,H),  the  equation  for  the  concentration  at a given  receptor 
located  at  grid  point (O,O,Z) is: 
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. hdf:(x,y)  exp - { [‘ 
where 

x ,x. a re   p ro j ec t ions  1 2  of   the   a rea   source  on an ax is   pa1 ,a l le l   to  

t h e  mean wind (see  Figure ( B ) - 1 )  [ length] 
a r e   p r o j e c t i o n s  of  the   a rea   source  on an axis   perpendicular  

t o  t h e  mean wind 
y1 J2 

Qa i s  emission  rate  [mass/length  / t ime] - L 

H i.s e f f e c t i v e  ,plume height  [ length] 

U 
2 

is ver t ica l   d i spers ion   coef f ic ien t   [ length]  

hdf is a horizont , l l   d ispers ion  funct ion;  for multiple  hour 

werages,   hdf = l / c  where c = 2xtan (11.25’) = 0 . 5 9 8 ~  

Ccmputer r e a l i m t i o n   o f  Equacion B-1 i s  achieved by dividing  each  area 
scurce  into  a’number of rec tangular   e lements   o r ien ted   perpendicular   to   the  

wind d i r ec t ion .  The area source  integrat ion  then  involves   the summation of 

contributions  f iom  each  elemtmtal  area.  This technique  represents  an 
advancement over most previous methods which s imula te   cont r ibu t ions  of a rea  
sources by a s e ~ i e s   o f   c l o s e l y - s p a c e d  vir tual  poin t   s ,xnces .  

For a uniform,  ( :onstant  l ine  source  distribution,  the  concentration a t  the 
point  (O,O,z) i s   t h e   i n t e g r a l   a l o n g   t h e   l i n e  of e l emen ta l   s t r i p s  of length 

d l  

wi.th the   t r ans fe r   func t ion  V given  for  t ime  average  calculations by  

1 
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where 

and 

c(x) = 0.398 x =:!xtan (11.25") = sector  width 

a t   d i s t ance   x ,  

vdf = 2 2na 2 [..p 1 (771 + expb(yt)2]. (B-5) 

The  numerical  j .ntegration of Equation 8-2 i s  accomplished by rer 'resenting 

the l i n e   i n t e g r a l  as a sumnation  over a s e t   o f  M virtual poin ts ,  and 

displaced  upwird by an amount that   increases   the  sector   width c 'by  Ay: 

- M 

The modified  sec:tor  width c = 0.398 x + IAyI i s  then  used i n  
Ecuation B-4. 

1 

The geometry  corresponding to  determination  of x(O,O,z)  due t o  a l i n e  

source i s  i l l u s t r a t e d  i n  Figure (B)-2 .  Examples of   l ine   sources   assoc ia ted  

wj.th t h e  coal mine include  vehicle   operat ions  over  unpaved  roads and the  

maintenance  and  construction  of  haul  roads. 

(E) 1 . 4  ANNUAL AVERAGING SCHEiME 

Short-term  (hourly)  concentretions, x, r e s u l t i n g   a t  a pa r t i cu la r   r ecep to r  

as  a r e s u l t   o f  a given  source  are  calculated  for  each  combination.  of wind 
speed, wind d i r w t i o n ,  and s t a b i l i t y   t a k e n  from t h e  s r a b i l i t y  w i d  rose.  

The annual  average  concentration, x,  i s  obtained by  summing over  the  con- 
t r i bu t ion  due tc I  each  weather  condition  weighted by i t s  r e l a t i v e  Erequency 
of  occurrence  during  the  year. The average  concentration i s  then  given by 

- 

- x = E Z Z F(J,K,L)x(J,K,L) 
K L J  

[B-7) 
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Y 
Crosswind Direction 

"I 

Figure (8) -2 Line Source Representation i n  the  ERTAQ Model 
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where 

F(J,K,L) i s  the  normalized  frequency  for  the  c.ombination  of wind 
d i r ec t ion  K ,  wind speed  c lass  J ,  and s t a b i l i t y  

c l a s s  L. 

x(J,K,L) is the  hourly  concentrat ion  for   the same weather  condition. 

Annual  average:? a t   spec i f i c   r ecep to r s   a r e   ob ta ined  by summing t i l e   r e su l t s  
from Equation :3-7 over a l l  :jources. 

c 
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ADDENDUM C 

(C)  1.0 CALIBRATION OF THE HCEl 

(C) 1.1 DATA BASE 

To apply a mathematical model to   s imula te   d i spers ion  of airbor?.e con- 
taminants at  a given  geographic  location, it i s  u s e f u l   t o   c o l l ' x t  
enough meteorological,   emissions,  and concentrat ion  information  to  

c a l i b r a t e   t h e  model. Recognizing t h i s   f a c t ,  B.C.  Hydro contracted  with 

NAWC t o  conduct a ser ies   o f   gaseous   t racer   re leases .  The tes t . ing 
program was conducted i n  two p a r t s ,  one  during  the  late  winter  (February 

16-23,  1976 and March 22-26, 1976)  and  one during  the late summer (July 
31-August 11) of 1976. The purpose   o f   these   t es t   s .e r ies  was t o   d e t e r -  

mine t h e   d i f f u s i o n   c h a r a c t e r i s t i c s   o f  an elevated plume diffused  under a 

var ie ty   of   temperature  and wind f i e lds   ove r   t he  rough t e r r a i n   o f   t h e  
area.  

O i l  fog  and sulfur hexafluoride (SF6) were  released. from an a i x r a f t   t o  

s imulate  emissiions  from the  proposed power p lan t   loca ted   wi th in   the  Hat 

Creek Valley  system.  These  tracer  plumes were t racked by an  instrumented 

a i r c r a f t  which made passes  through  the plume a t   v a r i o u s   a l t i t u d e s  and 

d is tances  from the   r e l ease   po in t .  Among the  instruments  on botird t h e  
t racking  aircraft was a nephelometer, which measured the degree of l i g h t  

scatter from the   o i l   f og   d rop le t s .  I t  was t h i s   o i l   f o g   b a c k s c a t t e r  data 

t h a t  was pr imar i ly   used   in   the   ca l ibra t ion   of   the   d i spers ion  m:)del. 
Ground level   concentrat ions  of  SF6 were a l s o  measured  during  t:he  tracer 

s tud ie s .  Thes,e  added to   t : le   data   base for ca l ib ra t ion .  

Pibal and minisonde  releast?s  were made during  the  hours   of   the  plume 
sampling  tests,   to measure  .the wind f i e l d s  and ver t ica l   t empera txre  
grad ien ts .  

ERT received .plume t r ansec t   da t a  from NAWC i n   t h e  form of  nephc!lometer 

backsca t t e r   cmcen t ra t ions ,  time, a l t i t u d e ,  and horizontal   loc ,a t ion.  

(C) 1-1 



Data  from  the  pibal  and  minisonde  releases  (vertical  temperature  and 
wind  profiles)  were  for  the  most  part  presented  in  graphical  form.  The 
NAWC  experiments  analyzed  by ERT to  calibrate  the  model  are  summarized 
in  Table  (C)-1. 

(C) 1 . 2  ERT  TECHNICAL  APPROACH 

To calibrate  the  Hat  Creek  and  cooling  tower  models, ERT determined  the 
horizontal  and  vertical  dispersion  coefficients (u and uz) of  the  oil 
fog  plume  based  upon  the  available  backscatter  data.  Once  these  coef- 
ficients  were  calculated  for  the  various  test  meteorological  conditions 
(i.e.,  lapse  rate and wind  speed)  and  distances  from  the  release  point, 
plume  diffusion  rate  based  upon  these  coefficients  were  extrapolated  for 
other  downwind  distances by use of a  power  law u = ax . The  constants 
'a'  and 'b' were  determined  by  the  least  squares  best  fit  through  the 
points  representing  the  dispersion  coefficients  and  where x is  the 
downwind  distance. 

Y 

b 

Nephelometer  backscatter  data  were  given  to  ERT  in  the form of discrete 
concentrations  points  along  with  the  corresponding  altitude  and  hori- 
zontal  locations.  For  each  pass  through  the  plume  at  a  given  altitude, 
an  average  of  10  concentration  data  points  were  given in.the horizontal. 
In  order  to  determine u the  second  moment  about  the  plume  center  of 
mass  was  determined.  The  equations  for  this  technique  are  as  follows: 

Y' 

where  Yo  is  the  the  center  of mass 

x(Y.)  is  the  concentration  at  'point Y. 
1 1 

and 
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TABLE (C) -1 

NAWC TRACER RELEASE  EXPERIMENTAL  PARAMETERS 

Oat e Test  Release (km) No. of Passes Speed  (m/sec)  Rate ( C/lOOml Release  Point 
Distance From Mean Wind  Mean Lapse 

0 

2/19/76 
2/19/76 

2/21/76 
7/31/76 

7/31/76 
7/31/76 

8/1/76 
8/1/76 

8/5/76 
8/5/76 

8/6/76 
8/7/76 
8/9/76 

8/9/76 
8/9/76 
8/10/76 
8/10/76 
8/10/76 

8/11/76 
8/11/76 

LI L U I  I V  
3 ,n,, 1 - 1  

7/51/76 

... 0 -, '? ", ? !?6 . 

1 
1 
2 
3 
6 

6 
6 

6 
7 
7 

8 
8 
9 

10 
11 

11 
11 
1 2  
12 
13 

14 
14 
? "  _ .  

1.5 
2.5 
3.6 
1.6 
5.2 

8.8 
16.8 
3n n 

2.9 
6.9 

3.4 

3.3 
7.4 

3.0 
4.4 

14.0 
20.4 

10.6 
2.8 

1 . 5  

16.9 
4.4 

".- 

" 7  1. 

l o  
3 

i 3  
1 2  
2 

3 
4 

9 
5 

4 
7 

13 

16 
9 

7 

14 
4 

14 
14 

11 
7 
7 

" z 

1.0 

6 .0  
1.0 

7.5 
5.0 

5.0 
5 . 0  

2.5 
2.5 

3.5 
3 . 5  
1 .0  

8.0 
1 . 5  

8.0 
8 . 0  
2.5 
2.5 
1 . 5  

3 . 5  
3.5 

d."  
c n  

1 :  
0." 

to. 18 
-0.34 
-0.67 
-0.28 
-0.44 

-0.52 

-0.51 
-0.59 

-0.44 

n c 1  
-".a& 

-0.65 
-0.65 
-0.96 
-0.54 
-0.44 

-0.44 
-0.69 

-0.84 
-0.82 

-0.93 

-0.70 
-0.69 
- i j . c i  
- ,- 

Lower S i t e  
Lower S i t e  
Lower S i t e  
Upper S i t e  
Upper S i t e  

Upper S i t e  
Upper S i t e  

Upper S i t e  
Upper S i t e  

Upper S i t e  
Upper S i t e  

Upper S i t e  
Lower S i t e  

Upper S i t e  

Upper S i t e  
Upper S i t e  

Upper S i t e  
Upper S i t e  

Upper S i t e  
Upper S i t e  

I,"" P1" Vyy'CI _ & L C  

llpper s i t e  

.. i;ppcr ^.  . 



From  the  theory  of  a  Gaussian  distribution, u is  independent of the 
vertical  distance  from the center of the  plume  as  long  as  the  concen- 
tration  does  not  fall  below  the  threshold  of  the  measuring  instrument.* 
Therefore,  the a 's from  all  of  the  passes  through  the  plume  over  a 
given  geographic  location  were  averaged  to  determine  a  mean a for  that 
downwind  distance  from  the  point  of  release. 

Y 

Y 
Y 

The  oil  fog  was  released  by  an  aircraft  flying  in  a  horizontal  circular 
pattern  with  a  diameter of 260m.  Therefore,  the  'plume'  had  an  initial 
spread  before  it  diffused  and  was  transported  downstream. To adjust  for 
this  initial  crosswind  spread  a  virtual  point  source  was  assumed  to  be 
located  upwind  from  the  release  point. To do  this,  it  was  assumed  that 
the  initial  tracer  cloud  had  a  normal  distribution  and  that  the  visible 
edge  of  the  cloud  marked  the  point  at  which  the  concentration  was  10% 
of the cloud  centerline  concentration.  Based  upon  this  assumption,  the 
a of  the  cloud  was  approximately  60m.  The  tests  were  conducted  during 
thermally  neutral  or  slightly  stable  atmospheric  conditions.  Because 
the  power  law  constants  'a'  and 'b' had  not  yet  been  determined,  it  was 
necessary  to  use  available  horizontal  dispersion  curves  to  estimate a 
of the  plume.  Thus,  the  Pasquill-Gifford  curves,  representative of the 
appropriate  stability,  were  used  to  give  an  estimate of the  distance 
from  the  release  point  to  the  virtual  point  source.  Comparisons  with 
other  diffusion  parameterization  schemes  revealed  that  differences  in 
the  calculated  value  of  the  distance  to  the  virtual  point  source  were 
slight  and  within  the  limits  of  error  inherent  in  the  experimental 
approach. On the  average,  the  distance  to  the  assumed  virtual  point 
source  was  approximately  1 km. This  correction  was  made  only  for a 
calculations. No correction  was  required  for az since  the  initial 

Y 

vertical  spread  was  negligible.'* 

Y 

Y 

An error  analysis  (f-test)  was  performed  to  determine if the  horizontal 
distribution  of  concentration  measurements  conformed  to  the  basic  Gaussian 
assumption.  This  test  was  performed  by  finding  the  best  Gaussian  fit 
through  the  concentration  distribution  for  each  pass  through  the  plume. 

*Similarly, az is  independent  of  the  crosswind  (horizontal)  distance. 

growth  because  of  buoyant  turbulence.  This  was  not  accounted  for  by 
'*It should  be  noted  that  a  buoyant  plume  would  induce  vertical  plume 

the  oil  fog  releases. 
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[f the   F- ra t io   for   tha t   d i s t r ibu t ion ' showed  tha t  a b e t t e r  f i t  cswld  have 

been  obtained more than 10% of  the  time by f i t t i n g  t:he  same cwve  through 
i~ random dis t r ibut ion  of   concentrat ions,   the   corresponding a wils not 

used  in   calculat ing  the mean u f o r  t h a t  downwind di.stance.   Finally,  
::he confidence  interval   for  a ( see   e r ror  limits of a i n  Table (C) -2)  

- y  
Y 

was determined a t   t h e  95% leve l .  

Y 

Y 

1:ecause it was d i f f i cu l t   t o   de t e rmine  i f  t h e   e n t i r e  plume has  been 
sampled i n   t h e   v e r t i c a l ,  it was necessary  to  compute a based upon the  

assumptions  tha.t  the plume ;lad a normal d i s t r i b u t i o n   i n   t h e   v e r t i c a l  and 

tha t   the   a i rc rs . f t   pass   th rough  the  plume that  recorded  the  high'::st 

concentration  xas  the  pass  . through  the  geometric  center  of  the ::,lume.* 

Elased upon these two assump.:ions, a was computed i n   t h e  follow.i.ng 

manner. 

z 

Z 

lhe crosswind  integrated  concentration (x(cic) ) fo r   t he  assumed center-  
l i ne  t r ansec t  was calculated by numerically  integrating  the  measured 
concentrat ions,  Because of   var ia t ions  of the   ver t ica l   t empera ture  

s t ructure   of   the   a tmosphere  during  the  t racer   s tudies ,  az was ca lcu la ted  
using two variations  of  the  general   formula  for  x(i ic).  For teli ts  when 
t h e   t r a c e r  was released above a temperature  inversio:n,   the  formula  for 

X(cic) 
inversion  top) 'on the   cen ter l ine   concent ra t ion  was used t o   r e l a t e   t h e  
numerically coryputed x t o  the  theoret ical   equat ion based on oz, 

For these  case$;  the  formula  for  xccic) i s  : 

tha t   incorpora tes   the   e f fec ts   o f  a r e f l ec t ing   su r f ace   ( t he  

(c ic )  

(C-3) 

where u i s  t h e  mean horizontal  wind speed  (m/sec) 

Q i s  the  :source strength  (g/sec) 

*.Uthough it  is  recognized  that   this  assumption has it sma l l   e f f ec t  on 
.the estimated  value  of  az,   missing  the  highest   concentration  could 
(cause a slight  overestimate  of  the  magnitude of  az .  
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TAR1.E (C) -2 

GAUSSIAN DISPERSION coEPmmwrs DEI~IVED PROM NAWC sruoy 

Distance (km) Virtual  Distance (kn) o,,(m) * 
- 

1 
1 
2 
3 
6 

6 
6 
6 
7 
7 

8 
8 
9 

10 
11 

11 
11 

12  
12 

13 

14 
14 
14 

1.5 

3.6 
2.5 

5.2 
1.6 

8.8 
16.8 
20.0 

2.9 
6.9 

3.4 

3.3 
7.4 

3.0 
4.4 

1 4 . 0  
20.4 

2 .8  
10.6 

1.5 

4.4 

45.3 
16.9 

*~onf i t~ence   l eve l   fo r  5 a t  tile 95% l eve l .  

**Calculated from one pass through  the plume. 
Y 

*Reflection term not  included in ca lcu la t ion .  

I r I c c I I 

2.6 
3.6 
4.5 

6.3 
2.5 

9.7 
17.7 
20.9 
4.0 
7.8 

4.3 
8.3 
4.2 
3.9 
5.3 

21.3 
14.9 

3.9 
11.5 

2.4 

5.3 

46.2 
17.8 

I 

f ,  

654 + 76 
1262 + 550 

287 T 58 

267 T 298 

- 

447 T 94 
- 

147 
93 

311 
69 

128 

326 T 150 
208 + 95 413 

842** 
' 159 

302 + 66 
372 
112 

303 + 51 212 

- 

- 
- 

382 + 65 
380 T 602 
740 200 
456 T 2 3  
270 T 34 - 

57: 
131+ 

99+ 
434 

X6 

435 + 95 
661 + 464 gn 
269 T 26 45 

- 114: 

~~. 

411 + 77 
783 T 145 

- 

- 275 
27+ 

470 + 147 70: 
836 T 306 
536 T 676 

'13 

- 224' 

b f f 



Seven tests wwe conducted when t h e   t r a c e r  was released  above m 

inversion  1ayr:r. 

'There  were f i v e   t e s t s  conducted when no temperature  inversions were 

.,resent. The plume was h i g h  enough  above the  ground in t h e   v i c i n i t y  

,of the   r e l ease  for these  cases  t h a t  r e f l e c t i o n  from the   ea r th ' s  sur- 
:Face did  not   contr ibute   to   the  concentrat ions  observed  a t   the  plume 

center l ine .  The applicable  formula  for  calculating  x(cic) is : 

The calculated  values  of  u and uz are   presented i n  Table  (C)-2 Y 

(C) 1 . 3  DATA NALYSIS 

Cace the  data   : received from NAWC were processed  to   yield  the  ho:r izontal  

and ve r t i ca l   d i f fus ion   coe f f i c i en t s ,   an   ex tens ive   ana lys i s  was performed 
to   de te rmine  which  atmospheric  parameters  had  the  greatest   effect  on t he  

horizontal  and ver t ica l   d i f fus ion   wi th in   the  plume. The result!;  are 
summarized i n  ::able (C)-3.  

The ana lys i s   i nd ica t e s   t ha t  a is most s t rongly  inf luenced by the  wind 
speed as opposed to   l apse   r a . t e   o r  wind d i r ec t ion  as indicated by the 
cn - re l a t ion   coe :Ef i c i en t s   l i s t ed   i n  the t ab le .  On the  o ther  hand., a 

i j  mostly  inflc.enced by the atmospheric  lapse rate. Sagendorf'  ,obtained 
s imi l a r   r e su l t s   i n   i nves t iga t ing   d i f fus ion   unde r  low wind speed  condi- 

t:ions. The r e s u l t s   o f   h i s   s t u d y   i n d i c a t e   t h a t  it i s  most des i r ab le   t o  
determine u based upon f luc tua t ions   o f   the   hor izonta l  wind while   the 

best  approximation  of a is obtained  using  lapse  rate!. 

Y 

z 

Y 
2 

The followi.ng  approach was used to   determine how the   d i f fus ion  

coeff ic ients   correlated  with  var ious  a tmospheric   condi t ions.  To inves t i -  
g;:te the   cor re la t ion   wi th  wind speed ,   the   d i f fus ion   coef f ic ien ts  were 

sL.bdivided in to   var ious  wind speed  categories (< 2.0 m/sec, e t c ) .  The 

ccrve  represent'sd by the  exp:?ession u = axb, which i s  the   bes t  f:i.t 

th rough  the   da ta   po in ts   in  a category, was determined. The corrc!lation 

- 
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TABLE (C)-3 

STATISTICAL  ANALYSIS OF NAWC PLmE UEASURE3ENTS 

Sigma Y (Oy) 
* - 

u < 2.0 

Z . O > i i  < 5.0 
- 

- - 
u > 5.0 

Y > - . 5  
- . 5 >  Y >-.7s 

Y <- .75  

North Wind** 

South Wind 

+ 

" 

Sigma 2 (a?) - 
u <  - 2.0 

2 . 0 > u <  5.0 - - 
u > 5.0 

Y > - . 5  

- . S > Y  > -.75 

Y < -.75 
" 

North Wind 
South Wind 

Number R F 
of Points  Correlation  Ratio Exceeding F (%) 

Probabi l i ty  of 

6 .85 10.93 2 . 5  
14 .77 17.66  .2 
6 .82 a.  05 4 .0  

8 .28 .68 4 5 . c  

13 .77 16.72 . 2  

5 .59 1.59 30.0 

9 .86 20.29 . 3  

15 . 3 3  1.69 20.0' 

5 . 00 .oo 100.0 

13 .47 3*07 10.0 
5 .oo .oo 100.0 

9 .50 2.28 15.0 
12 .37 1.61 20.0 
4 .66 1.61 40 .0  

8 .32 1 .38 2 5 . 0  
14 .?O 0.22 80 .0  

.. 1 
*u is  the  mean hor izonta l  wind speed  (m/sec). 

**Any wind d i r ec t ion  between 270' and 360' o r  between ooo and ogoo 

+Y i s  the   l apse   r a t e  of t he   ve r t i ca l ' l aye r   con ta in ing   t he   o i l   f og  
plume (OC/100 m).. 



coe f f i c i en t  (It) and the  F :?atio.  were then  generated  for  the be:i;t f i t  

curve  through  the  points.  If the   da ta   exhib i ted  a high  degree o f  
cor re la t ion   ( la rge   va lue  o f  R)  and the   p robab i l i t y  o f  exceedin]!: the  F 

r a t i o  by a random d i s t r ibu t ion   o f   po in t s  is less   than l o % ,  then it  was 
assumed that (7 exhibi ted a h i g h   c o r r e l a t i o n   f o r   t h a t  wind specd  category. 

F ina l ly ,  i f  a s a t i s f i e d   t h e  above c r i t e r i a   f o r   a l l  wind speed  categories,  

it was assumed t h a t  a was highly  correlated  with wind speed.  This 

general  procetliure was car r ied   ou t  for a and az f o r  wind speed,, wind 
d i r ec t ion ,  anti lapse  ra te .   Figures  ( C ) - 1  through ( C ) - S  depic t   the  

r e s u l t s .  

Y 

Y 
Y 

Y 

(C)1.4 ANALYHS OF a 

‘Table (C)-3 shows t h a t  a exh ib i t s  a high  correlat ion  with a 1a:pse r a t e  

between -0.5°C/100m and -0. 7S°C/100m. Closer  examination, howe-ver, 
.reveals 80% of the   po in ts   wi th in   th i s   range   of   l apse   ra te   a l so   €a l l   in  

?he wind speed  category  between  2.0 m/sec  and 5.0  misec  (see  Table  (C)-1 
and ( C ) - 2 ) .  Therefore, it appears   tha t   the   cor re1a t : ion   in   th i s   case  may 
be a manifestat ion of  t h e   c o k e l a t i o n   w i t h  wind speed  rather  than a 

correlat ion  with  temperature   gradient ,   especial ly   consider ing the weaker 

co r re l a t ions  wi.th the   o the r   l apse   r a t e   ca t egor i e s .  

Y 

Y 

Im examination  of  the  graph  of a versus  distance,   khere a has  been 
classified according  to  w i d  speed  (Figure (C)-2) reveals  t h a t  the 
l i g h t e r  wind speed  cases (G < 2.0  m/sec) show large  values   of  a, as 
compared t o  a values f o r  the higher  wind speed (u > 2 . 0  m/sec) . This 

i.s c o n s i s t e n t   x i t h  work dona  by Markee (Yanskey e t   a l .  ) , which ind ica ted  , 

?:hat plume memder i s  enhanced  under l i g h t  wind speed  condition:!, 

r e s u l t i n g  i n  larger   values   of  a than   an t ic ipa ted   us ing   s tandard  clas- 
s i f i c a t i o n  sch(?mes. Markee derived a new se t   o f   hor izonta l   d i s ] :~ers ion  
curves where the   sma l l e s t  vztlue  of a occurred  during  neutral   conditions 

and the  values  of  a increased   wi th   increas ing   s tab i l i ty   under  low wind 
Y 

speed  conditions. The t r a c e r   d a t a   a v a i l a b l e  from the  Hat Creek Valley 

i n d i c a t e   t h a t  enhanced hor izonta l   d i f fus ion   dur ing   per iods   o f   whd  speed  
less  than  2.0 In/sec can  be  expected  in  the  region. 

Y Y 

- .Y 

Y 2 - ” 

Y 

Y 
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It is  intereszing  that  there  is  not  a  strong  relationship  between  the 
plume  spread  statistics  and  wind  direction  (Figure  (C)-j)  considering 
that  a  slight  difference in wind  direction  would  transport  the  plume 
over  vastly  different  terrain,  which  could  induce  large  variations  in 
a Due  to  difficulty  in  determining  the  exact  location*  of  the  plume 
and,  subsequently,  the  nature  of  the  terrain  under  the  plume, or the 
height of the  plume  above  the  terrain  during  the  tracer  studies,  a  sound 
understanding of the  effect of wind  direction on plume  spread  cannot  be 
obtained  from  the  available  data. 

Y' 

An examination  of  Figure ('3-4, which  shows  the  measured  Hat  Creek a 's 
and  the  ASME  curves,  indicates  that  the  curves  are  reliable  param- 
eterizations  for  predicting  horizontal  diffusion  during  atmospheric 
conditions  which  prevailed  during  the  tracer  studies.  A statistical 

analysis,  using  the  Student  t-distribution,  was  performed  to  determine 
the  error  in u based on the  scatter of derived  values  for  the 2 m/sec- 
S m/sec  wind  speed  class  around  the  ASME  neutral  curve. It was  found 
that  the  error  in u is + 30%. 

Y 

Y 

Y -  

The  errors  shown  in  Table (C)-2 are  due  to  errors  in  sampling  and  errors 
in  the  assumption  of  a  Gaussian  distribution.  The  average  error  shown 
in  Table ( Q - 2  is - + 34%.  Therefore,  the  total  estimated  error  in  the 
u parameterization  is  about + 45%. 
Y - 

(C)1.5  ANALYSIS OF uz 

A graph of az values  categorized  by  lapse  rate  is  provided  in 
Figure  (C)-5.  Looping  plumes  were  observed  for  two of the  three  tests 
during  which  the  averageOlapse  rate  was  less  than  -O.7SoC/10O m. The  wide 
scatter  in  the  data  is  attributed  to  sampling  problems  under  looping 
conditions.  Statistical  analysis  shows  that  a  random  distribution  of 
diffusion  coefficients  would  have  provided  a  better u- = cxd  fit  than 
the  measurements 40% of  the  time. As Table (C)-5  indicates, u- has  the 
highest  correlation  with  lapse  rate  as  compared  with  wind  speed or wind 
direction. 

*The  NAWC  plume  location  measurements  were  accurate  within  0.5 km. 

L. 

I 

. X I  
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Figures (C)-6  and (C)-7 sh53w az categorized by wind. speed  and wind d i r e c t i o n  

d i rec t ion ,   respec t ive ly .  I t  appears   that   south winds a re   genera l ly   assoc i -  

a ted w i t h  larger   ver t ical   'd i f fusion  than  north  wincs.  However,  comparison 
with  Figures (:C)-5  and (C)-6  reveals   that  t h i s  trend may be associated 

wi th   s t ab i l i t y   cond i t ions  and wind s p e e d .   I n   f a c t ,   t h e   s t a t i s t i c s   c i t e d  

in   Tab le  ( C ) - 3  i nd ica t e   t he re  is a poor   correlat iop  of   the uz values  with 
wind d i r e c t i o n  and t h a t   t h e  oz values   are   best   correlated  with  lapse  ra te .  

Results  of NAhfC t e s t s  9 a d  13   i nd ica t e   subs t an t i a l   ve r t i ca l  plume growth 

under low wind speed (< 2.0 m/sec), plume looping  ( indicat ive of an 

unstable  atmosphere)  conditions. The r e s u l t i n g  uz's are  approximated by 

the   'very   uns tab le '  ASME carve  (Figure  (C)-8)   for   these  tes ts .   This   approxi-  

mation i s  valid  because th ' e  unstable  atmospheric  co'ndit ions  observed  at  
Hat Creek are   probably  s imilar   to   those  measured  a t   the  Brookhaven National 

Laboratory  where  the ASME ,curves  were  derived. NAWC reported  !strong  loop- 

ing   condi t ions ,   wi th   l i t t l e   hor izonta l   d i f fus ion   dur ing   these   t es t s .  

The graph  of 3'z values  derived from the  Hat Creek t racer   s tud ies   (F igure  
(Q-8) shows tha t   t he  obse:rved ver t ica l   t empera ture   g rad ien ts ,  which are 
ind ica t ive   o f   neu t r a l   o r   s l i gh t ly   s t ab le   a tmosphe r i c   cond i t ions ,   r e su l t   i n  
v e r t i c a l  plume dimensions  . that   are   c lose  to   those  predicted by the   ' neu t r a l '  

ASME curve. 'The ASME parameterization scheme has,   therefore ,  been se lec ted  

t o   s i m u l a t e  th.e dimensions  of  the plume  from the  proposed Hat ::reek 
P lan t .  An error  analysis ,of t h e  scatter of uz measurements ar':und t h e  ASME 

neutral   curve was conducted  and it was found tha t   der ived  a v,itlues 

approximate t'qe ASME values  within 30%. 
2 

(C)1.6 SELECTION OF A DISPERSION PARAMETERIZATION SCHEME 

The ana lys i s   o f   the   der ived   va lues   o f  a and uz showed t h a t  a was well 

correlated  with wind speed  and t h a t  a was cor re la ted  w i t h  lap!::e r a t e  
2 

although two instances  of  :looping  plumes were observed  with a neut ra l   l apse  
r a t e ?  For l i z h t  winds,  values  of u taken from the  ASME, very  unstable  and 

Y Y 

Y 

*A l a p s e   r a t e  measured a t  ;plume height is usual ly  a poor   indicator  of 
" 

atmospheric  turbulence.   In  general ,   atmospheric  processes  act   to  neutralize 
the   s ta te   o f   the   a tmosphere  and a superadiabat ic   lapse  ra te   can  be main- 
tained  only  near  the  ground. 
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unstable  curves  appeared  to  best  approximate  the  derived  parameters. 
For  moderate  winds the  neutral  curve  appeared  to  represent  the  derived 
values.   Similarly,   except  for  the  looping plume cases ,  which  were 

represented by t h e  unstable ASME curves,   the ASME neutral   curve  best  
represented  the  calculated u z l s .  To expand the  model ca l ib ra t ion   t o  a 
wide var ie ty   of  wind speeds and a tmospher ic   s tab i l i ty   condi t ions ,   the  
sigma-curves  developed by Pasqui l l  and Gifford, TVA, and ASME were 
considered  according  to   the  fol lowing  cr i ter ia :  

I 

the  scheme must account  for  entire  range  of  atmospheric 
s t ab i l i t y   cond i t ions ;  
the  scheme must have  been  derived from t e s t s   o r   obse rva t ions  

the  scheme'must  be appl icable   to   e levated  point   sources;  and 
the  scheme must be  consis tent   with  the  resul ts   of   the  Hat 

conducted at  the  same experimental   location; 

Creek t r a c e r  study. 

I 

b 

I t  was found tha t   t he  ASME parameters  best   represented  the  calculated 
values  of u and u . Although  standard  sigma-curves  are  usually  classi-  

f i e d  by atmospheric   s tabi l i ty ,   the   diffusion  parameters  will be  used i n  
the  HCM according t o  both wind speed and s t ab i l i t y   c l a s ses   ( s ee   Sec t ion  (C)l.8)~ 

It 

Y 2 

The derived  diffusion  parameters were based on aircraf t   sampling  t imes 
of 2 to  3'minutes.  Although  they will be used to   ca lcu la te   hour ly  

L 

average  ground-level  concentrations, no modifications  to  the  magnitude 
of these  parameters  were made. In the  atmosphere, plume dimensions 
r e l a t i v e   t o  a f ixed  locat ion  increase as the  averaging  time  increases 
because  of  the  contribution  of low frequency  turbulence. On the   o ther  

hand,  turbulence  rates and  plume growth  generally  decreases  with  alt i tude 
Because the  trace  experiments were  conducted at  elevat ions below those 
an t ic ipa ted  for, the  Hat Creek  plume, ERT decided  that   the   increase  in  

plume growth  with  sampling time was compensated by the  reduced  growth 
w i t h  a l t i t u d e  so the   der ived  diffusion and the   se lec ted  ASME parameters 
were not  modified. 
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:C)1.7 C0MPARI:SON OF MODEL PREDICTIONS WITH GROUND MEASUREMENTS 

: 'here   were  four   t racer   tes ts   during which  ground  level SF6 concmtra-  
t i o n s  were measured i n   s u f f i c i e n t   q u a n t i t i e s   t o   o b t a i n   d a t a   f o r   v e r i -  

f ica t ion   of   the  model ca l ib ra t ion .  These t e s t s   a r e  numbers 2 ,  !a, 12 ,  

and  13. Tests 2 and 9 a re  from t r a c e r   r e l e a s e s   . a t  t.he  lower p l m t   s i t e  

m d   t e s t s  12 and  13  are  fro:n  the  upper  plant  si te.  

A comparison of: measured  concentrations  to computed concentrations  using 

the  HCM i s  provided i n  Table  (C)-4.  Because the  exa.ct locat ion  of   the 

plume relat ive  to   the  measuring  device is d i f f i cu l t   t o   de t e rmine  from 
the  data,   several   computations  off   the  y-centerline  are  provided. I t  

appears  that  th.e model subs. tant ia l ly   over   predicts   concentrat ions 

s imulated  for  a. plume re lease   a t   the   lower   p lan t   s i te ,   bu t   does   wel l   for  

upper  plant  sit.e  emissions. 

Caution  should  be  observed in in te rpre t ing   the   resu l t s   p rovided   in  

l'able ((3-4. ' Ihere   are  man:{ sources   o f   e r ror   impl ic i t  i n  the   ana lys i s :  

t he  iownwind dis tance i s  known to   on ly  - + C.5 km; 
the  locat ion  of   the plume c e n t e r l i n e   r e l a t i v e   t o   t h e  !;round 
sampler is highly  approximate;  and 
t h e   c a l i b r a t i o n   r e s u l t s  show t h a t   v e r t i c a l   d i f f u s i o n  'nay be   i n  

respmds  To a predicted  concentration  inaccuracy  of +:.E% 
e r r o r  by + 30% and horizontal   d i f fusion by + 45%;  thii;  cor- 

to -51% or roughly a factor of two. 

Ilecause of  these  sources fo:c e r ro r ,  it i s  d i f f i c u l t   t o  comment 8:1n the  

r e l i a b i l i t y  of the  model  from ground t racer   data   a lone.   Theref t : re ,   the  

HCM calcu1atio:ns  of  hourly  ;;round-level  concentrations  are assumed t o   b e  
accurate  to  wi. thin a factor   of  two based on t he   d i f fus ion  paramaitteriza- 

t.ion. The mod':l calculations  of  concentrations  for  3-hour and :;4;hour 
;.veraging times are   a lso  considered  accurate   within a factor   of  two. 

( C ) 1 - 2 1  



TABLE (C) -4 

IlCM COMI'AItISONS WITll SP6 DATA 

Distance  Calculated  Observed so /Calc) llorizontal  Distance 
Test Sampler ( W  SO,  tvg/m3) SO, t ~ g / m ~ )  ?$ (obs) from Plume Center (m) 

2 2S4 4.8 1450 123 11.8 
7.8 
2 . 3  
0.02 

960 
281 

2 

2 2s1 10.8 1140 
995 
660 
130 - 

n 
v 9 4S1 3.8 
c 
I" 
N 

9 4s4  4.4 

9 452 5.0 

9 4S6 2 . 4  

6790 
6070 
4333 
1120 

6900. 
6290 
4 780 
1580 

3690 
3421) 
2720 
1090 

918 

407 
749 

36 

73 15.6 
13.6 
9.0 
1.8 

682 10.0 

6.4 
1.6 

666 10.4 
9.4 

2.4 
7.2 

8.9 

1180 

164 
20.9 
22.5 

16.6 
6.7 

o . n 
0 .6  
0.3 
0.03 

250 
0 

1000 

0 
250 

1000 
500 

0 
250 

500 

500 
lono 

250 
0 

1000 
500 

0 

500 
250 

1000 

0 
250 

1000 
500 



TABLE (C) -4 
<I"..*:....->, 
< " Y . . C I . L " C . U ,  

HCM  COMPARISONS WITH SF6 DATA 

Test  Sampler 
Distance  Calculated  Observed -2 SO (talc) 

SO2 (obs) 
Horizontal  Distance 
from Plume  Center (m) (km) so2 (ug/m3) so2 (ug/m3) 

12  7S2A  9.7 5 80 866  0.7 0 
564 
518 
369 

0.7  250 
0.6 500 
0.4 1000 

12  7s9  14.4 

13  8S5 5.6 

13  856  3.5 

. ,A l l \  
LUUU 

2020 
1890 
1450 

871 
858 

684 
820 

1410 
1320 

498 

2 76 
244 
167 

"" 1 nnn 

" 
2.; 

1014 

1014 

162 

300 

2 . 0  
2.0 
1.9 
1.4 

0.9 
0.8 
0.8 
0.7 

8.7 
8.2 
6.7 
3.1 

0.9 
0.8 

, 0.6 ~. 
ii.i 

0 
250 

1000 
500 

250 
0 

1000 
500 

0 
250 

1000 
w n  

250 
0 

500 
iiiiiii 

" Y  

"" 
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(C) 1.8 CONCLUSIONS 

The  results  of  the c - c analysis  show  that it is  reasonable  to 
categorize  the  horizontal  and  vertical  plume  dispersion  using  the  split- 
sigma  approach,  i.e.,  that c be  categorized  based  upon  the  wind  speed 
and cz be  classified  according  to  lapse  rate. 

Y z  

Y 

A wider  range  of  atmospheric  conditions  are  expected  to  occur  during  the 
operation  of  the  plant  than  those  observed  during  the  tracer  studies. 
Therefore,  results  of  the  model  calibration  have  been  expanded  to  simu- 
late  a  wider  range  of  atmospheric  conditions  by  application  of  the ASME 

parameters.  Because  the ASME curves  provide  a  characterization  of  both 
a and az for  the  conditions of the  NAWC  tests  and  comply  with  the 
selection  criteria  in  Section  (C)1.6,  the ASME curves  are  employed  in 
the  model  to  predict  atmospheric  diffusion  under  a  wider  spectrum  of 
stability  and  wind  speed  conditions. 

Y 

The  following  criteria  are  used  in  applying  the ASME diffusion  coef- 
ficients  to  the  HCM. 

Horizontal  Dispersion  Parameters 

. Use  the ASME very  unstable  curves  for  unstable  conditions 

Use  the ASME unstable  curves  for  unstable  conditions 
and  wind  speeds  less  than 2 . 0  m/sec. 

and  wind  speeds  greater  than 2 . 0  m/sec. 

and  wind  speeds  less  than 2.0 m/sec. 

and  wind  speeds  greater  than 2 . 0  m/sec. 

e Use  the ASME unstable  curves  for  stable  and  neutral  conditions 

Use,the ASME neutral  curves  for  neutral  and  stable  conditions 

Vertical  Dispersion  Parameters 

Use  the ASME very  unstable  curves  for  unstable  conditions 

Use  the ASME unstable  curves  for  unstable  conditions  and 
and  wind  speeds  less  than 2.0 m/sec. 

wind  speeds  greater  than 2.0 m/sec. 
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Use .the ASME neutral   curve when neu t r a l  and stable  ccmditions 
preva i l ,   regard less  of the  wind speed. 

.I summary of   the   d i spers ion   coef f ic ien ts  and the  me~:eorological   cr i ter ia  

were presented  in  Table B4-1 i n   t h e  main t e x t  of  th:.s  Appendix and a re  

jummarized in   Table  (C) -5 .  
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LapseoRate (y) Category 
C/100 m 

y less than  -1.5  (unstable) 
y greater   than  -1 .5   (neutral ,   s table)  
y less than  -1.5  (unstable) 
y greater   than  -1 .5   (neutral ,   s table)  

Lapse Rate (y) Category 

y less than  -1.5  (unstable) 

y less  than  -1.5  (unstable) 
y greater   than  -1 .5   (neutral ,   s table)  

*Wind speed  measured a t  plume height.  

Wind Speed’ (WS) Category 
(meters/sec) 

WS l ess   than  2.0  

WS less than 2 .0  

WS greater than 2 . 0  

WS greater   than 2 . 0  

Wind Speed (WS) Category 

WS less   than  2 . 0  

WS greater than 2 . 0  

any 

llorizontal  x 
Dispersion  Cocffjcients f. 

h a - - 

0.40 0.91 
0.36  0.86 

0.36  0.86 

0.32  0.78 

Dispersion  Coefficients 
Vert ical  

C d 

0.40 0.91 
0.33  0.86 
0.22  0.78 

- - 
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