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E1.O INTRODUCTION 

This  Appendix  documents  an  investigation of climate  in  south-central 
British  Columbia.  In  particula.r,  the  weather of the  region  surrounding 
B.C. Hydro's  proposed  Hat  Creek  Project  and  the  potential  for  climatic 
alterations  due  to  the  Project  'coal  mine,  power  plant,  and  associated 
facilities  were  examined. 

A survey  of  climate  serves  two  rnajor  purposes in  the  context  of  an 
Envimnmental Report  for a new :iacility,  such  as  the  Hat  Creek  Project. 
First, an  assessment of the  magnitude  and  severity of potential  impacts 
requi:res*baseline  information  describing  conditions  without  the  Project. 
In  addition,  air  quality  analysis  must  include  consideration of characteristic 
local  winds  and  atmospheric  dispersion  potential.  Meteorological  statistics 
are  routinely  employed in mathematical  modeling  studies  to  estimate  the 
behav:.or of stack  plumes,  cooling  tower  effluent,  and  fugitive  dust 
emiss:.ons due to  mining. 

A tho~ough review of available  meteorological  data  was  completed  to 
provic!e a description of regional  (Section  E3.0)  and  local  (Section 
E4.0) climatic  patterns.  Data  sources  used  in  this  analysis  are 
identified  in  Section  E2.0. An extensive  literature  survey  provided 
most c f  the  information  regarding  possible  climatic  impacts of the 
proposed  Project.  Wherever  possible,  quantitative  estimates of the 
magnitude  and  geographical  extent of such  effects  were  formulated on the 
basis of  documentation  in  the  literature  and  expected  operating  char- 
acteristics of the  mine  and  power  plant. The  results of this  analysis 
are  presented  in  Section Ej.0. The many references  used  in  the  clim,atic 
assessment  are  listed  in  Section E6.0. 
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E2.0  DATA  SOURCES 

True climatic  averages  of  meteorological  parameters  should  be  determined 
on the  basis  of  consistent  records  maintained  over  long  periods. A five- 
to-ten-year  data  base  is  normally  considered  the  minimum  period  to 
establish  climatological  averages,  although  a  30-to-40-year  record is 
desirable  in  terms of averaging  :lighly  variable  parameters  (like  annual 
snowfall  or  thunderstorm  frequency), o r  to  obtain  extreme  values  (e.g., 
maximun  and  minimum  temperatures:).  In  regions  where  topographical 
featur-s  limit  the  types of flow  that  can  occur,  surface  wind  measurements 
taken ~ver only  a  year or so may  be  adequate  to  define  characteristic 
wind  f.ield  patterns  for  purposes of environmental  assessment. 

The  analysis  of  regional  climato1,ogy  presented  in  this  study is based 
primar:.ly  on  long-term  data  from  the  records  and  periodic  reports  produced 
by  the  Climatological  Service  Division of Atmospheric  Environment  Service 
(AES) of Canada,  and  the U.S. Naval  Weather  Service  World-Wide  Airfield - 
Summaries - (Vol  IV) .l The  two  periodic AES publications  utilized  are  the 
Canadia - Weather  Review  and  the  Monthly  Record:  Meteorologica.1 
Obserktions in  Canada.3  These  data  are  supplemented  for  detailed 
examinz.tion of  climate  near  the  proposed  Hat  Creek  Project  site  by  one 
year of' hourly  information  obtained  from  the  network of weather  stations 
operated  in  the  vicinity of the H.at Creek  site  by  B.C.  Hydro.  Each cf 
the  eight  mechanical  stations in .the  network  records  continuous  measure- 
ments of wind speed, wind direction,  temperature  and  relative  humidity. 
In addition  to  the 1975 data  from  the  mechanical  weather  stations, B.C. 
Hydro  provided AES meteorological  data on magnetic  tapes.  These  include 
hourly  surface  observations  at  Ashcroft  (1966-1971),  'Kamloops  (1974-1975), 
and  Lytton  (1974-1975),  as  well  a$;  upper  air  radiosonde  observations 
(RAOB) €or Vernon  and  Prince  George,  B.C. 

Other  c.!imatic  information  incorpcsrated  by  this  analysis  were  obtained  from 
the  reference  texts: The Climate of Canada , The  Earth's  Problem  Climates , 
and  the  Climatological  Atlas of Canada , as  well as an  unpublished AES repon 6 

"Mixing  Heights,  Wind  Speeds  and  Air  Pollution  Potential for Canada."' 

4 5 - 
- 
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The investigation  of  local  climate made use of  results  from  field  measure- 
ment  programs  sponsored  by B.C. Hydro  and  performed  by the Company. w 
These  studies  provided  information  regarding  the  vertical  structure  of 
winds a d  temperature  over  the  Hat  Creek  Valley. 

Figure E2-1 indicates  the  relative  locations of the  weather  stations 
that  provided  data  for  use  in  the  regional  climatology  study.  Figure EZ-2 

shows  the  positions  of  the  stations  in  the  immediate  Hat  Creek  Valley 
area.  Table E2-1 lists  all  the  meteorological  observation  stations used 
as data  sources  in  the  present  study. The distance,  direction  and 
elevation of each  station  with  respect  to  the  proposed  power  plant  site, 
as well as the  time  period  corresponding  to  the  data  utilized in this 
study,  are  presented  in  this  table. 
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TABLE E2-1 

LOCATIONS OF METEOROLOGICAL OBSERVATION  STATIONS 

RELATIVE  TO  PROPOSED GENERATING STATION S I E  AT HARRY LAKE 

Elevat ion  Direct ion 
S t a t i o n  (m MSL) from S i t e  A Distance 

Mechanical Weather 
B.C. Hydro 

S t a t i o n s  

ws 1 
ws 2 
ws 3 
ws4 
ws 5 
WS6 
ws 7 
ws 8 

Atmospheric  Environment 
Service Observat ion  Stat ions 

Surface: 

d t a  Lake 
Ashcroft' 
Dog Creek 

Keloma 
Lytton** 

Squamish' 
Penticton 

Williams Lake 

Kamloops** 

762 

8 53 
8 23 

945 
1006 
2012 
1402 
2042 

668 
336 
655 
378 
418 
259 
341 
6 

94 2 

NNU 
w 
W 

wsw 
ss E 
Nw 
N 

wsw 

m 
. ESE 
NNW 

' E  
SE 
S 
SE 
sw 

NNW 

Upper Air (MOB) 

Prince George 677 NNW 
Vernon 555 ESE 

'Wind data obtained  through B.C. Hydro 
+*Complete observations  obtained  through B.C. Hydro 

6.4 
6.4 
8.0 

11.2 
6.4 

25.6 
1.4 

4.8 

18 
12 

77 
96 

f4 
166 

176 
154 
141 

352 
160 
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E3.0 IREGIONAL CLIMATOLOGY 

E3. I EFFECTS OF TERRAIN 

The rugged,  mountainous te r ra in   tha t   charac te r izes  much of Bri t ish !Columbia 
is ; a n  important  factor  influencing  the  types and geographic  distribution 
of  climatic  patterns  within  the  Province. Major orographic  features 
mod:.fy air mass properties  associated w i t h  large-scale  pressure sysrems 
and divert  ground-level  flows t:o conform with  the  directions  of mountain 
val:.eys. The Pacif ic  Coast Rar.ge to   t he  west and the  Monashee  Range of 
t h e  Rocky Mountains to   the  east   are   the  topographical   features   of   peatest  
significance  in  terms  of  regional  climate i n  south-central B r i t i s h  Columbia. 

The Coast Range, with  peaks  extending t o  3000 m (10,000 f t ) ,   e f f e c t i v e l y  
prevents t h e  intrusion  of  mild, humid a i r  from the  Pacific Ocean in to   the  
interior  of  the  Province. As the  prevail ing  westerlies flow up the  slopes 
of  these  mountains,  the  maritime a i r  is cooled,  causing  condensation 
and precipi ta t ion.  The presence of t h e  Coast Range is thus responsible 
fo r   t he  marked differences betw,sen the  mild,  damp climate  along t h e  coast 
and the  dryer,  'continental'  weather of the  southern  interior.   Similarly,  
the Rocky Mountains create  another  area  of  relatively h igh  precipi ta t ion 
t o  t h e  east  of t he  Hat Creek area. Both the  Coast Range  and t h e  Rocky 
Mountains act  to  block  lower-level  flows  associated w i t h  major c i rculat ions 
a lof t .  

Upper-level winds (e.g., a t  500 mb or about 550  m above sea level) a:re 

controlled by global-scale  pressure/circulation-  systems, and generally 
flow from west to   east   over  Britrish Columbia. This  zonal  flow is modulated 
by north-south  (meridianal)  currents  created by differential   heating 
betwnen equator and pole. The amplitudes  of  these waves are  greatesr: 
durillg  the  spring and f a l l   a t  the la t i tude   o f  Hat Creek, and t h i s  i s  
ref l txted  a t   the   surface by the maximum frequency  of  cyclones (low pressure 
systems) and anticyclones  (high  pressure  systems)  during  these  seasors. 
In winter,  the  'storm  track' moves t o  an average  latitude  south of the 

Proje.ct  area; i n  the summer. storms  take a more northerly  path. 
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A t  lower levels  in  the  atmosphere  (e.g. .   at  850 mb or about 1500 m above 

sea  level) ,  winds over   the  region  are  slowed  by t h e  f r ic t iona l   d rag  o f  

the high t e r r a i n ,  and the  wind d i rec t ions   a re   d i f fe ren t  from those above 
the   t e r r a in  in the   f ree   a i r   s t ream.  Where topographic  features  penetrate 

the flow f i e l d ,  winds are  forced t o  conform to  the  alignment of  the  

t e r r a in .  The r e l a t i v e l y  small magnitude  of the   p reva i l ing   wes te r l ies  a t  
500 mb (an  average  speed  of 10 t o  16 mps) and lower  e levat ions  resul ts  
in  frequent  channeling of  t he  wind flow near the   sur face  by the  predominantly 
north-south  mountain  valley  systems. The differences between wind 

pa t t e rns   a t   t he  500 mb and 850 mb l e v e l s   a t  Vernon, B.C. are   evident  
upon examination  of  Table E3-1. The s h i f t i n g  of the   p reva i l ing   d i rec t ion  
toward t h e  south and the  diminished  speeds a t   t h e  lower l eve l   r e f l ec t  
the  inf luence of  t e r r a in .  

The Hat Creek region is p a r t  of t he   l a rge r  Thompson Plateau which 
separates   the two major  mountain  systems.  Despite i t s  designation as a 

plateau. t h i s  region iir characterized by s ign i f i can t   t e r r a in   f ea tu re s  
due to  erosion by l a rge   r i ve r s  such as t he  Fraser and Thompson and 
smaller ones l i k e  Hat Creek. The topography of the  Hat Creek Valley  and 

surrounding  areas is depicted i n  Figure EZ-2. The va l l ey   f l oo r   va r i e s  

i n  e levat ion f r o m  about 1067 m (3500 f t )  a t  Upper  Hat  Creek to   appmxi-  
mately 487 m (1600 f t )  near t he  towns of  Carquile an& Cache  Creek  and 

approximately 336 m (1100 f t )  near  Ashcroft.  Surrounding  ridges and 
peaks in the  Trachyte Hills ( to   the   eas t )  and Cornwall Hills ( to   the  

south)  reach  elevations of 1554 m (5100 f t )  and 2012 m (6600 f t ) ,  
respectively.  To the  north of the Project area,  peaks of  t he  'Marble 
Range reach a maximum elevat ion of 2073 m (6800 ft), while t h e  highest  
points  of  the  Clear Range t o  t h e  west have elevat ions between 2195 m 
(7200 f t )  and 2377 m (7800 f t ) .  As will be  seen in   l a te r   sec t ions* ,  
te r ra in   e f fec ts   a re   impor tan t  i n  t e r m  of both  regional and local  

climatology. 

E3.2 SYNOPTIC-SCALE WINDS 

The migrations and r e l a t i v e   l o c a t i o m  of  major synoptic-scale  pressure 

systems  are  primarily  responsible f o r  seasonal   var ia t ions i n  the  large-  

scale wind flow  patterns  over B r i t i s h  Columbia. For t h e  region of  i n t e r e s t  
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i n  this study,  the  systems  of  primary  importance  are:  the  semi-permanent 

high  pressure  center  over  the  northern  Pacific;   the low pressure  system 
near  the  Aleutian  Islands; and the  cont inental   r idge o f  high  pressure 

t h a t  forms over  Alaska i n  winter. 

By mid-winter  the  Pacific  high  pressure  system  has  receded  to i t s  most 

southerly  posit ion.   Steered by an upper-level  trough  of  low-pressure, 

most major  storms  pass  south  of  the Hat Creek area. A t  850 mb the  

prevai l ing wind direct ion  over   the  region is southwesterly.  Surface 
winds are channelled by the  Fraser River  Valley and f low  over   the  inter ior  

plateau from the  south  to  southwest.  Examination  of  observations a t   t h e  
Vernon Station  (Table E3-1) reveals  the  importance o f  l oca l   e f f ec t s  on 
ground-level winds. Typically,   the  f low  at  Vernon associated  with  synoptic 

conditions is reinforced by mesoscale  flows  during  the  day,  and'counter- 

ac ted   a t   n ight  by a norther ly  drainage flow. 

k i n g  the   t rans i t ion   to   spr ing ,   the   s t ream of  Pacific  cyclones weakens 
and  advances  northward. The Alaskan r idge  moves toward the  east ,   causing 

a more frequent  northerly component i n  t h e  upper and lower-level  flows. 
A t  500 mb, wind direct ion  var ies   with  the  passage of  storm centers,   but 

is predominantly from the  southwest  to  northeast. Average  speed at  t h i s  
l eve l  is about 13 mps. Nearer  the  surface,  e.g.,  at 850 mb. winds a re  
more al igned  with  the  north-south  or ientat ion  of   inter ior  mountain 
va l leys  and s l i g h t l y  weaker than  during  the  winter.  

Considerable weakening  and retreat   of   the   Arct ic   high  pressure  r idge 
takes  place in the  summer months. Simultaneously,  the semi-permanent 

Pacific  high  pressure  center  builds up about 1600 km (1,000 miles) o f f  
t he  Oregon c o a s t   a t  a l a t i t u d e  of  approximately 43%. Westerly  winds 

dominate  the  upper-air  flow  pattern wet southern B r i t i s h  Columbia.  and 
the   t rack  of Pacific storms  migrates  to i t s  most norther ly   posi t ion 

(about S4'N) by l a t e   Ju ly .  During this season.  the  upper-air waves have 

t h e i r  minirmnn amplitudes,  generating  only  occasional weak cyclonic 

disturbances at the  d a c s .  Low-level  winds are generally l i g h t ,  and. 



undel' the  influence of the  persistent  Pacific  high,  are mainly from the 
north or  northwest. The winds a . t  850 mb a re ,  on the  average,  about one- 
third  as   s t rong  as   those  a t  500 mb. Occasionally,  the  Pacific  high w i l l  

d r i f t   t o   t h e  west or  south,  causing  light  southwesterly winds t o  be 
chamelled  through  the  Fraser  River gap i n  the  Coast Range. 

Synoptic-scale winds during sunnier tend t o  be  decoupled from ObSeNed 

flow!; a t  ground level ,  due to  lccal  effects  (primarily,  mountain-valley 
c i rcu la t ions)   tha t   a re   in tens i f ied  by strong  solar  heating. A t  Verncjn 
(see  Table E3-1) the  strong  northerly and southerly  surface wind components 
c lear ly   ref lect   the   or ientat ion  of  t h e  va l l ey   a t  t h i s  s ta t ion .  As 
denorstrated  in  Section E4.1, fxequency distributions  of  ground-level 
wind:; throughout the  study  region  demonstrate  the  strong  influence o f  
terrain-induced  flows  during  the summer. 

Fal l ,   l ike   spr ing,  is a period o f  t r ans i t i on  between the weak wester l ies  
of s t m e r  and the  stronger  westerlies  of  winter. As the   Pacif ic  high 
weakms and r e t r e a t s  toward the  south,  the  storm  track  passes  over  the 
Hat Creek area,  producing  fairly  frequent  perturbations  in  the wind 
flow. Mean winds a t  500,mb and 850 mb are  between northwest and southwest. 
Averi.ge speeds  of  these  levels  are  about 14  mps and 8 mps, respectively. 
M a x i n l u m  surface winds are  recorded  during  this  season  at  locations such 
as  Vernon, where the  or ientat ion  of  i t s  val ley enhances the  coupling of  
surface and upper-level  flows. 

Surface wind measurements from the B.C. Hydro weather s t a t ion  network i n  
the  \ . ic ini ty  of the P ro jec t   s i t e  are present ly   avai lable   for  one  year 
(1975). For t h i s  reason it is of i n t e re s t   t o  compare  wind roses  obtained 
from data  acquired at  other  stations  in  the  study  region with longer 
data  records.  Figure E5-1 is a presentation of annual wind roses   for  
AES s ta t ions  at  Ashcroft,  Lytton, and  Kamloops as well as  B.C. Hydro 
Stat ion 7 (Harry  Lake). The locations  of  these  stations  are shown in  

E3-S 
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*Source: Atmospheric Environment Service Data 

Figure E3-1 Annual Wind Roses for Harry Lake Site,  Ashcroft, Lytton, 
and Kamloops, B . C .  



Figcres Et-1 and  E2-2.  Clearly,  predominant  wind  directions  at  each 
site  are  determined  primarily  by the orientation of local  terrain  features. 

In general,  orographically  induced  flows  are  characterized  by  low  wind 
speeds;  highest  speeds  occur  when  local  flow  is  coupled  with  upper-level 
winds.  Except  for  this  speed  enhancement  effect,  the  predominant  influ- 
ence  of  local  circulations  and  topographic  channeling  makes it difficult 
to  infer  major  climatic  flow  patterns  from  these  surface  data. A cc'mpari- 
son of  wind  roses  illustrates  the  fact  that the applicability  of dat:a 
fron  one of the  long-term  stations  to  a  description of winds  in the Hat 
Creek  Valley  area  is  governed  more  by  the  specific  nature  and  orienta- 
tion of topographical  features  near  the  station  than  by  proximity  to  the 
Project  site.  For  this  reason,  the  on-site  surface  wind  data  col1ec:ted 
by  E.C.  Hydro,  supplemented  by  upper-air  data  from  Vernon,  are  essential 
to  the  documentation of local  flow  near  Hat  Creek  (see  Section  E4.1). 
At least  in  this  case,  a  relatively  short  local  data  record  from  the 
mechanical  weather  stations  provides  a  more  representative  understartding 
of long-term  circulation  patterns  than  a  much  longer  record  at  any^ 

station  removed  from  the  Hat  Creek  Valley  area  even at Ashcroft,  on1.y 18 
kin from  Harry  Lake. 

All the  weather  stations  in  the  valley  locations  report  relatively  tligh 
frequencies  (about 10% or more--see  Table  E3-2)  of  calm  conditions. In 
this analysis,  'calm'  refers to any wind speed less than 0.67 mps (1.5 

mph),  since at many  standard  observation  stations,  wind  instruments  do 
not  operate  reliably  below  this  threshold.  Table E3-2 sumarizes seasonal 
and  annual  frequencies of calm at  Ashcroft,  Kamloops,  and  Lytton  as well 
as  valley  and  hilltop  stations of the Hat Creek  network. In valleys 
sheltered  from  southerly  synoptic  flow,  the  winter  season  is  especially 
characterized  by  a  high  rate of calm  conditions - about  35%  of  the  time 
in the  Hat  Creek  Valley. 
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TABLE E3-2 

FREQUENCY (%) OF CALM IN HAT CREEK REGION* 

Sta t ion  

Ashcroft 
(Apr 1966-Mar 71) 

Kamloops 
(Jan 1974-Dec 75) 

Lytton 
(Jan 1974-Dec  75) 

Mechanical 
S i t e s  1-5 
(Jan 1975-Dec  75) 

Mechanical 
S i t e s  6 and 8 
(Jan 1975-Dec  75) 

Harry Lake S i t e  
Mechanical S i t e  7 
(Jan .1975-Dec 75) 

Aanual 

20.46 

18.10 

21.43 

22.53 

0. a1 

9.66 

t* 
Frequency of  Calms 

Winter Spring Summer 

35.38 12.57 9.76 

21.40 17.50  17.39 

30.99 14.11 8.18 

34.79 21.10 15.07 

0.66 

17.78 

Fall - 
23. a6 

17.63 

32.76 

22.47 

1.29 0.30 1.35 

12.45 4.65 , 3.49 

*Source: Analysis o f  AES da ta  for Ashcroft, Kamloops, and Lytton; 
ana lys i s  of  B.C. Hydro data, for a l l  mechanical  station sites. 

* m e  annual frequency  does  not  necessarily  equal  the  average of  the 
seasonal frequencies  because of periods of missing data i n  any one  season. 



E3.3  PRECIPITATION 

Iscpleths of mean  annual  and  seasonal  precipitation  amounts  throughout 
the. study  region  are  displayed  in  Figures  E3-2  through  E3-6.  The iso- 
pleths were  developed  from  20-year  averages  at  34 E 5  stations. As evidenced 
by  the  figures,  the  southern  interior of  the  Province  is  quite dry, with 
mean  annual  precipitation  amounts  from  about 25 to 50 cm  per  year. The 
sha.rp  gradients  near  the  Coast  Range  demonstrate the efficiency  with 
which  these  mountains  block  the  intrusion of moist  air  to  the  in1an.d 
region.  Precipitation  in  the  southern  interior  is  rather  evenly  distributed 
over  the  four  seasons.  In  the  winter,  most  precipitation  is  in  the  form 
of snow. Spring  and  autumn  snowfalls  occur  primarily at the  higher 
elevations  as  a  consequence  of  the  migratory  cyclonic  systems  passing 
through  the  region  during  these  seasons.  During the summer, thunderstorms 
account  for  most  of  the  rain.  Although  locally  heavy  rains  can  occur, 
thunderstorm  activity  is  generally  scattered  and of short  duration. 

Table  E3-3  indicates  seasonal  and  annual  averages of total  precipitation 
and  thunderstorm  frequencies  at  eight  stations  nearest  the  proposed  Hat 
Creek  Project  site.  Snowfall  statistics  for  the same observation  locations 
are  listed  in  Table  E3-4. The greatest  24-hour  rainfall  and  snowfall  for 
each  of  the  eight  stations  are  listed  in  Table  E3-5.  Peak  24-hour  rainfall 
rates  have  been  recorded  in  th'a  summer  and  fall  seasons  because  of  thunder- 
storm  activity.  Snow  is  rare  (during  the summer. Only  Dog  Creek  and  Lytton 
received  measurable  snowfall in June,  July or August.  In  general, 
similar  precipitation  patterns  occur  at  stations  with  similar  elevations 
and  topographic  characteristic:;. 

E3.1  TEMPERATURE 

Due  to  the  presence  of  the  Coast  Range,  south-central  British  Columbia 
is  :haracterized  by a  typically  continental  climate.  Without  the  moderating 
influence  of  the  ocean,  region:;  with  continental  climates  experience 
larp diurnal  and  seasonal  temperature  variations.  Isopleths of mean 
annual  and  seasonal  temperaturts  are  plotted on Figures  E3-7  through  E3-11. 
Nonnal  and  extreme  temperature  statistics  for  stations  in the more 
immediate  vicinity  of  Hat Creek are  listed in Tables  E3-6  through  E3-8. 
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Figure E3-2 Hat  Creek  Region Mean  Annual  Precipitation [cm  (inches)] 
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Figure E3-3 iiat Creek Region Wean Spring Precipitation [cm  (inches)] 
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Figure E3-5 Hat Creek  Region Mean Autumn Precipitation [cm  (inches)] n 
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TABLE E4-1 (a) 

DIURNAL VARIATIOh IN S*&ONAL M E A N  REUTIM 
HWIOITI IN THE HAT CREEK REGION 

(Winter) 

01  69.1 

02  69.9 

03  70.1 

04  70.3 

05  69.9 

06  69.4 

07  69.2 

oa 68.9 

09 sa. a 
10 67.5 

11 

12 

65.6 

13 

14 

65.2 

15 

62.6 

62.7 

16 

17 

62.9 

I8 
63.9 

19 

65.2 

65.4 

20 

21 

67.0 

22 
67.8 

68.5 

23 

24 

68.4 

64.8 

68. a 

Nore: 999.0 n u n s  missing &tr. 

999.0 

999.0 

999.0 

999.0 

79.7 

79.9 

79.6 

7 9 . 5  

79.0 

77.3 

76.4 

72.6 

70.5 

68.5 

66.5 

68.2 

n.o 
69.3 

72.9 

74.1 
74.8 

76.1 

76.7 

999.0 

H.C. Mechanical I 
L 

74.5 

74.6 

75.4 

75.5 

75.4 

75.6 

75.9 

74.8 

55.8 

66.9 

49.7 

45.4 

43.5 

43.1) 
u.. 3 

48.9 

57.7 

65.6 

70.1 

72.3 
73.7 

74. a 
75.0 

75.2 

H.C. Mechanical 2 

I 

75.7 

75.5 

75.5 

75.4 

75.5 

75.5 

75.6 

74.4 

71.6 

65.9 

58.6 

53.0 

49.2 

46.3 
49.5 

54.3 

60.9 

66.8 

70.3 

n. 7 

73.5 

74.6 

7s.5 

75.6 

H . C .  M s c h m  
1 

‘77.1 

‘77.9 

‘ra.5 

“8.2 

:n.1 

:fa. s 
:r7.9 

78.3 
:‘5.8 

:n.5 

63.8 

58.5 

57.2 

57.6 

00.0 
61.7 

(15.9 

70.6  

:‘s.a 
7s. 7 
76.7 

77.6 

77.9 

7a,2 



area   s ta t ions   d i f fe r  markedly in  temperature from Kamloops and Lyttbn 
(see Table  E3-6).  During the  most frequent  fog-formation  periods  (i.e.,  
ea r ly  mornings in   winter) ,   the  Hat Creek Valley  stations (Nos. 1-5) 
average 5' t o  10°C colder  than Kamloops  and Lytton,  while  Harry Lake i s  
2" t o  6 O C  warmer. For this   reason,  when compared t o   t h e  Kamloops and 
Lflton conditions,  fog and i t s  a s soc ia t ed   v i s ib i l i t y   r e s t r i c t ions  can  be 
expected more - often  in   the Hat Creek Valley and less of t en   a t   t he   r i dge  
s i t e s .  

Table E4-2 (derived from Tables E3-11  and E3-12) l ists  frequency  dis- 
t r ibu t ions  of visible  range limits observed a t  Kamloops  and Lytton 
during winter (December 1974-February  1975). V i s i b i l i t i e s  less than 
3.2 km (2 miles)  occurred 5.6% and 3.9%  of the  t ime,   respect ively,   a t  
those  s ta t ions.  The corresponding  figure  for  the lower Hat Creek Valley 
would be significantly  higher,  perhaps as high  as 8% t o  10%. Upper 

Valley  si tes  should  yield similar v i s ib i l i t y   d i s t r ibu t ions   t o   t hose  
found at  Kamloops and Lytton. Ridge s i r e s  (e.g.,  Harry Lake)  would 
experience  less  frequent  visibil i ty  restrictions  in  winter  (probably 
less than 3% occurrence  of   vis ibi l i t ies   less   than 3.2 km). 

E4.6. SOLAR RADIATION 

Although no solar   radiat ion  sensors  have  been i n  opera t ion   in   o r   near  
the  Hat Creek Valley,  estimates  of  seasonal and annual  insolation can  be 
obtained  using  data from nearby AES stations  (Section  E3.6). 

E4.7 MIXING DEPTHS 

The Hat Creek Valley and vicinity  experience  persistent ground-based 
inversions  during  early morning hours,   as a r e s u l t  of downward s e t t l i n g  
of  cold  air. When nights are cloudy o r  winds vigorous,  the  inversions 
a re  weaker or  absent.  The inversion can  be as  deep  as 500 m i n  t h e  
spring and up to  1000 m i n  the   ear ly  autumn. When insolat ion is 
suff ic ient ly   s t rong,  a shallow  mixing  layer forms near  the  surface.  This 
layer  extends upward into  the  inversion  as  the  heating  continues.  



a s   ' ~ o n t i n e n t a l ' .  Mean d a i l y  nwimua and m i n i m  temperatures  are l l a C  
and -4'C. On the   bas i s  o f  comparisons wi th  data from other   s ta t ions  i n  
the  region, a s l i g h t l y  warmer mean temperature i s  ant ic ipated on the  
ridgs  near  the  proposed power p lan t   s i te   ( see   Table  E5-6). 

E4.4 HUMIDITY 

The 3.C. Hydro mechanical  weath.er stations  provide  the  only  source  of 

on-site  humidity  data  for  the  present  analysis.  Table E4-1 lists. seasonal 
mean relat ive  humidi t ies   for  ea.ch hour  of  the day at   the   e ight   s ta t r ions.  

The tabulated  values  represent a  one-year  period.  For  comparison, 

cormsponding  humidities a t  Kam.loops and  Lytton are  also  included. 
Diurnal  ranges of re la t ive  humidi ty   are   extremely  large  a t  Lower Valley 

Stat.ions (Nos, 1-3), averaging  about 40% during  the  spring and summer, 

abou: 30% i n   t h e   f a l l ,  and 20% t o  25% i n  winter. The r i d g e   s i t e s  (Nos. 6-8) 
are  ,generally less humid a t  n i g h t ,  bu t   s imi la r   to   the   va l ley   s ta t ions  

during  the  day, 

E4.5 VISIBI&ITY 

As wits mentioned in   Sect ion E3.6, r e s t r i c t e d   v i s i b i l i t y   i n   t h e   s t u d y  
region  occurs  infrequently, w i t h  most such everts  taking  place i n  the 
fall and winter months. The major causes o f  r e s t r i c t e d   v i s i b i l i t y   a r e  

low-:!ying fog,   par t icular ly   radiat ion  fog,  and slash burning.  Radiation 
fog :!oorms when air near the surface is cooled  suff ic ient ly   to   reach t h e  

dew ]mint. In the Hat Creek area,  such  fogs  occur most frequently i n  
winter  (coldest  temperatures and low wind speeds), dur ing  ear ly  morning 

hour!! (4 AM is the  hour of most frequent fog  occurrence), and i n  low- 
lyinl;   areas.   Restrictions  to  visibil i ty  because  of  radiation f o g  occur 
more frequently in the  Hat Creek Valley  than  at   the more elevated  Harry 

Lake s i t e .  
. .  

Visi l r i l i ty   data   are   not   avai lable  f o r  s ta t ions   wi th in   the   va l ley   i t se l f ,  

a l thmgh a v i s i b i l i t y  sensor was ins t a l l ed  by 8.C. Hydro i n   t h e   f a l l  of 
1977. The nearest   monitors  are  in Kamloops and Lytton. The  Hat Cr2ek 
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Figure EJ-6 (Continued) 
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Figur'e E4-6 Plots of Wind Direction  Persistence Versus Frequency 
for Station 7, Harry Lake Site 
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Figure E4-5 (Continued) 
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::igure E4-5 Plots of Wind Direction Persistence Versus Frequency 
for Station 4, Mine Site 

E4-12 



Figure E 4 4  (Continued) 
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Figure E4-4 Plots of Wind Direction  Persistence  Versus  Frequency 
for Station 1, Lower Hat Creek  Valley 
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winds a t   t h ree   l eve l s  above the  val ley  f loor   are   depicted.  In the  absence 
of a strong  synoptic-scale  flow, winds i n  the  val ley  usual ly  behave much 
a s   i l l u s t r a t ed .  When a regional wind is channeled in to   the   va l ley ,  it may 
enhance,  dominate or counteract  the  thermal  circulation, depending on i t s  
speed and direction. 

Cumulative  frequency p lo ts   o f   d i rec t iona l   pers i s tence   in   the  Lower 
Valley  (Station I ) ,  Upper Valley  (Station 41,  and a t  Harry Lake 
(Station 7) are  presented  in  Figures E4-4 through €4-6. From these 
p lo t s  i t  is evident  that  calms and winds along  the  axis of  the   va l ley  
f loor   a re   the  most pers is tent   a t   val ley  locat ions,   but   per iods  with 
pers i s ten t   d i rec t ion   for  more than 16 hours a re   r a r e .  

E4.2 PRECIPITATION 

Precipi ta t ion measurements have  been  conducted continuously  at   the Hat 
Creek Climate  Station  in the Upper Valley f o r  15 years.  The average 
t o t a l  annual p rec ip i t a t ion   a t   t h i s   l oca t ion  is 31.6 cm. This   to ta l  i s  
distributed  almost  evenly  over  the  year, with a s l i g h t  maximum in  winter .  
As noted i n  Section E3.3, p rec ip i ta t ion  amounts are   s imilar   for   locat ions 
a t  similar elevations. Assuming a s imi l a r   d i s t r ibu t ion . fo r  Harry Lake, 
it i s  expected that   average  total   precipi ta t ion near t h e  Harry Lake 
power p l a n t   s i t e  will be s l i g h t l y  more than  the 40 cm recorded at  
Williams Lake (see  Table  E3-3). 

Annual snowfall in the  Hat Creek Valley  averages  approximately 130 cm; 
about 60% of t h i s   t o t a l  is measured during  the  winter.  Estimated 
snowfall a t  Harry Lake is about 250 cm, with somewhat larger  contributions 
during  the  spring and fa l l  seasons  than  are  expected  in  the  valley. 

E4,’3 TEMPERATURE 

Mean annual  temperature in   t he  Hat Creek Valley is 3.2”C. Absolute 
m a x i m u m  and minimum recorded  values  are 34’12 and -43”C, respectively.  
Clearly,   the  area  near  the proposed P r o j e c t   s i t e  i s  aptly  characterized 
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Notes: Lower center  vector  represents Hat Creek Valley. 
Upper left  and upper r ight   vectors   represent  
adjoining west and east   val leys .  
The two vec to r s   i n   t he   l e f t  column represent 
the  synoptic winds dming  the  ear ly  morning and 
late  afternoon. 

Figure  €4-3 Wind Flow in the Hat Creek Valley and Adjoining 
East and We:;t Valleys a t  Three Vertical  Levels 
f o r  Four Diurnal  Periods,  September 3,  1975 
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The figures  presented i n  t h i s   s ec t ion  adequate.ly  characterize  the  annual 
average and annual  diurnal  distribution  of winds taken a t   loca t ions  
representative  of  the  thermal  plant  (Harry Lake) and the  coal mine 
(Station 5 )  - see  Figure E4-2. The day-night  variation  in wind speed 
and d i r ec t ion   a t  Harry Lake is small. The Harry Lake data   indicate  
r e l a t ive ly   l i gh t  winds ( typical ly  2 mps) and l i t t l e  orographic  influence. 
The annual and diurnal wind roses show the  influence  of  synoptic  scale 
north-northwesterly,  westerly and general  southwesterly  winds. On t he  
other hand, t h e  data   col lected  a t   Stat ion 4 show t h e  dominance of  the 
val ley  c i rculat ion.  Although the  winds in   the   va l ley   a re   genera l ly  
light,  occasional  strong  southwest winds occur when the  drainage flow 
reinforces  the  synoptic  flow.  Nighttime winds are  predominantly from 
the  south-southwest, a manifestation  of the drainage  flow,  while  daytime 
conditions  generate  upslope and channeled  winds. 

The  wind rose  f igures  depict   the  frequency  distribution of wind speed 
f o r  each s t a t i o n  and ind ica te   tha t   s t rong  'winds  (above  18.5 mph) a r e  
infrequent. This is espec ia l ly   t rue  f o r  t he   va l l ey   s t a t ion .  Only t h e  
Cornwall Hills (Station 6) and Pavill ion Mountains (Station 8) sensors 
recorded  significantly  high winds (see  Figure E4-1). A t  t he  Cornwall 
Hills, strong  souzh-southwest  winds were observed  about  3.5% of  t he  
time; a t   t he   Pav i l l i on  Mountains,  strong  southwest  winds  were  recorded 
about 3% of  the time. As an addi t iona l   i l lus t ra t ion   o f   s t rong  winds, a 
l ist  of  the  frequency  of winds in   spec i f i ed  wind speed  (in  knots) 
categories' measured a t  Kamloops f o r  each month during 1963-1972 follows: 

Jan 39-46 0.7%; Feb  39-46 0.4%; Mar 32-38 0.6%; Apr  32-38 0.2%; May 32-38 
0.3%; June 25-31 4.8%;  July 34-46 0.1%; Aug 32-38 0.1%; Sept 32-38 
0 .2%;  Oct 32-38 0.3%; Nov 32-38 0.6%; and Dec 39-46 0.1%. 

F.igure €4-3 demonstrates a typical   d iurnal   f low  pat tern i n  t he  Hat Creek 
Valley.  This  figure is taken from a report  by t h e  MEP Company. Average 

*The upper limit of  each  category  represents  the m a x i m u m  possible 
wind speed f o r   t h a t  month. 
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Figure E4-2 (Continued) (Station 7) 
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Figure E4-2 Annual Day/Night Wind Roses f o r  Lower Hat Creek Valley 
(Stations 1 and 4) 
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Figure Est-1 (Continued) 



Figure €4-1 Annual Wind Roses f o r  A l l  Hours a t  E i g h t  
Mechanical Meather Stations 
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since  only  on-site measurement:; p rov ide   r ea l i s t i c   da t a   fo r  t h i s  purpose, 

it is recommended t h a t  t h i s  an:%lysis  be  repeated when information  represent- 

i ng  a  time  period o f  three  years or more becomes avai lable .  

I 

E4.1 LOCAL WINDS 

h n u . a l  wind mses   ( t he  frequently distribution  of.wind  speed and d i rec t ion)  

for   the  e ight  B.C. Hydro weather  stations  are  presented  in  Figure E4-1. 
The importance  of  terrain  chan:leling and local  mountain/valley  circula- 
t i o m  is immediately  apparent Erom the  large  differences i n  wind s t a t i s t i c s  
f o r  s ta t ions  separated by only a few kilometers. I t  i s  possible  t o  
in fer   the   o r ien ta t ion  of t e r r a , i n   a t  each  of  the  valley  stations (Nos.  1-5)  

from t h e  d i rec t ions  and speeds  of  the  prevailing  winds. Only the  
s ta t ions   a t   h igher   e leva t ion  (Nos. 6-8) show evidence  of  the  frequent 
southerly and westerly  flows  a.ssociated wi th  large-scale  pressure 

systems  over  the  region. Thes,? r idge  s ta t ions  report   the   highest   f re-  
quercy  of  high wind speed  cond.itions;  valley  locations  often  experience 
calnls (see  Table E3-2). 

Diumal   f low  pat terns   a t   three  s ta t ions mas. 1, 4, and 7) are  displayed 
by  means of  separate daytime ($5 AM t o  6 F") and nocturnal wind roses  i n  
F ig t re  E4-2. Stat ions 1 and 4 provide  data  indicative o f  conditions 

witf , in  the Lower and Upper Valleys,   respectively;  Station 7 ' i s  near 

Harry Lake about 2 !a south o f  the power p lan t  s i te .  Signif icant  
var j ,a t ions  are   evident   in   the  a iay/night   pat terns   a t   the   val ley  s ta t ions.  

The$,e differences  are   character is t ic   of   locat ions  inf luenced by mountaid 
va l ley   c i rcu la t ions .  Calm conditions (wind speed less  than 0.67 mps) 

dominate  during  nighttime  hour:%.  Otherwise, winds tend t o  conform t o  

the   o r ien ta t ion   of   the   va l ley  . a t  each s i t e .  Daytime winds a t   t h e  lower 
ele\ ,a t ions  are   general ly  upslo:?e  and s l igh t ly   s t ronge r .  The diurnal 
var j , a t ion   a t   the   r idge   s i te   (S ta t ion  7) ,  the   locat ion most representa- 
t i ve !   o f   t he   t hem1   p l an t ,  is ~mch  less  pronounced,  reflecting more the  
frec:uent  influence of  synoptic winds a t   t h i s   l e s s   s h e l t e r e d  locatimm. 
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E4.0 LOCAL CLIMATOLOGY - THE  HAT  CREEK  PROJECT  SITE 

As discussed  in  Section  E2.0  and  elsewhere,  wind  speed,  wind  direction, 
temperature  and  relative  humidity  have  been  measured  continuously  since 
late 1974 by  B.C.  Hydro  at  each  of  eight  mechanical  weather  stations  in 
and  around  the  Hat  Creek  Valley.  The  locations of these  stations  with 
respect  to  local  topographic  features  and  to  the  proposed  sites of  the 
coal  mine  and  power  plant  are  indicated in Figure  E2-2.  At  the  time of 
this  study,  data  representing  only  one  year  (1975)  of  meteorological 
measurements  were  available  for  analysis.  Normally, a longer  record of 
weather  data  is  required  to  establish  climatological  patterns.  However, 

1 due  to  the  complex  topography  of  the  southern  interior  of  B.C.,  the 
~ representativeness of data  from  other  locations  in  the  study  region  must 

be carefully  evaluated. 

The  results  of  analyses  discussed  in  Section  E3.3  through  E3.5  indicate 
that  precipitation,  temperature  and  humidity  patterns  depend  primarily 
on  elevation  and  'location  with  respect  to  nearby  terrain  features. 
Visibility,  cloudiness  and  solar  insolation  appear t o  be  fairly  uniform 
over  the  study  region  (Sections  E3.6  and  E3.7).  Thus,  characteristic 
patterns  for  these  parameters  at  Hat  Creek  may  be  inferred  from  long- 
te& station  data  with  reasonable  certainty.  On  the  other  hand,  local 
wind  circulations  in  the  region  are  uniquely  determined  by  the  nature 
and  orientation  of  terrain  features  near  the  measurement  stations.  Low- 
level  winds  in  the  immediate  vicinity of the  proposed  Project  site 
cannot  be  determined  with  confidence on the  basis  of  data  acquired  at 
stations  with  other  topographic  characteristics.  For  this  reason,  wind 
data  derived  from  the B.C. Hydro  network  and  other  on-site  field  studies 
are  considered  more  appropriate  for  purposes of identifying  Iocal  flow 
characteristics.  The  relatively  short  duration  of  the  data  record 
available  from  the  mechanical  weather  stations  is  less  important  for 
winds  than  for  other  variables in a location  like  Hat  Creek,  where 
topography  defines  and  limits  the  types of flow  that  can  occur.  However, 
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TABU €3-16 

MEAN AFTERNOON  MIXING  DEPTHS FOR 
SOUTHERN  BRITISH  COLUMBIA (1965-693' 

Mean  Mixing  Depth (m) 

Season  (coastal  station)  Prince  George  Spokane,  Wash. Vicinity** 

Winter 400 350 400 350 

Spring <loo0 1600 1300 1400 

S m e r  aoo 1800 2250 1800 

Fall 750  950  750 

Annual 650 1100 1350 1100 

Port  Hardy  Hat  Creek  Valley 
- 

- 400 - - - 

'Source:  Portelli (1976). 
**Interpolated from Portelli (1976) graphs. 

TABLE  E3-13 

VENTILATION  COEFFICIENTS  FOR 
SOUTHERN BRITISH  COLUMBIA (1965-1969)* 

Mean  Ventilaiion  Coefficients (m /sec) 2 

Port  Hardy  Hat  Creek  Valley - Season  (coastal  station)  Prince  George  Spokane,  Wash.  Vicinity** 

Winter <3,000 2,000 .c3,000 (3,000 

Spring <3,000 4,500 6,000 4,500 

S m e r  4,000 8,500 12,500 8,500 

Fall <3,000 4,500 . . 6,000 4,500 

'Source: Portelli (1976) 
"Interpolated from Portelli (1976) graphs. 
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ana1.ysis:  Prince George, Por t  Hardy, and Spokane,  Washington.  Table 
E3-1.6 presents   the  resul ts  f o r  t h e  three  upper-air   observat ion  s ta t ions 

and Hat Creek Valley. Mixing depths f o r  the   va l ley  were e s t i rk t ed  by 
i n t t q o l a t i o n  from Por te l l i ' s   i sople ths12  and are   included  in   the  table .  
The method used t o  calculate  the  tabulated  values does  not  include 
considerat ion  of   terrain  effects   that  can a f fec t   the   t rue  mixing  depth 

i n  a region  of complex topography. I t  is also  important  to  note  that  

con1:aminants released above the mixing height  (e.g., from a t a l l   s t a c k )  

w i l l .  not   resul t   in   appreciable  ambient  concentrations below this level ,  
s ince   the   invers ion   ac t s   to   inh ib i t  downward as well as upward dispersion. 

A c ~ u d e  measure o f  the  potent ia l   for   adverse air qual i ty  i n  a region is 
indicated by character is t ic   values  of the  so-called  'venti lation  CIJefficient. '  
This  parameter is defined  simply as the  product  of  the mixing  depth  and 

the  concurrent  average wind speed.  According t o  Cross,l3 a vent i la t ion  

coeff ic ient   less   than 6.000 m l sec  is associated  with  potentially 'high 
contaminant  concentrations.  Table E3-17 lists seasonal and annual mean 

vent i la t ion  indices   for   the  three  upper-air   s ta t ions  nearest   the   Project  

a rea  and f o r  Hat Creek Valley. An annual average  value of 6,000 t? 

7,0(10 w a s  recommended  by P o r t e l l i  f o r  the  sect ion of the   Fraser   f iver  
Val1,ey  between Prince George  znd Hope, B.C. Nearly a l l   o f  Canada 'was 

found t o  have  a  winter  ventilation  coefficient below 6,000 m /sec. 
Winter  values below  3,000 m / sec   a re   es t imated   for   a l l   s ta t ions   l i s ted  
i n  Table E3-17. 

2 

2 
2 

The Atmospheric  Environment Service has  not  ye t   ver i f ied  that the  ,ventila- 
t ion   index   c r i te r ion   used   in  t:he  United S ta tes  is va l id  i n  Canada. A 
pol lut ion  potent ia l   forecast  method appropriate f o r  Canada is presently 
under  development. 
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TABLE E3-15 

TOTAL HOURS OF BRIGHT  SUNSHINE I N  THE HAT CREEK REGION* 

Number of Hours of Sunshine ** 

Stat ion Annual Winter Spring Summer - Fall  

Kamloops 2,080 217 574 895 394 

Keloma 2.088 160 574 903 451 

Lytton 1,990 185 607 829 369 

Penticton 2,076 174 599 880 423 

Williams Lake 2.168 251 621 912 384 

*3-1/2 year  average, (1972-1975) 
"Bright sunshine.hours  defined as hours when so la r   i n t ens i ty  i s  strong 

enough t o  produce a reailing on  a pyronometer. 

Source:  Canadian Weather Review 
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Although  the  Kamloops  and  Lytton  visibility  data  indicate  relatively 
infrequent  restrictions  to  visibility,  slash  burning  by  the  forest 
industry  during  the  autumn  has  caused  visibility  reductions in and  near 
the  Hat  Creek  Valley.  Slash  burning  can  reduce the visibility  to  less 
than 8 km and  occasionally  to  about 1.0 km  or  less. 

E3.7  CLOUD  COVER AND SOLAR  INSOLATION 

Cloudy  skies  are  common  in  the  southern  interior  of  British  Columbia. 
While  the  region  is  generally  quite  dry.  the  presence  of  numerous  rivers 
and  lakes  and  the  orographic  lifting of low-level  flows  over  the  moun- 
tains  produce  clouds  covering  at  least  half  the  sky  about 60% of  the 
time.  Tables  E3-13  and  E3-14  are  statistical  summaries of cloud  cover 
and  ceiling  observations  taken  at  Kamloops  and  Lytton  during a two-year 
period.  Frequency  distributions of both  parameters  for  the two stations 
are  quite  similar.  Middle  and  high  clouds  occur  most  often;  ceilings 
less  than 1800 m (6,000 ft) above  the ground were  reported  less  than 10% 
of  the  time. 

Table  E3-15  lists  seasonal  and  annual  average  hours of recorded  bright 
sunshine  at  five  locations.  About 2,000 hours  of  bright  sunshine  per 
year  are  reported  throughout  the  region.  Winter  is  the  cloudiest  season; 
s m e r  the  least  cloudy. It should  be  noted  that  the  great  differences 
between  summer  and  winter  sunshine  hours  are  partly  attributable  to  the 
fact  that  summer  days  are  substantially  longer  than  winter  days  at  the 
latitude of the  study  region (48' - SOON). 

E3.8  MIXING  DEPTHS  AND  VENTILATION  COEFFICIENTS 

Mixing  depth  may.be  defined  as  the  height of the  atmospheric  layer 
nearest  the  ground  through  which  significant  dilution  of  air  contaminants 
can  occur.  The  larger  the  value of this  parameter,  the  greater  the 
volume  available  for  dispersal of the  contaminants.  The  top of the 
mixing  layer  corresponds t o  the  base of stable  atmospheric  layers  or 
inversions.  'Following  the  methods of HolzworthlO  and  Munn,"  Portelli  12 
has  computed  mean  seasonal  and  annual  mixing  depths  throughout  Canada. 
Three  stations  in  the  general  vicinity of Hat  Creek  are  included  in  this 
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Comp,arisons of  seasonal average! temperatures show t h a t  summer averages 

excesd winter by Z O O C  o r  more. Diurnal  ranges are   a lso  s ignif icant .  
During the summer, maximum temperatures exceed minimum values by le-17"C; 
i n  the  winter  the  range is S-lCl°C. As wi th  precipi ta t ion,   s ta t ions wi th  

similar  elevations  usually  exhibit  similar,  temperature  characterist:ics. 

Throughout the  region,  the f i r s : t  frost usually  occurs i n  l a t e  September 
or   ear ly  October and f ros t  cont:inues  through early March.  The  numher of 

frost-free days ranges from approximately 60 t o  140. On the  average. 

s ta t ions on hillsides  tend t o  have longer  frost-free  seasons than  nearby 

stations in  valley  locations. 

€3.5 HUMIDITY 

Mean dewpoint temperatures and relative  humidities  for  selected  stations 

in   the  Hat Creek region  are  presented i n  Table E3-9. Seasonal  ranges o f ,  
dewpoint are  similar to  those for temperature.  Relative  humidity  values 
ind ica t e   l i t t l e   va r i a t ion  among stations.  Spring and summer are  si.gnifi- 
cant ly   dr ier   than  fa l l  and wint:er. 

E3.6 VISIBILITY 

Table €3-10 is a s ta t is t ical   s rmary  of   vis ibi l i ty   observat ions  taken  a t  
the weather stations  nearest  Ha.t Creek. The table  represents a three- 
year  data  collection  period  couprising  four  observations  per day a t  each 

of the f ive  stations. More det:ailed  data based on hourly  observations 
over two years a t  Kamloops  and Lytton are  presented i n  Tables E3-11 
and E3-It. 

Vis ibi l i t ies   of   less   than 1.6 km (1 mile)  are  rare i n  t h i s  area (less 
than 6% of t h e  time at Kamloops: and less  than 4% of  the  time a t  Lytton). 

A t  all  stations,  highest  frequencies o f  reduced v i s i b i l i t y  occur during 
f a l l  and winter. The majority o f  observations wi th  severe  vis ibi l i ty  

res t r ic t ions  occ&ed during the  early morning hours. The significant 

var iab i l i ty  f r o m  year t o  year  kemonstrates  the  desirability  of long data 

records t o  es tabl ish  t ruly  'c l inat ic '   pat terns .  
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?A8LE E:-6 

N D W L  TEhlPEFATIJRES I N  THE HAT CSEEK REGION' 

Seasonal a d  .Annual Mean ?emperarure ('C) 

Season Hat Creek - KaPdoova LV?tO"  Pcnricton z i a m s  Lake 

Winter -18.5 -3.3 -3.5 -0.9  -0.9  -7.2 

Spring  3.7  8.5  7.4 10.2 7.6 4.1 

Suueer 13.8  19.6  17.6  20.7  18.9  14.6 

Fall 3.2  8.3  7.0  10.0  8.9  4.4 

Annual  0.6  8.3  7; I 10.0 8.6 4.0 

*Source: Canadian Wmther R e v i e w .  AES (1974) 

-, - 

TABLE ES-7 

SFASONAL EXTF33IE TIMPERAlURES IN THE HAT C R E W  REGIOY' 

Absolure Maximum Temperature (OC] 

- Season Ashcroft 0 0 %  Creek Hat Creek - 
I 

Winrer 15.0 13.3 13.1; 
Spring 3S.O . 30.0 

17.2 

Sumnr 38.9 
33.9 

34.4 
Fall 

34.4 
33.9  28.9 . 31.1 55.0' 3S.9 

38.9 

17.8 
37.8 
41.7 

2 x 8  

Annual 38.9 54.4 34.4 41.7  58.9 

Absolute Mini-  Tcmperarure (OCI 

Winter  -37.2  -40.6 -47.8, -58.3 -31.1 
Spring  -29.1  -35.6 -27.8, -25.0 -22.2 
Summer 1.1 1.7 - 3.2,  0.6 - 1.1 
Fall -25.0 -31.1. -30.11 .-3o.o , 

A n n u a l  -37.2 
-22.8 

-40.6 -42.8 -311.3 -31. I 

Record ( y n )  
Period c f  

20 10 1 65 60 

*Source: world-ride Sumuries. USNWS (19671 

Lyrton 

18.3 
40.0 
44.4 
36.1 
44.4 

-31.7 
-21.1 

-17.8 
4.4 

-31.7 

40 

Penricron 

17.8 

40.6 
34.4 

34.4 

40.6 

-26.7 
-17.8 

-18.9 
3.3 

-26.7 

so 
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Figure E3-11 Hat Creek Region Mean Winter Temperature [ " C  ( O F ) ]  
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TABLE E3-4 

SNOWFALL IN TUE HAT CREEX REGION 

Mean Snowfall (cml per Station 

.%nth/S<,ucn Ashcroft Do3 Creek mt Creek  aml loo pa Keloma Lycron Penticton  Willimr Lake** 

18.8 
27.9 
16.2 
62.9 
4.6 

0.0 
1.3 

5.9 

0.0 
0.0 
0.0 
0.0 

0.0 

10.7 
2.3 

15.0 

81.8 

- 

- 

- 

-. 

6.1 

9 

31.5 
22.3 
29.0 
82.8 

25.4 
14.2 
2.3 

39.9 

0.0 
0.0 
0.0 
0.0 

0.0 

7.9 

- 

- 

- 

0.a 

11.7 
- 

131.4 

12.4 

6 

31.0 
36.8 

20.3 27.9 

15.7  15.2 16.2 
22.9 27.1 

" - 
83.5 58.4 71.2 

10.1 2.5 8.1 
8.1 
3.8 

1.3 
1.3 

0.3 
0.0 

22.0 5.1 8.4 
" - - 
0.0 0.0  0.0 
0.0 
0.0 

0.0 0.0 
0.0  0.0 - - - 

0.0 0.0 0.0 

0.5 1.3. 0.0 
3.8 1.3 0.8 

2s. 3  52.3 10.2 - - - 
27.6 34.9 11.0 

132.9 98.4 90.6 

5.S 7.0 

14 73  40 

45.0 18.0 
36.1 18.3 
17.0 11.4 
98.1 47.7 

5.6 6.5 
0.8 0.0 
0.0 0.0 

6.4 6.3 

0.0 0.0 
0.0 0.0 

" 

" 

0.0 E - 
0.0 0.0 

0.0 0.0 
0.3 0.5 - 7.1 2 
7.4 6.8 

111.9 60.8 

9.0 4.4 

22 32 

**5ow:e: Monthly Record. AES (1972-1975) 
*%-:e: World-wide Airfield S m u r i e S .  I J S W S  {I9671 

**will.,ams Lake &ta not available 

Seasan 

winter 
Spring 
S-r 
Fall  

- 

Winter 
Spring 
S-r 
Fall  

42.4 
66.S 
38.4 

1,47.3 
24.7 
5.3 
2.5 

32.5 

0.0 
0.0 
0.0 
0.0 

0.0 
4.3 

52.3 
56.6 

236.4 

- 

- 

- 

- 

... 
4 

Fainf s l l  (cml 

Ashcmft OOP Creek Hat Creek Kamloops Keloma Pmticron !tillims Lake 

2.18 0.94 5.69 6.35  8.99' 1.85 
2.26 

1.02 
2.11 1.65 2.54 3.30 

1.57 

3.94 
5.10 

3.07 3.89 4.22 
2.97 2.03 

4.19 2.49 
4.45 4.70 2.67 1.80 2.92 7.67  4.45 3.77 

3.28 3.45 

Snorf.11 (ai l  

31.8 41.9 42.4 
12.7 25.4 

53.0 47.0 66.0 
11.9 

22.1 
12.7 

42.7 
3 0 s  21.6 06.4 17.0 

00.0 00.5 00.0 
13.2 22.1 28.2  12.7 

00.0 
19.1 

00 .o 
20.3 

00.0 
20.8 

00.0 
19. I 
00.0 

*Trace a m m e  . 
'Sourcs: Canadian Nomls - Precipitation (1941-19701 
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TABU €3-3 

TOTAL PRECIPITATION IN mE H*r CREEK REGIOY 

Hem Total  P,eeipitation (c.1 per Starion 

ma Creek Hat Creek K a m L 0 0 ~ 1  Keloma LyTCan e 
8.9  9.1 6 .a  9.4 
5.3 5.3 4.3 

14.2  7.2 
5.5 

13.2 
6.2  6.1 

9.7  8.6  7.4 5.5 
7.3  7.5  6.1 

7.3 
8.6 

34.7  31.6 25.8 30.9  36.7  27.6 
7.0 

Frqwncy (days) ef Precipitation 0.25 (0.1 in1 

- - - - 10.8 - - 

Ashcroft 

7.1 
3.5 
7.5 

23.9 
5.8 - 

9.1 
4.3 
9.3 
8.1 

S F 3  

0 
2 

0 
5 

7 
- 

11.7 
6.0 
15.5 
7.8 

41.0 

27.0 
18.0 

8.6 
5.3 

11.8  21.9  9.1 
6.9  7.7  7.7 

22.0  10.2 9.1  7.0  8.9 

48.2 3 s  
- z1 .a 10.3  11.6  9.1 - 

0 
2 
8 

10 
0 - 

... ... ." .*. - ... 
0 
1 
6 
1 
8 
- 

0 

12 
2 

1s 
1 - 

0 
0 

2 
0 
2 
- 

0 

12 
2 

15 

1 - 

Williams Lakc.' 

9.6 
6.7 
15.1 
8.9 - 
40.3 

28.0 
16.8 
16.5 
20.3 
81.6 
- 

... ... ." .*. - ... 
4 
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E SC. Mechanical  4 

I 

01 76.9 

02 76,6 

03 76.9 
04 76.8 
05  76.1 
06 75.0 
07 74.6 

08 74.6 
09  73.6 
10  69.3 
11 61.9 

1 2  55.0 
13 50. 7 

14 48.0 

15 47.3 
16 48.6 
17  34.0 

18 61.9 
19 67.8 
20 71.6 

21 74.3 

22 76.0 
23 77.0 
24 77.2 

TABLE E4-l(a)  (Continued) 

,DIURNAL VARIATIC'N IN SEASONAL MEAN R E L A T I V E  

WIDITI Ih T H E  HAT CREEK  REGION 
(winrer) 

H.C. Mechanical 5 H.C. Mechanical  6 H . C .  Mechanical  7 

I I I 

65.4 999.0  77.0 

65.2 999 .o 77.1 

65.5  999.0  77.6 
65.5 999.0  77.6 
65.4 999 .o 77.3 

65.1  999.0 76.7 
65.0 999.0  76.7 
65.0  999.0  76.9 
65.0  999 .o 76.6 
64.1 999 .o 73.5 

61.0 999.0  69.4 

56.3  999.0  64.8 
52.8 999.0  61.4 

51.1  999.0  59.6 
51.1  999.0  60.5 
52.2  999.0  63.0 

54.8 999 .o 67.8 

57.8  999.0  72.3 
60.4 
62.2 

999.0 
999.0 

75.1 
76.3 

63.5 999.0 , 76.8 

64.6 999.0 77.3 
64.9  999.0  77.2 
65.3  999.0  77.1 

H . C .  Mechanical 8 

I 
- 

F 8 l . O  

1.1.4 

7 8 . 8  
79.9 
,1,0.6 
1n.7 
In. 7 

Fi0.2 

79.5 
77.7 

76.7 

:'5.8 

74.3 

x . 9  
:2.1 

73.4 

76.6 

78.4 

110.0 

811.5 

111.6 

$11.3 
110.9 
110.9 
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TABLE €4-1 ( b )  

DIllWAL VARIATION IN SEASONAL MEAN RELATIVE 
MMIDITY IN THE K4T CREEK REGION 

01 

02 

03 

04 

OS 

Ob 
07 

08 
09 

10 

11 
12 
13 

14 

15 

16 

17 

18 

19 

20 

21 
22 

23 

24 

~ l o O O S  i&sQn 
I I 

61.8  999.0 

62.9 999,o 

64.7  999.0 

66,3  999.0 

66.8  73.0 

67.4 
73.4 

74.3 

63.9 72.5 
59.5  68.1 

55.6 62.1 

51.0  55.8 

47.6  50.4 

43.9  45.6 

68.4 

40.9 41.6 

39.1 40.0 

38.4 59.6 

38.2 40.2 

39.9 42.9 

42.4 45. 7 
46.6 49.7 

so. 0 53.2 

53.3 56.2 

56.7 58.5 

59.2 " 999.0 

(Spring) 

I 

73.4 

74.7 

75.9 

77.5 

78.2 

78.2 
79.0 

75.7 
64.0 

54.8 

47.9 

42.4 

37.8 

35.1 

33.1 

31.6 

51.8 

53.9 

40.1 

49.1 

58.0 

64.3 

68.0 

70.6 

H.C. 5fachmical 2 

I 

73.5 

74.0 

74.6 

75.3 

75. 7 

75.5 

77.1 

69.0 

60.5 

52.7 

46.2 

40.8 

57.4 

34.3 

31.8 

51.2 

32.8 

57.4 

46.4 

55.0 

60.7 

66.1 

69.6 

72.0 

H.C. Mechanical 3 

I 

76.4 

77 .O 
77.9 

77.9 

78.9 

76.8 

71.8 

7a.5 

62.8 

54.2 

46.2 

40.9 

37.1 

54.7 

33.3 

34.3 

39.0 

47.3 

59.7 

61.5 
67.2 

71.6 

73.7 

75. 7 
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Hour - 

01 
02 

03 

04 

05 

06 

07 

08 

09 

10 

li 
12 

13 

14 

15 

16 

17 

I8 
19 

20 

2 1  

22 

23 

24 

L C .  Mechanical 4 
I 

69.8 

71.4 

72.9 

73.8 

74.6 

75.5 

75.0 

68.7 

58.4 

50.3 

41.6 

35.2 

31.2 

28.4 

26.7 

27.0 

29.6 

46.8 
44.0 

51.8 

56.7 

61.0 

63.2 

67.8 

TABLE E4-1 [b) (Conrinued) 

DIURNAL  VARIATION IN SEASONAL MEAN RELATIVE 
HUMIOITI IN "E tL4T CREEK  REGION 

(Spring) 

H.C. Mechanical i H.C.  Mechan- H.C. Nlechanical 7 &Mechanical 8. 
I I I I 

66.1 

67.9 

68.7 

69.7 

70.6 

71.5 

70.8 

66.8 

61.0 

55.7 

48. I 
42.2 

38.9 

36.4 

36.3 

36.2 

38.4 

42.0 
47.2 

51.3 

56.0 

59.1 

62.1 

64.1 

69.0 

68.0 

69.2 

70.9 

72.3 

73.2 

73.9 

73.2 

72.1 

70.9 

65.4 

62.0 

59.8 

58.2 

55.5 

56.4 

57.9 

60.8 
66.9 

68.7 

69.6 

70.0 

69.7 

69.6 

65.8 

67.3 

69.1 

70.5 

71. I 
71.9 

71.3 

68.2 

63.0 

57.7 

52.3 

47.5 

44.4 

42.5 

41.4 

42.0 

45. I 
49.8 
54.0 

56.7 

61.7 

5 9 . i  

63.3 

64.7 

73.8 

76.0 

77.9 

75.2 

77.8 

78.0 

77.9 

75.6 

71.8 

66.0 

60.9 

58.4 

51.7 

50.1 

49.4 

53.6 

60.8 

68.7 
66.6 

69.8 

70.7 

73.3 

72.9 

72.1 



Hour - 
01 
02 
03 
04 
os 
06 
07 
08 
09 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
25 
24 

TABLE E4-l(c) 

DILIRNAL VARIATION IN SEASONAL 8 u W  REIATIVE 
IWIDITY IN THE HAT CREEK REGION 

Kaaloopr 
I I 

58.6 999.0 
62.2 999.0 
65.2 999.0 
67.0 999.0 
68.8 67.0 
69.6 69.4 
67.5 . ’ 70.1 
65.1 67.4 
58.3 61.8 
53.5 56.0 
49.2 51.8 
44.9 46.6 
41.2 42.9 
38.0 40.7 
56.6 58.2 
36.6 37.3 
35.9 57.7 
36.8 58.4 
58.8 39.9 
41.9 45.5 
45.7 47.5 
40.4 50.3 
52.5  53.2 
55.4  999.0 

G-1 

H.C. Mechanical 1 
I 

75.9 
78.6 
81.0 

82.4 
85.7 
85.8 
79.4 
71.5 
63.9 
55.7 
48.9 
45.0 
41.7 
39.3 
38.6 
37.7 
37.9 
40.0 
43.4 
49.1 
56.5 
63.3 
68.6 
73.0 

H.C. Mechanical 2 
I 

75.3 
78.2 
79.9 
81.6 
81.6 
78.6 
72.3 
64.4 
56.8 
50.6 
46.0 

43.2 
41.4 
40.2 
39.0 
38.1 
38.5 
40.3 
44.6 
49.6 
55.5 
62.5 
68.0 
71.2 

H.C. Mechanical 3 
I 

76.8 
79.3 
81.2 
82.4 
83.2 
85.8 
80.2 
73.3 
64.6 
57.9 
52.0 
47.8 
45.3 
42.9 
40.9 
39.8 
40.2 
41.3 
44.2 
49.0 
56.0 
62.8 
68.2 
72.8 

E4-22 



TABLE E 4 - 1 ( ~ )  (Continued1 

DIURNAL VARIATION I N  SEASONAL ,W RELATIVE 

hlJMIDITI IN ME HAT CREEK REGION 
( S m c r l  

Hour H.C. Mechanical 4 H.C. Mechanical 5 H.C.  Nechanical  6 H.C. !lechanical  7 U h a n i c a l  8 
" 

I I I 1 1 

01 73.0 

02 76.3 
03 78.5 
04 80.0 

05 80.9 
06 81.3 
07  79.2 

08 72.3 
09 63.5 

10 56.5 

11. 50.7 
12 46.0 

13 44.4 
14  42.3 

15 40.1 
16 39.0 
17 39. I 
l a  40.4 

19  42.8 
20 47.9 
21 55.5 

22 60.1 

23 65.1 
24 69.6 

60.0 
62.3 
64.1 
65.9 

67.6 
68.5 
68.7 

65.5 
60.4 

55.9 

50. 6 
46. i  

4 4 . 1  

41.5 
39.8 
37.7 

37.6 
57.6 

39.2 
42.0 

46.3 

50.7 

54.3 
57.4 

71.9 
73.6 
74.2 

75.0 
74.8 
75.0 

75.5 

73.9 
71.6 

69.8 

69.9 
68.9 

66.3 
62.5 
61.1 
60.2 

58.2 
58.9 

59.7 
61.8 
63.6 

66.6 

69.0 
70.4 

68.6 
69.6 
7 0 . 7  

72.4 

72.9 
72.9 
72.8 

69.2 

66.4 

61.6 
58.2 

55.4 
54.5 
51.5 
50.3 
49.8 

49.3 
50.1 

51.8 
56.7 
60.4 

62.8 

64.8 
67.6 

70 .O 
70.4 
71.8 

71.6 
72.0 

70.1 
68.8 

66.9 
66.2 

63.0 

59.6 

sa .4 

51.6 
55.2 
54.9 
54.6 

54.8 
55.3 

57.4 
60.6 

63.3 

65.6 

67.4 

69 .O 
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1 

01 

02 
64.1 

65.4 
03 
04 

66.1 
67.7 

05 68.9 

06 
07 

69,7 
70.0 

08 68.9 

09 
10 

64.6 

11 
61.4 
57.7 

12 
13 

54.0 

14 
50.4 
47.3 

15 
16 

45.6 
45.3 

17 
18 

46.3 

19 
47.5 
50.3 

20 52.5 

21 55.2 
22 57.7 
23 60.4 

24 62.6 .. 

TABLE E4-l(d) 

DIURNAL VARIATION IN SEASONAL M W  R E U T I V E  
HUHIDIN IN THE HAT CREEK REGION 

tvrton 
I 

999.0 
999.0 

999.0 
999.0 

79.1 
79.8 
80.6 
80.8 

79.0 
74.7 
70.3 

65.7 
62.2 
59.2 
57.6 
58.0 
59.0 
61.5 
63.8 
66.1 
67.8 
70.3 

71.6 
999.0 

(Fa l l )  

H.C. Mechanical 1 

I 

75.6 
77.0 

78.1 
79.0 
80.1 

80.4 
80.6 
80.5 

76.5 
69.5 
60.0 
53.7 
48.5 
45.2 
42.2 
42.4 
45.5 
49.6 
54.1 
60.7 

65.6 
68.7 
71.4 
73.5 

H.C. Xcchanical 2 
1 

75.8 
15.5 

75.6 
16.2 
77.0 

77.3 
77 .3  
77.0 

76.0 
69.4 
60.6 

54.4 
48.8 
47.4 

47.4 
47.1 
50.6 
54.3 
60.9 
65.4 

68.5 
70.7 
73.0 
76.0 

H.C. bllechanical  3 

i 

80.1 
81.5 

82.5 

82.9 
83.5 

83.3 
83.2 
85.0 

81.6 
75.9 
65.9 

58.2 
53.2 
49.5. 
47.0 
48.4 
50.4 
54.3 
60.1 
65.6 

70.4 
73.6 
75.7 
78.2 

E4-24 



Hour - 
01 

02 

03 

04 

05 

06 

07 

08 

09 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

22 

23 

24 

TABLE I i4-1 (dl (Cqntinucd) 

DIURNAL  VARIATION  IN   SEASONAL H U N  R E L A T I V E  

HUMIDIN IN THE HAT CREEK  REGION 

(Fa1 1 ) 

- H,C. Hcchanical 4 H.C. Mechanical 5 H.C. Mechanical 6 H.C. klleehanical 7 H . C . x h a n i c a 1  8 
I . I  I I 1 

74.8 

75. 7 

76.7 

77.6 

78.2 

78.9 

79.0 

3 . 6  

76.2 

67.8 

59.9 

53.8 

49.6 

46.1 

45.4 

46.4 

49.5 

55.0 

56.7 

61.9 

66.4 

69.4 

71.5 

73.7 

54.7 

55.7 

57.2 

58.1 

58.8 

59.8 

60.5 

61.6 

62.1 

60.3 

55.3 

50.5 

45.9 

42.2 

40.5 

39.7 

39.6 

40.5 

41.7 

4 7 . 1  
44.3 

49.9 

51.7 

53.6 

85.4 

84.8 

85.0 

85.0  

84.2 

54.0 

83.5 

82.4 

80.5 

78.0 

77.9 

77.3 

78.7 

77.2 

76.8 

76.7 

79.1 

SO. 0 

81.2 

82.1 

83.1 

84.6 

84.7 

85.7 

E4-2S 

65.7 

65.2 

64.9 

65.9 

66.1 

66.2 

66.7 

67.3 

66.4 

65.7 

63.5 

60.2 

58.9 

55.9 

3 6 . 0  

57.5 

61.2 

62.2 

63.3 

65 .1  

66.0 

66.3 

66.3 

65.4 

"5.5 

'77.3 

'78. 5 

'78.6 

'78.9 

110.6 

131.3 
110.8 

'75.8 

"6.3 

"3.7 

' v . 8  

f15.5 

b5.9 

60.7 

119.6 

117.3 

117.7 

110.4 

114.5 

08.2 

,:,o. 2 

X . 8  

:'3.8 



Toward late  afternoon,  the mixing height  begins t o  decrease,  ultimately 
giving way t o  a gmund-based inversion  again. Depending upon the  degree 
of  heating at   the   surface,   the  morning inversion may pers i s t  throughout 
the day (as an elevated  inversion  layer  overlying a surface-based mixed 
layer) ,  or it may be  completely  eroded by the growing mixing layer. 

Table E4-3 lists sequential  inversion  depths measured during two f i e l d  
monitoring programs in the’ Hat Creek VaIIey by MEP.8’9 Most days studied 
were characterized by morning surface  inversions,  generally  disappearing 
by afternoon. Among the  four  cases wi th  day-long inversions,  three 
occurred  during  the March f i e l d  program, when insolation is weaker than 
in summer months. S i t e  1 in  Table E4-3 w a s  located  in   the Lower Valley, 
while S i t e  4 w a s  i n  the Upper Valley. 

Figure E4-7 shows f o w  successive  vertical  temperature  profiles  obtained 
during  the MEP study on September 5 ,  1975, above Hat Creek Valley. 
During early morning hours. a surface-based  inversion  occurred,  extend- 
ing upward to  200 m. By l a t e  morning (1112 PDT), a superadiabatic  layer 
waa seen near  the  rurface.  while  slightly  stable  conditions  occurred 
aloft.  Late  afternoon (1602 PM) is similar t o   l a t e  morning, except t ha t  
the  lapse  ra te  above the  surface  superadiabatic  layer had become  more 
nearly  adiabatic.  Finally, by ear ly  evening (1857 PDT), the  low-level 
temperature  inversion had begun to   rees tab l i sh  itself. 
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TABLE E l - 2  

1 . 9   1 . 9  

2.0 5.9 
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Notes: The time of the sounding is given  in the upper right corner of each  panel. 
An adiabatic lapse rate, r ,  which is indicative of neutral stability 
conditions, is a decrease of 0.98 'C per 100 m. 

Figure E4-7 Vertical Temperature Profiles in the Hat Creek Valley, September 5, 1975 
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E5.0 CLIMATIC ALTERATIONS EXPECTED FROM 

THE HAT CREEK PROJECT 

E5.1 OVERVIEW 

MOS7: of  man's industr ia l   act ivi t ies   generate   waste   heat  and moisture and 
often gaseous and particulate  contaminants t h a t  are  released  to  the 
atmosphere.  There i s  no question  that  these  wastes have  changed local 
or urban  climates and there is considerable  controversy  over whether 
anthropogenic  wastes  are  causing  climatic changes on a global  scale.  
With the  continuing demand f o r  energy and accelerating consumption of 
fossi l   fuels ,   there  is a need t,o assess   potent ia l   c l imat ic   a l terat ions 
cawed by new sources  of heat, moisture and atmospheric contaminant!;. 

The impact  of the proposed Hat Creek Project  has  been  addressed  in  terms 
of .:hree spatial  scales:  global  (greater  than 1000 km),  meso and synoptic 
(5- ' iOOO km) and local  ( less  than 5 km).  The following  material  represents 
the  product  of a l i t e r a t u r e   s u ~ v e y ,  an  examination  of  field measurernent 
prolgrams,  and an analysis of the  existing  climate  to  determine,  at   ' least  
qual i ta t ively,  t h e  potent ia l  fcrr climatic al terat ions  associated wi.:h 
the Hat Creek Project. Althou5:h there  have  been few theoret ical  or 
measurement studies  to  determine  the  climatic  effects of  individual 
coa l - f i red   e lec t r ic   genera t ing   fac i l i t i es ,  i t  can  be  concluded tha t   the  
Hat Creek Project will not   s ignif icant ly   a l ter   the   c l imate .  There may, 
howwer,  be some minor e f fec t s   r e s t r i c t ed   t o   w i th in   t he  immediate 

environs  (generally  within  0.5 km) of  the Hat Creek f a c i l i t i e s .  In  
addition, t h e  Project will produce res t r ic t ions   to   v i s ib i l i ty ,   espe( : ia l ly  
on the  local  scale  because  of mining operations and t o  some extent on 

local and regional  scales  became of the  thermal  plant  stack and cooling 
tower plumes. Table E5-1 summ;lrizes t h e  expected  impacts. I t  must be 
emphasized t h a t  these  projected  impacts  are  generally  minor. In pa:rticular. 
any enhancement of precipi ta t ion will occur in  highly  localized  regions 
and will t o t a l  approximately 1'5 on an  annual basis.  Any snowfall from 
an elevated  cooling  tower plume  would  add no more than 2.5 cm of sns3w on 
the ground a t  any  one time. A2y decrease  in  available  sunlight  because 
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TABLE ES-1 

PROJECED WlEMIAL CLIMTIC E F F E C E  OF THE HAT CREEK PRWECI 

Ann of Impact C u e  

Slight enhmcarnt (.pproxi.otely 
one percent on an annual b u i s )  

Within 50 km of the Waste Heat  and Moisture from Cooling 

of precipitation 
Hat Creek Project Towers, Particulate Matter from  Hat 

- 
Creek Facility . 

Within 600 m of the Plumes from Mechanical Oraft Cooling 
Cooling Towers Towers 

Within 2-5 h of the Evaporation of Water 
mke-up water 
Reservoir and Ash Pond 

Within 600 m of the Plums from Rectangular Mechanical 
Cooling Towers Oraft. Cooling Toners 

Within 500 m of the Plumes from Kechanical O r a f t *  Cooling 
Cooling Toners Toners 

Sliat  Cwling (-1 Average Within the environs Fugitiva Emissions Alsociatad n i t h  
Tempeaa~e) in Hat Crwk Valley of the mining Mining Activities 

operation5 

Reductions in Visibility Neu the mine and Fugitive Emission5 and Sulphnces and 
within the genersl Nitrates Pmducad in tha Powor Plant 
pmject region Plume 

‘LC. Hydro non plans to use tw natural draft Cooling towers t o  service the f.cility. These will not 
pmduce any fogging, icing, or reduction in snon cover. 

Note: Thh.Se Potentid c l b t i c  effects are minor. Apricultun in the area will not be affected by 
my minor emimnmental conseqwnces of the Project. 
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of d s t  produced by mining  operistions will be l imited t o  t he   p ro j ec t  

area. No measurable  changes i n  temperature will occur  elsewhere. B . C .  

Hydro now plans  to   use two natural   draf t   cool ing  towers   to   service  the 

f a c i l i t y .  These cooling  towers will produce no fogging o r  i c i n g   a t  

ground leve l  and will no t   a f f ec t   t he  snow cover.  If  mechanical  draft 

cool ing   towers   a re   u t i l i zed   a t  Hat Creek,  any increases  i n  fogging o r  
i c ing  o r  changes i n  t h e  snow cover (by the  warm cooling  tower plume) 

will be res t r ic ted   to   wi th in   about  0.5 km of the  towers and be  confined 

wi th in  the  Project  boundaries.  

Fogging will d e f i n i t e l y  be  produced by the  make-up water  reservoir and 

t h e  a s h  pond. Fog produced by these f a c i l i t i e s   c o u l d   p e r s i s t  for several  

days during  the months October  through March. Signif icant   reduct ions i n  
v i s i b i l i t y   a r e  expected  near  the  mining  operations.  Slight  reductions 

i n  > i s i b i l i t y  will be  caused by s u l f a t e s  formed by the  transfomaticln  of 

sulf 'ur   d ioxide (SOz) i n   t he  power p l an t  plume. Agr i cu l tu ra l   ac t iv i t i e s  

will  not be a f fec ted  by  any  environmental  consequences of  the  Projec:t. 

A dj.scussion of  the  global   c l imate  i s  given  in   Sect ion ES.2. and t h e  

regional (meso and synoptic  scaJes) and loca l   c l imates   a re  examined in 
Section E5.3. 
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E. 2 GLOBAL EFFECTS 

(a)  General  Discussion 

In recent  years,   several   scientists have expressed  suspicions  that man's 
ac t iv i t i e s  will affect  and have affected  the  global  climate. However, 
of  the  various  aspects of  man-induced climatic changes which have been 
studied,  global-scale  impacts remain the  least  understood due to   the 
lack  of  understanding of the complex relationships and feedback mechanisms 
between atmospheric dynamics and chemistry and other  factors,  and p r i -  
marily t o  the  paucity  of  information  in  the  current  large-scale meteo- 
rological-climatological data base.  Strong  differences  in  opinion among 
the  various  researchers  characterize many aspects  of  the  global impact 
question. For example, many sc i en t i s t s  have expressed  concern tha t   the  
large increases in carbon  dioxide (Cot) and particulate  matter  released 
i n t o  the atmosphere i n  recent  decades from anthropogenic  sources will 
significantly  alter  the  temperature  structure of the atmosphere, and a 
recent committee. sponsored by the U.S. National Academy of  Sciences, 
suggests  that  industrial  nations  carefully  decide whether to  continue 
reliance on foss i l   fue ls  because  of the  possible  cl imatic consequences. 
L a n s b ~ r g , ~ ~  however, believes  the  effects'  of  anthropogenic contaminant 
emissions on temperature  cannot  be  distinguished from the  high  var iabi l i ty  
that  has  characterized mean temperatures  in  the  past.  Figure  €5-1,  for 
example, shows ten-year  average  Icelandic  temperature  variations  over 
the  past 1000 years  constructed by Bergthorsson" from historic  records 
of the  extent and duration of  sea  ice.  Predicted-temperature changes 
at t r ibuted t o  C02, and particulate  buildups (Rasool and Schneider," and 
Bryson ) f a i l  well within  the long-term variations s,hown in  Figure E5-1. 

14 

18 

Nevertheless, Bryson.l8 L o v e l ~ c k , ~ ~  and others have s ta ted that recent 
worldwide temperature  declines. may have  been  caused in   large  par t  by 
man's ac t iv i t ies .  By limiting incoming solar   radiat ion,  it is contended, 

%e average  global  surface  temperature mse between about 1880  and 1940 
and has declined  since  that  time. 
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part iculates  and other  contaminants may reduce  surface  temperatures t o  
such a degree  that major climatic  effects such as t h e  in i t ia t ion   o f  an 
i c e  age or   the poleward movement of  agricultural  regions may be produced. 
As a r e su l t  of the  continuing  debate and widespread uncertainty t h a t  

surround  global  climate  studies, an assessment  of the impact of any 
individual  source is 'speculative. 

To put in to  perspective  the magnitude of  atmospheric  discharges from the 
Hat Creek Project as compared to  the  global  climate, a discussion  of  the 
global  energy  balance and general  circulation is given below, followed 
by a review of  postulated  effects of  individual  sources. A discussion 
of t h e  chemical  composition of  the  stratosphere is then  presented. 

(b) Large-Scale Energy Balance in   t he  Atmosphere 

In a general  sense,  the atmosphere  can  be described  as a heat  engine 
driven by radiation from the sun. General circulation  ( i .e. ,  large- 
scale mean flow) resu l t s  f rom the  uneven distribution  of  heating and 
cooling caused by the  earth's  spheroid shape: equatorial  areas, exposed 
almost d i rec t ly   to   the  sun's radiation, serve as a net  source  of  heat; 
polar  regions, on the  other hand, receive solar radiation more obliquely, 
resu l t ing   in  a lower net  heating per unit area and with  the loss of 
te r res t r ia l   rad ia t ion   ac t  as a net sink of  heat.  This  differential '  
heating  results i n  a net poleward t ransfer   of   sensible  and la ten t  heat, 
and when combined with  the  rotation  of the earth,  a basic  circulation 
pat tern (Figure E5-2, reprinted from Williamson ) develops. In each 
hemisphere, three primary circulat ion patterns occur:  the  low-latitude 
easter ly   t rade winds, mid-latitude.  westerly winds and the  polar  easterly 
flow. A t  the  confluences of  the ce l l s ,  narrow bands o f  intense wind 
flow  (the  subtropical and polar je t  streams) are found. 

- 

20 

Brysonl' identifies  four  variables which influence  this  circulation 
pattern. These are: (1) the   intensi ty  of sunlight  reaching  the  top  of 
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the  atmosphere; (2) the  transmittance  of  the atmosphere as  modified by 
processes  not  internal t o  the atmosphere; (5) the  albedo  (the  ratio  of 
solar  radiation  reflected and scattered by the  earth and atmosphere, 
e.g., snow, ice,   clouds,   to  the  radiation  incident upon  them) of  the 
earth-atmosphere  system; and (4) the  greenhouse  control  of  infrared 
radiation f r o m  the  earth by gas and particulate  concentrations. Bryson 
claims  that incoming solar  radiation is the  only  parameter which is 
essentially  constant.‘ ffowever. Lamb‘’ believes  that  this  too might 
vary. Knox and  MacCradcen2z r e fe r   t o   t he  energy  balance  system  as one 
tha t  is delicately  balanced by these  variables. 

19 

Changes in any of  the  four  variables above could have significant  impacts. 
Thoroddsont3 and Brysonl* r e fe r  t o  dras t ic   e f fec ts   tha t  s l i g h t  solar  
radiation changes may induce i n  Iceland. For example, Bryson predicts 
tha t  a reduction in the mean annual  Icelandic  temperature by 2.4’C could 
produce a 40-day (25%) reduction i n  the growing season.** 

Air pollutants  generated by worldwide fos s i l   f ue l  combustion may have an 
effect  on two of  the  sensitive  parameters (2 and 4 above) tha t  govern 
the  global  atmospheric  energy  budget. O f  par t icu lar  concern are  gaseous 
compounds of  carbon,  nitrogen, and sulfur ,  and suspended par t iculate  
matter,  heat, and moisture. As an example, it has been speculated  that 
C02 affects   the greenhouse control   of   terrestr ia l   radiat ion  in   the 
energy  budget  of the atmosphere. O f  a l l   t h e  contaminants  emitted i n  

. combustion processes, CO is released in by far the  greatest  amount, an 
estimated 1.6 x 10l1 tonnes globally  in 1965 (Williamson 1; of t h i s  

t o t a l ,  about 10% is anthropogenic. Although t h i s  has  led  to  statements 
hypothesizing  significant  temperature  increases,  actual  temperatures 

2 20 

*The top  of  the atmosphere receives 1.95, cal/cm /see  of  direct   solar 
radiation. Some investigators have postulated  that  changes i n  this 
solar  constant may have been the  real  cause  of  climatic change through- 
out  the  history  of  the atmosphere. 

worldwide average  temperature would not  produce drast ic   effects .  

2 

**On the  other hand,  Lansberg speculates t h a t  a reduction of  Z°C i n  the 
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have  decreased i n  recent  years  (e.g. ,   Figure E5-1). This l a t t e r  anomaly 

may be the   resu l t   o f   increased   par t icu la te  o r  dust   loading  in  the lower 

atmosphere  causing  increased  reflection and absorption  and,  thus,  
reduced  transmittance of solar  radiation  through  the  atmosphere.  

Par t icu la tes ,   as  mentioned  above,  reduce t h e  sur face   so la r   rad ia t ion  

flux by r e f l ec t ing  or absorbing incoming r ad ia t ion .   Su l f a t e s  and n i t r a t e s ,  

formed by oxidation of su l fur -  and nitrogen-containing compounds, a r e  

bel ieved  to  limit s o l a r   r a d i a t i o n   i n  much t h e  same way a s   pa r t i cu la t e  

matter.  Photochemical smog, which has become a s e r i o u s   a i r   p o l l u t i o n  

problem i n  many pa r t s  of the  industrialized  world,  produces a f i n e  

aerosol as a secondary  pollutant,   thus  further  reducing  insolation a t  
the  surface." In s h o r t ,  these  contaminants may reduce  the  transmittance 

of  sunlight  through  the  atmosphere. I t  is not  expected t h a t  anthro- 

pogenic  emissions will af fec t   the   so la r   cons tan t  or the   ear th 's   a lbedo 

on a global  scale.  However, man's a c t i v i t i e s  have ce r t a in ly   a f f ec t ed  

the  albedo on smaller  scales,   e.g. ,   urban  areas.  CharneyZ4  has  also 

suggested  anthropogenic  modifications  of  the  albedo  near t h e  major 

deserts  with a subsequent  increase i n  t h e i r  extent .  

18 

(c) Impacts of Individual Large  Sources 

H i s t o r i c a l l y ,   l i t t l e   a t t e n t i o n  has been  given to   analysis   of   global  
impacts of  individual  anthropogenic  sources  of hea t ,  moisture,  and 
contaminants  into  the  atmosphere; most studies  have  involved  the  effects 

of - worldwide emissions.  Recently, however, w i t h  increasing  concern fo r  
future  energy  supplies,  new, large  sources o f  power production  have  been 

considered. . The poten t ia l   e f fec ts   o f   ' energy   parks '  and o ther   s imi la r  

comFlexes have  been studied by  Hanna and G i f f ~ r d , ~ '  Koenig ef s., 
NRC" and Moore.28 Such p lan ts  would generate upwards of 50,000 Mw 

of c , s ab le   e l ec t r i c  power. Assuming 33% ef f ic iency ,  more than  100,000 Efw 
of  haste  energy would be  released  into  the  atmosphere. This l a t t e r  

f igcre  represents  about 2% of current  worldwide  man-emitted  energy, and 

is Farticularly  important  since it i s  concentrated  in a very  small  area. 

26 
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The B.C.  Hydro  plant,  however,  would  have more than an order of magnitude 
less  generating  capacity  than  would  such  an  'energy  park'.  Assuming 
that 4000 Mw of  energy  are  lost  to  the  atmosphere,* and using  the 
Weinberg  and  HanrmondZg  estimates of a total  anthropogenic  energy  release 
of 4 . 9  x 10 Kw in 1970  and  predicted 4 x 10 Mw in  the  year  2000,  it 
appears  that  the  proposed  plant  would  generate  about  0.1%  of  total  1970 
anthropogenic  production  energy  and 0.001% of ZOO0 A.D.  projections. 
Compared  to  natural  thermal  radiation  emitted  by  the  earth,  however, 
these  values  are  very  small.  Since  about  1011 Mw are  emitted  over  the 
entire  earth  surface,20'it  is  clear  that  the  influence  of  the B.C. Hydro 
heat  emissions upon the  global  energy  balance  would  be  negligible. 

6 8 

The B.C.  Hydro  thermal  plant  will ekt approximately  79.2 x 10 tonnes 
of SO2 yearly  and  about  9.7 x 10 tonnes  of  particulate  matter.'* 3 

Worldwide  yearly  emissions3' of these  contaminants are about  200 x 10 

tomes SO2 about  about 1000 x 10  tonnes  particulate  matter.  The 6 

anthropogenic  contribution  to  the  particulate  emissions  burden  is  about 
300 x 10  tonnes.  Since  the  thermal  generating  station  will  fire  low 
sulfur  coal  and  employ  efficient  electrostatic  precipitators  to  control 
particulate  emissions  and  since  its  contributions  to  worldwide  SO2  and 
particle  emissions  &e  minute  fractions (0.0004 and  9.7 x of  the 
total  global  emissions  burden,  it  is  not  expected  that  the  Hat  Creek 
Project  will  affect  the  global  climate  in  any  significant  manner. 
Similarly, t h e  rejection  of  moisture  from  the  cooling  towers  to  the 
atmosphere  would  contribute  only  negligibly  to  global  water  vapor  and 
would  not  cause  any  change  in  the  global  climate. 

3 

6 

6 

'Based on an  initial  generation  of ZOO0 Kw and  an  approximate  generating 
station  efficiency  of 33%. 

'*Mining  activities  will  produce  another 2400 tonnes  of  particulates 
during  the  year  of  peak  activity.  These  particles  can  be  represented 
as a ground-level  release,  and  because of the  local  topography  and 
climate,  will  not be significantly  entrained  into  large-scale  flow 
patterns. 
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(d)  Chemical  Composition of   the   S t ra tosphere  

The v e r t i c a l   s t r u c t u r e   o f   t h e  a.tmosphere cons i s t s  of  a s e r i e s  of  near ly  
sphwica l   l aye r s ,  each character ized by a d i s t i n c t i v e   v e r t i c a l  tempera- 
ture   dis t r ibut ion.   Figure E5-3 i l l u s t r a t e s  a temperature  sounding t:aken 
a t   For t   Churchi l l ,  Canada and the  international  reference  atmosphere.  
The lowest  atmospheric  layer i s  ca l l ed  t h e  troposphere and is charac:- 
t e r i zed  by decreasing  temperature w i t h  h e i g h t .  This layer  contains 
aboct 80% of the  total   a tmospheric  mass and  almost a l l  weather phenomena. 
Coqlex   hor izonta l  and v e r t i c a l  motions  occur i n   t h e   l a y e r  and large: 
ver t ical   over turnings  are   f requent .  The depth  of  the  troposphere 
var ies  w i t h  season and l a t i t ude .  In t h e   t r o p i c s ,  it averages  about 
17 k m  and over  the  poles i n  summer, about 8 t o   10  km. 

31 

The thermally  s table   layer  above the  troposphere i s  ca l l ed   t he   s t r a to -  
sphere and ex tends   t o  a height  of  about 50 km. A t  t h i s   h e i g h t ,   t h e  
temperature i s  comparable t o   t h a t   o f   t h e   e a r t h ' s   s u r f a c e .  Because of  
its s t a b i l i t y ,   v e r t i c a l  motions are  suppressed; however, horizontal  
motions  develop and in   t he   w in te r   s t r a tosphe re   t he re  i s  of ten  an 
e a s t e r l y   j e t  stream. 

W i t h w t  the   p ro tec t ive   chemis t ry   o f   th i s   l ayer ,   l i fe  on ear th  would not 
ex i s t .  The sparse  oxygen molecules in the   s t ra tosphere  readi ly   absorb 
the  intense  ultraviolet   wavelen,gths  of t h e  s o l a r  spectrum. The r e s u l t  
is t i a t  an oxygen molecule (02) dissociates   into.atomic oxygen ( 0 ) .  

Thess oxygen  atoms then recombine  with O2 and  any ava i l ab le   t h i rd  
molexrle   to  form ozone (03). Ozone is very  unstable   in   sunl ight ;   long ' 

wavelengths of  l ight   quickly  break it down i n t o  O2 and 0. Thus, t h e  
amout   o f  ozone in   t he   s t r a tosphe re  depends on the  net   balance between 
the  Yroduction and destruction  :reactions.  

The .region  between 25 and 35 km above the   ea r th  is the  primary  area 
wher'3 ozone  production  exceeds c l e s t n ~ c t i o n . ~ ~  The maximum ozone  con- 
cent:?ation  occurs  around 30 km tmd i s  on the   order   of  10 ppm. 
Temperatures a t  t h i s  level  are  higher  because  of  the  absorption  of 
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u l t r av io l e t   so l a r   r ad ia t ion .  Large na tura l   var ia t ions  i n  concentration 
occar  seasonally  depending on s o l a r   a c t i v i t y  and the   s t ra tospher ic  

r ad ia t ion  balance. 

Man may a l t e r   s t r a tosphe r i c  photochemical  reactions by e i the r   o f  t w J  

prom:esses--the radiat ion  balance or chemical  reactions. For exampl., 
in joc t ion  of water  vapor o r   pa r t i cu la t e s   i n to   t he   s t r a tosphe re  will 

reduce   the   ava i lab le   rad ia t ion   for  ozone  production.  Also, chemica.1 
coq~ounds  such  as  nitrogen  oxides and hydrocarbons  can t i e  up atomic 
oxyl:en also  causing  depletion clf ozone. Tremendous ve r t i ca l   t r anspor t s  
are   required  for   surface  emissions  to   reach  a l t i tudes  as   high  as  25 km. 

For  example, updraf ts  and downdrafts in   large  thunderstorms,   severe  
stolms and hurricanes have  been hypothesized  as a possible  mechanism f o r  

t h e  exchange  of a i r  between the  troposphere and s t ra tosphere.  34 

Another t ransport  mechanism i s  a l so   poss ib le ,  as exemplified by the  
presence  of  chlorofluorocarbons  in  the  stratosphere.  These compounds, 
used as  spray  can  propellants and r e f r ige ran t s ,   a r e   poor ly  removed from 
the  troposphere  because  of  thei:r  extreme  chemical  stability.  Thus, 
because  of  their   l ight  atomic  weights,   they  gradually  diffuse and reach 
s t r a tosphe r i c   a l t i t udes  where they  are   capable   of   react ing w i t h  ozone i n  
the  :?resence  of  ultraviolet   There  are,   then, two mechanisms 
t h a t  could  transport  contaminants from the  lower  troposphere  to  the 
s t ra tosphere :   (1)   ' ver t ica l   updmfts  i n  thunderstorms and hur r icanes ,  
and :Z) slow diffusion  associated with very  larga-scale,  low-frequency 
v e r t x a l   t u r b u l e n c e  accompanying: synoptic or even l a rge r   s ca l e  meteoro- 

logical  events.  

The thermal  plant  contaminants will be  emitted from a t a l l   s t a c k  and 
will undergo a fur ther   r i se   because  of the  buoyancy of the  stack  gases 
A typical*  equilibrium  height of the  contaminants will be 2000 m MSL. 

Althcugh it is recognized  that  t h e  probabi l i ty  is non-zero,  but  small, 
over t h e  l i fe t ime  of   the  Hat Creek fac i l i ty ,   the   occur rence  of a 

*Based on a ground-level wind spt?ed of  2 m/sec. 



thunderstorm  in  the  vicinity  of  the plume with  suff ic ient   ver t ical  
updraf ts   to  carry the  contaminants t o  the  stratosphere would not be 
frequent enough t o  effect  appreciable  alternations  of  the photochemical 
balance  of  the  stratosphere. Thermal plant contaminant  emissions are 
readily removed  from the atmosphere. The par t ic les  and gases undergo 
chemical reactions and are  washed out  or  rained  out  in  precipitation. 
They are  readily  deposited when the plume reaches ground l e v e l .   I t  
must be  concluded that  residence time of par t ic les ,   gases  and aerosols 
that  result-from  point  source  emissions  are  sufficiently  short  to  pre- 
clude  their   transport  by large-scale   ver t ical  motions from the  tropos- 
phere  to  the  stratosphere. 

E5.3 REGIONAL AND LOCAL CLIMATIC IMPACTS 

(a )  o v c t r v i 8 W  

Few studies have thoroughly  considered  the  impacts  of  large  single 
i n d u s t r i a l   f a c i l i t i e s  upon regional-scale  cl imatic  characterist ics.  As 

i n  the  case  of  global  scale  effects,  mesoscale  meteorology and clima- 
tology and their  modification by man’s activities  are  poorly  understood 
and cannot  be  assessed or predicted  with  certainty.  Nevertheless. it i s  
possible, at l ea s t  in a qualitative  sense,   to  describe  the  influence ’ 

t h a t  a single  large power plant,  such as the proposed Hat Creek f a c i l i t y ,  
might exert upon the  s&unding area. In par t icular ,   the   effects   of  
the proposed  Project on the  regional and local energy  balance,  pre- 
cipitation,  temperature  structure,  fogging,  icing, and winds a re  discus’sed. 

(b) Energy Balance 

The energy  park mdels   of  Hanna and Gifford,= and Moore‘’ caution t h a t  
the  regional  effects f r o m  postulated 50,000 Mw power plants may influence 
regional  climatic phenomena. For example, Moore theorizes that a power 
plant designed to  serve  the’  state of New York (a 50,000 Mv plant) may 
have profound effects  on climatic  patterns  within  a  10-mile  region. On 
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the   other  hand, power p lan ts  a r t  order  of magnitude smaller i n  s i z e   a r e  
not   expected  to   s ignif icant ly   i . l ter   the   regional   or   local   energy ba:.ance. 

ComF'arisons of  expected  effects  of wet cooling  towers and s tack heat: 
emissions  with  geophysical  processes,  such  as  thunderstorm  producticln  or 
r a i r , f a l l  enhancement, require  data on t h e   t o t a l  energy  released and the  
ambient  humidity  conditions a t   t he   po in t   o f   r e l ease .  The t o t a l  energy 
released by a storm,  the  product  of  the  energy  flux (watts/m ) and the  
area  covered by the  storm, may b e  determined by cons ider ing   the   l a ten t  
heat re leased as a func t ion   of   the   p rec ip i ta t ion   ra te ,  or by considering 
the  kinetic  energy  production of the  storm. 

2 

Available  estimates  for  the  energy  production  of  major  atmospheric 
proc%ses  (Table E5-2) i nd ica t e   t ha t  a thunderstorm  produces  about  10 10 

watts  of  kinetic  energy  over an  approximate  area o h l o  m , o r  about 100 
wattj/m . The release  of  latem:  heat  with a r a i n f a l l   r a r e  of 1 cm/SO min 
for   wch a storm  equals  about 5 x 10 l1  wa t t s ,   f i f t y   t imes   a s  much a s   t h e  
kine.:ic  energy.  Operating a t   f u l l   l o a d ,   t h e  Hat Creek f a c i l i t y  i s  
expected t o   r e l e a s e  about 4000 hfw of  waste  heat.  Although  the i n i t i i l l  
prodlrction  per  unit  area i s  la rge ,  by the  t ime t h e  plume has expanded so 
t h a t  i t s  cross-sectional  area  is;   comparable  to  that  of a thunderstom, 
t h e  expansion has  reduced  the er:ergy f l u x  (40 w/m ) t o   l e s s   t han  40% 

of  the   k ine t ic   energy   f lux  and less   than 0.8%' of   the  la tent   heat  
r e l e z s e   i n  a small thunderstorm.  Thus,  because  the i n i t i a l  energy f h x  
of t t e  thermal f a c i l i t y  i s  within a small a r e a ,   t h e   f a c i l i t y  may produce 

enough concentrated  energy  to   ini t ia te   convect ion  act ivi ty  o r  cloudi-'  
ness ,   espec ia l ly  i f  the atmosphere  contains a large amount of moisture 

and is unstable. Because the  energy  gradually  dissipates  over a la rge  
a rea  and becomes small as  compared to   mater ia l   geophysical   processes ,  
t h e  thermal f a c i l i t y  i s  not  expected t o   a f f e c t   t h e   l o c a l  or regional 
atmospheric  energy  balance. 

8 2  

2 

2 

- 
*4 x 10 W divided by 5 x 10l1  W .  9 
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TABLE ES-2 

ENERGY PRODUCTION OF SOME AlMOSpHERlC  PWCESSES 
(ADAPTED FROH HANNA, 19711 

Torn& f i n e t i c  Energy 
(K.E.1 Production 

lhlmderstorn 
(K. E. I M u c t i o n  
Latent Energy Production 
Total Energy Production 

Great Lakes Snar squall 
latent heat release 
(4 em mow in I hr.) 

Cyclone latent heat release 
(1 en rain per day) 

501- Energy F l u x  

P 

Energy Park 

2.000 MW Power Plant 
(33: efficiency] 

Area Influenced by 
AMOspheric Process Production Per Unit Area 

Energy Production 

Natural Processes 

10% 1oJw/m2 

.. 



m 
Tom1  re lease  of   la tent  heat ( in   addi t ion   to   the  4000 Elw waste  heat:) 

emjtted t o  t h e  atmosphere  can  only  occur when t h e  plume water  vapor 

condenses &d does  not   re-evaporate   in   entrained  a i r   that  i s  dryer  than 
the: sa tura t ion  mixing r a t i o  of the plume. The ambient conditions 

required f o r  maximum latent   heat   energy  re lease would most frequent:ly 

occur   near   precipi ta t ing  c louds,   or   near   c louds  just  on t h e  threshold of 

producing  precipi ta t ion.   This   la t ter   factor  makes it v e r y   d i f f i c u l t   t o  

asc :e r ta in   the   d i f fe ren t ia l   e f fec t   o f  a cooling  tower plume upon prec ip i -  
ta1:ion. 

W 

1 

W 

W 

W 

Tattle E5-3 (reprinted from Huff ) lists the   r e l a t ive  magnitude  of  heat- 

moisture  l iberated from two cooling  towers  (equivalent  to a 2200 Mw 

p l m t )  and that   ingested by  medium-sized  shower clouds and large  thunder- 

stclrm clouds. Comparing cooling  tower  output  with  thunderstorm  input, we 

set! t h a t  the  la ten t   hea t  of water  vapor from the  cooling tower plume 

on1.y supplies  0.1%  of  the  tota,l  energy needed t o   f u e l  a thunderstorm. 

36 

Al1:hough t h e   i n i t i a l   f l u x  of kaste   heat   re jected from t h e  Hat Creek. 

thcrmal  plant would be  relatively  large,   atmospheric  diffusion 'and 

t ransport  would reduce  the  concentration  of  energy  to  levels much m a l l e r  

than  atmospheric  storms when the  plume dimensions a r e  comparable tcI the  

s ixe   o f   the   a reas   a f fec ted  by these  storms. In shor t ,  it is not  eiqected 

t h a t  the  Hat Creek pro jec t  wou,ld s i g n i f i c a n t l y   a l t e r  the  regional or 
local  energy  budget  but  the  heat  wastes  could  act  to  initiate  'additional 
c louds  or  even in i t ia te   p rec ip i ta t ion   ( see   be low) .  

(c)   Precipi ta t ion Enhancement 

Increases   in   precipi ta t ion downwind of  a thermal power plant  could  occur 

because  of  three mechanisms: (1) condensed water  vapor  directly fxom a 

cooling  tower; (2)  the   in i t ia t ion   o f   p rec ip i ta t ion   because   o f  t h e  i n t e r -  

act ion o f  the  cooling  tower plume with  natural   clouds; and (3)  emitted 

pa~t icu la te   mat te r   ac t ing   as   condensa t ion   nuc le i .  Few s tudies  have 

at1:empted to   quan t i fy   t he   po ten t i a l   e f f ec t s   o f   t hese  mechanisms on down- 

wirld p rec ip i t a t ion   pa t t e rns .  Although a number o f  researchers have 
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TABLE E5-3 

RELATIVE MACUITUDE  (TONNES/SEC) OF HEATT/MOISTURE 
OUTPUT FROM COOLING TOWERS* AN0 STOW CLOUD INGESTION 

Two Cooling 
Towers Outuut 

Typical Medium- 
Sized Shower Claud  Thunderstram  Claud 

Typical Large 

Air 30 1,650 165,000 

Evaporated 
Wat e t  2 8 1,650 

*Developed by tiuff2’,based on the  ut i l izat ion  of  two natural  draft  cooling 
towers.at   the Zion nuclear plant (2200 1%) i n  I l l i no i s .  I t  should  be  noted 
that  cooling  towers have not been constructed  to   service  this   faci l i ty .  
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a " " . 7 K Y a c G V  i*s 

rep<>rted  light  drizzles  in  the  vicinity  of  tOWerS, 
conx?rehensive  analysis  has  yet  been  conducted  to  define  and  assess 
augnentation  of  natural pre~ipitation~~ that  could  occur  because  of 
emissions of heat,  moisture  and  particulate  matter. It should  be  noted 
that  noticeable  drizzle  has  bejan  virtually  eliminated  as  an  effect  of 
cooling  towers  by  utilizing  highly  efficient  drift  eliminators.  Based 
on a theoretical  study of the  .potential  effects  of  cooling  tower  plumes 
on downwind  precipitation,  Huff36  found  that  under  steady,  light  rain 
conditions,  the  condensation of water  vapor  in  the  plume  cloud  from  a 
2200 Mw plant  near  Lake  Michigan  led  to  small  increases  in  local  rain- 

37,3a,39,40,41,42 no 

. fall  (a  trace  amount  within  a  few  hundred  meters  of  the  plant). On a 
regional  scale,  the  addition  was  found  to  be  negligible. 

Martin4'  describes  his  observations  at  a  power  plant  with  a  large 
natural  draft  cooling  tower (NDCT) complex  (eight  towers)  at  Radcliffe, 
England.  At full load,  about 400 kg/sec  of  evaporated  water  are  released 
into  the  atmosphere.  Particulate  matter  is  also  released  from  the  power 
plant  stack.  According  to  Martin, no significant  regional  precipitation 
enhancement  can  be  discerned  in  the  area,  particularly  since  the  plant 
lies  in  an  area  of  high  variability  of  precipitation  total  and  intensity. 

Stcckhamd4  investigated  climatological  precipitation  statistics  at 
several  locations  in  the  vicinity  of  the  Keystone,  Pennsylvania  coal- 
fixed  power  plant.  These .data included  precipitation  measurements 
bef'ore  and  after  operation  of  the  plant  and  its  natural  draft  cooling 
toNers. No significant  differences  in  precipitation  were  observed  after 
conmencement  of  operation  at  the  Keystone  facility. It should  be  noted 
the  emission  rate  of  particulate  matter is larger  at  Keystone  than  is 
prcposed  for  the  Hat  Creek  station. 

Following  the  procedure  of  Huff,36  we  can  examine  the  potential  water 
vapor  output of the B.C. Hydro  facility  and  attempt  to  quantify  its: 
effect on the  precipitation of the  region.  As  much  as  109.000  metric 
tors of evaporated  water  could  be  discharged  to  the  atmosphere  per  day 
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from the  plant;  assuming t h a t  all of t h i s  vapor were condensed (clear ly  
an overestimate) and deposi ted  as   ra infal l   ( the  f i rs t  mechanism described 
above) over  a  distance  of 100 miles and within  a 45' sector,   the annual 
increase  in  precipitation would be only 0.15 inches, or about 1% of the 
mean to ta l   for   the  Hat Creek region. In actual i ty ,  any increase will be  

much less than th i s ,  since a rather  small fraction  of  the  water  vapor i s  
expected t o  condense. Some documentation o f  cooling tower plume induced 
snowfalls can be found in recent   l i terature .  Culkowski3' reports an 
observed  snowfall i n  Oak Ridge,  Tennessee. He theorized t h a t  the snow 
was related t o  t h e  release  of  vapor from the Oak Ridge Gaseous Diffusion 
Plant. This vapor froze around  ferro-manganese dust  emitted from a 
plant 18 miles away.  The  snow was deposited  3 t o  5 km downwind from 
the  cooling tower  with some snowflakes as large  as  one-fourth  of an 
inch. 

Agee4' also  presented  evidence  of  a  locally induced  snowfall in  Lafayette, 
Indiana. The heaviest snowfall,  approximately  one-fourth  inch, was 
observed  around  a power plant. On t h i s  day,  January 11, 1971. a  cold 
front  which had passed  through  northern  Indiana  the day before, was 
retreating  across  Lafayette as a weak warm front.  Some precipi ta t ion 
was associated wi th  the  f rontal  zone. However, because  of  the  snowfall 
pattern Agee argued that  the  snowfall was locally induced. 

More recently, Kramer ef &.45 reported  that  during  the  winter  of 1975- 

1976, nearly one inch  of  very  light  fluffy snow f e l l  from the plumes of 
the  large  natural  draft  cooling  towers  associated wi th  the American 
Electric Power Services  Corporation Amcs Plant  in  Charleston, West 
Virginia. The authors  report   that   this snow was not  fall ing from 
natural  clouds. In fact, snow f r o m  the tower plumes was observed to  
fall  before,  during and after  natural  snowfalls.  This  snowfall was 
recorded between 13 km and 43 km from the  plant.  

The actual  conditions  required  for induced snow are  not  well known. 
Kramer " e t  a1.4s state  that   the  observations  recorded  to  date have 

ES-20 



indicated t h a t  these induced  snowfalls  have  been  associated  with:  (1) 
low ambient air   temperature  ( l t?ss  than -12OC); ( 2 )  r e l a t ive ly   s t ab l , ?  

d i f€us ion   condi t ions   a t  plume he ight ,  and (3)  a su f f i c i en t ly   l a rge  

source  of  water  vapor. 

Huf€36  and B e ~ g e r o n ~ ~  seem to   be l i eve   t ha t  i t  is most l i k e l y   t h a t   t h e  

effsct   of   the  plume upon snow :systems would be t o   a c t   a s  a feeder  cloud. 

This cloud  [the plume) would merely augment snow f a l l i n g  i n  i t s  environs. 

Therefore,   they  feel   the  snowfall  would be  dependent upon the  durat ion 

and the   i n t ens i ty  of  the  synoptic  snowfall .  I n  conclusion,  the  moisture 

and par t iculate   mat ter   emit ted from the  proposed  thermal  plant will not 

s i g n i f i c a n t l y   a l t e r   l o c a l  o r  r (?g iona l   ra infa l l  amounts,  although it 

could in i t i a t e   c loud iness  o r  prec ip i ta t ion .  The cooling  tower plume, 

however, could   he lp   in i t ia te  o'r cause  additional  convective  clouds m 

occasion.  Since  the  meteorolo,gical  conditions  associated  with  snowfall 

from cooling  tower plumes do o1:cur near Hat Creek, it i s  l i k e l y   t h a t   t h e  

cooling  tower will infrequent ly  augment snowfall by as,much  as  2.5 cm. 

Since  the  increased  snowfall will occur  only  under  the  plume, it should 

not,  however, s i g n i f i c a n t l y   a l t e r   t h e   t o t a l  amount of  snowfall f o r   t h e  
region. The output  of  release' i   water and vapor from cooling  towers i s  
too   ins igni f icant  t o  a l te r   synopt ic   sca le   snowfa l l s .  I n  f a c t ,  Hanna and 

Gifford"  in  their   recent comprehensive  review  of the  possible  meteo- 

ro log ica l   e f f ec t s  of energy  parks do not even  mention  snowfall  augnenta- 
t i o n .  

(d) "hemal   Alterat ion 

An a l t e r a t i o n  of the  temperature  structure  near  the ground  could  occur 

by e i t h e r  o f  two mechanisms: (1) the  release  of  hot  cooling tower and 

stack plumes  and t h e i r  subsequent  dispersion  to ground l eve l ,  and ( 2 )  the 

reduct ion  of   solar   radiat ion  incident   a t   the  ground by the   aerosols   in  

t h e  stack plume,  by vis ible   cool ing tower  plumes, and  by fugi t ive   dus t  

emissions from mining a c t i v i t i e s .  "he dispersion  of  the  stack plume t o  

grcund level   occurs   re la t ively  s lowly  during normal meteorological 
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conditions  unless  the  plume  were  to  impinge  upon  nearby  terrain  whose 
elevation  is  comparable to the  height  of  the  plume.  The  cooling  tower 
plumes  would  also  reach  ground  level  relatively  slowly  if  round  mechanical 
or natural  draft  cooling  towers  are  used at the  facility.  If  rectangular 
mechanical  draft  towers  are used, then  the  plumes  will  be  brought  to  the 
ground  almost  immediately  during  high  winds.  Plume  fumigation  conditions 
would  also  tend to bring  both  stack  and  cooling  tower  plumes to the 
ground  more  quickly  than  during  ‘normal’  meteorological  conditions. 

To assess the  effect  of  the  hot  plume on ambient  temperatures,  the  model 
COOLTONR was  applied  to  estimate  plume  centerline  temperature  excess  as 
a.function  of  downwind  distance  from  the  cooling  towers. The results 
for a system  of  two  natural  draft*  towers  are  summarized  below.  This 
temperature  excess  represents  the  temperature  increase  that  would  occur 
in a,  small  volume of air  near  ground  level  that  would  cover a horizontal 
area roughly  equal  to the horizontal  dimension  of a bank of  mechanical 
draft  cooling  towers.  Only  with  mechanical  draft  towers  would  any 
temperature  increase  occur  at  ground  level.  The  temperature  excess 
would  only  persist as long as the  plume  remained  at  ground  level at a 
specific  location.  Note  that  this  excess  is  essentially  eliminated 
within SO0 m f r o m  the  towers. 

*Since  plumes  from  elevated  natural  draft  towers mix with  ambient 
air more slowly  than  those  from  other  types of towers,  temperature 
excesses  in  the  table  represent a worst  case. 
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Temperature  difference  ("C) 
between  the  plurle and the  heat  release  (in  meters) 

Downwind  distance  :From 

environment 

20.00 

10.00 

s .oo 
1.00 

124 
143 
168 
21 8 

0.50 298 
0.10 436 

<O.OI so0 

Ambient  conditions 10.2'C = Temperature 
6 m/sec = Wind  speed 

90% = Relative  humidity 

Pluaes  from  tall  power  plant  stacks  will  achieve  thermal  equilibrium 
before  reaching  ground  level.  Downwash  from  rectangular or round  mechanical 
draft  cooling  towers  is  the  only  mechanism  by  which  temperatures  at  the 
ground  could  be  altered.  If  these  towers  were  used,  downwash  could 
result  in  a  small  reduction  in  snow  cover  within  a  few  hundred  meters  of 
the  towers.  This  reduction  would  occur  because of the heating of the  air 
near  the  ground. 

The  aerosols  contained  in  the  stack  plume  and  the  visible  cooling  tower 
plumes  are  not  expected  to  reduce  areawide  incident  solar  radiation,  in 
any  significant  way,  although  visibility w i l l  be reduced by the plme 
and  fugitive  dust  emissions  from  the  mine.  The  Hat  Creek  facility  will 
utilize  modern,  efficient  electro'static  precipitators  to collect mcst of 
the  particulate  matter  before it enters  the  atmosphere.  The  partic,les 
tha.t  are  released  will be sufficiently  small  in  size so as  not to 
attenuate  insolation  radically.  The  precipitator  will  be  designed  to 
limit  particulate  emissions to a  maximum of 0 . 2 3  grams/m  (0.1  grai.ns/SCF) 
This plume  will  be  slightly  visible.  However, the natural  variability 
of wind  direction  and  the rehtively narrow  horizontal  extent  of  the 
plme will  preclude  any  significant  reduction  in  sunlight  at  the nound. 
Appyvendix D describes  the  effects of alternative  cooling  tower  systems 

3 
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and provides  estimates  of  the number of  hours of  v i s ib le  plumes for each 
system. For example. two natural  draft  cooling  towers will produce only 
271 hours with  visible plumes at  the  point   of   maxim shadowing during 
the  winter  season  (Figure D3-10). The location  of m a x i m u m  shadowing i s  
within 0 . 5  km o f  the  cooling  towers.  Outside a radius  of  about 2 km, no 
more than 20 hours  of v i s ib le  plumes overhead are expected at any point. 
Considering  that some of  these hours will be a t  n i g h t  and tha t   v i s ib le  
plumes often  occur  during  periods  of  natural  cloudiness, t h i s ,  then, 
represents an insignificant  reduction in insolation. 

Mining activit ies  associated  with  the Hat Creek Project  are expected t o  
generate  approximately 2,462 tonnes  per  year  of  fugitive  dust  emissions 
during  the  period of peak act ivi ty .  These emissions will cause a peak 
annual  average TSP concentration  of  about 260 u g h  . This  peak w i l l  be 
l imited  in   extent   to   the  imediate   area around the open pit.   Outside an 
approximate 3 !an radius,  values  decrease t o  about 60 ug/m . The m a x i m u m  
value will reduce  the amount o f  direct  sunlight  reaching  the ground i n  
the Hat Creek Valley in the  inmediate  vicinity of  the mine. Since  dust 
par t ic les  do not  absorb longwave terrestr ia l   radiat ion,   there   could be  a 
sl ight  cooling  in  the  valley i n  the immediate environs o f  the mine on an 
annual basisso  because  of  the mining ac t iv i t i e s .  However, t h i s  cooling 
would cer ta inly be small. compared to   the   na tura l   var iab i l i ty   in  annual 
average  temperatures and is not  expected t o  a f fec t   agr icu l ture   in  any 
significant way. No measurable effect  on temperature will occur  outside 
the mining area. In summaw, the  following conclusions can  be made in 

regard  to t h e  potential   effects  of  the Hat Creek Project on the tempera- 
ture   dis t r ibut ion  in  its environs. 

3 

3 

Tiie stack and cooling tower plumes will not  affect  the  tenpera- 

If rectangular mechanical draft  cooling  towers  are used a t   t h e  
facil i ty,   there  could be  a slight  reduction  of snow cover 
within an approximate 0 . 5  km radius  of  the  towers. . 

The stack and cooling tower plumes will not  s ignif icant ly  
a l t e r  areawide incident solar radiation,  although  the power 
plant plume  and fugitive  emissions will reduce v i s i b i l i t y .  
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Mining a c t i v i t i e s  will produce fugitive  dust   emissions which 
will reduce   the   in tens i ty   o f   d i rec t   so la r   rad ia t ion  and may 
cause a s l i g h t  cooling i n  the  environs o f  the mine i n  the  Hat 
Creek Valley. 

(e)  Relative Humidity 

The pr inc ipa l  Hat Creek f a c i l i t i e s  t h a t  will add mois ture   to   the  at.mo- 
sphere  include: (1) the  cooling  towers, (2)  the  make-up water   reservoir ,  
ant; (3)  the  ash  disposal  area.   Details   of t h e  impact  of the  cool ing 
towers  are  given  in Appendix C .  If the  preferred  natural   draf t   cool ing 
t o w e r s   a r e   u t i l i z e d ,   l i t t l e  change i n  the  ground-level  relative  humidity 
i s  expected  because  the  vapor plumes will remain elevated u n t i l  t h e  

plume relative  humidity  decrea.ses  to  the ambient  background  humidit:y. 
T h f !  expected  hours  of  visible plumes (see  Figure D3-6) a re   ind ica t ive   o f  
tht! effect   of   the   cool ing  tower on relat ive  humidi ty   a t   the   height   of  
the plume (e. g., 300-500 m abc've ground). The cooling tower plume will 

be v i s i b l e  about 40 hours  per  year  within  an  approximate 2 km radius  of 
thc  cooling  towers, which  mears the  re jected  moisture  will increase   the  
re:.ative  humidity by 5 t o  15% during  these 40 hours   a t   the  plume height .  

To i l l u s t r a t e   t h e   g e n e r a l  impa.ct of  the  cooling tower  water  vapor  emissions 
on relative  humidity  the  following  simple  calculations were  performed 
based  on'adverse and typical  meteorological  conditions.  The typ ica l  
d a i l y  emission rate of water vapor is 5 . 3  x 10 kg/day. If i t  is assumed 
th:is water is contained w i t h i n  a volume defined by an  average wind speed 

of 0.5 d s e c ,  a mixing height  of 200 m,  and a wind d i r ec t ion   s ec to r  o f  

2 2 , s  degrees,*  then  the  cooling  tower would  add approximately 0.72 g of  
wa:er per  kg of   a i r .  During  t:he winter a dew point of -10.9OC (see 
TalAe E3-9) would give a water  mixing r a t i o  of  approximately 2 g o f  

wa:er per  kg of   a i r .  If the  ambient  temperature is -7.OoC, then  the 
relative  humidity would be  inc:reased  from 71% t o  97% i n   t h e  mixing 

7 

- 
*l%s assumes the  wind persis1:s from the  same d i r e c t i o n   a t  a speed of  
0 .5  m/sec f o r  24 hours. 
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volume. I f   t h i s  mixing volume is defined by a more typical 2 m/sec 
average wind speed.  then  the added water would be 0.05 g per kg o f  a i r .  
Table ES-4 depicts  the  effect  o f  the  cooling  towers f o r  several meteoro- 
logical  conditions. I t  must be emphasized that   the  impact will be 
limited t o  the  defined mixing volume. No impact would occur a t  any 
other  location. . 

Typical  evaporation  rates from the make-up reservoir and the  ash  disposal 
area  are 3.67 x 10 kg/day and 3.36 x 10 kg/day.  Frequently, t h e  water 
vapor  evaporated from the  reservoir and ash pond will disperse   in  a 
diurnal  valley  circulation. To simulate  this  effect ,   the  water vapor is 

assumed t o  be dispersed  throughout a volume defined by a mixing height 
of  50 m and a uniform downwind extent  defined by a 5 km radius around 
th'e two moisture  sources.' The added moisture would increase  the 
atmospheric  water  vapor mixing r a t i o  by 0 . 9 5  g water  per kg of air .  

Table ES-5 lists the impact of  this  increase f o r  selected  meteorological 
conditions.  Increases in r e l a t ive  humidity t o  100% can be expected on 
cold  days. I t  is l ikely  ' that   the   ash pond and reservoir  will produce 
fog t h a t  could pers is t   for   several  days during  the  late fa l l ,  winter and 
early  spring months. A substantial  change in  the  micrbclimate around 
these   f ac i l i t i e s  can  be expected. 

5 6 

(0 Fogging and Icing 

Appendix D discusse,s in  de ta i l   the  environmental effects   of   four   a l ter-  
native  cooling tower  systems. Computer  modei calculations  indicate  the 
potent ia l   for  915 hours of fogging  per  year and about 170 hours  of  icing 
per  year  for t h e  r e c m g u l a r  mechanical draf t  towers. These impacts 
will be limited  to  within 600 m of the cooling towers. Some ground- 
level  fogging (29 hours  per  year),  but no s ignif icknt  ic ing ,  is predicted 

%is assumes meteorological  condition is somewhat adverse  although l i t t l e  

conditions. 
transport  of  the  water  vapor can be  expected  during  stagnant  meteorological 
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TABLE ES-4 

EFFECT OF CWLING TOWER WATER VAPOR EElISSIONS OX 

LOCAL ATMOSPHEUIC WATER MIXING &IO LNO 

RELATIYE HUMIDITY 

Mixing  Mixing 
Increased 

Tamperacurs (‘C) Dewpoinr (‘C) Raria  [g/kg)  Ratio (g/kq) 
Windspqtd m i  

0.5 

0.5 
0.5 
0.5  

2.0 
2.0 

2.0 
2.0 

-7 .0  

3.7 
13.8 

3.2 
-7 .0 

3.7 
13.8 
3.2 

-10.9 

0.6 

7.8 
1 .3  

-10.3 
0.6 

7.8 
1 .3  

2.0 
5.0 

5.5 

8.5 

2.0 

5 .O 
8.5 
5.5 

2.72 
5.72 

9.22 
6.22 
2.05 

5.05 
8.55 
5.55 

Rela t ive  
H m i d i t y  (%L 

71  

75 

70 

92 
71 
75 

70 
92 

Increased 
Rela t ive  - Humidity [%l 

97 

85 
76 

100 
73 
75 

70 

93 

TABLE ES-5 

EFFECT OF RESERVOIR AN0 ASH POND WATER VAPOR EVAPORATION 
ON L€!UL ATMOSPHIRIC  WATER MIXING UTI0 &NO 

RELATIVE HWIDIW 

- 7 . 0  -10.9 2.0 2.95 71 100 

3.7 0 .6  5 . 0  5.95 75 89 

13.8  7.8 8 .5  3.45 70 77 

3.2 1.3 5 .5  6.45 92 100 

ES-27 



for   the round  mechanical draft towers. No localized  fogging or icing is 
predicted f o r  e i ther  of the two natural   draft  tower options  (the  pre- 

ferred  cooling  system) examined in  t h i s  study. 

(9) Vis ib i l i ty  

Vis ib i l i ty  and visual  range  are tw parameters that   are   potent ia l ly  

affected by emissions  of  atmospheric  contaminants.  Visibility,  as 
applied i n  t h i s  report ,   refers  to  the  clari ty  with which an object 

stands out  from its surroundings; visual range i s  the  dis tance  a t  which 
an ideal  black  object can j u s t  be  seen  against  the  horizon. 

In t h e  western. par t  of North America there  are many areas  located  great 

distances f r o m  large  sources  of  anthropogenic  aerosols. In these  areas, 
v i s i b i l i t y  and visual  range  are  largely  determined by l i g h t  scat ter ing 
by par t iculate  matter and aerosols from natural sources.   Thiuller  et   al .  
have computed that   the   visual  range for  such'locations can be  greater 

than 160 km. For such locations, a small absolute  increase  in  l ight-  
scat ter ing  par t ic les  could grea t ly   a f fec t   the   v i s ib i l i ty  of objects i n  
the aria o f  an observer. 

52 - 

The remainder of this  section  discusses  the  potential '   effects  of  the 
proposed Hat Creek Project on v i s i b i l i t y  on a local  scale and v i s i b i l i t y  

on a regional  scale. 

Henrys3 has  applied  the linear system  theory of visual  acuity  to v i s i -  
bi l i ty   reduct ion by aerosols  (see Appendix B, Modeling Methodology). 
His approach' i s  based upon the assumption t h a t  the  eye-brain  system is 
nearly  linear i n  its response  to  light  stimuIus and t h a t   a l l   o b j e c t s  can 
be defined i n  terms  of  Fourier  combinations of sinusoidal  light  patterns 
given i n  cycles  per  angular degree.. This approach leads  to   the  resul t  
that  as the  integrated mass concentration  increases,  the  smallest d i s -  

cernible  sinusoidal  frequency of an object  decreases. Hence, the visual 
de ta i l  of the  object is obscured. 
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Before  discussing  visual  effec:ts it is  important  to  discuss one meteoro- 
logical  variable  which  has  a  g:reat  effect on atmospheric  visibility, 
namely,  relative  humidity.  Many  particles  in  the  atmosphere  are deli- 
quoscent  while  others  are  hygroscopic. In both  cases  the  particle  size 
inmeases with  increasing  relative  humidity.  Covert " et al.54 examined 
the relative  light  scattering  properties of various  atmospheric  aerosols 
for  relative  humidities  ranging  from 20 to  100%. In all  cases  they 
found  a  dramatic  increase i n  light  scattering  for  relative  humidities 
greater  than 70%. Thuiller  et al.'* also  found  that  for  the  same 
aerosol mass distributions,  th,s  visual  range  dropped  from 20 miles  at  a 
relative  humidity  of  less  than 40% to a  range  of 1 0  miles  when  the 
relative  humidity  exceeded 70%. Their  conclusion  was  that  visual  range 
was  not  necessarily  indicative  of  total  aerosol mass concentration at 
relative  humidities  of  greater  than 70%. The implications of relative 
humidity  effects  will  be  discussed  in  the  following  section. 

" 

(i)  Visibility  Effec:ts of Mining  Operations on the  Local 
Scale 

Emissions,  other  than  those  frcm  the  cooling  towers,  which  may  signifi- 
cantly  affect  visibility  within, 25 km of  the  Hat  Creek  Project  are clue 

to  mining  operations  and  to  material  discharged  from  the  power  plant: 
stack. In light of the  discussion  of  relative  humidity  in  the  previous 
section,  visibility  effects on the  local  and  regional  scales  will be 
assessed for  periods  when  the  relative  humidity  is  less  than 70%. Using 
the  best  available  humidity  data from the B.C. Hydro  monitoring  station 
nearest  the  power  plant  site,  the  frequency  of  hours  when  the  relative 
humidity  is  less  than 70% for  e,nch  month  of 1976 is  presented i n  Table ES-6. 
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TABLE ES-6 

FREQUEFNCY OF HOURS WITH RELATIVE HUMIDITY LESS THAN 70% 

Month - 
Jmllary 
February 
March 
April 

May 
June 
July 
August 
September 
October 
November 
December 

Frequency (%) 

29.3 
26.6 
62.8 
77.6 
68.0 
59.7 
15.6 
57.8 

72.6 
58.8 

57.8 
27.3 

Table Ef-6 indicates  that  for  the  winter months (Dec-Jan) the   v i s ib i l i t y  
may be less  than  the annual average v i s i b i l i t i e s  computed in   t h i s , s ec t ion  
more than 70% of the time. The r e su l t s  of Thuiller ” e t  a1.” indicate 
that   the  visual range  during  high  humidity  periods may be  only 50% o f  
the  values computed here. 

Measurements near mining sources  indicate  that  the mass  median diameter 
of  dust  particles  emitted from mining operations and other   fugi t ive’  
sources is from 10 t o  SO um. The major  emissions from mining operations 

. are in  the form of   s i l ica   dust .  Background TSP concentrations have been 
measured a t  S s i t e s  in  the Hat Creek Valley. The average  annual concen- 
t r a t ion  o f  TSP in  the  Indian Reserve 3 !un north of the  mine p i t  is approxi- 
mately 20 ug/m (based on data co l l ec t ed   a t   s i t e s  1 and 2; see Appendix A). 

For a background concentration of 20 ug/m3, the  l ight   scat ter ing  coeff ic ient  
@) is 4.5 x 10 m . 

3 
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Acc.ording t o  Henry," t h e  human eye-brain  system i s  capable  of  dis-  

t i r .guishing  object   s izes  which, correspond t o  spa t ia l   f requencies  of  
40 t o  50 cycles/degree.  Objects which are  approximately 30 cycles,' 

de&:ree  represent f ine d e t a i l   ( t h e  limb  of a t ree) ,   whi le   ob jec ts  

co l~espond ing   t o  15 cycles/deg,ree  represent  moderate  detail  (the  trunk 

of a t r e e )  and objects  CorresFonding t o  5 cycles/degree  represent  coarse 

de t . a i1   ( t he   t r ee   i t s e l f ) .  The v isua l   ranges   for  30, 15 and 5 cyclt:s/ 

deg:ree correspond  to no v i s ib i l i t y   r educ t ion   de t ec t ed ,  moderate  reduction 

anc. severe  reduction  respectively.  

Herry  suggests  the  visual  ranges  associated w i t h  the  background  concen- 

t rz t ion   o f  20 ug/m are  approximately 14.6, 36.0 and 54.0 km fo r   ob jec t s  

of  spat ia l   f requencies   of   30,  15 and 5 respect ively.   This   indicates  

tha, t   a t   14.6 km f i n e   d e t a i l  is d iscern ib le ;  at 36 km moderate d e t a i l  is 
v i s i b l e  and a t  54 km coa r se   de t a i l  is v i s i b l e .  

3 

T h e  annual  average TSP concentrat ion  in   the lower Hat Creek Valley  near 

the  southern  boundary  of  the  Indian  Reserve  located  approximately 3 km 
n o n h  of t h e  mine p i t  was computed t o  be  about 60 pg/m3 as  a result .   of 

miring operations.  Adding i n  the  background concentrat ion,  the  t o t a l  is 
approximately 80 ug/m . For t h i s   concen t r a t ion ,   t he   l i gh t   s ca t t e rhg  

coef f ic ien t  (b) is 1.8 x 10 m . Assuming t h e  t o t a l  TSP increases from 

20 ug/m t o  80 ug/m , the   visual   ranges  for   spat ia l   f requencies  30, 15 

and 5 are  about  3.6, 9 .0  and 13.5 km respect ively.   These  are   the  visual  
ranges  a t  which f i n e ,  moderate and coa r se   de t a i l s  can  be  discerned by  an 

observer. More typical annual TSP values tha t  are expected t o  occur i n  
t h e  Indian  reserve  because  of mining operations  are  about 25 ug/m , 

This increase i n  TSP would r e s u l t  i n  a to ta l   concent ra t ion  o f  45 ug/m . 
This l eve l  would reduce  the  visual   ranges  for   spat ia l   f requencies  30, 

15 and 5 t o  about 6;5, 16.0 and 24.0 km, respec t ive ly .  

3 
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3 

3 

Comparing the   v i sua l   ranges   for  background and  mine-added TSP concentra- 

t i o n s ,  one can  deduce t h a t  an Jbservsr   loca ted   a t   the   southern   t ip   o f  

t h e  reserve would only be ab le   t o   d i sce rn  moderate  object  detail  due t o  
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mine-induced TSP concentrations  at a distance of 29.0  km where he  could 
dis t inguish  f ine  detai l  when only background TSP concentrations were 
present. A t  other  locations  in  the  reserve  the  visual  range o f  f ine 
de t a i l  will be  reduced from 14.6 km t o  6.5 km. moderate de t a i l  from 
36.0 km t o  16.0 lcm and coarse  detail  f r o m  54.0 km t o  2 4 . 0  h. 

(ii) Local Vis ib i l i ty  Due t o  Power Plant Emissions 

The power plant emissions can a f f e c t   v i s i b i l i t y  on a local  scale  because 
of dispersed  particulate  matter and the  opacity o f  the plume i t s e l f .  

ERT has calculated that on an annual basis   the m a x i m u m  average TSP 
concentration  within 25 lcm of the proposed power plant  is approximately 
1.2 ug/m f r o m  particulate  emissions f r o m  a 366-meter.stack.  This TSP 
concentration is negligible when compared with estimated background  and 
mine-induced TSP levels. Therefore, v i s ib i l i ty   reduct ion  due t o  partic- 
ulate  emissions f r o m  the.power plant must be considered  insignificant on 

an annual basis. 

3 

Signif icant   sulfate  and nitrate  concentrations will not be  produced  by 
the power plant  within 25 km of  the stack. The question o f  l i g h t  scat ter ing 
and  plume discoloration by No has been addressed by Latimer and Samuelsen 55 

who used a plume concentration-visibil i ty model that   has been ver i f ied  
by comparing visibil i ty  degradation  to  observed NO concentration data 
i n  power plant plumes. The resu l t s  o f  the i r   s tud ies ,  based on t h i s  
modeling approach, indicate   that  NO2 levels have a very small e f fec t  on 
the   v i s ib i l i t y  through  individual power plant plumes. 

2 

2 

Weir et a?' l i s t ed  such factors as la t i tude.  sun angle, plume color. 
panicle  density,   distance  of  observer from stack. and meteorological 
conditions  that   affect  observed power plant plume opacity.  Their con- 
clusion was tha t  plume opacity  observations  are  not  necessarily  indicative 
of  mass emissions, although  the U.S. Environmental Protection Agency has 
suggested  that a particulate  matter emission r a t e  of 0.1 lb/MBtu heat 

" 
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input  gives  an  opacity of about, 20%. Based on an electrostatic  preci- 
pitator  efficiency of 99.7% ana. a  particulate  matter  emission  rate of 
40,(100 kg/day,  the  emission  rate  in  terms  of  heat  input  is  approximately 
0.1:! lb/MBtu.  Considering  that  plume  opacity  is  generally  lower for 
high  latitude  power  plants"  ar.d  the  rate of 0.10  Ib/MBtu  produces it low 
opacity, no significant  visibility  reduction  is  expected  because of 
plume  opacity. In any  event,  any  restrictions  to  visibility  because! of 
opacity  effects  will be limited,  to within  a  few  kilometers of the  stack. 
At  further  downwind  distances  Flume  concentrations  will  be  reduced t:o 

sufficiently  low  levels  to  preclude  significant  visibility  degradation. 

(iii)  Visibility  Effects on the  Regional  Scale 

The contaminants  expected  to  produce  light  scattering  and  affect  visi- 
bility on a regional  scale  are TSP and  sulfates.  Although  the  power 
plant  will  also  emit  oxides of nitrogen,  studies  conducted  in  the  mid- 
wes1,ern  United  States  indicate  that  nitrate  formation  in  individual 
power  plant  plumes  is  not  significant5* and,  therefore,  nitrates  will 
not  significantly  contribute  to  light  scattering in the  rural  areas 
arornd  the Hat Creek  site. 

ERT used a Gaussian  plume  dispersion  model  which  incorporates  the 
effects of contaminant  chemical  transformation  and  deposition  in  its 
computational  scheme  to  compute  surface  concentrations of primary  an,d 
secctndary  contaminants.  Surface  concentrations were computed by the 
model  for an  area  bounded  by  two  concentric  arcs  with  radii of 25 kc, 
and 100 km. 

On 2.n annual  basis,  it  has  been  computed  that  the  incremental  increase 
of t,oth TSP and  sulfates  because of power  plant  emissions  is  approxi- 
mate,ly 0.10 ug/m . As previously  mentioned,  the  background  levels of 
TSP in the  region of the  Hat  Creek  Valley  has  been  estimated  to be 
20 Lg/m . It  is  anticipated  that  annually an  increase of 0.10 ug/m  in 3 3 

TSP concentrations  will  not  significantly  alter  the  magnitude of TSP 

ligkt  scattering near the  earth's  surface. 

3 



A t  the  height o f  the plume centerline  (approximately 1400 m above t h e  
ground) the  incremental  annual  increase i n  TSP levels  is approximately 
0.3 ug/m for  distances of 50 to  100 km from the  plant  si te.   Therefore,  
a t  t h e  height  of  the plume it is not  anticipated  that   particulates 
originating from the  power'plant will s igni f icant ly   a f fec t   v i s ib i l i ty .  

3 

Trijonis &.59 performed linear  regression  analyses  relating  airport  
v i s i b i l i t y  measurements and contaminant mass concentrations  for  locations 
in t h e  southwestern  United States.  They calculated  that   sulfates had a 
s ignif icant   effect  on v i s i b i l i t y  even  though the mass concentration  of 
sulfates  was generally one order  of magnitude smaller  than TSP concen- 
trations. These r e su l t s  were at t r ibuted t o  the   smal le r   par t ic le   s ize  o f  
the  sulfates  and,  hence, a greater   scat ter ing  coeff ic ient .  In fact ,   they 

estimated  that   the  scattering  coefficient f o r  su l fa tes  is about one 
order of magnitude greater   than  the  coeff ic ient   for   par t iculates .  
However, care must be taken i n  interpret ing results derived from a 
linear  regression  analysis. Such an approach assumes that  only  the 
variables i n  t h e  regression  equation  significantly  contribute  to  visi- 
bi l i ty   reduct ion.  The  method also assumes that   the   var iables   are  
independent  of  each  other.  Finally,  the  visibility  observations were 
taken at   a i rport   locat ions where the   e f f ec t s   o f   a i r c ra f t  emissions  are 
probably  present  but  unaccounted  for i n  the  analysis.  

Assuming the  research by Trijonis et &." i s  applicable  to  the Hat 

Creek Project and rea l iz ing   tha t   the  magnitude of   l ight   scat ter ing due 
to   su l fa tes  could  overestimate  the  visibility  degradation, it is  
estimated  that  the  contribution due t o  sulfates   in   the  region i s  5% of 
the  l ight   scat ter ing due t o  background particulate  concentrations. This 
conclusion w a s  derived from the   fac t   tha t   the  annual  average  sulfate 
concentrations  are two orders of  magnitude smaller  than  the background 
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TSP levels '  (0.1 ug/m vs. 40.0 ug/m ) but   the   sca t te r ing   coef f ic ien t  of 
su l ,€a tes  is estimated  to be one order  of  magnitude  larger  than  the 'TSP 

coeFficient .  

3 3 

Add.ing the  small contr ibut ion of par t icu la te   mat te r  (0.2 ug/m ) ,  it is 
est: imated  that   the  annual  average  regional  visibil i ty will be reduc2d by 

a total   of  about 6.0% because  of  concentrations o f  TSP and s u l f a t e s  t ha t  
w i l y .  be  produced  by  the  proposed power plant  emissions.  

3 

(h) Wind Flow - Valley  Drainage 

Mountain va l ley   c i rcu la t ion   pa t : te rns   resu l t  from d i f fe ren t ia l   hea t ing  

d i s t r ibu t ions  on both   the   f loor  of the   va l ley  and the  s lopes  of   the  

Muritains. In broad  terms, the! winds are  generally  upslope  during  rhe 

day and drawn down the   va l l ey   a t   n igh t .  The inf luence of  the  power 

p l an t  on loca l  wind c i r cu la t io r ,   pa t t e rns  can  be  expected t o  be  minimal. 

Bri&:gsSo  estimates  that a power p l an t  can a l t e r  t h e  directi0.n of  flow 

onl}, wi th in  a dis tance  equivalent   to  i t s  aerodynamic wake, o r  about 3 t o  

5 times its height.  Wind speed,s may d i f f e r   s l i g h t l y  from ambient values 

witt,in a d is tance  of  30 plant   heights .  Any s l i g h t  wind a l t e r a t i o n s  will 

not  adversely  affect  the  environment. 

- 
*I t  vas assumed t h a t  background s u l f a t e   l e v e l s  were zero.  
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