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t h e   r e l e a s e   p o i n t   o v e r   t h e   p r o p o s e d   u p p e r   p l a n t   s i t e   a t  
FRONTISPIECE - An o i l f o g  plume d r i f t s   n o r t h e a s t w a r d  from 

Hat Creek, B. C .  This   photo   shows  the   beginning   of   t racer  

was t r a c k e d   a l o f t   f o r  more t h a n  80 km with  no  measurable  
Test 14 a t  0555 PST, August 11, 1 9 7 6 .  The fanning  plume 

s u r f a c e   i m p a c t .  Aerial t r a c e r  t e s t s  s u c h   a s   t h e s e   a s s i s t  
i n   v i s u a l i z i n g   a i r f l o w   p a t t e r n s   a n d   i n   c a l i b r a t i n g   d i f f u -  

proposed   power   p lan ts .  
s ion   models   used  t o  d e t e r m i n e   t h e   a i r   q u a l i t y  imypact o f  
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Three   gas   t r ace r   s tud ie s   have   been   conduc ted   du r ing   1976   i n  
t h e  Upper f.lat Creek   Va l l ey   fo r   Br i t i sh   Co lumbia  Hydro  and  Power 
A u t h o r i t y .  The studies,   performed  by  North  American  Weather Con- 
s u l t a n t s  (NAWC), were d e s i g n e d   t o   e v a l u a t e   t h e   p o t e n t i a l   i m p a c t  
o f   su l fu r   d iox ide   emis s ions   f rom  the   p roposed   Ha t  Creek Power 
P r o j e c t .  -. 

A t o t a l   o f  14 t racer  r e l e a s e s  was made d u r i n g   t h e   w i n t e r ,  
sp r ing ,   and  summer s e a s o n s   s i m u l a t i n g   t h e  SO2 emission  f rom a 
2000 MW ( n e t )   f o s s i l   f u e l  power p l a n t   l o c a t e d   e i t h e r   i n   t h e   v a l l e y  
( l o w e r   s i t e )   o r  a t  a h i g h e r   e l e v a t i o n   o n   t h e   e a s t e r n   r i d g e   [ u p p e r  
s i t e ) .  

The r e s u l t s   o f   t h e   f i e l d   s t u d i e s ,   u s i n g   s t a c k   e m i s s i o n   p a r a -  
meters as s p e c i f i e d   f o r   t h e s e  t e s t s ,  show t h e   f o l l o w i n g :  

1. The lower s i t e   i n  Hat Creek  Val ley  has   been :found 
t o  b e   u n a c c e p t a b l e   w i t h   s t a c k   h e i g h t s  as h igh  as  
366 m. 

2 .  In  o r d e r   t o  locate t h e   p r o p o s e d   f o s s i l   f u e l   p l a n t  
i n  Upper Hat Creek   Val ley ,   the  s i t e  must  be a t   a n  
e l eva t ion   comparab le  t o  t h a t  used f o r  t h e  upper  s i t e  

wi th  s tack h e i g h t   s i g n i f i c a n t l y   g r e a t e r   t h a n  183 m. 
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1. INTRODUCTION 

During 1 9 7 6 ,  North  .American  Weather  Consultants (NAWC) 
received  Purchase  Orders   #643-696  and # 6 4 8 - 1 9 5  from B r i t i s h  
Columbia  Hydro  and  Power  Authori ty   to   perform  gas   t racer   s tudies  
i n   s u p p o r t   o f   p l a n t   s i t e   e v a l u a t i o n   e f f o r t s  i n  Upper  Hat  Creek. 
The p u r p o s e   o f   t h e   s t u d i e s ,   a s   s t a t e d   i n   t h e   O r i g i n a l  Terms o f  
Reference ,   da ted  December 1 9 ,  1 9 7 5 ,  was: 

qua l i ty   o f   t he   l ower   a tmosphe re ,   and  plume t r a j e c t o r i e s  
T h i s   f i e l d   s t u d y  w i l l  i n v e s t i g a t e   t h e   d i s p e r s i v e  

du r ing  t h e  win ter   season .  The s t u d y  will a l s o   f u r t h e r  

t h e  f irst  two f i e l d   s t u d i e s .  
i n v e s t i g a t e   m e t e o r o l o g i c a l  phenomena observed   dur ing  

The area  examined was t h e  Upper  Hat  Creek  Valley,   located 
about 80 km west  o f  Kamloops, B r i t i s h  Columbia. The Hat  Creek 
r eg ion  i s  l o c a t e d  on  a p l a t e a u   c h a r a c t e r h e d  by  numerous  low 
mounta in   and   va l ley   cha ins .   Wi th in  a  few k i l o m e t e r s  two major 
r i v e r s ,   t h e  Thompson  and. t he   F rase r ,   de t e rmine   t he   t opography  
w h i c h   s t r o n g l y   i n f l u e n c e s   t h e   c l i m a t o l o g y  o f  t h e   r e g i o n .  The 
Upper  Hat  Creek  Valley i t s e l f  i s  5-10 km w i d e   w i t h   s i d e s   r i s i n g  
s t e e p l y  t o  1400-1600  m NISL. The ground  cover is  p r ima . r i l y  5 -15  m 
t a l l   c o n i f e r s  wh ich   have   been   pa r t i a l ly   l ogged   w i th   ex . t ens ive  
c l e a r i n g  f o r  c a t t l e   r a n c . h i n g  on t h e   v a l l e y   f l o o r .  

Two p r o s p e c t i v e  power p l a n t  s i t es  have  been  exami:ned. The 
f i rs t  is  l o c a t e d   n e a r  th!e bottom  of  the  Upper  Hat Cree'k V a l l e y   a t  
an   e l eva t ion   o f   app rox ima te ly  950 m MSL a s  shown i n  Figure  1-1. 
The second s i te  i s  on  th!e east s i d e   o f   t h e   v a l l e y   a t  a:n approx i -  
mate e l e v a t i o n  of 1350 m MSL. 

Three   gas   t r ace r   s t . ud ie s   were   conduc ted   du r ing  1976 .  The 
f i r s t  was a w i n t e r   s t u d y   a n d   c a r r i e d   o u t   d u r i n g   t h e   p e r i o d   F e b r u -  
a ry   16 -23 ,  1 9 7 6 .  T r a c e r   g a s   a n d   v i s i b l e   o i l - f o g   w e r e   r e l e a s e d   a t  

1 
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Figure 1-1 General  Research Area. Diamonds indicate 
locations of B. C. Hydro weather stations. 
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t he  two p r o s p e c t i v e  power p l a n t   s i t e s   i n  Upper  Hat  Creek  Valley 
u n d e r   b o t h   s t a b l e ,  low hrind speed   cond i t ions ,   and  more  windy, 
n e u t r a l   f l o w s .  The stud.y was t e r m i n a t e d   e a r l i e r   t h a n   p l a n n e d   d u e  
to   unsu i t ab le   me teo ro log ica l   cond i t ions .   However ,  some o f   t h e  
r e s u l t s  f r o m   t h e   s t u d y   h d i c a t e d   t h a t  a s econd   sho r t   s tudy  would 
be  a d v i s a b l e   t o  more e x t e n s i v e l y   e x a m i n e   s t a b l e   u p - v a l l e y  f l o w  a t  
t h e   l o w e r   v a l l e y  s i t e .  

The second   f i e ld   p rog ram was a s p r i n g   g a s   t r a c e r   s t u d y   a n d  
was conducted   wi thout   any   o i l - fog   dur ing   the   per iod  March 22-26, 
1976. The weather  was a g a i n   v a r i a b l e ,   a n d   t h e   r e l e a s e s   w e r e  pe r -  
fo rmed   unde r   w indy ,   neu t r a l   cond i t ions   a t   bo th   t he   l ower   and   uppe r  
s i t e s .  

The t h i r d   f i e l d   p r o g r a m  was a summer s tudy  conducted  between 
Ju ly  31 and  August 10, 1976. A t o t a l   o f   e i g h t   t r a c e r   r e l e a s e s  
was made f rom  the   uppe r   s i t e .   A tmospher i c   cond i t ions   i nc luded  
s t a b l e   a i r  mass w i t h  l o w  wind   speed ,   l igh t   winds   wi th   uns tab le  
a f t e r n o o n   l a p s e   r a t e ,  a.nd n e u t r a l   s t a b i l i t y   w i t h   m o d e r a t e   w i n d  
speeds.  One r e l e a s e  wa.s c a r r i e d   o u t   f r o m   t h e   l o w e r   s i t e   u n d e r  
loop ing  plume  Conditions.  

Th i s   r epor t   desc r ibes   t he   r e sea rch   me thods   u sed  in  t h e   s t u d i e s  
a n d   p r o v i d e s   c o n c l u s i o n s   c o n c e r n i n g   t h e   f e a s i b i l i t y  o f  b u i l d i n g  a 
f o s s i l - f u e l  power p l a n t   a t   e i t h e r   l o c a t i o n   w i t h   r e g a r d s   t o   a i r  
q u a l i t y  impact. The e v a l u a t i o n  was based  upon  the B. C .  Hydro Gas 
T r a c e r   M e t e o r o l o g i c a l   S t u d y   C r i t e r i a  f o r  the  Proposed  Hat  Creek 
Thermal  Power P lan t  which are  l i s t e d  i n  Table  1-1. 

During  the  course o f  t h e  f i e l d   s t u d y ,   t h e  s t ack  h e i g h t s  were 
ad jus t ed   based  upon t h e   p r e l i m i n a r y   r e s u l t s   f r o m   t h e   f i e l d   m e a s u r e -  
ments .   These  adjustments   appl ied t o  bo th   t he   va l l ey   ! s i t e   and   t he  
uppe r   s ' i t e .  

The r e s u l t s   p r e s e n t e d   i n   t h i s   r e p o r t   c o n c e r n   a m b i e n t  SO? 
l e v e l s   o n l y ,   b a s e d  upon c o a l   w i t h  0 . 5 %  s u l f u r   c o n t e n t ,   I t   s h o u l d  

" 
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Table 1-1 B. C.  Hydro  gas  tracer  meteorological  study 
criteria  for  proposed  Hat  Creek  Thermal  Power 
Plant. 

Valley  Site  Upper  Site 

Stack  Height  183'm  (adjusted  to 305 m based 183 m (adjusted  from 152 m 

ments  from  winter  study) 
on preliminary  field  measure-  to 183 m on the  basis  of 

field  measurements. Ex- 
perimentally  adjusted  to 
366 m for  Test 14) .  

Stack Cas 
Temperature 

Velocity 
Stack Gas 

*Source  Strength 

394 K 

24.4 m/s 

4204 g/s 4204 g/s 
SO2 (based on 
FoUr 500 MW units) 

* SO2 emission  rate is based  on a coal  sulfur  content of 0.5%. The  emis- 
sion  rate will vary  depending on the  sulfur  content of .the  coal  as  fired. 

he noted  that  the  results  are  applicable  to  coal  with  different 
sulfur  contents  as  well  as  to  other  gaseous  (non-reactive)  and 
particulate  emissions  by  scaling  the  impact  levels  in  this  report 
to  the  appropriate new  source  strengths. 

The  supporting  field  data are presented  in  a  separate  volume; 
Volume I 1  - Field  Data. 

.a 
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2 .  SUMMARY  AND  CONCLUSIONS 

Three  gas  tracer  field  programs  were  conducted  during  1976 
by North  American  Weather  Consultants  for  British Colulnbia Hydro 
and  Power  Authority  to  investigate  plume  dispersion  patterns at 
two  proposed  power  plant  sites  in  the  Hat  Creek  Valley.  The win- 
ter program,  conducted  between  February  16  and 23, 1975,  consisted 
of  three  tracer  releases.  Two  releases  were  made  during  the  spring 
project  between  March  22  and 26, 1976. A total  of  nine  tracer 
tests  were  carried  out  during  the  summer  program  between  July  31 
and  August 10. These  tracer  tests  were  accompanied by extensive 
meteorological  measurements of winds  aloft  and at the  surface, 
horizontal  (constant  volume)  flow  trajectories,  vertical tempera- 
ture profiles,  and  aircraft  turbulence  measurements. 

The  tracer  materials,  sulfur  hexafluoride (SF6)  and oil-fog, 
were  released by aircraft  at  the  calculated  effective  stack  height. 
SF6  was  measured  both at. the  surface  and  aloft. Oil-fog was  used 
for  quantitative  aerial  plume  tracking  and  flow  visualization. 

The gas  tracer  programs  have  provided  quantitative  plume 
impact  evaluations  from  both of the  proposed  sites  under  various 
meteorological  conditions.  The  critical  dispersion  regimes of 
stable  plume entrainment. within  the  valley  circulation  with sub- 
sequent  fumigation  and low wind  speed  looping  were  experienced at 
both  sites. 

The  results of each  test  are  summarized  below,  with SO2  con- 
centrations representing; equivalent  impact from ZOO0 MW  generating 
capacity.  These  concentration  values  have  been  referenced  to  both 
ambient  temperatures  and  pressures  at  the  tracer  release  altitude 
and  to  the  "normal  temperature  and  pressure"  (NTP)  values  (i.e., 
2 O 0 C  and  760 mm Hg  as specified by the  Province  of  British Colum- 
bia. In this  report the latter  values  are  designated by (NTP) 
and  are  presented  for  comparisons  with  the Three-Hour :sulfur 
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Dioxide  Ambient  Air  Qulaity  Objective of 655 ~ g m - ~  (NTP) pro- 
posed  by B. C. Hydro  in  their  brief to the  Mining  Inquiry. 

Test 1, Febraury 19, 1976. The plume  release was made 
over  the  lower  site  assuming  a  stack  height of 183 m. The  air 
mass  was  moderately  stable  and  winds  light  and  variable, a condi- 
tion  characteristic of the  transition  from down-valley to up- 
valley  flow. The plume,  embedded in  the  valley  circulation,  grad- 
ually sank as it was  tr,ansported  slowly  south  and  westward  and 
eventually  fumigated  along  the  western  side  of  Upper  Hat  Creek 
Valley.  The  maximum  measured one-hour surface  concentration was 
equivalent  to  3105 ~ g m - ~  (NTP), the  maximum  estimated three-hour 
conc.entrat.ion wag  about 1800 ~ g m - ~  (NTP) for .a continuous r.elease. 

Test 2 ,  February 20,  1976. This tracer  release  at  the 
lower  site was carried  out  under near neutral  conditions at plume 
altitude with a  stable  layer  below.  Winds  were  moderately  strong 
from  the  south-southwest.  A  stack  height of '305  m was assumed  in 
an attempt  to  place  the  plume  above  the  valley  circulation.  The 
plume  moved  down  Hat  Creek with the  gradient flow, and  exhibited 
terrain  channeling.  Ground  level  impact was light with a  maximum 
equivalent one-hour concentration of 243 ~ g m - ~  (NTP). Maximum 
three-hour concentrations  are  estimated  to  have  been 200 ~ g m - ~  
(NTP). The  low  concentrations  found  during,  this  test  are attri- 
buted  mainly  to  favorable  dispersion  conditions  rather than the 
increased'stack height. 

0 Test 3, February 2.1, 1976.  This  test  was  conducted  at  the 
upper  plant  site  with an assumed  stack  height of 152 m. Disper- 
sion conditions  were  very  good with fresh southerly.  winds and 
slightly  stable  lapse  rates. 

This  plume  dispersed  ,rapidly  and  showed  little  indication of 
terrain  channeling.  As  a result, the  maximum  measured one-hour 
surface  concentration was limited  to  108 ~ g m - ~  (NTP). The  maximum 
three-hour  concentration is estimated  to  have  been  about 100 ~ g m - ~  
(NTP) . 
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Test 4 ,  March 2 5 ,  1976.  The  plume  release  was rnade over 
the lower  plant site, assuming a 305 m stack, in a well-mixed 
atmosphere  with  neutral  stability  and  moderate  westerly  winds. 

The  plume was transported  towards  the ground  sampling  network 
on the  elevated  terrain t ,o the  east  of  the  site.  The  constant 
volume  balloon  data  revea,led  localized  circulation  patterns  with 
downdrafts  which  brought  some  of  the  balloons to the  ground  within 
4-10 km of the  site. 

High  ground  concentration  values  were  found  over  the  sampling 
network, as would  be  expec:ted with the  observed  downdrafts.  However, 
the  maximum  concentration  values  were  one  to  two  orders of magni- 
tude  higher  than  observed  during  previous  tests  and  were  therefore 
suspect  of  contamination.  After  discarding  these  extre'me  values, 
the  maximum  equivalent one-hour concentration  appears to  be 1085 
~ g m - ~  (NTP).  It  is estimated  that  the  maximum three-hour concen- 
tration  for a continuous  release  may  have  been  about 4 6 5  ~ g m - ~  (NTP) 

Test 5 ,  March 2 6 ,  1976. The  plume  release  simulated  the 
upper  plant  site  with a 3i52 m stack. However, in  view  of  the 
peculiar  circulation  patterns  observed  during  Test 4 ,  the  actual 
release  'site  was  moved 8 km  south in order to  repeat  plume  impact 
on  the  Trachyte  Hills  from a higher  release point.  The  atmosphere 
was  again  well  mixed  with  neutral  stability but the  wind  increased 
t o  strong  south-southwesterly  flow by the  time of the  release.  No 
useful  quantitative  tracer  data  were  obtained  from  this  flight 
because  of  suspected  contamination of the  sampling  bags. 

Test 6, July 31, - 1976. Thi.s early  morning  test  was con- 
ducted at the  upper  plant  site  assuming a stack  height of 183 m. 
Meteorological  conditions  were  characterized by light  to  moderate 
southerly  winds  and  slightly  stable  lapse  rates. A malfunction 
resulted  in a 90% reduction in  the  source  strength of SF6  during 
the release,  raising the  detectable limit for  this  particular  test 
to  307 ~ g m - ~  (NTP). 
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The  plume  moved  northward  and  showed  little  indication of 
intcraction  with  the  terrain o r  of surface  impact  within 35 km 
o r  the  plant. It is -concluded  that  the  lack of downward trans- 
port  resulted  in one-hour concentrations of no  more  than  the 
detectable  limit of 307 ~ g m - ~  (NTP). Maximum three-hour concen- 
trations  .are  estimated to  have  been about 7 5  ~ g m ' ~  (NTP), well 
below  the  detectable  limit. 

Test 7, August 1, 1976.  This  early  morning  tracer  release 
was  made  over  the  upper  plant site, assuming  a  stack  height of 183 
m. The  plume  was  released  near  the  top of a  weak  surface-based 
inversion,  and  was  transported  initially  towards  the  northwest. 
Thc  stable-appearing  plume  approached  the  elevated  terrain  to  the 
northeast of Marble  Canyon,  causing  moderate  surface  impact.  The 
plume  then  drifted  slowly  to  the  west  and  southwest,  passing  over 
Marble  Canyon  and  was last visible  over  the  hills  west of Crown 
Lake. Measurable  surface  impact  was  experienced  only on a  small 
area of the  plateau  northeast of Marble Canyon, where  a  maximum 
one-hour concentration of 330 ~ g m - ~  (NTP) was recorded.  The dis- 
tribution 0.f surface  concentrations  -suggests  that  this  test 
represents  a case of a  lofted  plume  impact on elevated  terrain. 
Surface  concentrations  might  have  been  higher  had  stronger  insola- 
tion (and therefore  greater  vertical  mixing)  been  present. In 
view of the  observed  shifting  plume  trajectory,  maximum three-hour 
concentr'ations  are  estimated  to  have  been 140 ~ g m - ' ~  (NTP). 

ke 
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- Test 8, August 5 ,  1976: This  early  morning  test  simulated b 

emissions  from  a  183  m  stack  at  the  upper  plant  site.  The atmos- 
phere  was  neutral  at  plume height, with  a  shallow  surfac'e-based & 
inversion  below.  Winds  were  from  the  northwest at moderate  speeds. 
The  plume  was  transported  to  the  southeast  and  split  into  two sec- 
tions over Medicine  Creek.  One  branch  continued  over  upper Medi- 
cine Creek,  while  the othez; branch  moved  to  the  east  and  then 
southeast as  it  followe'd Cornwall  Creek. No surface  impact  was bd 

detected  at  any of the  sampler  sites,  probably  due  to  a combina- 
tion of favorable  dispersion  conditions.  The  maximum three-hour e 

ke 
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concentration from a continuous  source is estimated to have  been 
less  than 50 ~ g m - ~  (NTP). 

Test 9, August 6, 1976.  This  early  afternoon  test  was 
conducted at the  lower  plant  site  assuming a stack  height  raised 
to  366 m. The  atmosphere  was  neutral  at  plume  height .with a shal- 
low  superadiabatic  layer at the  surface.  The  wind  was  very  light. 
The  plume  behavior  was  marked  by  extensive  vertical  transport  in 
the  well-organized  convection  cells.  As a result, surface  impact 
was  varied  and  widesprea.d across  the  upper valley.  The  maximum 
one-hour equivalent SO2 concentration  was  1068 ugmW3 ('NTP) 2.4  km 
southwest of the  lower  plant  site.  The  estimated  maximum  three- 
hour concentration,  'based  on a continuous  source,  was 525 ugm 
(NTP) . 

-3 

Test 10, August 7, 1976.  Test 10 was.an early  morning 
test  carried  out  at  the  upper  plant site assuming a stack  height 
of  183 m. Except  for a shallow  surface inversion, the air mass 
was  near  neutral  with  light  northerly  winds.  Weather  conditions 
deteriorated  during  the  test  and  the  tracer  release  was  cancelled 
after 4 0  minutes,  when t:he lowering  visibility  made  successful  low 
altitude flying. unlikely.  The  abbreviated  plume  was  visually 
noted  to  pass  over  one sampler,  but  no  measurable  impact  was 
recorded  over  the  sampli.ng  network. It is  presumed  that  the com- 
bination of low  wind  speeds,  surface  stability,  and  cloudiness 
suppressed  vertical  mixi.ng,  resulting  in  observed one-hour and 
estimated  maximum three-hour concentrations of less  than the 
detectable limit of about 30 ugm-3 (NTP). 

Test 11, August 9, 1976.  This  early  morning  test  was con- 
ducted  at  the  upper  plarit,site  assuming a stack  height  of 183 m. 
Winds  were  strong  (7-8 m/s) and  the  air mass, neutral.  The  plume 
was  transported  toward t:he southeast  and  was  tracked  down  Cornwall 
Creek  to  near  the  Ashcrclft airstrip.  The  data  indicate  that  the 
strong  winds  and  neutral.  atmosphere  caused  very  rapid  dispersion 
near  the  surface,  resu1t:ing  in  maximum one-hour surface 
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concentrations o f  1 7 5  ! ~ g m - ~  (NTP).  It is  estimated  that  the maxi- 
mum  three-hour  concentration  did  not  exceed S O  ~ g m - ~  (NTP). 

e Test 12, August 10, 1 9 7 6 .  Test 1 2  was an early  morning 
test  using  a  simulated 183 m  stack  at  the  upper  plant  site.  The 
plume  height  stability was neutral, but  surface  inversions  were 
observed  at  both  valley  and  hillside  locations.  Initially,  the 
plume  drifted  slowly  to  the south (up-valley) for about 90 minutes, 
extending  as  far as Oregon  Jack  Creek.  After that, the  plume 
began  to  move  westward  as it was entrained in a cross-valley cir- 
culation  caused  by  solar  heating of the east-facing slopes. 
Through  the  test  the  plume  layer was observed to sink in response 
to .the  effect .of the .differmtial heating  in  the  valley.  The 
plume  fumigated on the western slopes of the valley, dispersing 
up  the  slopes.  The  maximum one-hour equivalent SO2 concentration 
was  recorded  during  the  fumigation  period  and  had  a  value o f  646  

a  concentration of more  than 8600 ! ~ g m - ~  (NTP) . The  great .range 
in one-minute to one-hour average  concentrations is typical of 
the short-lived'fumigation process. This test  demonstrated  the 
depth  and  transport  capacity of the  valley  circulation. The 
maximum  estimated three-hour concentration was about 5 2 7  igm-3(NTP) 
f o r  a  continuously  .operating  source. 

U P  - 3  (NTP). A one-minute grab  sample at that  sampler  site  had 

e .Test 13, August 10, 1976. This  test was conducted  at  the 
upper  plant  site near noon. The tracer  release  simulated  emissions 
from  a 183 m  stack. The atmosphere was neutral  and  winds  were  very 
light.  As  in  Test 9 ,  plume  transport was greatly  influenced  by well- 
organized  convection.  During  the  early  phase of the test, the 
tracer  release  aircraft  encountered  extreme down-drafts and  held 
altitGde  only by  the  use of full  power.  Organized,  but  less 
severe, up- and down-drafts were encountered  throughout  the remain- 
der of the  test.  Although  surface  impact was widespread, the max- 
imum  value  was  found within 1 km of the  upper  plant  site  and  had  a 
one-hour average  equivalent SO2 concentration of 1216 ~ ~ g m - ~  (NTP). 
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Concentrations in the  central  Hat  Creek  Valley  were lower, averag- 
ing  at  most 2 1 5  ~ g m - ~  (NTI') for a one-hour period.  The  maximum 
thrcc-hour conccntration :is estimated to have  been  about 4 5 0  

u gm -3 (NTP) . 

Test 14, August 11, 1976.  This  early  morning  test simu- 
lated  emission  from a 366 m stack  at  the  upper  plant  site.  The 
raised  stack  height  was m e d  to investigate  possible  entrainment 
in  the  valley  circulation,  at  this  higher  level.  The ai.r mass  was 
neutral  with  shallow  morn.ing  surface  inversions  and  winds  were 
from  the  southwest at spe:eds of 3 to 4 m/s.  Plume  rran.sport  was 
similar to that  of  Test 6 except that'this plume  remained at 
greater heights.above the  terrain.  The  plume  was  tracked f o r  
over  three  hours,  during  which  time it passed  over  more  than 80 
km of moderately  rough  te:rrain,  showing  no  .signs  of  significant 
interaction  with  local  circulations.  Surface  impact  was  negligible 
and  the  maximum three-how concentration  is  estimated to have  been 
less  than 30 ~ g m - ~  (NTP). 

Conclusions. The! gas  tracer  studies at the pro:posed  Hat 
Creek  generating  station  sites  have  provided  quantitative  informa- 
tion of plume  dispersion  behavior  under  variety of meteorological 
regimes. 

The  lower  site  has  been  found  to be unacceptable  with  stack 
heights  high at 366 m, due to the  depth  of  the  valley  circulation. 
One-hour concentrations up t o  3 1 0 5  u p e 3  (NTP) were.  fouhd during 
a winter  fumigation  episode  with a 183 m stack.  Estimated  maximum 
three-hour concentrations  for  that  experiment  ranged  as  high  as 
1800 ~ g m - ~  (NTP). During  summer,  assuming a 366 m stack, one-hour 
concentrations  reached 1068 ugmd3 (NTP) during a test  conducted 
under  typical  convective  afternoon  conditions.  The  maximum  threc- 
hour  concentration  for t'hat test  is  estimated  to  have  been  about 
5 2 5  ~ g r n - ~  (NTP). 
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The  upper site, with  a  stack  height of 183 m, has  also  been 
€ound  to  be unsuitable,  although  dispersion  appears to be excel- 
lent  during  periods of moderate  winds  and  neutral  stability. In 
the  183  m  configuration, one-hour surface  concentrations  reached 
1216 ~ g m ' ~  (NTP) during  a  test  conducted  under  light wind, looping 
plume  conditions. It is estimated  that  the  maximum three-hour con- 
centrations  during  this  test  reached 450 ~ g m - ~  (NTP). An early 
morning  releas.e,  carried  out  during  a  period  typified  by  light 
winds  and  near  neutral  lapse rates, resulted  in one-hour concen- 
trations of up  to 646 ~ g m - ~  (NTP), and  a  maximum  estimated three- 
hour  concentration  of 5 2 7  ~ g m - ~  (NTP), after  a  long  period of  com- 
plex  transport. 

One test  was  conducted  from  the  upper site, assuming  a  stack 
height o f  366 m. Conditions were relatively  favorable  for  entrain- 
ment in the  valley circulation, yet the  plume  traveled  more than 
80 km across'moderately rugged  ground with no indication of signi- 
ficant  interaction with the  terrain  or  surface  impact. 
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In summary,  the  results of the  tracer  study  show  that  in k? 

order to  locate  a 2000 MW fossil  fuel  power  plant  in  the  Upper 
Hat  Creek  Valley with stack  emission  parameters as specified by 
B. C. Hydro (Table 1-l), the  site  must  be  at  an  elevation compar- 
able  to  that  used  for  the  upper  site with stack  height  significant- 
ly  greater than 183 m. 
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3. RESEARCH  METHOD 

The  plume  simulation  gas  tracer  study  conducted  in  Upper  Hat 
Creek  Valley was designed  to  provide  a  quantitative  evaluation of 
atmospheric  dispersion  under  various  meteorological  condi- 
tions  for  each of the  two  proposed  plant  sites.  The  tracer  mater- 
ials  used  were oil-fog and  sulfur  hexafluoride (SF6) .  

These  plume  simulation  techniques  have  been  used  extensively 
in  atmospheric  diffusion  studies  for  many  years  and  have  been  well 
documented  in  the  literature (e.g., Slade, 1 9 5 8 ;  Niemeyer  and 
McCormick, 1968 ;  Start  et  al., 1 9 7 3 ;  and Dickson, 1 9 7 4 ) .  During 
recent years, NAWC  has  refined  the oil-fog and SF6 tracer  technique 
for  quantitative  dispersion  evaluations  and  flow  visualization in 
the  simulation of large  elevated  emission  sources  in  complex ter- 
rain.  Results  from  recent  studies  that  have  used  this  technique 
(Anderson  et  al., 1 9 7 6 ;  Petersen et  al., 1 9 7 6 ;  Hovind  et  al., 1975 ;  
and  Spangler et.  al., 1!>76) have  shown  the  manner  in  which disper- 
sion  in  rough  terrain ciin be  estimated quant.itatively. ' 

3.1 Tracer  Dissemination - 
3.,1.1 Oil-Fog Dissemination.  Aerial oil-fog is generated by 

an  aircraft  which can carry  a  large  supply of Corvus  oil  and  is 
capable  of  providing  up to 4 5  minutes of continuous  oil-fog.  This 
fog  is  produced  when  oil  injected  into  the  exhaust  manifold  is 
vaporized.  Upon  entering  the  ambient air, the o i l  vapor  condenses 
rapidly  into  a  plume of dense  bluish-white  fog of primarily sub- 
micron  particles. The bluish-white  fog  remains  visible  for  a few 
minutes  to  several hour:;, depending upon prevailing  dispersion 
conditions.  The oil-for? plume  allows  quantitative  concentration 
measurements  using  the  integrating  nephelometer  in  the  NAWC  research 
aircraft (see Section 3 .2 )  as well  as  qualitative  visual  and  photo- 
graphic  observations of air  flow  and  dispersion  patterns. 

Y 
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Aerial oil-fog was  generated by the 65.0 hp Stearman  biplane 
shown in Figure 3.1-1. The oil-fog was  released  simultaneously 
with  the  gas  tracer at a  calculated  effective stack-height level 
arrived  at  using  the  nomograms  shown  in  Figures 3 . 1 - 2  (winter)  and 
3.1-3 (summer). The  Stearman  released  both oil-fog and  SF6  while 
flying  circles of about 130 m radius  around  a  fixed ground 
refer.ence. 

3.1.2 Sulfur-Hexafluorxie Dis=zrnination. Except  in  tests 4 
and 5 ,  SF6 was  released  simultaneously with the oil-fog from  the 
Stearman  biplane.  Three  gas  cylinders,  each  containing  eight 
kilograms of SF6, were mounted in the  cockpit.  'These  bottles  were 
connected to  a two-stage regulator  through  which  the gas was 
released at a  constant  rate. The gas  was  routed  from  the  regula- 
tor  through  a  polyethylene  tube,  exiting  at  the  rear  of  the fuse- 
lage. The SF6 bottles  were  weighed  prior to and  immediately f o l -  
lowing  each  release to measure  the  exact  amount  released.  An 
emission  rate of about 5 g/s was used. , 

The  possibility of  an interaction  between SF6  and oil-fog has 
been  explored  in  earlier  studies.  For  example,  the NOAA Air 
Resources  Laboratory  has  released oil-fog and  SF6  simultaneously id 

on several  occasions  and  has  detected no significant  interaction 
(Start et al.,  op.  cit.. and  Dickson, op. cit.). 

irii, 

3 . 1 . 3  Comparison of the  Tracer  Source to Actual  and Model. 
Sources.  When  considering  the  size  and  shape of the  tracer  source 
used  to  simulate  the  proposed  power  plant  stack  effluents,  the 
question  arises of how closely  does  the  tracer  source  resemble  the ~m 
actual  effective  effluent  source.  Since  the  nonbuoyant  tracer 
material  must be disseminated  at  the  effective  stack height, the 
point of comparison  between  the  sources  is  where  the  plant  plume 
approaches  effective  stack  height.  Observations  have  shown  that 
the  shape  and  size of a  plant  plume at that  point  can  be  highly b Y  

variable  and  sensitive  to  many  parameters. 
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Y Figure 3.1-1 Stearman aircraft  used for  aerial  oil-fog and SF6 dissemination. 
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Figure 3.1-2 Nomgraphs of Briggs p l m e  rise equations  used  in  determini,ng 
t r a c e r  release .a l t i tude   dur ing  the' winter and spr ing programs 
and during  the summer study. A limit of 400 m w a s  placed on 
plume rise i n  order  to  ensure  simulation  of  unfavorable 
dispersion  conditions.  Lapse ra tes   per  100 m a re  shown. 
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One  of  the  more dif€icult parameters to assess is  the dilu- 
tion  and  expansion of the  plume  by  entrainment of the  ambient air. 
during  plume  rise.  With  a large, hot  plume  characteristic of a 
p1.ant  the size of the  one  proposed  for  Upper  Hat Creek, the  source 
area  will be large,  resulting in significant  entrainment  during 
plume  rise. In the  case of the  proposed  plant  configuration,  the 
dilution  through  entrainment  to  reduce  the  plume  temperature to 
within 2°K of  ambient  temperature  would  be  approximately SO to 1. 
Spangler  and  Graham ( 1 9 7 5 )  found similar dilution  factors  while 
making  aerial  plume  measurements  at  a coal-fired power  plant  in 
Utah.  With  a  stack  top  diameter  for  the  single  Hat  Creek  stack 
o f  1 2  m  and  a  dilution  ratio of 50  to 1, the  projected  diameter 
o f  the  plume  after  plume  rise  would  be  about 85 m, compared  with 
the  tracer  source  diameter o f  about 2 6 0  m. Another  aspect of the 
tracer  source  to  be  considered  is  its depth, which  is  estimated 
to be about 30 in. This  value is likely  to  be  less  than  the  verti- 
cal.  spread  which  would  be  experienced  by  an actual, buoyant  plume. 

In comparing  the  tracer  source  to  a  point source, a  virtual 
source  distance  which  varies with the  horizontal  and  vertical dis- 
persion  rates  must  be  considered. If it  is  assumed  that  the  edge 
o f  the  Gaussian  plume  is  the  contour  where  the  concentration is lw 
one  tenth o f  the  centerline  concentration  at  any distance, then 
the  width  and  the  depth of the  Gaussian  plume  is  equal  to 4 . 3  a 

and 4 . 3  uz, respectively,  where u is  the  dispersion  coefficient. 
Table 3 . 1 - 1  below  gives  the  distance  from  the  point  source  to 
where  the  product of u and  uz for a Gaussian  plume is 4 2 2  m (i.e., 
4 . 3  az  = 30 m  and 4 . 3 . 0  = 260 m, so u = 4 2 2  m ) for each 
Pasquill  stability  category.  These  distances  have  been  taken  into ips 

account  where  observed  tracer  plume  dilution  rates  and  geometry 
are  compared  with  published  estimates for a  Gaussian  plume. 
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Table  3.1-1  Table of virtual  source  distances  needed  to  account 
for the depth of the tracer  source  (Turner, 19701. 

Virtual  Source 
I'asqui 11 htegory  Distance (km) for % oz = 422 m 

2 - 
. A  0.11 

B 0.15 
C 0 .23  
U 0.38 
E 0 .54  
F 0 .92 

3 . 2  Tracer Sampling 

3.2.1 Oil-Fog Sampling.  The oil-fog generated  by  the Stear- 
man  aircraft  was  systematically  sampled  with  an MRI Integrating 
Nephelometer.  The  nephelometer  is  part  of a comprehensive  data 
system  installed  in  the NAWC research  aircraft  which is described 
i n  Section 3 . 5 .  The  integrating  nephelometer  measures  the scat- 
tering  coefficient of light  caused by suspended  particulate  in 
the  air.  Photomultiplilsr  tubes  measure  the  difference  between 
ultra-violet light (;41130' angstroms)  leaving a light  source  and 
the  light  received  afte.r  traveling  through  the  air  sample.  The 
amount  of  light  deleted by the  air  sample  is  related t o  the  mass 
of suspended  particulate.  The  nephelometer  used  has  been modi- 
fied  with  an  expanded  scale (0-1000 x 10 m ) and  an  averaging 
time of 0 . 4  seconds. I n  aircraft  installations  the response time 
is  limited  primarily by sample  train  residence time.  Residence 
time  can  be  accurately  determined  and  appropriate  coryections 
made  to  normalize  measurements of plume  location  and  geometry. 

- 4  -1 

The  research  aircraft  systematically  tracked  the oil-fog 
plume  during  and  after  release  as  the  cloud  was  transported  with 
the  wind.  Passes  were  made  perpendicular  to  the  plume  at incre- 
mental  altitudes  until  the  maximum  centerline  concentration  was 
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encountered.  When  feasible,  up  to  five  ,passes  were  made  at  the 
altitude of maximum-observer o.il-fog  concentration  with  three 
passes 15 m ( 5 0  feet)  above  and  three 15 m below.  This  procedure 
i.s in accordance  with  recent  work  presented  by Brown, et  al., 
(1975) .  They  indicate  that  singular  passes  through  a  plume  are 
insufficient  to  obtain  reliable  data  and  recommend  a  minimum of 
five  passes  to  reduce  the  standard  estimate of error  below 3 0 % .  
Crosswind  .patterns  flown  at  numerous  downwind  distances  allow  a 
det.ermination of relative  dispersion  rates with distance. 

The oil-fog plume, being  highly  visible, was photographed 
from  a  light  aircraft  flying  above  the  plume.  A  professional 
meteorologist  took  both 35 mm  slides  and Super 8 mm movies of 
each plume' to document  plume  movement  and  general  behavior.  In 
addition,  the  exact  position of the plume was periodically  noted 
and  these  positions were used  to  determine  average  wind  speeds at 
plume  altitude. 

3 . 2 . 2  Ground  Level SF, Sampling.  Automatic  sequential  and ., 
singular  bag  samplers  (Figures 3 . 2 - 1  and 3 . 2 - 2 )  were deployed dur- 
Ing  each  test  by helicopter and truck. The single  bag  samplers 
pulsed  small  amounts of'air into  a Tedlar bag  over  a  period of 
time  selected  on  a  timer.  .Sample  bags  were  changed  approximately 
every  hour  during  tests  and  every  three  hours  for  background sam- 
ples. The automatic  sequential  samplers  similarly  used  separate 
pulse  pumps  to  fill  six  Tedlar  bags  sequentially at.a rate of one 
each half hour.  Both  types of samplers were designed  and manu- 
factured by Mr. C. R. Scholle at NAWC. 

. .  

3 . 2 . 3  Aerial SF, Sampling.  For  aerial SF6 sampling, a Jet 
Ranger  Helicopter  was-equipped with a snorkel-type ,sampling 
system  illustrated in Figure 3 . 2 - 3 .  The probe, weighted  to  keep 
it  hanging  straight,  was a polyethylene  tube 30 m  long  with 6.4 
mm inside  diameter  suspended  beneath  the  helicopter.  Research 
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i Fig. 3.2-1 futomatic sequential bag sampler. 
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Fig. 3.2-2 Single bag sampler, actuated by mechanical tirner. 
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Fig. 3.2-3 Jet Ranger helicopter with aerial SF6 sampling apparatus. 
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( S t a r t ,   e t   a l . ,  op. c i t . )   h a s  shown t h a t   r o t o r w a s h   f o r  a  somewhat 
l i g h t e r   h e l i c o p t e r   e x t e n d s  no f u r t h e r   t h a n  31 m be low  ro to r   he igh t  
during  hover .   However ,   s ince  the  Jet   Ranger  i s  a heav.ier  machine 
t h a n   t h a t  us.ed by S ta r t ,   s amples   were   t aken   wh i l e  moving 5 - 1 0  m 
s e c  , w h i c h   v i s u a l   t e s t , s  showed  prevented  the downward p e n e t r a t i o n  
o f   t he   ro to rwash   t o   t he   s ample   t ube   i n l e t .  

-1 

. 
Ambient a i r  was dra.wn through  the   p robe  by a n   e l e c t r i c  pump 

a t  a r a t e   s u f f i c i e n t  t o  i n s u r e   . c h a t   s i m p l e   r e s i d e n c e   t i m e   i n   t h e  
probe was l e s s   t h a n  two seconds.  The pump was powered  by  a 
por tab le   genera tor .   Samples   were   ob ta ined  by d i v e r t i n g  a smal l  
volume o f   a i r   f l owing   t h rough   t he   p robe   i n to   Ted la r   s ample   bags .  

Y 

3 .3   T race r   Ana lys i s  
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3.3.1  Oil-Fog Ana;.&. The nephelometer   used   for   sampl ing  
t h e   o i l - f o g   t r a c e r   m e a s u r e s  l i g h t  s c a t t e r i n g   c o e f f i c i e n t   i n   u n i t s  
of l . 0 - 4  m-'. The p r i m a r y   t a s k   o f   o i l - f o g   t r a c e r   a n a l y s i s  i s  t o  
c o n v e r t   t h e   m e a s u r e m e n t s   o f   l i g h t   s c a t t e r i n g   c o e f f i c i e n t   t o  mass 
concent ra t ion   which .has   been   deve loped  by C h a r l s o n ,   e t   a l . ,  ( 1 9 6 9 ) ,  
and is  expres sed   a s :  

x = 0.38 bscat 

where : 
X = mass c o n c e n t r a t i o n  (gm - 3  ) 

b s c a t  = s c a t t e r i n g   c o e f f i c i e n t  m - l )  

T h i s  r e l a t ionsh ip   has   been   conf i rmed  by E c c l e s t o n ,   e t  al., (1974) 
who f o u n d   t h e   r a n g e   f o r   t h e   c o n v e r s i o n   f a c t o r  t o  be from 0 . 2  t o  
0 . 4 .  

I n   o r d e r   t o   c o n f i r ~ n   t h a t   t h e   r e l a t i o n s h i p   p r e s e n t . e d   a b o v e  
a p p l i e s   t o  NAWC equipment  and  sampling  methods,   comparative  con- 
c e n t r a t i o n s  o f  an  oiI-fN>g  plume  were  computed  from the   nephe lo -  
meter  measurements  by a:n independent  method. The NAWC t r a c e r .  
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aircraft,  equipped  with  a  nephelometer,  made  measurements  of 

'scat 
(the special  sampling  maneuver is depicted  in  Figure 3.3-1).  At 
t h e  same time  the  size o r  the oil-fog plume  was  estimated  with 
rekrence to  the  aircraft  wing span for  use  in  estimating  the 

while  flying  about 100 m  behind  the oil-fog tracer  source 

~ oil-fog concentration at  the  time of sampling.  Based on the COT- 
vus-oil density of 845 g/L and  a  vaporization  rate of 4.2 a/min, 
the  source  strength of oil-fog  was computed  to be 5 9  g/s. The 
diameter of the oil-fog plume  at  the  point of sampling was about 
9 m  and  the  Stearman  was  flying  at  about 50 m/s.  With  a volume' 
flow  rate of 3180 m s and the  source  strength of 59 g/s,  a 
mass  concentration of 1.9 x lo-' gm-3 was computed.  The  bScat 
val.ue measured  by the-nephelometer was 509  x 10 m. . Using 
Charlson's  relationship,  the  corresponding  mass  concentration 
was also 1 . 9  x lo-' gm-3.  Since  the  two  independent  methods 
yielded  the  same  mass  concentration,  it  is  appropriate to use 
Charlson's  relationship  to  convert the measured  values of light 
scattered  coefficient t o  mass  concentration. 

3 -1 

- 4  -1 

Analyses of aerial oil-fog data  were  performed in order  to 
define  plume  geometry  and  dispersion  rates  during  the  tests. 
A system of ground  references was generally  used  during  the cross- 
wind  patterns.  This  allowed  accurate  spatial  reconstruction of 
the  plume  thickness, width, and shape, based on measurements  made 
during  the  sequential  passes. 

Estimates  of  the  horizontal  and  vertical  dispersion coeffi- 
cients (G and a,) were  also  made  using  these  data.  Estimates of 
a were  obtained  by  using  the  plume  entry  portion of the  data 
from each  pass  which had a  sufficiently  high  peak to allow  good 
data  resolution  (usually  about 1.0 bScat  above background). 
Only  data  from  the  plume  entries  by  the  aircraft were used in 
order  to  clearly  define  the  plume  dimensions. Data from  the air- 
craft  plume  exits  were  deleted  for  this  purpose  since  they  require 
adjustments for the  nephelometer sample-train residence time. 

Y 
Y 

hs 
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Figure 3.3-1 Aerial  measurement of  oil-fog  source  strength  to  confirm 
re la t ionship  between mass concentration and sca t t e r ing  
coef f ic ien t .  
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The  estimates  of a found  in  this  report  represent  the  mean Y 
value  for  all  the  qualfying  aircraFt  passes at a particular  loca- II) 

tion.  Estimat.es of az were  obtained by averaging  the  apparent 
values of uz upwards  and  downwards  from  the  centerline  altitude. 

m 

The  observed uz values  were at times  found  to  be.  significant- 
. .  

ly below  the uz values  given by  the Pasquill-Gifford curves 
(Turner,  op.  cit.) even  after  virtual source adjustment.  Factors 
which  may  have  contributed  to  these  differences  include  subjective 0 

judgement  in  the  comparative  analysis  and  the  applicability of 
the Pasquill-Gifford  dispersion  coefficient to  plume  dispersion 
from  .tall  stacks. 

I 

n 

The  question  of  what  effect  the  buoyancy  differences  between 
the.  real  and  simulated  (oil-fog)  power  plant  plume  may  have  upon 
the  plume  dispersion  have  also  been  raised.  Certainly  the  real 
plume  would  be  deeper,  vertically,  in  its initial'bent-over stage 
than  the  simulated  plume. However, during  the  subsequent  plume 
transport th.e observed  differences  in az values  after  virtual 
source  adjustments  are  more  likely to be  associated  with  the 
other  factors  given  above  than  with  the  initial  differences  in 
plume  buoyancy. 

Measurements of relative  dispersion rates; fi , were  made 9 
using  the  observed  centerline  concentration  at a crosswind loca- 
tion.  When  possible,  several  passes  were  made  through  the  plume 
at centerline  altitude and  the  average  maximum  centerline con- 
centration  was  used in the  calculation.  When  only  one  pass  was 
made  at  the centerline, the  maximum  measured  value was used. 
Allowance  was  made  for  virtual  source  distances  as  outlined  in 
Section 3 . 1 . 3 .  

3 . 3 . 2  SF6 Analysis.  All  SF6  samples  were  colle'cted  in two- 
ei 

liter  Tedlar  bags  manufactured  by  NAWC  and  each  sample  was 
a 
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analyzed  using  an ATC Model 1 1 2 C  p o r t a b l e   l e a k   d e t e c t o r   ( w i n t e r ,  
spr ing)   and   an  AID Model 510 portable  gas  chromatograph  (summer, 
F igure  3 . 3 - 2 ) .  Both  use  gas  chromatography  and  an  electron  cap- 
t u re   de t ec to r   t o   measu re   SF6 ,wi* th  a s e n s i t i v i t y   o f  on(? p a r t   i n  
o n e   h u n d i e a " ~ b i i , l i o ~ . - .  ..;Th,e ,s,$s.tem uses  a c a r r i e r  gas":o:fi 9 0 %  argon 
and  l.O%.'methahe . .  , . . :which ... se&S ~. . b0thL.a-s .~ ... a c a r r i e r . g a s " f o r   t h e  sam- 
p l e   a n d  ' a s  ' . an ' ion iza t ion .medium f o r  t h e   d e t e c t o r .  The a n a l y s i s  
is  performed by i n j e c t i n g  a. kniown volume  of  sample in ' to t h e   c a r -  
r ier ' . :gas.   st-ream  by  means'og  a:gas  sampling  valve. .  This'. slug of 
sample .IS. ca r r i ed '   i n to   t he   ch rbmatograph ic   co lumn  where  it i s  
s e p a r a t e d - : i n t o  . ..~ i ts  individual   components .  As t h e   c o n s t i t u e n t s   o f  
t he   s ample -   a r e  eiimi&ied  from.  the  column.,  they.  pzss  '.through  an 
e l ecq ron  ..J cap&re.. idetect:or .iL. w h i c h   , r e s p o n d s   t o   b o t h   t h e i r   r e l a t i v e  
c o n c e n t r % t , $ o n ' a n d   e l e c t r o n   . a f f i n i t y .  'Th6 resultarit: peaks,   which 
appea i -   ; approximateTy  t r ren tyseconds .  a f t e r  s a m p l e   i n j e c t i o n ,   a l l o w  
f o r   q u a n t i t a t i v e  .measul*ements.': . .  . o f  .~ .  t h e  .. t r a c e r  t o ~ b e  made. 

,*; 
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3 . 3 . 3  Conversion 0.f "Tracer Concen t r a t ions  t o  Equiva len t  SO2 
Concen t ra t ions .  To r e l a t e   t h e   r e s u l t s  o f  t h e   t r a c e r   t o   p o t e n t i a l  
ambient ,   . s tudy   a . i r  .,,q ual:fty impact.,;, t he , .~ t r ace r_concen t r a t ions  arid 
sourck:  stre?rgths;..:from: ~:fic?' study '   ha ' i re ' . .been  scaled. : to   correspond  to  
the   emis s ions  o f  t he   p roposed  power p l a n t . '   ' T h C r e s u l t i n g   e q u i v a -  
l e n t  SO2 concen t r a t ion ! ;   a r e   t hose   t ha t  wo'uld  have  occurred i f  
the   ne t   gene ra t ing   capac i ty   had   been  2000 MW. For t h i s   s t u d y ,  it 
was assumed t h a t  f o r  each 500 MW g e n e r a t i n g   c a p a c i t y ,   t h e  Upper 
Hat Creek power p l a n t  will b e   e m i t t i n g  1 0 5 1  g / s  of SO2, making 
t h e   t o t a l   s o u r c e   s t r e n l z t h  4 2 0 4  g / s .  

i ' > i  

. .  

.~ . ,,;; , , , ,, , . ! . ' I.>.; '' ., . .  " . . , , ., . . ..; . - . .. .. ~ ,/_ . , 

.. . .  

The convers ion  o f  m e a s u r e d   o i l - f o g   c o n c e n t r a t i o n s   t o   e q u i v a -  
l e n t  SO2 c o n c e n t r a t i o n s  i s  s t r a i g h t f o r w a r d .   O i l - f o g   c o n c e n t r a -  
t i o n s   a r e   e x p r e s s e d   i n   m a s s - p e r - v o l u m e   u n i t s  so  t h e  scaling is  
done   wi th   the   equat ion:  

Y 

Y 

u 3 - 1 5  



Figure 3.3-2 ATC 112C gas  chromatograph  used to  analyze  bag  samples  for 

AI8 510 instrument,  used  during  the smmr program,is similar 
SF concentrations  during  winter  and  spring  tracer  studies.  

in appearance. 
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QS02XOF - xso ̂. - x 10 6 (1.1gm-3) 
1. ' 0  F 

where : 

xso2 

QS02 

= equivalent SO;! concentration ( gm ) 

= oil-fog concentration (gm. ) 

= emission  rate o f  SO2 from  the  proposed  plant 

= oil-fog sourct: strength (g/s) 

- 3  

XOF 
- 3  

(4204 g/s @ 2000 MV) 

'OF 

SF6 concentrations  .are  measured  by  the  gas  chromatograph  in 
units of parts o f  SF6 ~Jer billion  parts of ambient air so the 
source  strength  of  the  tracer  and  power  plant  must be expressed 
in  moles/s rather  than g/s for  the  scaling  equation t o  be  used. 
A l s o ,  units  conversion  factors  must  be  applied if equivalent SO2 
concentrations  expressed in,mass per  volume  units  are  desired. 
The equation  for  converting SF6 concentrations to equivalent SO 
concentrations is: 

2 

where: 

XS02 = equivalent SO2 concentration (ppm) 

'SF6 6 

2 

QSF6 

= SF concentration (ppb) 

= emission  rate o f  SO2 from the  proposed  plant  (moles/s) 

= SF6 source  strength (moles/s) 

Qso 

Unless  otherwise  stated, a l l  SO concentrations  given  in  this 
2 

report  are  referenced tp ambient  temperature and pre:ssure condi- 
tions  at  plume  a1titud.e  during  the  tracer release, and refer to 
2000 bflV generating  capacity.  Concentration  given  as NTP refer 
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to 2 0 ° C  and 760 mm Hg.  Sequential half-hour concentrations  from 
SF6 samplers  were  sometimes  averaged to obtain  one  hour 
concentrations. lril 

Le 

3 . 4  Measurement of Other  Parameters m 

3.4.1 Turbulence.  The  NAWC  tracer  aircraft (see Section .~ 

3.5) was  instrumented  with a Universal  Indicated  Turb.ulence 
System  used  for  measuring  the  average  rate of dissipation of 
turbulence  energy (E) in the  inertial  subrange.  The  operation, 
theory,  and  evaluation of this  instrument  have  been  discussed  by 
MacCready,  Niemann,  and  Myrup (1967). This  includes a thorough 
bibliography  on  the  subject. id 

bad 

5m 

In brief, the  inertial  subrange of eddy  sizes  is  that  range 
of eddies  which  are  small  enough to exhibit l oca l  isotrophy, 
but  not so small  as to  lose significant  energy  through  viscous 
dissipation.  Assuming  the  in.ertia1  subrange  hypothesis of Kolmo- 
goroff.(1941)  is correct, the statistical  properties of turbulence 
will  depend  only  on E ,  a measure of the  continuous flow of energy %d 

from  larger to smaller  eddies.  Using  this  hypothesis,  equations 
relating  to the'relative diffusion of particles  in the  inertial & 

subranee  have  been  derived by dimensional  analysis  (Batcheler, 
1950,  1952; MacCready, et,  al.,  op. cit.). The equations  show 
that  the  relative  expansion of  a pair  of  particles is directly 
related  to E .  Thus, a comparison of the  average  values of E at 
two  different  locations  should  give a quantitative  estimate of ka 

the  difference  in  diffusion  rates  at  those  two  sites. 

h 

. t m  

ir 

rrs, 
A further  consideration  is the intermittency of turbulence 

(I) which  may  be  defined  as  the  ratio  between  the  standard devia- 
tion o f  turbulence  values  and  the  average  turbulence  value or 

m 

I U 

E 
I = " -  E 
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Given t h e  same mean ratels o f  t u r b u l e n c e   d i s s i p a t i o n  f o r  two 
l o c a t i o n s ,   d i f f u s i o n  wou ld   p roceed   more   r ap id ly   a t   t ha t   l oca t ion  
having a h i g h e r   i n t e r m i t t e n c y .  

Accura t e   r e l a t ive   t u rbu lence   measu remen t s   r equ i r e   t ha t   t he  
a i r c r a f t   c o n f i g u r a t i o n   r e m a i n   a s   c o n s t a n t   a s   p o s s i b l e .  The 
measurements   a re   a f fec ted ,  t o  a g r e a t e r  o r  l e s s e r   d e g r e e ,  by 
such   conf igura t ion   parameters  as a i r s p e e d ,   e n g i n e  RPM, f l a p   s e t -  
t i n s ,   p i t c h   a t t i t u d e ,  a:nd  pr.:?~rii. 1 0 c ~ ~ i c : n .   I t   s h o u l d   b e   n o t e d  
t h a t   t h e   w i n t e r   a n d  summer programs  were   f lown  wi th   d i f fe ren t  
t y p e   a i r c r a f t s ,   r e s p e c t i v e l y ,  a Cessna 2 0 7  and  a  Cessna 2 0 6 .  
A l t h o u g h   t h e   a n a l y s i s   o f   t h e   d a t a   d o e s   n o t   r e v e a l   a n y   o b v i o u s  
i n c o n s i s t e n c i e s ,  i t  is p o s s i b l e  t h a t  t h e  use o f   s l i g h t l y   d i f f e r e n t  
a i r c r a f t   . h a v e   i n t r o d u c e d  some d i f f e r e n c e s   i n   t h e   t u r b u l e n c e   d a t a .  

Most t u r b u l e n c e   d a t a   p r e s e n t e d   i n   t h i s   r e p o r t  come from t h e  
o i l - f o g   c r o s s w i n d   p a t t e r n s ,   w h i c h   a r e ,  as a matter   of   method,  
a lways  f lown  with  the same a i r c r a f t '   c o n f i g u r a t i o n .   T r a c k i n g  was 
done a t  a speed o f  abou,t 38 m/s d u r i n g   t h e  winter s tudy  and  about  
4 2  m/s d u r i n g  summer tests. O t h e r   s e t s  o f  c o n s i s t e n t   d a t a   a r e  
a v a i l a b l e  from s p e c i a l   t u r b u l e n c e   t r a n s e c t s  made a t   v a r i o u s   a l t i -  
t udes   du r ing  some o f   t h e  tes ts .  Again ,   a i r speeds   were   he ld   con-  
s tan t   dur ing   these   runs .   though  the   speed  was n o t  a lways   the  same 
a s   u s e d   i n   t r a c k i n g   o i l - f o g .   E x a m i n a t i o n   o f   t h e   d a t a   i n d i c a t e s  
t h a t  these a i r speed   changes   have  l i t t l e  e f f e c t  as the  measurements 
from e i t h e r   t y p e   o f   p a t t e r n   g e n e r a l l y   a g r e e   w e l l  f o r  a given t e s t .  

The t u r b u l e n c e   v a l u e s   p r e s e n t e d   i n   t h i s   r e p o r t   r e p r e s e n t   t h e  
mean o f   f i ve   s econd   i n t e rva l   va lues   wh ich   were   l ogged   du r ing   ' e ach  
c r o s s w i n d   p a s s   o r   t r a n s e c t .   U s i n g   a i r s p e e d   a n d   a l t i t u d e   d a t a  
p r o v i d e d   i n   t h e   f l i g h t   l o g ,   a s   w e l l  as f l i g h t   n o t e s ,  it was 
poss ib l e   t o   i n su re   t ha t   no   da t a   were   t aken   f rom  pe r iods  when t h e  
a i r c r a f t  was t u r n i n g  o:r khang ing   a l t i t ude .   Crosswind   pas ses  
g e n e r a l l y   l a s t e d   a b o u t  two t o   t h r e e   m i n u t e s ,  so  each   t u rbu lence  
va lue   r ep resen t s   t he   ave rage   o f   abou t  2 0  t o  36 e n t r i e s .  Turbu- 
l ence   t r ansec t s   were   u . sua l ly   l onge r .  
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3 . 4 . 2  Meteorological  Measurements.  During  the  field study, 
several  different  methods  were  used to  de'termine  temperature 
lapse rates  and  winds  aloft.  The  first  method  was a Contel 
Minisonde  (see  Figure 3.4-1) operated by B. C. Hydro  personnel 
from  various  sites  during  each  study.  Minisondes  were  usually 
tracked.during the ascent by  two theodolites  which  provided 
accurate  winds  aloft  measurements as well as height  information 
for  the  sounding.  The  sonde  gives  temperature  and  relative 
humidity  data  used  for  determining  stability. 

The  second  measurement  system  employed  during  the  summer 
program  was a Contel~Metrosonde, provided  by GAWC, also  shown  in 
Figure 3.4-1. This  system  uses a tethered  balloon  to  carry  an 
instrument  package  which  reports  temperature,  relative humidity, 
pressure  altitude,  wind direction, and  wind  speed.  All  channels 
are radio-telemetered to a ground  receiving station for  analog 
recording. 

The  Metrosonde  made serial ascents to determine  winds and 
stability  with.  height.  In addition, it 'was occasionally  flown 
near the  effective  stack height level to provide a continuous 
reading  .of  winds.  Occasional  malfunctions with the  Metrosonde 
prevented  its  full  'utilization  during  the  field  program. 

6 .  

w 

Vertical  temperature  profiles  were  also  measured by  the  NAWC 
aircraft  which is described in Section 3.5. The aircraft  was u 
used  to  make  temperature soundings at  numerous  locations  through- 
out  the  project  area. 

The  stability  classifications  assigned to  each  test  were 
derived  from  the  plume layer lapse  rates  and  classified  according 
to  the United'States Nuclear Regulatory  Commi.ssion  scheme  given 
in Table 3.4-1 below: irs 

PI 
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Figure 3.4-1 Balloon  launching s i t e  at  Harry Lake during the s m ! r . s t u d y .  
B. C. wdro and WVC technicians  prepare Metrosonde for 
ascent .   P i lo t   ba l loon   in  background w i l l  later be used t o  
carry  minisonde  temperature  sensor  aloft. 
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Table 3.4-1  Nuclear  Regulatory  Commission 
classification of atmospheric 
stability. 

Stability  Classification  Categories  with  Height ( ° C / l O O  m) 
Pasquill  Temperature  Change 

Extremely  Unstable A <-1.9 
Moderately  Unstable B -1.9 to -1.7 
Slightly  Unstable C -1.7 to -1.5 
Neutral D -1.5 to -0.5 
Slightly  Stable E -0.5 to 1.5 
Moderately  Stable F 1 . 5  to 4 .0  

Extremely  Stable G > 4.0 

Winds  aloft  were  mertsured  during  these  programs with  double- 
and single-tracked  pilot  balloons. Constant-volume balloons  were 
used  during  the  winter  and  spring  studies  to  obtain air-mass 
trajectory  measurements. 

Throughout al.1  the studies  surface  winds  were  monitored by 
the B. C.  Hydro  system of eight  remote  meteorological  stations 
located  within  the  project  area  as  shown  in  Figure 3 . 4 - 2 .  

3.5 NANC  Tracer  Aircraft - 
The oil-fog plume  tracking,  temperature  soundings,  and 

turbulence  measurements  are  conducted  with the NAWC  tracer air- 
craft.  Figure 3.5-1 shows  the  Cessna T-207,used during  the win- 
ter  study,which is equipped  with a Robertson STOL modification 
for  increased  safety  at  slow  airspeeds.  During  the  summer pro- 
gram,  aosimilarly  equipped  Cessna 206 was  used.  Both  aircraft 
carried  the  following  data  acquisition  system  which is described 
in  Table 3.5-1 below  and  shown in Figure 3 . 5 - 2 .  
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Figure 3.5-1 Cessna 207 used fo r  airborne  data  acquisit ion  during  the 
winter study. C-206 used  during  the s m e r  is s l i g h t l y  
smaller.  

Figure 3 .5 -2  NAWC airborne  data  acquisit ion  system  installed  aboard  the 
NAWC t r a c e r   a i r c r a f t .  
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Tab le   3 .5 -1   A i rc ra f t   da t a   acqu i s i t i on   sys t em.  

Meteorological Equipment Calibration Method 
1. kR1 Model 1550 Integratfmg Absolute calibration is .performed using 

operation. A special 0-1000 x 10-4 m-1 
is  electronically checked before each 

scale has been  added. 
2 .  MRI Universal Indicated 

Turbulence  System, Model 
Both an internal  electronic  calibration 

1120 
and external check t o  measure a pre- 
scribed system gain  are performed before 
each use. 

Nephelometer  Freon. Repeatability of the calibration 

3. Metrodata M-8 Airborne Temperature and relative  hmidity  are 
Meteorological System checked daily  against measured values 

using an aspirated psychrometer. Alti- 
tude is checked periodically  against 
the  certified  aircraft  altirneter. 

Recording  Equipment Data  Recorded 
1. Kennedy bbdel 1600 1/2" All meteorological  parameters plus  a l t i -  

Magnetic  Tape tude and a i r  speed. 
2. Mctrodata Model DL-620 All  meteorological paramete:rs p lus  a l t i -  

interfaced with Kennedy tude and a i r  speed. 
3. MRI Analog Chart Recorcier Integrating Nephelometer. 

3.6 Q u a l i t y   C o n t r o l  

The execut ion  of pl.ume s i m u l a t i o n   t r a c e r   s t u d y   r e q u i r e s  
ex tens ive   qua l i t y   con t ro l   t o   min imize   ope ra t iona l   e r ro ' r s   i n   t he  
measurements  and  analysis  techniques  employed. Some of   the  
qua l i t y   con t ro l   p rocedures   u sed   i n  t h i s  s tudy   a r e   p re sen ted  
t h i s  sec t ion .  

i 

3.6.1 . S F 6  Dissemination,  Collection,  and  Assessments.  - 
b o t t l e s  were c a r e f u l l y  weighed  on  a c a l i b r a t e d   b a l a n c e   p r i o r  

n 

SF6 
t o  

and  immediately  following  each  release.   This  gave  the amount 
re leased   wi th in   an   accuracy  o f  about250 grams from a t o t a l   o f  
about 20 ,000  grams.  Dissemination  periods  were  timed  with a 
s topwa tch   aboa rd   t he   d i s semina t ion   a i r c ra f t .  Amounts and  times 
were  documented  and r e g i s t e r e d  by p r o j e c t   p e r s o n n e l   a f t e r   e a c h  
ope ra t ion .  
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In o r d e r   t o   i n s u r e   t h a t   c o l l e c t i o n   d a t a   w e r e   c o r r e c t ,   e a c h  
s:mp1cLr was i n s p e c t e d   a n d   c a l i b r a t e d   w i t h   r e s p e c t   t o  time p r i o r  
t o  cach program. A s  a p r e c a u t i o n   a g a i n s t   c o n t a m i n a t i o n ,  a 
sample was taken  from  each pump in   eve ry   s ample r   be fo re   each  
I ' icld  study. As a fur ther   check,   grab  samples   were  taken  f rom 
t h c   i n t e r i o r  o f  e a c h   s a m p l e r   a f t e r   f i e l d   i n s t a l l a t i o n .   F i v e   t o  
ten h a c k g r o u n d   s a m p l e s   w e r e   t a k e n   p r i o r   t o   e a c h   r e l e a s e   i n   O r d e r  
that a n y   f u g i t i v e   s o u r c e s   o f  SF might   be  found.  None o f   t h e s e  6 
S:lmplcs t a k e n   i n   t h e   p r o j e c t  area showed  more t h a n  a th . reshold  
c o n c e n t r a t i o n  o f  t h e   t r a c e r   g a s  ( ~ 0 . 0 0 5  ppb  SF6). 

'l'he X T C - 1 1 Z C  c h r o m a t o g r a p h   u s e d   d u r i n g   t h e   w i n t e r   a n d   s p r i n g  
s t u d y  was c a l i b r a t e d   w i t h  a gas   mix  suppl ied  and  analy,zed by t h e  
NOAA A i r  Resources   Laboratory i n  March 1 9 7 5  ( t h e   s e r v i c e  was 
rcndcrcd b y  Mr. C .  R .  D ickson ,   Ch ie f ,  N O M  Air Resources  Labora- 
t o r y ,   I d a h o ) .   F o l l o w i n g   t h e   w i n t e r   s t u d y ,   t h e   g a s ,   i n  i t s  
s t n . i n t e s s  s t ee l  c o n t a i n e r ,  was r e t u r n e d   t o   t h e   l a b o r a t o r y   f o r  
r c a n n l y s i s .  A t o t a l  o f  1 8  samples  was t a k e n   f r o m   t h e   b o t t l e  
and ana lyzed  on th ree   ch romatograph ic   sys t ems .  The mean v a l u e  
was 3.27 x 1 0  S F 6 ,  a n d   t h e   s t a n d a r d   d e v i a t i o n  6 . 3  x 1 0  . - 1 2  -10 

'I'his v a l u e   d e v i a t e s  less than  1% f r o m   t h e   o r i g i n a l l y   a n a l y z e d   m i x .  

e 
The AID-510 chromatograph ,   used   dur ing  summer s t u d y ,  was 

c n l i h r a t e d   u s i n g   g a s e s   o b t a i n e d   f r o m   S c o t t - M e r r i n ,   I n c .   T h e s e  
~ : I s c . ;  were checked  by  the NOAA Labora to ry  i n  September 1 9 7 6  and 
wcrc  found t o   b e   w i t h i n  1% o f   t h e   v a l u e   s p e c i f i e d   b y   t h e  manu- 
T:rcturcr. A l i s t  o f  t h e   f i e l d   c a l i b r a t i o n s   p e r f o r m e d   d u r i n g   t h e  crr 
p r o j e c t  i s  found i n  Volume I 1  - F i e l d  Data. F igure  3 . 6 - 1  shows .~ 

tlic t y p i c a l   c a l i b r a t i o n   c h r o m a t o g r a m .  *, 

b 

To d e m o n s t r a t e   t h e   r e p r o d u c i b i l i t y   o f   t h e   a n a l y s i s   m e t h o d ,  
1.0% o f  a l l   t h e   b a g   s a m p l e s  were r eana lyzed .  The resul ts  showed 
t l ia t   the   method was r e p r b d u c i b l e   w i t h  tS% o f   t h e   o r i g i n a l l y  
:IrlnIyzed c o n c e n t r a t i o n .  w 

bf 

~~ 

b 
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3 . 6 . 2  Oil-Fog  Tracer  Generation  and  Measurement.  The o i l -  
fog  genera t ion   sys tem  used  was ca re fu l ly   des igned   and   ma in ta ined  
t o   s u p p l y  a  known, c o n s t a n t   s o u r c e   o f   o i l - f o g .  The oil i n j e c t i o n  
nozz le   i n   t he   exhaus t   has   been   pos i t i oned   expe r imen ta l ly   t o  
i n s u r e  maximum v a p o r i z a t i o n  .of the  Corvus o i l .  The Corvus o i l  
supp ly   t anks   a r e   o f  a known v o l u m e ,   a r e   c o m p l e t e l y   f i l l e d   p r i o r  
t o   e a c h   t e s t ,   a n d   a r e   c o m p l e t e l y   e m p t i e d   d u r i n g   e a c h   t e s t   ( o n e  
t a n k   c a n   b e   e l i m i n a t e d   f r o m   t h e   s y s t e m   f o r   s h o r t e r   d u . r a t i o n   o i l -  
f o g   t e s t s ) .  The pump t h a t   s u p p l i e s   t h e   o i l   t o   t h e   n o , z z l e  
o p e r a t e s   a t  a c o n s t a n t  f l o w  r a t e   r e g a r d l e s s  o f  engine  rpm o r  
power s e t t i n g .  Backgrcrund s c a t t e r i n g   c a u s e d  by ambient   sus-  
p e n d e d   p a r t i c u l a t e s , a l t : h o u g h   o f   v e r y   s m a l l   r e l a t i v e   m a g n i t u d e ,  
was f r equen t ly   measu red   and   l a t e r   sub t r ac t ed   f rom  the   nephe lo -  
meter  measurements made: d u r i n g   t h e   t r a c e r   f l i g h t s .  

The i n t e g r a t i n g   n e p h e l o m e t e r  was c a l i b r a t e d   a c c o r d i n g   t o  
the   manufac tu re r ' s   spec : i f i ca t ions   and   p rocedures   t o   i n su re   accu -  
r a t e   m e a s u r e m e n t s   o f   t h e   o i l - f o g .  An a b s o l u t e   c a l i b r a t i o n  was 
done i n  Santa   Barbara  j u s t  p r i o r   t o   t h e   s t u d y .   E l e c t r o n i c  
c a l i b r a t i o n   c h e c k s   w e r e   p e r f o r m e d   d a i l y   d u r i n g   t h e   f i e l d   s t u d y .  

3.6.3  Accuracy o:E Wind Measurements.   The  use  of  single 
t h e o d o l i t e   s y s t e m s  f o r  making  upper  wind  measurements  depends on 
t h e   r e l i a b i l i t y   o f   t h e  a s s u m e d   a s c e n t   r a t e   o f   t h e   b a l l o o n .   I t  
h a s   b e e n   d e t e r m i n e d , t h a t   t h e   t e m p e r a t u r e   l a p s e   r a t e  may have a 
d e f i n i t e ,   a n d  sometime:: a d v e r s e ,   e f f e c t  on the a s c e n t   r a t e  o f  
me teo ro log ica l   p i lo t   ba l loons   (Boa tman ,  1 9 7 4 ) .  By u t i l i z i n g  a 
double   theodol i te   t rac :k ing   sys tem  (where in   the  two th . eodo l i t e s  
a r e   s e p a r a t e d  by a b a s e l i n e   o f  300 m o r  more) ,  it i s  p o s s i b l e  
t o  make very   p rec ise   measurements   o f   winds   a lof t   tha t :   a re   inde-  
pendent  .of ba l loon   a scen t   r a t e .   Reduc t ion   o f   t he   t r ack ing   da t a  
was accompl ished   us ing   the   computer   t echniques .  The i n i t i a l   d a t a  
were  smoothed  using a :method similar t o  t h a t   o u t l i n e d  by Thyer 
(1970) .  
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, Research  by  Butler  and  Duncan (1968)  has  shown  the  double- 
tracking  technique  to !be accurate  within 21 m f s  and i:9' when 
compared  with the sensitive  Contraves  cinetheodolite  system. 
They  also  state  that  errors  can  be  expected to be larger at low 
wind  speeds  and  greater  distances  away  from  the  tracking  site. 

3.6.4 Temperature  Soundings. Most temperature  sounding 
data have  been  processed  to  correct f o r  observed  variances in 
absolute  temperature  data  between  the  minisonde  system  and  the 
M-8 sensor  in the  tracer  aircraft.  The M-8 sensor  has a high 
degree  of  repeatability of measurements  and  data  from  this 
instrument  were  used t.o make  absolute  temperature  corrections to 
the  minisonde  soundings.  Further  checks  were  made  by  comparing 
temperature  data from the M-8 sensor  with  data from the  Vernon, 
British  Columbia,  radiosondes.  The  results of such  comparisons 
at  meaningful  altitudes  were  excellent. 

u 
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4 .  DESCRIPTION OF TRACER RELEASES 

T h i s   c h a p t e r   p r e s e n t s  a d e t a i l e d   d e s c r i p t i o n   o f   , t h e   f o u r t e e n  
gas t r a c e r   r e l e a s e s   w h i c h   w e r e  made i n   t h e  Hat   Creek  Val ley  during 
t h e  1 9 7 6  w i n t e r ,   s p r i n g ,   a n d  summer programs. 

The t r a c e r   r e l e a s e s   a r e   r e f e r r e d  t o  as T e s t  1, T e s t  2 ,  Test 3 ,  
e tc . ,   and   were '   conducted  on t h e   f o l l o w i n g   d a t e s :  

T e s t  1 - February 1 9  
T e s t  2 - February 2 0  
T e s t  3 - February  2 1  
Test 4 - March 25 
T e s t  5 - March 2 6  
Test 6 - J u l y  31 
T e s t  7 - August 1 

T e s t  8 - Augus.t 5 
Tes t  9 - August 6 
T e s t  1 0  - August 7 
Tes t  11 - August 9 
T e s t  1 2  - August 1 0  
Test 13  - August 1 0  
T e s t  14 - Augus't 11 

The a n a l y s e s   a r e   p r e s e n t e d   i n  a bas ic   format   which   descr ibes   Synop-  
t i c  S e t t i n g ,   M e t e o r o l o g i c a l   P a r a m e t e r s ,   T r a c e r   D i s s e m i n a t i o n ,  
Visua l   and   Photographic   Observa t ions ,  Aerial Oil-Fog  Measurements 
( excep t  Tests 4 and 5 ) ,  Aerial SF6  Measurements,   Surface SF6 Mea- 
surements,   Turbulence  Measurements,   and Summary f o r   e a c h  t e s t .  

4 . 1  T e s t  Number One,  January 1 9 ,   1 9 7 6  

T h i s   t e s t  was c o n d u c t e d   f r o m   t h e   l o w e r   p l a n t   s i t e .  The met- 
c o r o l o g i c a l   c o n d i t i o n s   w e r e   f a v o r a b l e   f o r e x a m i n i n g  t h e  behavior  of  
a s t a b l e  p lume  and   fumi ,ga t ion   under   very   l igh t   wind   condi t ions .  
A l l  SO2 c o n c e n t r a t i o n s   r e p o r t e d   a r e   c a l c u l a t e d   p e r  2000 MW. 

4 . 1 . 1  S y n o p t i c   S e t t i n g   f o r   T e s t  1. The su r face   and  500-mb 
c h a r t s   f o r   1 2 0 0  2 (040t1 PST) a r e   p r e s e n t e d   i n   F i g u r e  4 . 1 - 1 .  The 
s u r f a c e   a n a l y s i s  shows a weak h i g h   p r e s s u r e   c e n t e r   o f   1 0 1 3  mb 
o v e r   t h e   p r o j e c t   a r e a ,   w h i l e  a s u r f a c e  low was developing   over   the  
Great   Basin.  Some s l i g h t   r i d g i n g   o v e r   t h e   a r e a  can be  noted  on 
t h e  700-mb c h a r t  as a s p l i t  i n  t h e   u p p e r   l e v e l   f l o w   p l a c e d   t h e   j e t  ~ 
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stream  far  to  the  south,.  crossing  the  Pacific coast in  northern 
California.  This  situation  produced  light,  winds  aloft  which con- 
tributed to the  development of stable  conditions  in  Hat  Creek. 

4.1.2 Meteorological  Parameters  for  Test 1. Meteorological 
parameters  measured in  the  test  area  during  the  first  plume simula- 
tion  consisted of temperature  lapse rates and  winds at the  surface 
and  aloft.  Temperature  aloft was measured  using  minisondes  and  the 
NAWC airborne  data  acqui.sition  system.  Winds  aloft  were  measured 
by simultaneously  tracking  pilot  balloons with two  theodolites. 
Surface  winds  were  measured by the.B. C. Hydro  wind  monitoring 
network. 

The tenpe.rature  profiles  measured  at  various  times on the  day 
of the  test  are  presented  in  Figures 4 . 1 - 2 ,  4 . 1 - 3 ,  and 4 . 1 - 4 .  The 
most  important  feature of the  profiles:  is a deep  isothermal  layer 
which was evident on  all.of the  soundings  taken  during the tracer 
dissemination.  The  first s0unding.take.n at 0710 PST showed  the 
isothermal  layer  extending  from 1150 m  to 1650, m MSL. A strong 
inversion  was  measured below 1150 m  and an adiabatic  layer  was 
found  above 1650 m. The  sounding taken at 0800 PST was  quite . . 

similar.  By 0940 PST,  about the time  the  tracer  release began, the 
inversion  had  been  eroded  by  surface heatingj extending  the iso- 
thermal  layer  down to 1000 m MSL with an adiabatic  layer  below.  By 
1050 PST, just  after  the en'd of tracer  dissemination,  the  isothermal 
layer.  had been  eroded to above 1 2 0 0  m  MSL. A sounding  taken at the 
site  at 1230 PST showed  further  erosion by surface,heating. Sound- 
'ings taken by the NAWC airborne  data  acquisition  system at other 
locations  in  the  area  showed  similar  profiles (see Figure 4 . 1 - 4 ) .  . 

The surface  wind  data for Test 1 are given'  in  Volume 11, 
Field  Data. These'show that  surface  winds were very  light 
during  the  tracer  release and plume  dispersion.  Light down- 
valley  flow  persisted  until  about 1200 PST when up-valley flow 
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began.  Low  lying  sites  showed  wind  direction  to  be  generally 
in line  with  terrain  orientation. 

The  winds  aloft  measurements  consisted of nine  double-tracked 
pilot  balloon  releases.  These  showed  that  the  tracer  plume  was 
disseminated  near  the  top of a  deep  layer of light (less than 1 
m/s) and  variable.  winds.  This  layer  coincided  with  the  isothermal 
layer  noted  in  the  temperature  soundings.  After  the  end  of dis- 
semination  the  winds  slowly  increased  in  speed to greater  than 2 
m/s after 1130 PST.  During  that  time  the  wind  direction'  became 
predominantly  northerly.  These  wind  observations  agree  well  with 
the  visual  observations  made of the oil-fog plume.  The  winds 
aloft  measurements  made  during  Test 1 are presented in Figures 
4 . 1 - 5  (direction)  and 4.1-6 (speed). 

4.1.3 Tracer  Dissemination,  Test 1. The  release  parameters 
for  Test 1 are contained  in  Table 4.1-1 below. 

Table 4.1-1 bration and  source  strength  of  tracer  release 
number 1. 

Altitude: 1400 m MSL 
Location: Valley  Site 

Simulated Stack  Height: 183 m 
Stability Classification: E 

Time On Time Off Source  Strength ; Tracer  PST  (g/s) 

SF6 
Oil  Fog (1) 09:36:30  10:09:40  109,800 55.2 
Oil  Fog (2)*  10:30:30  10:30:38  N/A  N/A 

09:36:30  10:30:38  17,479  5.38 

* The  oil  fog  from  the  second  release  is  not used for  quantitative 
tracking  'due  to  the  different  souce  strength  generated  by  this 
system. 
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4.1.4 Visual and Photographic  Observation of the Oil-Fog 
Tracer  for  Test 1. The  transport of the oil-fog plume during  the 
first  part  of  the  test  was  generally  toward  the  west  but  quite 
complex.  The  initial  transport  appeared  to  be  toward  the south, 
but after  a  few  minutes,  the  transport  shifted to  a northwesterly 
direction  (see  Figure 4.1-7). For  the  first 30 to 40  minutes of 
the test, the  transport  was  generally  toward  the  west  with  the 
plume  spreading  extensively (see Figure 4.1-8).  In  that  time in- 
terval  the  plume  spread  about 5 km  from  north to south  while it 
was transported  about  3  km  across  the  valley.  Figure  4.1-9  shows 
that  plume  transport  pattern. 

During  the  last 20 to 30 minutes o f  the release, the  plume 
transporb  pattern  became  even  more varied, but  was  generally  toward 
the  east  and  northeast.  Figure  4.1-10  shows  the  plums  moving  down 
the  Lower  Hat  Creek  Valley,  and  Figure 4.1-11 shows  the  eastward 
movement of the  plume  near  the  source.  During  the  last  few  minutes 
o f  tracer  dissemination,  there was negligible  transport and the 
plume  became  quite  concentrated  near  the  source.  That  lack of 
transport  apparently  marked  the  transition  from  a  weak  down-valley 
flow  to  weak up-valley flow.  After  the  dissemination  ended,  the 
plume  was  transported  toward  the  south (see Figure 4 . l - 1 2 ) .  That 
southward  transport  seemed to  be general  all  across  the  valley. 
I:i.gure 4.1-13  shows  the  plume  spread  in  a  thin  layer across the 
entire valley and moving  slowly  southward up the v a l l e y .  

The movement 0.f the  plume  throughout  Test 1 was  varied  and 
complex.  Figure  4.1-14  shows  the  approximate  outline  of  the 
visible oil-fog plume  at  three  particular  times o f  interest  during 
the  test. 

4.1.5 Aerial Oil-Fog Measureme'nts. Aerial  sampling  for  Test 
1 was  carried  out  between  0958  and 1120 PST.  One  comprehensive 
set o f  crosswind passeswas made in' a north-south oriented  line 
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Fig. 4.1-7 A photograph of the Test 1 plume taken a t  
0947 PST. The view is toward the  east. 

Fig. 4.1-8 A photograph of the Test 1 pl- taken a t  
0953 PST. The view is toward the  east.  Mte that the 
plume stretches  across  the  entire frame. The s o m e  
is in the  center of the photograph. 
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Fig. 4.1-9 A photograph of the Test 1 plume taken at  
1014 PST. The view is toward the south. The source is 

p l m  is near Finncy Lake on the  right edge of the frame. 
on the   l e f t  edge of the  picture and leading edge of the 

Fig. 4.1-10 A photograph of the Test 1 plume taken at 
1019 PST. The view is toward the  east-northeast. 
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Fig. 4.1-11 A photograph of the Test 1 plume taken at 

on the  right (west) side of the  picture. 
1034 F'ST. The view is toward the  south. The source is 

Fig. 4.1-12 A photograph of the  Test 1 plume taken at 
1051 PST. The view is toward the east. The source  area 
is left of the center of the picture. 
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Fig. 4.1-13 A photograph of the  Test 1 plme taken a t  
1151 PST.  The view is toward the  south [up the  valley) ., 
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p a s s i . n g  approximate ly  1.5 km w e s t   o f   t h e   r e l e a s e   p o i : n t .  Two less 
c x t e n s i v e  p lume  t racki .ng   pa t te rns   were   f lown:   one ,  a n o r t h - s o u t h  
crosswind p n t t e r h  3 km west o f  t h e   r e l e a s e ;   a n d  t h e  o t h e r ,  a 
t r a v c r s c   p a t t e r n   a c r o s s   H a t  Creek Val ley  (east-west)   f rom  Medicine 
Creek  to  near  Finney  Lake. The l o c a t i o n   o f   t h e s e   p a t t e r n s  i s  
shown i n   F i g u r e  4 . 1 - 1 5 .  I n c i d e n t a l   o i l - f o g   d a t a   w e r e   g a t h e r e d   d u r -  
i n g  a tempera ture   sounding  a t  F inney   Lake .   Oi l - fog   concent ra t ion  
values   (bscat  ) w e r e   c o n v e r t e d   t o  SO2 p e r  2000 MW ( n e t )   g e n e r -  
a t i n g   c a p a c i t y   i n   t h e  manner o u t l i n e d   i n   S e c t i o n   3 ,   I x e s e a r c h  Method 

The f i r s t  se t  o f   o i l - fog   measu remen t s  was made between 0958 
and  1030 PST, a t   a l t i t udes   be tween   1435   and   1280  m MSL. The maxi- 
mum measured   concent ra t ion  was e q u i v a l e n t   t o   1 9 , 9 7 0   ~ l g m - ~  SOz.  

This  was found a t  1370 m MSL, 30 m b e l o w   r e l e a s e   a l t i t u d e ,   a t  a 
p o i n t  2 . 1  km s o u t h - s o u t h w e s t   o f   t h e   r e l e a s e .   F i g u r e  4 . 1 - 1 6  p r e -  
s e n t s  a p l o t   o f   d i s t a n c e   v e r s u s   c o n c e n t r a t i o n  f o r  t h e  1370 m MSL 
pass .  The d i s t a n c e s   g i v e n  i n  t h e   f i g u r e   c o r r e s p o n d  t:o t h o s e   i n d i -  
c a t e d   o n   t h e  map, Figure  4 .1-15.  A l s o  shown is  a p l o t   o f   a l t i t u d e  
v e r s u s  maximum c o n c e n t . r a t i o n   f o r   t h i s  se t  o f  measurements. I t  can 
b e   s e e n   t h a t  while t h e  plume was conf ined   . to  a r e l a t i v e l y   t h i n  
l s y e r  (-160 m), it wa:s ove r  3 km w i d e ,   r e f l e c t i n g   t h e   s t a b l e   t e m -  
p e r a t u r e   s t r u c t u r e   a n d   m e a n d e r i n g   f l o w   c o n d i t i o n s   u n d e r   w h i c h   t h i s  
t e s t  was conducted.  

Ana lys i s  o.f t h e   d a t a   f o r   t h i s  se t  o f  measurements   ind ica tes  
t h a t  t h e  v a l u e s  o f  t h e  h o r i z o n t a l   a n d   v e r t i c a l   d . i s p e r s i o n  co-  
e f f i c i e n t s  u and oz were   c lose   t o   425  m and 25 m, r e s p e c t i v e l y ,  
F igure  4.1-17 shows t h e s e   v a l u e s   a l o n g   w i t h   t h e   p r e d i c t e d  f l a t  

. land  curves   f rom  Turner ,  1970.  A t  a d i s t a n c e   o f  2 . 6  km ( v i r t u a l  

Y 

s o u r c e   d i s t a n c e   i n c l u d e d ,  see Table  3.1-l), t h e   v a l u e   o f  u i s  
approximately  400% o f  t h a t   i n d i c a t e d   f o r  an E t y p e   s t a b i l i t y ,   w h i l e  
t h e   v a l u e   o f  uz i s  s l i g h t l y  l ess  t h a n   t h a t   i n d i c a t e d  . for  t h e   p r e -  
v a i l i n g   c o n d i t i o n s .  

Y 
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Figure 4.1-15 Location of o i l - fog  crosswind  patterns,  Test 1. ii 

Distances  are in kilometers. 
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Test 1. 

w1 

Y‘ 

J 

4-19 



4 - 2 0  



w- 

d 

w 

Y 
. .  

ui 

1.0 I I ; I I l l 1  I “uLd 
0.1 1.0 , 10 100 

‘DISTANCE DOWNWIND (KM) 

F i g u r e  4.1-17 (Cont’d.) 

4 - 2 1  



The  peak  measured  concentration,  normalized  with  respect to 
wind speed and source  strength ( ) is shown  together  with  the pre- T 

XU 
dicted  values  in  Figure 4.1-1.8.  The  value  indicates an  overall 
dispersion rate close to that of a C-type stability, representing 
a reduction  from  the  estimated  value  of  about  an  order of magnitude. 

The  second  set  of  crosswind  patterns  was  flown  between 1 0 4 0  
and 1 0 5 0  PST from  Finney Lake,northward as  shown in  Figure 4 . 1 - 1 5 .  
The  maximum  concentration  was  found to  be 2315  ~ ~ g m - ~  at 1 3 7 0  m MSL. 
Slightly  lower  concentrations  were  measured at 1 3 5 5 ,   1 3 4 0 ,  and 
1 3 2 5  m MSL.  Figure 4 . 1 - 1 9  shows  the  maximum  concentration  'versus 

. altitude  for  these passes, as  well  as a distance  versus concentra- 
tion plot for  the 1 3 5 5  m pass. Measurements of u and  uZ  were 
attempted,though  only  three  passes  are  available  at  this  location. 
These  values  of  about 575 m and  at  least 3 0  m, respectively, are 
displayed  in Figure 4 .1 -17 .  It can be seen  that  while  horizontal 
diffusion is apparently  proceeding  much  more  rapidly  than  the 
flatland  curves  indicate,  vertical  diffusion is proceeding  at a 
rate  close to the  nominal  value for E stability. A value of XU -Q- 
was calculated  for  the  maximum concentration, though it  is apparent 
that no definable centerline existed in  the  plume  at  this place 
and time, and it is shown  in  Figure 4 . 1 - 1 8 .  

Y 

Some  incidental oil-fog data were' gathered  during a sounding 
taken  near  Finney  Lake  between 1 0 5 0  and 1 0 5 5  PST.. At  this time, 
the.plume layer  was  found.  to be  between  about 1 5  m AGL (1250 m MSL) 
and 1 4 0 0  m MSL, though  con.centrations  near  the  ground  were mar- 
ginally  within  instrument  resolution (0.1 bscat = 290 ugm-3 soz). 
The  maximum  concentration  measured  was 1 7 3 6  ~ g m - ~  at  an  altitude 
of 1 3 1 0  m MSL.  The  corresponding  value of is displayed  in 
Figure 4 . 1 - 1 8 .  While  the oil-fog data  gathered  during  this sound- 
ing  do not  lend  themselves  to a computation  of a an  estimate  of 
about 2 5  m may be made  for b,. This  value is shown in  Figure 

v 
Y' 
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- Figure 4.1-18 Measured values of XU Test I. v' 
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4 t h i r d   s e t  of  c r o s s w i n d   p a t t e r n s  was flown  between 1 1 0 0  and 
1 1 2 5  !'ST extendi.ng  from  Medicine  Creek  westward t o  near Finney 
h k c  :IS shown i n   F i g u r e  4.1-15. Six   pas ses   were  made a t   a l t i t u d e s  
hctwccn 1 5 2 5  and 1 2 8 0  m V E L ,  w i t h   t h e  maximum c o n c e n t r a t i o n   o f  
1 3 , 0 3 0  ~ g m - ~  being  found a t  1 2 8 0  m MSL a t  a p o i n t  3 . 8  km s o u t h  of  
t h e   r e l e a s e .   F i g u r e  4 . 1 - 2 0  p r e s e n t s  a p l o t   o f   a l t i t u d e   v e r s u s  
maximum c o n c e n t r a t i o n   f o r   e a c h   o f   t h e s e  s i x  p a s s e s  as w e l l   a s  a 
d i s p l a y   o f   d i s t a n c e   v e r s u s   c o n c e n t r a t i o n   f o r   t h e   p a s s   a t  1 2 8 0  m 
bISL. Of p a r t i c u l a r   n o t e  i s  t h e  f ac t  t h a t   v i r t u a l l y   t h e   e n t i r e  
plume was c o n f i n e d   t o  a l a y e r   b e l o w   t h e   r e l e a s e   a l t i t u d e .   T h i s  
1,ehnvior  of a s i n k i n g   p l u m e   l a y e r   w i t h   l i t t l e   v e r t i c a l   m i x i n g  was 
n o t c d   a g a i n   i n  a summer t e s t ,  number 1 2 .  

An a n a l y s i s   o f   t h e   : € l i g h t - d a t a   s u g g e s t   t h a t   t h e   v a l u e s   o f  
o and oz were   near  275  III and a t  l e a s t  50 m ,  r e s p e c t i v e l y ,   f o r  
se t  3.  S i n c e   t h e   c e n t e r l i n e   a l t i t u d e  was n o t   d e f i n e d   w i t h   c e r -  
t a i n t y ,  crz c a n   o n l y '   b e   s p e c i f i e d   a s  a lower limit. These   va lues  
a r e   p l o t t e d   i n   F i g u r e  4 . 1 - 1 7  a n d   i n d i c a t e   t h a t   h o r i z o n t a l   s p r e a d -  
ing  is s t i l l  two t o   t h r e e  times g r e a t e r   t h a n  shown f o r  t h e   a p p r o -  
p r i a t e   f l a t   l a n d   c u r v e s   a n d   t h a t   t h e  rate o f   v e r t i c a l   d i f f u s i o n  
is  s l o w l y   i n c r e a s i n g  t o  a p o i n t   c l o s e   t o   t h a t  shown f o r  E s t a b i l i t y .  

Y 

'The v a l u e   o f   c o r r e s p o n d i n g   t o   t h e  maximum measured  concen- v 
t r a t i o n   f o r   t h i s  s e t  o f   c r o s s w i n d s   h a s   b e e n   p l o t t e d   i n   F i g u r e  
4.1-18. Here it  can  be s e e n   t h a t   t h e   r a t e  o f   d i s p e r s i o n   f o r   t h i s  
s t a b l e  p lume  has   cont inued   to  f a l l  c l o s e   t o   t h a t  shown f o r  C t y p e  
s t a b i l i t y   o v e r  f l a t  g r o m d .   T h i s   r e p r e s e n t s  a t e n - f o l d  increase 
i n  d i l u t i o n   o v e r   t h e   p r e d i c t e d   v a l u e  for  an E type   a tmosphere .  

4 . 1 . 6  A e r i a l  SF6 Measurements. - F i g u r e  4,.1-21 shows t h e  
l o c a t i o n   o f  a e r i a l  SF6 s .amples   t aken   dur ing  Test 1. Table  4 . 1 - 2  
g i v e s   t h e   a l t i t u d e s  MSL and AGL of   each   sample ,   sampl ing   t ime,  
and   measured   concent ra t ion   in  ~ g m - ~  SO2 p e r  2000 MIV g e n e r a t i n g  
c a p a c i t y .  The h ighes t   measu red   concen t r a t ion   found   du r ing  
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Figure 4.1-20 Horizontal and ;ertical  centerline  distributions,  Set 3,  
Test 1. 
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Table 4.1-2. Aerial SF6 sample  information. 

Sample  Distance from Altitude (m) Time Sample 
Time xs02 

No. Release (h) MSL AGL (PST) ( m i n )  Ambient NTP 

1Hl 
1H2 
1H3 
lt14 
1H5 
1H6 
1H7 
11.18 
1H9 

1Hlo 
Im 1 
la2 
Ut13 
1Hl4 
lHl5 
1Hl6 
1Hl7 
1Hl8 
1 t w  

1.7 
1.7 
3.6 
1.7 
4.4 
4.4 
5.5 
5.5 
5.7 
6.4 
6.5 
7.5 
5.3 
5.3 
5.3 
4.1 
5.5 
6.4 

10.6 

1340 
1310 
1250 
1130 
1310 
1035 
1065 
1065 
1090 
1140 
1315 
1315 
1340 
1260 
1200 
1065 
1035 
1140 
1490 

415 1023 1 
385 1028 1 

0 1032 2 
205 1038 2 
320 1045 1 

25 1055 1 
65 1122 2 
40 1125.  . 2 
10  1129 1.5 
15  1135 2 
15  1140 2 
15 1142 2 

140 1145 1 
60 1148 1 

0 1154 1 
15 1157 . 1 
35 1200 1 
15 1204 1 

5 1208 3 

0 
4280 

0 
27945 

174 
0 
0 

174 
264 

0 
0 
0 
0 

0 
0 
0 
0 

566 
1966 

0 

4652 
0 

29887 
189 

0 
0 

189 
287 

0 
0 
0 
0 
0 
0 

0 
0 

615 
2137 

W 

'u 

. .  w 
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; ~ c r i a ~  sampling was 27,946 ugm SO2, approximate ly  4 km sou th   o f  - 3  

t.hc r c l c a s e   p o i n t ,   a t   a n   a l t i t u d e  o f  1310 m MSL ( 3 2 0  m AGL). 

Two c r o s s   v a l l e y   t r a n s e c t s  were made (samples 7 ,  8, 9 ,  10,  
1 7 ,  and 18) approximately  5 .9  km u p   v a l l e y   f r o m   t h e   r e l e a s e .  The 
f i r s t  showed  measurable SF6 o n l y  a t  the   wes te rnmost  s i t e s  at a l t i -  
tudes  between  1065  and 11.40 m MSL (15-65 m AGL). The s e c o n d   t r a n -  
s e c t   a l o n g   t h e  same l i n e ,  made about  30 m i n u t e s   l a t e r ,  shows a 
similar d i s t r i b u t i o n .   T h i s   o b s e r v a t i o n   a g r e e s   w i t h   d a t a   f r o m   t h e  
g r o u n d   n e t w o r k ,   i n d i c a t i n g   t h a t   g r o u n d   c o n c e n t r a t i o n s   r e a c h e d   t h e i r  
maximum well s o u t h   o f   t h e   r e l e a s e   p o i n t   a n d   t h a t   m e a s u r a b l e   g r o u n d  
c o n c e n t r a t i o n s   o c c u r r e d  i t t  t h e   h i g h e s t  s i t es  f i r s t ,  probably  on 
t h e   h i l l s   a l o n g   t h e   w e s t e r n   s i d e   o f   t h e   v a l l e y .  

The samples   t aken   in   Medic ine   Creek   and   over   the   eas te rn  
s l o p e s   o f   t h e   v a l l e y   ( s a m p l e s   1 1 - 1 6 )   y i e l d e d  no  measurable  concen- 
t r a t i o n s   o f   t h e   t r a c e r   g a s .  Data from t h e  tracer a i r c r a f t ,   i n d i -  
c a t i n g   v e r y  l o w   c o n c e n t r a t i o n s   t h i s  f a r  up   the   Medic ine  Creek, 
c o n c u r   w i t h   t h e s e   f i n d i n g s .  The fact  t h a t  no measurable   concen-  
t r a t i o n  was found   i n   s amples  1 H 1 1 ,  1 H 1 2 ,  and 1H16 i n d i c a t e s   t h a t  
the   p lume  had   no t   ye t   mixed   to   the   g round  a long   the  e a s t  s i d e  o f  
t h e   v a l l e y ,   t h o u g h   f u m i g a t i o n  was under  way on   t he  west s i d e .  

T e m p e r a t u r e   s o u n d i n g s   i n d i c a t e   t h a t   t h e  two h ighes t   measured  
c o n c e n t r a t i o n s  from a e r i a l  SF6 samples we.re f o u n d   i n  the s t a b l e  
l a y e r  a n d   t h u s   d o   n o t   i n d i c a t e   l i k e l y  maximum ground   concen t r a t ions .  

4 . 1 . 7  S u r f a c e  SF6 Measurements. A t o t a l   o f   n i n e   g r o u n d  
samplers   were   deployed   dur ing  Test 1. S i x   o f   t h e s e  we:re sequen-  
t i a l   s a m p l e r s   t a k i n g   h a l f - h o u r   s a m p l e s ,   w h i l e   t h r e e  were s i n g l e  
samplers   which  took  cont inuous  samples  of up t o  t h r e e - h o u r   d u r a -  
t ion .   Hand-sequenced   grab   samples   were   a l so   employed   for   measure-  
ments a t  the   mine  s i t e .  F igu re  4 . 1 - 2 2  shows t h e   l o c a t i o n s  o f  
t hese   s ample r s ,   wh i l e   Ta .b l e   4 .1 -3   g ives   supp lemen ta ry   i n fo rma t ion  

4 - 2 9  



Figure  4.1-22 Location of ground SF6  samplers. W' 
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Table 4.1.-3 . Surface  sampler  information. 

Distance 
Sample From Release  Altitude Time On - Time Off 
k b e r  (b) (m, MSL) (PST) win) Ambient hTP 

Time 
Sampling xs02 (llgm-3) 

1 s1 2.5 106!j 

1s2 

I S3 

1S4 

1.6 

2.1 

4.4 

1s5 4.6 

I S6 5.5 

1'1'1 6.0 

113  1.3 

11'4 3.8 

91.5 

103 5 

1190 

965 

1065 

740 

920 

950 

1013 
1043 
1113 
1143 
1213 
1243 
1030 
1100 
1130 
1200 
1230 
1050 
1120 
1150 
1220 
1250 
1100 
1130 
1200 
1230 
1300 
1125 
1155 
1225 
1255 
1135 
1205 
1235 
1305 
0825 
0900 
1045 
1145 

1250 
1225 

1215 

1043 
1113 
1143 
1213 
1243 
1300 
1100 
1130 
1200 
1230 
1300 
1120 
1150 
1220 
1250 
1310 
1130 

1230 
1300 
1315 
1155 
1225 
1255 
1320 
1205 
1235 
1305 
1320 
1125 
1145 
1115 
1225 

1325 
1350 

1315 

1200 

30 
30 
30 
30 
30 
1 7  
30 
30 
30 
30 
30 
30 
30 
30 
30 
20 

Malf. 
30 

30 
30 
15 
30 
30 
30 
30 
30 

30 
30 

Malf. 
180 

165 
30 
40 
25 
35 

60 

0 
0 

130 
1050 
1310 
480 

0 
0 
0 
0 
0 
0 

174 
742 
786 
436 
130 

436 
436 

656 
0 

350 
264 

86 

2358 
566 

2968 

" 

" 

174 

86 
0 

174 
0 

0 

174 

0 
0 

1 4 1  

1424 
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c o n c e r n i n g   a l t i t u d e ,   d i s t a n c e ,  time, and  measured  concentrat ions.  
Thc maximum measured   ground  leve l   concent ra t ion   over  a one -ha l f  
hour   ave rag ing   pe r iod  was e q u i v a l e n t   t o  2968 ~ g r n - ~  SO2 a t  s i t e  1S6. - 

L Y  

~~. 

As can   be   s een   f rom  the   da t a   i n   Tab le  4 . 1 - 3 ,  t h e r e  i s  g e n e r a l  
agreement among t h e   s a m p l e r   d a t a   t h a t   t h e  maximum ground   l eve l  
concen t r a t ions   occu r red   be tween  1 2 0 0  and  1300 PST and tha t   measu r -  
ab le   g round  leve l   concent ra t ions   appeared   be tween 1 1 0 0  and 1155 
PST. There was a d e f i n i t e   t r e n d   f o r   t h e   h i g h e r   s a m p l e r s   t o  show 
measurable   concent ra t ions  ea r l i e r  than  lower  samplers ,  as d i s p l a y e d  pi 

i n   F igu re  4 . 1 - 2 3 .  T h i s   f i g u r e   i n d i c a t e s  a downward t r a n s p o r t   r a t e  

Y 

Y 

of   about  2 0 0  m/hr. 

1 S4 
0 

900 I I 1 I I 
1100 1115 1130 1145 1200 1 15 

TIME OF FIRST MEASURABLE CUNCENTRATICN 
CPST, 

Figure 4.1-23'  Sampler a l t i tude  vs. time of first measured 
concentration  (time measured from beginning 
of  half-hour sampling period). 
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Also ev iden t   f rom  rhe   pa t t e rn   o f ' p lume   impac t  is  a t r e n d   f o r  
t h o s e   s a m p l e r s   i n  a n o r t h - s o u t h   l i n e   a p p r o x i m a t e l y  2 . 5  km west of  
t he  r e l e a s e   s i t e  (lS3, :LSl; and lS6) t o   r e c e i v e   h i g h e r   c o n c e n t r a -  
t i o n s  t h a n   o t h e r   s a m p l e . r s ,   a n d   f o r   s a m p l e r s   f u r t h e r   s o u t h   t o  
r e c e i v e  more t h a n   t h o s e  t o  the   no r th .   Sample r  1 S 2  r e c e i v e d  no 
measurable  SF6. Due t o   t h e   s i t e ' s   p r o x i m i t y   t o   t h e   r e l e a s e   p o i n t ,  
t h c  plume  passed  over t he  s a m p l e r   p r i o r  t o  f u m i g a t i o n .  

A compar i son   o f   t he   dep ic t ed   p lume   pos i t i on   fo r  1 1 5 5  PST ( s e e  
F igure  4 . 1 - 1 4 )  and t h e   p a t t e r n   o f  tracer i m p a c t   s u g g e s t s   t h a t  a 
n o r t h e a s t e r l y   f l o w . ( u p - v a l l e y )  was well developed a t  t h i s   t i m e   n e a r  
t he   g round ,   a l t hough   such  f low was n o t   y e t   e v i d e n t  a t  t h e   m i n e   s i t e .  
As t h e  plume  fumigated  over   the center o f  t h e   v a l l e y ,   t h e   p o r t i o n s  
caught   in   the   mix ing   layer   were   ev ident ly   swept   wes tward   and   south-  
ward a n d   f i n a l l y   r e a c h e d   t h e   g r o u n d  on t h e   w e s t e r n   s l o p e s  o f  t h e  
v a l l e y .  

S i t e  IT1 measured 1 7 4  l ~ g m - ~   o v e r  a t h ree -hour   pe r iod   f rom 
0 8 2 5 - 1 1 2 5  PST. T h i s   i s .   e v i d e n t l y   a n   i n d i c a t i o n   t h a t  a p o r t i o n   o f  
the  p l u m e ,   w h i c h   i n i t i a l l y   t r a v e l e d   d o w n - v a l l e y ,   f u m i g a t e d   a n d  
moved b a c k   u p - v a l l e y   i n   t h e   m i x i n g   l a y e r .  The three-hour   sample  
a t   t h e  mine s i t e  (1T3)  showed  no  measurable  concentration,  though 
hand-sequenced   grab   samples   ind ica ted  low concen ' t r a t ions   were   p re  
s e n t   i n   t h e   a r e a   b e t w e e n  1 0 4 5  and 1 1 1 5  PST and  again  between 1 2 2 5  
and 1 2 5 0  PST. S i r e  1T4, 4 . 4  Am south  of t h e  r e l e a s e ,  measured 
1 7 4  ~ g m - ~  between 1 2 1 5  and 1 3 1 5  PST, s u p p o r t i n g   t h e   s u g g e s t i o n  
t h a t   i m p a c t  on t h e  east  s i d e  o f  t h e   v a l l e y  was l i g h t .  

4.1.8 Turbulence  Measurements. The t u r b u l e n c e   d a t a   g a t h e r e d  
d u r i n g   e a c h   s e t   o f   o i l - f o g   p a t t e r n ?   w e r e   t r e a t e d  as o u t l i n e d   i n  
S e c t i o n  3.4.1 a n d   a r e   p r e s e n t e d  i n  F igu re  4 . 1 - 2 4 .  I t  can   be   seen  
t h a t   t h e   v a l u e s   o f   w e r e   u n e x p e c t e d l y   h i g h   d u r i n g   s e t  1, perhaps  
r e ' f l e c t i n g   s h e a r   - g e n e m t e d   t u r b u l e n c e   a s s o c i a t e d  w i t h .  t h e  down 
v a l l e y   f l o w .  The valu'2s  from sets  2 and 3 w e r e   t y p i c , a l   o f   s t a b l e  

4 - 3 3  
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Figure 4.1-24 Turbulence measurements vs. altitude,  Test 1. 
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c o t l d i t i o n s .   [ n t e r m i t t c n t   v a l u e s   w e r e   v e r y  h i g h  d u r i n g   s e t  1 and 
a p p e a r   t o   r e f l e c t   d i s c r e t e   t u r b u l e n c e   r e g i m e s   a b o v e  and. below  about 
1 3 5 0  m MSL. Va lues   f rom  se t s  2 and 3 w e r e   t y p i c a l  f o r  t h e  low 
v a l u e s  o f  7 measured. 

1.1.9 Summary of Test - 1. The t r a n s p o r t   p a t t e r n  o f  t h i s  
s t a b l e  plume was complex. The plume was r e l e a s e d   d u r i n g   t h e   t r a n -  
s i t i o n  from  down-val ley t o  u p - v a l l e y  f l o w  c h a r a c t e r i z e d  by moder- 
; i t c l y   s t a b l e   c o n d i t i o n s   w i t h   l i g h t   a n d   v a r i a b l e   w i n d s   a n d   e x p e r -  
ienced i n i t i a l l y  a l a r g e   d e g r e e  o f  h o r i z o n t a l   s p r e a d i n g  w i t h  l i t t l e  
v e r t i c a l  mix ing .  During t h e  f irst  p o r t i o n  o f  t h e   r e l e a s e   t h e  smoke 
moved westward  while   expanding i n  a n o r t h - s o u t h   o r i e n t a t i o n .  The 
no r the rnmos t   ex t ens ion  of t he   p lume   con t inued   t o  move down t h e  
I.ower Ha t   Creek   Va l l ey   and   d i s s ipa t ed .  The p o r t i o n   o f   t h e  plume 
sou th   o f  t h e  v a l l e y   j u n c t i o n   s p r e a d   s o u t h w a r d   i n  a l i n e   e x t e n d i n g  
a c r o s s   t h e   v a l l e y ,   w i t h   t h e   e a s t e r n   p o r t i o n  o f  t h e  plume v i s i b l y  
J e n s e r   t h a n   t h e ' p o r t i o n  'to t h e   w e s t .  The  plume appea red  t o  remain 
l e v e l   a s  i t  approached  r i s i n g  t e r r a i n .  

These   obse rva t ions ,   combined   w i th   da t a   f rom  ae r i a l   and   g round  
l e v e l   s a m p l i n g ,   i n d i c a t e  a sequence   of   events  as f o l l o w s .  The 
plume was r e l e a s e d   d u r i n p   t h e   t r a n s i t i o n   p e r i o d   f r o m   d o w n - v a l l e y  
. t o   u p - v a l l e y  flow. A sm.al1 p o r t i o n   o f   t h e   p l u m e  was t r a n s p o r t e d  
down Lower Hat  Creek. T h i s  p o r t i o n  o f  the   p lume  ev ident ly   fumi-  
g n t c d  and moved back   up - .va l l ey ,   accoun t ing   fo r   t he   p re sence   o f  
SF6 i n  ground  leve l   samples   t aken  i n  t h e   l o w e r   v a l l e y .  The bulk  
o f  t h e  plume spread   wes tward   and   gradual ly   sank  i n  r e s p o n s e   t o  
c a r l y  h e a t i n g  on t h e  e a s t   f a c i n g   r i d g e s  on t h e   w e s t   s i d e   o f ' t h e  
v a l l e y .  As heat ing   cont inued   genera l   up-va l ley   f low  began   and  
the  plume moved southward.  

'There i s  good e v i d e n c e   t h a t   f h e   w e s t e r n m o s t   e x t e n s i o n  o f  t h e  
plume  began t o   f u m i g a t e  a t  a b o u t   t h i s   t i m e .   A e r i a l   m e a s u r e m e n t s  
o f  o i l  f o g   i n d i c a t e d   t h a t   m e a s u r a b l e   c o n c e n t r a t i o n s   w e r e   f o u n d  
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further  west with decreasing  height  during cross-valiey transects, 
though  the  maximum concentrations were  found in the elevated  layer 
ovcr the'ccnter  of the valley which  apparently  was  still  stable. 
Visual  observations  also  indicate  that the eastern  portion  of  the 
plume was  denser  than  that  to the west, suggest.ing greater vertical 
mixing to the  west. SF6 measurements made near  the  ground  along 
the  eastern  slopes  showed no measurable concentrations, though  oil 
fog tracking  showed  rather  high concentrations aloft.  The surface 
network indicated  higher concentrations as one proceeded  south  and 
west, though  the plume was  visibly fainter here. 

It appears  that  the flow in  the  lower portion of the  mixing 
layer  was  from  the northeast during fumigation, as  the data fron: 
weather station 5 indicate (see Volume 11, Section 3). Assuming 
this flow was  general across most of the valley, it may  be  supposed 
that as the dense,  elevate.d'portion of the plume over the  east side 
of the valley was dispersed  into  the  mixing layer, the  tracer 
materials  were  carried  southward and westward  causing  the  maximum 
ground-level concentrations to be  found  some distance 'from the 

. apparent  plume  centerline. 

Y 

Though  this  plume was initially quite stable in appearance, 
the aerial oil-fog  data indicate normalized centerline concentra- 
tions  associated with Class C stability. The  large degree of flow . ' 

meander during the  test  was. apparently responsible for  the  observed 
increase in  dilution. Measurements of turbulence dissipation  rates 
showed some very  high  values in the  plume layer over the  valley hd 

initially  and  lower values, indicative of stable conditions, in 
later  measurements. 

pr 

. '& 

k# 

In summary, this  test  demonstrated  that  under  the  conditions 
experienced, the  plume  from a 183 m stack  at  the  valley site will 
be entrained in  the  valley circulation, gradually  sink;  and eventu- 
ally  fumigate up-valley f r o m  the  plant  site. The average concen- iri 

tration  measured  between 1205 and 1305 PST at site 156 indicates 
that  one  hour  ground  level concentrations may  be  expected to  reach 
at least 2 6 6 3  ~ g m - ~ .  

w 

b 
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4 . 2  T e s t  Number  Two, February 2 0 ,  1976 

'I'his t e s t  was conduc ted   f rom  the   l ower   p l an t   s i t e .  The met- SJ 
c o r o l o g i c a l   c o n d i t i o n s  of m o d e r a t e   s o u t h e r l y   w i n d s   a n d   s l i g h t l y  
s t a b l e   l a p s e   r a t e s   w e r e   c o n d u c i v e   t o   s t u d y i n g   p o s s i b l e  .plume i m -  

Y p a c t  on nea rby   e l eva ted  te r ra in .  A s t a c k   h e i g h t   o f  183 m was 

assumed. 

3 
4 . 2 . 1  Synop t i c   Se t t : i ng   fo r  Test 2 .  The s u r f a c e  and  700-mb 

c h a r t s   f o r  0 4 0 0  PST, February 2 0 ,  a r e  shown i n   F i g u r e  4 . 2 - 1 .  
Ridging a t   t h e   s u r f a c e   a n d   a l o f t   c a n   b e   s e e n   o v e r   t h e   a r e a   a s  a 
t rough  approached  f rom  the  west .  Winds a l o f t  were   s t ronger   than  

m 

Y the   p rev ious   day   and   were   p redominant ly  from t h e   w e s t   t o   n o r t h w e s t .  

rri l e v e l   c l o u d s .  

S k i e s   w e r e   p a r t l y   c l o u d y  a t  t h e   t e s t   s i t e   w i t h  some  low  and  middle 

lill 
4 . 2 . 2  Meteoro log ica l   Pa rame te r s   fo r   Tes t  2 .  Meteoro log ica l  

p a r a m e t e r s   m e a s u r e d   i n   t h e   t e s t   a r e a   d u r i n g   t h e   s e c o n d  t e s t  con- 
s i s t e d   o f   t e m p e r a t u r e  anti winds a t  t h e   s u r f a c e   a n d   a l o f t .  Temper- 

pr) ' a t u r e   a l o f t  was measured   us ing   min isondes   and   the  NAIVC a i r b o r n e  

rr e o u s l y   t r a c k i n g   p i l o t   b a l l o o n s   w i t h  two t h e o d o l i t e s .   S u r f a c e   w i n d s  
d a t a - a c q u i s i t i o n   s y s t e m .  Winds a l o f t  were  measured  by  simultan- 

were  measured  by  the B. 1:. Hydro  wind  monitoring  network. 

ii 
: The t empera ture   sou:ndings   t aken   dur ing  Test 2 g e n e r a l l y  show- 

ed a n   i n v e r s i o n   l a y e r   b e l o w   a b o u t  1300 m MSL w i t h   a n   a d i a b a t i c  
l aye r   above .  The i n v e r s i o n   l a y e r  was weakened  with time by surface 
h e a t i n g ,   b u t  a small i n v e r s i o n   l a y e r   r e m a i n e d   u n t i l  a f te r  1000  PST. 

m 

U The t r a c e r  plume was d i s s e m i n a t e d   i n t o   t h e   a d i a b a t i c   l a y e r   a b o u t  
, .  

200  m a b o v e   t h e   t o p   o f   t h e   i n v e r s i o n .  The t e m p e r a t u r e   p r o f i l e s  
measured  during Test 2 a r e   p r e s e n t e d   i n   F i g u r e s  4 . 2 - 2 ,   4 . 2 - 3 ,  and 

u 
4 . 2 - 4 .  

Y Sur face  wind d a t a   f o r   T e s t  2 a r e   g i v e n   i n  Volume 1'1 F i e l d  

ils- 
Data. I t  c a n   b e   s e e n   t h a t   t h e   s u r f a c e   w i n d s   d u r i n g  the! t e s t  were 
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Figure 4.2-1 Surface and 700 mb maps for Test 2 ,  February 20, 1976. 
1 7 0  
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light  and  the  flow  was  generally down-valley. The  transition  to 
up-canyon flow took  place  between  1000  and 1 4 0 0  at the  four low- 
lying  sites,  well  after  the  tracer  plume  was  dispensed.  The 
wind  data  suggest  that  the  diurnal  flow  pattern  in  the  valley 
was  modified  to a certain  extent by  the southerly  flow  aloft. 

Measurements of winds  aloft  during  the  test  showed  south  to 
south-southwest winds  with  speeds  generally  greater  than 5 m/s. 
During  much of the dissemination,.the winds at plume  altitude  were 
from  the  south at 5 to 6 m/s. Toward  the  end  of  dissemination  the 
winds  shifted to the south-southwest and  increased  to  over 6 m/s. 
.After  dissemination t,he  w.inds  were .5rom t-he,-sor;th-southwest at 
speeds to  greater  than 7 m/s. Other  features in  the  winds  aloft 
patterns  included  strong  speed  shear  zones at about 1300 to 1 4 0 0  m 
MSL and  near 2 0 0 0  m MSL. The  light  winds  near  the  surface  were 
variable in direction, while  the  strong  winds  above  were  westerly. 
The  winds  aloft  measurements  are  presented in Figures 4 . 2 - 5  and 
4.2-6.  

4.2.3 Tracer  Dissemination.  Tracer  dissemination  parameters 
for  Test 2 are  shown  in  Table 4 . 2 - 1  below. 

Table 4.2-1 hration and source  strength  of  tracer 
release  number 2. 

Location:  Valley  Site 
Altitude: 1525 m MSL 
Simulated  Stack  Height: 183 m 
Stability  Classification: D 

Time On Time  Off  Source  Strength 
Tracer 1 PST) ( /SI 

sF6 
Oil  Fog (1) 07:48:30  08:20:40 109,800 56.7 
Oil  Fog (2) 08:33:00 08:48:30 N/A N/A 

07:48:30 08:48:30 16,798 4.67 

m 

. Y  

r 

I 

.Y 
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Figure 4.2-5 A t ime  versus  alt i tude  display of wind d i rec t ion  
aloft   masured  during  Test  2 .  Barbs indicate  wind 
d i rec t ion  only. 
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Figure  4.2-6 A time versus altitude dis lay of wind speeds aloft 
measured during Test 2. speeds  are  given  in m/s . 
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4 . 2 . 4  Visual   and   Photographic   Observa t ion  o f  t h e   O i l - F o g  
- T r a c e r   f o r  Test 2 .  The t r a n s p o r t  o f  t h e   T e s t  2 o i l - f o g  plume was 
generally down t h e   s o u t h   s i d e   o f   t h e  Lower Hat Creek  Val ley,   and 
i t  rcm:lincd q u i t e  c o n s t m t   t h r o u g h o u t   t h e   t e s t .  The plumc  hounda- 
r ics  a t   v a r i o u s   t i m e s   d u r i n g   t h e  t es t s  a r e  shown i n   F i g u r e  4 . 2 - 7 .  
The t r a n s p o r t   n e a r   t h e   s o u r c e  was t o w a r d   t h e   e a s t - n o r t h e a s t .  As 
t h e  plume e n t e r e d   t h e   n a r r o w e r  Lower Hat C r e e k   V a l l e y ,   t h e   t r a -  
j c c t o r y   v e e r e d   t o   t h e   n o r t h e a s t   a n d   f o l l o w e d   t h e   s o u t h   s i d e   o f   t h e  
v a l l e y   ( s e e   F i g u r e  4 . 2 - 1 1 ) .  The plume was c o n f i n e d   g e n e r a l l y  t o  t he  
s o u t h   h a l f   o f   t h e   v a l l e y   a n d  was f a i n t l y   v i s i b l e  as f a r  as 11 km 
down t h e   v a l l e y .  

The d i s p e r s i o n  of  , t h e   p l u m e   c o u l d   b e s t   b e   d e s c r i b e d   a s   s l i g h t -  
l y  s t a b l e .  The plume d i s p e r s e d   t o   n e a r   t h e   t e r r a i n  on t h e   s o u t h  
F i d e ,   b u t   o v e r   t h e   c e n t l x   o f   t h e   v a l l e y  a d e f i n i t e   l o w e r  limit t o  
t h e   v i s i b l e  plume p e r s i s t e d   ( s e e   F i g u r e  4 . 2 - 9 ) .  There was a l s o  a 
d i s c o n t i n u i t y   o f   d i s p e r s i o n   a b o u t  2 . 5  km downwind from t h e   s o u r c e  
whcre  the  Hat   Creek  Val ley  narrows  (see  Figure 4 . 2 - 1 0 .  Upwind 
from t h a t   p o i n t   t h e   r a t e   o f   d i s p e r s i o n   a p p e a r e d  t o  be less than  i t  
was downwind ' f rom  tha t   po in t .  

4 . 2 . 5  Aer ia l   O i l -Fog   Measuremen t s .   Aer i a l   o i l - fog   measu re -  - 
m c n t s   f o r  Test 2 c o n s i s t e d   p r i m a r i l y   o f   m e a s u r e m e n t s  made du r ing  
a comprehensive se t  o f   c ros swind   pas ses  made approximate ly   3 .3  km 
downwind of t h e   r e l e a s e   o v e r  Lower Hat Creek  Val ley,  ;is shown i n  
Figure 4.2-11. A s e c o n d   s e t  of  measurements is a v a i l a b l e  from a 
sounding   takcn   over   lower   Gal lagher   Creek .  The maximum measured 
o i l - f o g   c o n c e n t r a t i o n   d u r i n g  Test 2 was e q u i v a l e n t   t o  3380 pgm . - 3  

T h i s  measurement was made d u r i n g   t h e   c r o s s w i n d   p a t t e r n   a t  an a l t i  
t ude  o f  1 5 5 5  m MSL. 

The crosswind   passes   were  made between  0755  and 0830 PST. 
Thir teen i n d i v i d u a l   p a s s e s  were made a t  a l t i t u d e s   b e t w e e n  1370 and 
1830 m MSL. F i g u r e  4 . 2 , - 1 2  d i s p l a y s   t h e  maximum c o n c e n t r a t i o n s  vs. 
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Fig. 4.2-8 A photograph of the  Test 2 oil-fog plume 
taken at 0838 PST. The view is toward the east-northeast. 

Fig. 4..2-9 A photograph of the  Test 2 oil-fog plume 

across the Lower Hat Creek valley. 
taken a t  0833 PST.  The view is toward the southeast 

d 
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Y 

m Fig. 4.2-10 A photograph of the Test 2 oil-fog  plume  taken 
at 0816 ET. The vic?w is toward  the  east-southeast. 
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Fig. 4.2-10 A photograph of the  Test 2 oil-fog plane  taken 
at 0816 E T .  The vil?w i s  toward the  east-southeast .  
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Figure 4.2-12 Horizontal and vertical plume centerline  distributions, 
Test 2 .  
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a l t i t u d e   a n d   a l s o   t h e   d i s t a n c e   v s .   c o n c e n t r a t i o n   p l o t   : € o r   t h e  pass 
a t  1 5 5 5  m MSL. The v a l u e s  of G and G~ f o r   t h i s   l o c a t i o n   h a v e  
been  computed  and  are shown a l o n g   w i t h   t h e   s t a n d a r d   c u r v e s   i n  

Y 

Figure  4.2-13. I t  can  be seen tha t   bo th   measu remen t s   : €a l l   nea r  
t h e   n o m i n a l   v a l u e s   f o r  D - E  s t a b i l i t y .  The va lue   o f  x' has  been 
p l o t t e d   i n   F i g u r e  4 . 2 - 1 4  a n d   i n d i c a t e s  a ra te  o f   d i l u t i o n   a p p r o x i -  
mate ly  twice t h a t  shown f o r  D s t a b i l i t y   o v e r   f l a t   t e r r a i n .  

?- 

The o i l - f o g   d a t a  show t h a t   t h e  plume c e n t e r l i n e  was n e a r   t h e  
c e n t e r   o f   t h e   v a l l e y   a b o v e   1 5 2 5  m MSL bu t   sh i f t ed   sou thward   be low.  
Concur ren t ly ,   t he   sou the rn   boundary   o f   t he   p lume   sh i f t ed   sou thward  
w i t h  d e c r e a s i n g   a l t i t u d e .   T h e s e   o b s e r v a t i o n s   s u g g e s t   t h a t   u n d e r  
t h c  p r e v a i l i n g   s o u t h - s o u t h w e s t   f l o w   a l o f t   ( s e e   F i g u r e . 4 . 2 - 5 )   t h e  
e f f e c t   o f   t e r r a i n   c h a n n e l i n g  was t o   t r a n s p o r t   t h e   l o w e r   p o r t i o n s  
o f   t h e  plume i n  a n o r t h e a s t e r l y   d i r e c t i o n   ( t h a t  i s ,  fo: l lowing  the 
l a y   o f  Lower Hat   Creek) ,whiLe   the   e leva ted   por t ion  moved more i n  
t h e   d i r e c t i o n   o f   t h e   g r a d i e n t   f l o w .  The p o i n t   a t   w h i c h   t h e r e  
a p p e a r e d   t o   b e   a n   a b r u p t   c h a n g e   i n   t h e  r a t e  o f   d i f f u s i o n   ( s e e  
F igure   4 .2-7)  may r e f l e c t   t h e   i n c r e a s e d   s h e a r   b e t w e e n   t h e   s u r f a c e  
f l o w   a n d   t h e   f l o w   a l o f t   w h e r e   t h e   o r i e n t a t i o n   o f  Hat Creek changes.  

A secondary  set o f   o i l - fog   measu remen t s  were ga the red   du r ing  
a v e r t i c a l   t e m p e r a t u r e   s o u n d i n g   t a k e n   o v e r  Lower Gal lapher   Creek 
bctween 0836 and 0842 PST. These  measurements  showed a peak con- 
c e n t r a t i o n   o f  845 pgm-' between  1330  and  1370 m MSL. Though t h r e s  
h o l d  c o n c e n t r a t i o n s   o f  282 ~ g m ' ~  were found  as   h igh   as   1620 m MSL 
and a s  low as 4 0  m AGL (810  m MSL), t h e  bu lk  o f  t h e  plume was 
found  between 1 1 7 0  and  1430 m MSL. T h i s   r e p r e s e n t s   a b o u t  1 7 5  
me te r s  o f  s i n k i n g  o f  t h e  plume l a y e r   s i n c e   t h e   r e l e a s e . .   A p p a r e n t -  
l y ,   t h i s  i s  r e l a t e d   t o   t h e   t e r r a i n   o f  Hat Creek  which f a l l s  145 m 
b e t w e e n   t h e   r e l e a s e   p o i n t   a n d   t h e   l o c a t i o n  o f  t h i s  measurement. 

. -  
The v a l u e s   o f  bZ and xu f o r  t h i s   s e t   o f   m e a s u r e m e n t s  a r e  ?- 

p lo t t ed   i n   F igu res   4 .2 -13   and  4 . 2 - 1 4 .  I t  can   be   s een   t ha t   t hese  

W 
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Figure 4.2-13 Measured values of u and uz.for Test 2 .  
Y 
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V ; I I U C S  t e n d e d   t o   a g r e e  rather well w i t h   t h e   p r e d i c t e d   c u r v e s   f o r  D 
s t ; . ~ I , i l i t y .  A va lue  has a l s o  b e e n   p l o t t e d   f o r  a p e a k   a e r i a l  SF6 
~ ~ c a s u r c r n c n t   t a k e n   a t  Ca1.lagher  Creek. T h i s  h a s  been  included a s  
i t  was sutaewhat h ighe r   t han   t he   measu red   peak   o i l - fog   concen t rn -  
t i o n  during the   Gal lagher   Creek   sounding .  

4 . 2 . 6  A e r i a l  SF6 Measurements. A t o t a l   o f  1 7  a e r i a l   s a m p l e s  
w 3 5  t a k e n   d u r i n g  Test 2 .  Most o f   t hese   y i e lded   measu rab le   con -  
c . e n t r a t i o n s ,   t h o u g h   t h e   m a j o r i t y  were q u i t e  low. The maximum 
measured   concen t r a t ion  was e q u i v a l e n t  t o  2 4 7 2  ~ g m ' ~  SOz. This   con-  
c e n t r a t i o n  was measured  near  Lower Gal lagher   Creek ,  8 . 6  km downwind, 
a t  an a l t i t u d e   o f   1 3 1 0  m MSL. The l o c a t i o n s   o f   a e r i a l .   s a m p l e s   a r e  
shown i n . F i g u r e  4 . 2 - 1 5 .  Supplementary   in format ion  i s  s u p p l i e d   i n  
Tahle  4 . 2 - 2 .  

, \erial sampl ing   du r ing   Tes t  2 began  with two background  sam- 
ples  p r i o r   t o   t h e   r e l e a s e .  One showed a ve ry   l ow  concen t r a t ion   o f  
SF6 which  p e r h a p s   r e p r e s e n t s   r e s i d u a l   m a t e r i a l   f r o m  Test 1, t h e  
previous  day.  Between 0 8 0 8  and 0827 PST, eight   samples   (numbers  
3 - 1 0 )  were  taken i n  a c r o s s - v a l l e y . p a t t e r n   a c r o s s  Lower Hat  Creek 
a t  a l t i t u d e s  of  1 4 9 5 ,   1 3 7 0 ,  and 1190 m MSL. The maximum measured 
c o n c e n t r a t i o n   d u r i n g   t h e s e   c r o s s w i n d   p a s s e s  was e q u i v a l e n t   t o  592 
~1g111-~ SO2 a t  an a l t i t u d e   o f   1 3 7 0  m MSL. The r e s u l t s   o f   t h e s e  
wsses  a r e  shown i n   F i g u r e  4 . 2 - 1 6 .  F o l l o w i n g   t h i s ,  a sample was 
? . ) k e n  over   Gal lagher   Creek  a t  1190 m (sample  number 11) which 
y i c l . d e d  1 0 0  ) . ~ g m - ~ .  Sample 1 2 ,  t a k e n  4 . 0  km downwind (of t h e  re-  

I w s c  a t  an a l t i t u d e  of 1190 m MSL, 3 3 5  m b e l o w   r e l e a s e   a l t i t u d e ,  
h . 1 . 1  3n  cquiva len t   conce!n t ra t ion  of  1 4 3 2  pgm . Sample 13,  a l s o  
i a h c n  a t  1 1 9 0  m MSL a l o n g   t h e   s o u t h e r n   h i l l s  o f  Lower Hat  Creek, 
1!:1c1 a n   e q u i v a l e n t   c o n c e n t r , ! t i o n  of 3 9 4  pgm-3, i n  good agreement 
\ + I .  c.cvious  measurements  taken  nearby.  Samples 1 4  through 1 7  
i,' r :  ; I  1 : t a k e n   i n   t h e   v i c i n i t y   o f  ( l l aghe r   Creek .   Here   t he  
:, r i m 1 t l l t  SI:,,, z o n c u n t r a t i o n   f o r   t h e  t es t  was  found a t  1310 m MSL 

:I 1.f . , . . ! I  G!l 1at:her  Cyeek.  This  concentration was e q u i v a l e n t  

- 3  
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Figure 4 . 2 - 1 5  Locations of  aer ia l  SF6 samples, Test 1. 
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Table 4.2-2 Aerial SF6 sample infomation. 

.Altitude (m) Sample xs02 
Sample Distance from Time 
hbmber 

Tine 
Release (km) MSL AGL (PST) ( m i n )  Ambient NTP 

2H1  2.4 

2112  1.6 

2H3  6.3 

2H4  5.6 

21 15 5.6 

W 6  5.6 

2H7  5.6 

2H8  5.9 

2119 5.6 

21.11 0 5.4 

21311 9.1 

2Hl2 4.0 

2t113 6.4 

21 114  8.6 

21115  9.1 

2Hl6  9.1 

21 I1 7 8.5 

1190 

1190 

1495 

1495 

1495 

1370 

1370 

1370 

1190 

1190 

1190 

1190 

1190 

1310 

1310 

1370 

1370 

290 

290 

395 

695 

395 

270 

570 

220 

390 

290 

190 

140 

290 

525 

310 

270 

220 

0800 

0801 

0808 

0810 

0812 

0815 

0817 

0820 

0823 

0826 

0834 

0845 

0847 

0852 

0855 

0854 

0904 

0.25 

0.25 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0.25 

100 

0 

100 

346 

100 

592 

444 

100 

296 

296 

100 

1432 

394 

2472 

492 

100 

100 

111 

0 

111 

382 

111 

654 

491 

111 

327 

3 27 

111 

1582 

435 

2732 

544 

111 

111 
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Figure 4.2-16 SF6 cross-valley  concentrations from aerial samples 
'2H3-2H10. 
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t o  2472 ~ g m - ~  SOz. Sanp les  15, 16, and 17 w e r e   t a k e n   i n  Upper 
Ga l l aghe r   Creek   a t   a1 t i t ude . s   o f   1310 ,  1370, and 1370 :m AGL,  r e -  
s p e c t i v e l y .   T h e s e  showed a much h i g h e r   c o n c e n t r a t i o n   a t   1 3 1 0  m 
MSL (492 ~ g m - ~ )  than  at:   1370 m (100  ~ g m - ~ ) .  

T h e s e   d a t a   s u p p o r t :   t h e   a e r i a l   o b s e r v e r ' s  comment t h a t   t h e  
plume t r a v e l e d   a l o n g   t h e   s o u t h   s i d e   o f  Lower Hat  Creek  Valley.  

4.2.7 S u r f a c e  SFg Measurements. A t o t a l   o f   e i g h t   g r o u n d  SF6 
samplers  was d e p l o y e d   f o r   T e s t  2 .  T h e i r   l o c a t i o n s   a r e   i n d i c a t e d  
on  Figure 4.2-17. Tab1.e 4.2-3 g ives   da t a   conce rn ing   s ample   t ime ,  
s a m p l e r   a l t i t u d e s ,   a n d   c o n c e n t r a t i o n s   i n . p g m  SOz. The maximum 
measured   g round   concen t r a t ion   fo r   Tes t  2 was e q u i v a l e n t   t o  246 

- 3  

Flgm -3 SOz measured  over a ha l f   hour .   Th i s  was measured a t  s i t e  
254, l o c a t e d  4.8 km dormwind  from t h e   r e l e a s e ,  a t  a n   a l t i t u d e  of  
1 2 8 0  m MSL, 245 m b e l o w   t h e   r e l e a s e   a l t i t u d e .  Most samplers  
showed n e a r - t h r e s h o l d   v a l u e s   o f  50-100 ~ g m - ~  a t  some time d u r i n g  
t h e  t e s t .  Samplers ZTij and 2T6, l o c a t e d   i n   t h e  Lower Hat Creek 
V a l l e y ,  3.4 and 2.0 km downwind, r e s p e c t i v e l y ,   m e a s u r e d  1 0 0  Vgm 
d u r i n g   t h e   p e r i o d  0850-'1050 PST a t  2T6 and 0845-0945 PST a t  2T5. 
S i . t e  2T1 ,  5 . 8  km from  . the  release  showed a measu red   concen t r a t ion  
of  50 ~ g m - ~  d u r i n g   t h e   t h r e e - h o u r   p e r i o d   f r o m  0850-11.50 PST. 

-3  

These   da t a   sugges ' t   t ha t   t he   p lume   cen te r l ine   r ema ined  well 
a l o f t  as it  passed  down Hat Creek t o w a r d s   t h e   n o r t h e a s t   a n d   t h a t  
e x t e n s i v e   l a t e r a l   a n d  -vertical  mixing   l imi ted   g round  leve l   con-  
c e n t r a t i o n s  t o  t h e  low l e v e l s   o b s e r v e d .  

4.2.8 Turbulence  Measurements. The turbulence  measurements  
from t h e   o i l - f o g   c r o s s w i n d s   a r e  shown i n   F i g u r e  4.2-1.8.  The v a l u e s  
o f  F were   very   h igh   and   genera l ly   ranged   f rom 75-150. The v a l u e s  
o f  I were s l i g h t l y   h i g h e r   t h a n   m i g b t   b e   e x p e c t e d   w i t h   t h e   e x t e n -  
s ive   mechan ica l   t u rbu lence   gene ra t ed   ove r   t he   rough   1 : e r r a in  by t h e  
s t r o n g   w i n d s ,   p e r h a p s   r e f l e c t i n g   i n t e r m i t t e n t   d i s t u r b a n c e s   g e n -  
e r a t e d  by s h e a r .  
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Figure  4.2-17  Locations of sur face  SF6 samplers, Test 2 .  
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Table 4.2-3 Surface SF6 sampler information. 

I)i.stanc.c 
Saulplc From Rcleasc Altitude Time On - Time  Off 
hbmber 

Time 
sampling - X S O ~  ~ ~ q g ~ l - 3 ~  

- (m, "SL) (PST) (min)  Ambient 
:SI 10.8  1270 0814  0844 30 0 0 

0844 
0914 

0914 
0944 

30 146 
30 

1 6 i  
50  55 

0944 1014 100 111 
1014 

30 
1044  30 

1044 
0 

1105 
0 

h l a l f .  - - 
2s2 

2S3 

2.s 

2T1 

ZT5 

2TO 

10.0 

9.8 

4.8 

5.8 

3.4 

2 

1115 
0852 
0822 

0922 
0952 
1022 
1052 

1370 

1280 

'175 

800 

,825 

0832 
0902 
0932 
1002 
1032 
1102 

. ~ . ~  

0847 
0917 
0947 
1017 
1047 

08 50 

0845 
0945 

0850 
0950 
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0852 
0922 
0952 
1022 
1052 
1112 

0902 
0932 

1032 
1022 

1102 
1125 

0917 
0947 
1017 
1047 
1117 

1150 

0945 
1045 

0950 
1050 

30 
30 
30 

30 
30 

20 

Malf. 
30 
30 
30 

Malf. 
23 

30 

Malf. 
30 

Malf. 
30 

180 

60 
60 

60 
60 

0 0 
0 

100 
0 

111 
0 0 

50 
0 

5s 
0 

30 33 
0 0 
0 0 - - 
0 0 

246 
196 

272 
217 - - 

- .  - 
100 111 

50 55 

100 111 
30 33 

100 111 
100 111 
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Figure 4.2-18  Turbulence measurements vs. a l t i t u d e ,  Test 2 .  
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Y 1 . 2 . 5 )  Sunmary o f  T e s t  - 2 .  The s e c o n d   t r a c e r   r e l e a s e  was made 
from t h e   v a l l e y   s i t e   i n t o   n e a r - n e u t r a l   c o n d i t i o n s   w i t h  a s t a b l e  
l a y e r  h e l o u .  Winds a t  plume a l t i t u d e   w e r e  from t h e   s o u t h - s o u t h w e s t  
:It bctwecn 5 : ~ n d  7 m/sa The plume moved ove r   t he   no r thwes te rnmos t  
c.ctcnsion o f  the  Trachyte:  !{ i l ls ,  t u r n i n g   g r a d u a l l y   t o   t h e   e a s t   i n  
conformance w i t h  t h e   t e r r a i n  o f  Lower Hat  Creek  Valley. .  

3 

ii 

V i s u a l   o b s e r v a t i o n s   a n d   a e r i a l   o i l - f o g  and SF6 t r a c k i n g   i n d i -  
c a t e   t h a t  most o f   t h e  plrtme remained  over  t.he s o u t h e r n   h a l f  o f  t h e  
lower v a l l e y   . a s  it moved downwind .   These   da t a   a l so   sugges t   t ha t  
b h i l c   t h e  plume  remained a l o f t   o v e r  t h e  v a l l e y ,  some s u r f a c e   i m p a c t  
\<as t a k i n g  p l a c e  on t h e   ! ; l o p e s .   I t   s e e m s   l i k e l y   t h a t  a s t a b l e  
layer   be lou   the   p lume ove r  t h e   c e n t e r  o f  t h e   v a l l e y   p r e v e n t e d  down- 
ward t r a n s p o r t   t h e r e ,  whftle  more n e u t r a l   c o n d i t i o n s   a n d   e n h a n c e d  
tu rbu lence   ove r   t he   sou the rn   s lopes   a l lowed   g round   l eve l   impac t  
the re.  

t : o rma l i zed   cen te r l ine   concen t r a t ions   computed  from a e r i a l   o i l -  
rog :lnd a e r i a l  SF6 d a t a   i n d i c a t e   v a l u e s   a s s o c i a t e d  w i t h  n e u t r a l   t o  
s l i g h t l y   s t a b l e   c o n d i t i o : n s .   T u r b u l e n c e   d i s s i p a t i o n   r a t e s ,   a s  
measu red   du r ing   t he   o i l - fog   c ros swinds ,   were   ve ry   h igh   and   r ep re -  
s e n t  values t y p i c a l  of C s t a b i l i t y .  The tu rbu lence   r eg ime  was 
. :v idcnt ly   g rea t ly   enhanced  by s t r o n g   s h e a r   a n d   e x t e n s i v e   m e c h a n i c a l  
tu r I?u lence .  

(;round l e v e l  impact was l i g h t ,  w i t h  t h e  maximum m e a s u r e d   h a l f -  
lour  t n d  o n e - h o u r   c o n c e n t r a t i o n s   b e i n g   e q u i v a l e n t   t o  246 and 2 2 1  

' I $ . w  , 1'1 s p e c t i v e l y .   O n e - h o u r   c o n c e n t r a t i o n s   a r e   d e r i v e d  .by a v e r -  
ag ing  two s e q u e n t i a l   h a l f - h o u r   m e a s u r e m e n t s .  

- 
.? 

.I. .:  c s t  .- ~ Number Three ,   February  2 1 ,  1 9 7 6  

I'llls test  was c o n d u c i e d   a t   t h e   u p p e r   s i t e .  The me teo ro log i -  
' c (  11dj.tions o f  s t r o n g   w i n d s   a n d   s l i g h t l y   s t a b l e   t e m p e r a t u r e  

r . o f i  Its were  conducive t o  i n v e s t i g a t i n g   p o s s i b l e  plume  downwash 
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i n  t h e   l e e  o f  t h e   T r a c h y t e  IIills a n d   c h a n n e l i n g   e f f e c t s   i n  Lower 
I k ~ t  Crcck Val Icy.  A s t a c k   h e i g h t  o €  183  m was assumed. 

4 . 3 . 1   S y n o p t i c   S e t t i n g   f o r   T e s t  3 .  The s u r f a c e  and 7 0 0  mb 
maps f o r  February  2 1  a r e  shown i n   F i g u r e  4 . 3 - 1 .  Both   of   these  show 
r i d g i n g   o v e r   t h e   p r o j e c t   a r e a .   S u r f a c e   g r a d i e n t s   w e r e  f r o m  t h e  
s o u t h   t o   s o u t h w e s t   a s  a v i g o r o u s   f r o n t a l   s y s t e m   a p p r o a c h e d   f r o m  
the   Gul f  'of A l a s k a .   H i g h   o v e r c a s t   p e r s i s t e d   o v e r   t h e   s i t e   d u r i n g  
t h e  t e s t .  

4 . 3 . 2  M e t e o r o l o g i c a l   P a r a m e t e r s   f o r  Test 3 .  M e t e o r o l o g i c a l  
p a r a m e t e r s   m e a s u r e d   i n   t h e   t e s t   a r e a   d u r i n g   t h e   t h i r d  plume  s imula-  
t i o n   c o n s i s t e d   o f   t e m p e r a t u r e   a n d   w i n d s   a t   t h e   s u r f a c e   a n d  a l o f t .  
Winds a l o f t   w e r e   m e a s u r e d  by s i m u l t a n e o u s l y   t r a c k i n g   p i l o t   b a l l o o n s  
w i t h  two theodo l i t e s .   Su r face   w inds   were   measu red   by   t he  B .  C.  
Hydro  wind m o n i t o r i n g   n e t w o r k .   T e m p e r a t u r e   a l o f t  was measured 
u s i n g  minisondes   and   the  NAWC a i r b o r n e   d a t a   a c q u i s i t i o n   s y s t e m .  

The t e m p e r a t u r e   p r o f i l e s   m e a s u r e d   a t   v a r i o u s   t i m e s   o n   t h e   d a y  
o f   t h e   t e s t   a r e   p r e s e n t e d   i n   F i g u r e s ,  4 . 3 - 2 ,   4 . 3 - 3 ,  and 4 . 3 - 4 .  

Those   t empera tu re   sound ings   r evea led  two  i n v e r s i o n   l a y e r s .  
One was n e a r   t h e   s u r f a c e   i n   t h e   v a l l e y   a n d   o n e   a l o f t .  A t  t h e  mine 
s i t e   t h e   m i n i s o n d e s   m e a s u r e d   e l e v a t e d   i n v e r s i o n s   b a s e d   a t   a b o u t  
1600 m MSL, w h i l e   f u r t h e r   e a s t   o v e r   H a r r y  Lake and   t he  Lower  Hat 
Creek   Va l l ey   t he   base  o f  t h e   e l e v a t e d   i n v e r s i o n  was measured by 
t h e   a i r c r a f t   s y s t e m  a t  abou t  1 9 0 0  m .  'Based   upon   t he   sound ings  
made a t   t h e   s o u r c e   l o c a t i o n  by t h e   a i r c r a f t   s y s t e m ,   t h e   p l u m e  
was d i s s e m i n a t e d   j u s t  below a n   e l e v a t e d   i n v e r s i o n .  A t  the   mine  
s i t e ,   t h e r e  was a n   i n v e r s i o n  a t  t h e   a l t i t u d e   o f   t h e  plume. 

The s u r f a c e   w i n d   d a t a   . f o r  Test 3 a r e   g i v e n   i n  Volume 11, 
F i e l d   D a t a .   I t   c a n   b e   s e e n '   t h a t   s u r f a c e   w i n d s   w e r e   g e n e r a l l y  
l i g h t  (<  3 m/s) d u r i n g   t h e   t e s t   a n d   t h a t   t h e   f l o w  was down-val ley .  
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Figure 4.3-1 Surface and 700 mb maps for  Test 3 1200 2 (0400 ET), 
February 31, 1976. 
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Figure 4.3-1 (Cont'd). 
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Figure 4.3-3 Vertical  temperature  profiles measured during Test 3 using  the 
NAWC airborne  data  acquisition system. The tracer source was 
over Harry Lake.  The other sounding was  made about 4 h north- 
west of t h e  source  location. 
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The t r a n s i l .  . [I  t o  :ap-val, ley  f low  occurred  between 1 2 0 0  and 1 3 0 0 ,  

d a z s p i t e   t h e   f a i r i y   s t r o n g   s o u t h e r l y   w i n d s   a l o f t .  

Time section.: .   of  upper  wind  data f o r  T e s t  3 a p p e a r   i n   F i g u r e s  
4 . 3 - 5 ,  d i rec t ion ;   and  4 . . 3 - 6 ,  speed.  I t  can   be   seen   tha t   winds   a t  
plume a l t i t u d e   w e r e   f r o m   t h e   s o u t h   a t   b e t w e e n  5 and 8 m/s dur ing  
t h e   t e s t .  Below t h i s   a l t i t u d e   w i n d s   w e r e  much l i g h t e r  and  more 
v a r i a b l e .  The c o m p l e x   p a t t e r n   s e e n   i n   F i g u r e s  4 . 3 - 5  and 4 . 3 - 6  is  
e v i d e n t l y   t h e   p r o d u c t  o:E g rad ien t   w inds   mod i f i ed  by down-val ley  
f l o w   a t   t h e   s u r f a c e  and   an   up-va l ley   re turn   f low  be tween 1 0 0 0  and 
1 4 0 0  m MSL. 

4 . 3 . 3  Tracer   Diss ' emina t ion .  The t r a c e r   d i s s e m i n a t i o n   p a -  
r a m e t e r s   f o r   T e s t  3 a r e   g i v e n   i n   T a b l e  4 . 3 - 1  below: 

Table 4 . 3 - 1  Duration and source  strength of tracer 
release number 3 .  

Altitude: 1735 m E L  
Location: Upper Si te  

Simulated Stack  Height: 18.3 m 
Stabi l i ty  Classification: 'D 

Time On Time Off Source Strength 
Tracer (PST) .(PST) . Total  Released (g) (g/s) 

SF6 
O i l  Fog (1) 07:53:15 08:30:00 109,800 50.2 

O i l  Fog (2) 08:40:47 08:53:15 N/A N/A 

07:53:15  08:53:15  17,025  4.73 

4 . 3 . 4  Visual   and  Photographic   Observat ion o f  t h e  Oi l -Fog 
Plume f o r   T e s t  3 .  The o i l - f o g  plume  seemed t o   i n d i c a t e   n e u t r a l  
t o   s l i g h t l y   s t a b l e   d i s p e r s i . o n   c o n d i t i o n s   d u r i n g  Test 3 ,  a l though  
l i g h t i n g   c o n d i t i o n s   d u r i n g   t h e  test  made v i s u a l   o b s e r v a t i o n   d i f f i -  
c u l t .  The combina t ion  o f  t h e   o v e r c a s t   s k y   c o n d i t i o n s   a n d  snow 
cover  made f o r   p o o r   c o n t r a s t   b e t w e e c t h e   o i l - f o g   a n d   t h e   b a c k -  
ground, I n  most i n s t a n c e s   o n l y   t h e   m o s t   d e n s e   p a r t s  o f  t h e  plume 

. . .. 
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Figure 4 .3 -5  A time  versus  altitude  display of wind  directions  aloft  mcesurcd  at 
the  Mine  Site  during  Test 3. Rarbs indicate  wind  direction  only. 
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Figure 4.3-6 A time versus altitude  display of wind speeds a lo f t  measured a t  the Mine S i t e  
during Test 3. \find speeds are given in  m/s. 



were  visible. A map  of  the  general  plume  trajectory  is  presented 
in Figure  4.3-7. 

The  plume  was  transported  north  from  the  source  in  a  quite 
narrow and thin  layer.  Figure 4.3-8 shows  the  general  appearance 
of  the  plume  during  the  test.  Figure 4.3-9 shows  the  lack  of 
horizontal  spreading of the  plume  and  its  direction of transport. 
The  plume  continued  north  and was last  visible at about 15 km 
north  of  the  source  near  Maiden  Creek (see Figure 4.3-10). There 
was no visible  evidence of any  channeling of the  plume by  the 
Lower Ha't Creek  Valley. 

4.3.5 Aerial Oil-Fog Measurements.  Aerial oil-fog measure- 
ments  consisted  of one set of crosswind  passes flown between 0802 
and 0 8 3 2  PST at a point 2 km downwind of the tracer source.' The 
location  is  shown  in  Figure  4.3-11. 

During  this pattern twelve  passes  were made at altitudes 

~ g m - ~  SO2 was found  at an altitude o f  1615 m MSL.  Figure 4.3-12 
presents  a  plot of altitude vs.  maximum  concentration  for  these 
passes as well as the  distance vs. concentration  plot  for  the 
1615 m pass.  The  distribution of,the plume  with altitude, when 
compared  with  the  0855 PST temperature  sounding (see Figure 
4.3-3),  indicates  that  the  plume was confined  between one.inver- 
sion based  at  about 1900 m and  a  weaker one bel.ow  extending  to 
about  1550 m MSL.  The  fact  that  the  centerline was found to  be 
1 2 0  m below release altitude  suggests  a  degree of downwash  in 
the  lee  of the Trachyte  Hills.  The  distribution  also  argues for 
some  stratification o f  the flow, though  the  plume  was well-mixed 
through  the  layer  between  the  two  inversions. 

, between  1555  and 1890 m MSL. The  maximum  concentration of 7319 

Measurements of u and.az have  been  made  and  appear in Figure 
4.3-13.  Dispersion  coefficients  appropriate for C-D stability  are 
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Figure 4 . 3 - 7  Approximate v i s i b l e  plume boundary during Tost 3. 
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Fig. 4.3-8 A photograph of the Test 3 oil-fog plume taken 
a t  0847 PST. The view is toward the  south-southeast. 

Fig. 4.3-9 A photograph of the Test 3 oil-fog plume taken 
a t  0819 PST. The view is frm upwind of  the source. 
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Fig. 4.3-10 A photograph of part of the Test 3 oil-fog  plume 
taken  at 0918 PST. The view is toward t he  north-northwest ;and 
is of an area  about 15 lan north of the Harry Lake  site. 
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Figure 4.3-11 Location of  oil-fog crosswind patterns and turbulence 
transects, Test 3. Distances are i n  kilometers. 
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Figure 4 3 - 1 2  Horizcntal and vertical plume centerline distributions, 
Test 3. 
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Figure 4.3-13 Measured values of uz and u for  Test 3. 
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Figure 4.3-13 (Cont’d). 
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i n d i c a t e d .   S i m i l a r l y ,   t h e   v a l u e   o f   F i g u r e  4 . 3 - 1 4 ,  s u g g e s t s  a 
d i l u t i o n   r a t e   a s s o c i a t e d  w i t h  n e u t r a l   c o n d i t i o n s .  Over f l a t  
t c r r a i n ,  w i t h  t h e   o b s e r v e 2  7 m/s wind  speed  and f a i r l y   s t a b l e  
t e m p e r a t u r c   s t r u c t u r e ,  D - E  d i s p e r s i o n  would  be  expected. 

?-' 

The  plume c e n t e r l i n e  showed a s l i g h t  t ilt  t o w a r d s   t h e   s o u t h -  
e a s t   w i t h   d e c r e a s i n g   a l t i t u d e .   T h i s   t y p e   o f   b e h a v i o r  was n o t i c e d  
d u r i n g   t h e   T e s t  2 as wel l ,  and i s  e v i d e n t l y   c a u s e d  by  more  exten- 
s i v e   t e r r a i n   c h a n n e l i n g   a t   l o w e r   a l t i t u d e s .  

4 . 3 . 6  A e r i a l  SF6  Measurements. A t o t a l   o f  1 9  ae r i a l  SF6 
samples   were  gathered  during  Test   3 .   Figure  4 .3-15  shows  the 
loca t ion   o f   t hese   s amples .   Tab le   4 .3 -2   con ta ins   supp lemen ta ry  
i n f o r m a t i o n   p e r t a i n i n g   t o   t i m e ,   a l t i t b d e ,  and  measured  concentra-  
t i o n .  The maximum measured   concen t r a t ion  was e q u i v a l e n t   t o  1 9 4  
ugm SOz. T h i s   v a l u e  was measured a t  1 5 2 5  m MSL, 2..9 km downwind 
from t h e   r e l e a s e .  

-3  

S a m p l i n g   b e g a n   w i t h   t h r e e   s a m p l e s   t a k e n   n e a r   t h e   r e l e a s e s  
(3H1, 3H2, 3H3) a t  a l t i t udes   o f   1525 ,   1400 ;   and  1 4 9 5  m MSL. Sam- 
p l e  3 ,  taken  2 .9  km f r o m   t h e '   r e l e a s e ,   c o n t a i n e d   t h e  maximum mea- 
s u r e d  SF6 c o n c e n t r a t i . o n   f o r   t h e  t e s t ,  e q u i v a l e n t   t o  1 9 4  l .~gm-~ .  
Next, a c r o s s - v a l l e y   p a t t e r n  was flown a t  1495 m MSL a n d   a g a i n   a t  
1 3 7 0  m MSL, about   3 .8  km from t h e   r e l e a s e   ( s a m p l e s   3 H 4 - 3 H l l ) .  Two 
samples   had   measu rab le   concen t r a t ions   on   t he  f i r s t  pas s   ve r sus   one  
on the   s econd   ( l ower )   pas s .  A s e c o n d   c r o s s - v a l l e y   p a t t e r n  was 
found  5.2 km from t h e   r e l e a s e  a t  Gal lagher   Creek .   These   passes  
were  flown a t  a l t i t udes   o f   1370   and   1280  m MSL (samples 3H12-3H19) 
Two samples   showed  measurable   concentrat ions  over   upper   Gal lagher  
Creek, o n e   o v e r   t h e   c e n t e r   o f   t h e e v a l l e y .  

The gene ra l ly   l ow  concen t r a t ions   found   du r ing   ae r i a l   s ampl ing  
for T e s t  3 s u g g e s t   t h a t   t h e r e  was l e s s   t e r r a i n   c h a n n e l i n g   t h a n  
observed   dur ing  Test 2 a n d   t h a t   t h e r e  was l i t t l e  downward t r a n s -  
p o r t   o f   t h e  tracer mater ia l   be low  about  1 5 0 0  m MSL. 
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Table 4.3-2 Aerial SF6 sample information. 

Altitude (m) Sample Distance from 
Number Release (h) AGL (PST) (min) Ambient m MSL 

Sample xso2 (Ppm-3) 
Time Time 

31 I 1  1.6 

3H2  1.6 

3t I3 2.9 

3114 3.3 

3€15  2.8 

3116 2.3 

3tl7 3.0 

31  18  3.0' 

3H9  2.3 

3t110  2.8 

31 11 1 3.3 

3~n2 6.5 

31113 6.4 

31114  6.1 

31.115 6.0 

31i16  6.0 

31117 6.1 

31 II 8 6.5 

31.119  6.5 

1525 

1400 

1495 

1495 

1495 

1495 

1495 

1370 

1370 

1370 

1370 

1370 

1370 

1370 

1370 

1280 

1280 

1280 

1280 

275 

150 

4 95 

720 

595 

34 5 

220 

95 

270 

520 

645 

620 

520 

370 

120 

30 

280 

330 

530 

4-83 

0805 

0809 

0813 

0820 

0823 

0825 

0829 

0831 

0833 

0836 

0839 
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4.3.7  Surfa ce SF, Measurements. A t otal 
" 

of ten  sampler 
locations was employcd durinz  Test 3. The locations o f  the 
s:lmplers arc  shown in Figure 4.3-16. Table 4.3-3 gives  the alti- 
tude, time, and  measured  concentrations  for  the  samples.  The 
maximum  concentration  measured by the  surface  network  was equiva- 
lent  to 97 ~ g r n - ~  SO2 over three-hour averaging  time. A l l  sites 
showed  measurable.  concentrations  at  some  time  during  the test, 
though  all  were  rather  low.  These data indicate  that  plume dis- 
persion  towards  the  ground  was  limited  during  this test, a con- 
clusion  supported  by  the  aerial SF6.sampling data. 

4.3.8 Turbulence  Measurements.  The  turbulence  measurements 
made  during  the oil-fog crosswind  passes  are  shown in Figure 
4.3-17. It can be seen  that  both  the  values  and I appear to  be 
correlated  with  altitude, with F increasing  and I decreasing  with 
hc'ight. The  distribution of F appears to reflect  the  decreasing 
shear  velocities  with  decreasing  height  through  this  layer (see 
Figure 4.3-6). Concurrently,  the  distribution of intermittence 
suggests an environment of continuous  turbulence  at  higher alti- 
tudes  and one of occasional  disturbances at lower  altitudes.  The 
turbulence  dissipation rates indicate  conditions of very  rapid 
dispersion  above  and  more  stable  conditions  below  about 1600.m MSL. 

Three  'special  turbulence  transects  were  made  over  Hat  Creek 
Valley  and over the  ridges to the east.  to compare  the  turbulence 
regimes  over  each.  The  results of these  transects  are  plotted 
on  Figure 4.3-17 (marked  "valley"  and "ridge"). It can be seen 
that  turbulence  values  were  less  and  intermittence  higher  over 
the  valley. A second  transect  was  made over the  valley  at 1 5 2 5  m 
.MSL. As was  the  case  with  the  other data, turbulence  values  were 
lower  and  intermittence  values  were  higher  at  this  lower  altitude. 
These  measurements would suggest  dispersion  rates  typical  of  C 
stability  over  the  ridges and neutral  atmosphere  rates  over  the 
valley  at  1740  m MSL. Somewhat  stable  conditions  are indicated. 
over  the  valley at 1 5 2 5  m MSL. 
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Table 4.3-3 Surface SF6 sampler information. 
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Figure 4.3-17 ‘Turbulence  measurements vs. altitude, Test 3. Asteriks 
indicate measurements  made  during  transects. 
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4.3.9 Summary of Test 3. The third  tracer  release  was  made 
at  the  upper  plant  site.  Though  the  temperature  profiles  show 
moderate  stability  at  this level, wind  speeds  at  plume  height 
(8-10 m/s) indicate neutral-type dispersion  conditions.  Winds  at 
plume  level  during  the  test  were  from  the south, making  conditions 
conducive to investigate  downwash  into the  Lower  Hat  Creek  Valley. 

The  maximum  surface  concentration  measured  during  Test  3  was 
equivalent  to 97 ~ ~ g m - ~  SO2 for  sampling  times of 30, 60, and 9C 
minutes. 

Visual  observations of the oil-fog plume  suggest  that  the 
plume  moved  almost due north  throughout  the  test with little in- 
dication of channeling  down  Lower  Hat  Creek  Valley.  Extensive 
aerial SF6 sampling, carried out in  the 1ower.valley to  the  east 
o f  the release, yielded  very low concentrations  and  substantiates 
this  observation.  Ground level SF6 .concentrations were similarly 
low, suggesting  little  downward  transpo.rt. No samplers  were de- 

, ployed on the  south-faci.ng  slopes of Lower  Hat  Creek  opposite  the 
release,  however,  where  surface  impact  may  have  been  higher. 

The  aerial oil-fog measurements show a  normalized  centerline 
dilution  rate  indicative of C - D  stability, though  the  temperature 
structure  was  somewhat  stable.  Turbulence  dissipation  rates  were 
very  high  above  release  altitude  but  dropped  to  stable  atmosphere 
values  near 1600 m MSL. Turbulence  values  were shown to  be 
characteristic of slightly unstable conditions  at  plume  altitude 
over  the  eastern  ridges  and  characteristic of somewhat  stable 
conditions  at  the  same  altitude  over  the  center of Hat  Creek 
Valley. 

This  test  is an example  of  a  coning  plume  rapidly  dispersed 
by  shear- andterrain-induced turbulence,  despite  a  slightly  stable 
temperature  structure.  Slight  downwash  was  observed  into  the 
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Lower Hat  Creek  Valley  but t h e  combinat ion o f  e x c e l l e n t   d i s p e r -  
s ion ,   ~nodc ra t c   w ind   speeds ,   and   s t ab le   cond i t ions   nea r   t he   su r f ace  
minimized   sur face   impact .  

4 . 4 '  T e s t  Number Four ,  March 2 5 ,   1 9 7 6  

T h i s  t e s t  was c o n d u c t e d   f r o m   t h e   l o w e r   v a l l e y   s i t e .  Thc 
me teo ro log ica l   cond i t ions   were   conduc ive   t o   examin in?   poss ib l e  
impact  of  the  plume on. t h e   T r a c h y t e  Hills unde r   wes t .   l y   f l ow.  

4 . 4 . 1  S y n o p t i c   S e t t i n g .  The s u r f a c e  and 700-mi) maps f o r  
0400  PST, March 2 5 ,  a r e  shown i n  F igu re  4 . 4 - 1 .  The dominant i n -  
f l u e n c e  was a weak rid.ge a t  850 mb under   zona l   f l ow  a t  SO0 mb. 
Cold a i r   a l o f t   c a u s e d  numerous snow showers   th roughout   southern  
Br i t i sh   Co lumbia ,   bu t   no t  i n  the   immedia te   Hat   Creek   Val ley   a rea .  
The s u r f a c e   a n a l y s i s  showed cyc lon ic   sys t ems   bo th   wes t   and   ea s t  
o f  t h e   a r e a ,   b u t  a weak s u r f a c e   h i g h   p r e s s u r e   r i d g e   e x t e n d e d   o v e r  
Hat  Creek.  The i n i t i a l l y   w e s t   t o   n o r t h w e s t   g r a d i e n t  wind  backed 
t o   t h e   s o u t h w e s t   a s   t h e   d a y   p r o g r e s s e d .  

4 . 4 . 2  M e t e o r o l o g i c a l   P a r a m e t e r s   f o r   T e s t  4 .  A minisonde 
was t a k e n  a t  0 9 3 5  PST ( s e e   F i g u r e  4 . 4 - 2 )  a n d   i n d i c a t e d   t h a t   t h e  
a i r  mass was well m i x e d   w i t h   n e u t r a l   s t a b i l i t y .  The plume a l t i -  
t ude   w ind   d i r ec t ions   were   h igh ly   va r i ab le ,   f rom 280'  a t  1030 PST 
t o  1 9 0 '  a t  1330 PST, thus  sweeping a w i d e   a r c   d u r i n g   t h e   r e l e a s e  
pe r iod .  Wind speed var i ed  between 6 - 9  m / s .  . 

A s i n g l e   t h e o d o l i t e   p i b a l   t a k e n   a t  1 0 4 7  PST from  the  mine 
s i t e  showed  plume a l t i i tude   winds   to   be   f rom 279'  a t   6 . 5 ' m / s .  
Three   cons tan t   vo lume  ba l loons   were   re leased   be tween 1130 and 
1 3 4 0  PST. The f i rs t  indica ted   winds   to   be   be tween 230' and 2 5 0 "  
a t   a b o u t  1 0  m/s. This   ba l loon   ma in ta ined  i t s  f l o a t   l e v e l ,   b u t  
g r a d u a l l y   a p p r o a c h e d   t h e   r i s i n g   t e r r a i n  a t  t h e   T r a c h y t e  Hills 
and   eventua l ly   snagged  a t ree  2 km north  of   Harry  Lake.  The 
second,   launched a t  1200 PST, showed  plume a l t i t u d e   w i n d s   t o   b e  
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Figure 4.4-1 Surface and 700 mb maps for 0400 PST, March 25. 
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Figure 4.4-1 (Cont'd). 

4-91 



2100 F 
1900 

1700 

W 3 1500 

+ 
_I 

t. 
a 1300 

1100 

900 

TEST 4 

MINE SITE 
0930 PST 

Figure 4 .4  -2 Vertical temperature prof i le  measured during Test 4 
at the mine site using minisondes. 

between 215" and 22.0' a t  abou t  8 m/s. The t h i r d   b a l l o o n ,   l a u n c h e d  
a t  1337  PST, i n d i c a t e d   t h e   f l o w   a t  plume a l t i t u d e  t o  be  between 
2 1 0  and 215'  a t  about  9 m/s. T h i s   b a l l o o n   m a i n t a i n e d  i t s  f l o a t  
l e v e l  a n d   e v e n t u a l l y   s t r u c k  a t r e e t o p   n e a r   t h e  mouth  of  Gallagher 
Creek. The t r a c k s   o f   t h e   s e c o n d   a n d   t h i r d   b a l l o o n s   a r e  shown i n  
F igu res  4 . 4 - 3  and 4 . 4 - 4 .  

The s u r f a c e  w i n d   o b s e r v a t i o n s   f o r   T e s t  4 a r e   p i e s e n t e d  in 
Volume 11, Fie ld   Data .  I t  can   be   s een   t ha t   modera t e   wes t   t o  
s o u t h w e s t   w i n d s   w e r e   p r e s e n t   i n   t h e   v a l l e y   a t   t h e  time o f   r e l e a s e .  
A s l i g h t   d i u r n a l   c h a n g e   c a n   b e   n o t e d   i n   t h e   w i n d   d i r e c t i o n s ,   b u t  
t h e   n o r m a l   v a l l e y   c i r c u l a t i o n  was n o t   a s   p r e v a l e n t   a s   s e e n   i n  
n r e v i o u s   t e s t s   d u e   t o   t h e   s t r o n g e r   w i n d s   a l o f t   a n d   t h e   n e u t r a l  
a t m o s p h e r i c   c o n d i t i o n s   n e a r   t h e   s u r f a c e .  

4 - 9 2  
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Figure 4.4-3 Track of C-I/ balloon  launched 1200 PST,  March 25, 1976. Altitudes 
are  given  in  m, MSL; elapsed  time in minutes. 
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4 .4 .3   T race r   Re lease   Pa rame te r s .  The t r a c e r   r e l e a s e  pa- 
rnmc te r s   fo r  Test 4 appc?ar i n  Tab le  4 . 4 - 1  below. 

Table 4.4-1 Duration and source  strength of tracer 
release  nmber 4. 

Alti tute:  1500 m MSL 
Location: Lower Si te  

Simulated Stack  Height: 182, m 
Stabi l i ty  Classification: It 

Time On Time Gff 
Tracrr (PST)  (PST) Total Released (g) 

Source Strength 

SF6 11:05:00 11.:49:00 14,870 5.63 

T h i s   r e l e a s e  was c a r r i e d   o u t  by a h e l i c o p t e r   c i r c l i n g   a t  20 
m/s. S t r o n g   w i n d s   o v e r   t h e   s i t e   o c c a s i o n a l l y   d i s p l a c e d  i t s  c i r c l e  
a s  much a s  500 m t o   t h e   e a s t  a n d   n o r t h   o f   t h e  s i t e .  

p* 4 . 4 . 4  Ground  Level -6 SF Measurements. A network   of   s ing le  
and   s equen t i a l   s ample r s  was l a i d   i n  an a r c ,   a s  shown :tn F igu re  
4.4-5.  The measu red   concen t r a t ions   and   s ampl ing   pa rame te r s   fo r  

3d 
.. e a c h   s a m p l e r   a r e   p r e s e n t e d  i n  Table  4 . 4 - 2 .  

u The c o n c e n t r a t i o n s  were i n  e x c e s s  of  lI,SSO ~ g m - ~  SO2 a t  s ix  

& 36,354 i ~ g m - ~  SO2 a t  s i t e  NR6. In  general ,  the  co'ncent:rations 

o f  t h e   e i g h t   s i t e s  w i t h  a maximum measured   concen t r a t ion  of  

a p p e a r   t o   b e   r e l a t e d   t o   s a m p l e   a l t i t u d e .  The h ighes t   s ample r s  
r e c e i v e d   t h e   h i g h e s t   c o n c e n t r a t i o n s   a n d   t h e   l o w e s t   s a m p l e r s   r c -  
c e i v e d   t h e   l o w e s t .  

*r 

Y 

I 

4.4.5 Summary Di scuss ion   o f  Test Number 4 .  The high  con-  
c e n t r a t i o n s   o f  SF6 i n  Test 4 a r e   d i f f i c u l t   t o   e x p l a i n   c o n s i d e r i n g  
the   a tmosphe r i c   cond i t ions   wh ich   p reva i l ed .  The minisonde   da ta  

iry 
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Figure 4.4-5 Location of surface SF6 samplers fo r  Test 4.  u 
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Table 4.4-2 Surface SF6 sampler  information. 

Distance 
Sample From Release Alti0.de Time On - Time Off 
Number 

Time 
Sampling 

(h) (m, b W  ( P W  (min) Ambient P T P  

4Rl 7.6 :1490 

4R2 8.0 :1500 

4R3 8.0 :l585 

4R4 10.3 :I370 

4R5 10.1 :l400 

4R6 12.0 11650 

4S1 4.8 :1375 

4S2 5.5 :L350 

1208 
1100  1208 

1345 

1000  1213 
1213  1351 

1100 1216 
1216 1357 

1100  1219 
1219  1403 

110s  1223 
1223  1407 

1110  1226 
1226  1411 

1040 1100 
1100 1130 
1130  1200 

1100 1130 
1130 
1200 

1200 

1230 
1230 
1300 

1300 1330 

78 
97 

73 
98 

101 
76 

114 
79 

78 
104 

76 
105 

20 

Malf. 
30 

30 
30 
30 
30 
30 

23984 
7778 

23860 
2862 

22208 
4796 

12092 
7374 

22088 
18054 

36234 
25312 

80 
80 

- 
806 

1130 
0 

160 
40 

26862 
8711 

26723 
3205 

24873 
5372 

13543 
8259 

24739 
20220 

40582 
28349 

90 
90 - 

903 
1266 

0 
179 
45 
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indicate a Pasquill "D" stability  with  rapid  mixing in the  lower 
layers  caused by  the winds  and  rough  terrain.  Assuming  that  the 
plume  centerline  impacted  at  site 4R6, 1 2  km  downwind,  the 
stability  would  have  to be a  Pasquill "G" type  for  the  estimated 
centerline  concentration to be  equal  to  the  concentration mea- 
sured  at  the  site.  This  disparity  leads  to  two  possible conclu- 
sions:  either  the  tracer  data  are in error, or some  mechanism 
peculiar  to  that  site  brought  the  plume  to  the  ground in a  highly 
c3ncentrated form. . 

Regarding,possible  tracer  data  errors,  a  check  was  made to 
determine if there  was  any  evidence -of contamination.  At  least 
two  background  samples  were  taken  prior  to  the  release  and  they 
gave  zero  concentrations. In addition, several  samples  taken 
during  the  test  were  also zero, which  eliminates  the  possibility 
o f  any  widespread  contamination. As to  the  possibility  of  high 
concentration  plume  impact,  the  constant  volume  balloon observa- 
tions  give  evidence of the  presence of microscale  meteorological 
phenomena  during  this  test  which  suppressed  the  vertical  rise of 
the  balloons  along  the  rising  terrain  to  the  east.  This  process 
may  have  contributed to  the persistent  high  values  observed  during 
this  test.  However,,  the  magnitude  of  this  impact  still  makes  the 
validity of the  maximum  values suspect, and  suggests  that  some 
type of sampling  contamination  may  have  occurred. 

4.5 Test  Number Five, March 2 6 ,  1976 

Test  number 5 was  conducted  from 1350 to 1438 PST to  simulate 
the  plume  impact  from  strong  southerly  flow at the  upper  site. 
The  flow  was 10-12 m/s from 205O to 215O during  the mid-day re- 
lease. A constant  volume  balloon  released  from  near  the  lower 
site  at 1050 PST eventually  struck  the  ground  near  its  float  level 
just  north of Robertson  Creek,  about 8 km  north of the  plant  site. 
Two  other  constant  volume  balloons were launched  during  and  just 
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f o l l o w i n g   t h e   t r a c e r   r e l e a s e   a n d  showed s t r o n g   s o u t h e r l y   f l o w  
a l o f t .  The t r a c k s   o f   t h e s e   b a l l o o n s   a r e  shown i n  F igu res   4 .5 -1 ,  
4 . 5 - 2 ,  and 4 . 5 - 3 .  

An examina t ion   o f   t he   t r ace r   concen t r a t ions   measu red  by a 
network o f  s a m p l e r s   r e v e a l e d   t h e   s t r o n g   p o s s i b i l i t y  o f  widespread 
con tamina t ion .   Consequen t ly ,   t he   da t a   f rom  Tes t  5 w i l l  no t   be  
r e p o r t e d   o r   d i s c u s s e d  i n  t h i s   r e p o r t .  

The a c t u a l   m e t e o r o l o g i c a l   c o n d i t i o n s   d u r i n g   r e l e a s e  number 
5 a r e   s i m i l a r   t o   t h o s e   d u r i n g   T e s t s  2 and 3 .  The r e s u l t s   o f  
Tests 2 and 3 r evea led   no   s ign i f i can t   impac t .   Because  o f  t h e  
s i m i l a r i t y ,   t h a t   r e s u l t   c a n   r e a s o n a b l y   b e   a p p l i e d   t o   t e s t  
number 5 .  

4 . 6  Test Number S i x ,  ,July 31,  1976 

T h i s   t r a c e r   r e l e a s e  was c o n d u c t e d   o v e r   t h e   u p p e r   p l a n t   s i t e  
a t  an a l t i t u d e  of  1 7 7 0  m MSL dur ing   t he   morn ing   o f   Ju ly  31. The 
me teo ro log ica l   cond i t ions   appea red   f avorab le  f o r  examining   the  
i n t e r a c t i o n  of a s l i g h t l y   s t a b l e  p lume  wi th   the   complex   te r ra in  
t o   t h e   n o r t h   a n d   e a s t .  A s t a c k   h e i g h t  of  1'93 m was  assumed w i t h  
2 1 5  m plume r i s e .  Due t o  a mechan ica l   ma l func t ion ,   t he   t o t a l  
amount  of SF6 r e l e a s e d  was about  1 0 %  the  expected  amount .  

4 . 6 . 1  S y n o p t i c   S e t t i n g   f o r   T e s t  6 .  S u r f a c e   w e a t h e r   f e a t u r e s  
c o n s i s t e d  of  weak low p r e s s u r e   o v e r  much o f  Br i t i sh   Co lumbia ,  
Nashington,  and  Oregon. A c o n t i n e n t a l   p o l a r   h i g h   p r e s s u r e   s y s t e m  
was l o c a t e d   o v e r   c e n t r a l  Canada. A t  500 mb, a closeci 'low p r e s -  
sure   sys tem was l o c a t e d   o v e r   s o u t h e r n   B r i t i s h   C o l u m b i a .  The 
t r o u g h   o f   l o w   p r e s s u r e   a s s o c i a t e d   w i t h   t h e   c l o s e d  low  extended 
southwes tward   over   the   Pac i f ic   Ocean .   High   pressure  was deve lop-  
i n g   o v e r   t h e  Yukon T e r r i t o r y   a t  500  mb. These   fac tors   p roduced  
a s o u t h e r l y   t o   s o u t h w e s t e r l y   g r a d i e n t  f l o w  o v e r   t h e   t e s t   a r c a .  
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Clouds  due t o   t h e  low pressure   sys tem  were   b roken   s t ra tocumulus  
wi th   scud   over  some of  t h e   h i l l s   n e a r   t h e  t e s t  a r e a .  

Sur face   and  700-ntb  maps a r e  shown . i n   F i g u r e  4 . 6 - 1 .  

4 . 6 . 2  M e t e o r o l o g i c a l   P a r a m e t e r s   f o r  Test 6 .  Me teo ro log ica l  
p a r a m e t e r s   m e a s u r e d   d u r i n g   t h i s   t e s t   i n c l u d e   t e m p e r a t u r e   l a p s e  
r a t e s ,   w i n d s   a l o f t ,   a n d   a t   t h e   s u r f a c e .   T e m p e r a t u r e   s o u n d i n g s  
were made by min i sonde ,   t e the red   sonde ,   and  by t h e  NAWC tracer 
a i r c r a f t .  Winds a l o f t   w e r e   d e t e r m i n e d  by d o u b l e - t r a c k e d   p i l o t  
ba l loon   a scens ions .   Su r face   w inds   were   mon i to red  by. t h e  B. C .  
Hydro r emote   s t a t ion   ne twork .  

The t e m p e r a t u r e   s o u n d i n g s   t a k e n   i n   t h e   p r o j e c t   a r e a   d u r i n g  
t h i s   t e s t   a r e   p r e s e n t e d   i n   F i g u r e  4 . 6 - 2 .  The ear ly   morning  
soundings  show a weak s u r f a c e   i n v e r s i o n   w i t h   s l i g h t l y   s t a b l e  
c o n d i t i o n s   e x t e n d i n g  'to n e a r  plume a l t i t u d e   w h e r e  a t h . i n   i s o -  
t h e r m a l ' l a y e r  was found. The s u r f a c e   i n v e r s i o n  was d i s s i p a t e d  
by h e a t i n g   a n d   d i s a p p e a r e d  by 0 8 0 0  PST. S l i g h t l y   s t . a b l e   c o n d i -  
t i o n s   p e r s i s t e d   a t  plume h e i g h t   u n t i l  l a t e  i n   t h e   e v e n i n g .  Two 
a i r c r a f t   s o u n d i n g s   ( a b b r e v i a t e d  "TAC" i n   f i g u r e s ) ,   t a k e n   i n  
t h e  Hat  Creek  Valley a t  0 5 5 0  and 0735 PST, i n d i c a t e   s l i g h t l y  
s t a b l e   c o n d i t i o n s   e x t e n d e d   f r o m   p l u m e   a l t i t u d e   t o   t h e   s u r f a c e . ,  
where a weak r a d i a t i o n   i n v e r s i o n  was found. 

The s u r f a c e  wind d a t a   f o r  Test 6 is  g i v e n   i n  Volume IT 
F ie ld  Data. The measu remen t s   i nd ica t e   t he  low l y i n g  s i t e s  
expe r i enced  a d i u r n a l   p a t t e r n   w i t h   t h e   s w i t c h   f r o m  down- t o  
u p - v a l l e y   f l o w   o c c u r r i n g  a t  abou t  0 7 3 0  PST. Wind speeds  were 
g rea t e s t   du r ing   up -va l l ey   f l ow,   t hough   ave rage   speed : ;   d id   no t  
exceed 2 . 5  m/s. E l e v a t e d   s t a t i o n s   e x p e r i e n c e d   s t r o n g e r   w e s t  
to   southwest   winds  and  showed l i t t l e  change   dur ing   the  t e s t .  
Mean wind   speeds   ranged   to  5 . 6  m/s. 
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Figure  4.6-1  Surface and 500 mb maps f o r  Test 6 ,  .July 31, 1976, 
0400 PST. 
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The winds a lof t   measurements   were  made from t h e   u p p e r   p l a n t  
s i t e .  The w i n d   d i r e c t i o n   a n d   w i n d   s p e e d   t i m e   s e c t i o n s   a r e  shown 
in   F igu res   4 .6 -3   and  4 . 6 - 4 ,  r e s p e c t i v e l y .   T h e s e  show t h a t  wind 
d i r e c t i o n   a t  plume a l t i t u d e  was a p p a r e n t l y   n o t   a f f e c t e d  by t h e  
d i u r n a l   c i r c u l a t i o n   b e l o w ,   t h o u g h   w i n d   s p e e d s  show a s i g n i f . i c a n t  
d r o p   a s s o c i a t e d   w i t h  down- t o   u p - v a l l e y   c h a n g e  i n  f low.  

2 0 5  

u 

J 

4 

4 - 1 0 9  



2050- 

1950 - 

1850 - 

1750 - 

1650 - 

1550 - 

1450 - 

1350 I I I I 1 i I I I ir 
0430  0500 0530 0600 0630 0700 . 0730 0800 0830 0900 

TIME ( P S T )  

Figure 4.6-4 A time vs. altitude  display of wind speeds alof t  measured 
during  Test 6. Wind speeds are given in m/s. 
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4 .6 .3   T race r   D i s semina t ion ,  Test 6 .  The r e l e a s e   p a r a m e t e r s  

f o r  Tcs t  6 a r e   c o n t a i n e d  i n  Table   4 .6-1,   below.  
b. 

4.6 .4   Visua l   and   Photographic   Observa t ions .  The o i l - f o g  ~~~ 

piumc was t r a n s p o r t e d   t o   t h e   n o r t h e a s t   t h r o u g h o u t   t h e   t e s t .  *il 

Figure  4 . 6 - 5  shows t h e  plume 13 m i n u t e s   a f t e r   t h e   r e l e a s e   h e g a n .  
As the plume passed  over. t h e  small v a l l e y  3 km from t h e  r e l e a s e  
s i t e ,  it a p p a r e n t l y   r o s e   s l i g h t l y .   G e n e r a l   n o r t h e a s t w a r d   t r a n s -  
po r t   con t inued   du r ing ' t he   nex t   ha l f -hour ,   bu t   t he   p lume   cen te r l . i ne  

-. 

@ 

ha 
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Figure 4.6-5 Test 6 tracer release looking  southeast towards the 
upper site. 

Figure 4.6-6 Test 6 tracer plume.  Photo taken  looking sou.thwest, 
up Lower Hat Creek Valley. 
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Table 4.6-1 Duration and source strength of tracer 
release number 6. 

Location: Upper Si te  
Altitude: 1770 m MSL 
Simltate  Stack Height: 183 m 
Stability  Classification: D 

Time On Time Off 
Tracer (PST)  (PST) Total Released (g) 

SF6 0551 
O i l  Fog (1) 0551  0627 109800 50.8 
O i l  Fog (2) 0636 0651 N/A N/A 

Source Strength 
(g/s) 

0651 - 1800 - 0.50 

g r a d u a l l y   d r i f t e d   n o r t h w a r d . u n t i 1  it was d i r e c t l y   o v e r  Lower Hat 
Creek  Valley  (Figure 4.6-6). By 0700 PST, the   p lume 's   l ead ing  
edge was over  the  Bonaparte River Val ley   near   Carqui le .  After t h a t ,  
t r a n s p o r t  was s l i g h t l y  more t o   t h e   n o r t h .   F i g u r e  4.6-7. shows t h e  
f a in t   r emnan t s  of t h e  plume n o r t h  o f  Scot ty   Creek a t  0755 PST and 
about 30 t o  35 km n o r t h e a s t   o f   t h e   r e l e a s e   s i t e .  

Figure 4.6-7 Test 6 tracer plume over  Scotty Creek,  view looking 
northeast.. 
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The average  plume s p e e d   d u r i n g   t h e  two hour s   o f   obse rva t ion  
was 4 . 1  m/s. .The  spee:d  of   the  leading  edge  of   the  plume  ranged 
from 2 . 5  m/s t o   5 . 9   m / s ,   t h e   h i g h e s t   d u r i n g   t h e   f i r s t   1 5  minutes 
o f   t h e   t e s t .  

Plume l o c a t i o n s . . a t   s e l e c t e d  times d u r i n g   t h e  t e s t  a r e  shown 
in Figure   4 .6-8 .  

4.6.5  Oil-Fog  Measurements.  Four  s e t s  o f   c ros swind   pas ses  
were made d u r i n g  Test 6 a t  l o c a t i o n s  shown i n  F igu re   4 .6 -9 .  The 
f i r s t ,  5.3 km from  the release,  y i e l d e d  a maximum c o n c e n t r a t i o n  
e q u i v a l e n t   t o  9773  pg111-~ a t  1770 m MSL. A p l o t   o f  maximum concen- 
t r a t i o n  vs.  a l t i t u d e   f o r   t h i s   s e t  and a p l o t  o f  c o n c e n t r a t i o n   v s .  
d i s t a n c e   f o r   t h e  1 7 7 0  m p a s s  are g iven  i n  Figure  4 .6-10.   Because 
t h e   t r a i l i n g   e d g e   o f  >:he o i l - f o g   c l o u d  was approach ing ,   on ly   t h ree  
passes   were made a t  t h i s   l o c a t i o n .  The v a l u e s . o f  a and az,  and 
xu h a v e   b e e n   c a l c u l a t e d   f r o m   t h e   d a t a   a v a i l a b l e   a n d   a p p e a r  i n  
F igures   4 .6-11   and '4 .B-12 .  The f i r s t  shows tha t   t he   measu remen t s  
o f  CI and  dz   ind ica te   and  E-F  ( s t a b l e )   t y p e  plume  geometry when 
compared   wi th   the   s tandard  curves. The v a l u e   o f  xu o n   t h e   o t h e r  
h a n d ,   i n d i c a t e s  a D - E  ( s l i g h t l y   s t a b l e )   r a t e   o f   d i l u t i o n .  

Y 
a 

Y 
7' 

The  second se t  o f  p a s s e s   c e r t a i n l y   m i s s e d   t h e   n a i n   p o r t i o n  
o f  t h e  plume  which  apparently was a t  h i g h e r   a l t i t u d e s .  Because 
of  t h i s ,  o n l y  a v a l u e  f o r  a could   be   de te rmined ,   This  i s  p l o t t e d  
i n   F i g u r e  4.6.-11 a n d ,   a s . b e f o r e ,   i n d i c a t e s  a d imens ion   a s soc ia t ed  
wi th  E-F s t ab i l i t y .   F igu re   4 .6 -13   p re sen t s   t he   ho r i . zon ta1   and  
v e r t i c a l  plume d i s t r i ' bu t ions   measu red   he re .  

Y 

The t h i r d  se t  of   passes   were made j u s t   n o r t h  o f  t h e  mouth  of 
Hat  Creek  Valley.  Fi .ve passes   were  made h e r e  a t  a l t i t u d e s   b e t w e e n  
1675  and 1800  m MSL. The peak   concen t r a t ion  was found a t  1 7 7 0  m 
MSL and was e q u i v a l e n t  '.to  6413 ~ g m - ~ .  A p lo t   o f   a1 t : i t ude   v s .   max i -  
mum c o n c e n t r a t i o n   f o r   t h e   s e t   t o g e t h e r   w i t h   t h e   d i s t a n c e  v s .  
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Figure 4.6-8 Plme  outlines, Test 6. & 
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Figure  4.6-12  Normalized  centerline  concentrations, xu vs. distance, 

Test 6. 7 
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Figure 4.6-13 Horizontal  and  vertical  concentrati.on  distributions from 
oil-fog data, Test 6, Set 2. 
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l t  is  o f  i n t c r c s t  t o  n o t e   t h a t   t h e  plume ccn tc r l inc  was st  i I I 
found a t   o r  a b o v e   r e l e a s e   a l t i t u d e ,   t h o u g h   t e r r a i n   e l e v a t i o n s  
had  dropped.  The  valuer;   of  ay,  uZ, a r e   p l o t t e d  on F igu res  
4 . 6 - 1 1  and 4 . 6 - 1 2 .  The v a l u e   o f  u i s  unaccountably  low  and 
p r o b a b l y   n o t   r e p r e s e n t a r i v e  o f  t h e  plume as a 'whole.  The  value 
o f  f a l l s   c l o s e   t o   t h a t   f o r  F t y p e   s t a b i l i t y .  

Y 

T!le f o u r t h  set o f  nleasurements was made 19 km f r o m   t h e   r e -  
l e a s e   o v e r   t h e   B o n a p a r t e   V a l l e y   a s  shown i n   F i g u r e  4 . 6 - 9 .  Passes  
were made a t   f o u r   a l t i t u d e s   b e t w e e n   1 6 4 5   a n d  1 7 4 0  m MSL. The 
maximum concen t r a t ion ,   found  a t  1710 m MSL, was e q u i v a l e n t   t o  
7 9 4 0  ~ ~ g m - ~ .  A c o n c e n t r x t i o n  vs.  d i s t a n c e   p l o t   f o r   t h a t   p a s s  and 
t h e   a l t i t u d e   v s .  maximum c o n c e n t r a t i o n   f o r   t h e   e n t i r e  s e t  a r e  
presented   in   F igure   4 .6- ,15 .   These   measurements   sugges t   tha t ,  as 
t h e  plume was t r a n s p o r t e d   o v e r   t h e   B o n a p a r t e   R i v e r   V a l l e y ,   t h e  
plume c e n t e r l i n e   d r o p p e d   a b o u t  60  m w i t h o u t   a n y   l a r g e   i n c r e a s e   i n  
v e r t i c a l   s p r e a d .   T h i s   b e h a v i o r   w o u l d   i n d i c a t e  a c e r t a i n   d e g r e e  
o f   s t r a t i f i c a t i o n   i n   t h e   f l o w   t h o u g h   l a p s e   c o n d i t i o n s   a p p e a r   t o  
be o n l y   s l i g h t l y   s t a b l e .  

Measurements  of  uy, uz, and a 'ii f o r   t h e s e   p a s s e s   a r e  shown i n  
F igu res  4 . 6 - 1 1  and  4.6-1.2'.  The va lue  of  (J c o n t i n u e s   t o   i n d i c a t e  
E - F  type   behavior .  The v a l u e   o f  uz h a s   e v i d e n t l y   d e c r e a s e d ,  pro- 
l j a b l y   r e f l e c t i n g  the  coarseness   o f   the   samp. l ing   passes-wi th  
r e s p e c t  t o  t he   t h i ckness ;  of the  plume.  The value o f  i n d i -  
c a t e s   c o n t i n u e d   v e r y   s l o w   d i l u t i o n .  

Y 

0 

4 .6 .6   Aer i a l   SF6Lleasu remen t s .   Th i r t een   ae r i a l  .SF6 samplcs 
were  taken by h e l i c o p t e r  a t  l o c a t i o n s  shown i n   F i g u r e   4 . 6 - 1 6 .  
Table  4 . 6 - 2  s u p p l i e s   s a m p l i n g   d a t a .  None received  mea.surable  SF6, 
a p p a r e n t l y   d u e   t o   t h e   l o w ,   t r a c e r   s o u r c e   s t r e n g t h   . a n d   t h e   l a c k  of  
downward t r a n s p o r t .  
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I,'igure 4.6-15 Horizontal and vertical  centerline  distributions from oil-fog 
data, Test 6 ,  Set 4. 
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Figure 4.6-16 Locations of aerial SF6 samples, Test 6. 
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'Yahle 4.6-2 Aerial SF sample ini'onnnti.on. 6 . 

Altitude (m) Time Sample xsoz (i.Igm-3 
Saslplc Distance  from 
Numbcr Release (!a) E L  AGL (PST) (min)  Ambient hTP 

Time 

4.6  1740 
4.8  1740 
5.4 1740 
5.4  1645 
4.3  1645 
4.6  1645 
4.6  1555 
4.5  1555 
5.4  1555 
5.4 1465 
9.4  1465 
8.6  1465 
8.0  1465 

305 
795 
94 5 
850 
700 
210 
120 
610 
760 
670 
395 
215 
185 

0620 1 
0622 1 
0624 1 
0626 1 
0630 1 
0632 1 
0634 1 
0638 1 

0640 1 
0642 1 
0645 1 
0650 1 

0655 1 

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 

0 
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4 . 6 . 7  Su r face  SF,6 bleasurcments. F i f t c e i l  surf;i(:c .;:lll1!~l.('I..; 

w e r e   d e p l o y e d   d u r i n g   t h e   t c s t  at d i s t n n c c s  u p  t u  1 0  ~ I I I  I ' m 1 1 1  t h c s  

r c l e a s e   a s  shown in   F igure   4 .6-17 .   Sampl ing   in format ion  i s  a v a i l -  
a b l e   i n   T a b l e   4 . 6 - 3 .   O n l y   s i t e  6S7 rece ived   measurable  SFb (:if  

t h e   d e t e c t a b l e   l i m i t )   w h i c h   m e a s u r e d   a n   e q u i v a l e n t   c o n c e n t r a t i o n  
of  l ess  t h a n  263 l ~ g m - ~  between  0745  and 0945 .  

4 .6 .8   Turbulence Measurements. The t u r b u l e n c e   f r o m   t h e   o i l -  
fog   c ros swind   pa t t e rns .   t oge the r   w i th   t hose   f rom two s p e c i a l  t u r -  
b u l e n c e   t r a n s e c t s  are shown i n  F i g u r e  4 . 6 - 1 8 .  The d a t a   f r o m   t h e  
o i l - f o g   p a s s e s   s u g g e s t   n e u t r a l   t y p e   t u r b u l e n c e   e n v i r o n m e n t   a n d  
show i n c r e a s i n g   t u r b u l e n c e   w i t h   h e i g h t .  The two t u r b u l e n c e   v a l u e s  
from t h e   s p e c i a l   t r a n s e c t s   o v e r   t h e   r i d g e s   ( l o c a t i o n s  shown i n  
Figure  4 .6-9)  show t h e   o p p o s i t e   t r e n d   a n d   a p p e a r   t o   d e c r e a s e   w i t h  
a l t i t u d e .   I n t e r m i t t e n c e   v a l u e s   w e r e   l o w  a t  a l l   a l t i t u d e s ,   s u g g e s t -  
i n g  a r a the r   un i fo rm  eddy  regime, t h o u g h   t h e   l o w e s t   a l t i t u d e  
passes   f rom se t  2 show i n c r e a ' s i n g   i n t e r m i t t e n c e ,   s u g g e s t i n g   t h e  
e x i s t e n c e  o f  o c c a s i o n a l   d i s t u r b a n c e s  a t  t h e s e   l e s s   t u r b u l e n t  
a l t i t u d e s .  

4 .6 .9  Summary o f  T e s t  6 .  The T e s t  6 t r a c e r   r e l e a s e  was made 
from t h e   u p p e r   p l a n t   s i t e   a t   a n   a l t i t u d e  o f  1 7 7 0  m MSL. A s t a c k  
he igh t   o f  183 m was assumed. A mechanical   problem  caused a 9 0 %  
r e d u c t i o n  i n  t h e   s o u r c e   s t r e n g t h  o f  SF6 d u r i n g   d i s s e m i n a t i o n .  
The plume  was r e l e a s e d   i n t o   s l i g h t l y   s t a b l e   c o n d i t i o n s  w i t h  f low 
from  the south t o   s o u t h w e s t  a t  5 m/s. Upon r e l e a s e ,   t h e  plume 
moved n o r t h e a s t w a r d ,   o u t   o f   t h e  Lower Hat Creek  Valley  and  over - 

t he   Bonapa r t e   R ive r .   Su r face   and  aer ia l  SF6 measurements  'showed 
ve ry  l i t t l e  S F 6 ,   i n d i c a t i n g   t h a t   t h e   c o m b i n a t i o n  o f  low source  
s t r e n g t h   a n d   l a c k  o f  downward m i x i n g   r e s u l t e d  i n  t h e   c o n c e n t r a -  
t i ons   wh ich   were   be low  the   de t ec t ab le  limit, e q u i v a l e n t   t o   a b o u t  
263 ~ g m - ~   i n   t h i s   p a r t i c u l a r   c a s e .   O i l - f o g  measurements  suggest 
t h a t   t h e  p l u m e   r e m a i n e d   n e a r   r e l e a s e   a l t i t u d e   d u r i n g   t r a n s p o r t  
w i t h  l i t t l e   i n d i c a t i o n  o f  i n t e r a c t i o n   w i t h   t h e  te r ra . in ,  and  no 
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Fign'e 4.6-17 Location of  surface SF6 samplers, Test 6. 
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Table 4.6-3 Surface SF sampler information. 6 
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ul 
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ri 

md 
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W 

Distance 
Sample From Release Altitude Time On - Time  Off 
Number (h) (m, IMSL) ( P S I  (min) Ambient NTP 

Time 

6S4  6.7  1325  0740  0737 7 0 0 
0737 
0807 

0807  30 
0837 

0 
30 

0 
0 0 

0837  0907 30 0 0 

Sampling xsoz (lJpm-3) 

.. - .  .. 

0754 oa - 
0824 
0854 

0854 
'0924 

hS5 2.7  1310  0654  0724  30 0 (1 
0724 0754  30 0 0 

24 30 0 0 
30 0 0 
30 0 n 

6S7  8.4  1250  0640  0745 65 0 0 
0745  094 5 120  263  307 

6S8 . 8.6  1250  0745  0815  30 0 0 
0815  0845 
0845  0915 

30 0 
30 

0 

0915 
0 0 

0945  30 Malf. - 
6S9 8.6  1280  0650  0731  41 0 0 

0731  0930  119 0 0 

6 1 0  9.9 915 0720  0950  150 0 0 

6T3  4.3  915  0530  0759  149 0 
0759 

0 
0910 71 

0910 
0 

1110 
0 

120 0 0 

6T4  4.3  830  0530  0722  112 0 0 
0722  0809 47 0 
0809 

0 
0915 - 

0915 1115 
66 b l f .  
120 0 0 

825  0530  0708  98 
0708 

0 
0828 

0 
80 0 0 

6T5 3.5 
. . " 
0828  0924  56 
0925  1125  120 0 

0 0. 
0 

"" 
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Figure 4.6-18 Turbulence measurements vs. altitude, Test 6. 
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i n d i c a t i o n   o f   s u r f a c e   i m p a c t .   N o r m a l i z e d   c o n c e n t r a t i o n s  3 t  vat" 
i o u s   d i s t a n c e s   i n d i c a t e   c e n t e r l i n e   d i l u t i o n  proceeded a t  a r a t e  
nominal   for  E-F s t a b i l i t y ,   w h i l e   t u r b u l e n c e   d i s s i p a t i o n  r:itcs 
w e r e   t y p i c a l   o f   t h o s e   o b s e r v e d   w i t h   n e u t r a l  (D)  d i s p e r s i o n  
c o n d i t i o n s .  

I t  is  c o n c l u d e d   t h a t   t h e   m e t e o r o l o g i c a l   c o n d i t i o n s   w e r e   c o n -  
d u c i v e   t o   e l e v a t e d   d i s p e r s i o n   a n d   t h a t  negligible su r face   impac t  
i s  i n d i c a t e d  by a l l  a v a i l a b l e   d a t a .  

4 . 7  T e s t  Number Seven,  August 1, 1 9 7 6  

T e s t  7 was conduct.ed from t h e   u p p e r   p l a n t   s i t e   d u r i n g   t h e  
ear ly   morning  of   August  1, 1 9 7 6 . .  A s t a c k   h e i g h t   o f  1 8 3  m was 
assumed  with 2 1 5  m plume r i se .  R e l e a s e   a l t i t u d e  was 1 7 7 0  m MSL. 
The m e t e o r o l o g i c a l   c o n d i t i o n s   a l l o w e d   s t u d y  o f  s t a b l e  plume  be- 
h a v i o r   d u r i n g   l i g h t   s o u t h e a s t e r l y   f l o w .  

4 . 7 . 1  S y n o p t i c   S e t t i n g   f o r   T e s t  7 .  A t  t h e   s u r f a c e ,  a l a r g e  
h i g h   p r e s s u r e   s y s t e m  w a s  centered  over   Saskatchewan  and a weak 
low p res su re   sys t em was loca ted   ove r   ea s t e rn   Wash ing ton .  A S O O -  
mb low  pressure   sys tem was l o c a t e d   s e v e r a l   h u n d r e d   k i l o m e t e r s  
wcst o f  Vancouver ,   whi le   r idg ing  was occur r ing   ove r   ex t r eme  
sou theas t e rn   Br i t i sh   Co lumbia .   These  features  produced a low- 
l e v e l   s o u t h e a s t e r l y   g r a d i e n t  flow t h a t   v e e r e d   w i t h   h e i g h t   t o   b e -  
come s o u t h e r l y  a t  5 0 0  mb. Early morn ing   c loud iness   cons i s t ed  of  
s c a t t e r e d   c i r r u s .  Howsver ,   c loudiness   increased   dur j .ng   the   day  
and   r a in   began  by  mid-af ternoon.  The d e t e r i o r a t i n g   w e a t h e r  was 
caused by  a shor t -wave   t rough  moving   in to   Br i t i sh   Columbia   f rom 
t h e   s o u t h .  

Sur face   and  5 0 0 - m b  maps a r e  shown i n  F igu re  4 . 7 - 1 .  

4 . 7 . 2  Meteoro log ica l   Pa rame te r s   fo r   Tes t  7 .  The meteor -  
o log ica l   measu remen t s   t aken   du r ing   t h i s  t e s t  inc lude   t empera tu re  
sound ings ,   w ind   a lo f t ,   and   su r f ace   w inds .   Tempera tu re   sound ings  
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Figure 4.7-1 Surface and 500 mb maps for Test 7 ,  August 1, 1976. 0400 K T .  m 
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were  taken by m i n i s o n d e ,   t e t h e r e d   s o n d e ,   a n d   t h e  NAWC t r a c e r  a i r -  
c r a f t .  Winds a l o f t   d a t a  were g a t h e r e d  by d o u b l e   t r a c k e r   p i b a l  
a s c e n t s   a n d  by t e t h e r e d   s o n d e .   S u r f a c e  wind  measurements  were 
madc  by t h e  B.  C. Hydro me teo ro log ica l   s t a t ion   ne twork . .  

The t empera tu re   sound ings   t aken   du r ing  Test 7 a r e   p r e s e n t e d  
i n   F i g u r e  4 . 7 - 2 .  The ear ly   morning  soundings  f rom the  r e l e a ' s e  
s i t e  show a modera t e   su . r f ace   i nve r s ion ,   abou t  4 0 0  m t h i c k ,   e x t e n d -  
i n g   t o  plume a l t i t u d e .   S o u n d i n g s   t a k e n   d u r i n g   t h e   t e s t  show t h a t  
t h c   i n v e r s i o n  was  s lowl 'y   eroded  by  surface  heat ing.   Other   sound-  
i n g s  taken a r o u n d   t h e   t e s t   a r e a   r e v e a l   v a r i o u s   s t r u c t u r e s ,   b u t  
g e n e r a l l y  show s t a b l e   t o   s l i g h t l y   s t a b l e   c o n d i t i o n s  below  plume 
a l t i t u d e   a n d   n e a r  n e u t r a l  cond i t ions   above .  

The s u r f a c e  wind d a t a   f o r   t h i s   t e s t  may be  found  in  Volume 
11, Fie ld -   Da ta .  The s u r f a c e   w i n d   d a t a  show a mod i f i ed   d iu rna l  
regime a t  most   low-lying s i t e s  wi th   the   swi tch   f rom  down-val ley  
t o   u p - v a l l e y   f l o w   o c c u r r i n g   b e t w e e n  0800 and 1 0 0 0  PST. Wind 
speeds  were l i g h t ,   a v e r a g i n g  .less t h a n  2 . 5  m/s. The (elevated 
s i t e s  showed s o u t h e r l y   f l o w  a t  speeds   up   t o  4 m/s. 

Winds a l o f t   d a t a   a r e   p r e s e n t e d  in t h e  wind d i r e c t i o n  and 
wind   speed   t ime  sec t ions ,   F igu . res  4 . 7 - 3  and 4 . 7 - 4 .  I t  can be 
s c e n   t h a t   t h e  wind f i e l d   b e l o w   a b o u t  1650 m l a r g e l y   r e f l e c t s   t h e  
i n f l u e n c e s   o f   t h e   v a l l e y   c i r c u l a t i o n .  The plume  was a p p a r e n t l y  
r e l e a s e d  near t h e  lower boundary of  t h e   g r a d i e n t  flow (insomuch 
as d i r e c t i o n  is  conce rned) ,   where   w inds   were   f rom  the   ea s t   t o  
s o u t h e a s t  a t  2 - 3  m/s. Plume a l t i t ude   w inds   r ema ined  i n  t h e   c a s t  
t o   s o u t h e a s t   a t  2 - 4  m/r; f o r   t h e   d u r a t i o n  of t h e  t e s t .  

4 . 7 . 3  Trace r   D i s semina t ion ,  Test 7 .  T r a c e r   r e l e a s e   p a -  
r a m e t e r s   f o r   T e s t  7 arc? g i v e n  i n  Table  4 . 7 - 1 ,  below. 
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Figurc 4.7-4 A time vs. a l t i tude  display of wind speeds a l o f t  
measured during  Test 7 .  Speeds arc given in m/s 
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Table 4.7-1. Ihration and source  strength of tracer 
release number 7.  

AItituJc: 1770 In IrlsI. 
Incat ion: Upper Si.tc 

Simulated Stack Height: 183 m 
Stabi l i ty  Classification: 13 

Time On Time Off Source Strength 
Tracer (PST) - (PST) . " Tot.al Released (9) (P/S) 

SF6 0531  0631 17,820 
O i l  Fog (1) 0531  0606 109,800 
O i l  Fog (2) 0624 0631 %/A 

4.95 
52.3 
N/A 

4 . 7 . 4  V i s u a l   a n d   P h o t o g r a p h i c   O b s e r v a t i o n s .   I n i t i a l   o i l - f o g  
plume t r a n s p o r t  was  toward t h e   n o r t h - n o r t h w e s t  a t  abou t  3 m/s. As 
t h e  p lume  passed   over   the  Lower Hat Creek   Val ley ,  it rose   and   t hen  
r e t u r n e d  t o  t h e   r e l e a s e   a l t i t u d e   n o r t h  o f  t h e   v a l l e y ,   i n d i c a t i n g  
t h e   p r e s e n c e   o f   c o o l e r   a i r   o v e r   t h e   v a l l e y .   F i g u r e  4 . . 7 - 5  shows 
t h i s   e f f e c t  a t  0622 PST and a l s o   s u g g e s t s   t h a t   t h e  p1.ume was l e s s  
s t a b l e   w h i l e   o v e r   t h e   v a l l e y .   T r a n s p o r t   t o   t h e   n o r t h w e s t   c o n -  
t i n u e d   u n t i l   a b o u t  0 7 0 0  PST. By t h a t   t i m e ,   t h e  plume! was n e a r   t h e  
e l e v a t i o n  o f  t h e   t e r r a i n  o f  the  Marble  Range  and the   nor thwes tward  
t r anspor t   ceased .   Dur ing   t he .   nex t  90  m i n u t e s ,   t h e   e n t i r e   p l i m e  
d r i f t e d  t o  t h e   w e s t ' a n d   s o u t h w e s t  a t  abou t  1 m/s. Ai: 0738  PST, 
F i g u r e  4 . 7 - 6  shows the  plume n e a r i n g  t h e  rugged   ea s t e rn  s ide  o f  
Marble  Canyon. By 0803 PST, t h e  plume was over  Marble Canyon as 
far  n o r t h  as Crown Lake and   appa ren t ly   be low  the  maximum e l e v a -  
t i o n   o f   t h e   e a s t e r n   s i d e   o f   M a r b l e  Canyon (,Figure 4 . 7 - 7 ) .  Obser-  
va t ion   ended  a t  about  0830 PST when t h e   f a i n t  plume was o v e r   t h e  
e l e v a t e d   t e r r a i n  on th.e w e s t   s i d e  o f  Marble Canyon (F igu re  

' 4.7-8) .  

Approximate plume! o u t l i n e s   a t   s e l e c t e d   t i m e s   d u r i n g   t h e   t e s t  
a r e  shown i n   F i g u r e  4 . 7 - 9 .  
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Figure 4.7-5 Photo, Test 7. Tnis view towards the  northeast shows the tracer 
plume rising over the  center of Hat  Creek Valley,  then  returning 
t o  near  release altitude. Source is to the right, 0622 PST. 

Figure 4.7-6 Photo, Test 7. The tracer plume can be seen  nearing  the 
elevated  terrain of the Marble  Range.  View is towards the 
east across Marble  Canyon, 0638 PST. 
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Figure 4.7-7 Photo, Test 7. By 0703 PST the plume  was drift ing across 
Marble Canyon. View is toward the  southeast  with  the  release 
point upper center. 

Figure 4.7-8  Photo, Test 7 .  By 0730 PST the last visible  portions of the 

the  east,  the plant   s i te  in the  right background. 
tracer plume dispersed west of Marble Canyon.  View is towards 
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Figure 4.7-9 Plume outlines  at  various times during  Test 7 .  
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4 . 7 . 5  Oil-Fog  Measurements .   Oi l - fog  measurements   for   Test  7 
c o n s i s t e d   o f  two sets of   crosswind  pat terns   f lown  3 .3   and 7 . 3  km 
downwind.  Other  measurements  were made d u r i n g   v e r t i c a l .   t e m p e r a t u r e  
soundings.  

The f i r s t  se t  of   c rosswinds  was  made n o r t h w e s t   o f   t h e   r e l e a s e  
o v e r   t h e   c e n t e r   o f  Lower Hat Creek   Va l l ey   a s  shown i n   F i g u r e  4 . 7 - 1 0  
bctween 0600 and 0620 PST. Nine passes   were made a t  a l t i t u d c s  
between  1830  and 1 7 1 0  m MSL. The maximum c o n c e n t r a t i o n ,   e q u i v a l e n t  
t o  33,5.00 ~ g m - ~ ,  was found a t  t h e   r e l e a s e   a l t i t u d e ,  1 7 0 0  m MSL. 
A p l o t  o f  maximum c o n c e n t r a t i o n  vs .  a l t i t u d e   f o r   t h e s e   p a s s e s ,   a s  
w e l l   a s  a p l o t  of d i s t a n c e  v s .  c o n c e n t r a t i o n ' f o r   t h e  1 7 7 0  m MSJ. 
p a s s   a r e   g i v e n   i n   F i g u r e  4 . 7 - 1 1 .  The plume d i s t r i b u . t i o n   w i t h  al t i-  
t.udc, when compared  with  temperatures   measured  during $:he p a s s e . ,  
i n d i c a t e   t h a t   t h e  plume was conf ined   above   the   invers ion   which   can  
bc seen  between 1 7 0 0  and  1800 m MSL on  t.he ear ly   morning   soundings .  
O n l y   v e r y   s l i g h t   l e a k a g e   i n t o   t h e   i n v e r s i o n   l a y e r  i s  i n d i c a t e d .  ' 

The Cal lagher   Creek  sounding made a t  0 5 4 0  PST shows t h a t   t h e   t o p  
o f   t h i s   i n v e r s i o n  was  somewhat h ighe r   ove r   t he   Ha t .Creek   Va l l ey  
t h a n   o v e r   t h e   p l a n t  s i t e ,  t h u s   p r o v i d i n g  a mechanism f o r   t h e  
v i s u a l l y   o b s e r v e d   r i s e  i n  t h e  plume a s  i t  p a s s e d   o v e r   t h e   c e n t e r  
of  t h e  v a l l e y .  

The v a l u e s  of U y ,  aZ,  and - f o r   t h e s e   p a s s e s   h a v e   b e e n  com- X i i  
Q 

p u t e d   a n d   a r e   d i s p l a y e d   i n   F i g u r e s  4 . 7 - 1 2  and 4 . 7 - 1 3 .  The measur- 
e d   d i s p e r s i o n  - c o e f f i c i e n t s   s u g g e s t   v e r y   s t a b l e  plume  geometry. 
'The va lue   o f  xu i n d i c a t e s  a somewhat l e s s   s t a b i e  E t y p e   d i l u t i o n  
r a t e  a t  t h e   c e n t e r l i n e :  

7 

The  second se t   o f   c rosswinds   were   f lown  over   the  ::lopes of  
the  Marble   Range,   across  Hat Creek from t h e   r e l e a s e ,   b e t w e e n  0634 
and  0641 PST. H e r e   t h e   c e n t e r l i n e  was found a t   a n   a l t i t u d e   o f  
1 7 5 5  m MSL w i t h  a maximum'equiva len t   concent ra t ion   o f  : L 1 , 2 8 2  ~ g m ' ~ .  
The d i s t a n c e   v s .   c o n c e n t r a t i o n   p l o t   f o r   t h e  1 7 8 5  m pas:; a s  well as 
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1:igurc 4.7- 10 t.oc;ltion of oil-fog crosswind patterns and turbulence  transects, 
." 

Test 7. Distances are i n  kilometers. Lr 
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Figure 4.7-12 kasured  values of a and aZ, Test 7 .  
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t h e ' a l t i t u d e  vs .  maximum c o n c e n t r a t i o n   p l o t  for t h i s  !jet o f  
measurements  can  be  found i n  F igure   3 .7-14 .   Here ,   as  i n  S e t  1, 
n comparison of  plume d i s t r i b u t i o n  w i t h  a l t i t u d e  show!j t h e   c c n t e r -  
I i nc  ahovc   the  t o p  o f  t hc   i nve r s ion   and   on ly   ve ry  low C O I I C C I I ~ ~ ; I -  

t i o n s   w i t h i n   t h e   i n v e r s i o n   l a y e r   i t s e l f .  The  computed  valucs  o f  
oy, cfz, a n d   f o r   t h e s e   p a s s e s   a r e   g i v e n  in Figures  1 . 7 - 1 2  and 
4.7-13.  The v a l u e s  of  b o t h   d i s p e r s i o n   c o e f f i c i e n t s   a - p p e a r   t o  
have   dec reased   s ince   Se t  1, w h i l e   t h e   v a l u e  o f  a p p e a r s   t o   a g r e e  
wcll with   the .   p red ic ted .  E cu rve .  

a 

Other oil-fog measuremen t s   a r e   ava i l ab le   f rom a t empera tu re  
sounding made a t  0650 PST ove r  Two Springs  C.reek, 7 km nor thwes t  
of  t h e   r e l e a s e   p o i n t .   T h e s e   d a t a  showed t h e  plume t o  be   cen te red  
3t 1800 m .  The plume  extended down t o   a b o u t  1 7 6 0  m MSL, t h e   l e v e l  
o f  t h e  t o p  of  the   i nve r s ion .   Upwards ,   t he   p lume   ex tended   t o   abou t  
1840 m MSL, a l though   ve ry   l ow  concen t r a t ions   appea r ' t o   have   been  
p r e s e n t   a s   h i g h   a s  213ij m MSL.- A measurement o f  uz a t   t h i s   l o c a -  
t i o n   g i v e s  a v a l u e   o f  :30 m. 

- 1785 M,&L 
0634 PST 

n 
L 
a 

3 RELEASfI 

0 10.000 20,000 

xS02 . 
1000 I> 

SWTHWEST  NORTHEAST 
1000 

DISTANCE (M)  

I . ig~~re  4.7-14 Ilorizontal and vertical plume centerline  distrihut.ions, 
Test. 7 ,  Set 2 .  
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A s p i r a l   t h r o u g h   t h e  plume  over   the  headwaters   of  Two Spr ings  
Creek, 1 2  k m . n o r t h w e s t   o f   t h e   p l a n t   s i t e  showed t h e  plume t o  ex -  
tend  from a t  l e a s t  2 1 6 5  m MSL t o   n e a r   t h e   s u r f a c e .  The main  por- 
t i o n  o f  t h e  plume was found  between 1 9 0 5  m MSI. and 1845 m h1SI. (IO 
m AGL) w i t h   t h e   c e n t e r l i n e  a t  1 8 9 0  m. These  measurements   indicate  
c o n c c n t r a t i b n s  o f  up t o  1435 pgm-' a t  a n   a l t i t u d e   o f  1 0  m A G L .  

Another   temperature   sounding  taken  about  5 km wes t -nor thwes t  
o f  t h e   r e l e a s e  showed t h e  plume t o   e x t e n d ,  i n  v e r y  low c o n c e n t r a -  
t i o n s ,   t o   a s   h i g h  as 2135 m MSL. The  main p o r t i o n . o f   t h e  plume was 
found  between 1 9 6 5  and  1600 m MSL w i t h   t h e   p e a k   v a l u e  a t  1870 m MSL. 
The  l c v e l   o f   t h e   t o p   o f   t h e   i n v e r s i o n  was 1 6 0 0  m NSL and  only 
t h r c s h o l d   c o n c e n t r a t i o n s  were o b s e r v e d   w i t h i n . t h e   i n v e r s i o n   l a y e r ,  
o r  hclow. 

A t h i r d   t e m p e r a t u r e   s o u n d i n g ,   t a k e n   o v e r   t h e   c e n t e r  o f  Marble 
(:anyon, showed t h r e s h o l d   c o n c e n t r a t i o n s   t o   e x t e n d   f r o m  2 2 2 5  m MSL 
t o  1790 m MSL r i s i n g  t o  a maximum a t  1690 m MSL and  dr .opping  to  
zero  a t  1660 m MSL, t h e   t o p   o f   t h e   i n v e r s i o n   l a y e r .  The bottom 
o f  the sounding ,   over  Crown Lake,.  showed a h a z e   l a y e r   e x t e n d i n g  
rrom t h e  s u r f a c e   t o  50 m AGL.  The haze,   mainly  due t o  c a m p f i r e s ,  
showed a maximum p a r t i c u l a t e   c o n c e n t r a t i o n . o f   a b o u t  30 ~ g r n - ~ .  

4 . 7 . 6  A e r i a l  SF, Measurements .   Seventeen   aer ia l   g rab   samples  " 
were t aken  w i t h  t h e   h e l i c o p t e r   s a m p l i n g   s y s t e m   a t   l o c a t i o n s  shown 
in Figure  4 .7-15.   Table  4 . 7 - 2  p rovides   sampl ing   in format ion .  I t  
can  h e  s e e n   t h a t   o f   t h e   t h i r t e e n   s a m p l e s   t a k e n   o v e r   e l e v a t e d  
t e r r a in ,   no r theas t   o f   Marb le   Canyon ,  s i x  contained  measurable   SF6.  
T h o s e   s i x   w e r e   a l l   t a k e n  a t  a l t i t u d e s   o f  more  than  1735 m MSL, 
n e a r   t h e   t o p   o f  o r  above   invers ion   he ight ,   and   were   f rom a small 
a r e a   n e a r   s u r f a c e   s a m p l e r   s i t e  7 S 9 .  The maximum measured  concen- 
t r a t i o n ,  from  samples 7H8, was e q u i v a l e n t  t o  2508 ugm . Samples 
71.17 and 7FI1O showed concen t r a t ions   o f   1384   and  2204 ~ g m - ~ ,   r e -  
s p e c t i v e l y ,   w i t h i n  30 m of   the  ground.   Four   samples   were  taken 

-. 3 
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Table 4.7-2 Aerial SF6 sample  informat ion. 

Samnlc Distance from Altitude (m) Time Sample );soz (ilm-3: 
Time 

I%i,er Release (h) MSL AGL (PST) (min) .4nbient h V  
. .  

7111 
71  12 
71 13 

7t I4 
7115 
71 1 6  
71 I7 
7tl8 
7119 
7irro 
7H11 
71112 
71113 

71114 
7111 5 
71 11 0 

71117 

8.5 
8.5 
8.6 
8.7 

10.4 
10.0 
11.0 

10.4 
10.3' 
10.4 

9.6 
10.3 
10.0 
8.7 

11.5 
15.5 
15.5 

1645 20 0645 1 
1645 60 0649 1 
1645 20 0655 1 
1675 90 0659 1 
1735 25 0700 1 
1735 75 0702 1 
1830 30 0704 1 

1830 90 0708 1 
1735 
1770 
1770 
1770 
1585 
1585 
1585 
1585 
1465 

55 0715 
30 0717 

125 0718 
110 0720 
335 0722 
135 0813 
365 0816 
350 0820 
155 0824 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

1384 1655 
2508 3000 

112 133 
2204 2635 
2464 2964 
308 368 
0 0 
0 0 
0 0 
0 0 
0 0 

" 

W 

L 

c., 

Y 
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over   the  s lopes  southwest   of   Marble   Canyon;   none  of   these  contain-  
ed  m e a s u r a b l e   c o n c e n t r a t i o n s   o f  SF6. 

4.7.7 Sur face  SF6 Measurements.   Nineteen  ground SF6 sampler  
s i tes  were  employed, a:; shown i n   F i g u r e  4.7-16. Tab1.e 4.7-3 g i v e s  
supplementary   da ta .  Of t h e s e ,   s i g n i f i c a n t   a m o u n t s  of  SF6  were 
d e t e c t e d  a t  o n l y  two s i t e s ,  7S8 and 7S9. Equiva len t  SO2 concen-  
t r a t i o n s   w e r e   b e t w e e n  :L82 and 776 ~ g m - ~   i n   t h e  73 t o  8 2  minute  
samples.   These two ground  samplers  were a t   h e i g h t s  of abou t  35  
and 50 m a b o v e   t h e   t o p   o f   t h e   i n v e r s i o n  (1750 m MSL) as i n d i c a t e d  
by t h e  0650 PST soundi.ng  over  Upper Two Springs  Creek.   Sampler  
2S10,  nea rby   bu t  125 m b e l o w   t h e   i n v e r s i o n ,   r e c e i v e d  no measurable  
SF6. No SF6 was d e t e c t e d  a t  s i t e s  a long   the   Marble  Canyon Road 
o r  the  Hat  Creek Road.  Near  background  levels  of SF,, w e r e   d e t e c t -  
ed a t  two s i t e s  n e a r   t h e   p l a n t  s i t e .  

4.7.8 Turbulence  Measurements .   Turbulence  measurements   for  
Test 7 a r e   a v a i l a b l e  from t h e  two s e t s   o f   o i l - f o g   c r o s s w i n d s   a n d  
t w o   l o n g e r   d i s t a n c e   t r a n s e c t s   ( s e e   m a p ,   F i g u r e  4.7-10). The r e -  
s u l t s   o f   t h e s e   m e a s u r e m e n t s   a r e   p l o t t e d   a g a i n s t   a l t i t u d e   i n  
F igure  4.7-17. 

I t   c a n   b e   s e e n  th .a t  t h e   t u r b u l e n c e   e n v i r o n m e n t   a t  a l l  a l t i -  
t u d e s   d u r i n g   c r o s s w i n d  S e t  1 o v e r   t h e   c e n t e r   o f  t h e  v a l l e y  was 
v e r y   l i g h t .   I n t e r m i t t , e n c e   v a l u e s   w e r e  more sca t t e red   t hough   no  
t r e n d   w i t h   a l t i t u d e  wi.s appa ren t .  The t u r b u l e n c e  values from 
S e t  2 a r e  much h ighe r   and  show a t r e n d   t o   i n c r e a s e  w i t h  a l t i t u d e .  
The g e n e r a l   i n c r e a s e  i n  t u r b u l e n c e   f r o m   S e t   1 ' t o   S e t  2 a p p a r e n t l y  
r e su l t ed   f rom  inc reas ing   mechan ica l   t u rbu lence   and   su r f ace   hea t -  
i.ng o v e r   t h e   s l o p e s ,   w h i l e   t h e   t r e n d   t o   i n c r e a s e   w i t h   a l t i t u d e  
r e f l e c t s   t h e   p r e s e n c e   o f   t h e   s h e a r   l a y e r  a n d   a s s o c i a t e d   i n v e r s i o n  
top   which   marked   the   top  o f  t h e   v a l l e y   c i r c u l a t i o n   a t   a b o u t  1600 m 
MSL. I n t e r m i t t e n c e   v a l u e s   f r o m   S e t  2 w e r e   s c a t t e r e d   i n  a s i m i l a r  
f a s h i o n   t o   t h o s e   f r o m   S e t  1. 
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Figure 4.7-16 Location of  surface SF6 sNnplers, Test 7 .  

4 - 1 5 2  



Table 4.7-3 Surface SF6 sampler information. 

Distance 
Sample From Release Altitude Time On - Time  Off 
t u b e r  

Time 
- Samplir1g xsoz (upI-3) 

(b) (m, E L )  (PST) (min) Ambient N'F 

7 Sl 5.2 1540 0520  0550 30 0 0 
0550  0620 30 . 0 0 

7slA 7.0  1295 0700  0730 30 Malf. - 
0730 
0800 

0800 30 < 2 2  
0830 

<26 

0830 
30 

0900 30 
0 0 
0 0 

8900 0930 30 0 0 
0930 1000 30 h l a l f .  - 

7S2 

7s3 

7s4 

755 

7S6 
3 

1.6  1435 0515  0545 30 0 0 
0545  0615 30 0 0 
0615  0645 30 
0645 

0 
0715 

0 
30 

0715 
0 

0745 
0 

30 - 
0745 

Malf. 
0815 30  <22  <26 

6.3 1450 0510 
0540 
0610 
0640 
0710 
0740 

6.6  1325  0505 
0535 
0605 
063 5 
0705 
0735 

6.9  1220 0625 
0715 
0855 

0540 
0610 
0640 
0710 
0740 
0810 

0535 
0605 
063  5 
0705 
0735 
0805 

"" 

0920 

0715 
0855 
1000 

30 bhlf. - 
30 
30 

0 0 
0 0 

30 
30 

0 
0 

0 

30 0 
0 
0 

30 0 0 

30 0 0 

30 0 
30 

0 
0 0 

30 
30 0 0 

30 ' 0 
0 0 

0 
30 0 0 

100 
50 Malf. 

k l f  . - 
65 0 0 

- 
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Table  4.7-3  (cont’d) 
w 

7s7 

7S8 

IS9 

7S10 

7(;1 

7 ~ 2  

7T3 

7T4 

7T5 

7T0 

717 

7T8 

7B 

8.3 

11.3 

10 .,8 

11.8 

16.1 

6.5 

4.3 

4.7 

3.6 

4.8 

7.4 

9.6 

0.0 

1525 

1785 

1800 

1645 

1250 

97 5 

930 

855 

840 

795 

825 

795 

1350 

0705 
0635 0705 

0735 
0735  0805 
0805 0835 
0835 
0905 

0905 
0935 

0650 
0725 

0725 

0847 
0847 
0953 

0655  0730 
0730 0843 
0843 0950 

0850 
0727  0850 

0957 

0817  0827 

0530  0652 

0530 0705 

0530 
0715 

0715 
0800 

0800 ’ 0930 

0530 0625 
0625  0815 

0617 
0630  0617 

0820 

0725 0900 

0735 0900 

0530 
0445 

0600 
0530 

0600 
0630 

0630 

0700 
0700 

0730 
0730 
0800 

0800 0830 
0830 0845 

4-154 

30 
30 
30 
30 
30 
30 

.8 2 
35 

66 

35 
73 
67 

83 
67 

10 

82 

95 

105 
45 
90 

55 
50 

47 
63 

95 

85 

45 
,30  
30 
30 
30 
30 
30 
15 

0 
0 
0 
0 
0 
0 

<22 
182 

0 

h l a l f .  
27 6 

0 

‘ 0  
0 

0 

0 

0 

0 
0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 
0 
0 
0 
0 

<22 

0 
b# 

0 
0 
0 
0 
0 

b e  

. ~. . 

Y 

330 .. 

k 

- 
0 

0 
0 .. . 

0 Y 
~ 

0 

0 
u 

0 
0 Y 

0 

0 
0 

I*I 

0 
0 bid 

0 
k, 

0 

0 
0 k d  
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The tu rbu lence   t r ansec t s   were   f l own  a t  a l t i t u d e s   o f  152.5 and 
' 2130  m MSL from t h e   r e l e a s e  t o  over  the  Marble  Range,  between 
0 7 1 0  and 0 7 2 0  PST. These  showed low t u r b u l e n c e   v a l u e s   i n d i c a t i v e  
of  s t a b l e   d i s p e r s i o n   a t   b o t h   a l t i t u d e s   a n d   m o d e r a t e   i n t e r m i t t e n c e  
a t  2130 m MSL and a r a t h e r   h i g h   v a l u e   a t   1 8 2 5  m MSL. 

4 . 7 . 9  Summary o f  Test 7 .  The Test 7 t r a c e r  plume  was r e -  
l e a s e d  from t h e   u p p e r   p l a n t   s i t e   a t   a n   a l t i t u d e  o f  1 7 7 0  m MSL. 
A s t ack   he igh t   o f   183  m was assumed.  Dissemination was  made a t  
the top   o f  a t h i c k   i n v e r s i o n   l a y e r   w i t h   e a s t   t o   s o u t h e a s t   f l o w  
.a t   speeds  of  2 t o  3 m/s. The  plume t r a v e l e d  f i r s t  t o   t h e   n o r t h -  
west   .over   the  Marble   Plateau,   then moved wes.tward across   Marble  
Canyon. a n d   t h e   e l e v a t e d   t e r r a i n   b e y o n d .  Ground  impact  occurred 
ove r   t he   Marb le   P l a t eau   where   s lugg i sh   fumiga t ion   p roduced   l ow,  
b u t   m e a s u r a b l e ,   o n e - h o u r   s u r f a c e   c o n c e n t r a t i o n s   o f   a t   l e a s t  2 7 6  

w m  -' . Apparen t ly   on ly   t hose   s ample r s   above   t he   t op   o f   t he  i n -  
v e r s i o n   l a y e r   r e c e i v e d   m e a s u r a b l e   c o n c e n t r a t i o n s  o f  SF6. A e r i a l  
measurements   of   both SF6 a n d   o i l - f o g   a l s o   i n d i c a t e   t h a t   t h e   b u l k  

' .  o f   t h e   t r a c e r  plume was conf ined   above   t he   i nve r s ion .  The a e r i a l  
SF6 measurements   show  concentrat ions a t  30 m AGL were   about   e igh t  
t i . m e s   l o n g - t e r m   s u r f a c e   c o n c e n t r a t i o n s   a t   t h e  same l o c a t i o n .  
Maximum plume c e n t e r l i n e   c o n c e n t r a t i o n s   o v e r   t h e   h i g h   g r o u n d ,   a s  
measured   f rom  the   o i l - fog   p lume  were   another   f ive   t imes   h igher .  
'I'he n o r m a l i z e d   c o n c e n t r a t i o n s   i n d i c a t e   t h i s  plume  experienced a 
r a t e  o f  cen te r1 , ine   d i lu t ion   comparab le   w i th   t he   pub l i shed   va lues  
For E t y p e   s t a b i l i t y .   T u r b u l e n c e   d i s s i p a t i o n   r a t e s   w e r e   c h a r a c -  
t e r i s t i c   o f   v e r y   s t a b l e   c o n d i t i o n s   o v e r   t h e   v a l l e y ,   w h i l e   o v e r  
t h e   s l o p e s   n e u t r a l   c o n d i t i o n s .   w e r e   i n d i c a t e d .  

In  summary, su r f ace   impac t   occu r red   on ly  a t  s i t e s   a b o v e   t h e  
r e l e a s e   a l t i t u d e   w h e r e   o n e - h o u r   c o n c e n t r a t i o n s   o f   a t   l e a s t  2 7 6  
vgm were found. More ex tens ive   fumiga t ion  was p reven ted  by the  
i n v e r s i o n   l a y e r   b e l o w   a n d   t h e   f a c t   t h a t   i n s o l a t i o n  was r a t h e r  
weak. By the   t ime   fumiga t ion   *occur red   ( abou t  0830 t o  0 9 0 0  PST), 
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t h e  plume  was d i f f u s e   t o   t h e   p o i n t   t h a t   s u r f a c e   c o n c e n t r a t i o n s  
were   undetec tab le .  

4 . 8  Tes t  Number Eight:,  August 5 ,  1976 

The Test 8 t r a c e r   r e l e a s e  was conduc ted   f rom  the   uppe r   p l an t  
s i t e  on the   morning  o f  August   5 ,  1 9 7 6 .  A s t a c k   h e i g h t   o f  1 8 5  m 
and  plume r i s e   o f  2 7 5  n were  assumed,   giving a r e l e a s e   a l t i t u d e  
of 1830 m MSL. The m e t e o r o l o g i c a l   c o n d i t i o n s   d i c t a t e d   s t u d y   o f  
n e u t r a l  p l u m e   b e h a v i o r   o v e r   t h e   r o u g h   t e r r a i n   e a s t   a n d   s o u t h   o f  
t h e   p r o p o s e d   p l a n t   s i t e .  

4 . 8 . 1  S y n o p t i c   S e t t i n g   f o r   T e s t  8 .  A t  t h e   s u r f a c e ,   t h e   p r o -  
j e c t   a r e a  was be tween  two  h igh   pressure   sys tems,   one   cen tered   over  
c e n t r a l   S a s k a t c h e w a n   a n d   t h e   o t h e r  a s i m i l a r   d i s t a n c e   t o   t h e   w e s t .  
Due t o  t h e   b l o c k i n g   e f f e c t   o f   t h e  Rocky Mounta ins ,   the   wes te rn  
h i g h   p r e s s u r e   s y s t e m   e x e r t e d   t h e   g r e a t e s t   e f f e c t   o v e r   t h e   p r o j e c t  
a r e a   a n d ,   a s  a r e s u l t ,   t h e  low-level  g r a d i e n t   f l o w  was nor thwes t -  
e r l y   t o   n o r t h e r l y .  A 500-mb l o w   p r e s s u r e   s y s t e m ,   l o c a t e d   o f f   t h e  
C a l i f o r n i a - O r e g o n   b o r d e r ,   r e s u l t e d  i n  a h i g h   l e v e l ,   s o u t h e a s t e r l y  
t o   e a s t e r l y   f l o w .  Mo.rning c l o u d i n e s s  over t h e   p r o j e c t   a r e a   c o n -  
s i s t e d   o f   b r o k e n   a l t o c u m u l u s   a n d   c i r r u s   w i t h  some scud   ove r   t he  
h i l l s .  

Surface  and  700-~nb maps a r e  shown i n  Figure  4 . 8 - 1 .  

4 .8 .2   Me teo ro log ica l   Pa reme te r s   fo r   Tes t  8 .  Measurements 
made d u r i n g   t h e   f i e l d   o p e r a t i o n s   i n c l u d e d   d o u b l e   t r a c k e d   p i l o t  
ha l loon   and   min i sonde   a scen t s   f rom  the   p roposed   Har ry  Lake s i t e  
f o r  wind  and l a p s e   r a t e   d a t a ,   p l u s   s u r f a c e   w i n d   m e a s u r e m e n t s .   f r o m  
t h e  0 .  C. Hydro s t a t i o n   n e t w o r k .  The NAWC t r a c e r   a i r c r a f t   p r o -  
v ided   t empera tu re   sound ings   f rom  va r ious   l oca t ions   a round  t h e  
t e s t   a r e a .  
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Figure 3.S-I Surface and 500 mb charts  for Test 8, August 5, 1976. 
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Figure 4.8-1 (Cont'd.) 
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The  plots of the  temperature soundings taken during  this  test 
are.shovn in Figure 4 . 8 - 2 .  It can be seen that near-neutral  con- 
ditions prevailed  at release altitude throughout the  test. Sound- 
ings made in the Hat Creek  Valley  and  Cattle  Valley  indicated a 
weakly-developed surface  based inversion extending up to 1300 to u 
1400 m MSL. Wind  and  cloud cover apparently  prevented inversion 
formation at  higher  locations such as  the  plant  site. bed 
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The s u r f a c e  wind d a t a   f o r   t h i s   t e s t   a r e   p r e s e n t e d   i n  Volume 
2 ,  Fie ld   Da ta .  Low l y i n g  s i t e s  i n d i c a t e  a w e l l - d e f i n e d   d i u r n a l  
c i r c u l a t i o n .  The   change   in   f low  d i rec t ions   f rom  down- to   up-va l ley  
o c c u r r e d   a t   a b o u t  0800 PST. Average  wind  speeds  were  . fa i r ly  l i g h t  
and  remained  under 3 m/s. H i g h e r   l e v e l   s i t e s  showed n o r t h e a s t e r l y  
f low at abou t  6 m/s. 

The w i n d s   a l o f t   d a t a   c a n   b e   s e e n   i n   t h e  wind d i r e c t i o n   a n d  
wind   speed   t ime   s ec t ions ,   F igu res   4 .8 -3   and   4 .8 -4 .   These  show 
n o r t h   t o   n o r t h w e s t   f l o w  a t  r e l e a s e   a l t i t u d e   t h r o u g h o u t   t h e   t e s t .  
Speeds  increased  f rom  3.5 m/s a t   t h e   b e g i n n i n g   o f   t h e   r e l e a s e   t o  
6 m/s by  0800.  The i n f l u e n c e  o f  t h e   d i u r n a l  f low r e g h e  i s  e v i -  
d e n t  as a s l i g h t  verr i n .  wind d i r e c t i o n s   f a v o r i n g   t h e   u p - v a l l e y  
c i r c u l a t i o n  component   toge ther   wi th  a wind  speed minimum a t   a b o u t  
0800-0900 PST. 

!m 4 .8 .3   T race r   D i s semina t ion ,  Test 8 .  The t r a c e r   r e l e a s e   p a -  
r a m e t e r s   f o r  Test 8 a r e   g i v e n   i n   T a b l e   4 . 8 - 1 ,   b e l o w .  

Table 4.8-1 h r a t i o n  and source  strength  of  tracer 
rIElease number 8. 

Altitude: 1830 m MSL 
Location: Upper S i te  

Simulated Stack Height: 183 m 
Stability Classification: D 

rq Time On rime O f f  
Tracer (PST)  (PST) Total Released (9)  ( d s )  

Source Strength 

w SF6  0528  0628 18,720  5.20 

O i l  Fog (1) 0528  0604 109,800  50.8 
O i l  Fog (2) 0618  0628 N/A N/A *w 
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I:igurc 4.8-3 A time vs .  altitude.  display of wind Jirections a l o f t  
measured during Test 8. Speeds are given i n  m/s. 
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4.8 .4  Visual   and   Photographic   Observa t ions .  The o i l - f o g  
plume was t r a n s p o r t e d   t o w a r d   t h e   s o u t h - s o u t h e a s t   i n i t i a l l y   a t  
;lbout 3 . 5  m/s. F igure  4 . 8 - 5  shows t h a t  by 0 5 4 1  PST, 13 minutes  
a f t e r   t h e   t e s t   b e g a n ,  the: l ead ing   edge  of  t h e  plume was over  
Med ic ine   Creek .   T ranspo l t   sh i f t ed  more t o   t h e   s o u t h e a s t   a n d   e a s t  
a f t e r   t h a t .  A t  about  0600  PST, t h e   l e a d i n g   e d g e   o f   t h e  plume 
s p l i t ,  w i th   pa r t   o f   t he   p lume   con t inu ing   sou theas t   ove r  Upper 
Medicine Creek and t h e   o t h e r   p a r t   d r i f t i n g   e a s t w a r d   t o w a r d  McLean 
and  Cornwall   Creeks  (Figure 4 . 8 - 6 ) .  T h a t   p a r t  over Medicine  Creek 
was e v e n t u a l l y   o b s c u r e d  'by s c u d ,   b u t   t h e   o t h e r  pa r t  o f  t h e  plume 
r c m a i n e d   v i s i b l c   a n d   c o n t i n u e d   t o   t h e   e a s t   a n d   t h e n   s o u t h e a s t .  
P igurc  4 . 8 - 7  shows t h e   d i f f u s e  plume nea r   g round   l eve l   abou t  2 
t o  3 km w.est  of t h e   A s h c r o f t   a i r s t r i p  a t  0647  PST. T e r r a i n   e l c -  
v a t i o n s   i n   t h a t   a r e a   a r e   a b o u t  1 0 0 0  m below  the  plume  : re lease 
h e i g h t .  Plume o u t l i n e s   a t   s e l e c t e d   t i m e s   a r e  shown i n  F igu re  
4 . 8 - 8 .  

4 .8 .5  Aerial   Oi l -Fog  Measurements .   Oi l - fog  measurements  
f o r   T e s t  8 c o n s i s t   o f  two s e t s  of  c ros swind   pas ses  flo.wn 3.4 and 
8.2  km downwind o f   t h e   r e l e a s e  as shown i n   F i g u r e  4.8-9 .  

Measurements made d u r i n g   t h e  f i r s t  se t  o f   p a s s e s  ( 0 5 5 0 - 0 6 0 7  

PST) showed a maximum c o n c e n t r a t i o n ,   e q u i v a l e n t   t o  16,492 pgm , 
at a n   a l t i t u d e  o f  1 7 7 0  In MSL. The con .cen t r a t ion  v s .  d i s t a n c c   p l o t  
for. the 1 7 7 0  m p a s s ,   a s   w e l l   a s   t h e   a l t i t u d e  v s .  maximum conccn-  

t r a t i o n  p l o t  f o r  t h i s  set, are  shown i n  F igu re  4 . 8 - 1 0 .  Although 
t i m e   l i m i t a t i o n s   p r e c l u ' i e d   d e f i n i n g  t h e  c e n t e r l i n e   a l t i t u d e   o r  
c o n c e n t r a t i o n ,   c a l c u l a t i o n s   o f  uy, uz, and -ri have  been made wi th  
t h e  a v a i l a b l e   d a t a   a n d   a r e   p r e s e n t e d   i n   F i g u r e s  4.8-11. and 4 . 8 - 1 2 .  
The d i s p e r s i o n   c o e f f i c i e n t s   i n d i c a t e  a s t ab le  atmosphcre - v a l u e  
f o r  CY and a n e u t r a l   t y p e   v a l u e  f o r  CYz. The v a l u e  o f  xu i n d i c a t e s  
a n e u t r a l   d i l u t i o n   r a t e  a t  t h e   c e n t e r l i n e .  

- 3  
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A second set  o f  c ros swind   pas ses  was made between 0 6 1 9  and 
0627  PST over   the  divid.e   between  Medicine  and  Cornwall   Creeks.  
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Figure 4.8-5 Photo, Test 8. The leading edge of the plume is 
over the  center of Medicine  Creek in   this  view 
looking eas t   a t  0541 PST. Harry Lake is visible 
left   center.  

Figure 4.8-6 Photo,  Test 8. The plme can be seen spl i t t ing  in   this  
0600 PST photo. View is towards the northwest with 
the  source l e f t  background. Transport is towards the 
observer. 
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Figure 4.8-7 Photo, Test 8 .  The diffuse plume can be seen  near 

ground level 2 t o  3 km. west of Ashcroft a i rs t r ip .  
View is ts3ward.s the  north, 0647 PST. 
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Figure 4.8-8 Plume outlilles a t  selected times  during Test 8. 
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Fi.pre 4.8-9 Locations Of oil-fog CrOSSWinds, Test 8. Distances are i n  
kilometers. 
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Figure 4.8-10 llorizorltal and vertical plume centerline distributims, 
Test S, Set 1. Y 
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d Figure 4.8-11 Measurerd values of u and uz vs. distance, Test 8. Y 
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Figure 4.8-11 (Cont'd.) 
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l'hc m:lximum conccn t r a t ion   o f   3359  Ugm-j was found a t  1830 m VSL. 

A p l o t  of  d i s t a n c e  v s .  c o n c e n t r a t i o n   f o r  t h i s  pass and a p l o t  of 
a l t i t u d e   v s .  maximum c o n c e n t r a t i o n   f o r   t h e   e n t i r e  se t  a r e   g i v e n  
i n  F i g u r e   4 . 8 - 1 3 .   I t   c a n   b e   s e e n   t h a t   w h i l e   h o r i z o n t a l   s p r e a d i n g  
has been somewhat l i m i t e d ,   v e r t i c a l   m i x i n g   h a s   a p p a r e n t l y   b e e n  
more e f f e c t i v e .  The e s t i m a t e d   v a l u e s   o f  u and oz a p p e a r   i n  
Fi.gurc 4 . 8 - 1 1 .  The v a l u e  of  p l o t t e d  i n  F i g u r e  4 . 5 - 1 2 ,  i n -  
d i c a t e s   c o n t i n u e d   n e u t r a l   d i s p e r s i o n .  

Y 
7' 

One of  t h e   p a s s e s   a t   t h i s   l o c a t i o n , a t   1 8 6 0  .m MSL, extended 
f n r   e n o u g h   t o   t h e   s o u t h   t o   m e a s u r e   t h e   p o r t i o n  o f  t h e   s p l i t  plume 
w h i c h  t rave1,ed  . sou. t ,h ,   up  Medicine  Creek.   Xeasurable   concentra-  
t i o n s   o f   o i l - f o g  were found  between  3.0  and 3 . 4  km southwes t   o f  
t h e  c e n t e r l i n e   ( r e f e r e n c e  i s  t o   d i s t a n c e   s c a l e  i n  F i g u r e   4 . 8 - 9 ) ,  
w i . t h  a  maximum measured   concen t r a t ion   o f  6 1 1  ~ g m - ~ .  There i s  a 

s ; ldd lc  i n  t h e   r i d g e l i n e   a t  t h i s  l o c a t i o n   w h i c h  i s  a t  l e a s t  150  m 
bc low  the   su r round ing   h igh   g round ;  The p lume   appa ren t ly   ex i t ed  
Mcdicine  Creek  drainage  through  here   and  cont inued  out   over   the 
Thompson River  Gorge. 

4 .8 .6   Aer i a l  SF6  Measurements .   S ix   aer ia l   samples  were 
t a k e n   d u r i n g   t h e   t e s t ,  and t h e   l o c a t i o n s   a r e  shown i n  F igu re  
4 . 8 - 1 4 .  Sample  data  i s  g iven  i n  Table  4.5-2.   These  samples 
werc t aken  a t  a l t i t u d e s   o f  60 m A G L  i n  a t r a n s e c t  from McLean 
Lake,-down  Cornwall Creek t o   t h e   A s h c r o f t   a i r s t r i p .   O n l y   s a m p l e  
8111, from McLean Lake,  showed  measurable SF6 w i t h  a c o n c e n t r a t i o n  
o f  375 Ugm . -3  

3 . 8 . 7  S u r f a c e  SF6 Measurements. SF6 samplers   were  deployed 
ncnr Lower and  Upper   Medicine  Creek,   on  the  r idges  forming  the 
Upper   Mcdic ine   Creek   Val ley ,   and   near   the   Ashcrof t   a i r s t r ip   as  
shown i n  F igu re  4 . S - 1 5 .  ' N o  SF6  was d e t e c t e d   a t   a n y   o f   t h e s e  
s i t e s ,   a s   t h e   s a m p l i n g   d a t a   i n   T a b l e   4 . 8 - 3   s h o w s .  
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Figure  4.8-13  Horizontal and vertical plume centerline  distribution, Test 8 ,  
Set 2 .  
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Figure 4.8-14 Location of aerial  SF6 samples,  Test 8. 
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Table 4.13-2 Aerial SF6 sample  information. 

Altitude (m) Time Sample XSO2 (!-lm-3) 
Sample Distance from . Time - 
Nmber Release (h) l&L AGL (PST) (min) Ambient. m 

8Hl 9.9 1281 60  0605 1 375 483 
St12 11 .2  1100 60  0610 1 0 0 
8H3 12.8 975 60  0621 1 0 0 
81 14 14.8 855 60 0633 1 0 0 
st15 15.0 795 60 0649 1 0 0 
8H6 18.2 610 60 0705 1 0 0 

Table 4.8-3 Surface SF6 sampler information. 

Sample From Release Altitude Tirne.Cn - Time Off 
h b e r  (h) (m, EIISL) (PST) (min) Ambient NTP 

Time 
Distance Sampling xs02 (llP-3) 

8 S1 7.5  1280 0529 0559 . 
0559 

30 
0629 

0 
30 

0 
0 0 

8S1A 16.1 765 0700 
0730 
0800 
0830 
0900 
0930 

8S2 

8S3 

0.9 1450 0532 
0602 
0632 
0702 
0732 

0920 
0802 

0730 30 
0800 30 
0830 30 
0900 30 
0930 
1000 

30 
30 

0602 30 
0632 30 
0702 30 

0802 
0732 30 

30 
0832 30 
0945 . 25 

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 
0 

7.2 1645 0558 0628 30 h l a l f .  - 
0628 0758 
0658 

30 0 
07  28 

0 
30 

0728 0758 0 0 
0 

30 
0 

0758 0828 
0828 

30 0 
0858 30 Malf * 

0 - 
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Table  4.8-3  (Cont’d) 

Distance  Sampling XSO~ (ppm-’) 
w 

Sample From Release  Altitude  Time On - Time Off 
?5mber (h) (m, %L) (PST) (min)  Ambient WIT 

Time 
m 

8S4 

8S5 

SSSA 

8S6 

8S6h 

8S7 

sss 

8S9 

8S10 

8’ [‘J 

6.4 

5.9 

10.2 

8.0 

19.0 

8.3 

8.9 

5.4 

8.0 

4.5 

1325  0510 
0540 
0610 
0640 
0710 
0740 
0930 

1770  0517 
0547 
0617 

1235  0655 
0725 
07  55 
0825 
0855 
0925 

655  0706 

0806 
0736 

0906 
0836 

0936 

1435  0601 
0800 

1645  0606 
0752 

1280  0610 
07  57 

1435  0620 
0755 

83 5 0530 
0603 

, 0700 

0540 
0610 
0640 
0710 
0740 
0810 
0949 

0547 

,0630 
0617 

0725 
0755 
0825 
0855 
0925 
0955 

0554 
0624 
0654 

0736 
0806 
0836 
0906 

1006 
0936 

0800 
1000 

0752 
0952 

0757 
0957 

07  55 
0955 

0603 
0700 
0812 

30 . - 
30 0 0 
30 0 0 
10 0 0 

&kif. 

Y 
” 

10 0 0 

30 0 0 
30 0 0 
30 0 0 
30 0 0 
30 0 0 
30 0 

-hm 
0 

bw 

.. 

30- 0 0 
30 0 0 
30  <20 <26 

.m 

30 0 0 
30 0 

k 

30 
0 

0 0 
30 0 
30 0 

0 
0 

30 0 0 
Y 

30 
30 
30 0 0 
30 0 0 
30 0 0 
30 0 0 

Y 

107 0 0 
120 0 0 1 

95 
120 

0 
0 

0 
0 Iri 
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Table  4.8-3  (Cont'd) 

Distance Sampling xsoz (upm-31 
From Release  Altttude Time On - Time  Off Time 

Ihber (W (m, hfjL1 (PST) (min)  Ambient MI? 

8T5 4.0 '765 0530  0559 28 . 0 0 

8T6 7.0 67 0 0530  0548 18 0 0 

87.7 7.5 340 0625  0730 65 0 0 

8T8 11.0 825 0615  0715 60 0 0 

8T9 4.0 900 0530  0606 36 0 
0606 

0 
0708  62 

0708 
0 

0808 
0 

60  Malf. - 
8llO 3.8 1000 0619  065.0  31 

0650 
0 

0720 30 0 0 
0 

8Tll  3.0  1190  0635  0735  60 0 0 

8B 0.0 1375 0500 0600 
0600 

60 
0700 

0 0 
0 n fin "" " - - 

0700 
0800 

0800 60 0 0 
0900 60 

0900 1000 60 0 0 
0 0 
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Figure 3.8-15 Location of surface SF6 samplers, Test 8. Y 
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4.8.8  Turbulence  Measurements.  The t u r b u l e n c e   d a t a   a v a i l -  
able f o r   T e s t  8 ,  p l o t t e d   i n   F i g u r e   4 . 8 - 1 6 ,  comes  from t h e  two 
s e t s   o f   o i l - f o g   c r o s s w i n d   p a t t e r n s   ( s e e  map, F igu re   4 .8 -9 ) .  The 
da ta   f rom  Se t  1 show r a t e s   o f   t u r b u l e n c e   d i s s i p a t i o n   a s s o c i a t e d  
wi th  a neu t r a l   a tmosphe re   and  a g r a d u a l   t r e n d  t o  i n c r e a s e   w i t h  
d e c r e a s i n g   a l t i t u d e .   I n t e r m i t t e n c e   v a l u e s   w e r e   r a t h e r   l o w ,   i n -  
d i c a t i n g  a uni form  turbulence   reg ime,   though a s l i g ' h t   t r e n d   t o  
i n c r e a s e   a t   l o w e r   a l t i t u d e s  i s  ev ident .   These   measurements   in -  
d i c a t e   t h a t  more t u r b u l e n t   c o n d i t i o n s   e x i s t e d  a t  l o w e r   a l t i t u d e s ,  
p r o b a b l y   r e f l e c t i n g  a s h a l l o w   v a l l e y   c i r c u l a t i o n   b e l o w   t h e  
g r a d i e n t   w i n d   l e v e l .  

0 

0 

e 
e 

I 
0 

0 

1600 I 

0 

0 

esm 1 

0 SET 2 

0 

, 5 0 0 u -  
0 20 40 60 80 100 

1900r  

1800 - 

d 0 
i 
x 
E 

" 
1700 - 0 

a 0 

2 0 

0 

0 

0 

c. 

0 SET 1 

0 SET '2 

0 0.2 0.4 0.6 0.8 1.0 

Figure  4.8-16  Turbulence measurements, Test 8. 
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The d a t a  from S e t  2 '  show g r e a t e r   t u r b u l e n c e   t h a n   S e t  1, p ro -  
i > a b l y   r e f l e c t i n g   t h e   l o w e r  AGL a l t i t u d e s ,  and  consequently  more 
i n t c n s e   m e c h a n i c a l   t u r b u l e n c e   a t   t h i s   l o c a t i o n .  The v a l u e s   i n -  
dic 'xtc :I C-I) dispersion rcgimc. 'I'hcsc 11:lt:l af.so suggcs t  i nc rcns -  
ing   tu rbulence  w i t h  d e c r e a s i n g   a l t i t u d e .   I n t e r m i t t e n c e   v a l u e s  
w e r e   s i m i l a r   t o   t h o s e   f r o m   S e t  1 and  showed  no  apparent  trend 
with a l t i t u d e .  

, .  
. .  

4.8 .9  Summary o f   T e s t  8.. The T e s t  8 t r a c e r  plume  was r e -  
l e a s e d   f r o m   t h e   u p p e r   p l a n t   s i t e   a t   a n   a l t i t u d e   o f  1 7 7 0  m MSL. 
A s t ack   he igh t   o f   183  m was assumed.  'Winds a t  plume a l t i t u d e  
were   f rom  the   no r thwes t   a t  3 t o  4 m/s. S t a b i l i t y   c o n d i t i o n s  
were n e a r   n e u t r a l .  Upon r e l e a s e ,   t h e  plume  spread  up  Medicine 
C r e e k   a n d   s p l i t .  The main   por t ion   o f   the   p lume  c rossed   eas tward  
in to   t he   Cornwa l l   Creek   d ra inage ,   wh i l e   t he   o the r   po r t ion   con-  
t i n u e d   s o u t h  up   Med ic ine   Creek   and   c ros sed   t o   t he   ea s t ' a t  a 
s a d d l e   j u s t   s o u t h  o f  SF6 sampler  8S8:  The  main  portion of t h e  
p lume  cont inued   ou t   over   the   Ashcrof t   a rea   and   d i spersed . .  I 

.. 

There was  no m e a s u r a b l e   s u r f a c e   i m p a c t . . d u r i n g   t h i s   t e s t ,  
! 

t h o u g h   s a m p l e r s   w e r e   : s t r a t e g i c a l l y   p l a c e d   a l o n g   t h e   r i d g e l i n e s .  
A c r i a l  'SF6  measu remen t s   r evea led .2  maximum c o n c e n t r a t i o n  o f  3 7 5  
~ g m - ~  6 0 ' m  above  'the  Ground  at.  Mitean  Lake.: 

. .  

Oil-fog  measurements  show t h e   p l u m e , . , s p r e a d   v e r t i c a l l y   r a t h e r  
r n p i d l . ~ ,   t h o u g h   t h e   c e n t e r l i n e   a p p a r e n t l y   r e m a i n e d   n e a r   r e l e a s e  
a l t i t u d e  as  Ear as   the   d iv ide   be tween  Medic ine   and   Cornwal l  
Creeks.  The n o r m a l i z e d   c o n c e n t r a t i o n s  show n e a r - n e u t r a l   d i s p e r -  
s i o n   r a t e s .   T u r b u l e n c e   d i s s i p a t i o n   r a t e s   w e r e   c h a r a c t e r i s t i c  of  
' l l e u t r a l . . t o   s l i g h t l y   u n s t a b l e . d i s p e r s i o n   r e g i m e s .  The d a t a   s u g g e s t  
thc r a t h e r   u n i f o r m   t u r b u l e n c e   s t r u c t u r e   c h a r a c t e r i s t i c   o f  mechan- 
i c a l   ( t e r r a i n )   e f f e c t s   a n d   n e u t r a l   l a p s e   r a t e s .  

In  summary, T e s t  8 may b e   c l a s s e d   a s  a n e u t r a l  plume  whose 
t r a n s p o r t  was g r e a t l y   i n f l u e n c e d  by t h e   t e r r a i n .  However, a 
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c o m b i n a t i o n   o f   f a v o r a l ~ l e   d i s p e r s i o n   c o n d i t i o n s   p r e v e n t e d   m e a s u r -  
a b l e   s u r f a c e   i m p a c t .  

4 . 9  Tes t  Number Nine,   August  6,   1976 

T e s t  9 was conducted a t  t h e   l o w e r   p l a n t  s i t e  d i n i n g   t h e   e a r l y  
a f t e rnoon   o f   Augus t   6 ,   1976 .  An assumed s t a c k   h e i g h t   o f  366 m ,  
w i t h  366 m plume r i s e   g a v e  a release a l t i t u d e   o f  164.5 m MSL. The 
t e s t  was c o n d u c t e d   u n l l e r   c o n d i t i o n s   s u i t a b l e   f o r   e x a m i n a t i o n  of  
p lume   behav io r   du r ing   pe r iods   o f   l i gh t   w inds   and   v igo rous  
convect ion:  

4 . 9 . 1  S y n o p . t i c   S e t t i n g   f o r  Test 9.  The s e t t i n g   f o r  Augilst 
6 ,  1976 was much l i k e  t h a t   d e s c r i b e d   i n   S e c t i o n   4 . 3 . 1  f o r  August 
5 ,  1 9 7 6 .  The l o w - l e v e l   f l o w   o v e r   t h e   p r o j e c t   a r e a  was n o r t h e r l y ,  
a l t h o u g h   t h e   g r a d i e n t  was v e f y  weak.  The 500-mb low p r e s s u r e  
s y s t e m   r e m a i n e d   s t a t i ’ o n a r y   o f f   t h e   C a l i f o r n i a - O r e g o n   b o r d e r .  
D u r i n g   t h e   e a r l y   a f t e r n o o n ,   c l o u d i n e s s  over t h e   p r o j e c t  area con- 
s i s t e d   o f   s c a t t e r e d  t o  broken  cumulus  based a t  2150 m MSL. 

Surface   and  700-:mb maps a r e  shown i n   F i g u r e   4 . 9 - 1  

4 . 9 . 2  Meteorological.Parameters f o r  Test 9.   Temperature 
sound ings   f rom  a round   t he   t e s t   a r ea   were   p rov ided  by t h e  NAWC 
t r a c e r  a i r c r a f t .  Winds a l o f t  measurements  were made from t h e  
lower s i t e ,   u s ing   doub le   t r acked  p i l o t  bal loons.   Surface wi-nd 

d a t a   a r e   a v a i l a b l e   f r o m   t h e  B. C. Hydro m e t e o r o l o g i c a l   s t a t i o n  
network. 

The f o u r   t e m p e r a t u r e   s o u n d i n g s   t a k e n   d u r i n g   t h i s   o p e r a t i o n  
a r e   r e p r o d u c e d   i n   F i g u r e  4 . 9 - 2 .  These show e s s e n t i a l l y   d r y   a d i a -  
b a t e d   l a p s e   r a t e s   p r e v a i l e d   t h r o u g h  a deep   layer   ex tending   f rom 
n e a r   t h e   s u r f a c e   t o  a t . l e a s t  2100 m MSL. S u p e r a d i a b a t i c   c o n d i -  
t i o n s   w e r e   f o u n d   i n   t h e   l o w e s t  1 0 0  m. 
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Figure 4.9-1 Surface and 500 mb charts for Test 9, 
August 6,  1976,  0400 PST. 
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Figure 4.9-1 (Cont'd) 
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The s u r f a c e  wind d a t a   f r o m   t h i s  t e s t  a r e   a v a i l a b l e   i n  Volume 
2 ,  F ie ld   Data .  The a v a i l a b l e   d a t a  show a we l l -deve loped   up -va l l ey  
c i r c u l a t i o n   a t   a l l   s i t e s   d u r i n g   t h e   t e s t .  Mean wind  speeds  were 
l c s s   t h a n  2 . 5  mfs. . 

The w i n d s   a l o f t  time s e c t i o n s   a r e  shown i n   F i g u r e   4 . 9 - 3  
( d i r e c t i o n )   a n d  4 . 9 - 4  ( speed) .  I t  can   be   s een   t ha t   t he   w inds  
a t  plume a l t i t u d e ' w e r e   v a 1 i . a b l e  i n  J i r e c t i o n   ( t h o u g h   t h e  plume 
moved s l o w l y   s o u t h   a n d   w e s t )   w i t h   s p e e d s   l e s s   t h a n  1 mfs. Lower 
l eve l   w inds   were   a l so   h igh ly   va r i ab le ,   and   were   gen . e ra l ly  less 
than  2 m f s .  

4 .9 .3   T race r   D i s semina t ion ,  Test 9. The tracer r e l e a s e   p a -  
r a m e t e r s   f o r   T e s t  9 :are c o n t a i n e d   i n   T a b l e  4 . 9 - 1 ,  below. 

Table 4.9-1 Duration and source  strength of tracer 
release number 9. 

Altitude: 1645 m MSL 
location: Lower S i te  

Simulated Stack Height: 366 m 
Stabi l i ty  Classification: D 

Time On Time Off 
(PST) Total Released (9) (gf s) 

SF6 I302 1402 18,396 5.11 

Source Strength 

O i l  Fog (1) 1302  1344 109,800 43.6 

Oil, Fog (2)  1354 1402 NIA N f  A 

4 . 9 . 4  Visua l   and   Photographic   Observa t ions .  This loop ing  , 

~ plume r e l e a s e   c l e a r l y   d e m o n s t r a t e d   t h e   p r e d o m i n a n c e  o f  v e r t i c a l  
rn thc r   t han   ho r i zon ta l   p lume   t r anspor t .   Dur ing   t he  f i r s t  f i f t e e n  
m i n u t e s ,   t r a n s p o r t  was most ly   upward ,   whi le   the  smoke d r i f t e d  
s l o w l y   t o   t h e  west. Downward t r a n s p o r t   p r e v a i l e d   d u r i n g   t h e   n e x t  
f i f t een   t o   twen ty   minu te s .   F igu re   4 .9 -5   shows ,  a t  1341 PST o r  
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TIME ( P S T )  

1:ign-c 4 .9 -3  Time v s .  altitude  display of wind directions a l o f t  
measured during  Test 9. Speeds arc given in m/s. 

Vigure 4.9-4 Time vs. altitude  display of wind speeds alof t  
measured during Test 9. Speeds are gi.ven i n  m/s. 
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Figure 4.9-5 n e  oil-fog  just  being  released is rising while  (earlier 
portions of th i s  looping plume are  visible well below 
release  alti.Wde. View is towards the  south-southeast 
at  1341 PST. 

39 m i n u t e s   a f t e r   t h e   r e l e a s e   b e g a n ,   t h a t   t h e  smoke j u s t   b e i n g  
r e l e a s e d  was r i s i n g ,   w h i l e  plume  remna.nts   below  the  re lease  level  
were v i s i b l e   j u s t   w e s t   o f   t h e   r e l e a s e   s i t e .  The plume  was i n -  
v i s i b l e   n i n e   m i n u t e s   a f t e r   t h e   r e l e a s e   e n d e d .  

Plume o u t l i n e s  were n o t  p o s s i b l e , t o  draw due t o  f r e q u e n t  
loops. ,   but   Figure 4 .9 -6  shows t h e   g e n e r a l   a r e a   o c c u p i e d  by t h e  
plume. 

4 .9 .5  Aer i a l   O i l -Fog  Measurements. One s e t  o f  c rosswind  
passes   were made d u r i n g   t h i s   t e s t  a t  t h e   l o c a t i o n  shown i n   F i g u r e  
4 . 9 - 7 ,  about  3 km downwind. Four t een   s epa ra t e   pas ses   were   f l own  
a t   a l t i t u d e s   b e t w e e n  11575 and 1 1 0 0  m MSL from  1328-14.00 PST. The 
maximum c o n c e n t r a t i o n  of 2831 ? ~ g m - ~  was found a t   t h e   r e l e a s e  
a l t i t u d e   ( 1 6 4 5  m MSL). F igure  4 . 9 - 8  p r e s e n t s  a p l o t  o f  d i s t a n c e  
v s .   c o n c e n t r a t i o n  f o r  ,the 1 6 4 5  m pass   and a p l o t   o f   a . l t i t u d e   v s .  
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Figure 4.9-6 Plume outlines for Test 9. Times  are  PST. 
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*I F i g u r e  4.9-7  Location of oil-fog crosswinds,  Test 9. Distances are i n  
kilometers. 
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f:igure 4.9-9 Vcrticai and horizontal .plume centcrline  distributions 
from oil-fog measurements, Test 9. 
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CJ 

maximum c o n c e n t r a t i o n   f o r   t h e   e n t i r e   s e t .   T h e s e   d i s t r i b u t i o n s  
show a good d e a l   o f   s p r e a d i n g ,   b o t h   h o r i z o n t a l l y   a n d   v e r t i c a l l y .  k! 

Conc.entrat ions  of   as   high as 3 1 5  ~ g m - ~  were obse rved   w i th in  1 0 0  m 
AGL.  The v a l u e s  a and uz have bee.n e s t i m a t e d   a n d   a r e   d i s p i a y e d  .  is^ 
i n   F igu re   4 .9 -9 .  Due to   t he   l ow  concen t r a t ions   measu red   du r ing  
most   passes   and   the   rap id   changes  i n  plume  geometry,  these  mea- 
surements  are r e p r e s e n t a t i v e   o n l y   o f   t h e   d a t a   a t  hand  and may n o t  
r e f l e c t   l o n g - t e r m   v a l u e s . .  The v a l u e   o f  p l o t t e d   i n   F i g u r e  
4 . 9 - 1 0 , i n d i c a t e s   r a p i d   d i s p e r s i o n .  ' b :  

Y 

' Y  

T' 
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Figure 4.9-9 Measured values of o and oz for Test 9. Y 
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Figure 4.9-9 (Cont'd). 
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4.9.6 Aerial SF, Measurements. Fourteen aerial SF6 grab 
samples  were  taken  during  the  test.  Their locations are shown 
in Figure 4.9-11 and data listed  in Table 4.9-2. The sampling 
was conducted in  the  general  area  of visible ground  impact  at 
altitudes of: 3 0  to 370 m AGL.  All but one sample contained mea- 
surable SFi, and  the maximum aerial concentration was found to 
be 5 3 5 2  ~ g m - ~ .  This was recorded  in sample 4H6 taken at an  alti- 
tude of 60 m AGL near Finney Lake.  Other  samples  contained con- 
centrations ranging from  near  threshold level (< 22 vgme3) to 
392 ~ g r n - ~ .  

" 

4.9.7 Surface  SF^ Measurements. Sixteen  SF^ samplers were 
deployed  during  Test 9  at locations south through west of the 
lower plant site. These are shown in Figure 4.9-12, and supple- 
mentary information is given in Table 4.9-3. Fourteen of these 
2 6  samplers  detected measurable amounts of SF6 in equivalent SO2 

concentrations of as much as 1180 ~ g m ' ~  (half-hour sample), which 
was detected at site 4S6, 2.4 km from  the release point. In 
general, the  maximum contentrations ( >  500 ~ g m - ~ )  were found  to 
have occurred  from Finney Lake  eastward to Hat Creek. Maximum 
hourly  average concentrations of  423,  414, and 902 ~ g m - ~  were 
found  at sites 4S1, 4S4, and 4S6, respectively. Site  4S8A, on 
the  slopes above Finney Lake, 4.1 km from the  plant site, measured 
412  Ugm-j in a 52-minute sample. Most other sites  showed measur- 
able concentrations though one hour values were  under 100 ~grn-'. 

. .  

4.9.8 Turbulence Measurements. The turbulence measurements 
for this  test come from  the oil-fog crosswind patterns  and  are 
presented  in  Figure 4.5-13. It can be seen that  the  turbulence 
values  are moderately high and show a slight  trend to increase 
with decreasing  height. Intermittence values were moderate and 
also  tended  to decrease with altitude. These measurements are 
indicative  of a deep surface-based convection layer with similar 
turbulence  and intermittence regimes throughout. 
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Figure  4.9-11  Location of aerial SF6 measurements, Test 9. 
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%hie 4.9-2 Aerial SF6 sample information. 

Alti tude [m) Sample X S O ~  (ugm-') 
S:mple Distance from 
Rmber Release (la) MSL AGL (PST) @in) Ambient NTP 

Time Time 

5.0 
4.1 
3.2 
4.1 
3.8 
3.. 2 
4.1 
4.3 
4.8 
2.1 
2.5 
2.5 
2 , s  
2.5 

1220 
1220 
1220 
1220 
1130 
1160 
1190 
1280 
1160 
1130 
1130 
1220 
1310 
1405 

105 1320 
105 1323 
165 1326 
105 1330 

60 1335 
90 1337 
30 1339 

105 1341 
75 1343 

140 1345 
90 1347 

180 1349 
275 1351 
370 1355 

1 68 81 
1 58 69 
1 392 464 
1 46 54 
1 5352 6313 
1 228 270 
1 < 22 < 26 
1 0 0 
1 88 104  
1 '  30 36 
1 144 170 
1 122 144 
1 80 95 
1 294 348 
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Figure 4.9-12 Location of surface SF6 measurements, Tf?st 9. 
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Table  4.9-3  Surface SF6 sampler  infomation. 

Smplc From Release Alti tude Time On - Time O f f  
hlunhcr (h) 0% MSL) (PST) (min) Ambient hRF' 

Time -- 
Distance Sampling xsoz (Ufl"35) 

9s1 3.8  1160  1317 1347  30 0 0 
1347 
1417 

1417 
1447 

30 126  149 

1445 
30 

1517 
682 

30 
807 

1517 
164 

1536 
194 

19 58 69 

5.0 

7.0 

4.4 

9s5  4.1 

9S6 2.4 

9s7  2.1 

958 3.8 

9S8A 5.1 

9B 0.0 

9T4 4.5 

961 
1352 
1322 

1452 
1422 

1037 . 1326 
1356 
1426 
1456 

1190  1349 
1419 
1449 
1519 

1128  1352 
1428 

946 1356 
1426 
1456 

900 1400 
1435 

946 1405 

1220  1431 

915 1300 
1330 

1430 
1400 

833 ' 1320 
1415 
1443 

1352  30  <22 
1422  30 164 194 

<26 

1452  30 
1515 23 

72 85 
34 40 

1356 30 
1426  30 

Malf. 

1456 
0 

30 
1513 

b l a l f .  
17 Eblf. 

1419 30 
1449 

110 
39 

1519 
666 

1527 
30 
8 

162 
228 

130 
788 
192 
270 

1428  36 Eklf. - 
1520 52 1 2 2  144 

1426 
1456 

30 1180 1397 
30 

1526 
624 

30 198 
739 
234 

1435 
1500 

35  <22 < 26 
25 58  69 

1421  16 0 0 

1523 52 412 488 

1330  30  34 40 
1400 
1430 

30  88 
30 

104 
68 

1500 30 54 
81 
64 

1345 
1443 

35 0 
28 0 

0 
0 

1506 23 30  36 

k d  

u 

W 

i 

u 

Lr 

ia 
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Table 4.9-3 (Cont'd) 

m 

3 

3 

w 

Distance sampling XSO~ (urne3) 
Sample From Release Altitude Time On - Time O f f  
b b e r  ( W  (m, MSL) (PST)  (min)  Ambient NTP 

Time 

9ll2  1.1  854  1300 
1325 
1348 
1415 
1445 

9T13 

9T15 

3 

9T16 
w 

w 9T17 

0.9 

1.9 

2.8 

2.6 

968  1325 
1350 
1421 

884 
1326 
1300 

1400 
1430 

91.5  1300 
1328 
1348 
1434 

991  1335 
1404 
1440 

1348 
1325  25 

23 
1415 
1445 

27 

1504 
30 
19 

1350 
1421  31 

25 

1448  27 

1326  26 
1400 
1430 

34 
30 

1455  25 

1328  28 
1348  20 
1434  46 
1452  28 

1404 
1440 

29 

1500 
36 
20 

0 0 
0 

<22 
0 

0 
<26 

<22 
0 

(26 

0 
0 

0 

<22 
0 

< 26 
0 0 
0 0 
0 
64 

0 
7 6  

0 0 
0 0 
0 
34  40 

0 

0 
38 

0 

80 
44 
95 

3 

Y 

Y 
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Figure  4.9-13  Turbulence  measurements  vs.  altitude,  Test 9. 
hm 

4.9.9 Summary of Test 9. Test 9 was  conducted  at  the  lower h 

plant  site  assuming a stack  height of 366 m. The  plume  was re- 
leased from an altitude of 1645 m MSL ( 7 3 0  m AGL). Winds  were iu 

very  light from the  north to east  and  the  atmosphere  sufficiently 
unstable  for  well-organized  convection to occur. Upon release, 
the  plume  moved  slowly up-valley with  large  amplitude  looping 
bringing  the  plume t o  the  ground in a  large  sector.  Maximum  ground 
level  concentrations  occurred  2  to 4 km southwest of the  lower 
plant  site  where one-hour concentrations o f  about 400 to 900 ugm 
were  experienced.  Aerial SF6 samples  showed one-minute concentra- ir 

tions as high  as  5352 ugme3 within 6 0  m of the  surface in  the  area 

r 

. &  

-3 
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of maximum g r o u n d   i m p a c t .   O i l - f o g   t r a c k i n g   d a t a  show measurable  
concen t r a t ions   f rom  1100   t o  1 7 0 0  m MSL. The normalized  measured 
c c n t e r l i n e   c o n c e n t r a t i o n   i n d i c a t e s   r a p i d  ( B - C  s t a b i l i t y )   d i s p e r -  
s i o n .  T u r b u l e n c e   d i s s i p a t i o n  ra tes  were   wi th in   the   range   expec ted  
f o r  C s t a b i l i t y .  

I n  summary, t h i s  t e s t  showed t h a t   w i d e s p r e a d   d i s l J e r s i o n   o f  
s t a c k   e f f l u e n t s ,   w i t h   o n e - h o u r   s u r f a c e   c o n c e n t r a t i o n s   a s   h i g h  as 
902 ~ g m - ~ ,  may be  expected  with a 366 m stack d u r i n g   p e r i o d s  of  un-  
s t a b l e   c o n d i t i o n s   a n d   l o w  wind speeds .  

4 . 1 0  Test Number Ten,  August 7 ,  1976 

Test 1 0  was conduc ted   f rom  the   uppe r   p l an t  s i t e  d u r i n g   t h e  
morning  of  August 7 ,  1SI76. A s t a c k   h e i g h t  o f  183 m was assumed 
and a plume r i s e   o f  335 m g i v i n g   a n   e f f e c t i v e   s t a c k   h e i g h t   o f  
1890 m MSL. The l i g h t   n o r t h w e s t   w i n d s   a n d   s l i g h t l y   s t a b l e   c o n d i -  
t i o n s   a p p e a r e d   f a v o r a b l e   f o r   f u r t h e r   o b s e r v a t i o n   o f  plume  behavior 
o v e r   t h e   e l e v a t e d   t e r r a i n  t o  t h e   s o u t h   a n d  east .  However, r a p i d l y  
d c t e r i o r a t i n g   v i s i b i l i t y   c o n d i t i o n s ,   d u e  t o  i n c r e a s i n g  low c l o u d s ,  
l c d  a w o r r i e d   p r o j e c t   d i r e c t o r   t o   d i s c o n t i n u e   t r a c e r   d i s s e m i n a t i o n  
a f t e r   a b o u t   f o r t y   m i n u r e s .  Aerial t r ack ing   and   obse rva t ion   con-  
t i n u e d ,   b u t   p o o r   v i s i b i l i t y   h a m p e r e d   f i x e d - w i n g   o p e r a t i o n s .  

4 . 1 0 . 1  Synop t i c   !Se t t i ng   fo r  Test 1 0 .  The p r o j e c t   w e a t h e r   o f  
August 7 ,  1976,  was c o n t r o l l e d  by a 500-mb  low c e n t e r e d   d u r i n g  
the   morning   in   nor thern   Oregon.  A surface low p r e s s u r e   s y s t e m  was 
l o c a t e d  i n  cen t r a l   Wash ing ton . .   Th i s   su r f ace  low p res su re   sys t em 
and a h i g h   p r e s s u r e   s y . s t e m   o f f   t h e   c o a s t   r e s u l t e d   i n   l o w - l e v e l  
no r the r ly   w inds   ove r  t:he p r o j e c t  area. Cloudiness   cclnsis ted  of  
broken   s t ra tocumulus   wi th  some cumulus   undernea th   and   cons iderable  
s c u d   o v e r   t h e   h i l l s .  

Surface  and 700.-mb maps are shown i n   F i g u r e  4 . 1 0 - 1 .  

i 
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Figure 4.10-1 (Cont'd). 

4 . 1 0 . 2  Me teo ro log ica l   Pa rame te r s  f o r  T e s t  1 0 .  Meteoro logi -  
c:ll p a r a m e t e r s   m e a s u r e d   d u r i n g   t h i s   t e s t   i n c l u d e d   t e m p e r a t u r e  
l ;~psc r a t e s ,   w i n d s   a l o f t ,   a n d  surface winds.   Temperature  sound- 
i l i g s  were made by t h e  NAlYC t r a c e r   a i r c r a f t .  Winds a l o f t   d a t a  
wcre g a t h e r e d   f r o m   d o u b l e   t r a c k e d   p i l o t   b a l l o o n   a s c e n t s .   S u r f a c e  
winds were  measured by t h e  B.  C .  Hydro f i e l d   s t a t i o n   n e t w o r k .  

The t e m p e r a t u r e   s o u n d i n g s   f r o m   t h i s   t e s t   a r e   p r e s e n t e d   i n  
I:igurc 4 .10 -2 .  These show t h a t   n e a r - n e u t r a l   t o   s l i g h t l y   s t a b l e  
c o n d i t i o n s   p r e v a i l e d  a t  > : e l e a s e   a l t i t u d e   d u r i n g   t h e  t e s t .  The 
c:lrly  morning  soundings !;how a s u r f a c e - b a s e d   i s o t h e r m a l   l a y e r  
4 U U  m t h i ck   a t   t he   l ower   s . i t e   wh ich   ex tended  t o  100 m A G L  a t  t h e  

4 - 2 0 5  
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klppcr s i t e .  No i n v e r s i o n  was obse rved   i n   an  0 5 3 5  PS'T s o u n d i n g   a t  
Finney  Lake. 

The s u r f a c e   w i n d   d a t a   f o r   T e s t  1 0  may be  found  in Volume 2 ,  
F i e l d   D a t a .   T h e s e   d a t a   i n d i c a t e   l i g h t   d o w n - v a l l e y  f:low a t   a v a i l -  
a b l e  s i t e s  d u r i n g   t h e   t e s t .  

The w i n d s   a l o f t   d a t a  a r e  p r e s e n t e d   a s  wind d i r e c t i o n  and  wind 
s p e e d   t i m e   s e c t i o n s  i n  F i g u r e s  4 . 1 0 - 3  and 4 . 1 0 - 4 .  Tbese show n o r t h  
to   no r thwes t   w inds   o f  1 - 2  m/s p r e v a i l e d   d u r i n g   t h e  t e s t  a t   r e l e a s e  
h e i g h t .  Winds n e a r e r   t h e   s u r f a c e  were n o r t h e a s t e r l y  a t  abou t  2 m/s 

4 .10 .3   Tracer   Disseminat ion ,  Test 1 0 .  P e r t i n e : n t   t r a c e r   d i s -  
s e m i n a t i o n   p a r a m e t e r s   f o r   T e s t  1 0  a r e   g i v e n   i n   T a b l e  4 . 1 0 - 1 ,  below. 

Table 4.10-1 hrration and source  strength  of  t.racer 
release number 10. 

Location: Upper Plant  Sit:e 
Altitude: 1890 m IrEL 
Simulated  Stack  Height: 1.83 m 
Stability  Classification: D-E 

Time On Time Off Source Strength 
Tracer (PST)  (PST) Total Released (g) (g/s) 

SF6 0539  0618  13,166  5.56 
O i l  Fog 0539 0618 109,800 46.3 

€3 

4.10 .4   Visua l   and   Photographic   Observa t ions .  Plume t r a n s -  
p o r t  was t o w a r d   t h e   s o u t h - s o u t h e a s t   a t   a n   a v e r a g e   s p e e d  of  2 . 5  
m/s throughout   the  tes t .   Figure  4 .10-5  shows  the  co.ning  plume 
11 minutes  a f t e r  t h e  release began.  Scud  based a t   a b o u t . 1 5 0 0  m 
MSL o b s c u r e d   t h e   h i l l s   e a s t  o f  the   p lume  and   eventua l ly   enveloped  
t h e  plume  by  0640 PST or 61 minutes  a f t e r  t h e   r e l e a s e   b e g a n .  

4 - 2 0 7  
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F i p r e  4.10-4 Time vs. a l t i tude  display of wind speeds a lo f t  
mexsured during  Test 10. Speeds are given i n  m/s 
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Figure 4.10-5 Photo, Test 10.  This photo,  taken a t  0541 PST, shows the 

upper si te .  The stratus  layer in  the background rmved over 
coning plume  moving south from the  release  point  at  the 

the  area about 30 minutes af ter  t h i s  w a s  taken forcing  cur- 
tailment of the  test .  View is towards the  east. 

R a i n   b e g a n   f a l l i n g   d u r i n . g   t h i s   p e r i o d   a n d   f u r t h e r   o b s e r v a t i o n  was 
cancel . led.  

Plume o u t l i n e s   f o r  two t imes when t h e   p o s i t i o n   c o u l d   b e   d e t e r -  
mined a r e  shown in   F i .gure  4 .10 -6 .  

4 . 1 0 . 5  Aerial   Oil-Fog  Measurements.  The a e r i a l   o i l - f o g  
measurements   for   Test  10 c o n s i s t  o f  one s e t  o f  crosswi.nd  passes 
f l o w n  over  Medicine  Creek, 2 . 9  km downwind of   the  proposed  upper  
p l a n t   s i t e ,   a s  shown i n   F i g u r e  4 .10 -7 .  The passes   were  conducted 
between' 0615 and 0630 PST. The maximum c o n c e n t r a t i o n ,   e q u i v a l e n t  
t o  23,805 ~ g m - ~  was found a t  a n   a l t i t u d e   o f  1860 m MSI,. The plume 
layer   extended  between 2,000 and 1 7 0 0  m MSL and was about  2 km wide 
a t   t h e   c e n t e r l i n e .  The v e r t i c a l   a n d   h o r i z o n t a l   d i s t r L b u t i o n   o f  
t h e  plume a t   t h e   c e n t e r 1 , i n e  - can  be  seen i n  Figure 4 . 1 0 - 8 .  The 
v a l u e s  o f  u uz and xu~ for   these   measurements   have   been   ca lcu la ted  

Y '  
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Figure 4.10-6 Plume outlines at  various times during Test 10. 
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Id Figure 4.10-7 Location of aerial  oil-fog crosswind patterns, Test 10. 

4 

Distances are in  kilometers. 
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Figure 4.10-8  Horizontal and v e r t i c a l  plume c e n t e r l i n e   d i s t r i b u t i o n s ,  
Test 10. 
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a n d  a p p e a r   i n   F i g u r e s  4 . 1 0 - 9  and 4 . 1 0 - 1 0 ,  r e s p e c t i v e l y .   T h e . d i s -  
p e r s i o n   c o e f f i c i e n t s   i n d i c a t e   s t a b l e  plume  geometry,   while  the 
no rma l i zed   concen t r a t ion   sugges t s  a c e n t e r l i n e   d i l u t i o n   r a t e  
nominal   for  a neu t r a l   a tmosphe re .  

4 . 1 0 . 6  Aerial  SF6-Measurements. Due t o   m e t e o r o l o g i c a l   c o n -  
d i t i o n s   u n s u i t a b l e   f o r   s u s t a i n e d ,   l o w - l e v e l   f l i g h t ,  no a e r i a l  SF6 
d a t a  i s  a v a i l a b l e   f r o m   t h i s  t e s t .  

4 . 1 0 . 7  Sur face  SF6  Measurements. Ten SF6 samplers   were  de-  
p loyed   sou theas t  o f  t h e   u p p e r   p l a n t  s i t e  as shown i n   F i g u r e  
4 . 1 0 - 1 1 .  Supplementary  sampler   data  i s  g i v e n   i n   T a b l e  4 . 1 0 - 2 .  No 
SF6 was d e t e c t e d   a t   a n y   o f   t h e s e   s a m p l e r  s i t e s .  The ' s ample r s  
p laced   in   Medic ine  Creek: Va l l ey   were   be low  the   i nve r s ion ;   t hus ,  
none  would  be  expected a . t  t h o s e  s i t e s .  However,  sampler 1053 was 
o n l y  1 8 0  m be low  the   r e l ease   he igh t   and   t he   p lume   appea red   t o  
p a s s   d i r e c t l y   o v e r  i t ,  The f a c t   t h a t   n o  SF6 was found  here   sug-  
g e s t s   t h a t   v e r t i c a l   d i s p e r s i o n  was proceeding  more  s lo .wly. than 
might  be  expected. 

4 . 1 0 . 8  Turbulence  Measurements.   The  turbulence  measurements 
a v a i l a b l e   f o r   T e s t  1 0  a re  from t h e   o i l - f o g   c r o s s w i n d   p a s s e s   ( s e e  
map, F i g u r e  4 . 1 0 - 7 )  a n d   a r e   d i s p l a y e d  i n  F i g u r e  4 . 1 0 - 1 2 .  I t  can  
be s e e n   t h a t   t u r b u l e n c e  was r a t h e r   l i g h t   a n d  showed l i t t l e  change 
w i t h  a l t i t u d e .  The v a l u e s   o b s e r v e d   i n d i c a t e  a D - E  d i s p e r s i o n  
environment .  The i n t e r m i t t e n c e   v a l u e s   s u g g e s t  a f a i r l y   u n i f o r m  
regime  and also showed l i t t l e  t r e n d   w i t h   a l t i t u d e .  The low .rates 
o f  t u r b u l e n c e   d i s s i p a t i o n   w e r e   a p p a r e n t l y   r e l a t e d   t o   t h e   l o w  wind 
s p e e d s   a n d   l o w - l e v e l   s t a b i l i t y .  

4 . 1 0 . 9  Summary o f  Test 1 0 .  The Test 1 0  t racer  plume was re- 
l e a s e d   f r o m   a n   a l t i t u d e   o f  1890 m MSL a t   t h e   u p p e r   p l a n t  s i t e  
u s i n g  an assumed  s tack   he ight   o f  183  m MSL. Due t o  p o o r   v i s i -  
b i l i t y   i n   t h e   p r o j e c t  .area, t h e  t r ace r  r e l e a s e  was t e r m i n a t e d  
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F i g u r e  4.10-9 Measured values of u and uz f o r  Test 10. Y 
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Figure 4.10-11 bc:ation of surface SF6 samplers, Test 10. 
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Table 4.10-2 Surface SF6 sampler information. 

Distance 
. .  

Sample From Release Al t i tude  Time On - Time Off Time 
W b e r  ( W  (m, MSL) ( P W  (min) Ambient NTP 

Sampling X S O ~  (vgm-3) 
ii 

l0Sl 

10s2 

1 OS3 

l o l l 8  

1oTJ.9 

10T20 

10T21 

10T22 

10T23 

10T24 

10B 

4.3 

8.2 

7.2 

3.2 

4.3 
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9.0 

io. 5 

0.0 
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1465 

1710 

1310 
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1310 

1310 

1160 

1085 
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0558 
0628 
0658 
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0638 
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0615 
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0536 
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0623 

0620 
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0615 
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0708 
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0656 
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0645 

- 
30 
30 Malf. 
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30 0 0 ~~ 

i* 

30 "lf. 
30 0 0 
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0 0 
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12 klf. - b7 
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48 0 0 b 
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45 0 0 

~~ 

w 

4-218  Lr 



3 

Y 

U 

w 

2ooo I- e 

1600 
0 20 40 60 El0 100 

2000 e 
e 

e 
0 

0 
f e 

e 
t; 
a 

e 
e 

5 1700 e 

1600 
0 0.2 0.4 0.6 0 . 5  1.0 

E (CM25EC-3 1 I 

Figure 4.10-12 Turbulence  measurements  vs.  altitude,  Test 10. 

aftcr  forty  minutes.  The  plume  altitude windswere from  the north- 
west  at 1 to 2 m/s.  Lapse  rates  were  somewhat stable, about - 0 . 5 O C  
pcr 100 m. No SF6 was detected by the  surface  network  though  the 
plume passed  directly  over at least  one sampler, suggesting  slow 
downward  mixing.  Aerial oil-fog data  confirm  somewhat  stable 
plume geometry, though  the  normalized centerline.concentration in- 
di.catcs  neutral  stability  dilution  .rates.  The  aerial  data  show 
rates of turbulence  dissipation  nominal  for D-E stability. 

It is concluded  that  the  low  wind  .speeds,  slight  stability 
and  cloudiness  combined  to  suppress  mechanical  and  thermal turbu- 
l e n c e ,  resulting  in  little  vertical  mixing  and  below-threshold 
surface  concentrations. 

4.11 Test  Number Eleven, August 9, 1976 

Test 11 was carried out from  the  upper  plant  site  during  the 
morning of August 9, 1976. A stack  height of 183 m  was  assumed, 
with  plume rise of366m, giving an effective  source  height  of 1920 m 

d 
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MSI.. The m e t e o r o l o g i c a l   c o n d i t i o n s   d i c t a t e d   i n v e s t i g a t i o n   o f  
p lume d i s p e r s i o n   o v e r   t h e   t e r r a i n   t o  t h e  s o u t h e a s t   u n d e r   n e u t r a l ,  
windy  condi t ions .  

4 . 1 1 . 1  S y n o p t i c   S e t t i n g   f o r  Test 11. The a r e a   o f   l o w   p r e s -  
s u r e   t h a t   h a d   i n f l u e n c e d   p r o j e c t   w e a t h e r   d u r i n g   t h e   p r e c e d i n g  
s e v e r a l   d a y s  moved e a s t   o f   t h e   p r o j e c t   a r e a   a n d   i n t o   t h e  Rocky 
Mountains  during  August  8,  1 9 7 6 .  As a r e su l t ,  h i g h   p r e s s u r e ,   b o t h  
a t   t h e   s u r f a c e   a n d   a l o f t ,   d o m i n a t e d   t h e   w e a t h e r  on August 9 ,  1976. 
Thc l o w - l e v e l   g r a d i e n t   f l o w  was n o r t h w e s t e r l y   o v e r   t h e   p r o j e c t  
a r ea .   C ioud iness   cons i s t ed   o f   b roken   s t r a tocumulus   w i th  some scud  
ove r  the h i l l s .  

Sur face   and  700-mb  maps a re  shown i n  F i g u r e  4 . 1 1 - 1 .  

4 . 1 1 . 2 '  M e t e o r o l o g i c a l   P a r a m e t e r s   f o r   T e s t  11.. Measurements 
w e r e   m a d e ' o f   t e m p e r a t u r e   l a p s e   r a t e s ,   s u r f a c e   w i n d s ,   a n d   w i n d s  
a l o f t   d u r i n g  t h i s  tes t .   Tempera ture   soundings   were  made by t.he 
NAWC t r a c e r   a i r c r a f t   a n d  by t e the red   sonde .   Su r face   w ind   da t a  
were  gathered  by  the B. C. Hydro m e t e o r o l o g i c a l   s t a t i o n   n e t w o r k .  
D o u b l e   t r a c k e d   p i l o t   b a l l o o n   a s c e n t i o n s   p r o v i d e d   d a t a  on winds 
a l o f t .  

The t e m p e r a t u r e   s o u n d i n g s   a v a i l a b l e   f o r  Test 11 a r e   p r e s e n t e d  
i n  F igu re  4 . 1 1 - 2 .  I t  c a n   b e   s e e n   t h a t   n e a r   n e u t r a l   c o n d i t i o n s  
p r e v a i l e d   a t  plume r e l e a s e   a l t i t u d e   d u r i n g   t h e   t e s t .   S o u n d i n g s  
t a k e n  a t  about  0800 PST a t   A s h c r o f t   A i r s t r i p   a n d  a t  t h e   u p p e r  
p l a n t   s i t e   r e v e a l   s u r f a c e   b a s e d   s u p e r   a d i a b a t i c   l a y e r s   a b o u t  1 0 0  m 
thi ,ck.  

The s u r f a c e  wind d a t a   f o r   t h i s   r e l e a s e  may be   found  in  Volume 
I 1 , F i e l d   D a t a .   T h e s e   d a t , a   r e f l e c t   t h e   r e l a t i v e l y   s t r o n g   g r a d i e n t  
winds  and show n o r t h e r l y   ' f l o w   a t   s i t e s   i n   t h e   u p p e r   v a l l e y   t h r o u g h -  
o u t   t e s t   a t   s p e e d s   r a n g i n g   f r o m  2 - 5  m/s. 
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1:igurc 4.11-1 Surface and 5QO mb charts, Test 11, August 9,'19'76,  0400 PST. 
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'Figure 4.11-1 (Cont'd) 
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Figure 4.11-2  Vertical temperature profiles measured during Test 11. 



The winds a l o f t   t i m e   s e c t i o n s   o f   w i n d   d i r e c t i o n   a n d   w i n d  
s p c e d   a r e  shown i n   F i g u r e s   4 . 1 1 - 3   a n d  4 . 1 1 - 4 ,  r e s p e c t i v e l y .  
T h r o u g h o u t   t h e   t e s t ,   w i n d s   a t   r e l e a s e   a l t i t u d e  were from  the 
n o r t h w e s t   a t   s p e e d s   o f   7 - 8  m/s. Winds n e a r e r   t h e   s u r f a c e   w e r e  
more w e s t e r l y  a t  4 - 7  m/s. Li t t l e   deve lopmen t  of  t h e   v a l l e y  c i r -  
c u l a t i o n  i s  e v i d e n t .  

4 .11 .3   Tracer   Disseminat ion ,  Test 11. P e r t i n e n t   t r a c e r  
r e l e a s e   p a r a m e t e r s   f o r   t h i s   t e s t   a r e   c o n t a i n e d   i n   T a b l e  4 . 1 1 - 1 ,  
below. 

Table 4.11-1 h r a t i o n  and source  strength of tracer 
release number 11. 

Altitude: 1920 m MSL 
Location: Upper S i te  

Sirmlated Stack  Height: 183 m 
Stabi l i ty  Classification: D 

Time On Time Off 
Tracer (PST)  (PST) Total Released  (g) &/SI 

Source Strength 

SF6 0647 
O i l  Fog (1) 0647  0723 109,800 50.8 
O i l  Fog (2) 0737  0747 N/A I N/A 

0747  21,540  5.98 

. .  

4 . 1 1 . 4  ' V i s u a l   a n d   P h o t o g r a p h i c   O b s e r v a t i o n s .   T r a n s p o r t   o f  
t h e   c o n i n g   o i l - f o g  plume was t o w a r d   t h e   s o u t h e a s t   a t   a n   a v e r a g e  
speed   o f  8.9 m/s. Figure   4 .11 -5 ,   l ook ing   ob l ique ly  downwind a t  
071'4 PST, shows t h e   r a p i d l y   d i s p e r s i n g  plume pass ing   over   Medic ine  
Creek. 

V 

Ir 

Lrc 

u 

M 

w 

w 

Y 
Plume o u t l i n e s   a t  0658  and 0711  PST a r e  shown i n  F i g u r e  

4 . 1 1 - 6 .   T h e   r a p i d   d i s p e r s i o n   p r e v e n t e d   a c c u r a t e l y   l o c a t i n g   t h e  
plume's  l ead ing   edge  a f t e r  0 7 1 1  PST. 

Y 

Y 
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Fi.gurc 4.11-3 Time vs. alt i tude  display of wind directions aloft  
measured during  Test 11. Speeds are  given in  m/s. 
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Figure 4.11-4 Time vs. alt i tude  display of wind speeds aloft  
measured during Test 11. Speeds are  given  in m/s. 
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Figure 4.11-5 Photo, Test 11. This view  towards the  southeast 
shows the  rapidly  dispersing plume passing over 
Medicine Creek a t  0714 PST. 
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Figure 4.11-6 P l m ?  outlines  at  various  times  during Test 11. 
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4 . 1 1 . 5  Aerial Oil-Fog  Measurements.  Three s e t s  o f  o i l - f o g  
c rosswind   pa t te rns   were   f lown  dur ing   Tes t  11. The l o c a t i o n s  a r e  
shown i n  F igure  4 .  1 1 - 7 .  

The f i r s t  se t  o f   p a s s e s  was made 4 . 2  km downwind,  over  upper 
Medicine  Creek,  from  0658  and  0721 PST. S i x t e e n   i n d i v i d u a l   c r o s s -  
w i n d  passes   were made a t   a l t i t u d e s  between 2015 and  1555 m HSL. 
The maximum c o n c e n t r a t i o n ,   e q u i v a l e n t   t o  4763 ~ g m - ~ ,  was found a t  
1 7 1 0  m MSL. The p l o t   o f   h o r i z o n t a l   a n d   v e r t i c a l  plume d i s t r i b u -  
t i o n   a t   t h e   c e n t e r l i n e  i s  g i v e n   i n   F i g u r e   4 . 1 1 - 8 .  The c e n t e r l i n e  
a l t i t u d e   i n d i c a t e s  a r a p i d   s i n k i n g   o f   a b o u t  2 0 0  m from t h e   r e l e a s e  
a l t i t u d e .   T h i s   f e a t u r e  may re f lec t  downwash in to   Med ic ine  Creek. 
The t h i c k n e s s   o f   t h e  plume i n d i c a t e s   s t r o n g   v e r t i c a l   m i x i n g ,   w h i l e  
i t s  wid th ,   abou t  1 km, s u g g e s t s  l i t t l e  meander i n  t h e   f l o w  a t  t h i s  
t imc .  The v a l u e s   o f  a a z ,   a n d  a a re  p l o t t e d   i n   F i g u r e s  4 . 1 1 - 9  

and 4 . 1 1 - 1 0 .  The  measurements o f  a and az s u g g e s t   s t a b l e  type 
Plume geometry in t h e   h o r i z o n t a l   a n d   n e a r   n e u t r a l   g e o m e t r y  in t h e  

Y 

v e r t i c a l .  The n o r m a l i z e d   c o n c e n t r a t i o n   i n d i c a t e s  a c e n t e r l i n e  
d i l u t i o n . r a t e   n o m i n a l  f o r  a n e u t r a l   a t m o s p h e r e .  

Y '  

The second   s e t   o f   c ros swind   pas ses   were   f l own   ove r   t he   s t eep  
s l o p e s   n o r t h e a s t  o f  t.he  Cornwall Hills about  1 4  km downwind o f   . t h e  
re lease.   These  measurements  were made between 0730 and 0745 PST. 
I le rc ;   the  maximum c o n c e n t r a t i o n  was found t o   b e  2565 ~ g m - ~   a t  
a l t i t u d e s   o f   1 6 4 5   a n d  1 5 2 5  m MSL. T h e s e   a l t i t u d e s   i n d i c a t e  a 
f u r t h e r   l o w e r i n g   o f   t h e   p l u m e   l a y e r .  The  plume d i s t r i b u t i o n s   i n  
t h e   v e r t i c a l   a n d   h o r i z o n t a l  a t  t h e   c e n t e r l i n e   a r e   g i v e n   i n  
F igu re  4 .11 -11 .  I t  c a n   b e   s e e n   t h a t   a l t h o u g h   t h e   a l t i t u d e s   a r e  
l o w e r ,   t h e   d e p t h   o f   t h e   p l u m e   l a y e r   a p p e a r s   t o   h a v e   c h a n g e d   l i t t l e  
from t h a t   m e a s u r e d   d u r i n g   t h e  f i r s t  se t  o f   p a s s e s .  The width  of  
t h e  plume i s  about   twice   tha t   found  over   Medic ine   Creek .  The 
v a l u e s   o f  a and a z ,  p l o t t e d   i n   F i g u r e  4 . 1 1 - 9 ,  i n d i c a t e   l i t t l e  
change   i n  a a n d   a n   a p p a r e n t   d e c r e a s e   i n  az  when compared  with 
the   va lues   f rom  Se t  1. A c e n t e r l i n e   d i l u t i o n   r a t e   a s s o c i a t e d  w i t h  

Y 
Y 

i 
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Figure 4.11-7 Locations of oil-fog crosswind patterns, Test 11. Distances 
Y are in  kil.ometers. 
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Figure 4.11-9 Measured values of u and uz for Test 11. Y 
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1:-F s t a b i l i t y  i s  i n d i c a t e d  by t h e   v a l u e  of  xu as shown i n   F i g u r e  
- 
a’ 

4 . 1 1 - 1 0 .  

The t h i r d   s c t  o f  c . ro s swind   pa t t e rns  was made about  2 0  km from 
thc r e l e a s e   p o i n t   o v e r   t h e   t e r r a c e   s e p a r a t i n g   t h e  Thompson River  
and  the.   Cornwall  Hills on a l i n e   p a r a l l e l i n g  Highway 1. These 
measurements were made between  0750  and 0800 PST a t   a l t i t u d e s  from 
1 4 0 5  t o  1588 m MSL. The maximum measured   concen t r a t ion ,   equ iva -  
lent t o  1 0 9 9  ~ g m - ~  was found a t  1525 m. The v e r t i c a l  and h o r i z o n -  
t a l   d i s t r i b u t i o n s   a t   t h e  p l u m e   c e n t e r l i n e   a r e   g i v e n  i n  F igure  
4 . 1 1 - 1 2 .  I t  can  b e  s e e n   t h a t   t h e   b u l k   o f  plume a p p e a r s   t o  be a t  
a b o u t   t h e  same a l t i t u d e  as found   du r ing   Se t  2 .  The va lues   o f  u 
and uz are  p l o t t e d  i n  F igure   4 .11-9 .  The h o r i z o n t a l   . v a l u e   a p p a r -  

Y 

e n t l y   i n c r e a s e d  a good d e a l   b e t w e e n   S e t s  2 and 3 ,  whi le  uz shows 
l i t t l e  change. The v a l . u e   o f   p l o t t e d   i n   F i g u r e  4 . 1 1 - 1 0  f a l l s  
on t h e   c u r v e   n o m i n a l   f o r  E s t a b i l i t y .  

T’ 

4 .11 .6   Aer i a l  SFti   Measurements.   Ten  one-minute  aerial   grab 
samples were t a k e n   d u r i n g   t h e  t es t .  The l o c a t i o n s  are shown i n  
F igu re   4 .11 -13   and   pe r t inen t   i n fo rma t ion  i s  g i v e n   i n   T a b l e  
4 . 1 1 - 2 .  The s a m p l i n g   p a t t e r n   c o n s i s t e d   o f  two arcs, 1 0  and 1 4  km 
f r o m   t h e   r e l e a s e   p o i n t . .  The da ta   f rom  the  f i r s t  arc s u g g e s t  a 
p o s s i b l e  s p l i t  plume, as  h i g h e r   c o n c e n t r a t i o n s   a r e   f o u n d   a t   e i t h e r  
end o f  t h e  arc: over   the  divide  between  Ambusten  and  Medicine 
Creeks northwest   of   Cornwall   Mountain,   and  near   the saddle between 
Mcdicine  and Cornwall Creeks.   This  i s  t h e  same sadd le   t h rough  
which t h e   s o u t h e r n   p o r t i o n   o f   t h e  Test 8 plume  passed.. The maxi- 
mum c o n c e n t r a t i o n  was :found t o  be  348 pgm-3 i n   s a m p l e s  llHl and 
11115. These  samples were b o t h   t a k e n  a t  a l t i t u d e s   o f  60 m AGL,  
t h o u g h   t h e i r  MSL a l t i t u d e s   v a r y  by 4 0 0  m.  Three o f  t:he f o u r  sam- 
ples  from  the  second  a’rc  showed t h r e s h o l d   c o n c e n t r a t i o n s   o f  less 
than  2 2  ~ g m - ~ .  These  samples were t a k e n   a t   a l t i t u d e s  as low as 
1 2 2 0  m MSL o r   a b o u t  700 m below  plume a l t i t u d e  and at: l e a s t  300 m 
b c l o w   t h e   r i d g e l i n e   d i r e c t l y   u p w i n d .  
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Table 4.11-2 Aerial SF6 sample information. 

Altitude (m) Time Sample )(so2 
S : M I ~ ~ C  1)istance from Time 
N u 1 1 1 w i '  llclcasc (kin) 

- 
VLSI I AGL (PS7') (min) Anhicnt NI1' 

11111 9.1 1.985 60 0712 1 ,348 423 
21112 10.2 1.830 60 0715 1 (22 < 27 
11113 10.5 1.710 60 0718 1 0 0 
11114 9.7 1.495 60 0721 1 <22 <27 
11.1 15 10.2 1.585 60 0724 1 348 423 
1 1 I 1 6  9.5 1.710 60 0727 1 238 290 
l l l D  12.1 1.280 155 0750 1 <22 < 27 
111 I8 14.1 1.220 245 0753 1 <22 < 27 
1 II I!) 14.0 1.220 245 0756 1 <22 < 27 
111110 15.0 1.220 245 0759 1 0 0 

Table 4.11-3 Surface SF6 sampler information.. 

Distance Sampling XSO2 (ugm-3) 
5lmpl.c From Release Alt:ttude Time On - Time Off 
Nunbcr 

Time 
' (km) (m, MSL) (RT) (min) Ambient NTP 

,I IS1 - Data Loss Evkx:i 1 hr  concentration was equivalent  to no more than 
LIS10 144 pgmm3 or  175 u 5 - 3  (NE') 
11'110 3.8  1050 0705  0747 42 0 0 

0747  0819 
0819 

3 2  
0906 

0 
47 

0 
0 0 

11.7'11 3.2 X 3 0  0715 
0755 
0830 

11'118 3.2  1220 0720 
0740 
0824 

11'1'19 4.0  1220 0727 
0809 
0837 

0755 40 0 
0830 

0 
35 0 

0918 
0 

48 0 0 
0740 20 0 
0824  44 

0 
0 

0912 48 0 
0 
0 

0809 42 0 0 
0834 25 0 0 
0930 53 0 0 

11TZO 5.2  1250 0734  0804 30 0 0 
0804 
0845 

0840 36 0 0 
0945 60 

0740 0830 
0 

60 
0 

0830 
0 

0930 60 0 
0 
0 
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Figure 4.11-1.3 Location of aer ia l  SF6 measurements for Test 11. 
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4.11.7 Sur face  SF6 Measurements. A t o t a l  oi 1.5 ground  sam- 
p l e r s  was d e p l o y e d   f o r   t h i s   t e s t .  The l o c a t i o n s   a r e  shown i n  
F igure  4.11-14. Supplementary  information i s  s u p p l i e d   i n   T a b l e  
4.11-3, A p a r t i a l   d a t a  loss fo r   s ample r s  llSl through llS9 p r e -  
c ludes   comple t e   ana lys i s  o f  t h e   c o n c e n t r a t i o n s   f r o m   t h e s e   s i t e s .  
However, t h e   a v a i l a b l e :   d a t a  do show t h a t  no sampler   rece ived  more 
than  144 ~ g m - ~  f o r  a one-hour   average.  No measurable  SF6 was found 
a t   t h e   p r o p o s e d . p l a n t   s i t e  o r  i n   any   o f   t he   s amples   t aken   a long  
Medicine  Creek. 

4.11.8 Turbulence  Measurements.  The turbulence  measurements  
a v a i l a b l e   f r o m   T e s t  11 come f rom  the   t h ree  se t s  o f   o i l - f o g   c r o s s -  
winds  which may be  1oc:ated i n   F i g u r e  4.11-7. The t u r b u l e n c e  and 
i n t e r m i t t e n c e   m e a s u r e m e n t s   a r e   d i s p l a y e d   v s .   a l t i t u d e  i n  F i g u r e  
4.11.-15. S e t s  1 and 3 showed modera t e   t u rbu lence   va lues  asso- 
c i a t e d   w i t h   s l i g h t l y   s t a b l e   t o   n e u t r a l   d i s p e r s i o n   c o n d i t i o n s   a n d  
showed l i t t l e  change w i t h  a l t i t u d e .   S e t  2 showed h i g h   r a t e s   o f  
t u rbu lence   d i s s ipa t ion   ( a   measu remen t  t o  which   the   au thor  will 
r e a d i l y   a t t e s t )   a n d   a n   a p p a r e n t   t e n d e n c y   t o   i n c r e a s e   a t   l o w e r  
a l t i t u d e s .  

In t e rmi t t ence   va lues   were   a l so   modera t e   du r ing   Se t s  1 and 3 .  
Those  from  Set 2 a r e   s l i g h t l y   g r e a t e r ,   a n d   r e p r e s e n t   v e r y   h i g h  
v a l u e s  when c o n s i d e r a t i o n  i s  g iven   t o   t he   heavy   t u rbu lence  mea- 
s u r e d   h e r e .  No trend!; w i t h  a l t i t u d e   w e r e   r e a d i l y   a p p a r e n t .  

4.11.9 Summary of Tes t  11, Tes t  11 wak conducted  f rom  the 
u p p e r   p l a n t   s i t e .  The r e l e a s e   a l t i t u d e  was 1 9 2 0  m MSL assuming 
a 183 m s t a c k .   M e t e o r o l o g i c a l   c o n d i t i o n s   a t  plume  h.eight  were 
c h a r a c t e r i z e d  by nor thwes t   winds   a t   speeds  o f  7 - 8  m/s and  near  
n e u t r a l   s t a b i l i t y   c o n d i t i o n s   w h i c h   e x t e n d e d  t o  t h e   s u r f a c e .  The 
c o n i n g   t r a c e r  plume moved r a p i d l y   s o u t h e a s t  up  Medicine  Creek, 
A e r i a l  SF6 data   ind iccr te   the   p lume  sp l i t   here   wi th   one  p o r t i o n  
p a s s i n g   o u t ' t o w a r d s   t h e   e a s t   t h r o u g h   o n e   o f  the gaps   i n   t he  
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Figure 4.11-14 Location of surface SF6 samplers for Test 11 
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r i d g e l i n e ,   a n d   t h e   o t h e r   c o n t i n u i n g   s o u t h  on t h e   w e s t   s i d e   o f   t h e  
Cornwall Hills. Sdme domward  mixing was n o t e d   i n   t h e   e a s t w a r d  
moving p o r t i o n   a s  i t  passed   over   the   s , t eep   s lopes   and   ou t   over  
t h e  Thompson R ive r   Gorge .   Measu rab le   ae r i a l  SF6 c o n c e n t r a t i o n s  
were   found ,   ove r   t he   s lopes ,  as much as 4 0 0  m below  plume a l t i -  
t u d e .   A l t h o u g h   t h e r e  was a p a r t i a l   d a t a   l o s s ,   t h e   s u r f a c e   s a m p l e r  
d a t a   i n d i c a t e  some l i g h t  surface impact   with  one  hour   of   concen-  
t r a t i o n s  no more  than 1 4 4  ~ . ~ g m - ~ .  Aerial o i l - f o g   d a t a   i n d i c a t e   t h a t  
t h e  plume c e n t e r l i n e   s a n k   a b o u t  300 m b e t w e e n   t h e   r e l e a s e   p o i n t  
and t h e   e a s t e r n   s l o p e s   o f   t h e   C o r n w a l l  Hills. The d a t a   a l s o   i n d i -  
c a t e   s u r p r i s i n g l y   s l o w   c e n t e r l i n e   d i l u t i o n   i n   v i e w   o f   t h e   r a t h e r  
high  winds  and n e u t r a l  a , tmosphe re .   Turbu lence   d i , s s ipa t ion   r a t e s  

Medic ine   Creek   bu t '   sugges ted   very   rap id  Class C d i s p e r s i o n  over 
t h e   s t e e p e r   t e r r a i n  o f  t h e   l e e w a r d   r i d g e s .  

. w e r e   f o u n d   t o   b e   i n d i c a t i v e  o f  s l i g h t l y   s t a b l e   c o n d i t i o n s   o v e r  

These   da t a   sugges t   t ha t   t he   Combina t ion  o f  r e l a t i v e l y   s t r o n g  
nor thwes t   f low  and   near  n e u t r a l  . t e m p e r a t u r e   s t r u c t u r e   c a u s e d  
r a p i d   d i f f u s i o n   n e a r   t h e   s u r f a c e ,   p r o d u c i n g   o n e - h o u r   s u r f a c e   c o n -  
c e n t r a t i o n s   o f  no more  than 1 4 4  pgme3. 

4 . 1 2  Test Number Twelve,  August 1 0 ,  1976 

T e s t  1 2  was c o n d u c t e d   f r o m   t h e   u p p e r   p l a n t   s i t e   d u r i n g   t h e  
morning  of  August 1 0 ,  1976. The s t a c k   h e i g h t  was assumed  to  be 
183 m w i th  a plume r i s e  of 3 3 5  m, g i v i n g   a n   e f f e c t i v e   e m i s s i o n  
a l t i t u d e   o f  1890 m MSL. The m e t e o r o l o g i c a l   c o n d i t i o n s ,   c h a r a c t e r -  
i z e d  by v e r y   l i g h t   w i n d s   a n d   c l e a r   s k i e s ,   w e r e   i d e a l   f o r   s t u d y i n g  
d i s p e r s i o n   a n d   f u m i g a t i o n   w i t h i n   t h e   H a t   C r e e k   c i r c u l a t i o n .  

' 4 . 1 2 . 1  Synop t i c  S e t t i n g  f o r   T e s t  1 2 .  Dur ing   the   day ,  a 
r i d g e  of h igh   p re s su re ,   wh ich  was l o c a t e d   o v e r   s o u t h w e s t e r n  
B r i t i s h  Columbia i n  the   morning ,  moved eastward  and was e a s t   o f  
t h e   p r o j e c t   a r e a  by evening .  As a r e s u l t ,  t h e   l o w - l e v e l   g r a d i e n t  
wi-nd v e e r e d   f r o m   n o r t h e r l y   i n   t h e   m o r n i n g   t o   e a s t - s o u t h e a s t e r l y  

4 - 2 4 2  
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Y i n   t h e   a f t e r n o o n .   E a r l y   m o r n i n g   c l o u d i n e s s   c o n s i s t e d   o f   s c a t t e r e d  
to   b roken   a l tocumulus   an ,3   c i r rus .   Sma l l   cumul i   deve loped   f i r s t  

Y 0ve.r t h e , h i l l s   d u r i n g   m i d - m o r n i n g   a n d   o v e r   t h e   e n t i r e  a rea  
e v e n t u a l l y .  

m 
Surface  and 700-mb map; a r e  shown i n   F i g u r e  4.12-:L. 
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4 . 1 2 . 2  Me teo ro log ica l   Pa rame te r s   fo r   Tes t  1 2 .  The parameters  
m e a s u r e d   d u r i n g   t h i s   t e s t   i n c l u d e   t e m p e r a t u r e   l a p s e   r a t e s ,   s u r f a c e  
winds ,   and   winds   a lof t .   Tempera ture   soundings   were   t a 'ken  by min i -  
sonde ,   t e the red   sonde ,   and   t he  NAWC t r a c e r   a i r c r a f t .  'The s u r f a c e  
winds  were  monitored by t h e  B.  C. Hydro meteoro logica l   ne twork .  
Winds a l o f t  were  measured by d o u b l e   t r a c k e d   p i l o t   b a l l o o n   a s c e n t s .  

The e l even   t empera tu re   sound ings   ava i l ab le  f o r  t h i s   t e s t   a r e  
g i v e n   i n   F i g u r e  4 . 1 2 - 2 .  These  soundings show a s u r f a c e - b a s e d  
r a d i a t i o n   i n v e r s i o n ,   e x t e n d i n g   t o   a b o u t  1 0 0  m AGL . ove r   t he   p l an t  
s i t e   i n   t h e   e a r l y  mornin,g  (0530 PST) a n d   n e a r   n e u t r a l   c o n d i t i o n s  
a lo f t .   Ano the r   sound ing :   he re   a t  0630 PST showed a sha l low  supe r -  
a d i a b a t i c   s u r f a c e   l a y e r   a n d  by 0655 PST, t he   i nve r s ion   had   been  
d i s s i p a t e d  by s u r f a c e   h e a t i n g .   O t h e r   s o u n d i n g s   a t   v a r i o u s   l o c a -  
t i o n s  show s u r f a c e   i n v e r s i o n s , o r   t h e i r   r e m n a n t s ,   e x t e n d i n g   u p   t o  
400 m MSL o v e r   t h e  Uppez Hat Creek V a l l e y ,   w i t h   n e u t r a l   c o n d i t i o n s  
a l o f t .  

Y S u r f a c e   w i n d   d a t a   f o r   t h i s  t e s t  can be   i oca t ed  i n  Volume 2 ,  
F i e l d  Data.  The d a t a ,   a v a i l a b l e   p r i m a r i l y   f o r   l o w - l y i n g   s i t e s ,  
i n d i c a t e  l i g h t  d o w n - v a l l e y   f l o w   u n t i l   a b o u t  0830 PST, when up- 
v a l l e y   f l o w  commenced. Speeds   r anged   t o  2 .5  m/s. 

iil 

Y The  winds a l o f t   d a t a   a r e   p r e s e n t e d   a s   w i n d   d i r e c t i o n  and  wind 

w tha t ,   whi le   the   winds   be low  about  250 m AGL were   sh i f t i ng   f rom 

speed   t ime   s ec t ions ;  Fijpres 4.12-3  and 4 . 1 2 - 4 .  I t  can  be  seen 

down-va l l ey   t o   up -va l l ey   be tween  0530  and  0930 PST, plume a l t i t u d e  

d 

d 4 - 243 



Figure 4.12-1 Surface and .SO0 mb maps for Test 12, .4ugust 10, 
1976, 0400 PST. 
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Figure 4.12-1 (Cont'd). 
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Figure 4.12-3 Time vs. alt i tude  display of wind directi.ons  aloft 
measured during  Test 12. Speeds are  given  in m/s. 
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Figure 4.12-4 Time vs. alt i tude  display of wind speeds a lof t  
measured during Test 12 .  Speeds are  given i n  m/s. 
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winds   were   f rom  the   no r th   t o   no r theas t ,   becoming   more   ea s t e r ly   a t  
abou t  0 8 3 0 .  Wind speeds  a t  r e l e a s e   a l t i t u d e   w e r e   i n i t i a l l y   a b o u t  
2 . S  m/s and  slowly  decreased  during  the  morning.  Low-level  wind 
s p c e d s   w e r e   g e n e r a l l y   l e s s   t h a n  2 m/s. 

4 . 1 2 . 3  Tracer Di s semina t ion ,  Test 1 2 .  The p e r t i n e n t   t r a c e r  
r e l e a s e   p a r a m e t e r s   f o r   t h i s   t e s t  are g i v e n   i n   T a b l e  4 . 1 2 - 1 ,  below. 

Table 4.12-1 Duration and source  strength  of  tracer 
release number 12.  

Altitude: 1890 m KSL 
Location: Upper S i te  

Simlated Stack  Height: 183 m 
Stabi l i ty  Classification: D 

Tracer 
Time On Time O f f  

(PST) ( P S I  Total Released (g) 
Source Strength 

( d s )  

SF6 0532  0632  18,387, 
Oil Fog (1) 0532 0607 109,800 
O i l  Fog (2)  0625  0632 N/A 

5.11 
52 .3  

N/A 

4 . 1 2 . 4  Photographic   and   Visua l   Observa t ions .  The o i l - f o g  
piume i n i t i a l l y   d r i f t e d   t o w a r d   t h e   s o u t h - s o u t h e a s t .  However, t h e  
plume d i r e c t i o n   s h i f t e d  more t o   t h e   s o u t h   a n d   s o u t h - s o u t h w e s t  
a f t e r   t h e  f i r s t  1 5  minutes .   F igure  4 . 1 2 - 5  shows  an  upwind-looking 
view o f   t h e   s t a b l e  plume as it passed   ove r  Ambusten  .Creek. a t  
0 6 2 2  PST. S o u t h w a r d   t r a n s p o r t   a l o n g   t h e   e a s t e r n   s i d e   o f   U p p e r  
Hat Creek   Val ley   cont inued  a t  a speed   of  2 t o  3 m/s f o r   a l m o s t  
t h e   n e x t   h o u r .  The  plume  remained ve ry  s t a b l e   d u r i n g   t h i s   p e r i o d .  
F igure  4 . 1 2 - 6 ,  t a k e n  a t  0 7 0 4  PST, shows t h a t   d i s p e r s i o n  o f  t h e  
plume  was s low e n o u g h   t h a t   t h e   t r a c k  o f  t h e   t r a c e r   a i r c r a f t  re-  
m a i n e d   v i s i b l e   s e v e r a l   m ' i n u t e s  a f t e r  a c r o s s i n g   p a s s   t h r o u g h   t h e  
plume. A t  0 7 3 0  PST,, F i g u r e  4 . 1 2 - 7  shows t h a t   p a r t   o f   t h e  plume 
h a d   b e e n   t r a n s p o r t e d   t o w a r d   t h e   w e s t e r n   s i d e   o f  Hat Creek  Val ley,  
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Figure 4.12-5 Photo, Test 12. Transport is towards the observer in  
this phot:o of the  stable plume passing over Ambusten 
Creek. View is to  the  north, 0622 PST. 

L.^c :.- . .  .e 

ri 

Figure 4.12-6 Photo, Test 12. Tracks of the  tracer  aircraft   visible 

experienced by th i s  plume. Transport is to  the l e f t ,  
in the  oil-fog demonstrate the  very slow dispersion 

0704 PST. 
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a l t h o u g h   t h e  p'lume c e n t e r l i n e  was s t i l l  g e n e r a l l y   e a s t   o f   H a t  
Creek. The l e a d i n g   e d g e   o f   t h e   p l u m e   a t   t h a t   t i m e  was n e a r   t h e  
i n t e r s e c t i o n   o f  Upper Hat Creek Valley  and  Oregon  Jack  Canyon, 
o r   a b o u t  1 7  km from t h e   r e l e a s e   s i t e .   A f t e r  0730 PST, t h e  plume 
t r a n s p o r t   s h i f t e d   t o w a r d   t h e   w e s t ,   a p p a r e n t l y   i n   r e s p o n s e   t o   e a r l y  
m o r n i n g   s o l a r   h e a t i n g   o f  the w e s t e r n   s l o p e s   o f   t h e   v a l l e y .   F i g u r e  
4 .12 -8 ,  a t  0759 PST, shows t h e   p l u m e   n e a r   t h e   w e s t e r n   f o o t h i l l s  

' of  Hat Creek   Va l l ey   and   cumul i   ove r   t he   h ighe r   e l eva t ions .  Fumi- 
g a t i o n   o f   t h e   w e s t e r n   s i d e   o f   t h e  plume  began  during  the  next  1 5  
minu tes ,  as shown i n   F i g u r e   4 . 1 2 - 9 .  Many r i p p l e s  and  waves  were 
de\relo.ping on t h a t   p a r t   o f   t h e  .plume . t h a t  was n o t   f u m i g a t i n g  
(F igure   4 .12-10) .  The f u m i g a t i o n   p r o c e s s   c o n t i n u e d   a n d ,  as shown 
i n   F i g u r e  4 . 1 2 - 1 1 ,  t h e   d i f f u s e  plume was t r a n s p o r t e d   u p   t h e   s l o p e s  
and s ide canyons.  By 0839 PST, t h e  f i r s t  smoke plume had become 
p r a c t i c a l l y   i n v i s i b l e ,   w h i l e   t h e   . s m a l l e r   s e c o n d  plume was be -  
g inn ing   t o   fumiga te   sou th   o f   F inney  Lake (F igu re  4 . 1 2 - 1 2 ) .  Plume 

, '  . o u t l i n e s   a t   s e i e c t e d  times a re  shown i n   F i g u r e   4 . 1 2 - 1 3 .  

4 . 1 2 - 5  Aerial   Oi l -Fog  Measurements .  The o i l - f o g   m e a s u r e -  
ments  from Test 1 2  c o n s i s t   o f  two d e t a i l e d   s e t s . o f   c r o s s w i n d  
p a t t e r n s ,   p l u s   s u p p l e m e n t a r y   i n f o r m a t i o n   g a t h e r e d   d u r i n g   s o u n d i n g s  
a n d   t u r b u l e n c e   t r a n s e c t s .  The l o c a t i o n   o f   t h e   c r o s s w i n d   p a t t e r n s  
are shown i n   F i g u r e   4 . 1 2 - 1 4 .  

The f i r s t  s e t  of   passes   were   f lown  d i rec t ly   over   Medic ine  
Creek; 3.7 km downwind, from 0550  and  0625 PST. S e v e n t e e n   i n d i -  
v i d u a l   p a s s e s   w e r e  made a t   a l t i t u d e s   b e t w e e n  1 9 2 0  and 1710 m MSL. 
The maximum c o n c e n t r a t i o n   m e a s u r e d   d u r i n g   t h i s   s e t ,   e q u i v a l e n t   t o  
54,409 ~ g m - ~ ,  was found a t  1800 m MSL, 90  m below release a l t i t u d e .  
The a d d i t i o n a l   p a s s e s   f l o w n  a t  t h e   c e n t e r l i n e   a l t i t u d e   a r e   n o t  
r e f l e c t e d   o n   e i t h e r   t h e   p l o t s  of c e n t e r l i n e   d i s t r i b u t i o n ,   w h i c h  
show o n l y   t h e   c o n c e n t r a t i o n s  from t h e  f i r s t  p a s s   a t  a g i v e n   a l t i -  
t u d e ,  n o r  d i r e c t l y   i n   t h e   c a l c u l a t i o n   o f   w h i c h   u s e d   t h e  mean 
va lue   f rom two p a s s e s .  

a 
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Figure 4.12-7 Photo, Test 12 .  By 0730 PST the plume  was over the 
center of the  valley  as westward transport began. 
View is towards the  south. 

Figure 4.12-8 Photo, Test 12. Second oil-fog pluine, lower .:left, 
shows wirni shift  since beginning of tracer  release. 
First plume is approaching the western slopes of the 
valley. 'View is up-valley a t  0817 PST. 
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Figure 4.12-9 Photo, Test 12. The westernmost portions of the first 
plume (right)  are fumigating as many waves fonn on the 
remainder. Second plume still appears stable as it 
passes  over Finney Lake (lower l e f t ) .  

Figure 4.12-10 Photo, Test 12.  View is up-valley at  0817 PSI'. A 
closer view of the  funigating plume looking southward 
along the west side of the  valley at  0819 PST. 
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Figure 4.12-11 Photo, Test 12. Ey 0825 waves  began t o  develop in the 

transported rapidly up-slope. View is t o  the  south. 
seeon3 p1m.e as fumigated remnants of the first are 

Figure 4.12-12 Photo, Test 1 2 .  The second plume is beginning to  fumigate 
over  the rid.ge jus t  south of Finney Lake (lower l e f t )   i n  
t h i s  photo t.aken a t  0839 PST. Note that  the f irst  plme 
is now alm0s.t completely invisible. View is up-,valley. 
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Figure 4.12-14 Locations of oil-fog crosswind patterns and turbulence 
transects, Test 12.  Distances  are in  kilometers. 
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Thc v e r t i c a l  and h o r i z o n t a l   c e n t e r l i n e   d i s t r i b u t i o n s   a r e  shown 
i n  F igurc  4 . 1 2 - 1 5 .  The s o l i d   l i n e s   i n d i c a t e   v a l u e s   g a t h e r e d   d u r -  
i n g  t h e   f i r s t  se t  o f  passes   th rough  the   p lume a t  t h i s   l o c a t i o n ,  
o t h e r   v a l u c s   i n d i c a t e d   a r e   f o r  maximum concent ra t ions   found  on  
r e p e a t   p a s s e s   n e a r   t h e   c e n t e r l i n e .  The d i s t r i b u t i o n s  show t h e  
plume t o   b e   c o n f i n e d   t o  a l a y e r   a b o u t  200 m d e e p   c e n t e r e d   a p p r o x i -  
mate1.y 91) m below r e l e a s e   a l t i t u d e .  Plume width  was n e a r  2 km. 

The v a l u e s   f o r  u and uz c o m p u t e d   f r o m   t h e   a e r i a l   d a t a   a r e  
shown a l o n g  w i t h  t h e   s t a n d a r d   c u r v e s  i n  F i g u r e  4 . 1 2 - 1 6 .  I t  can 
be seen t h a t  u i n d i c a t e s   n e u t r a l   s t a b i l i t y ,   w h i l e  uz f a l l s   s l i g h t -  
l y  b e l o w   t h e   s t a n d a r d   v a l u e   f o r   v e r y   s t a b l e   c o n d i t i o n s .  The n o r -  
mnl ized   concent ra t ion ,   computed  'from averaged  maximum concen-  
t r a t i o n s ,  is  p l o t t e d  i n  F i g u r e  4 . 1 2 - 1 7 .  The v a l u e  i s  nomina l   fo r  
s l i g h t l y   s t a b l e   c o n d i t i o n s .  

Y 

Y 

T' 

The second s e t  of c r o s s w i n d   p a t t e r n s  were f lown  8 .3  km from 
t h c   r e l e a s e  i n  t h e   v i c i n i t y   o f  Ambusten  Creek.  These  passes,   con- 
ducted  from  0653  to  0725 PST, were  f lown  between 1830 and  1680 m 
FISL. A maximum c o n c e n t r a t i o n   o f   3 0 , 5 0 6  ~ g m - ~  was found a t  an 
a l t i t u d e   o f  1 7 1 0  m MSL d u r i n g   t h e  i n i t i a l  passes   th rough  the   p lume.  
Subsequent   passes  near. t h a t   a l t i ' t u d e   y i e l d e d  a  maximum measured 
c o n c e n t r a t i o n  of 48,433 ~ g m - ~  a t  1 7 2 5  m MSL. The v e r t i c a l   a n d  
h o r i z o n t a l   c e n t e r l i n e   d i s t r i b u t i o n s   a r e   g i v e n  i n  Figure  4 .12-18.  
S e l e c t e d   v a l u e s  from t h e   e x t r a   p a s s e s  made n e a r   t h . e   c e n t e r l i n e  
a r e  a l s o  shown. 

An i n d i c a t i o n  o f  the  westward movement o f   t h e   c e n t e r l i n e   c a n  
be s e e n   i n   t h e   t w o   h o r i z o n t a l   p l o t s .  An a n a l y s i s  o f  c e n t e r l i n e  
l o c a t i o n  o n   c o n s e c u t i v e   p a s s e s   i n d i c a t e s  a l a t e r a l   s p e e d  of  about  
0 .5  m/s. 

The c a l c u l a t e d   v a l u e s  of (J and uz f o r   S e t  2 . a r e   p r e s e n t e d  Y 
i n  Figure  4.12-16.  There i s  l i t t l e  change i n  e i t h e r   v a l u e   f r o m  
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Figure 4.12-15 Vertical and horizontal plume centerline  dist~:ibutions, 
Test 1 2 ,  Set 1. 
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'Figure 4.12-16 Measured values of u and uz f o r  Test 12 .  
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Figurt? 4.12-16 (Cont'd). 
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Figure  4.12-18  Vertical and horizontal plume centerline  distributions, 
Test  12, Sf% 2 .  
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the  first  set  of  crosswinds,  both  appear  to  indicate  increasingly 
stable  plume  geometry. 

The  value  of - (Figure 4 . 1 2 - 1 7 )  shows  very  little  change  as 
the  maximum  concentrations  measured  here  were  very  close to those 
found  during  Set 1. 

XU 
9 

Further oil-fog data come  from  incidental  measurements  made 
during  soundings  and  turbulence  transects.  These  data  have  been 
used  to  construct  a  plot  of  centerline  altitude  and  temperature 
vs.  time  during  plume  transport  and  dispersion.  This figure, 
4 . 1 2 - 1 9 ,  shows  the  steady  decrease  in  altitude  and  corresponding 
adiabat'ic increase in temperature  as  the plume was  transported 
first  to  the  south  and then westward  across  the  valley. The 
total  drop  in  centerline  altitude  between 0 5 4 5  and 0830 PST was 
approximately 365 m. 

A maximum  concentration  of  27,676 ?.~gm-~ was  found  near 
Anderson  Creek  at  0835 PST at an altitude  of 1 4 9 5  m MSL. This 
measurement was used  to  compute  a  minimum  value of the  normalized 
concentration at this  point. This value  is  plotted  in  Figure 
4 . 1 2 - 1 7 .  A centerline  dilution rate no  greater  than  that asso- 
ciated  with  F  stability is indicated. 

4.12.6 Aerial  SF6  Measurements.  Aerial  sampling  of  SF6 
consisted of the  ten  samples  taken  in  two  transects  across  the 
valley,  as  shown  in  Figure 4 . 1 2 - 2 0 .  Table 4 . 1 2 - 2  gives supple- 
mentary  information. It can be seen that  the  first  transect 
(samples 1 2 H 1 - 1 2 H 4 ) ,  flown at an  altitude of  1 6 4 5  m MSL, between 
0730 and  0738 PST, sh<ws measurable  SF6  only in the  westernmost 
samples, indicating  that .the plume  had  reached  across  the  valley 
by 0738 PST and  that  equivalent  concentrations of at least  3800 
?.~gm-~ could be found  approximately 1 5 0  m  below  release  altitude 
over  the  center of the  valley.  The  second  transect  (samples  5-8), 
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9 10 11 12 13 14 

CEMEIILINE TEMPERATURE ( "C) 

Figure 4.12-19 Plume centerline temperature vs. centerline  altitude. Times 
of measurenents are shown. 
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Figure 4.12-20 Location of aerial  SF5 samples, Test 12.  
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Table 4.12-2 Aerial SF6 sample information. 

Altitude (m) , Time 
MSL AGL (PST)  (min)  Ambient 

Sample xso2 (llgm-3) 

h b c r  Release (km) 
Sample Distance from - Time - 

rn 
12H1 
121 12 
12113 
12H4 
12H5 
12H6 
12H7 
12118 

12H9 
121110 

7.8 
8.0 
8.6 

10.5 
13.1 
12.7 
11.8 
11.5 
12.7 
13.1 

1645 550 
1645 640 
1645 208 
1645 365 
1.525 185 
3.525 305 
1.525 490 
1.525 SFC 
3.370 230 
1.370 215 

0730 1 0 0 
0732 1 0 0 
0735 1 37!38 4596 
0737 1 4'74 574 
0739 1 0 0 
0743 1 0 .  0 
0747 1 < 20 < 24 
0750 1 <20 (24 
0804 1 0 0 
0805 1 0 0 

made f u r t h e r  up t h e   v a l l e y ,  shows o n l y  a v e r y  .low c o n c e n t r a t i o n  
(< 2 0  ~ g m - ~ )  a t  1 5 2 5  m IMSL o v e r   t h e ' c e n t e r   o f   t h e   v a l l e y   a n d   a t  
t h e   s u r f a c e   o f   t h e   e a s t e r n   s l o p e s .  

4 . 1 2 . 7  Su r face  SF6 Measurements. A t o t a l  of  26  SF6 sampler  
l o c a t i o n s  was e m p l o y e d   ( l u r i n g   t h i s   l o n g   d u r a t i o n   t e s t .  A map of  
t h c i r  l o c a t i o n s  i s  g i v e n   i n   F i g u r e  4 . 1 2 - 2 1 .  Supplementary i n f o r -  
mation is s u p p l i e d   i n   T a b l e  4 . 1 2 - 3 .  The maximum measured  ground 
l c v e l   c o n c e n t r a t i o n s   d u r i n g  Test 1 2  were e q u i v a l e n t   t o  7142 pgm - 3  

f o r  1 minute   grab  sample,  1014 p g ~ n - ~  f o r  a h a l f - h o u r   a v e r a g e ,  and 
534 ~ g r n - ~  one-hour   average .  

S a m p l e r s   w e r e   . i n i t i a l l y   d e p l o y e d   a l o n g   t h e   e a s t e r n   s l o p e s  of 
t h e   v a l l e y ,  as t h e  plume moved s o u t h .  Of t h e s e   s a m p l e r s  (12S1-12S6) 
only  one  measured  more  than a n e a r   t h r e s h o l d  amount o f  SF6. This  
was s i t e 1 2 S 2   a t  137'5 m MSL, n e a r  Ambusten  Creek,  which  received 
a n   . e q u i v a l e n t   h a l f - h o u r   c o n c e n t r a t i o n  o f  38 ~ g m - ~ .  Samplers 
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Table 4.12-3 Surface SF6 sampler information. 

Distance 
S‘mple From Release Altitude Time On - Time  Off 
h b e r  (h) (m, IGL) (PST)  (min)  Ambient NTP 

Time 
Sampling XSO2 (uglil-3) m 

3 12s1 2.7 13 90  0534  0604 30 Malf. 
0604 0634  30 

0 
0 

0634  0704 30 0 
0 

0704  0734 30 0 0 
0 

0734  0804 30 0 
08 04  0834 

0 
30 <20 <24 

3 

12s2 5.9 1375 0606 0636 30 
0636  0706 

38 
30 

46 
< 20. <24 

0706 0736 
0736 0806 30 

30 
Malf . <28 <34 

0806  0826 20 0 0 
- 

12S2A 9.7 1340 OS39 

0939 
0909 

1009 
1039 
1109 

0909 

1009 
0939 

1039 
1109 
1139 

d 

12S3 7.0 u 9 5  0610 
0640 
071’0 
0740 
0810 

1600 0835 
0905 

0640 
0710 
0740 
0810 
0840 

0905 
0935 

1035 
1005 

1105 
1135 

0721 
0908 
1108 

0730 

30 

30 
30 

30 
30 

30 
30 

Malf. - 
0 0 
0 0 
0 0 

Malf. - 
1014 1227 
. . 54 65 

ii 

L 

12S3A 11.4 

0935 
1005 

30 
30 

120 
54 

145 

38  46 
65 

1035 
1105 

1:!50 0614 
0721 
0908 

30 
30 

107 
.67 

120 

34 41  

0 0 
0 0 
0 0 

0 
0 

0 

0 
0 
0 

1294 

12s5 

8.6 

9.9 172’5 0619 
0730 
0905 

71 
95 

120 
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Table 4.12-3 (Cont'd) w 

Distance 
Sample From Release  Altitude  Time On - Time Off Time 
h b e r  ( W  (min)  Ambient NTP 

sampling X S O ~  
w 

12S6 

12S8 

1 2S9 

12s10 

12s11 

12no 

1 2 n 1  

12T18 

1 2 n 5  

12.8 

12.3 

14.4 

13.3 

11.7 

3.8 

3.2 

3.2 

2.8 

1525 

1390 

1375 

1555 

1375 

1050 

1220 

1220 

924 

0727 
0900 
0751 
0821 
0851 
0921 
0951 
1021 

0802 
0832 
-0902 
0932 
1002 
1032 

0812 
0842 
0812 
0942 
1012 
1042 

0817 
0856 

0850 

0620 
0525 

0705 

0543 
0635 
0715 

0630 

0600 
0640 
0740 
0830 

4 -270  

0900 
1100 
0821 
08 51 
0921 

1021 
0951 

1051 

0832 
0902 
0932 
1002 
1032 
1102 

0842 
0912 
0942 
1012 
1042 
1112 

0856 
1056 

1050 

0620 
0705 
0800 

0625 
0715 
0825 

0730 

0640 
0740 
0815 
0920 

120 
93 

30 
30 
30 

30 
30 

30 

30 
30 

.30 
30 

30 
30 

30 
30 
30 
30 
30 
30 

120 
39 

120 

45 
55 

55 

42 

70 
50 

60 

40 

35 
60 

50 

0 
0 

0 
0 hm 

0 0 
Malf. - 

0 0 
0 0 
0 0 

. .. 

w 

Kalf. - kd 

&lf. - 
Malf. - 

0 0 
0 0 
0 0 

~ .u 
.~ 

<20 <24 u 
1014 1227 

<20 <21 
42 51 

. .  

od 
<20 < 24 . .  

38 
<20 < 24 

46 
u 

474  574 
0 0 

0 0 

0 0 Lilj 
0 0 

b l a l f .  - 
0 0 

Malf. - 
0 0 

0 0 

& 

kd 

kd 
~~ 

0 0 
0 0 
0 
0 

0 
0 

Y 

W 

i 

b 



m z 6  

1 zrz7 

12T28 

12T29 

12T30 

1 zs12 

1 2 3 3  

I 2G1 

12G2 

12R 

6.6 

8.6 

3.9 

14.6 

16.4 

9.5 

14.2 

9.7 

7.5 

0.0 

960 

1035 

915 

1100 

1115 

1405 

1495 

1340 

1405 

1370 

0610 
0645 

0615 

0700 
0830 

0755 

0805 

0840 

0840 

0845 
0847 
0852 

0850 

0600 
0700 
0800 

0645 
0745 

0650 

0925 
0830 

0835 

0840 

0940 

0940 

0846 
0848 
0853 

0851 

0700 
0800 
0900 

35 
60 

0 
0 

0 
0 

35 0 0 

90 
55 0 

0 0 
0 

40 0 0 

35 0 0 

60 0 0 

60  516 624 

1 2808 
1 

3398 
7142  864 2 

1 2312  2798 

1 764  924 

60 
60 

0 0 

60 
0 0 
0 0 
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dcployed  at  the  plant site, up  Yedicine Creek, and  along  Upper 
ilat Creek  recorded  no  measurable  impact  during  the  test. 

Once it was  clear that the  plume  was  movinc  westward  across 
thc valley,  samplers  were  quickly  placed  along  the  westcrn  slopcs 
where  fumigation  appeared  likely.  Samplers 1ZS2A,  12S3A, 12S9, 
12S10 ,  12Sl3, and  the  grab samples taken  at 12G1  (12S2A), and 12G2 
all  yielded  measurable  SF6.  Sequential  samplers 12S2A,  12S3A, and 
1ZS9 showed  common  fumigation  patterns o f  initially.high half-hour 
concentrations  (866-1014 ~ g m - ~ ) ,  rapidly  diminishing  to 20-60 
~ g m - ~ ,  and  continuing  low  concentrations  through  the  morning. 
Site 1ZS10 received 474 ~ , g m - ~  in a 39-minute sample  from 0817-0856 
PST, and 12S13 received  516 ~ g m - ~  in  a one-hour sample  from 0850- 
0940 PST.  The  maximum  measured  concentration was found  to  be 
7142 ~ g m ' ~  in  a one-minute grab  sample (1ZG1) taken  at  site 12S2A 
at 0 8 4 5  PST. The data  suggest  that  the  maximum  concentrations 
occurred on the  ridgecrests  between  creek  systems  draining  the 
western  hills. 

The fact  that  samples  from  sites 12S8, 12S7, 12S12, and 
1ZS11 received no measurable SF6 is  believed t.o be  indicative of 
thc  localized  nature of the  fumigation  patterns,  and  suggests 
that  the  mixed  portions of the  plume were transported  up  the 
slopes towards  the  west  and  did  not re-enter the  valley circula- 
tion in detectabpe  concentrations. 

. .  

4.12.8 Turbulence  Measurements.  Turbulence  data  from  Test 
12 are  plotted  in  Figure  4.12-22.  Data  are  available  both  from 
the oil-fog crosswind  patterns  and  from  special.  turbulence 
transects. 

The  data  from  'the  crosswind  patterns  suggest  very  light tur- 
bulence  and  little  intermittence  during  Sets 1 and 2 with  some 
increase in both  parameters  during  Set 2 above  1770  m MSL. 
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The t u r b u l e n c e   t r a n s e c t s   w e r e  made as  shown i n   F i g u r e  4 . 1 2 - 1 4  
a l o n g   t h e   w e s t e r n   s l o p e s  o f  Hat  Creek  Valley  hetwcen 0806  and  0832 
PS'I'. 'l'hesc da t : l   ind ica te  l i g h t  tu rbulence   he twcen 2 1 3 5  and 1680 '  m 
MSI. i n c r e a s i n g   t o   v a l u c s   a s s o c i a t e d   w i t h   n e u t r a l   d i s p e r s i o n   a t  
1530 m. I n t e r m i t t e n c e   v a l u e s   w e r e   r a t h e r  low  between 2 1 3 5  and 
1830 m MSI,, t h e n   i n c r e a s e d   t o   h i g h   v a l u e s  a t  1 6 7 5  and 1 5 2 5  m MSL. 

These   measurements   sugges t   tha t   the   major   source   o f   tu rbu-  
l e n c e  was s u r f a c e   h e a t i n g   a n d   t h a t   a t   t h e  time of t h e   t r a n s e c t s ,  
some t h e r m a l   d i s t u r b a n c e s  were r e a c h i n g   a s   h i g h , a s  1 6 7 5  m b u t   n o t  
a s  h i g h   a s  lS00 m MSL. 

4 . 1 2 . 9  Summary o f   T e s t  1 2 .  The T e s t  1 2  t r a c e r  plume  was r e -  
l e a s e d   f r o m   t h e   u p p e r   s i t e  a t  an a l t i t u d e   o f  1 8 9 0  m MSL. The 
m e t e o r o l o g i c a l   c o n d i t i o n s  a t  r e l e a s e   a l t i t u d e   w e r e   c h a r a c t e r i z e d  
by l i g h t   n o r t h e r l y . w i n d s   w h i c h   g r a d u a l l y   v e e r e d   t o   t h e   e a s t .  
I.apsc r a t e s   w e r e  near n e u t r a l  a t  r e l e a s e   a l t i t u d e ,   w i t h  a r a d i a t i o n  
invers ion   be low.  The i n v e r s i o n  was g r a d u a l l y   d i s s i p a t e d   d u r i n g  
t h e  t e s t .  On t h e   s u r f a c e ,  a w e l l - d e v e l o p e d   v a l l e y   c i r c u l a t i o n  was 
c v i d e n t .  Upon r e l e a s e ,   t h e   v e r y   s t a b l e   a p p e a r i n g  plume moved 
sou thward   ove r   t he   wes t - . f ac ing   s lopes   wh ich   bound   t he   ea s t   s ide   o f  
Upper  Ifat Creek. I t  was t h e n   t r a n s p o r t e d   w e s t w a r d   a c r o s s  t h e  
v a l l e y ,   a p p a r e n t l y  i n  r e s p o n s e   t o   l o c a l   s u r f a c e   h e a t i n g ,  and f u m i -  
g a t e d .   O i l - f o g   t r a c k i n g   d a t a   i n d i c a t e   t h e  p lume   s ank   cons i s t en t ly  
d u r i n g   t h e   t e s t  (390  m i n  t h e   f i r s t  1 6 5  minu tes ) .   Th i s  was a l s o  
a p p a r e n t l y  i n  r e s p o n s e   t o   t h e   h e a t i n g   a n d   r e p r e s e n t s   t h e   v e r t i c a l  
component of  t h e   c r o s s - v a l l e y  c i r c u l a t i o n .  

S u r f a c e  SF6 d a t a  show maximum hal f -hour   and   one-hour   concen-  
t r a t i o n s   o f   r e s p e c t i v e l y  1 0 1 4  and 5 3 4  ~ g m - ~  dur ing   fumiga t ion .  
The a rea   where   s ign i f i can t   su r f ace   concen t r a t ions   were   found  was 
l i m i t e d  t o  t h e   s l o p e s  of t he   va l l ey ,   f rom  F inney  La.ke s o u t h  t o  
Parkc Lake. 
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Aerial oil-fog data  indicate  rather  stable  plume  geometry 
prior to fumigation,  and  show a centerline  dilution  rate  nominal 
for F type  stability.  Measurements of turbulence  dissipation 
rates  show low, stable  atmosphere  values  initially.  Later, mea- 
surements  over  the  western  slopes  showed  continued  low  values 
aloft  but  near  neutral  rates  closer  to  the  surface. 

In summary, this  test  represents a special  case  of  valley 
fumigation  characterized by: 

- 
a) An  early  morning  light  northeasterly  (up-valley)  gradient 

flow, wi'th a near  neutral  lapse rate at  plume altitude, and a 
shallow  surface  inversion.  As a consequence of the  light wins 
conditions, both near  the  surface  and aloft, and  the  damping 
effect  of  the  surface  inversion on convection activity, dispersion 
conditions  at  plume  altitude  remained  very  stable. 

b) A cross-valley transport of the  plume  in  response to  the 
relatively  more  rapid  solar  heating  of  the east-facing slopes. 
This  effect  was  combined  with  substantial  sinking o f  the  plume 
layer due to the cross,-valley  differences  in  potential  temperature 

c) Eventual  fumigation  when  heating  destroyed  the  stable 
layer over  the  western  slopes. 

. .  

4.13, -Test  Number  Thirteen,  August 10, 1 9 7 6  

Test 13 was  carried out at  the upper plant  site  during  the 
early  afternoon  of  August 10, 1 9 7 6 .  An  assumed  stack  height  of 
183 m, combined  with 3 6 6  m plume rise, gave a tracer  release alti- 
tude  of 1 9 2 0  m MSL. The meteorological  conditions,  characterized 
by light winds  and  strong  insolation,  were  conducive to studying 
looping  plume  behavior.' 
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4 . 1 3 . 1  Synoptic  Setting for Test 13. High pressure remain- 
ed over  the  project  area.  During  the day, the  ridge of high pres- 
sure,  located over southwestern  British  Columbia in the morning, 
moved  eastward  and  was  east  of  the  project  area by evening. As a 
result,  the low-level gradient  wind  veered  from  northerly in  the 
morning  to  east-southeasterly  in  the  afternoon.  Small  cumuli 
developed  first over the  hills  during mid-morning and  were scat- 
tcred  throughout  the  project area during  the  test. 

Surface  and 700-mb maps  are shown in Figure 4 . 1 2 - 1 ,  in  the 
previous  section. 

4 . 1 3 . 2  Meteorological  Parameters  for  Test 1 3 .  Parameters 
measured  during  this  test  include  lapse rates, surface winds, and 
winds  aloft.  Temperature  soundings  were  taken by the  NAWC  tracer 
aircraft  and  double-tracked  minisonde.  Surface  winds  were moni- 
tored  by  the B. C. Hydro  wind  station  network. Double-tracked 
pilot  balloon  ascents  were used to  obtain  winds  aloft  data. 

The  temperature  soundings  from  Test 13 are  .presented  in 
Figure 4 . 1 3 - 1 .  Both an 1 1 3 4  PST sounding  taken  at  the  lower  site 
3nd the 1210  PST upper  site  minisonde  reveal  neutral  conditions 
extending  from  the  surface  through  plume  altitude  to 2100 m MSL. 
The  minisonde  data  show  a  slight  increase in stability at 2400 m 
MSL. Although  this is not  evident  in  the data, super-adiabatic 
conditions  probably  existed  near the surface. 

Surface  wind  data  for  this  test may be  found in Volume 2 ,  
Field  Data.  It can be seen that  surface  winds  during  the  test 
were  generally up-valley at less  than 2 . 5  m/s. .The data  from 
weather  station 5 ,  however, indicate  light t o  moderate  southerly 
flow  during  this  period,.suggesting the development  of a cellular 
circulation  within  the  valley. 
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The winds a l o f t  time sec t ions   o f   wind   d i rec t ion   and   wind  
s p c e d   a r e   p r e s e n t e d   i n   F i g u r e s   4 . 1 3 - 2   a n d   4 . 1 3 - 3 ,   r e s p e c t i v e l y .  
These show t h a t  winds a t  plume a l t i t u d e   w e r e   f r o m   t h e   e a s t   t o  
s o u t h e a s t   a t  1 - 2  m/s d u r i n g   t r a c e r   d i s s e m i n a t i o n .  Winds  became 
more e a s t e r l y ,   a t   u p   t o  3 m/s, f o l l o w i n g   t h e   r e l e a s e .  

4 .13 .3   Tracer   Disseminat ion ,   Tes t   13 .  The p e r t i n e n t   t r a c e r  
r e l e a s e   p a r a m e t e r s   f o r   t h i s  t e s t  are g i v e n   i n   T a b l e  4 .13 -1 ,  below. 

Table 4.13-1 k r a t i o n  and source  strength  of  tracer 
release number 13. 

Altitude: 1920 m NSL 
location: Upper S i te  

Sirrmlated Stack Height: 183 m 
Stabi l i ty  Classification: D 

Time On Time O f f  
Tracer (PST)  (PST) Total Released (g) (g/s) 

Source Strength 

SF6 1140 1240 18,955 5.27 

O i l  Fog (1) 1140 1214 109,800 52.2 

O i l  Fog (2) 1233  1240 N/A N/A 

4 .13 .4   Visua l   and   Photographic   Observa t ions .  As w i t h   t h e  
o ther   looping   p lume release ( T e s t   9 ) ,   p l u m e   t r a n s p o r t  was i n i t i a l -  
l y  .more v e r t i c a l   t h a n   h o r i z o n t a l ,   F i g u r e   4 . 1 3 - 4  shows c o n s i d e r -  
a h l c  downward m i x i n g   n e a r   t h e   r e l e a s e  s i t e  a t  1154 PST. Another 
view of t h e  plume a t  1 2 1 5  PST (F igu re   4 .13 -5 )   shows   t ha t   t he  
smoke j u s t   r e l e a s e d  was descend ing ,   wh i l e   t he   l ead ing   edge  o f  t h e  
plume was be ing   swep t   up   i n   an   updra f t .   Th i s   l oop ing   behav io r  
con t inued   t h roughou t   t he  test .  The d e t e r m i n a t i o n  of forward 
plume speed was v e r y   d i f f i c u l t   d u e  t o  t h e   t r a n s i e n t   n a t u r e   o f   t h e  
l o o p s .  However, t h e   h o r i . z o n t a 1  movement has   been   e s t ima ted   a t .  
about  1 m/s. The approximate   p lume  ou t l ines  are shown i n   F i g u r e  
4 . 1 3 - 6 .  
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F i y r e  4.13-2 Time vs.   al t i tude  display of wind directions a l o f t  
measured during  Test  13. Speeds are given i n  m/s. 

FibWre 4.13-3 Time vs.  altitude  display of wind speeds a lo f t  
measured during Test 13. Speeds are  given  in m/s. 
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Figure 4.13-4 Photo,  Test  13. This view towards the  southeast shows the  plme 
being transported  rapidly towards the surface under the influence 
of a  strong downdraft. Time i s  1154 PST. 

. . - -, - . 
Figure 4.13-5 Photo, Test 13. The leading edge of the looping plume is ascendir 

i n  an updraft while the  portion  just  released is descending in  
this  view  towards the  south.  Picture taken at  1215 PST. 
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Figure 4.13-6 Approxhate  plww  outlines a t  various times during ‘i‘cst 13. 
w 

. 
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4 .13 .5   Aer i a l   O i l -Fog   Measuremen t s .   Aer i a l   o i l - fog   measu re -  
ments   f rom  Test   13  were  .gathered  during a set  of   c rosswind  
p a t t e r n s   f l o w n  1 . 6  km downwind o v e r   t h e   s l o p e s   w e s t   o f   t h e   u p p e r  
p l a n t  s i t e  as shown i n  F igure   4 .13-7 .   Thi r teen   passes   were  made 
a t   a l t i t u d e s  from 1 1 0 0  t o  1890 m MSL between  1206  and  1232 PST. 

The plume c e n t e r l i n e   d i s t r i b u t i o n s   a r e   g i v e n   i n   F i g u r e  
4 . 1 3 - 8 .   T h e s e   i n d i c a t e   t h e   h i g h   d e g r e e   o f   v e r t i c a l   a n d   h o r i z o n -  
t a l   s p r e a d i n g   w h i c h   t h i s  plume e x p e r i e n c e d   q u i t e   c l o s e   t o   t h e  
r e l e a s e .  The maximum c o n c e n t r a t i o n   m e a s u r e d ,   e q u i v a l e n t   t o   4 5 8 1  
~ g m ' ~ ,  was found a t  1 4 0 5  m MSL (350 m AGL). Th i s  i s  5 1 5  m below 
r e l e a s e   a l t i t u d e .   C o n c e n t r a t i o n s   a s   h i g h   a s   1 8 3 2  ~ g m ' ~  were 
found  wi th in  5 0  m of   t he   g round   on   t he   l owes t   pas s .  

An a n a l y s i s   o f  plume  geometry  shows a s t r o n g  tilt  t o   t h e  
c e n t e r l i n e ,  w i t h  the maximum c o n c e n t r a t i o n s   a t   t h e   h i g h e s t  a l t i -  
tudes   be ing   found  about  3 km n o r t h  o f  where   the  maximum concen- 
t r a t ions   were   found   on   t he   l owes t   pas ses .   Th i s   wou ld   sugges t  
t h a t   t h e  plume f i r s t  moved i n  a n o r t h w e s t e r l y   d i r e c t i o n   a n d  
t h o s e   p o r t i o n s   w h i c h   s a n k  were swept   southward  with  the  low- 
l e v e l   u p - v a l l e y   f l o w .  

'The v a l u e s   o f  a and oz fo r   t hese   measu remen t s   appea r  i n  
F igure   4 .13-9 .  I t  can  be seen t h a t  u w a s  q u i t e   l a r g e ,   i n d i c a t i n g  
a ve ry   uns t ab le   a tmosphe re ,   wh i l e   t he   va lue  o f  .5z was nominal   for  

Y 

n e u t r a l   c o n d i t i o n s .  The v a l u e  o f  a p p e a r s   i n   F i g u r e   4 . 1 3 - 1 0  
a n d   s u g g e s t s   v e r y   r a p i d   c e n t e r l i n e   d i l u t i o n .  

Y 

a 

4.13 .6   Aer ia l  SF, Measurements. No a e r i a l  SF6 measurements 
were made d u r i n g   t h i s  t e s t  a s   r a p i d  movement o f   s ample r s   r equ i r ed  
t h e   u s e   o f   b o t h   h e l i c o p t e r s .  

- 

4.13.7  Surface SF6 .Measurements. The l o c a t i o n s   o f   t h e  SF6 
s a m p l e r s   d e p l o y e d   f o r   t h i s   t e s t  are shown i n  Figure  4 .13-11,   and 
a d d i t i o n a l   i n f o r m a t i o n  i s  s u p p l i e d  i n  Table   4 .13-2 .   Thi r teen  
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Figure 4.13-7 Location of oil-fog crosswind patterns and turbulence 
transect:;,  Test 13. Distances are i n  kilometers. 
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Figure  4.13-8  Horizontal  and  vertical  plume  centerline  distributions for 
Test  13. 
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Figure 4.13-11 Location of surface SF6 samplers,  Test 13. 
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Table 4.13-2 Surface SF6 sampler information. 

Snmple From Release Altitude Time On - Time Off 
N L n n l m -  (b) (m, MSL) W T )  (min) 

Time 

13.51 0.4  1340  1201 
1256 

1246 
1316 

45 
30 

13s2  0.8, 1130 1207  1237 30 
1237 
1307 

1307 
1347 

30 
40 

13s: 1.6 1175 1213  1243 30 
1243  1313 
13  13 

30 
1321 7 

13S4 4.8 94.5 1219  1337 7s 

Distance Sampling 

1.355 5.6 10:; 5  1225 
1255 

1255 
1325 

30 

1325  1342 
30 
17  

13S6 3.5 945 1240  1327 47 
1.357  3.0  900 1200 

1244 
1244 
1325  41 

44 

13%  0.9  1220  1215 
1220  1223 

1218  3 

1225 
3 

1228 3 
1230  1233 3 
1235 
1240 

1238 
1243 

3 

1245  1248 
3 
3 

1.312 4.3 8 55 1205  1224 19 
1224  1258 34 
1258 
1320 1330 

1320 
10  
22 

13n4 4.3  885  1140 
1200 

1200 
1218 

20 

1218 
18 

1252 
1252  1315 

34 

1315  1325 10  
23 

13T31 3.9  840  1155 1213 1s 
1213  1245 32 
1245 
1308 

1308 
1335 

23 
33 

13B 0.0 1350  1200  1215 
1215 

15  
1230  15 

1230 1245 
1245 

30 

1300 
1300 
1315 

30 
30 

4-'289 

Ambient KIT 

1328 1621 
0 0 

1546  1888 

416 
38 

508 
46 

2s 
lrfalf. 

34 

Malf. - 
64 78 

< t o  < 24 
162  198 
52 39 

300  366 
48 

162  198 
57 

1110 
1584 

1355 
1934 

<20  <24 

0 
0 0 

0 
0 
0 

0 
0 

0 0 

Mali. 
. o  0 

344 420 
0 0 

- 

- 

Malf. - 
162 
218  266 

198 
0 0 

84 
0 0 

103 
336 410 
118 144 

Plalf. - 
44 54 

h l a l f .  - 
226  276 

0 
0 0 

0 
0 0 
0 0 
0 0 



samplers  were deployed   southwes t   th rough  nor thwes t   o f   the   upper  
p 1 a n t . s - i t e :   E a c h   o f   t h e s e   r e c e i v e d   t r a c e r   m a t e r i a l   i n   c o n c e n t r a -  
t i o n s   r a n g i n g  up t o   a b o u t  1 5 0 0  ~ . r g m - ~ .  The maximum shor t   and   l ong-  
t e r m   c o n c e n t r a t i o n s  were f o u n d   t o   h a v e   o c c u r r e d   e a r l y   i n   t h e   t e s t ,  
a t  s i t e s  loca ted   on   t he   s lopes   j u , s t   no r th   and  west o f  t h e   p l a n t  
s i t e .  These s i t e s  (13S1,  13S2,  and  13S8)  were a l l   w i t h i n  1 km of  
t h e   s i t e .  The maximum c o n c e n t r a t i o n  was f o u n d   t o   b e  a t h r e e -  
minute   average   o f   1584  ~ . rgm-~ a t  s i t e  13S8. Maximum h a l f - h o u r   a n d  
hour   va lues   were   found   a t  s i t e s  13S2  and  13S1,  where  concentra- 
t ions   were   found  to   be   1546  and  996 ~ g m - ~ ,   r e s p e c t i v e l y .   O t h e r  
s i t e s  on the   s lopes   measu red  maximum concen t r a t ions   r ang ing   f rom 
28  t o  300 ~ g m - ~ .  I n t e r e s t i n g l y ,  no  SF6  was  found a t  t h e   p l a n t  
s i t e ,  a l t h o u g h   c o n c e n t r a t i o n s  as h igh  as 1328 ~ g m - ~  ( h a l f - h o u r  
ave rage )  were found   w i th in  400 meters. 

A l l  o t h e r   s a m p l e r s   r e c e i v e d  SF6 a t  some time d u r i n g   t h e  t e s t ,  
w i t h  maximum c o n c e n t r a t i o n s   r a n g i n g  from 64 t o  344 ~ g m - ~ .  Sam- 
p l e r  13SS,   loca ted  5 . 6  km f r o m   t h e   r e l e a s e   p o i n t ,   t o w a r d s   F i n n e y  
Lake ,   rece ived  162 i n  a 30-minute   sample,   whi le  . s i tes  13T14. 
n e a r   t h e   d r i l l  camp,  and  13T4  near  Weather  Station 2 ,  r e c e i v e d  
336  and  344 ~ g r n - ~   i n  23 and 28 m i n u t e s   s a m p l e s ,   r e s p e c t i v e l y .  
The maximum o n e - h o u r   c o n c e n t r a t i o n   i n   t h e   v a l l e y  was a t  l e a s t  
186  ~.rgm-~ a t  s i t e  13T14. 

4 .13.8  Turbulence  Measurements .   The. ' turbulence  measurements  
f o r   t h i s  t e s t  w e r e   g a t h e r e d   d u r i n g   t h e   o i l - f o g   c r o s s w i n d   p a t t e r n s  
a n d   d u r i n g   t u r b u l e n c e   t r a n s e c t   p a t t e r n s .  The d a t a  are p l o t t e d   i n  
Figure  4 .13-12.  I t  can   be   seen   tha t   the   measurements  made d u r i n g  
t h e   o i l - f o g   p a t t e r n s   i n d i c a t e   t h a t   t u r b u l e n c e  was  heavy  near   the 
g round   and   dec reased   g radua l ly  t o  modera t e   va lues  a t  h i g h e r  a l t i -  
t u d e s .   I n t e r m i t t e n c e   v a l u e s  were moderate  and  showed l i t t l e  
c h a n g e   w i t h   a l t i t u d e .  

The t u r b u l e n c e   t r a n s e c t s   w e r e  made i n  a n o r t h - s o u t h   l i n e  
a l o n g   t h e   e a s t   s i d e   o f   t h e   v a l l e y   e x t e n d i n g   f r o m   W h i t e  Rock Creek 
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Figure 3.1.3-12 Turbulence measurenents vs. alt i tude,  Test 13. Diamonds 
indicate measurements from turbulence  transects. 



to the  upper  plant  site  as  shown in Figure 4.13-7. The  measure- 
ments  indicate  some  increase in turbulence  and  intermittence  above 
1830 m MSL. 

4.13.9 Summary  of  Test 13. Test 1 3  was  conducted  at  the 
upper  plant  site  assuming a stack  height of 183 m. The  tracer 
release  was  made  at  an  altitude of 1920 m MSL. The  meteorological 
conditions  were  characterized by light  winds  and  neutral  lapse 
rates.  Under  the  influence  of well-developed convective  activity 
the  plume  was  brought to the  ground rapidly, impacting  most 
heavily on the  slopes  west  and  northwest  of  the  plant  site. Con- 
centrations  there  ranged to 1546 and 996 ~ g m - ~  for half-hour and 
hour  averages,  respectively.  bower  concentrations  were  found  over 
a widespread  area of ;he central  Hat  Creek  Valley. 

Oil-fog tracer  data  indicate  that  the  plume  had a strong  tilt 
to  the south  with  decreasing  altitude  indicating the  lower  level 
flow was up-valley, The  normalized  centerline  concentration in- 

. dicates  rapid  centerline  dilution.  Turbulence  dissipation  rates 
were  within the  values  expected for C stability  dispersion 
conditions. 

In summary, this  looping  plume  demonstrates  that  local con- 
vection  may  result in one-hour concentrations of at  least 996. 
wn' in  the  immediate  vicinity of the  plant site, and  at  the  same 
time  inject  significant  amounts  of  effluent  into  the up-valley 
circulation  below. 

4.14 Test  Number Fourteen, August 11, 1976 

Test 1 4  was  conducted  at  the  proposed  upper  plant  site dur- 
ing  the morning o f  August 11, 1976. A stack  height of 366 m was 
assumed  and  plume  rise o f  366 m, giving  an  effective  source alti- 
tude  of 2105 m MSL. The  meteorological conditions, characterized 
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h y  r a t h e r   l o w  wind speeds,   and a n e u t r a l   t h o u g h   n o n - t u r b u l e n t  a i r -  
mass, wcrc  condu,cive t o   s t u d y i n g   p o s s i b l e  plume i n t e r a c t i o n  w i t h  
t h c  v a l l e y  c i r c u l a t i o n   u s i n g  a t a l l e r   s t a c k .  

4 . 1 4 . 1  S y n o p t i c   S e t t i n g   f o r   T e s t  1 4 .  The h i g h   p r e s s u r e  
sys t em  wh ich   had   a f f ec t ed   t he   p ro j ec t   wea the r   on   Augus t  9 and 1 0  
was c e n t e r e d   e a s t   o f   t h e   p r o j e c t   a r e a  on  August 11. A weak co ld  
f r o n t   a s s o c i a t e d   w i t h  a weakening   c losed   low  pressure   sys tem  a t  
SO0 mb was l o c a t e d   a l o n g   t h e   B r i t i s h   C o l u m b i a   c o a s t .  The low- 
l c v c l   g r a d i e n t   f l o w   o v e r   t h e   p r o j e c t   a r e a  was souther ly .   Cloud-  
i n c s s   c o n s i s t e d   o f   s c a t t e r e d   a l t o c u m u l u s   a n d   c i r r u s .  

Surface  and 500-mb  maps a r e  shown i n  F i g u r e  4 . 1 4 - 1 .  

4 . 1 4 . 2  M c t e o r o l o g i c a l   P a r a m e t e r s   f o r   T e s t  1 4 .  Meteoro logi -  
c a l  p a r a m e t e r s   m e a s u r e d   d u r i n g   t h i s   t e s t   i n c l u d e   t e m p e r a t u r e   l a p s e  
r a t c s ,   s u r f a c e   w i n d s  and   winds   a lof t .   Tempera ture   soundings   were  
m:ldc by t h e  NAWC t r a c e r   a i r c r a f t   a n d   d o u b l e - t r a c k e d   m i n i s o n d e  
nsccnts .   Surface  winds  were  monitored  by  the B .  C.Hydro meteor-  
o l o g i c a l   s t a t i o n   n e t w o r k .   D o u b l e - t r a c k e d   p i l o t   b a l l o o n   a s c e n t i o n s  
p r o v i d e d   d a t a   o n   f l o w   p a t t e r n s   a l o f t .  

The t empera tu re   sound ings   f rom  th i s  t e s t  a r e   p r e s e n t e d   i n  
F igu re  4 - 1 4 - 2 .  These show t h a t   s t a b i l i t y   c o n d i t i o n s   a t  plume 
h c i g h t  were s l i g h t l y  s t a b l e  t o  n e a r   n e u t r a l   t h r o u g h o u t   t h e   t e s t .  
The p l a n t  s i t e  sounding:;  show a weak (1OC) s u r f a c e - b a s e d   i n v e r s i o n  
c x t e n d i n g   t o  1 6 0 0  m MSL (200 AGL) i n   t h e   e a r l y  morning  which was 
wectkcned, l o w e r e d ,   a n d   : f i n a l l y   d i s s i p a t e d  by 0900 PST: Other 
soundings show a somewhat s t r o n g e r   r a d i a t i o n   i n v e r s i o n .   o v e r   t h e  
Uppcr   Hat   Creek  Val ley  (Finney  Lake)   extending  to   1600 m MSL o r  
about  400 m AGL.  A sounding   over   Upper   Scot t ie   Creek ,  27  km 
n o r t h e a s t   o f   t h e   p l a n t  : s i t e ,  a t  0730 PST, shows a d i s s i p a t i n g  
r a d i a t i o n   i n v e r s i o n   w h i c h   a p p e a r s   t o   h a v e   e x t e n d e d   t o   a b o u t  3 5 0  m 
A G L .  A f i n a l   a i r c r a f t   . s o u n d i n g ,  made 15 km e a s t  o f  Ashc ro f t ,   ove r  
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Figure 4.14-1 (L3nt'd). 
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t h c  Thompson R i v e r ,  s h c w s   n e a r   n e u t r a l   c o n d i t i o n s   a t  plume a l t i -  
t u d c ,  a smal l   invers ion   be tween 1 0 0 0  and 1 1 0 0  m MSL, and   neu t r a l  
c o n d i t i o n s   t o  t h e  s u r f a c e .  

Thc s u r f a c e   w i n d   d a t a . f r o m   t h i s   t e s t  may be  found i n  Volume 
TI, Ficld  Data .   These  data  show t h a t   s u r f a c e   w i n d s   w e r e   g e n e r a l l y  
down-val ley   un t i l   0800-0900 PST,  when u p - v a l l e y  f l o w  began.  Aver- 
age  spceds  ranged  f rom  calm  to   2 .5  m/s. 

Thc winds a l o f t   d a t a   a r e   p r e s e n t e d   i n   t h e  form  of   wind  direc-  
t i o n  and wind   speed   t ime  : sec t ions ,   F igures   4 .14-3   and  4 . 1 4 - 4 ,  
r c s p c c t i v e l y .   T h e s e  show t h a t  plume a l t i t u d e   w i n d s   w e r e   s o u t h   t o  
s o u t h w e s t   a t  3 - 4  m/s, d u r i n g   t h e   r e l e z s e .  Winds  became s l i g h t l y  
more w e s t e r l y   t o w a r d s   t h e   e n d   o f   t h e   t e s t   a n d   d r o p p e d   t o   2 - 3  m/s. 
Thcsc   obse rva t ions   sugges ' t   t ha t   t he   p lume  was a b o v e   t h e   s t r o n g e r  
i n f l u e n c e s   o f   t h e   v a l l e y   c i r c u l a t i o n .  A t  l o w e r   l e v e l s ,  wind 
spceds   were   h igher   (up   to  5 m/ s )   i n   t he   ea r ly   morn ing ,   bu t   d ropped  
o r €  as  the   f low  sh i f ted   f rom  southwes t   (down-val ley   component )   to  
nor thwes t   (up-va l ley   component ) .  

4 .14 .3   Tracer   Disse ,mina t ion ,  Test 1 4 .  The p e r t i n e n t  
d i s s e m i n a t i o n   p a r a m e t e r s   f o r   T e s t  1 4  a r e   g i v e n   i n   T a b l e  4 .  
hclow. 

t r a c e r  
1 4 - 1 ,  

Table 4.14-1 ktration and source  strength of tracer 
release number 14. 

Imxtion: Upper Si te  . 
Alti.tttde: 2105 m MSL 
Simulatcd Stack Height: 366 nl 
St:lhility  Classification: D 

Time On Tjme off 
'Srxcr (PST)  (PST) Total Released (g) (g/s) 

Source Strength 

SF6 0537  0637 18,160 5.04 

O i l  Fog (1) 0537  0612 10s ,900  52.3 
O i l  Fog (2) 0629  0637 N/A N/A 
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4 . 1 4 . 4  Visua l   and   Photographic   Observa t ions .  Plume t r a n s -  
1)ort was v c r y   s i m i l a r   t o   t h a t  o f  'Test 6 ( S e c t i o n  4 . 6 . 4 ) .  'l'hc 

~ ~ I I I I I I C  movcd t o   t h c   n o r t h c a s t  : I t  :tn avcragc   spccd  O F  5 . 4  m/s tlur- 
i n g  thc f i r s t   h o u r .   E i g h t e e n   m i n u t e s   a f t e r   t h e   r e l e a s e   b e g a n ,  
the n c u t r a l - a p p e a r i n g  plume was almost   over   Gal lagher   Creek 
( ,F igu re   4 .14 -5 ) .   Nor theas tward   t r anspor t   con t inued  u n t i l  t h e  
plumc was over   the   Bonapar te   Kiver   Val ley   near   Carqui le   (F igure  
4 . 1 4 - 6 ) .  After t h a t ,   t r a n s p o r t  was more  toward t h e  no r th .   F ig -  
u r c  4 . 1 4 - 7  shows t h e   d i f f u s e  plume  near Loon Lake a t  07.32 PST o r  
one  hour  and 5 5  m i n u t e s   a f t e r   t h e   r e l e a s e   b e g a n .   O b s e r v a t i o n   c o n -  
t i n u c d   € o r   a n o t h e r  9 0  minutes  as t h e   d i f f u s e  plume  continued 
moving  toward t h e   n o r t h  and n o r t h e a s t .  The l ead ing   edge  was l a s t  
v i s i h l c   n e a r  Green Lake,  which is  about   80 km n o r t h - n o r t h e a s t  of 
thc r c l c a s e   s i t e .  

I'lumc o u t l i n e s   f o r   t . h e   f i r s t  7 1  minutes  o f  t h e   t c s t   a r e  shown 
in Vigure  4.14-8.  

4 . 1 4 . 5  Aer ia l   Oi l -Fog  Measurements .   Three   se t s  of  o i l - f o g  
c ros swind   pa t t e rns   were   f l own   du r ing   Tes t  1 4  a t   d i s t a n c e s  ( F  8 . 2 ,  
18 .0 ,  and  32.0 km f r o m   t h e   r e l e a s e .  The l o c a t i o n s   a r e  shown i n  
I:igurc 4 . 1 4 - 9 .  

'l'hc passes f o r  S e t  :L were  flown  between 2 2 2 5  and 207.5 m MSL. 
Crom 0609. t o  Oh36 PST. 'The centerline  altitude was f o u n d  t o  be 

213.5 nl MSI., 3 5  m a b o v e   r e l e a s e   . a l t i t u d e ,   w h e r e  B maximum ccnccn-  
t r a t i o n   o f  8806  ~ g m - ~  wa:; measured. A p l o t   o f   d i s t a n c e   v s .  coli- 

c c n t r a t i o n   f o r   t h a t  pass ,  . t o g e t h e r   w i t h  a p l o t  of  a l t i t l i d e  v s .  
mlximum c o n c e n t r a t i o n  fo:r t h e s e   p a s s e s   a p p e a r   i n . F i g u r e  4.13-10. 
I t  can be seen  t h a t  t h e  bulk.of t h e  plume  appears   to   be  above 
r c l c a s e   a l t i t u d e .  Also  :shown i s  t h e   r a t h e r   w i d e   h o r i z o n t a l  cx- 
tcnt o f  t h e  plume  which was n o t i c e d  i n  t h e   v i s u a l  and  photocraphic  
o b s c r v a t i o n s .  The v a l u e s  o f  u and uz a r e   p l o t t e d   i n   F i g u r e  
4 . 1 4 - 1 1 .  Bo th   i nd ica t e   s t ab le   p lume   va lues .  The normal'ized 

Y 
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Figure  4.14-5 Photo, Test 14. In this view  towards the  northeast,  the 
tracer plume has reached  Gallagher Creek, 0555 PST. 

Figure 4.14-6 Photo, Test 14. A t  0648 PST, the plme w a s  over  the Bonaparte 

Valley. 
River  Valley. This photo was taken looking east down Hat  Creek 
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Figure 4-14-7 Photo, Test 14. Loon Lake (left  center) and the  Bmaparte 

plume,  which WEE being transported t o  the north  (right  to 
River  Valley can be seen in this  0732 PST photo. T.he diffuse 

l e f t ) ,  shows l i t t l e  evidence of downward mixing. 
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c e n t e r l i n e   c o n c e n t r a t i o n ,   i n d i c a t e s  a d i l u t i o n  ra te  nominal 
f o r  E s t a b i l i t y .  The v a l u e  i s  p l o t t e d   i n   F i g u r e  4 . 1 4 - 1 2 .  

T' 

The second se t  o f   o i l - fog   c ros swinds   were   f l own   ove r   t he  
h i l l s   j u s t   n o r t h   o f   t h e  mouth  of Lower Hat  Creek  Valley  from  0652- 
0 7 2 0  PST. Nine  passes   were mad.e a t  a l t i t u d e s   b e t w e e n  2 4 4 0  and 
2 1 6 5  m MSL. 'The  maximum c o n c e n t r a t i o n ,   e q u i v a l e n t   t o  7863 vgm , -3  

was found a t  2350 m MSL. The v e r t i c a l   a n d   h o r i z o n t a l  plume cen -  
t e r l i n e   d i s t r i b u t i o n s ,   F i g u r e   4 . 1 4 - 1 3 ,  show t h e  plume l a y e r   t o  b e  
abou t  2 0 0  m above  where i t  was f o u n d   d u r i n g   S e t  1. The c e n t e r l i n e  
l q c a t i o n   i n d i c a t e s   t h e   p l u m e   t r a j e c t o r y   t u r n e d   s h a r p l y   t o   t h e  
n o r t h   n e a r   t h e   l o c a t i o n   o f   S e t  1. T h i s   o b s e r v a t i o n   p r o b a b l y   r e -  
f l e c t s  a deg ree  of c h a n n e l i n g  'o'f f l ow  up   t he .Bonapa r t e   R ive r  
Valley. 

The v a l u e s   o f  u a n d   u z ,   p l o t t e d   i n   F i g u r e  4 . 1 4 - 1 1 ,  i n d i c a t e  Y 
c o n t i n u e d   v e r y   s t a b l e  plume b e h a v i o r .  The value o f  uz a p p e a r s  
lower   than   expec ted .  The normal ized  maximum c o n c e n t r a t i o n ,  a' Xii 

. i s  p l o t t e d   i n   F i g u r e  4 . 1 4 - 1 2  a n d   i n d i c a t e s  some s l o w i n g   i n   t h e  
r a t e   o f   d i l u t i o n .  

The t h i r d  s e t  o f   p a s s e s  vas f lown  about  1 0  km nor thwes t   o f  
t h e  town  of   Cl inton,   f rom 0801 and 0 8 2 1  PST. E i g h t   p a s s e s  were 
made a t  a l t i t u d e s   b e t w e e n  2105  and 2470  m MSL. The maximum 
measured   concen t r a t ion  o f  3774 ~ g m - ~  was' found a t  2350 m MSL. 
The h o r i z o n t a l   a n d   v e r t i c a l   c e n t e r l i n e   d i s t r i b u t i o n s  are p r e -  
s e n t e d   i n   F i g u r e  4 .14 -14 .  I t  c a n   b e   s e e n   t h a t   t h e   m e a s u r a b l e  
p o r t i o n   o f   t h e  plume was abou t  1 . 5  km wide  and a t  l eas t  375 m 
t h i c k .  The l o c a t i o n   o f   t h e   p l u m e   s u g g e s t s   t h a t   t h e   t r a j e c t o r y  
fo l lowed   t he   Bonapa r t e   R ive r   Va l l ey .  

The v a l u e s  of  u a n d   u z   a r e   p l o t t e d  i n  F i g u r e  4 . 1 4 - 1 1 .  
S t a b l e   t o   v e r y   s t a b l e   c o n d i t i o n s  are i n d i c a t e d .  The normal ized  
c e n t e r l i n e   c o n c e n t r a t i o n ,  x' i n d i c a t e s  a c o n t i n u e d   d i l u t i o n  
r a t e   n o m i n a l   f o r  F s t a b i l i t y   c o n d i t i o n s   ( F i g u r e   4 . 1 4 - 1 2 ) .  
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Figure 4.14-12 Measured values of Test 14. T’ 
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Figure 4.14-13 Horizontal and vertical  plume  centerline  distributions, 
Test 14, Set 2. 
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4 . 1 4 . 6  Aerial SF6-Measurements. Due t o  t h e   n e c e s s i t y   o f  
t r a n s p o r t i n g   g r o u n d   s ' a m p l e r s   l o n g   d i s t a n c e s ,   n o   a e r i a l  SF6 sam- 
plcs were   t aken   du r ing   t h i s  t e s t .  

4 . 1 4 . 7  Sur face  SF6 Measurements. A t o t a l  of  1 7  :;amplers 
wcre d e p l o y e d   f o r   t h i s   t e s t  a t  d i s t a n c e s   u p   t o  4 3  km from  the 
rc lease  p o i n t .   T h e i r   l o c a t i o n s   a r e  shown i n  F igure  4 . : 1 4 - 1 5  w i t h  
supp lemen ta ry   i n fo rma t ion ,g iven  i n  Table 4 . 1 4 - 2 .  Four o f  t h e  
samplers  ( 1 4 S 2 ,   1 4 S 3 ; 1 4 S S ,  and 1 4 S 9 )  showed measurable  S F 6 ,  
t hough   t he   concen t r a t ion   were   j u s t   above   t h re sho ld  limits and 
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4 .1  4-15 Location o f  surface SF6 samplers, Test 14. 
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.Table 4.14-2 Surface SF6 sampler information. 

Di stancc *ling XSO~ 
S;UII~)IC From llclcasc Altitude Time On - Time Off  ' Time 
I'hunl)cr (h) (m,  t 6 L j  (PST) (min)  Ambient NTP - 
14S1 10.0 13,25  0646  0717 50 0 D 

0716  0746 30 0 0 
0746  0816  30 0 0 
0816  0836  30 0 0 

14S2 

14S3 

0846 0916 30 0 0 
0916 0946 30 0 0 

12.2  1035  0649  0729 30 0 0 
0729  0759 30 0 0 
0759 
0829 

0829  30 < 21 < 28 
0859  30 

0859  0929  30 
. O  0 

Malf . - 
15.6 990  0705  0735  30 

0735 0805 30 
0 0 
0 0 

._" 

0835  0905 . 30 
0905  093 5 30 0 0 

< 28 
.. 

14S4  19.1  1220  0715  0745 30 Malf. - 
0745 0815  30 0 
0815  0845 30 0 0 

0 

0845 ' 0915  30 0 0 
0915  0934  19 0 0 

14S5  16.3 

14%  17.7 

14s7  33.6 

14S8  36.8 

670 . 0720 0750  30 0 
07  50 0820  30 
0820 0850 

<21 < 28 
30 0 0 

0850  0920 
0920 

30 
0938 

< 21 
18 0 

< 28 
0 

n 

12.20 0737  0830 53 0 0 
0830  0927  57 0 ' 0  

97 5 0744 
0826 

0826 
0923 

42 
57 0 

0 
0 

11.45  0753 
0815 

0815 
0915 

23 
60 

0 
0 

0 
0 

* o  
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Table  4.14-2  (Cont'd) w 

Distance 
Sample From Release Altitude Time On - Time O f f  
W b e r  (h) (m, MSL) P S T )  (min)  ' Ambient hTP 

Time 
sampling xsoz (!lgm-3) c3 

. .  

14S9 22.4 550 

14510 21.3 1005 

14511 43.2 1130 

14S12 35.2 1375 

14T32 10.2 732 

14T33 12.3 . 610 

14T34 13.9 

14T35 10.6 

14T36 17.7 

520 

550 

550 

0730 

0830 
0800 

0930 
0900 

1000 

0735 

0845 

0850 

0655 
0753 
0839 

0707 
oaoo 
0846 

0715 
0804 
0851 

0723 

0857 
0808 

0811 
0728 

0900 

0800 

0900 

1000 
0930 

1030 

0835 

0945 

0950 

0753 
0839 
0914 

0800 
0846 
0916 

0804 

0920 
0851 

0808 
0857 
0924 

0830 

0811 
0900 
0927 

30 
30 
30 

30 
30 

30 

60 

60 

60 

46 
58 

35 

53 
46 
30 

49 
47 
29 

45 
39 
27 

43 
49 
27 

0 
0 
0 

< 21 
0 

< 21 

0 

0 

Malf. 

0 
0 

Malf. 

0 
0 
0 

0 
0 
0 

0 

0 
0 

0 
0 

0 

0 
0 
0 

< 28 
0 

<?8 

0 

0 

Y 

w 

Lri 

u - 
0 
0 

, .  

U 

0 
0 ' i i  

0 

0 

0 
0 

0 

0 
0 

0 
0 
0 L.i. 
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r e p r e s e n t e d  SO2 c o n c e n t r a t i o n s   o f   l e s s   t h a n  2 1  vgme3 f o r   h a l f - h o u r  
S ; I I I I ~ ) ] ~ S ,  a n d   l e s s   t h a n  l:L ~ g m ' ~  fo r   hour   s amples .  

4.14.8  Turbulence  Measurements.   Turbulcnce  measurcments 
from t h i s   t e s t  come from t h e   t h r e e   s e t s   o f   o i l - f o g   c r o s s w i n d s   a n d  
from t u r b u l e n c e   t r a n s e c t . 5   ( s e e  map, F i g u r e  4 . 1 4 - 9 ) .  The d a t a ,  
p l o t t e d   i n   F i g u r e . 4 . 1 4 - 1 ' 5 ,   i n d i c a t e   t u r b u l e n c e  wa.s f a i r l y   l i g h t  
d u r i n g   t h e   o i l - f o g   p a t t e r n s .   I n t e r m i t t e n c e   v a l u e s   w e r e   m o d e r a t e .  
The va lues   f rom  the   t u rbu lence   t r ansec t s ,   wh ich   were  made s o u t h  
from t h e   r e l e a s e   p o i n t ,  may i n d i c a t e   i n c r e a s i n g   t u r b u l e n c e   b e l o w  
2 0 0 0  m MSL. 

4 . 1 4 . 9  Summary o f  Test 1 4 .  The T e s t  1 4  t r a c e r  p:lume was r e -  
l e a s e d   f r o m   t h e   u p p e r   p l a n t   s i t e   a s s u m i n g  a s t a c k   h e i g h t   o f  366  m .  
R e l e a s e   a l t i t u d e  was 3105 m MSL. M e t e o r o l o g i c a l   c o n d i t i o n s  a t  
plume l e v e l   w e r e   c h a r a c t e r i z e d  by southwes ter ly   winds  of 3 - 4  m/s 
a n d   s l i g h t l y   s t a b l e   l a p s e  ra tes .  Upon r e l e a s e ,   t h e  plume moved 
to t he  n o r t h e a s t   f o l l o w i n g   t h e   g e n e r a l  l i n e  o f  Lower Hat Creek, 
t h e n   t n r n i n g   n o r t h ,   u p , t h e   B o n a p a r t e   V a l l e y .  The  plume  continued 
n o r t h   p a s t   C l i n t o n   a n d  was l a s t   v i s i b l e   o v e r  Green  Laks 80  km 
from t h e   r e l e a s e  s i t e .  During t r a n s p o r t   ' t h e  plume sho.wed l i t t l e  
ev idence   o f  downward mix ing   and   su r f ace   s ample r s   de t ec t ed   on ly  
t h r c s h o l d   c o n c e n t r a t i o n s   o f  SF6. A e r i a l   o i l - f o g   d a t a   i n d i c a t e  
t h a t   t h e  plume r o s e  somewhat as i t  moved down Hat   Creek,with no 
c v i d e n c c   o f   v e r t i c a l   m i x i n g .   N o r m a l i z e d   c e n t e r l i n e   c o n c e n t r a t i o n s  
from 8 ,  1 8 ,  and 3 2  km downwind  show ra tes  of d i s p e r s i o n  nominal 
f o r  E - F  s t a b i l i t y .   T u r b u l e n c e   d i s s i p a t i o n   r a t e s   w e r e   a l s o   t y p i c a l  
o f   s t a b l e   c o n d i t i o n s .  

I n  summary, i t  i s  c o n c l u d e d   t h a t   u n d e r   t h e   m e t e o r o l o g i c a l  
c o n d i t i o n s   e x p e r i e n c e d ,   t h e   r e l e a s e   a l t i t u d e   o f  2 1 0 5  m MSL was 
s u f f i c i e n t   t o   p r e v e n t  p l u m e   e n t r a i n m e n t   i n   l o c a l .   c i r c u l a t i o n s   a s  
it was t r anspor t ed   more   t han  8 0  km ac ross   modera t e ly   rugged  
t e r r a i n .  The b a s i c a l l y   s t a b l e - a p p e a r i n g  plume  experienced a good 
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Figure 4.14-16 Turbulence measurements vs. altitude,  Test 14. 



dcn l  o f  h o r i z o n t a l   s p r e . a d i n g ,   b u t   l i t t l e   v e r t i c a l   m i x i n g  and 
n p l ~ c a r e d   t o   a s c e n d   d u r i n g   t h e   i n i t i a l   t r a n s p o r t .  As a r e s u l t  
o f  t h c s c   f a c t o r s ,   s u r f a . c e   i m p a c t  was n e g l i g i b l e .  
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