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This  repor t  w a s  prepared a s  an account of  Government spon- 
sored work. Neither the United S t a t e s ,  nor the Commission, 

. n o r  any person ac t ing  on behalf of the Commission: 
A.  Makes any warranty or r ep resen ta t ion ,  expressed o r  

implied, with respec t  t o  the accuracy, completeness, or 
u s e h l n e s s  of the  information contained i n  th i s  r e p o r t ,  o r  
t h a t  the use of any information,'  appara tus ,  method o r  pro- 
cess  d isc losed  i n  t h i s  repor t  may n o t  i n f r i n g e  p r i v a t e l y  
q n e d  r i g h t s ;  or 

or f o r  damages r e s u l t i n g  from t h e  u s e  o f  any information, 
apparatus ,  method, o r  process d i sc losed  i n  th i s  r epor t .  

Commission" inclupes any employee o r  cont rac tor  o f  the 
Commission, o r  employee of such con t r ac to r ,  t o  the  ex ten t  
t h a t  such employee or  cont ra  on, o r  
employee of such con t r ac to r  es, o r  
provides access  t o ,  any i n f o  
ment or con t r ac t  with the Co l o m e n t  
with such cont rac tor .  

B. Assumes any l i a b i l i t i e s  w i t h  respec t  t o  the  use  of, 

As used i n  t h e  above, "person a c t i n g  on behalf of the  

h i s  employ- 
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A BS TIU C T 

Four s u r f a c e  wind towers, l o c a t e d  n e a r  RULISON s u r f a c e  

ground z e r o ,  provided au tomat i c  measurements o f  s u r f a c e  wind speed  

and d i r e c t i o n ,  These measurements were r ad io - t e l eme  tcrecl to a 

master s t a t i o n  i n  t h e  weather  t r a i l c r  a t  the C o n t r o l  P o i n t  (CP).  

A 24-hour weather  o b s c r v i n g  s t n  t i o n ,  eqiiipped t o  t a k e  u p p e r - a i r  

soundings  of wind, t e m p e r a t u r e ,  huriiitlity , and p r e s s u r e  a l o n g  w i t h  

s u r f a c e  obscrva t ions . ,  was i n  o p e r a t i o n  i n  the  CP a r e a  f o r  f i f t e e n  

dayqi preced ing  t h e  e v e n t .  L o c a l  and n a t i o n a l  network m e  t eo ro log -  

i c a l  d a t a  and  f o r e c a s t s  w e r e  a v a i l a b l e  a t  t h e  U.S. Weather Bureau 

S t a t i o n ,  Idalker F i e l d ,  Grand J u n c t i o n ,  Colorado.  

Even t -o r i en ted  f o r e c a s t s  of winds,  w e a t h e r ,  v e r t i c a l  atmo- 

s p h e r i c  s t a b i l i t y ,  and a i r  t r a j e c t o r i e s  were p r e s e n t e d  t o  t h e  ' 

D i r o c t o r  of N u c l e a r  O p e r a t i o n s  (DONO) and h i s  Advisory Panel  i n  

t ini ly  formal  and in fo rma l  b r i e f i n g s  beginning  a t  D-7 days.  Recog- 

n i z i n g  the p o s s i b l e ,  though u n l i k e l y ,  r e l e a s e  of r a d i o a c t i v i t y  i n t o  

the a tmosphere ,  es t imates  of  p o t e n t i a l  r a d i a t i o n  e f f e c t s  were a l so  

p r e s e n t e d  a t  each b r i e f i n g .  

I n t e n s i v e  s u r v e i l l a n c c  o f  changing 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  thc  s u r f a c e  and a l o f t  w a s  ma in ta ined  on  D-Day. Hourly s u r f a c e  

a n d  p i l o t  b a l l o o n  o b s e r v a t i o n s  were taken  a t  t h e  R U L I S O N  CP, a t  

t h r e e  l o c a t i o n s  n e a r  t h e  RULISON s i t e ,  and a t  Grand J u n c t i o n ,  

Colorado.  The DON0 and h i s  Advisory Panel  were k e p t  informed of 

t h e  m e t e o r o l o g i c a l  s i t u a t i o n  s t a r t i n g  w i t h  t he  morning r e a d i n e s s  

b r i e f i n g  i n  Grand J u n c t i o n  and c o n t i n u i n g  a t  the CP throughout  

I 'J 
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the day. 

D-Day meteorologica’l data, included in  the report, show that 

the winds w o u l d  have transported any released radioactivity toward 

the predicted direction. 

v i  
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PART 1 WEATHER 

CHAPTER 1 

INTI10 DUC TION 

1 
1.1 . HISTORICAL 3ESCRIPTION 

P r o j e c t  RULISON i s  a j o i n t  expe r imen t  sponsored by A u s t r a l  O i l  

Company I n c o r p o r a t e d ,  Hous ton ,  Texas, t h e  U . S. Atomic Energy 

Commission and the Department of t h e  I n t e r i o r ,  w i t h  t h e  Program 

Management provided  by CER Geonuclear  Corpora t ion  of  L a s  Vegas , 
Nevada, under  c o n t r a c t  to  A u s t r a l ,  I t s  purpose i s  to  s t u d y  t h e  

I 

ecoqomic and t e c h n i c a l  f e a s i b i l i t y  of u s i n g  underground n u c l e a r  

e x p l o s i o n s  t o  s t i m u l a t e  p r o d u c t i o n  of n a t u r a l  g a s  from t h e  low 

p r o d u c t i v i t y ,  g a s  b e a r i n g  Mesaverde forma t i o n  i n  t h e  RULISON F i e l d .  

The n u c l e a r  e x p l o s i v e  f o r  P r o j e c t  RULISON w a s  d e t o n a t e d  suc -  

c e s s f u l l y  a t  3:OO P.M. p l u s  0 . 1  seconds Mountain Day l igh t  Time, 

September 10, 1969 a t  a dep th  of 8 ,425 .5  f e e t  below ground l e v e l  

and w a s  comple t e ly  c o n t a i n e d .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  

t h e  RULISON d e v i c e  behaved a b o u t  as e x p e c t e d ;  i .e. ,  w i t h  a y i e l d  

of 4 0 - i  k t .  

i s  a t  an e leva t ion  o f  8 ,154  f e e t  above mean sea  l e v e l  (MSL) and i s  

- i - 0  The we l lhead  of t h e  emplacement w e l l ,  Hayward 25-95A, 

l o c a t e d  1,976.31 '  e a s t  o f  w e s t  l i n e  and 1,813.19' n o r t h  of s o u t h  

l i n e  of S e c t i o n  25 ,  Township 7 South ,  Range 95 w e s t  o f  6 t h  P.M., 
,7 

I 

'Provided by CER Geonuclear  Corpora t ion  f o r  ve rba t im  i n c l u s i o n  i n  
thiG r e p o r t .  

. . . . .  . . . . .  , .  . . . .  . . . . . . . . . . . . . . . . .  - . .  . . . . .  - . :-. .... : .  :. ...... I _ . : _  . . . . . . . . . . . . . . . .  
-. - - - - & - - -.. - - -_ .- - - -_ - 



Gar f i e ld  County, Colorado which corresponds t o  geodet ic  coordinates  

of longi tude 107O, 5 6 ' ,  53" West and l a t i t u d e  3 9 O J  24' , 21"N. 

1.2 ORGANIZATION AND BACKGROUND 

The Environmental Science Services  Administration (ESSA) by 

agreement w i t h  the  Atomic Energy Commission's Nevada Operations 

Off ice  (AEC/NVOO) is  responsible  f o r  providing a l l  meteorological 

support  required by the  Test Manager, W O O ,  t o  conduct nuclear  

tests s a f e l y  a t  the Nevada Test S i t e  (NTS) and a t  o f f - s i t e  loca- 

t ious .  This ESSA r e s p o n s i b i l i t y  is m e t  by i ts  A i r  Kcsources 

Labora tory-Las Vegas (ARL-LV) under the O f  f-ice of the Tcs t Manager, 

Nevada Operations Off ice  ( O ? M / N V O O ) .  Spec i f i ca l ly  , ARL-LV h a s  

provided meteorological support  f o r  a l l  con t inen ta l  nuclear  t e s t s  

s ince  1956. 

ARL-LV i s  organized and s t a f f e d  t o  provide t h e  spec ia l i zed  

meteorological.  s e r v i c e s  pecu l i a r  t o  the  Safe ty  Program assoc ia ted  

.- 

I 

with nuclear  t e s t i n g  a s  wel l  a s  to develop, through continuing 

- research ,  improved- methods of weather- pred ic t ions  and- r a d i a t i o n  - - - ._ - __ 

es t imates .  

The RULISON experiment was designed and conducted i n  such a 

manner t h a t  uncontrolled r e l e a s e  or vent ing  of r ad ioac t ive  prod- 

u c t s  t o  the sur face  w a s  no t  expected t o  occur.  However, the 

event  w a s  t o  be executed only when the  winds were d i r ec t ed  i n t o  

a s e c t o r  which s a t i s f i e d  the requirements spec i f i ed  i n  the 

Operations Safety Plan. This s e c t o r  was t o  be del inea ted  by 'the 

Test Manager h e r e i n a f t e r  r e fe r r ed  t o  a s  the  Direc tor  of Nuclear 

- 2 -  



Operations (DONO) . 

1.3 OBJECTIVES 

ARL-LV Weather P red ic t ions  ob jec t ives  i n  support of Projec t  

RULISON were to  : 

1. Provide and i n t e r p r e t  c l imato logica l  da ta  required by the 

various p a r t i c i p a n t s  f o r  pre-event planning and 

preparation. 

2. Provide meteorological observat ions and data  required by 

the Safety Program. 

3. Provide weather and a i r  t r a j e c t o r y  fo recas t s  t o  the DON0 

and h i s  Advisory Panel during the event phase. 

4. Docunicnt the s t a t e  of the  atmosphere i n  the v i c i n i t y  of 

the RULISON s i t e  a t  and subsequent t o  the time of 

de tonation. 

5. Provide weather observing and forecas t ing  se rv ice  to  the 

DON0 representa t ive  during any post-event reent ry  program. 

6.  Provide post-event analyses ,  appropr ia te  records ,  and 

repor t s  pe r t inen t  t o  the experiment. 

- 3 -  



ClUPTER 2 

PROCEDURE 

2.1 DATA REQUIREMENTS 

2.1.1 Safety Program. The da ta  co l l ec t ed  f o r  t h e  purpose of 

making weather pred ic t ions  ranged from t e l e type  weather resumes 

received from major Weather Bureau Forecast  Centers t o  l o c a l  

su r f ace  observations.  A l l  were sub jec t  t o  s e l e c t i v e  in t e rp re t a -  

t i o n  by the Weather Briefer  i n  h i s  assessment of the  forecas t  

problem and predic t ion  of  p e r t i n e n t  weather elements fo r  H-Hour. 

Documentation of the s t a t e  of the atmosphere a t  and near  

sur face  ground zero  (SGZ) w a s  accomplished through a c lose- in  

network of instruments.  Wind information a t  surface and a l o f t ,  

obtained from wind towers and upper-wind sounding equipment w a s  

used t o  produce wind flow ana lyses  and a i r  parcel  t r a j e c t o r i e s .  

V e r t i c a l  temperature p r o f i l e s  were derived from rawinsonde 

observn t i ons  . 
,---- - .  _ _ ~  FollowTng.the_final readiness  b r i e f i n g  i n  Gr-and Junc.tion,_ - ~ . - . _ _  _ _  

Colorado, the  Weather and Radiat ion B r i e f e r s  continued to  i n t e r p r e t .  

meteorological  da t a  i n  order  t o  keep the  DON0 and h i s  Advisory Panel 

adv$sed concerning meteorological aspec ts  of the  Safety Program. ' 

Weather parameters p e r t i n e n t  to t h e  tes t  included: 

(1) V e r t i c a l  temperature d i s t r i b u t i o n  - t o  determine the 

he ight  to which r ad ioac t ive  e f f l u e n t ,  i f  any, would r i s e  and its 

r a t e  of d i f fus ion .  

(2) Wind d i s t r i b u t i o n  - t o  determine t h e  path taken by vented 

- 4 -  



. 
r ad joac r iv i ty  , i f  any. 

(3) Time and s p a t i a l  va r i a t ion  of wind speed and d i r e c t i o n  - 
t o  determine change i n  path of the r ad ioac t ive  e f f l u e n t  and 

change i n  i t s  ' r a t e  of di f fus ion .  

(4) Upper l e v e l  s t reamlines  - t o  determine t r a j e c t o r i e s  i n  

the larger sca l e  over and around t h e  mountains. 

( 5 )  Cloudiness - which may a f f e c t  a i r  operat ions and inf luence  

temperature changes i n  t h e  f r ee  atmosphere. 

(6) P r e c i p i t a t i o n  - which may serve to  "wash" r a d i o a c t i v i t y ,  

i f  any, o u t  of the a i r ,  producing "hot" spo t s ,  a s  w e l l  as  t o  make 

t r a v e l  d i f f i c u l t  during the evacuation of people. 

2.1.2 Technical Program. A s t a t i s t i c a l  study made from data 

obtained from the RULISON wind tower n e t w r k  ind ica ted  t h a t  the 

Battlement Creek Canyon would normally experience a drainage flow 

each n ight  and an upslope flow during most af ternoons.  Since the 

Battlement Creek Canyon is  so completely she l te red  from the preva i l -  

i n g  southwesterly flow, a i r  t r a j e c t o r i e s  o r ig ina t ing  a t  SGZ w i l l  

normally be governed by the  flow i n  the canyon u n t i l  t he  t r a j e c t o r y  

reaches e i t h e r  the top of Battlement Mesa or  the  Colorado River 

Valley as  the case.may be. An inves t iga t ion  of a i r  t r a j e c t o r i e s  

o r ig ina t ing  a t  SGZ w a s  undertaken during August 1969. The genera l  

c i r c u l a t i o n  a l o f t  w a s  found t o  be from the  southwest wi th  speeds 
I 

, averaging approximately 1 0  knots.  Small rubber bal loons and 

te t roons ,  p a r t i a l l y  i n f l a t e d  wi th  helium fo r  n e u t r a l  l i f t ,  w e r e  

used as t r a c e r s .  Balloons released over the SGZ area i n  downslope 

flow condi t ions were ca r r i ed  down t h e  canyon and i n t o  the  Colorado 
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K.ivey Va l l ey ,  wh i l e  those  r e l e a s e d  i n  ups lope  flow were c a r r i e d  

southward and over  t he  Bat t lement  Mesa. Seve ra l  smoke bombs 

were a c t i v a t e d  dur ing  a downslope flow p a t t e r n ,  b u t  t h e  small 

volume of  smoke r e l e a s e d  proved t o  be i n s u f f i c i e n t  f o r  t r a c k i n g  

purposes except  f o r  r e l a t i v e l y  s h o r t  d i s t a n c e s .  

2 . 2  DATA SOURCES. 

2.2.1 Na t iona l  Meteoro loPica l  Network. The sources  of l a r g e  

scale me teo ro log ica l  d a t a  a v a i l a b l e  t o  the  Weather and Radia t ion  

B r i e f e r s  inc luded:  

(1) Na t iona l  Weather Facs imi l e  

(2)  Nat iona l  Weather Te le type ,  S e r v i c e  A 

(3) Nat iona l  Weather Te le type ,  S e r v i c e  C 

The t e l e t y p e  and f a c s i m i l e  c i r c u i t s  were l o c a t e d  i n  t h e  Weather 

Bureau O f f i c e  a t  Walker F i e l d ,  Grand J u n c t i o n ,  Colorado, some 70 

m i l e s  from t h e  RULISON CP. An a d d i t i o n a l  f a c s i m i l e  c i r c u i t  drop 

was made  a v a i l a b l e  a t  t he  ARL-LV Forecas t  OfEice which was l o c a t e d  

~ __  - -~ - - -  - near- the-bleather B u r e a u  O f f i c e ,  - _. 

2.2.2 ARL-LV Ins t rumen ta t ion .  In s t rumen ta t ion  e s t a b l i s h e d  by 

ARL-LV personnel  c o n s i s t e d  of s u r f a c e  weather obse rv ing  in s t rumen t s ,  

o n - s i t e  s u r f a c e  wind towers ,  a network of p i l o t  b a l l o o n  s t a t i o n s  

n e a r  t h e  RULISON s i t e ,  and an o n - s i t e  rawinsonde s t a t i o n .  Data 

from t h e s e  s o u r c e s  were needed t o  d e t e c t  and  ana lyze  any s i g n i f i -  

c a n t  mesoscale c i r c u l a t i o n  which might be imbedded i n  the  r e g i o n a l  

s c a l e  flow and t o  supplement t h e  l a r g e r  s c a l e  d a t a .  

Su r face  Ins t rumen ta t ion .  A hygrothermograph was housed i n  a 
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s t a n d a r d  ins t rument  s h e l t e r  a t  t h e  CP Weather S t a t i o n  t o  p rov ide  

cont inuous  t r a c e s  of temperature  and humidi ty  d a t a  . A s t a n d a r d  

e igh t - inch  r a i n  gage, a l s o  l o c a t e d .  a t  the  CP,  provided mcasure- 

merits o f .  p r e c i p i t a t i o n .  Four s u r f a c e  wind towers w e r e  l o c a t e d  

n e a r  SGZ (F igure  2 .1 ) .  During t h e  e v e n t  phose,  t h e  wind d a t a  from 

t h e s e  towers were t e l eme te red  by r a d i o  t o  t h e  CP Weather S t a t i o n  

a t  f i v e  minute i n t e r v a  1s. 

Off -Siee  Upper Wind Network. Twelve s i t e s  wcre c o n s i d e r e d  

for u s e  as p i l o t  ba l loon  ( p i b a l )  s t a t i o n s .  Each s i t e  was selected 

t o  provide r e p r e s e n t a t i v e  d a t a  and t o  i n s u r e  r e l i a b l e  r a d i o  

c o n t a c t  (F igure  2.2)  . 
Rawinsonde Observa t ions .  A Ground Meteoro logica l  Device 

(GMjJ), l o c a t e d  a t  t he  CP, was used t o  t r a c k  bal loon-borne rawin- 

sonde in s t rumen t s  to  measure v e r t i c a l  p r o f i l e s  of tempera ture ,  

p r e s s u r e ,  humidi ty ,  and winds. 

2 . 3  OPEltATIONS 

2 . 3 . 1  Pre-Event Opera t ions .  Mechanical wind and tempera ture  

s t a t i o n s  were i n s t a l l e d  a t  fou r  s e l e c t e d  l o c a t i o n s  on September 

19,  1967. These in s t rumen t s  were ob ta ined  by CER Geonuclear 

Corpora t ion .  A p re l iminary  s i t e  c l ima to logy  was issued i n  

February 1969, and an  addendum i n  June 1969, us ing  s u r f a c e  

clirr ,atology d a t a  c o l l e c t e d  a t  the  s i t e  and upper  a i r  s t a t i s t i c s  

from Grand J u n c t i o n ,  Colorado. Two ARL-LV e l e c t r o n i c s  t e c h n i c i a n s  

i n s t a l l e d  o p e r a t i o n a l  equipment du r ing  the  pe r iod  August 1 1 - 1 7 ,  

1969, i n  p r e p a r a t i o n  of scheduled s i g n a l  d ry  runs.  ARL-LV 
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o p e r a t i o n a l  me teo ro log ica l  suppor t  was i n i t i a t e d  on August 21, 

1969,  with a 24-hour schedu le  o f  s u r  f ace  observa  t ions.  On-si t e  

vertical soundings  of wind, t empera tu re ,  p r e s s u r e ,  and humidity 

and r o u t i n e  p i b a l s  t o  20,000 E t  MSL were t aken  twice d a i l y .  

Weather f o r e c a s t s  and r a d i a t i o n  e s t i m a t e s  were prepared a t  the  

ARL-LV F o r e c a s t  O f f i c e ,  Walker F i e l d ,  f o r  b r i e f i n g  p r e s e n t a t i o n s  

i n  Grand J u n c t i o n  and a t  t h e  RULISON s i te .  Relay of weather da ta  

t o  the CP was accomplished by r a d i o  or t e l ephone .  

2.3.2 Event-Oriented Opera t ions .  On D-Day, t h e  r e g u l a r  

s chedu le  of upper  a i r  o b s e r v a t i o n s  w a s  augmented by a d d i t i o n a l  

pibkil and rawinsonde obse rva t ions .  Hourly p i b a l  obse rva t ions  

were taken t o  20,000 f t  MSL a t  the  CP upper  a i r  complex and a t  

Eour o f f - s i t e  l o c a t i o n s  s t a r t i n g  a t  0200 mountain d a y l i g h t  time 

(MDT) (F igure  2 .2 ) .  These obse rva t ions  were d i scon t inued  a t  1700 

FIDT a t  a l l  l o c a t i o n s  e x c e p t  a t  t he  CP. Radiosonde observa t ions  

were t aken  a t  the  CP a t  1000 MDT and 1430 MDT. 

2.3.3 Post-Event  Opera t ions .  F o r e c a s t i n g  and observ ing  

s e r v i c e s  w e r e  h rov ided  u n t i l l l F 0 0  MDT, September 11 1969 A x - L V  

per sonne l  w e r e  r e l e a s e d  by t h e  DON0 on t h e  morning o f  September 12 

_ _  ....... - . . .  ... 

P 
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CHAPTER 3 

WEATHER SERVICES 

3.1 WEATHER OBSERVATIONS 

D-Day meteoro logica l  d a t a  a re  inc luded  a s  Appendix A .  

3.2 WEATHER BRIEFINGS 

The f i r s t  o f  a s e r i e s  of p u b l i c  r e a d i n e s s  b r i e f i n g s  was p re s -  

en ted  t o  theDONO and h i s  Advisory Panel i n  Grand J u n c t i o n ,  Colo- 

rado, a t  1930 MDT, September 3, 1969. The weather b r i e f i n g s  and 

v e r i f i c a t i o n s  a re  summarized below. 

3.2.1 Daily Weather B r i e f i n g s  

Br i e f ing :  1930 MDT, September 3, 1969. 
V a l i d :  1500 NDT, September 4, 1969. 

P a r t l y  cloudy s k i e s  w i l l  p r e v a i l  over the a rea  .with s c a t t e r e d  

showers and thundershowers occur r ing  over the mountains. Upslope 

s u r f a c e  winds du r ing  the a f t e rnoon  w i l l  be from 330 degrees  a t  

10 k n o t s ,  A s h o r t  wave t o  the  w e s t  w i l l  produce winds of  260 

degrees  a t  30 kno t s  a t  10,000 t o  14,000 f e e t  MSL. Maximum mixing 

h e i g h t  w i l l  be 12,000 f e e t  MSL. 

V e r i f i c a t i o n :  1500 MDT, September 4 ,  1969. 

Clouds and,weather  were a s  f o r e c a s t .  Sur face  winds were 320 degrees  

a t  5 kno t s .  Winds a l o f t  from 10,000 t o  14,000 f e e t  MSL w e r e  240 

degrees  a t  15 knots .  Maximum mixing h e i g h t  was approximately 

13,000 f e e t  M S L .  

B r i e f i n g :  1930 MDT, September 4, 1969. 
1500 MDT, September 5, 1969. V a l i d :  

- 11 - 
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n _. 

Mostly c l e a r  s k i e s  w i l l  p r eva i l  over the area with n e a r e s t  pre-  

c i p i t a t i o n  occurring over sou theas t e rn  Colorado. Surface winds 

w i l l  be 330 degrees a t  5 knots.  Winds a l o f t  from 10,000 t o  

14,000 f e e t  MSL w i l l  be 280 degrees a t  20 knots. 

he igh t  t o  14,000 f e e t  MSL is  expected. 

Maximum mixing 

Br ie f ing:  0640 MDT, September 5 ,  1969. 
Valid:  1500 MDT, September 5 ,  1969. 

Sca t te red  clouds w i l l  p r eva i l  during the afternoon w i t h  s c a t t e r e d  

thundershowers occurring over the  mountains. Surface winds dur ing  

the af ternoon w i l l  be upslope, 330 degrees a t  5 knots. Winds 

a l o f t  from 10,000 to  14,000 f e e t  M S L  w i l l  be 260 degrees a t  

30 knots.  Maximum mixing he igh t  w i l l  reach 14,000 f e e t  MSL. 

Ver i f i ca t ion :  1500 MDT, September 5 ,  1969 

Sca t te red  clouds with thundershowers were observed to  the  nor th-  

west through north.  Surface winds were 330 degrees a t  7 knots .  

Winds a l o f t  were: 10,000 f e e t  MSL, 250 degrees a t  1 5  knots ;  12,000 

f e e t  MSL, 260 degrees a t  15  knots ;  and 14,000 f e e t  MSL, 295 degrees 

a t  25- knots;- Maximum-mixing- height--was 14,000 -feet  MSL. - - -- . - - ~ _ _ -  - - - - -- -. -_ 

Brief ing:  1630 MDT, September 7, 1969. 
Valid: 1500 MDT, September 8 ,  1969. 

Broken cumulus w i l l  develop tomorrow af ternoon with s c a t t e r e d  

thundershowers over t he  mountains. Surface winds during the a f t e r -  

nooii 330 degrees a t  5 knots.  Winds a l o f t  a t  10,000 f e e t  MSL will 

be 150 dekrees a t  10 knots ;  a t  12,000 f e e t  M S L ,  190 degrees a t  10 

knots ;  and a t  14,000 feet’  MSL, 210 degrees a t  15 knots. 

mixing he ight  w i l l  be 14,000 f e e t  MSL. , 

Maximum 

V e r i f i c a t i o n :  1500 MDT, September 8, 1969. 
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Mostly s c a t t e r e d  c louds  occur red  dur ing  t h e  a f t e r n o o n  wi th  widely 

s c a t t e r e d  thundershowers over  t h e  mountains. L i g h t  r a i n  f e l l  a t  

t h e  s i t e  a t  1600 MDT. Sur face  winds were 310 degrees  a t  3 kno t s .  

Wind:; a l o f t  w e r e :  1 0 , O O  f e e t  MSL, 230 degrees  a t  1 0  kno t s ;  12,000 

feet  MSL, 140 degrees  a t  10 k n o t s ;  and 14,000 f e e t  MSL, 090 degrees  

a t  l!i knots .  M a x i m u n ~  mixing h e i g h t  was 13,000 f e e t  MSL. 

B r i e f i n g :  1630 MDT, September 8 ,  1969. 
Va l id :  1500 MDT, September 9, 1969. 

Broken c louds  a r e  p r e d i c t e d  f o r  tomorrow a f t e r n o o n  wi th  s c a t t e r e d  

thundershower a c t i v i t y  o v e r  Battlement Mesa and the  surrounding 

mountains. S u r f a c e  winds w i l l  be 330 degrees a t  5 kno t s .  Winds 

a l o f t  from 10,000 t o  14,000 f e e t  MSL w i l l  be 200 degrees  a t  10 

knotl;. Maximum mixing h e i g h t  t o  14,000 f e e t  MSL i s  expected. 

V e r i f i c a t i o n :  1500 MDT, September 9 ,  1969. 

S c a t t e r e d  c louds  occurred  du r ing  the a f t e rnoon  w i t h  widely s c a t -  

t e r ed  showers and thundershowers over the  mountains. Rain showers 

ended a t  the s i te  a t  1435 MDT. Sur face  winds were 310 degrees  a t  

3 knccts. Winds a l o f t  from 10,000 t o  14,000 f e c t  NSL were g e n e r a l l y  

260 degrees  a t  10 kno t s .  Maximum mixing h e i g h t  was 13,000 f e e t  MSL. 

3.2.2 D - 1  Weather B r i e f i n g  

Br i e f ing :  1630 MDT, September 9 ,  1969. 
Va l id :  1500 MDT, September 10, 19G9. 

A low p r e s s u r e  system w i t h  a weak pressure  g r a d i e n t  dominates the  

a r e a  west of t h e  Con t inen ta l  DivFae. This system w i l l  produce 

s c a t t e r e d  t o ' b r o k e n  c louds  and i s o l a t e d  thundershowers over  western 

Colorado. Upslope s u r f a c e  winds w i l l  be from 330 degrees  a t  5 knots  

throughout the  a f t e rnoon  w i t h  d ra inage  winds f r o m  160 degrees  a t  5 L '  ' '  ' *  -. - .. . 
# .  . a -  
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k n o t s  o c c u r r i n g  a f t e r  1900 MDT. Winds a l o f t  over  c e n t r a l  Utah . 

and wes tern  Colorado a r e  w e s t e r l y .  A s  a r i d g e  develops over 

Utah and moves eas tward ,  t h e  winds o v e r  the l o c a l  a r e a  w i l l  be- 

come wes t -no r thwes te r ly  a t  10, t o  15  k n o t s  tomorrow. The p r e d i c t e d  

v e r t i c a l  temperature p r o f i l e  i n d i c a t e s  t h a  t -'the maximum mixing 

h e i g h t  f o r  tomorrow w i l l  be 14,000 f e e t  MSL. A i r  t r a j e c t o r i e s  

f o r  10,000 and 14,000 f e e t  MSL w i l l  be toward the  s o u t h e a s t .  

B r i e f i n g  c h a r t s  a r e  inc luded  as F i g u r e s  3.1 through 3.6. 

3.2.3 D-Day Weather B r i e f i n g s .  

B r i e f i n g :  0630 MDT, September 10, 1969. 
Va l id :  1500 MDT, September 10, 1969. 

S c a t t e r e d  c louds  w i l l  p r e v a i l  w i t h  i s o l a t e d  thundershowers occur -  

r i n g  ove r  t h e  sur rounding  mountains.  Upslope s u r f a c e  winds,  from 

330 degrees  a t  5 k n o t s ,  w i l l  o ccu r  d u r i n g  the  a f t e rnoon .  The 

winds a t  10,000 f e e t  MSL w i l l  be 270 degrees  a t  10 kno t s  v e e r i n g  

w i t h  h e i g h t  t o  300 degrees  a t  10 k n o t s  a t  14,000 f e e t  MSL. Maxi- 

mum mixing h e i g h t  w i l l  be 14,000 f e e t  MSL. A i r  t r a j e c t o r i e s  f o r  

1O;OOO and- 14;OOO f e e t  -MSL w i l l -  be toward- the  s o u t h e a s t .  - Brie-fsng- - 

c h a r t s  a r e  inc luded  a s  F igures  3 . 7  th rough 3.12. 

- - 

B r i e f i n g :  1300 EIDT, September 10, 1969. 
Va l id :  1500 MDT, September 10 ,  1969. 

The f o r e c a s t  remains e s s e n t i a l l y  t h e ,  same a s  t h a t  g iven  t h i s  morning. 

F o r e c a s t  v e r i f i c a t i o n s  f o r  D - 1  and D-Day b r i e f i n g s  a r e  d e t a i l e d  

i n  Chapter 4. 

L 
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Figure 3 . 1  
September 9, 1969. 

C o m p o s i t e  b r i e f i n g  c h a r t  - presented a t  1630 HDT, 
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Figure 3.2 Surface analysis - 1200 MDT, September 9, 1969. 
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Figure 3.3 10,000 ft MSL streamline a n a l y s i s  - 1200 MDT, 
September 9, 1969. 
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Figure 3.4 12,000 ft MSL streamline analysis - 1200 MDT, 
September 9, 1969. 
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Figure 3.5 14,000 ft MSL streamline analysis .I 1200 M D T ,  
- September 9, 1969. 
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TRAJECTORY FORECAST 

VALID= 1500 MOT 9-10-69 
l0,OOO FT MSL ---1- 

14,000 F T M S L  - 
PRESENTED= 1630 MOT 9-9-69 

Figure 3.6 Trajectory forecast chart - presented at 1630 MDT, 
September 9, 1969. 
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Figure 3.7 
September 10, 1969. 

Composite briefing chart - presented at 0630 HDT, 
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Figure 3.8 Surface a n a l y s i s  - 0300 MDT, September 10, 1969. 
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Figure 3 .9  
September 10, 1969. 

10,000 ft HSL streamline.analysis - 0000 MDT, 
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Figure 3.10 12,000 ft MSL streamline analysis - 0000 MDT, 
September 10, 1969. 
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Figure 3.11 14,000 ft KSL streamline analysis - 0000 MDT, 
September 10, 1969. 
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TRAJECTORY FORECAST 

V a l f d :  1500 MDT, 9 - 1 0 - 6 9  

14,000 FT MSL - 1 0 , 0 0 0  FT MSL ---- 
TKA JECT OKY VEK IF ICAT I ON 

Figure  3.12 Trajectory forecast and v e r i f i c a t i o n  chart  - 
Presented a t  0630 MDT, September 10, 1969. 
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CHAPTER 4 

D I S C U S S  ION 

4 . 1  WEATHER DESCRIPTION/FOREUST VERIFICATION 

4.1.1 Weather Desc r ip t ion .  Unse t t l ed  weather p r e v a i l e d  over  

wes te rn  Colorado on D-Day. During the  e a r l y  morning hours  cons id -  

e r a b l e  thunderstorm a c t i v i t y  moved i n t o  the  a r e a  from e a s t e r n  

Utah .  F a i r  skies p r e v a i l e d  by mid-morning, b u t  wide ly  s c a t t e r e d  

thulidershowers developed over the  mountains t o  the n o r t h  of the 

s i t e  by noon. During the  l a t e  a f t e rnoon ,  t h e  thundershowers 

moved southward .over  the  s i t e .  Ha i l  f e l l  i n  s u f f i c i e n t  q u a n t i t y  

t o  cover t h e  ground. Upslope s u r f a c e  winds developed i n  t h e  

Bat t lement  Creek canyon by 1100 MDT and p e r s i s t e d  throughout t he  

a f t e r n o o n  u n t i l  t h e  thunderstorm a c t i v i t y  moved up through t h e  

canyon. Su r face  winds were g e n e r a l l y  330 degrees  a t  5 kno t s .  

The a f t e r n o o n  temperature p r o f i l e  i n d i c a t e d  t h e r e  was a s t a b l e  

l a y e r  between 10,000 and 12,000 f e e t  MSL which would l i m i t  t h e  

maximum mixing h e i g h t  t o  14,000 f e e t  MSL (F igure  4.1). Winds 

from 10,000 t o  14,000 Eeet MSL over Bat t lement  Mesa and t o  t h e  

e a s t  were wes t -no r thwes te r ly  a t  10 t o  15 kno t s .  

4.1.2 F o r e c a s t  V e r i f i c a t i o n .  The D-Day weather  f o r e c a s t  

proved t o  be f a i r l y  a c c u r a t e  except  t h a t  t h e  a f t e r n o o n  thunder- 

storm a c t i v i t y  i n  the immediate v i c i n i t y  of  t h e  RULISON s i t e  

had a g r e a t e r  i n f l u e n c e  on the  weather  than  expected. 

Had t h e r e  been a r e l e a s e  of r a d i o a c t i v i t y ,  t h e  wind flow 

would have produced a s o u t h e r l y  t r a j e c t o r y  over Bat t lement  Mesa 
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with subsequent mixing t o  14,000 f t  MSL. The general  circulation 

a t  t h i s  a l t i t u d e  would then have produced a change i n  t ra jec tory  

ta the eas i - southeast  (Figure 3.1.2). 
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PART 2 RADIATION ESTIMATES 

CHAPTER 5 

INTRODUCTION 

Estimates 0 2  p o t e n t i a l  downwind r a d i a t i o n  i n t e n s i t y  were 

required as an i n t e g r a l  p a r t  of the.  DON0 Operational Safety 

Program. The Radiation Estimates and Research Branch (RERB) 

APL-LV, was responsible  for preparing these est imates  during . 

the pre-event , event and pos t -event  phases of the  p ro jec t .  

Spec i f ic  program ob jec t ives  i n  support  of each p ro jec t  phase 

were as follows: 

1. Pre-event 
2 

Provide prel iminary es t imates  of po ten t i a l  r ad ia t ion  

l e v e l s  a s  requested by var ious p a r t i c i p a n t s  for the 

prepara t ion  of technica l  and s a f e t y  plans.  

2. Event 

Provide opera t iona l  r a d i a t i o n  e s t ima tes  t o  the DON0 and 

his Advisory Panel. 

Analyze event  phase meteorological  data  and any radiolog-  

i c a l  da ta  i n  order  t o  document the r ad ia t ion  p a t t e r n ,  

compare the observed r a d i a t i o n  l e v e l s  with those es t imated ,  

and examine the a p p l i c a b i l i t y  of  t he  ARL-LV r a d i a t i o n  

es t imat ion  method used f o r  P ro jec t  RULISON. 
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CHAPTER 6 

PROCEDURE 

6 . 1  RADIATION ESTIMATES 

6 . 1 . 1  Pre-Event Planning. I n  January  1968, p re l imina ry  

e s t i m a t e s  of p o t e n t i a l  r a d i a t i o n  l e v e l s  were i n i t i a l l y  provided 

t o  t h e  AEC Rad io log ica l  Sa fe ty  Branch of t h e  E f f e c t s  S a f e t y  

Div is ion ,  NVOO, a s  guidance f o r ,  P r o j e c t  RULISON s a f e t y  p l ann ing .  

I n  A p r i l  1969, r e v i s e d  e s t i m a t e s  were submi t ted  t o  the  DONO and 

to  t h e  Event Evalua t ion  O f f i c e r .  L a t e r  i n  the  month, t h e  Radia- 

t i o n  B r i e f e r  p re sen ted  these  same e s t i m a t e s  t o  t h e  DONO's Safe ty  

Advisory Panel  which convened a t  NVOO. Due t o  a s u b s t a n t i a l  

delay i n  t h e  r e a d i n e s s  d a t e  fo r  P r o j e c t  RULISON, t h e  r e v i s e d  

e s t i m a t e s  were a g a i n  presented  t o  t h e  DONO's S a f e t y  Advisory Panel 

i n  August 1969. 

The p re l imina ry  c a l c u l a t i o n s  encompassed a v a r i e t y  o f  

me teo ro log ica l  cond i t ions ,  r a d i a t i o n  estiina t i o n  t echn iques ,  and 

poss ib l e  modes of r e l e a s e .  Non-meteorological d a t a ,  r equ i r ed  f o r  

the e s t i m a t i o n  of p o t e n t i a l  r a d i a t i o n  exposure and dosage l e v e l s ,  

were fu rn i shed  by t h e  Los Alamos S c i e n t i f i c  Labora tory  (LASL), 

Los Alamos, New Mexico. Such d a t a  inc luded  the  p o s t u l a t e d  e f f l u e n t  

cloud c o n s t i t u e n t s  as  we l l  a s  t h e  ra te  and d u r a t i o n  of r e l e a s e .  , 

Fina l  s e l e c t i o n  of t h e  poss ib l e  modes of r e l e a s e  and techniques  

b e s t  s u i t e d  f o r  e s t ima t ing  p o t e n t i a l  r a d i a t i o n  l e v e l s  were coord i -  
I 

nated  w i t h  LASL and the  DONO. In  t h e  p re l imina ry  c a l c u l a t i o n s ,  t h e  

the p o s s i b l e  modes o f  r e l e a s e  cons idered  were: 
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1. a prompt m a s s i v e  v e n t i n g  of p a r t i c u l a t e  and gaseous 

r a d i o a c t i v e  d e b r i s ,  

2 .  a gaseous r e l e a s e  f o r  a one-hour p e r i o d ,  and 

3. a gaseous r e l e a s e  f o r  a 24-hour pe r iod .  

The e s t i m a t i o n  t echn iques  used  were the  f a l l o u t  s c a l i n g  

* .  

t echnique  fo r  the f i r s t  mode, and t h e  P a s q u i l l  a tmospher ic  

d i s p e r s i o n  e s t i m a t i o n  t echn ique  f o r  t h e  ' second and t h i r d  modes. 

The f a l l o u t  s c a l i n g  technique has  been used r o u t i n e l y  a t  NTS f o r  

s e v e r a l  y e a r s  t o  e s t i m a t e  r a d i a t i o n  exposure and dosage l e v e l s  

r e s u l t i n g  from f a l l o u t .  The P a s q u i l l  d i s p e r s i o n  e s t i m a t i o n  tech- 

n ique  h a s  won wide accep tance  as a u s e f u l  t o o l  i n  e s t i m a t i n g  the 

d i s p e r s i o n  of e f  Eluent  gases i n  a i r  p o l l u t i o n  a p p l i c a t i o n s .  

6 .1 .2  Event Suppor t .  The meteoro log ica l  i n fo rma t ion  requi red  

a s  i n p u t  f o r  bo th  t echn iques  c o n s i s t s  of p r e d i c t i o n s  of atmospheric 

s t a b i l i t y ,  mean wind speed ,  and v a r i a b i l i t y  o f  the  wind d i r e c t i o n  

w i t h i n  t h e  c loud  l a y e r .  P r i o r  t o  a scheduled  r e a d i n e s s  b r i e f i n g ,  

t h e s e  p r e d i c t i o n s  were used by t h e  Radia t ion  B r i e f e r  to der ive  

- . - - -__ - - - _  __ the- me t e o r o l  og i c a l -  pa rame-t e r s  r-eguiye d- s s i n p u t  fp r -both  e s tima - - - -  __ 

t ion  techniques .  These t echn iques  were then used i n  developing 

the  r a d i a t i o n  exposure  and dosage e s t i m a t e s .  

A t  t he  r e a d i n e s s  b r i e f i n g s ,  t h e  R a d i a t i o n  B r i e f e r  presented 

the  fo l lowing  i n f o r m a t i o n :  

1. The maximum h y p o t h e t i c a l  a c c i d e n t  c a s e s  p o s t u l a t e d  by LASL. 

2. The t echn iques  used  i n  making the r a d i a t i o n  e s t ima tes .  

3. The m e t e o r o l o g i c a l  pa rame te r s  p e r t i n e n t  to  t h e  r a d i a t i o n  

e s t i m a t e s .  
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4. Est imates  of t he  p o t e n t i a l  e f f l u e n t  c loud  t r a j e c t o r y ,  

cloud c e n t e r l i n e ,  and a r r i v a l  t i m e s  of the  main d e b r i s  

cloud. 

5. The, es t imated i n f i n i t e  e x t e r n a l  gamma exposure  due  to  

f a l l o u t  along the  c e n t e r l i n e  a s  a f u n c t i o n  o f  d i s t a n c e  

from SGZ. 

6.  The est imated t o t a l  e x t e r n a l  gamma exposure  du r ing  c loud  

passage along the  cloud c e n t e r l i n e  as a f u n c t i o n  of dis- 

tance from SGZ. 

7. The est imated c e n t e r l i n e  d i s t a n c e  from SGZ of 1 5 R  i n f i n i t e  

e x t e r n a l  gamma exposure due t o  f a l l o u t .  

8. The est imated c e n t e r l i n e  d i s t a n c e  from SGZ o f  1 5 R  t o t a l  

e x t e r n a l  gamma exposure due t o  c loud passage .  

9 .  The est imated 1311 a d u l t  t h y r o i d  i n h a l a t i o n  dosage a t  the 

est imated 15R e x t e r n a l  gamma exposure d i s t a n c e s  for  b o t h  

the  f a l l o u t  e s t i m a t i o n  technique and the gaseous c loud  

passage e s t i m a t i o n  technique.  

6.2 * RADIATION ANALYSIS 

Post-event  suppor t  by ARL-LV i n c l u d e s  the  e v a l u a t i o n  and ana l -  

y s i s  of event  phase r a d i o l o g i c a l  d a t a  i n  o r d e r  t o :  

(a) document the observed r a d i a t i o n  p a t t e r n  s o  t h a t  a b e t t e r  

empir ica l  background f o r  improvement of e s t i m a t i o n  t ech -  

n iques  may be  e s t a b l i s h e d ,  and 

(b)  provide a d d i t i o n a l  ana log  models f o r  f u t u r e  e v e n t s .  
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CHAPTER 7 

RESULTS 

7.1  RADIATION ESTIMATES 

7.1.1 Event Support. The fundamental assumptions adopted 

fo r  t h e  purpose of der iv ing  r a d i a t i o n  e s t ima tes  during the event 

suppor t  phase were presented a t  the i n i t i a l  read iness  b r i e f ing  

a t  1930 MDT, September 3, 1969. These assumptions were: 

1. A prompt massive vent ing of p a r t i c u l a t e  and gaseous 

r a d i o a c t i v e  deb r i s  s i m i l a r  t o  t he  NTS vent ing  model 

would occur. The source t e r m  used would be the  maximum 

c r e d i b l e  equiva len t  f i s s i o n  y i e l d  of the RULISON device 

sca l ed  t o  t h e  NTS model. The s c a l i n g  technique would be 

used i n  determining the exposure and dosage estimates.  

2. A one-hour gaseous r e l e a s e  would occur. The source term 

used would be a t o t a l  of 10% of the  gaseous f i s s i o n  prod- 

u c t s  produced by the de tona t ion  and approximately 3x104 

c u r i e s  of 1311 re leased  at a uniform r a t e  fo r  a one-hour - ~ 

-- - __ - - --__ __ __ 
per iod  a f t e r  the detonat ion.  The P a s q u i l l  atmosph3ric- - ---_ - 

d i spe r s ion  e s t ima t ion  technique would be used i n  deter-  

mining exposure and dosage e s t ima tes .  

A t  t he  D-Day morning readiness  b r i e f i n g ,  he ld  a t  0630 MDT, 

September 10, 1969, t he  pred ic ted  atmospheric s t a b i l i t y  and wind ' 

s t r u c t u r e  were discussed and i n t e r p r e t e d  as the bases  for  estimat- 

i n g  the  v e r t i c a l  mixing of the  p o t e n t i a l  r ad ioac t ive  cloud, the 

cloud mean t r a n s p o r t  speed, and the l a t e ra l  spread of the cloud. 
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For the prompt massive v e n t i n g  r e l e a s e  assumpt ion ,  t h e  

ver1;ical thickness of t h e  p o t e n t i a l  c loud  was e s t i m a t e d  t o  be 

about  5,000 f e e t  by H+1 hour.  The p o t e n t i a l  c loud  w a s  expec ted  t o  

movt? toward the  s o u t h e a s t  a t  about 8 m i l e s  p e r  hour .  The wind 

s h e a r  wi th in  the  c loud  l a y e r  w a s  expec ted  t o  b e  abou t  30 degrees .  
4 

The est imated f a l l o u t  s e c t o r ,  c e n t e r l i n e  O r i e n t a t i o n ,  and main 

debr i s -c loud  a r r i v a l  t i m e s  a r e  shown i n  F igure  7 . 1 .  The e s t i m a t e d  

c e n t e r l i n e  depos i t i on  i n f i n i t e '  e x t e r n a l  gamma exposure and c e n t e r -  

l i n e  a d u l t  1311 thyro id  i n h a l a t i o n  dosage,  a s  f u n c t i o n s  of  d i s t a n c e ,  

a r e  shown i n  Figure 7.2.  
I 

For the gaseous r e l e a s e  assumption,  t he  p o t e n t i a l  plume was 

expected t o  g radua l ly  m i x  though a maximum h e i g h t  o f  5000 f e e t  

above ground l e v e l  by about  H+3 hours .  During t h i s  t ime,  the  

plume would be t r a n s p o r t e d  toward t h e  s o u t h e a s t  o r  e a s t - s o u t h e a s t  

w i t h  an average speed of 5 m i l e s  per hour .  The maximum l a t e r a l  

sp read ing  of the  cloud was expected t o  be about  30 degrees .  The 

e s t i m a t e d  plume and plume c e n t e r l i n e  o r i e n t a t i o n  w i t h  p lune  l ead -  

i n g  edge a r r i v a l  t i m e s  a r e  shown i n  F i g u r e  7 .3 .  The e s t i m a t e d  

c e n t e r l i n e  cloud passage e x t e r n a l  gamma exposure and a d u l t  1311 

t h y r o i d  inha la t ion  dosage v e r s u s  c e n t e r l i n e  d i s t a n c e  cu rves  a r e  

shown i n  Figure 7.4. 

A t  the f i n a l  b r i e f i n g ,  the r a d i a t i o n  e s t i m a t e s  f o r  H-Hour 

remained the same as t hose  presenced d u r i n g  the  morning b r i e f i n g .  

7 . 1 . 2  Post-Event Suppor t .  The R a d i a t i o n  B r i e f e r  remained on- 

s i t e  t o  provide suppor t ,  a s  r e q u i r e d ,  u n t i l  he was r e l e a s e d  by t h e  

DONO on September 1 2 ,  1969. 
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Figure 7.1 Estimated fa l lout  sector,  centerl ine orientation, 
and main debris cloud arrival t i m e s  for the prompt massive 
venting assumption. 
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Figure 7.2 Estimated centerline depo ition infinite external 
gamma exposure and center line adult l3'1 thyroid inhalation 
dosage for the prompt massive venting assumption. 
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Figure 7.3 Estimated plume and plume centerline orientation 
and plume leading edge arrival times for the 10% gaseous 
re 1 ease as sump ti on. 
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Figure 7.4 Estimated centerline cloud passage external gamma 
exposure and adult 1311 thyroid inhalation dosage for the 10% 
gaseous release assumption. 
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7.2 RADIATION ANALYSIS 
. 

No ra'diat ion w a s  r e l e a s e d  to the atmosphere a s  a r e s u l t  of 

the detonat ion.  Therefore,  no r a d i a t i o n  a n a l y s i s  could be 

per Eormed . 
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PART 3 

. .  
8.1 WEli"F1I:R PREDICTIONS 

'he A i i -  Resources Laboratory-Las Vegas (ARL-LV) was r e s -  

I . ' '  

pons ib l e  f o r  provid ing  the s p e c i a l i z e d  m e t e o r o l o g i c a l  s r v i c e s  

r e q u i r e d  by the D i r e c t o r  of Nuclear Opera t ions  (DONO), i n  

suppor t  of t he  Sa f e  ty  Program f o r  P r o  j ec t RULISON . 
The d a t a  c o l l e c t e d  f o r  the  purpose of  making weather  p r e -  

d i c t i o n s  ranged from t e l e t y p e  weather  resumes r ece ived  from 

major Weather Bureau F o r e c a s t  C e n t e r s  t o  l o c a l  s u r f a c e  observa-  

tioils. Documentation of t h e  s t a t e  of the  atmosphere a t  and n e a r  

s u r f a c e  ground z e r o  (SGZ) was accomplished through a c l o s e - i n  

ne twork 01 i n s  truiiients . Ins t rumen ta t ion  c s  t ab l i s l i ed  by ARL-LV 

personnel  c o n s i s  t cd  of s u r f a c e  weather  obse rv ing  i n s  t rumcnts  , 

o n - s i t e  s u r f a c e  wind towers ,  a network of p i l o t  b a l l o o n  s t a t i o n s  

n e a r  t h e  RULISON s i t e ,  and an o n - s i t e  rawinsonde s t a t i o n .  

A weather  f o r e c a s t  o f f i c e  was e s t a b l i s h e d  a t  Walker F i e l d  

where weather  p r e d i c t i o n s  and r a d i a t i o n  e s t i m a t e s  were prepared  

f o r  b r i e f i n g  p r e s e n t a t i o n s  i n  Grand J u n c t i o n ,  Colorado, and a t  

the  KULISON s i t e .  The f i r s t  o f  a s e r i e s  of p u b l i c  r e a d i n e s s  

b r i e f i n g s  was p r e s e n t e d  t o  the  DONO and h i s  Advisory Panel  i n  

Grand J u n c t i o n ,  Colorado, on September 3, 1969. Subsequent 

weather  b r i e f i n g s  were p resen ted  d a i l y  through September 10, 1969. 

Two weather  b r i e f i n g s  were g iven  on t h a t  d a t e  which was d e s i g n a t e d  

a s  D-Day s i n c e  t h e  f o r e c a s t s  v a l i d  f o r  1500 MDT, September-10 ,  1969,  
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i n d i c a t e d  t h a t  weather  condi t ions  a c c e p t a b l e  t o  t h e  DON0 and h i s  

Advisory Panel  would p r e v a i l .  The wea the r  p r e d i c t i o n  f o r  D-Day 

v e r i f i e d ,  and the  event  was executed a t  1500 MDT, September 10,  

1969. 

8 . 2  RADIATION ESTIYATES 

E s t i m a t e s  of p o t e n t i a l  downwind r a d i a t i o n  i n t e n s i t y  were 

r e q u i r e d  as an i n t e g r a l  p a r t  of the  DONO O p e r a t i o n a l  S a f e t y  

Program. The Rad ia t ion  Est imates  and Research Branch (RERB) , 

ARL-LV, w a s  r e s p o n s i b l e  f o r  prepar ing  t h e s e  e s t i m a t e s  d u r i n g  

t h e  p re -even t ,  e v e n t ,  and post-event phases  of t h e  p r o j e c t .  

For the pre-event  planning phase ,  e s t i m a t e s  of p o t e n t i a l  

r a d i a t i o n  l e v e l s  were provided t o  t h e  AEC Rad io log ica l  S a f e t y  

Branch of the  E f f e c t s  Sa fe ty  Div i s ion ,  W O O ,  a s  guidance  f o r  

P r o j e c t  RULISON s a f e t y  planning. The c a l c u l a t i o n s  encompassed 

a v q r i e t y  of me teo ro log ica l  c o n d i t i o n s ,  r a d i a t i o n  e s t i m a t i o n  

t e c h n i q u e s ,  and p o s s i b l e  modes of r e l e a s e .  The modes o f  r e l e a s e  

c o n s i d e r e d  were: 
~ __ _ _ _ _ _ _ _ ~ _ _  ~- ~ __-- -- 

1. A prompt massive vent ing of p a r t i c u l a t e  and gaseous 

r a d i o a c t i v e  d e b r i s .  

2. A gaseous r e l e a s e  f o r  a one-hour p e r i o d ,  and 

3. A gaseous r e l e a s e  f o r  a 24-hour p e r i o d .  

Only the  f i r s t  two modes were adop ted  f o r  the  e v e n t  phase.  

The e s t i m a t i o n  techniques  used were t h e  f a l l o u t  s c a l i n g  technique  

f o r  the  f i r s t  mode and the Pasqu i l l  a tmosphe r i c  d i s p e r s i o n  e s t i m a -  

t ion technique  f o r  the  second mode. P r i o r  t o  each  scheduled  
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r e a d i n e s s  b r i e f i n g ,  p r e d i c t i o n s  o f  atmospheric s t a b i l i t y ,  mean 

wintj speed ,  and wind d i r e c t i o n  v a r i a b i l i t y  wi th in  t h e  c loud  

l a y e r  were used i n  deve lop ing  r a d i a t i o n  es t imates .  

r a d i a t i o n  exposure and dosage l e v e l s  r e s u l t i n g  from f a l l o u t  were 

P o t e n t i a l  

then  e s t ima ted  u s i n g  t h e  f a l l o u t  s c a l i n g  technique i n  con junc t ion  

w i t h  t h e  NTS prompt massive v e n t i n g  model. Es t imates  of p o t e n t i a l  

r a d i a t i o n  exposure and dosage l e v e l s  due t o  a .gaseous r e l e a s e  were 

a l s p  made us ing  t h e  P a s q u i l l  a tmospher ic  d i spe r s ion  e s t i m a t i o n  

technique .  These e s t i m a t e s  were presented  a t  each scheduled 

b r i e f i n g  . 
On D-Day, the  Radia t i o n  B r i e f e r  d i scussed  the  v a r i o u s  assump- 

t i o n s  used i n  d e r i v i n g  t h e  r a d i a t i o n  e s t ima tes .  For  t h e  prompt 

massive v e n t i n g  r e l e a s e  assumpt ion ,  the depth of t h e  p o t e n t i a l  

c load  was e s t ima ted  t o  be about  5,000 f t  by H S 1  hour  and t o  have 

a t r a j e c t o r y  southeas tward  a t  8 mph. The wind s h e a r  w i t h i n  t h e  

cloud l a y e r  w a s  expec ted  t o  be abou t  30 degrees.  For the  gaseous 

relq?ase assumption,  the p o t e n t i a l  plume was expected t o  . g radua l ly  

m i x  through a maximum h e i g h t  of 5000 f t  above t e r r a i n  by about  

H+3 hours .  During t h i s  p e r i o d ,  t h e  plume would b e  t r a n s p o r t e d  

toward t h e  s o u t h e a s t  o r  e a s t - s o u t h e a s t  with an average speed of 

5 m i l e s  p e r  hour .  The maximum l a t e r a l  sprcnd of t h e  cloud was 

expected t o  be about  30 degrees .  

Pos t - even t  s u p p o r t  normally i n c l u d e s  the  e v a l u a t i o n  and a n a l -  

y s i s  of even t  phase r a d i o l o g i c a l  d a t a  i n  order  t o  document observed 

- 43 - 



rad ia t ion  patterns  and provide a d d i t i o n a l  analog models 

future  events ;  

atmosphere , no 

however, s i n c e  no 

a n a l y s i s  could be 

r a d i a t i o n  was 

perf  orme d . 
re1  ea s e d  

for 

to 

P .. 

the 

.. . ....... - - - . ~ ~ . .  _._ - - -- -- .......... 
. ............................. .......... 
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APPENDIX A 

RULISON METEOROLOGICAL RATA 

SURFACE OBSERVA!ELON AT 
Location 
Time/Date 
Sky Condition/Weather 
Cloud Amount/Qpe 
V i s i b i l i t y  
A tmbspheri c Pres sure 
Temperature 
D e w  Point  Temperature 
R e l b t i v e  H u m i d i t y  

GZ SURFACE DATA (from raob): 
Atmospheric Pressure . 
Temperature 
Dew Point Temperature 
Rela t ive  H u m i d i t y  

UPPER A I R  W A  AT 
Time /Da t e . 

-SON CP, COLORADO; Elev. 6840 ft E L  
3p24", 1 0 7 ~ 5 6 ' ~  
1430 MDT, September 10, 1969 
Scattered 
2 tenths Cumulonimbus, 2 t e n t h s  Cirrus 
U n r e  s t r ic t  ed 
796.8 n i b a r s  
+23.30c 
+8.6Oc 
39% . .  
Elevation 8154.0 f't MSL 
760.0 Millibars 
+17. O°C 
+l. 6Oc 
35460 

RUIXSON CP, COLORADO 
1430 MEC, September 10, 1969 

HE1C;IIT WIND PfiESsuRE T E M P E R A W  D E W  POINT IIEL. HUMIDITY 
(F t  - MSL) (Deg/Kts) ( m b )  ( O c )  00 

SFC 68 40 0 50/01 
7000 0- 

7350 
8000 
9000 
9900 

10000 
11000 
116 50 
12000 
13000 
14000 
15000 
15500 
16000 
17000 
18000 
19000 
20000 
21000 
22000 
23000 
24000 
24849 

796 
794 
783 
766 
738 
716 
714 
687 
676 
662 
638 
615 
592 
581 
570 
548 
526 
507 
486 
466 
448 
432 
415 
400 

23.3 
22.5 
19.4 
17.7 
14.7 
12.2 
12.1 
ll. 4 
ll.0. 
9.2 
6.2 
3.2 
0.1 
-1.3 

-5.0 
-7.5 

-10 0 
-ll. 2 
-12.5 
-14.6 
-16.8 
'-19.0 
-20.9 

-2.5 

8.6 

1.8 
1.6 
1.6 
0.6 

7-1 

0.5 
-1.3 
-2.5 
-4.4 
-7.1 
-9.8 

-12.5 
-14.2 
-14.3 
-15 3 
-16.6 
-18.0 
-23.0 
-2l.4 
-33.2 
-35.1 
-37 0 
-38 5 

39 
37 
31 
34 
41 
45 
45 
41 
39 
38 
38 
38 
38 
37 
40 
44 
48 
52 
37 
19 
19 
19 
19 
19 
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RULISON METEOROLOGICAL DATA 

SUPP~MENTARY WINDS mFJ! 
DATA (Degrees and Knots) : 

Observational Point  

m e  of Veasurement 

H Surf ace 
E 7000 
1 8000 
G goo0 
T 10000 

11000 
12000 
13000 

15000 
( R  MSL) 14000 

16000 

September 10, 1969 

RULISON CP, COLORADO (Continued) 

1300 1400 1530 1615 

PIEAL PIBAL PIBAL PIBAL 

010/0 4 
360/04 
290/04 
24O/06 
230/06 
250/08 
280/12 

270/18 

270/18 

280/15 

270/20 

010/06 010/06 
360/06 010/06 
300/08 020/08 
280/07 360/10 

230/08 220/03 

24o/i3 250/08 

240/16 

250/07 340/04 

220/09 240/05 

250/16 0- 

250/17 
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KULISON MEmOROLOGICAL DATA 

SuPPIlEMENTAKy WINDS ALoFr 
DATA (Degrees and Knots) 

Observational Point 
k c a t i o n  

Time of ~ b .  (MDT) 

Type of Measurement 

H Surface 
E 8000 
I gooo 
G 10000 
H u o o o  
T 12000 

13000 
(l% MSL) 14000 

15000 
16000 

Time of Ob. (MMI) 

Type of Measurement 

H Surf ace 
E 8000 
I gooo 
G 10000 
H 11000 
T 12000 

- 13000 - - 
(R MSL) 14000 

15000 
16000 

- -- - - -.. 

: September 10, '1969 

: VEGA HESERVOIR TURNOFF, Elev. 7200 f t  MSL 
: 39'16'N, 10?51'W 

0300 

PmAL 

080/06 
110/06 
u0/02 
260/05 

290/09 
270/07 

300/10 
300/12 
300/15 
300/14 

0415 . 0500 0700 

PIBAL PIBAL PIBAL 

100/04 
120/04 
260/03 
260/08 

280/13 

300/16 
290/16 

280/12 

290/12 
3OO/lJ- 

: 0800 0900 1000 u o o  1200 

: PIRAL , PIBAL P m  PIRAL PIBAL 

090/06 060/02 o70/02 
100)09 170'/01 130/02 
14O/06 260/08 230108 
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HULISON METEOROLOGICAL INCA 

SU€'F~IJIElRIARY WINDS ALOFT 
DATA (Degrees and Knots) : September 10, 1969 

Observational Point : VEGA RESERVOIR TURNOFF (Continued) 

Time of ob. (MDT) : 1300 14-00 1500 1600 1700 

Type of Measurement 

H Surf ace 
E 8000 
I goo0 
G 10000 
B 11000 
T 12000 

13000 
(1% MSL) 14000 

15000 
16000 

: PIBAL 

2 50/06 
270/06 
n o l o 8  
260/u 
270/15 
290/19 
280/20 
270/19 
280/17 
290/16 

PIBAL 

265/06 
270/08 

260/n 

280/17 
280/19 

270/18 

270/09 

270/12 
280/14 

r10/20 

PIRAL 

230/02 
230/10 

270/10 
270/lJ- 

260/14 

260/19 

260/16 
260/17 

260/10 
260/10 

PIBAL 

255/12 
260/04 
270/15 
280/13 
290/10 
280/13 
280/13 
280/U, 
280/07 
280/06 

PIBAL 

235/06 

270/09 
250/08 

280/11 
280/13 
260/16 
2 b/18 
250b9 
240121 
240/20 
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HULISON METEOROLOGICAL DATA 

m P -  WINDS ALOFT 
?Am (Degrees and Knots) : September 10, 1969 

Observational Point : FUFIE, COLORADO, Elev. 5500 f t  MSL 
Lo cation : 3go31'N, 107°43'W 

Time of ob. (MDT) : 0200 0300 0400 0500 0700 

Type of Measurement' : PIBAL PIBAL PIBAL PIBAL PIBAL 

H Surface 
E 6000 
I 7000 
G 8000 

. H  gooo 
T 10000 

llooo 
12000 
13000 

(Ft  MSL) 11.1000 
15000 
16000 

Time of Ob. (MDT) 

Type of Measurement 

H Surf ace 

I 7000 
E 6000 

- -. - - -G- . - 80-00 _ _  
11 gooo 
T 10000 

11000 
I2000 
13000 

(Ft MSL) 14000 

16000 
15000 

CALM 
060/05 
050/09 
080/02 
190/03 
250/04 
260/06 
280/n 
280/09 
280/10 

280/12 
280/13 

135/03 130/03 
ll0/07 100/04 
070/n  050/08 
080/07 o70/07 
170/02 060/04 
260/05 i40/03 

270/08 24o/i3 

260/16 

270/08 200/07 

-- 250/17 
250/16 

280/18 

0800 0900 1000 l l oo  
PIBAL P m  PIBAL PIBAL 

065/02 
080/05 
l l O / l l  
_ _  1 2 o m  
160/0g 

280/26 

220/09 
260/18 

290/29 
290/31 
290/35 
290/39 

245/0 4 
150/03 

2PO/U 

060/10 
.. 080/08 
130/Qg 

250/19 
260/22 
280/2 3 
290/26 
300/32 

-D 

070/04 355/02 
060/07 oio/o3 
060/09 o50/07 
080/08 _ _ _ _  070/09 
120/09 ib-166 
2 l O / l l  230/10 
250/20 260/20 
270/20 270/2l 
280/13 270/24 
290/24 -= 

290/24 
290/27 

=5/05 
u0/08 

290/13 

2 7 0 5  

120/05 
220/06 
280/10 

280/17 

270/28 

1200 

PIBAL 

015/02 
020/02 
040/03 
lm/o.3.-.- 080/04 .. . - . 

250/08 
27O/ll 
270/24 

270/23 
290/22 

270/30 

300/24 



E. ' 

RULISON METEOROLOGICAL DATA 

SUPPLEMENTARY WINDS mFr 
DATA (Degrees and Knots) : Septertiber 10, 1969 

Observational Point : RIFLE, COLORADO (Continued) 

Time of Ob. (W) 

Type of Measurement 

H Surface 
E 6000 
1 7000 
G 8000 
H goo0 
T 10000 

11000 
12000 
13000 

15000 
(Ft MSL) 14000 

16000 

: 1300 

: PIBAL 

a5 /02  
350/02 

ll0/02 
060/02 

260/10 
260/16 

260/22 

240/03 

270/20 

270/20 
280/18 
290/19 

1400 

PIBAI; 

1500 1600 

PIBAL PIBAL 

-- 

1700 

PIBAL 
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SUpPrnMENTARY WINDS ALOm 
RATA (Degrees and Knots) 

Observational Point 
Ldcation 

Time of Ob. (MDT) 

Type of Measurement 

H Surface 
E 6000 
I 7000 
G 8000 
H 9000 
T 10000 

SLOOO 
12000 
13000 

(Ft MSL) 14000 
15000 
16000 
17000 
18000 
19000 
20000 

Time of Ob. (MIX) 

Type of Measurement 

H Surface 
_ _ ~ _  -~ ~--6000 - 

I 7000 
G 8000 
H goo0 
T 10000 

11000 
12000 
13000 

(Ft MSL) 14000 
15000 
16000 
17000 
18000 
1goOo 
20000 

FiULISON METEOROLOGICAL DATA 

- _  

September 10, 1969 

GRAND JUNCTION, -COLORADO; 4843 f't MSL 
39'07 IN, 108~32 'W 

0200 0300 0400 0500 0600 

PIBAL PJBAL P m  PIBAL PIRAG 

130/10 
120/15 

170/14 
200/09 
2b/08 

250/08 
270107 
300/10 
31Q/13 
300/18 
300/19 
300/18 
290/17 

14O/16 

2WO9 

280/19 

0700 0800 

PIBAL P a  

llo/o8 
-110L08 
080/11 
060/u 
020/08 
330/08 
300/13 
290/17 

270/22 

270/29 
270/29 

280/27 
290/24 

280/20 

260/26 

270/27 

080/03 
070/06- 
060/05 

280/10 
260/10 

010/0 3 
30/07 

250/12 
00 

0900 

PIBAL 

180/06 
150/_08-- 
1 b / O 5  
1 b / O 5  
200/03 
270/10 
280/15 
280/15 
280/15 
270/16 
260/19 
250/16 
24o/ll 
220/03 
2 30/12 
030/15 

1000 

PIBAL 

150/10 
150/19__ 
150/18 
170/10 
24O/08 
260/12 
270/13 
270/14 
280/19 
280/22 

280/22 
270/22 

0- 

U O O  

PIRAL 

135/07 

170/12 

140[2z 
160/19 

220/08 
250/12 

280/18 

280/19 

300/17 

260/13 

280/21 
270/21 

290/17 
300/16 

-- 
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RUUSON METEOROLOGICAL DATA 

SUPPrnMENTAKy WmDS mFr 
DATA (fkgrees and Knots) 

Observational Point  

Time of Ob. (m) 
Type of Measurement 

H Surface 
* E  6000 
I 7000 
G 8000 
H 9000 
T 10000 

11000 
12000 
13000 

(Ft MSL) 14000 
15000 
16000 

18000 
17000 

Time of Ob. (MDC) 

we of Measurement 

H Surf ace 
E 6000 
I 7000 
G 8000 
H 9000 
T 10000 

u o o o  
12000 
13000 

(R NSL) 14000 
15000 
16000 
17000 
18000 
19000 
20000 

: September 10, 1969 

: GRAM) JUNCTION, COLORADO (Continued) 

: 1200 1300 1400 1500 

: PIBAL PIBAL PIRAL PIBAL 

3 w l 5  
130/19 
150/23 

220/12 

r(o/18 
290/19 

260/22 

160/20 

260/14 

180/14 

280/19 
270 /U 

280/18 
280/15 

: 1600 

: PIBAL 

190106 
140105 
130/05 
160/02 
26010 5 
280/u 
290114 
280114 
280/14 
270/13 
250/= 

230110 
2WO9 

240/10 
260/10 
270/10 
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160/u, 
200/06 
250/08 
260/u 
270/14 
270/17 
270/19 

120/2l 
140/20 

260/20 
260/20 -_ 

120/04 

160/04 
130/01 
260105 
260110 
260114 
270/17 
280/19 
280/20 

270/17 

120/06 

270/20 

_- 

175/06 
150/08 
140/05 
140/05 
200/03 
270/10 
280/15 
280/15 
280/15 
270/16 

250/16 
2 W 1 9  
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RULISON METEOROLOGICAL DATA 

SUPPIEMENTAKY WINDS ALOFT 
DATA (Degrees and Knots) : September 10, 1969 

Observational. Point : DE BEQUE, COLORADO, Elev. 4937 f t  MSL 
Location : 39°201N, 108?~3'w 

Time of Ob. (m) : 0200 0300 O b 0  0500 0700 

!Qpe of Measurement : PIBAL PIRAL PIBAL PIRAL PlBAL 

" Surface 
E 6000 
I 7000 
G 8000 
H goo0 
T 10000 

11000 
12000 

' . 13000 
(I% MSL) 14000 

15000 
16000 

CALM 

050/15 
150/07 

230/08 
260/07 
280/08 
300/12 
300/15 

290/17 

040/09 

Z L O / l l  

290/16 

320/04 
020/04 

U O / O  4 
040/10 

220/10 
240/ll 
250/10 

280/ll 
300/13 
300/16 
300/18 

260/10 

CALM 
250/06 
260/09 
2"0/04 
260/06 
240/16 
230/15 
240/12 

050/06 

120/06 
080/07 
oh/06 

100/07 

330/06 
290/10 
290/15 

0, 

Time of Ob.  (MM)) : &.oo 0900 1000 n o 0  1200 

Type of Measurement : PIBAI; PIBAL PIBAL PIRAL PIBAL 

H flucfa ce 

I 7000 
E 6000 

T 10000 
llooo 
12000 
13000 

(Ft MSL) 14000 
15000 
16000 

oio/o8 060/10 070/u 060/10 
050/io 170/0i 060/13 04o/u 
o70/04 260/08 050/06 04o/og 

260/09 -- 260/10 270/12 

-- -- 260/21 

280/27 

300/18 

100/06 270/13 090/07 050/04 
-110703 ~ 270716- 210i13- 2 50/09 - 

260/16 010/04 260/16 

270/a 

280/16 

og0/10 
070/= 
050/07 
020/03 
250/06- - 

250/14 
250/17 

240/10 

260/19 
270/21 
280 /19 
280/18 

. 
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RULISON METEOROLOGICAL DATA 

SUPPLEMENTARY WINDS ALOFT 
llATA (Degrees and Knots) : September 10, 1969 

Observational Poin t  : DE BEQUE, COLORADO (Continued) 

Time of Ob. (MDT) : 1300 1400 1500 1600 

Type of Measurement : PIBAL PIBAL PIBAL PIBAL 

H Surf a ce 
E 6000 
I 7000 
G 8000 
H 9000 
T 10000 

11000 
12000 
13000 

(m MSL) 14000 
15000 
16000 

o8o/ok 
060/06 
010/04 
300/0 4 
250/06 
2b/O9 
2 50/10 
260/13 
270/17 
260/20 
260/19 
260/15 

120/04 
090/0 4 
020/04 
330/04 
2 50/06 
240/0g 
250/14 
2 $0)17 
260/16 
260'/18 
260/19 
2 50/18 

220/04 
200/06 
190/06 
220/06 
250/08 
250/10 
260/13 
260/15 
260/16 

260/18 
260/23 

2 w 1 5  

CALM 
190/02 
200/03 
210/07 
220/12 
240/ll 
25d3- l  

270/16 

270/12 
270/14 

270/12 
270/= 

1700 

PIBAL 

330/10 
330/10 
3 3 0 m  ' 
340/09 
330/05 
2 30/04 
200/04 
190/05 
170/08 
170/08 
220/06 
210/09 

- 55 - 



RULISON METEOROLOGICAL DATA 

uc;ITpPI;EMENTARY WIND 
DATA (Degrees and Knots) : September 10, 1969 

: R-1 R-2 R-3 R-4 Towex+ 

Height (Ft.Abv.Sfc.) : 30 30 88 88 

Elevation (Ft.Abv.MSL.) : 6150 7030 8243 10288 I 
Missing CALM 160/05 220/04 . 

060/03 170/07 210/04 . .  
11 

T 0100 
0200 

. I  0 300 
0400 

M 0 500 
0600. 

E 0700 
0800 
0900 
1000 
l loo.  
1300 

It 115/02 160/05 215/04 
I t  CAJA 160/04, 210/05 
I I  . 130/02 140/04 220/07 
11 140/06 360/04 2b/07 
I1 150/05 140/04 230/05 

OU/03 310/03 230/09 
I I  050/05 340/03 260/10 
I 1  ' 040/04 320/04 250/07 
I I  300/03 330/04 300/04 

, 1400 010/07 320/04 320/04 290/04 

I1 uo /o3  160/04 170/03 
I' 04o/04 140/03 230/06 
II 

(MDT) I200 

1500 04o/04 3oo/o2 330/04 280/05 

*Tower Locations : 

0 
R = L  ---3902T!NLLO7~ _59_'w- ~- ~ -~ ~- - 

~~ 

R-2 39O2yx ' . 10'7~58~~ 
R-3 3go24*x 107~56 'W 
R-4 39O23 'N 107'55 'w 

. -  .: 2 L >. :. ;. _ _  .:--, ?_ :. . . . . . . .  . . ? .  . . . . . . . .  I - . . . . . . .  . . .  . ... . . .  . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  - - & - - - - - - - - -. - - .- - -. 
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