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ABSTRACT 

The second in a s c r i c s  of experimental field programs for investigating 
the release,  cnvironmcntal dispcrsal ,  and biological effects of fission 
products was conducted at the Dugway Proving Ground, U t a h ,  during the 
si immcr and fall of 1959. 

Eleven re lease  experiments were performcd in which metallic ANP-type 
fuel clemcnts were melted in high-temperature induction furnaces to simu- 
!ate the s l u w  meltdown and release of fission products accompanying a nuclear 
propulsion sys tcm reactor  accident. 
phere  under strong meteorological inversion conditions, and the fission 
products were allowed to disperse  onto an  instrumented sampling network 
extending 20 miles downwind f rom the re lease  point. 
made Into collectors designed to collcct 100% of the released fission products. 

Eight re leases  w e r e  made io the atmos-  

Three releases  were 

The procedures and techniques employed in measuring deposition 
velocities, re lease  percentages,  and long-range diffusion parametere  a r e  
described. 
a r e  made with respect  to improvements in the predictability of environmental 
contamination resulting f rom a reactor  meltdown accident. 

Experimental resul ts  a r c  presented,  and interpretative comments 
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I .  INTRODUCTION 

The development of nuclear-powcrod a i r c r a f t  r e q u i r e s  t h a t  t h e  

h a z a r d s  a s s o c i a t e d  w i t h  t h e  r e l e a s e  and d i s p e r s a l  o f  f i s s i o n  pro-  

d u c t s  from high-power and h igh- tempera ture  n u c l e a r  power p l a n t s  be  

d e t e r m i n e d  and  t h e  r e s u l t i n g  impact  on o p e r a t i o n s  be e v a l u a t e d .  As 

p a r t  o f  t h e  A i r  F o r c e ' s  o v e r a l l  s a f e t y - a n a l y s i s  program f o r  n u c l e a r -  

powered a i r c r a f t ,  a series o f  e x p e r i m e n t a l  f i e l d  tes ts  f o r  i n v e s t i -  

g a t i n g  t h e s e  h a z a r d s  was i n i t i a t e d  i n  t h e  summer of 1958 (Ref. 1). 

Fis s ion - -P roduc t s  F i e l d  R e l e a s e  T e s t  I1 (FRT 11) was t h e  second 

i n  t h i s  series of f i e l d  programs sponsored  by t h e  J o i n t  USAF-USAEC 

A i r c r a f t  N u c l e a r  P r o p u l s i o n  O f f i c e .  The A i r  F o r c e  S p e c i a l  Weapons 

C e n t e r  p r o v i d e d  t e c h n i c a l  management and s u p p o r t  f o r  t h e  o p e r a t i o n .  

I " -  ) C o n v a i r  s c i e n t i s t . s  a s s i s t e d  i n  expe r imen t  d e s i g n ,  in i n s t a l l a t i o n  

and o p e r a t i o n  o f  t h e  s ampl ing  g r i d ,  i n  c o o r d i n a t i n g  t h e  s c i e n t i f i c  

e f f o r t  w i t h  o t h e r  p a r t i c i p a n t s , i n  per forming  t h e  b u l k  of p h y s i c a l  

measurements and d a t a  r e d u c t i o n .  B i o l o g i c a l  a s p e c t s  of t h e  program 

were the  r e s p o n s i b i l i t y  o f  U n i v e r s i t y  o f  Rochester s c i e n t i s t s .  

The main o b j e c t , i v e s  o f  t h i s  program were: 

1. To o b t a i n  e x p e r i m e n t a l  d a t a  on  t h e  a t m o s p h e r i c  
d i f f u s i o n  of f i s s i o n  p r o d u c t s  o u t  t o  20 miles 
u n d e r  s t r o n g  i n v e r s i o n  c c n d i t i o n s .  

percents from m e t a l l i c  a i r c r a f t - t y p e  f u e l  elements. 

d a t a  a v a i l a b l e  from p r e v i o u s  e x p e r i m e n t s .  

2 .  To o b t a i n  d i r e c t  measurements of i s o t o p i c  r e l e a s e  

3. To add s t a t i s t i c a l l y  t o  i s o t o p i c - d e p o s i t i o n - v e l o c i t y  

13 



4 . To o b s e r v e  changes i n  f i s s i o n - p r o d u c t  p a r t i c l e  
s i z e s  a n d  d i s p e r s a l  c h a r a c t e r i s t i c s  c a u s e d  by 
c o n d e n s a t i o n  n u c l e i  ( J P 4 - f u e l ) .  

5. To o b t a i n  more d a t a  on  p a r t i c l e  s i z e s  and size 
d i s t r i b u t i o n . o f  f i s s i o n  p r o d u c t s .  

6. To o b t a i n  d i f f u s i o n  pa rame te r s  f o r  f i s s i o n  pro-  
d u c t s  and c o r r e l a t e  t h e m  w i t h  b a s i c  m e t e o r o l o g i c a l  
measurements .  

7. To o b t a i n  d a t a  on the b i o l o g i c a l  e f f e c t s  of 
f i s s i o n  p r o d u c t s .  

8 .  To o b t a i n  d a t a  on t h e  e c o l o g i c a l  f a t e  of 
f i s s i o n  p roduc t s .  

To a c h i e v e  t h e  broad  o b j e c t i v e s  o f  t h i s  program, i t  was neces-  

s a r y  t o  make a l a r g e  number of s e p a r a t e  measurements  i n v o l v i n g  

i s o t o p e  p r o d u c t i o n ,  m e t e o r o l o g i c a l  condl  . i o n s ,  i s o t o p i c  r e l e a s e s ,  

a i r  c o n c e n t r a t i o n s ,  d e p o s i t i o n ,  g round and  v e g e t a t i o n  cun ta rn ina t ion ,  

.--,and metabol ism of f i s s i o n  p r o d u c t s .  A t o t a l  of e l e v e n  r e l e a s e s  were 
:. i -_, 

made, t h r e e  o f  which were c o n t a i n e d  ( i . e . ,  a l l  t h e  e f f l u e n t  was 

c o l l e c t e d ) .  F o r  e a c h  r e l e a s e ,  a n  i r r a d i a t e d  m e t a l l i c - t y p e  fue l -  

e l emen t  spec imen was melted i n  a n  induc t ion - type  f u r n a c e .  S p e c i a l l y  

d e s i g n e d  t o t a l  and  p a r t i a l  e f f l u e n t  c o l l e c t o r s  were u s e d  t o  o b t a i n  

d i r e c t  measurements  of release p e r c e n t a g e s .  Cha rged-ve r t i ca l -wi re  

c o l l e c t o r s  were p l a c e d  downwind t o  d e t e r m i n e  v e r t i c a l  d i f f u s i o n .  

The p e r t u r b a t i o n s  i n  a tmosphe r i c  d i s p e r s a l  c a u s e d  b y  r e l e a s i n g  t h e  

f u r n a c e  e f f l u e n t  i n t o  a J P 4 - f i r e  smoke plume were a s s e s s e d .  Heat- 

budget  s t u d i e s  were performed from r a d i o m e t e r  and  h e a t - f l u x - p l a t e  

d a t a ,  i n  a d d i t i o n  t o  s t a n d a r d  m e t e o r o l o g i c a l  d a t a .  D e p o s i t i o n  
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.o. 

s t u d i e s  were made from gummed-paper, g r a s s ,  a n d  s o i l  d a t a .  I n h a l a -  

t i o n  aDd metabol ism s t u d i e s  were performed by e x p o s i n g  dogs and 

r a t s  t o  t h e  e f f l u e n t .  The s o i l  u p t a k e  of r a d t o a c t i v i t y  was a s s e s s e d  

and  d e c o n t & z i n a t i o n  s t u d i e s  were made on v e g e t a t i o n  samples .  

. T h i s  r e p o r t  d e s c r i b e s  t h e  p h y s i c a l  equipment  and t h e  methods used 

i n  measur ing  t h e  r e l e a s e  and long-range d i s p e r s a l  of f i s s i o n  p ro -  

d u z t s  r e s u l t i n g  from t h e  slow meltdown o f  ANP-type m e t a l l i c  f u e l .  

e l e m e n t s .  A m l y s e s  of t h e  d a t a  a r e  made and r e s u l t s  a r e  p r e s e n t e d .  

The b i o l o g i c a l  p h a s e  of t h e  program and  t h e  p l a n t  d e c o n t a m i n a t i o n  

s t u d i e s  v i 1 1  be t r e a t e d  i n  s e p a r a t e  r e p o r t s  t o  be p u b l i s h e d  by t h e  

U n i v e r s i t y  of R o c h e s t e r  and Hanford Atomic P r o d u c t s  O p e r a t i o n ,  r e spec -  

t i v e l y .  
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I I .  EXPERIMENT CES IGN 

T h e  f i r s t  ser ies  of f i e l d  e x p e r i m e n t s  (FRT I)  d e s i g n e d  t o  

s i m u l a t e  t h e  s low rnslt,down a c d  r e l e a s e  o f  f i s s i o n  pr0duct .s  was per- 

formed a t  t h e  Y a t i o n a l  R e a c t o r  TPsTing S t a t i o n  (NRTS), Idaho,  d u r i n g  

t h e  summer a c d  f a l l  o f  1958. I n  t h i s  ser ies  o f  tests,  segments  of 

m e t a l l i c  ASP-type f u e l  e l e m e n t s  were melted u n d e r  c o n t r o l l e d  condi -  

t i o n s  in a n  i n d u c t i o n  f u r n a c e ,  a n d  t h e  r a d i o a c t i v e  e f f l u e n t  was 

d i spe r spd .  downwind o n t o  a h i g h l y  i n s t r u m e n t e d  sampl ing  network. Data 

were o b t a i n p d  on  t h e  release, d i s p e r s a l ,  a n d  a t m o s p h e r i c  d i f f u s i o n  

o f  f i s s i o n  p r o d u c t s  o u t  t o  8 ki lcmeters  from t h e  r e l e a s e  p o i n t , u n d e r  

b o t h  l a p s e  and i n v e r s i o n  c o n d i t i o n s .  These  d a t a  h e l p e d  t o  resolve 

many o f  the u n c e r t a i n t i e s  i n  h a z a r d s - e v a l u a t i o n  c r i t e r i a  ( R e f .  2), 

Ir3 and s u g g e s t e d  r e f i n e m e n t s  i n  p r o c e d u r e s  and  t e c h n i q u e s  t o  be u s e d  

. .  

i n  f u t u r e  tests. 

The present  ser ies  of t es t s ,  F i s s i o n - P r o d u c t s  R e l e a s e  T e s t  11; 

performed a t  the Dugway P r o v i n g  Ground d u r i n g  t h e  summer and  f a l l  of 

1959, w a s  d e s i g n e d  t o  e x t e n d  t h e  dispkrsal r a n g e  of e a r l i e r  s i m u l a t e d -  

r fac tor -mel tdown expe r imen t s .  Employing r e f i n e m e n t s  i n  s a m p l i n g  

t e c h n i q u e s  a n d m e t s o r c l o g i c s l  n e a s u r c m c n t s ,  f i s s i o n - p r o d u c t s  releases 

were a a d e  o n t o  a h i g h l y  i n s t r u m e n t e d  s a m p l i n g  n e t v o r k  l o c a t e d  on 

f l a t  d e s e r t  t e r r a i n  and  e x t e n d i n g  32 k i l o m e t e r s  downwind f r n m  t h e  

r e l e a s e  p o i n t .  R e l e a s e s  were made u n d e r  s t r o n g  i n v e r s i o n  c o n d i t i o n s  

i n  o r d e r  t o  o b t a i n  d a h  r e q u i r e d  t o  e s t a b l i s h  t h e  uppe r  l i m i t  o f  t h o  

p o s s i b l e  h a z a r d s  of  a n u c l ? a r  a c c i d e n t  of t h e  meltdown type .  

17  
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D e s c r i p t i o n s  o f  t h e  t e s t  s i te ,  i n s t r u m e n t a t i o n ,  and t e c h n i q u e s  

used i n  t h i s  series o f  e x p e r i m e n t s  a r e  p r e s e n t e d  below. 

2 . 1  T e s t  S i t e  

T e c h n i c a l  and l o g i s t i c a l  c o n s i d e r a t i o n s  l e d  t o  t h e  s e l e c t i o n  

o f  a r emote ly  s i t u a t e d  section o f  t h e  G r e a t  S a l t  Lake Desert w i t h i n  

t h e  Dugway Prov ing  Ground, Utah, a s  t h e  tes t  s i t e  f o r  t h i s  series 

o f  e x p e r i m e n t s  ( F i g .  1). To meet t h e  objectives o f  t h i s  program, 

it was n e c e s s a r y  t o  select a s i te  which would p e r m i t  the  sampl ing  

o f  f i s s i o n  p r o d u c t s  32 k i l o m e t e r s  downwind from t h e  p o i n t  o f  release. 

I n  a d d i t i o n  t o  meeting t h i s  r e q u i r e m e n t ,  t h e  Dugway s i t e  o f f e r e d  

o t h e r  advan tages :  e x c e l l e n t  s u p p l y  and main tenance  f a c i l i t i e s ,  

p e r s a n n e l  q u a r t e r s ,  and f a c i l i t i e s  for a t e s t  s t a g i n g  area ( F i g .  2 ) .  

The a r e a  encompassed by t h e  210-square-mile t e s t  g r i d  is com- 

::)posed of, s a l t  f l a t s  and s i l t y  c l a y  f l a t s  ( F i g .  3). Except  f o r  a 

r i d g e  o f  l a r g e  s i l t y  dunes  s i t u a t e d  i n  t h e  n o r t h e a s t  p o r t i o n  of 

t h e  g r i d ,  t h e  t e r r a i n  w i t h i n  t h e  test  network is f l a t  and a l m o s t  

c o m p l e t e l y  b a r r e n .  T h e  a v s r a g e  d e n s i t y  o f  v e g e t a t i o n ,  ma in ly  p i c k l e -  

weed, is a p p r o x i m a t e l y  one hundred  p l a n t s  p e r  s q u a r e  mile. 

The a r e a  of  m e t e r o l o g i c a l  i n t e r e s t  c c v e r s  a p p r o x i m a t e l y  2500 

s q u a r e  miles.  I t  is i n f l u e n c e d  by t w o  t y p e s  of wind regimes: t h e  

s y n o p t i c  wind a s s o c i a t e d  w i t h  l a r g e - s c a l e  m i g r a t o r y  p r e s s u r e  s y s t e m s  

and t h e  l o c a l  winds  r e s u l t i n g  from a n  I n t e r - b a s i n  c i r c u l a t i o n  set  UP 

by t h e  t e m p e r a t u r e  d i f f e r e n c e  between t h e  S a l t  F l a t s  and t h e  S e v i e r  

Bas in ,  a b o u t  4 0  m i l e s  t o  t h e  Sou th .  O p t i m u m  a t m o s p h e r i c  condi t ions 

18 
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for t h e  t es t s  were produced by t h e  l a t t e r  s y s t e m  and t h e  s t r o n g  

t e m p e r a t u r e  g r a d i e i l t  caused  by h i g h  n o c t u r n a l  r a d i a t i o n  from t h e  

f l a t s .  

2.2 Source  

Segments of f r e s h l y  i r r a d i a t e d  m e t a l l i c  f u e l  e l emen t s ,  r cp re -  

s e n t a t i v e  of t h e  t y p e  used i n  d i r e c t  a i r  c y c l e  r e a c t o r s ,  were 

melted i n  i nduc t ion - type  f u r n a c e s  ( F i g .  4)  t o  p rov ide  a r a d i o a c t i v e  

p o i n t  s o u r c e .  The fue l -e lement  specimens were i r r a d i a t e d  i n  t h e  

MTR t o  p r o v i d e  an  i n v e n t o r y  of t h e  b i o l o g i c a l l y  hazardous  isotopes 

t h a t  a r e  found i n  abundance i n  a n  o p e r a t i o n a l  a i r c r a f t  r e a c t o r  - 
namely, 1131, Cs137, Ru103, Zrg5 ,  Sr8', Sr 30 , CeI4l,  and C e  144 . 

The m e l t i n g  program was des igned  t o  s i m u l a t e  t h e  s low meltdcwn 

-) c a s e .  The d e s i g n  and o p e r a t i o n  of t h e  i n d u c t i o n  f u r n a c e  and 
. I  

a s s o c i a t e d  equipment a re  d e s c r i b e d  i n  Appendix A .  

2.3 Sampling Network 

The sampl ing  network c o n s i s t e d  of a 60-degree,  fan-shaped 

g r i d  w i t h  a c e n t e r l i n e  b e a r i n g  of 350 d e g r e e s  t o  c o i n c i d e  w i t h  t h e  

most p r o b a b l e  n i g h t t i m e  wind d i r e c t i o n  d u r i n g  summertime i n v e r s i o n  

c o n d i t i o n s .  The g r i d  was d i v i d e d  i n t o  n i n e  c o n c e n t r i c  arcs e x t e n d i n g  

downwind 32 k i l o m e t e r s  from t h e  r e l e a s e  p o i n t  ( F i g .  5). 

Approximately 450  sampl ing  s t a t i o n s ,  employing a v a r i e t y  of 

sampl ing  d e v i c e s  and t e c h n i q u e s ,  were u t i l i z e d  i n  measur ing  release 

p e r c e n t s ,  d e p o s i t i o n  v e l o c i t i e s ,  i n t e r n a l  dose ,  and long-range 

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

..j 22 
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NPC 11.vi1 
NOTE: 
DEGREES IN PARENTHESES 
DENOTE SAMPLER SPACING 
ALONG ARC 

HI-VOL SAMPLERS (1/2q 

,-LOW-VOL SAMPLERS 114 

P/-LOW-VOL SAMPLERS (14 
GRASS 
GUMMED PAPER 

LOW-VOL SAMPLERS (2O) 
GRASS 
GUMMED PAPER 

. .  

2 

HI-VOL SAMPLERS [I") 
LOW.VOL SAMPLERS (2") 
ANDERSEN SAMPLERS (27 
ANIMALS ON MOVABLE 

OLD LINCOLN HIGHWAY ' 
w' 

P - -  IO0 m- 
I 

CHARGED WIRE, 24' HIGH (5.79 

WIRE, 15' HIGH (8.) 
I HEALTH PHYSICS7 FURNACE PAD f l  

I 
I 

MET TOWER 
MET CONTROL TRAILER 
FURNACE CONTROL TRAILER 
TEST CONTkOL TRAILER 
POWER CONTROL TRAILER 
UNIVERSITY OF ROCHESTER BIOASSAY 
UNiViilSlTY OF ROCHESTER ANlMALS 

I 
I 

FIGURE 5. SAMPLING-NETWORK INSTRUMENTATION 
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E l e c t r i c a l  power for t h e  o p e r a t i o n  of t h e  sampl ing  network 

was p rov ided  by 257 gaso l ine -  and diesel-powered p o r t a b l e  e lectr ic  

g e n e r a t o r s  (Fig. 6 ) .  

2 . 3 . 1  R a d i o a c t i v i t y  D e p o s i t i o n  Measurements 

D e p o s i t i o n  measurements were o h t a i n e d  from t h r e e  c o l l e c t i n g  

media:  gummed paper ,  r y e  g r a s s ,  and n a t i v e  s o i l .  These media 

were u t i l i z e d  o v e r  t h e  network i n  v a r y i n g  pa t te rns  and d i s t a n c e s  

from t h e  r e l e a s e  p o i n t  d u r i n g  t h e  e i g h t  open- re l ease  expe r imen t s .  

The gummed paper  used was t h e  s t a n d a r d  a d h e s i v e - c o a t e d  ce l lu -  

l o s e  a c e t a t e  p a p e r  measuring 0.0015 by 13 by 13 i n c h e s  a n d  b e i n g  

p r e s s u r e  s e n s i t i v e  ove r  a t e m p e r a t u r e  r a n g e  of 0-65OC. 

s t a n d a r a  0 .5 - inch  mesh hardware c l o t h  of t h e  same d imens ions ,  . .  . .:I 

p r e s s e d  a g a i n s t  t h e  s t i c k y  s i d e  of t h e  p a p e r ,  h e l d  t h e  p a p e r  r i g i d  

and s e r v e d  t o  ho ld  t h e  paper  i n  p o s i t i o n ,  f a c e  up, i n  t h e  network. 

Gummed p a p e r  was p o s i t i o n e d  a t  ground l e v e l  a t  s e l e c t e d  sampl ing  

s t a t  i o n s .  

A piece of 

The r y e  g r a s s  was p l a n t e d  and grown i n d o o r s  i n  aluminum and 

p a p e r  t r a y s  8 by 6 i n c h e s  i n  s i z e ,  and samples  were p l a c e d  on t h e  

t e s t  g r i d  a t  ground L e v e l  j u s t  p r i o r  t o  a . r e l e a s e . N a t i v e  soil 

samples  were c o l l e c t e d  i n  p l a s t i c  bags a t  v a r i o u s  sampl ing  s t a t i o n s  

f o l l o w i n g  a r e l e a s e .  

2 . 3 . 2  R a d i o a c t i v i t y  D i s p e r s a l  Measurements 

D i f f u s i o n  measurements were made w i t h  high-  and low-volume a i r  

s a m p l e r s .  A l l  s ample r s  were mounted on s t e e l  f e n c e  p o s t s  1.2 m e t e r s  

2 5  
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~ 3 . k ~  GENERATOR AT 
EACH STATION (121) 

k i n  

- 2.5.k~ GENERATOR 

2.5-kw GENERATOR AT 
EACH STATION (61) 

2.5-kw GENERATOR AT 
EACH STATION (61) 

FIVE 5-kw GENERATONS 
SERVING 61 STATIONS 

THREE 7.5-kw GENERATORS 
SERVING 61 STATIONS 

ONE 15-kv GENERATOR 
SERVING 31 STATIONS 

- -1 
1 5 . k ~  GEN. I 

I 7oi* I 50 rn 

5000 v d c  I I 
DRY-CELL I 
BAiTERlES 

I 
I 
I 

I 
1 

FURNACE :IOO-kw GEN. 

I THREE 15-kw GEN. 
ONE 25.kw GEN. 
TWO Z.5.k~ GEN. j 

lEST ' FACILITIES 
I - - - - -  

FIGURE 6. POWER-DISTRIBUTION SYSTEM 
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above t h e  ground. The 16- and 32-ki lometer  arcs were equipped  w i t h  

S t a p l e x  high-volume s a m p l e r s  powered by i n d i v i d u a l  gaso l ine -eng ine -  

d r i v e n  g e n e r a t o r s  ( F i g .  7).  The high-volume s a m p l e r s  were equipped  

w i t h  a f i l t e r  c h a i n  c o n s i s t i n g  of a 4- inch-d iameter  MSA p l e a t e d  f i l t e r  

backed by a n  a c t i v a t e d  hlSA c h a r c o a l  c a n n i s t e r  ( F i g .  8 ) .  The S t a p l e x  

u n i t  h a s  a mean f low r a t e  of 19 cfm and a c o l l e c t i o n  e f f i c i e n c y  of 

99 .98% f o r  0.3-micron-diameter p a r t i c u l a t e s  and 100% f o r  gaseous  

i o d i n e .  

The 1-, 2-, 4-, and 8-k i fometer .  a r c s  were equipped w i t h  low- 

volume sample r s  u s i n g  m i l l i p o r e  f i l t e r s  Sacked w i t h  a c t i v a t e d  

c h a r c o a l  c a r t r i d g e s  ( F i g .  9 ) .  The m i l l i p o r e  f i l t e r  is effective 

i n  co l lec t ing  smal l -d iameter  p a r t i c u l a t e s ,  and t h e  a c t i v a t e d  ca rbon  

-. c a r t r i d g e  is v i r t u a l l y  100% ef fec t ive  i n  c o l l e c t i n g  g a s e o u s  i o d i n e .  

- C a s t  pumpirg u n i t s  powered by i n d i v i d u a l  e n g i n e  g e n e r a t o r  sets were 

used on t h e  8-k i lometer  a r c  ( F i g .  10). The mean f low r a t e  t h rough  

t h e  f i l t e r  c h a i n  was 3.6 cfm. On t h e  1-, 2-, and 4-k i lometer  arcs, 

where E g l i n  pumping u n i t s  powered by l a r g e ,  c e n t r a l l y  l o c a t e d  

e n g i n e  g e n e r a t o r s  were used,  t h e  mean f low r a t e  f o r  t h e  f i l t e r  c h a i n  

was 1.5 cfm. A low-volume sample r  s t a t i o n  u s i n g  t h e  E g l i n  pump is 

shown i n  F i g u r e  11. 

, 

Dete rmina t ion  o f  e f f e c t i v e  r e l e a s e  h e i g h t s ,  a n  i m p o r t a n t  

pa rame te r  i n  t h o  a tmosphe r i c  d i f f u s i o n  e q u a t i o n s ,  was accomplished 

by t h e  u s e  o f  a network of v e r t i c a l  charged  wires a c r o s s  t h e  10- 

and 50-meter a r c s  ( F i g s .  12 and 13). S i x  wires,  e x t e n d i n g  froin 

. i  
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CROSSBEAM - 4 ff y 

~. 
I_ j 

DRY-CELL BATlERIES 
(5000 vdc TOTAL) 

/- 
A 

It-==- 

tfPc II.WZ 

-INSULATOR 

MAST GUY LINES 

(120' SPACING) 

FIGURL 12. CHARGED-WIRE SAMPLER - IO-METER ARC 
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GUIDE TUBE- 
NPC It.Wl 

INSULATOR 1 

STEEL W I R E 7  

NYLON CORD FOR 
RA.ISING AND 
LOWERING WIRE-\ 

ST GUY LINES 
YLON CORD 

SPACING] 

TUdJLAR STEEL 
TELESCOPING MAST 

TURN BUCKLE 

(SO00 vdc TOTAL] 

INSULATOR 

1/2" a 3b" COPPER 

GROUND ROD 

FIGURE 13. CHARGED-WIRE SAMPLER - 50-METER ARC 

1/2" a 3b" COPPER 

GROUND ROD 

FIGURE 13. CHARGED-WIRE SAMPLER - 50-METER ARC 
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8 i nches  above ground l e v e l  t o  a h e i g h t  of 12 f e e t  were spaced 

e v e n l y  across t h e  c e n t r a l  40 degrees  of t h e  60-degre.3, lo-zneter 

a r c .  E igh t  wires, ex tending  from 8 inches  above ground l e v e l  t o  

a h e i g h t  of 26 f e e t , w r e  spaced a t  e q u a l  i n t e r v a l s  a c r o s s  t h e  

c e n t r a l  40 degrees  of t h e  50-meter a r c .  The s tee l  wires were 

charged n e g a t i v e l y  w i t h  5000 v o l t s  by means of d r y - c e l l  batteries.  

A f t e r  each  r e l e a s e ,  t h e  wires were taped and c u t  i n t o  6-inch l eng ths  

for gamma s p e c t r a l  a n a l y s i s .  

2.3.3 P a r t i c l e  S i z e  Neasurements 

Six-stage, cascade-type impactors  (Andersen) backed up w i t h  

a f i l t e r  c h a i n  c o n s i s t i n g  of a m i l l i p o r e  f i l t e r  and c h a r c o a l  

c a r t r i d g e  were used on t h e  100-meter a r c  t o  o b t a i n  i s o t o p i c  p a r t i c l e -  

- - s i ze  measurements du r ing  t h e  f i n a l  release of the test series 
i _.' 

(F igs .  14 and 15). 

The percentage  of i od ine  i n  gaseous form w a s  measured by 

means of t h e  air-sampler f i l t e r  c h a i n s  employed on t h e  sampling 

network du r ing  t h e  open r e l e a s e s .  The m i l l i p o r e  f i l t e r ,  which is 

100% e f f e c t i v e  i n  c o l l e c t i n g  p a r t i c l e s  of 0 . l -mic ron  diameter ,  

backed by a ca rbon  c a r t r i d g e ,  which is 100% e f f e c t i v e  i n  c o l l e c t i n g  

gaseous iod ine ,  was used c n  t h e  i n n e r  arcs.  On t h e  o u t e r  arcs, 

p l e a t e d  f i l t e r s  having a c o l l e c t i o n  e f f i c i e n c y  o f  99.98% for par- 

t i c les  having a mean size of 0.3 microns were used w i t h  carbon 

c a n n i s t e r  backup f i l t e r s .  

' I  
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hum i d  i t y 

s t a t i o n .  

and Knol 

2 . 3 . 4  Re lease  P e r c e n t  Xeasurements 

Four  me thods  were a p p l i e d  t o  de te rmine  i s o t o p i c  release 

p e r c e n t s :  (1) c o n t a i n e d  r e l e a s e s , ( 2 )  f r a c t i o n a l  s ampl ing  of 

a tmosphe r i c  re leases .  (3) i n t e g r a t e d  h o r i z o n t a l  and v e r t i c a l  d i s -  

t r i b u t i o n s  o f  i so topic  a c t i v i t y  c o l l e c t e d  by cha rged  wires, and 

( 4 )  c rosswind  i n t e g r a l s  from low- and high-volume a i r  sample r s .  

The c o n t a i n e d  r e l e a s e s ,  i n  which 100% of t h e  e f f l u e n t  was 

co l l ec t ed  by a means o f  s p e c i a l l y  des igned  t o t a l  e f f l u e n t  collector 

( F i g s .  16 a n 3  1 7 j  and  q u a n t i t a t i v e l y  ana lyzed ,  p e r m i t t e d  d i r e c t  and 

p r e c i s e  meascrement of i s o t o p i c  r e l e a s e  p e r c e n t .  

Direct f r a c t i o n a l  sampl ing  of t h e  e f f l u e n t  from i n s i d e  t h e  

c ruc ib le  d u r i n g  t h e  a tmosphe r i c  r e l e a s e s  was accompl ished  by means 

.. of a s n i f f e r  t u b e  and f i l t e r  c h a i n  assembly (Appendix A ) .  

~. I!. 4 M e t e o r o l o g i c a l  Program 

2 . 4 . 1  I n s t r u m e n t a t i o n  

A l a y o u t  of t h e  m e t e o r o l o g i c a l  s t a t i o n s  is shown i n  F igu re  18. 

, . .  .: 
. ,  

F Q r t h e r  d e t a i l s  of t h e  mic rometeo ro log ica l  s y s t e m  a r e  p r e s e n t e d  i n  

T a b l e  1. Wind d i r e c t i o n ,  v e l o c i t y ,  and t e m p e r a t u r e  p r o f i l e s  were 

r e c o r d e d  a t  e a c h  of t h e  110-foot m e t e o r o l o g i c a l  towers ( F i g s .  19 

and 20). The 2 -k i lome te r - a rc  *in? d a t a  were t e l e m e t e r e d  t o  t h e  

Apex. I n s t r u m e n t a t i o n  fo r  measur ing  and r e c o r d i n g  s u r f a c e  p re s su re ,  

w i n d s  a l o f t ,  and hea t -budget  d a t a  was l o c a t e d  a t  t h e  Apex 

Upper w i n d  ( p i b a l )  s t a t i o n s  l o c a t e d  a t  Black Rock, Ca l l ao ,  

s he lped  t o  a s c e r t a i n  t h e  a i r - f low p a t t e r n  over t h e  g r i d  

38 
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and t o  p rov ide  informat ion  which would a s s i s t  i n  f o r e c a s t i n g  when 

a release could  be made. 

2.4.2 Opera t ions  

S p e c i a l  b r i e f i n g s  on gene ra l  weather cond i t ions  and 30-hour 

out look  forecasts were furn ished  by t h e  Dugway USAF Weather Detach- 

ment. Each a f t e rnoon  a g e n e r a l  f o r e c a s t  was provided f o r  t h e  

fo l lowing  day t o  determine whether a r e l e a s e  could be made. Each 

morning a d e t a i l e d  weather b r i e f i n g  a p p l i c a b l e  t o  t h e  t es t  s i t e  

was g iven  by t h e  A i r  Force Forecas t  Serv ice .  A f i n a l  f o r e c a s t  was 

fu rn i shed  a t  f o u r  o 'c lock  each day. If cond i t ions  appeared 

f a v o r a b l e  for a release, p i b a l  teams were d i r e c t e d  to  go t o  ass igned  

s t a t i o n s .  Communications between t h e  test network s t a t i o n s  and t h e  

Forecas t  C e n t e r  were maintained, by r a d i o  and telephone. , During.  a 

r e l e a s e ,  t h e  wind and temperature  ins t ruments  were c l o s e l y  monitored 

a t  network meteoro logica l  s t a t i o n s  t o  e s t i m a t e  t h e  c loud  t r a j e c t o r y  

over  t h e  tes t  s i te .  

cont inued  u n t i l  it was c e r t a i n  t h e  r a d i o a c t i v e  cloud had passed 

t h e  32-kilometer arc. A l l  measurements were recorded for  subsequent 

ana l y s i s .  

The p i b a l  obse rva t ions  and tower measurements 

45 

. . . . . . .  ..,- ~ ...... 

.... -~ .... I - ................... 
........... ...... .~ ... ...*...-.-. . -- .... ____- .. 



111. RESULTS AhD DISCUSSION 

3.1 F i s s i o n - P r o d u c t s  Source  - 
The s o u r c o s  for t h e  e l e v e n  r e l e a s e s  of t h e  FRT-I1 series were 

segments of m e t a l l i c - t y p e  n u c l e a r - a i r c r a f t  f u e l  e l emen t s .  Each 

sample  c .on ta ined  between 55 and 63 grams of U 235 and was i r r a d i a t e d  

i n  t h e  M a t e r i a l s  T e s t i n g  Reac to r  (AITR) a t  NRTS. Each sample was 

s u b j e c t e d  t o  a s low meltdown and h e l d  i n  t h e  mol ten  s t a t e  for  approxi -  

m a t e l y  10 minu tes .  A f o r c e d  a i r f l o w  was ma in ta ined  around t h e  

sample  t o  a s s u r e  t h e  e scape  of a l l  r e l e a s e d  f i s s i o n  p r o d u c t s .  These 

c o n d i t i o n s  were des igned  t o  s i m u l a t e  a reactor  core meltdown and 

p roduce  upper  l i m i t s  of release p e r c e n t s .  

The i r r a d i a t i o n  of t h e  f u e l - e l e m e n t  s amples  produced a n  

i n v e n t o r y  o f  i s o t o p e s  w h i c h ,  because  of t h e i r  h i g h  y i e l d  f r a c t i o n s ,  

long h a l f  l i v e s ,  e n e r g e t i c  decay ,  and s e l e c t i v e  body-organ up take ,  

131 c-137. 
a r e  b i o l o g i c a l l y  s i g n i f i c a n t .  These  i s o t o p e s  i n c l u d e  I , a 

140 141 144 , Te129m , Ba , C e  , and C e  . , SI-*’, Z r g 5 ,  Te  1.27111 

The p r e r e l e a s e  i n v e n t o r i e s  of f i s s i o n  p r o d u c t s  were computed 

Ru103, Sr 

by an  IBAI-704 program. Nuclear  y i e l d  f r a c t i o n s  and h a l f  l i v e s  were 

t a k e n  from t h e  l i t e r a tu re  and used  w i t h  t h e  i r r a d i a t i o n  h i s t o r y  t o  

o b t a i n  t h e  computed i n v e n t o r i e s  ( T a b l e  2 ) .  Aluminum-uranium w i r w  

exposed i n  each  sample d u r i n g  i r r a d i a t i o n  made i t  p o s s i b l e  t o  

c o r r e c t  for t h e  e f f e c t s  of f l u x  d e p r e s s i o n  and t o  o b t a i n  t h e  nec- 

e s s a r y  a v e r a g e  f l u x  v a l u e  for e a c h  r e l e a s e .  

_. 
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The computed i n v e n t o r i e s  were e x p e r i m e n t a l l y  checked  by 

a n a l y z i n g  t h e  p r e r e l e a s e  segments  of each  sample  f o r  2r95,  Cs 137 , 

and Ce144. There  was c o n s i d e r a b l e  s p r e a d  i n  t h e  ra t ios  ( T a b l e  3): 

of t h e  computed t o  measured i n v e n t o r i e s  (0.77 t o  2.151, t h e  a v e r a g e  

r a t i o  b e i n g  1.38.. . .  
3.2 Meltdown R e l e a s e  o f  F i s s i o n  P r o d u c t s  

The f u r n a c e  m e l t i n g  c o n d i t i o n s  (Tab le  4 )  f o r  t h e  r e l e a s e  of 

f i s s i o n  p r o d u c t s  were measured t o  i n v e s t i g a t e  t h e i r  e f f e c t s  on 

release p e r c e n t s  (Appendix B ) .  Although t h e  r e s u l t i n g  d a t a  p o i n t s  

were w i d e l y  s c a t t e r e d ,  t h e  t r e n d ,  i n  g e n e r a l ,  was t h a t  of i n c r e a s i n g  

p e r c e n t s  w i t h  f u r n a c e  t empera tu re ,  time h e l d  a t  melt (mol t en  s t a t e ) ,  

and t o t a l  e n e r g y  i n p u t .  

were most i n d i c a t i v e  of t h i s  t r e n d ,  

Of a l l  t h e  d a t a  c o r r e l a t e d ,  i o d i n e  d a t a  

The release sequence  of t h e  v a r i o u s  i s o t o p e s  was measured f o r  

R e l e a s e  1 and compared w i t h  t h e  measured FRT-I r e l e a s e  sequence .  

D u r i n g  FRT I, c e s i u m  became s a t u r a t e d  i n  abou t  13 m i n u t e s ,  a f t e r  

which n o  more was r e l e a s e d .  I n  FRT I1 ( F i g .  21), it was r e l e a s e d  

for a p p r o x i m a t e l y  20 minutes ,  a l t h o u g h  a b o u t  95% of t h a t  r e l e a s e d  

had been r e l e a s e d  w i t h i n  13 m i n u t e s  ( t h e  t i m e  h e l d  i n  mol t en  s t a t e ) .  

49 .. 
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TABLE 4 

FURNACE UELTING CONDITIONS 

T;I;~;o 
Tempera ture*  Reach I l e l t  

R e l e a s e  I ( a r b . u n i t s )  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

9 . 2  
9.0 
9.7 
8.95 
9 . 4  
9.7 
9 . 4 5  
9.0 
9.6 

10.0 
9 . 2  

15 
15 
15 
1 4 . 5  

15 
15  

I 

- -  
- -  - -  
2 1  - -  

Time Held 
a t  Melt 

( m i d  

13 
13 
16 
10.5 

17 .2  
16 .7  

- -  
- -  - -  
1 9 . 5  - -  

Energy I n p u t  
(kw-hr) 

15 .4  
14 .3  
16.6 
13.7 
16.0 
17.6 
17.3 
13.7 
17.2 
20 .2  
1 4 . 9  

*Melt t e m p e r a t u r e  - N 7 a r b i t r a r y  u n i t s  

The i o d i n e  behaved somewhat d i f f e r e n t l y .  I t  began coming of f  

a l m o s t  immedia te ly  a f t e r  t h e  f u r n a c e  power was a p p l i e d ;  by t h e  t i m e  

t h e  sample me l t ed ,  20% of t h e  t o t a l  i o d i n e  r e l e a s e d  had been  

g i v e n  off. E s s e n t i a l l y  a l l  i o d i n e  was r e l e a s e d  i n  a p p r o x i m a t e l y  

10 m i n u t e s ,  compared t o  5 minu tes  d u r i n g  FRT I. 

In a n a l y z i n g  t h e  FRT-I1 f i e l d  samples ,  a n o n f i s s i o n - p r o d u c t  

element was d e t e c t e d  and i d e n t i f i e d  as  a p r o d u c t  of Ni58(n,p)Co58 

a c t i v a t i o n  of N i 5 8 .  

q u a n t i t y  t o  merit c o n c e r n ;  i n  f a c t ,  on R e l e a s e  8 t h e  network Co 

a c t i v i t y  r o u g h l y  e q u a l l e d  t h e  Zrg5-NbgS a c t i v i t y  . 

The a c t i v i t y  was p r e s e n t  i n  s u f f i c i e n t  

58 
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3 . 2 . 1  - I s o t o p i c  Re lease  P e r c e n t s  

Four  methods were used i n  d e t e r m i n i n g  i s o t o p l c  r e l e a s e  

p e r c e n t s :  (1)  t o t a l  c o l l e c t i o n  of t h e  e f f l u e n t ,  (2) f r a c t i o n a l  

s ampl ing  o f  t h e  e f f l u e n t ,  (3) n o r m a l i z a t i o n  of n e t w o r k a r c .  

i n t e g r a l s ,  and ( 4 )  two-dimensional charged-wire i n t e g r a l s .  On 

t h r e e  r e l e a s e s ,  100% of t h e  f u r n a c e  e f f l u e n t  was c o n t a i n e d  and 

ana lyzed  t o  g i v e  t h e  most a c c u r a t e  r e l e a s e  p e r c e n t s .  Rolease-  

p e r c e n t  measurements o b t a i n e d  by t h e  v a r i o u s  methods are compared 

w i t h  FRT-I r e s u l t s  in Tab le  5'. 

E s t i m a t e s  o b t a i n e d  from charged-wire d a t a  a l l o w  f o r  d i f f e r e n c e s  

i n  i s o t o p i c  s o u r c e  h e i g h t s .  The  r e l e a s e  p e r c e n t s  based on charged-  

wire d a t u  from t h e  10- and 5G-meter a r c s  a r e  g iven  i n  T a b l e  6 ;  

___-- 
I s o t o p e  

Zr95-Nb95 

I Ru103 

I 1131 

TADLE ' 6  

AVERAGE ISOTOPIC RELEASE PERCENTS BASED ON CHARGED 
WIRE PRGFILES 

(norma1,ized t o  1131 * 24%) 

. -. .- -. 

lO-?deter Arc ( r ange )  50-h!eter Arc ( r a n g e )  

0.0009 (0.00005-0.0022) 0.0014 (0.0001-0.0022) 

24 (8-57) 

1.8 (0.15-3.7) 1 . 2  (0.26-3.4) 

24 

S i n c e  t h e s e  release p e r c e n t s  c o r r e c t  for t h e  d i f f e r e n c e  i n  

v e r t i c a l  d i f f u s i o n  of t h e  i s o t o p e s ,  one would e x p e c t  them t o  be 

more a c c u r a t e  t h a n  t h o s e  based on network a r c  p r o f i l e s .  However, 

54 
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low-volume a i r - sample r  d a t a  o b t a i n e d  un t h e  10-meter a r c  d u r i n g  

R e l e a s e  3 i n d i c a t e d  t h a t  t h e  re la t ive  i s o t o p i c  c o l l e c t i o n  e f f i -  

c i e n c y  of c h a r g e d  wires  f o r  t h e  v a r i o u s  i s o t o p e s  were: 1 for  I 131 , 

2 f o r  Ru lo3 , 3 f o r  Cs137, and 200 for Zrg5-Nbg5. 

p e r c e n t s  shown i n  Trible ' 6  were c a l c l i l a t e d  on t h e  a s sumpt ion  t h a t  

t h e s e  e f f i c i e n c i e s  h e l d  f o r  o t h e r  a r c s  and o t h e r  r e l e a s e s .  These 

d i f f e r e n c e s  i n  c o l l e c t i o n  e f f i c i e n c i e s  need t o  be i n v e s t i g a t e d  more 

tho rough ly .  T h e i r  i n v e s t i g a t i o n  may l e a d  t o  a b e t t e r  u n d e r s t a n d i n g  

of t h e  p h y s i c a l  form of t h e  r a d i o a c t i v e  e f f l u e n t .  

The r e l e a s e  

3.2.2 P a r t i c l e  S i z e  

E a r l y  reactor h a z a r d s  s t u d i e s  were l i m i t e d  i n  a c c u r a c y  because  

o f  lack o f  knowledge a b o u t  p a r t i c l e  sizes.  

assume t h a t  t h e  release e f f l u e n t  s e p a r a t e d  i n t o  a e r o s o l  (gas - l ike )  

and p a r t i c u l a t e  ( e f f e c t e d  by g r a v i t a t i o n a l  s e t t l i n g )  .components 

and  t o  p r e d i c t  t h e i r  a tmosphe r i c  d i s p e r s a l  by d i f f e r e n t  means. I t  

was concluded  t h a t  any  p a r t i c l e s  smaller t h a n  10 microns were gas- 

l i k e  and c o u l d  be c o n s i d e r e d  as  a s o u r c e  t e r m  in t h e  a e r o s o l  

a tmosphe r i c  d i f f u s i o n  e q u a t i o n .  

I t  was- n e c e s s a r y  to  

The f i e l d - t e s t  r e s u l t s  were expec ted  t o  i n d i c a t e  a more r e a l -  

i s t ic  mean and s ize  r a n g e .  I n  view o f  t h e  p r e v i o u s l y  p o s t u l a t e d  

p a r t i c l e  s ize  d i s t r i b u t i o n s  f o r  a r e a c t o r  meltdown, t h e  Andersen 

sample r  was c h o s e n  t o  de te rmine  t h e  s ize  d i s t r i b u t i o n  cif p a r t i c l e s  

w i t h  median d i a m e t e r s  o f  abou t  7 microns (Appendix C ) .  
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The r e s u l t s  from t h e  f i e l d  t es t s  o b v i a t e  t h e  need t o  c o n s i d e r  

t h e  p a r t i c u l a t e  component i n  h a z a r d s  s t u d i e s  i n v o l v i n g  t h e  r e a c t o r  

meltdown. About 85% of a l l  i o d i n e ,  cesium, and ru thenium p a r t i c l e s  

had a median d i a m e t e r  s m a l l e r  t h a n  1 micron. These f i n d i n g s  are 

i n  agreement  w i t h  t h e  r e s u l t s  of F i e l d  Release T e s t  I. 

By m u l t i p l y i n g  a r e a c t o r  i n v e n t o r y  by FRT-I1 r e l e a s e  p e r c e n t s ,  

a s o u r c e  term can be d e r i v e d  t h a t  may be used d i r e c t l y  i n  atmos- 

p h e r i c  d i f f u s i o n  e q u a t i o n s  f o r  c a l c u l a t i n g  t h e  d i s p e r s a l  of f i s s i o n  

p r o d u c t s  for t h e  meltdown c a s e .  

3 . 2 . 3  E f f e c t  of JP4 Smoke 

The p e r c e n t  of i o d i n e  c o l l e c t e d  i n  t h e  f i n a l  s t a g e  of t h e  

Andersen sample r  (4111 d i a m e t e r )  was reduced  from 85 t o  35% a s - a  

r e s u l t  of r e l e a s i n g  t h e  f u r n a c e  e f f l u e n t  i n t o  t h e  smoke from a 

j e t - f u e l  f i re .  T h i s  i n d i c a t e s .  t h a t  502 or more of t h e  r d e a m  

X131 tended  t o  col lect  on t h e  smoke p a r t i c l e s  p r e s e n t  I n  t h e  

a tmosphere  and c o n s e q u e n t l y  assumed t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  

of t h e  smoke. No s i g n i f i c a n t  change  was observed  i n  t h e  p e r c e n t  of 

o t h e r  i s o t o p e s  c o l l e c t e d .  

3.3 Atmospheric  D i f f u s i o n  

.. -. 

3.3.1 M e t e o r o l o g i c a l  C o n d i t i o n s  

I n  a s s e s s i n g  r e a c t o r  s a f e t y ,  p r e d i c t i o n s  m u s t  be  made of 

downwind a i r  c o n c e n t r a t i o n s ,  which depend on 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 i s t i n g  d u r i n g  t h e  a t m o s p h e r i c  d i s p e r s a l  t i m e .  There 

a r e  two b a s i c  c o n d i t i o n s :  l a p s e ,  normal ly  o c c u r r i n g  d u r i n g  t h e  

dayt ime;  and i n v e r s i o n ,  no rma l ly  a n o c t u r n a l  phenomenon. Of t h e s e  
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two, i n v e r s i o n  r e s u l t s  i n  t h e  l a r g e r  a i r  c o n c e n t r a t i o n  fo r  t h e  

g r e a t e s t  d i s t a n c e  from t h e  r e l e a s e  p o i n t  and consequen t ly  is of 
~ 

i more conce rn .  
! The FRT-I1 series c o n s i s t e d  of e i g h t  moderate- to-s t rong 

i n v e r s i o n  a t m o s p h e r i c  r e l e a s e s  in which 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  

(Tab le  7 ) -  and a i r  c o n c e n t r a t i o n s  (Appendix E) were measured o u t  t o  

20 miles. 

The r e l e a s e  times wero between t h e  h o u r s  o f  2336 and 0735. 

The a v e r a g e  wind d i r e c t i o n  measured a t  t h e  r e l e a s e  p o i n t  was w i t h i n  

20 degrees ."of :he c e n t e r l i n e .  Average wind ve loc i t i e s  v a r i e d  

between 2 . 4  and 4 . 4  meters p e r  second d u r i n g  t h e  e i g h t  r e l e a s e s .  

Tempera ture  g r a d i e n t s  between t h e  1- and 32-meter l e v e l s  v a r i e d  

from -1.1 t o  -6.4OC (Appendix D ) .  The " t y p i c a l ' *  i n v e r s i o n  pa rame te r s  

s u g g e s t e d  by Brookhaven N a t i o n a l  L a b o r a t o r i e s  (BNL) and used in 

h a z a r d s  e v a l u a t i o n s  are f o r  a temperature g r a d i e n t  of -1OC p e r  

100 meters and  a wind v e l o c i t y  of 3 meters per second ( R e f .  3 ) .  

3 . 3 . 2  Fission-Products'Release Height  

Charged-wire d a t a  from t h e  10- and 50-meter a r c s  e s t a b l i s h e d  

. I  t h e  e f f e c t i v e  r e l e a s e  h e i g h t s  of I 13' , C S ~ ~ ' ,  Ru103, and ' . . .  f . 

Zrg5-Nbg5 ( T a b l e  ' - '8 ' . :  and Figs. 22 and 23). 

i s o t o p i c  a c t i v i t i e s  a t  s e l e c t e d  charged  w i r e  l o c a t i o n s  are pre- 

se l i ted  i n  Appendix H. 

Arc p r o f i l e s  of 
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3.3.3 I s o t o p i c  A i r  C o n c e n t r a t i o n s  

The center l ine  maximum a i r  c o n c e n t r a t i o n s  re f lec t  t h e  release 

i s o t o p i c  s o u r c e  s t r e n g t h s  a s  well  a s  t h e  a c t u a l  a t m o s p h e r i c  

d i s p e r s a l  c o n d i t i o n s .  

have  been p l o t t e d  t o  show t h e i r  d e c r e a s e  w i t h  d i s t a n c e  ( F i g s .  24, 

25, and 26). 

These v a l u e s  f o r  I 131 , C S ' ~ ~ ,  and Ru 103 

C o n c e n t r a t i o n  s l o p e s  f o r  R e l e a s e s  5, 8, and 11 a r e  comparable  

i n  s t e e p n e s s  t o  t h e  s l o p e s  of l a p s e  release. This anomaly wag 

caused  by a f a s t e r  d e c r e a s e  i n  c o n c e n t r a t i o n  beyond f i v e  m i l e s  due  

t o  c l o u d  meandering. 

C e n t e r l i n e  maximum c o n c e n t r a t i o n s  were normal ized  t o  u n i t  

i s o t o p i c  i n v e n t o r i e s  and wind v e l o c i t i e s  t o  compare t h e  measured 

c o n c e n t r a t i o n s  w i t h  t h e  p r e d i c t e d  c o n c e n t r a t i o n s  ( F i g s .  27, 28, and 

2 9 ) .  The c o r r e s p o n d i n g  r e s u l t s  from FRT I a r e  added.  P r e d i c t i o n s  

were based  on t h e  a v e r a g e  e x p e r i m e n t a l  p a r a m e t e r s  o b t a i n e d  from 

f i t t i n g  t h e  S t a n f o r d  and P r o j e c t  P r a i r i e  Grass SO2 d i f f u s i o n  d a t a .  

The d e c r e a s e  i n  c o n c e n t r a t i o n  w i t h  d i s t a n c e  is a b o u t  as e x p e c t e d .  

The e f f e c t  o f  c l o u d  meandering beyond abou t  8000 meters is q u i t e  

a p p a r e n t .  The e x p e r i m e n t a l  p a r a m e t e r s  were e f f e c t i v e  i n  p r e d i c t i n g  

measured c o n c e n t r a t i o n s .  

S e p a r a t i n g  FRT-I and FRT-I1 d a t a  and n o r m a l i z i n g  i s o t o p i c  d a t a  

t o  the samo p r e d i c t 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  (Figs. 30 and 31) 

show t h a t  t h e  a v e r a g e  pa rame te r s  p r e d i c t e d  FRT-I c o n c e n t r a t i o n s  
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FIGURE 27. MAXIMUM CENTERLINE CONCENTRATIONS OF IODINE-1 31 
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w i t h i n  a b o u t  a f a c t o r  of 2 o u t  t o  800 meters. Dur ing  FRT 1 1 ,  t h e  

p r e a i c t i o n s  were w i t h i n  a f a c t o r  of abou t  10, p r o b a b l y  caused  by 

t h e  s t e e p e r  i n v e r s i o n s  of PRT-11. 

Combined FRT-I and FRT-I1 d a t a  (F ig .  32) i n d i c a t e  t h a t  t h e  

a v e r a g e  e x p e r i m e n t a l  pa rame te r s  a r e  g e n e r a l l y  good f o r  p r e d i c t i n g  

a v e r a g e  c o n c e n t r a t i o n s  o u t  t o  32,000 meters, w i t h  a t endency  to  

u n d e r e s t i m a t e  c o n c e n t r a t i o n s  between 1,000.. and 16,000. meters and 

a tendency  t o  overestimate c o n c e n t r a t i o n s  a t  32,000 meters. 

3.3.4 I s o t o p i c  D e p o s i t i o n  Velocit ies 

The mechanisms by means of which t h e  p a r t i c l e s  a r e  t r a n s f e r r e d  

from t h e  a i r  s t r e a m  to  t h e  s u r f a c e  may be q u i t e  complex, p r o b a b l y  

i n v o l v i n g  Brownizn motion,  impact ion ,  and e l e c t r o s t a t i c  forces, 

The term " d e p o s i t i o n  v e l o c i t y , "  a s  used h e r e ,  r e f e r s  t o  t h e  r a t i o  

of a r e a c o n c e n t r a t i o n  on t h e  c o l l e c t i n g  s u r f a c e  t o  t h e  t i m e  i n t e g r a l  

o f  a i r  c o n c e n t r a t i o n  over t h e  sampl ing  p e r i o d .  The u n i t s  used  a r e  

cur ies /cm2 and curie-seconds/cm , r e s p e c t i v e l y .  Thus, t h e  u n i t  of 

d e p o s i t i o n  v e l o c i t y  is cm/sec. 

3 

D e p o s i t i o n  velocit ies were measured, f o r  gummed p a p e r ,  r y e  

g r a s s ,  and soil d u r s n g  FRT I 1  (Appendix F ) .  The s a m p l i n g  a r c s  

had r a d i i  a b o u t  t h e  s o u r c e  p o i n t  o f  1 ,000 ,  2,000, 4 ,000 ,  8,000, 

1G,000, and 32,000 meters, a f a c t o r  of 10 sca le -up  from FRT I .  

All r e l e a s e s  were made a t  n i g h t  under  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 s t r o n g  t empera tu re  i n v e r s i o n s  and l i g h t  winds.  

For n l l  e i g h t  releases, gummed pape r  was p l a c e d  on t h e  1000-meter 
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a r c  a t  2-degree i n t e r v a l s  a t  ground l e v e l  a d j a c e n t  t o  a i r  s a m p l e r s  

l o c a t e d  f o u r  f e e t  above ground. For si 'x  o f  t h e s e  r e l e a s e s ,  gummed 

pape r  was a l s o  p l a c e d  f o u r  f e e t  above t h e  ground a d j a c e n t  t o  t h e  a i r  

s a m p l e r s .  On t h e  f i r s t  r e l e a s e ,  g round- leve l  gummed p a p e r s  w e r e  

a l s o  p l a c e d  on t h e  4,000-, 16,000-, and 32,000-meter a r c s ;  and on 

t h e  l a s t  two r e l e a s e s ,  i t  was p l a c e d  on t h e  4,000-meter arc. 

R y e  s e e d l i n g s  p l a n t e d  and grown i n d o o r s  i n  8-inch t r a y s  were 

exposed o n  t h e  1000- and 2000-meter a r c s  d u r i n g  t w o  o f  t h e  releases. 

N a t i v e  s o i l  s amples ,  a b o u t  1-foot s q u a r e ,  were t a k e n  a t  ground 

level  from t h e  1000- and 2000-meter-.arc sample r  s t a t i o n s  on  t h e  

f i n a l  r e l e a s e  o n l y .  

F i g u r e  33 shows h i s t o g r a m s  of d e p o s i t i o n  v e l o c i t y  d a t a  from 

a11 FRT-I1 open r e l e a s e s .  T h e  gummed-paper and iodine-on-grass  

r e s u l t s  a r e  q u i t e  good. However, t h e  ruthenium-on-grass  d a t a  a r e  

so s c a t t e r e d  t h a t  i t  is i m p o s s i b l e  t o  s p e c i f y  a mean ingfu l  ave rage .  

T h i s  is p r o b a b l y  a r e s u l t  o f  t h e  samples  b e i n g  weaker  i n  ru thenium 

t h a n  i n  i o d i n e  a c t i v i t y .  The  cesium-on-grass v a l u e s  a r e  more 

s c a t t e r e d  t h a n  one would wish,  b u t  a r e  n o t  u n r e a s o n a b l e  - e s p e c i a l l y  

c o n s i d e r i n g  t h e  d i f f i c u l t i e s  of working w i t h  t h e  r y e - s e e d l i n g  

g r a s s  and l o w - a c t i v i t y  levels. T a b l e  9 .  shows recommended depos i -  

t i o n  ve loc i t i e s  for  i o d i n e ,  cesium, and ru thenium,  e s t i m a t e d  from 

t h e  h i s t o g r a m s .  
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TABLE 9: 

RECOX3IEh'DED DEPOSITION VELOCITIES 
(crn/sec) 

I s o t o p e  S u r f  ace 

1131 Gummed pape r  
G r a s s  

' S o i l * *  

Value 

0.05 - 0.5 
0 . 5  

(See T a b l e  F-1) I 
I 

i I 
(See T a b l e s  F-1 and F-2,) 1 I 

T e  lnm-'Y Gummed pape r  ** 

cs137 

Ru103 

I I I I 

1 

0.15 I 
0 .20 I 

I 
0 .20  
0 . 2 0 4  I 

I Gummed pape r  ' 0.03- 0 . 4  ' 0.03- 0 . 4  
(See  T a b l e  F-1) 

Grass  
S o i l * *  

Gummed paper  0.03- 0 . 4  
G r a s s  0.03- 0.8 I I S o i l * *  (See T a b l e  F-1) 

* U n t i l  more d a t a  a r e  a v a i l a b l e  
* *  I n s u f f i c i e n t  d a t a  t o  s u p p o r t  a recommended v a l u e  

FRT-I1 d e p o s i t i o n  v e l o c i t i e s  f o r  t h e  1000-meter a rc  are l i s t e d  

i n  T a b l e  10 a l o n g  w i t h  a v e r a g e  t e m p e r a t u r e ,  wind v e l o c i t y ,  l a p s e  

r a t e ,  humidi ty ,  and p r e s s u r e .  R e s u l t s  i n d i c a t e  a n  i n c r e a s e  i n  

d e p o s i t i o n  v e l o c i t y  w i t h  wind v e l o c i t y .  However, n o t h i n g  c a n  be 

conc luded  w i t h  r e g a r d  t o  a dependence of d e p o s i t i o n  v e l o c i t y  on 

o t h e r  release c o n d i t i o n s .  The fac t  t h a t  n o  s i g n i f i c a n t  dependence 

upon l a p s e  r a t e  was observed  s u p p o r t s  t h e  r e s u l t s  from FRT I ,  which 

i n d i c a t e d  t h e  d e p o s i t i o n  v e l o c i t i e s  shou ld  be t h e  same for l a p s e  

and i n v e r s i o n  releases. 
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Gummed-paper d e p o s i t i o n  v e l o c i t i e s  measured d u r i n g  FRT I were, 

o n  t h e  a v e r a g e ,  h i g h e r  t h a n  t h o s e  measured d u r i n g  FRT I1 (see 

Tab le  11. S i n c e  gummed pape r  is much more e f f i c i e n t  f o r  r e l a t i v e  

h u m i d i t i e s  below 206, (Ref.  4 ) ,  t h i s  d i f f e r e n c e  w a s  t o  b e  expec ted .  

I t  may be concluded  from t h e  d a t a  shown i n  F i g u r e  34 and T a b l c  12. 

t h a t ,  for par t i c l e  s i z e s  n e a r  t h e  0.5 t o  1011 range ,  t h e  d e p o s i t i o n  

v e l o c i t i e s  measured on gummed p a p e r  d u r i n g  FRT I s h o u l d  be h i g h e r  

t h a n  t h o s e  measured d u r i n g  FRT 11. 

3.3.5 D i f f u s i o n  Pa rame te r s  

D i f f u s i o n  p a r a m e t c i s  have been f i t t e d  t o  numerous f i e l d  

r e l e a s e  tests by t h e  numer i ca l  method p r e s e n t e d  i n  R e f e r e n c e s  1 

and 5. The method i n v o l v e s  f i t t i n g  an  e q u a t i o n  of t h e  form 

where 

~ 

X ( X ,  Y,  2) is t h e  a c t i v i t y  a t  x,  y ,  z (cur ie -sec /meter3) ,  

Q is t h e  r e l e a s e  a c t i v i t y  ( c u r i e s ) ,  

U is t h e  wind v e l o c i t y  ( n e t e r / s e c ) ,  - 

to network a r c  p r o f i l e s  t o  o b t a i n  v a l u e s  f o r  the d i f f u s i o n  c o n s t a n t s  

Cy, C,, niy, and mz. 

A p l o t  of t h e  r e s u l t s  f o r  FRT-I1 and o t h e r  f i e l d  r e l e a s e  

expe r imen t s .  ( T a b l e  13) i n d i c a t e s  t h a t  t h e  a v e r a g e  d i f f u s i o n  

p a r a m e t e r s  change  w i t h  network l e n g t h  (F ig .  35). The most pro- ' .  ' , L .  

nounced change  is t he  i n c r e a s e  i n  t h e  power my and a n  a s s o c i a t e d  

d e c r e a s e  i n  t h e  d i f f u s i o n  c o e f f i c i e n t  Cy. 
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I I i I TAKEN FROM REFERENCE 4 

0 IO 20 30 40 50 60 70 
PERCENT R E U T I V E  HilMlOlTY 

FIGURE 34. EFFECT OF H U M I D I T Y  ON CAPTIJRE OF 
PARTICLES ON G U M M E D  PAPER 

79 

i 
! 
i 
! 
! 

.~ 

I 

i 

! 
I 
I 
i 

I 
! 

i 
I 

i 



oe 
N 

0 
t 
l- 
N 

4 

m 
4 

0 
4. 
0 
N 

0 

m 
0 

0 

- 

Y m 
0 

0 

8 
0 
+I  m 
(D 

0 
I_ 

m 
0 

0 
+I m 
m 
0 ___ 

m 

44 m 

4 

0 

* 
0 

80 

m 
-? 

0 

N 
m 
0 

+I 

N 
0 
+I m 
4 

4 
m 

+I m 
m 

0 

n - 
W 
0 

0 

0 
0 

3 

+I 

m 

+I 

4 

0 

0 
00 

0 - 
c) 
0 

0 
+I * 
W 
0 __ 

W 
b 

0 
+I 

W 
b '  

0 

a) m 
0 
+I 
l- 

0 

,4 

1 0  

-4 
+I m 
0 - 

I 
I 

N 
0 
+I 
4 

4 - 

I 
I 

4 
N 

0 
+I 
4 
4 

0 

h 
B 
0 
0 
0 
N m 
v -- 

-. . .  

,I - . _ ,  ' .  



PRAIRIE 
STANFORD GRASS 

I .4 

1.2 

I .o 

0.8 

0.6 
v) 

Ei 

2 

8 
z o  
2 200 800 < > 
2 1.2 
4 
I! 
CY 

I 
2 
Z 

5 0.4 

< 
0 0.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

FRT I FRT II 

3200 32000 . 

, 
200 800 3200  32000 

LENGTH OF N E W O R K  (molcri) 

FIGURE 35. DEPENDENCE CF DIFFUSION PARAMETFRS O N  DISTANCE 

81 



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

is i l l u s t r a t e d  in t h e  d a t a  c o l l e c t e d  (Appendix G ) .  F i g u r e  36 shows 

t h e  number o f  arc d e g r e e s  w i t h i n  10% of  t h e  c e n t e r l i n e  maximums 

t h a t  were measured d u r i n g  FRT I .  A f i t  t o  t h e  d a t a  p r e d i c t s  t h a t  

FRT I1 shou ld  cove r  abou t  5 d e g r e e s  a t  32 ,000  meters. Resu l t s ,  

however, i n d i c a t e d  t h a t  t h e  d i s t r i b u t i o n  cove red  15 to 20 d e g r e e s .  

T h i s . c h a n g e  was caused  by c loud  meandering, as may be seen by 

examining t h e  inc luded  a r c  p r o f i l e s  f o r  t h e  1,000‘ and 32,000-meter 

arcs. 

The shor t - r ange  d i f f u s i o n  p a r a m e t e r s  s h o u l d  be p r e f e r e n t i a l l y  

used  f o r  p r e d i c t i n g  d i f f u s i o n ,  w i t h  p o s s i b l y  an added term for  

c l o u d  meandering.. Such a chznge might  be a c h i e v e d  by r e p l a c i n g  

CyxmY i n  t h e  a tmosphe r i c  d i f f u s i o n  e q u a t i o n s  by (CyxmY + K xk)  

where Kyxh c o r r e c t s  for  c loud  meandering. 

3 . 4  E c o l o g i c a l  S o i l  Uptake 

Y 

Six-inch s o i l  samples  were t a k e n  from t h e  charged-wire  l o c a t i o n s  

t h r e e  months a f t e r  t h e  l a s t  release. The p l u g s  were c u t  i n t o  one- 

i n c h  segments  and ana lyzed  f o r  cesium, ru thenium,  and zirconium- 

niobium. R e s u l t s  i n d i c a t e d  t h a t  o v e r  90% of t h e  a c t i v i t y  remained 

in t h e  t o p  two Inches  o f  t h e  s o i l  (Appendix A ) .  
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1. 

2. 

3 .  

4 .  

5. 

I V .  SWlblARY AND CONCLUSIONS 

FRT I1 Simula t ed  a Reac to r  Core Meltdown 

The slow meltdown of t h e  m e t a l l i c - t y p e  A N P  f u e l  
element i n  a n  i n d u c t i o n  f u r n a c e  s i m u l a t e d  t h e  : 

c o n d i t i o n s  t o  be expec ted  i n  t h e  most p r o b a b l e  
t y p e  o f  r e a c t o r  a c c i d e n t  - t h e  r e a c t o r  core m e l t -  
down. R e s u l t s  from t h i s  ser ies  of r e l e a s e s  p r o v i d e  
p r o b a b l e  upFer  l i m i t s  o f  what may b e  expec ted  f rom 
s u c h  a reac tor  a c c i d e a t .  

The Yeasure5  I s o t Q o i s  Re lease  P e r c e c t s  h!&v be 
Regarded as Upper L i m i t s  

A f o r c e d  a i r  f low th rough  t h e  melt c r u c i b l e  d u r i n g  
each release r e s u l t e d  i n  i d e a l  c o n d i t i o n s  f o r  t h e  
escape of a l l  l i b e r a t e d  f i s s i o n  p r o d u c t s .  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  may be c o n s i d e r e d  
a s  uppe r  l i m i t s  o f  t he  amounts o f  t h e  v a r i o u s  
i s o t o p e s  t o  be r e l e a s e d  from a reactor  c o r e  meltdown. 

FRT-I1 Release P e r c e n t s  Were L.ower Than FRT I I n d i c a t e d  

The more s p e c i a l i z e d  measurements f o r  t h e  c o n t a i n e d  
r e l e a s e s  and  t h e  precise sampl ing  p r o c e d u r e s  ( see  the 
d i s c u s s i o n  o f  Tab le  A-g.1) gave release p e r c e n t s  t h a t  
were lower t h a n  t h o s e  de te rmined  d u r i n g  FRT I .  

I 
I 

The Re leased  E f f l c e n t  D i f f u s e 2  Downwig4 a t  Ground Level  I 
I 

An i so top ic  a n a l y s i s  of segments o f  10- and 50-meter 
downwind v e r t i c a l  cha rged  wires showed t h a t  t h e  maximum 
c o n c e n t r a t i o n s  remained w i t h i n  approx ima te ly  8 f e e t  
o f  t h e  ground.  

! .  
i The Meltdown Eff l r ren t  Was A l l  Aerosol 
I 

Andersen s a m p l e r  r e s u l t s  showed- t h a t  t h e  g rea t  m a j o r i t y  i 
of a l l  t h e  r e l e a s e d  e f f l u e n t  were smaller t h a n  10 microns 
i n  d i a m e t e r .  For p r e d i c t i n g  a tmosph3r i c  d i s p e r s a l ,  a l l  - 
t h e  e f f l u e n t  from t h e  core meltdown ( i n v o l v i n g  t h i s  t y p e  
of f u e l  e l e m e n t )  can be c o n s i d e r e d  a s  a n  aerosol.  I .  ,. 

85 



6 .  

7 .  

8 .  

9 .  

10. 

11. 

I o d i n e  S e l e c t i v e l y  C o l l e c t e d  on J P 1  Fire Sxcke 

As demons t r a t ed  by p a r t i c l e  s i z e  changes  d x i s g  c n e  
r e l e a s e ,  o v e r  50% of t h e  collecterl iotiz'6 Agglomerated 
w i t h  smoke p a r t i c u l a t e s .  No chav-p dctect.ed ior t h e  
o t h e r  i s o t o p e s .  

The i n v e r s i o n  pa rame te r s  o b t a i E e 3  from t h e  S t a n f o r d  
and P r o j e c t  P ra i r i e  G r a s s  r e l e a s e  .jzta p r e d i c t e d  
measured FRT-I and FRT-I1 i s o t c p i c  r , s . r , t e r l ine  c9n- 
c e n t r a t i o n s  w i t h i n  a n  a v e r a g e  factzr-cf-10 o a t  t o  t h e  
20-mile arc  of FRT 11. 

- I s o t o p i c  D e p o s i t i o n  Velccities a r c  Ni.* A v a i l s b l a  

The r e s u l t s  f r o n  FRT I1 have  s t a t i s t i c a l l y  improved t h e  
i s o t o p i c  d e p o s i t i o n  v e l o c i t i e s  t h i t  '&ere measured d u r i n g  
FRT- I and ,  i n  a d d i t i o n ,  p r c v i d e d  new v s l z e s  for  s o i l  
and g r a s s .  The valces ( i n c l u 3 e d  i n  tke t e x t )  r e p r e s e n t  
a v a l u a b l e  s o u r c e  o f  i s o t o p i c  d e p o s i t i o n  v e l o c i t i e s  for 
r e a c t o r  h a z a r d s  a n a l y s i s .  

D e p o s i t i o n  Velocities Xiy B e  In: ieper$ezt  of Lapze R a t e s  

T h i s  c o n c l u s i o n  s l ippor t s  t h r , t  p r e s e ~ t a ~ 3  i n  t h e  FRT-I 
r e p o r t ,  and o b v i a t e s  tIir need t.0 I:FE a d i f f e r e n t  
d e p o s i t i o n  v e l o c i t y  f o r  l a p s e  an3 i n v e r s i o n  r e l e a s e s .  
The d a t a ,  however, d e m o n s t r a t e  a t endency  f o r  depos i -  
t i o n  v e l o c i t i e s  t o  i n c r e a s e  w i t h  wind v e i o c i t i e s .  

F i t t e d  D i f f u s i o n  P a r a m e t e r s  Var i ed  w i t h  t h e  Length 
of Network 

The change  was tamed by i n c m a s e d  h c r l z o n t a l  d i f f u s i o n  
r e s u l t i n g  from clcc3 meandering.  X "rne?ndering" term 
s h o u l d  b e  inc lueed  i n  a n  a t m c s p h e r i c  d i f f u s i o n  eqaat ion 
( s h o r t  r e l e a s e  times) t o  accot.int fcr t h e  e f f e c t  of 
c l o u d  meandering, which becomes i m p o r t a z t  b5yon.3 5 miles .  

R a d i o a c t i v i t y  S tayed  I n  t h e  Top 'Two 1r . chss  o f  t h 4  S o i l  

S o i l  s amples  t a k e n  t h r e e  months a f t e r  t h e  l a s t  re lcase 
showed t h a t  ever 90% o f  t h e  d e p s s i t a d  r i d i c a c t i v i t y  
s t a y e d  w i t h i n  t h e  top two i n c h e s .  
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V. ANP SAFETY PREDICTIVE hIODEL RECO!SIIENDATIOXS 

A n a l y s i s  o f  t h e  r e s u l t s  and c o n c l u s i o n s  of t h e  FRT-I1 e x p e r i -  

ment h a s  l e d  to  a b e t t e r  unde r s t and ing  of t h e  s i g n i f i c a n t  param- 

eters a s s o c i a t e d  w i t h  ANP s a f e t y  p r e d i c t i o n s .  C e r t a i n  o f  t h e s e  

p a r a m e t e r s  have  been v e r i f i e d  w i t h  p r e v i o u s  expe r imen t s ,  a l t h o u g h  

o t h e r s  s t i l l  r e q u i r e  f u r t h e r  c o n s i d e r a t i o n .  I t  is t h e r e f o r e  

s u g g e s t e d  t h a t  t h e  ANP s a f e t y  p r e d i c t i v e  t e c h n i q u e s  (Ref .  2)  be 

mod i f i ed ,  where s t a t e d ,  i n  accordance  w i t h  t h e  f o l l o w i n g  recorn-: 

mendat ions:  

1. The i s o t o p i c  r e l e a s e  f r a c t i o n s  used i n  ANP p r e d i c t i o n s ,  
as modif ied  by FRT I, and v e r i f i e d  by t h e  FRT-I1 
measurenents ,  should  he used u n t i l  f u r t h e r  e x p e r i m e n t a l  
da ta  are  o b t a i n e d ,  e . g . ,  r e l e a s e  p e r c e n t a g e  dependence 
upon t empera tu re .  

2. S i n c e  t h e  FRT-11 and FRT-I expe r imen t s  have d e f i n i t e l y  
c h a r a c t e r i z e d  t h e  fission-productseffllient a s  a e r o s o l ,  
i .e . ,  less than  10 m i c r o n s ,  f u r t h e r  s t c d i e s  shou ld  
be unde r t aken  t o  de t e rmine  r h e  p a r t i c u l a t e  s i ze  spec t rum 
between t h e  0.1-micron and 1-micron r ange  because  of 
b i o l o g i c a l  s i g n i f i c a n c e .  

3. S i n c e  t h e  ave rage  i n v e r s i o n  p a r a m e t e r s  a s  deterrcined 
from t h e  a n a l y s i s  of S t a n f o r d  and P r o j e c t  P r a i r i e  
Grass d i f f u s i o n  d a t a  g e n e r a l l y  p r e 3 i c t  t h e  measured 
FRT-I1 i s o t o p i c  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 u t  t o  
20 m i l e s ,  t h e y  should  be used in fiit.;rre ANP s a f e t y  
p r e d i c t i o n s  u n t i l  o t h e r  d a t a  a r e  a v a i l a b l e .  Also, 
t h e  t r e n d  t o  unde res t ima te  c o n c e n t r a t i o n s  a t  d i s t a n c e s  
less t h a n  10 m i l e s  ar,d t o  o v e r e s t i m a t e  c o n c e n t r a t i o n s  
between 10 and 20 m i l e s  shou ld  be e v a l u a t e d  so tha t ,  
i f  p o s s i b l e ,  a se t  of d i f f u s i o n  p a r a m e t e r s  for  d i f f e r e n t  
d i s t a n c e s  from t h e  r e l e a s e  p o i n t  c a n  he  de t e rmined .  

d u r i n g  i n v e r s i o n  c o n d i t i o n s  - 1.5 cm/sec f o r  1131 
and 0 .2  cm/sec f o r  t h e  o t h e r  i s o t o p e s  - s h o u l d  be 

4 .  The FRT-I1 measured d e p o s i t i o n  v e l o c i t i e s  on grass 
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used  f o r  a l l  ANP p r e d i c t i o n s  u n t i l  f u r t h e r  d a t a  are 
o b t a i n e d  e i t h e r  under  s t r o n g  l a p s e  c o n d i t i o n s  o r  
v a r y i o g  wind v e l o c i t i e s .  FRT-I e x p e r i m e n t a l  d a t a  
i n d i c a t e d  no s i g n i f i c a n t  dependence o f  d e p o s i t i o n  
v e l o c i t i e s  on  l a p s e  rate. 

5.  S i n c e  p r e v i o u s  gummed-paper d e p o s i t i o n  v e l o c i t i e s  may 
n o t  be v a l i d  due t o  s t r o n g  dependence of c o l l e c t i o n  
e f f i c i e n c y  upon r e l a t i v e  humidi ty ,  p r e d i c t i o n s  based 
on t h e s e  v a l u e s  a r e  r e g a r d e d  as u n r e l i a b l e  a n d  f u r t h e r  
use is n o t  recommended. 

6 .  Because n e i t h e r  FRT I 1  nor  o t h e r  r e l a t e d  e x p e r i m e n t s  
have provided  d a t a  on t h e  v a l i d i t y  of t h e  cloud d e p l e t i o n  
term a s s o c i a t e d  w i t h  t h e  S u t t o n  D i f f u s i o n  Equat ion ,  i t  
is recommended t h a t  a n  expernment be d e s i g n e d  to  e v a l u a t e  
t h i s  phenomenan. 
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APPENDIX A 

SOUfiCE OF FISSION PRODUCTS 

A - 1 .  F i s s i o n - P r o d u c t s  I n v e n t o r i e s  

A - 1 . 1  C a l c u l a t e d  

S i n c e  t h e  fue l - e l emen t  i r r a d i a t i o n  h i s t o r i e s  were f a i r l y  

..rell. d e f i n e d  ( T a b l e  A-l) ,  t h e  f i s s i o n - p r o d u c t  i n v e n t o r i e s  

could  be  computed from measured f l u x  v a l u e s  and n u d l e a r  pa ra -  

meters g i v e n  i n  t h e  l i t e r a t u r e  ( T a b l e  A-2). The  f l u x  values, 

measured by expos ing  eleven aluminum-uranium wires i n  each sample 

d u r i n g  t h e  i r r a d i a t i o n ,  were i n t e g r a t e d  over ,  t h e n  d i v i d e d  by, 

t h e  sample volume t o  g i v e  t h e  average f l u x  shown i n  Tab le  A-3 .  

The power l eve l s  g i v e n  i n  Tab le  A - 1  were computed by u s i n g  a 

Maxwellian ave raged  f i s s i o n  cross s e c t i o n  of 487 b a r n s  and t h e  

mass of u 235 i n  each sample. 

A l l  i s o t o p e s  l i s t e d  in Tab le  A-2 t h a t  have an  accumulated 

i n v e n t o r y  g rea te r  than  1 m i c r o c u r i e  a t  t h e  t ime of  release 

(computed n e g l e c t i n g  n e u t r o n  a b s o r p t i o n )  a r e  p r e s e n t e d  i n  Tab le  

A-4. 

A-1.2 Measured 

The General E l e c t r i c  f a c i l i t y  a t  the  National Reactor 

T e s t i n g  S t a t i o n  (NRTS) measured t h e  i n v e n t o r i e s  of 

and C e  144 praesent i n  each  sample. 

p l e c e  of e a c h  sample was measured, s c a l e d  up by t h e  r e l a t ive  

2r95, 

The a c t i v i t y  i n  a small 
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7 
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l o  
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TABLE A-3 

AVERAGE THERMAL FLUX 

(n/crnZ-sec) 

Average Flux 

1.39 1 0 ~ 3  

1.47 1 0 ~ 3  

1.31 1 0 ~ 3  

1.34 1013 

1.54 1013 

1.47 1 0 ~ 3  

1.21 1 0 ~ 3  

1.54 1 0 ~ 3  

1 . 3 5  1 0 ~ 3  
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13 1.21 x 10 
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amounc of li 235 i n  t h e  s n a l l  p i e c e ,  and c o r r e c t e d  f o r  f l u x  

d e p r e s s i o n .  The f l u x - d e p r e s s i o n  f a c t o r  was o b t a i n e d  f rom t h e  

aluminum-uranium w i r e - a c t i v a t i o n  r e s u l t s .  T a b l e  A-5 g i v e s ,  

f o r  comparison,  b o t h  t h e  measured and  conputed i n v e n t o r i e s  of 
Cs137, ~t-95, and C e  144 . 
A-2 Furnace and Re la t ed  Equipment 

A-2.1 Furnace  

I n d u c t i o n - t y p e  f u r n a c e s  ( F i g .  A - 1 )  w i t h  r a d i a t i o n  ( l e a d )  

s h i e l d i n g  b u i l t  i n t o  t h e  f u r n a c e  w a l l s  ‘riere used  t o  m e l t  t h e  

A N P  m e t a l l i c - t y p e  f u e l  e l emen t s .  The l e a d  s h i e l d i n g  was of 

s u f f i c i e n t  t h i c k n e s s  t o  meet Bureau of E x p l o s i v e s  s t a n d a r d s ,  

t h u s  a l l o w i n g  t h e i r  u s e  a s  s h i p p i n g  c a s k s .  *del-element 

specimens were loaded  l n  t h e  f u r n a c e  c a s k s  zit NRTS and sh ipped  

by t r u c k  t o  t h e  t e s t  s i t e  a t  Duj5way Prov ing  Ground, Utah. 

A f t e r  t h e  f u e l  e l e m e n t s  were mel ted ,  t h e  f u r n a c e s  were s e a l e d  

s h u t ,  decon tamina ted ,  a n d  t r u c k e d  back t o  NRTS f o r  b u r i a l .  

A-2.2 Furnace Power Supply and Coo lan t  System 

A 60-kw, a i r - c o o l e d ,  m o t o r - g e n e r a t o r  s e t  was mounted i n  

t h e  f u r n a c e - c o n t r o l  t r a i l e r  300 f e e t  upwind from t h e  f u r n a c e .  

The a o t o r - g e n e r a t o r  s e t  was s e r v i c e d  by a 100-kw, 4 4 0 - v o l t ,  

3-phase,  60 -cyc le  e n g i n e - d r i v e n  g e n e r a t o r .  The m o t o r - g e n e r a t o r  

o u t p u t  (10-kc,  s i n g l e - p h a s e ,  440-vol t  maximum) was a d J u s t e d  by 

a c o n t i n u o u s l y  v a r i a b l e  f i e l d  supp ly  i n  t h e  c o n t r o l  c o n s o l e s .  
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The c o n t r o l  c o n s o l e ,  l o c a t e d  20 f e e t  f rom t h e  motor- 

g e n e r a t o r  set ,  Inc luded  (1) a push-but ton  remote c o n t r o l  f o r  t h e  

moto r -gene ra to r  s tarter;  ( 2 )  a c o n t i n u o u s l y  v a r i a b l e  g e n e r a t o r  

f i e l d  s u p p l y  w i t h  p a n e l  ammeter, ( 3 )  a ma in - l ine  c o n t a c t o r  f o r  

t h e  g e n e r a t o r - t o - f u r n a c e  t r a n s f o r m e r  and  c a p a c i t o r  bank; (4 )  p a n e l  

m e t e r s  f o r  g e n e r a t o r  v o l t a g e ,  amperage, a n d  power; (5) a ground 

d e t e c t o r  u n i t ,  ( 6 )  s w i t c h e s  f o r  t h e  two w a t e r - c o o l a n t  pumps; 

( 7 )  s a m p l i n g - f l a s k  c o n t r o l s ;  and (8) a 1 1 0 - v o l t  s e r v i c e  o u t l e t .  

The c a p a c l t o r  bank wi th  Jumpers provided  7.5- t o  303.5-kvar 

i n  7 .5-kvar  s t e p s  t o  t u n e  t h e  i n d u c t i o n  c o i l  t o  resonance .  A 

v a r i a b l e - r a t i o  t r a n s f o r m e r  provided  impedance-matching between 

t h e  i n d u c t i o n  c o i l  a n d  t h e  moto r -gene ra to r  set. 

. A water p r e s s u r e  of abou t  30 p s i g  was s u p p l i e d  by a w a t e r -  

c o o l a n t  sys t em f o r  t he  c a p a c i t o r  bank, t r a n s f o r m e r ,  and induc -  

t i o n  c o i l .  The warm w a t e r  was r e t u r n e d  t o  a 1 ,000-ga l lon  t a n k  

l o c a t e d  50 f e e t  f rom t h e  fu rnace .  

A-2.3 E f f l u e n t  Sampling 

Sampllng of t h e  e f f l u e n t  ( e x c l u d i n g  nob le  g a s e s )  d u r i n g  

t h e  open r e l e a s e s  was made a t  a p o i n t  3 i n c h e s  below t h e  

c r u c i b l e  r i m  by means of a s n i f f e r - t u b e  assembly (F ig .  A-1). 

The s n i f f e r  t u b e  was connec ted  t o  (1) a Gelman f i l t e r  h o l d e r  

c o n t a i n i n g  glass wool a n d  th ree  m i l l i p o r e - t y p e  A A  f i l t e r s ;  ( 2 )  a 

c h a r c o a l  f l l t e r ;  and ( 3 )  a v e s s e l  c o n t a i n i n g  water. A sys t em 

of v a l v e s  c o n t r o l l e d  t h e  f low rate  of t h e  w a t e r  from t h e  v e s s e l .  
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The amount of  d i s p l a c e 3  wake: d e t e x l n e d  t h e  volume of gas 

sampled. The flow r a t e  of  t h o  x a f e r ,  miasared a t  t h e  b z g l n n l n g  

and the  end of t h e  sampling c y c l e ,  v a r i e d  l e s s  t h a n  1% from 

changes  i n  t h e  head of t h e  water, T h e  velum of t h e  gas sample 

a n d  t h e  purge  ra te  of t h e  c m c i b l e  were reco rded  a t  l o c a l  baro-  

metric p r e s s u r e .  The f r a c t i c r .  of  che e f f l u s n t  sampled by t h e  

s n i f f e r - t u b e  assembly  was kncwn t o  w i % h l n  - + 2% - a figilre r e p r e -  

s e n t i n g  t h e  sum of  e r r o r s  i n  t h e  purge  r a t e  a n d  t h e  water-volume 

v o i d  ( T a b l e  A-6). 

Gas sampl ing  and c r u c i b l e  purge were s t a r t e d  a t  :ime z e r o  

(moment of a p p l i c a t i o n  of  power t o  t h e  f u r n a c e )  to e n s u r e  c o l l e c -  

t i o n  of  i o d i n e  which coi l ld  be  e v a l v e d  a t  a r e l a t i v e l y  low 

t e m p e r a t u r e  of  t h e  c h a r g e  (file1 e l e m e n t ) .  The vinirnum r a t e  of 

d i s c h a r g e  o f  a c t i v i t y  f rom t h e  c r u c i b l e  o c c u r r e d  a b o u t  13 

minu tes  a f t e r  t ine z e r o ,  a t  which time t h e  3zmrr.y f i J e l - e l emen t  

s tages .  wem obse rved  t o  s t a r t  r e l t l n g .  F s w e r  t o  t h e  f u r n a c e  was 

c u t t  o f f  a f t e r  a b o u t  31 mi tu tes .  

The time i n t e r v z l  from app: lca t ion  of power t o  s tar t  of  

m e t l i n g  o f  t h e  c h a r g e  was c o n s i d e r a b l y  l o n g e r  t h a n  t h a t  f o r  

FRT I. 

m u l l i t e  c r u c i b l e  t h a t  s e w e d  as  a t h e m a 1  b a r r i e r  a n d  p r o t e c t e d  

t h e  Charge from r e a c t i n g  w i t h  t h e  g r a p h l t e  c r u c i b l e .  The t h e r n a l  

b a r r i e r  r s s u l t e d  i n  a h lgh  t e m p e r a t u r e  of t h e  g r a p h i t e  c r u c i b l e  

and caused  t h e  P t ,  Pt-J?h the rmsccap le  in t h e  x a l l  of t h e  i j r a p h l t e  

T h i s  was because  of t h e  p re senc?  of  t h e  1/8- inch-wall ,  



W I? W r - v  a w u r  * r) N. 

0 0 0  3 0 0 0 0 0 0 0  
n 0 4  0. * 

I: 0 0  
4 4  

I? 
O ~ N  m 0 4 - h  m v n  10 7 * O N  

0 0 0  0 0 0 0 0  

0. 0 0 0 0 0 0 0  

W 
? ?  n 

A h O  
4 A N  

I 

LO 9 



c r u c i b l e  t o  m e l t  a t  a b o u t  t h e  time the t e m p e r a t u r e  was l e v e l i n g  

o f f  f o r  t h e  10-minute ,  c o n s t a n t - m e l t - t e m p e r a t u r e  p a r t  of  t h e  

h e a t  c y c l e .  

Eecause of broken thermocouple  c i r c u i  ts, t h e  t empera tu re  

c y c l e s  f o r  R e l e a s e s  5, 8, 9, a n d  11 were c o n t r o l l e d  by power 

programs t o  t h e  f u r n a c e .  J u s t l f i c a t i o n  f o r  t h i s  p rocedure  was 

based  on t h e  c l o s e  c o r r e l a t l o n  between measured t e m p e r a t u r e s  

and recorded  power i n p u t s  obse rved  d u r i n g  o t h e r  r e l e a s e s .  

D e t a i l e d  data  on t h e  furnace-power  program a r e  p r e s e n t e d  i n  

F i g u r e s  A-2 th rough A - 4  and in Tab le  A-7. 

A-2.4 T o t a l  E f f l u e n t  C o l l e c t i o n  

Total e f f l u e n t  c o l l e c t i o n  was accomp.llshed w i t h  a f i l t e p  

t y p e  c o l l e c t o r  mounted on t o p  of t h e  f u r n a c e  d u r i n g  t h e  m e l t  

( F i g .  A-5). 

past  a s e r i e s  of  c o o l i n g  c o i l s ,  s t a l n l e s s - s t e e l  wsol, m i l l i -  

po re  f i l t e r s ,  and s t a i n l e s s - s t e e l  b a l l s  c o a t e d  w i t h  sodlum- 

hydroxide .  Air was f o r c e d  i n t o  t h e  f u r n a c e  c r u c i b l e  t o  purge  

t h e  e f f l u e n t  th rough t h e  c o l l e c t o r .  On t h e  e x i t  t ube ,  a n  

i o d i n e  s c r u b b e r  was a t t a c h e d  t o  make c e r t a i n  t h a t  a l l  i o d i n e  

was c o l l e c t e d .  The  e s c a p i n g  gas was monl tored  f o r  beta-gamma 

a c t l v i t y  t o  a s s u r e  t h a t  t h e  o t h e r  i s o t o p e s  were c o l l e c t e d .  

The  e f f l u e n t  was d rawn  up t h r o u g h  t h e  c o l l e c t o r ,  
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APPE!;DIX B 

RELEASE PERCENTS 

During FRT 11, two methods were used t o  de termine  r e l e a s e  

p e r c e n t s  f o r  t h e  b i o l o g i c a l l y  hazardous i s o t o p e s  r e l e a s e d  from 

ANP-type metal l ic  f u e l  e l emen t s  u n d e r  slow-meitdown c o n d i t i o n s .  

One method i n v o l v e s  f r a c t i o n a l  sampling and t h e  other ,  netwcrk 

a r c  i n t e g r a l s .  Direct measurements of r e l e a s e  p e r c e n t s  were 

o b t a i n e d  by a n a l y z i n g  f r a c t i o n a l  samples of  t h e  r a d i o a c t i v e  

e f f l u e n t ;  estimates of  r e l e a s e  p e r c e n t s  were made o n  t h e  b a s i s  

o f  network a r c  i n t e g r a l s .  

D e t a i l s  of t h e s e  two methods, a long  w i t h  t a b u l a t e d  d a t a ,  

are g i v e n  i n  S e c t i o n s  B-1 and 5 2 .  

El. F r a c t i o n a l  Sampling 

Samples o b t a i n e d  by t o t a l  and p a r t i a l  sampl ing  of  t h e  e f f l u e n t  

were r a d i o c h e m i c a l l y  analyzed i n  the'  ho t - ce l l  f a c i l i t i e s  of P h i l l i p s  

Petroleum Company a t  NRTS. Tho methods used i n  t h e  d e t s r m i n a t i o n  

of t h e  v a r i o u s  e lement  can  be found i n  the  P h i l l i p s  Pe t ro leum 

Company Idaho Opere t ions  O f f i c e  r e p o r t s  l i s t e d  below: 

ID014315 "The Determina t ion  of Barium and Strontium.' '  

ID014315 "The Determina t ion  of C e r i u m . "  

ID014315 "The De te rmina t ion  of T o t a l  Rare  Ear ths ."  

ID014481 "The Heterogeneous I s o t o p i c  Exchange." 
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ID014316 " P e l l e t  F l u o r o p h o t o m e t r i c  D e t e r i n i n a t i o n  of 
Uranium w i t h  P r e l i m i n a r y  L i q u i d - L i q u i d  E x t r a c t i o n . "  
(U-Fluor-1, Mod. 3) 

ID014495 "Gamma S p e c t r a l  A n a l y s i s . "  

T a b l e  B-1 g i v e s  t h e  o r i g i n a l  r e s u l t s  t h a t  were s e n t  t o  C o n v a i r  

from P h i l l i p s  P e t r o l e u m  Company ( R e f .  6 1. A l l  a n a l y s e s  were made 

b e t w e e n  0800 and  1630 o n  t h e  d a t e s  i n d i c a t e d  a n d  a r e  r e p o r t e d  a s  

d i s i n t e g r a t i o n s  p e r  m i n u t e  (d/min)  f o r  e a c h  n u c l i d e  i n  t h e  t o t a l  

s a m p l e .  The  f o l l o w i n g  t e c h n i q u e s  were employed  in f i n d i n g  t h e  

d i s i n t e g r a t i o n  r a t e s :  

S t r o n t i u m  was  b e t a - c o u n t e d  and  t h e  d i s i n t e g r a t i o n  r a t e  
c a l c u l a t e d ;  a c o r r e c t i o n  w a s  made f o r  s e l f - a b s o r p t i o n .  

After  the b a r i u m  was s e p a r a t e d ,  i t  was a l l o w e d  t o  s t a n d  
u n t i l  t h e  l an thanum had  grown i n  and e q u i l i b r i u m  was 
r e a c h e d .  The  s a m p l e  was t h e n  s c a n n e d  on  a gamma spec- 
trometer, and  t h e  d i s i n t e g r a t i o n  r a t e  c a l c r i l a t e d  f rom 
t h e  1.6-Mev l an thanum gamma. 

T o t a l  r a r e  e a r t h  (TRE) s a m p l e s  were b e t a - c o u n t e d  two h o u r s  
a f t e r  t h e  t i m e  of f i n a l  s e p a r a t i o n .  The  e f f i c i e n c y  fac tor  
u s e d  t o  c o n v e r t  c o u n t s  t o  d i s i n t e g r a t i o n s  was t h a t  u s e d  for  
a 0.7-3Iev be ta .  S i n c e  many betas  c o u l d  b e  i n v o l v e d ,  o n e  
c o n s i d e r e d  t o  be of a v e r a g e  e n e r g y  was s e l e c t e d .  

Ce r ium and  i o d i n e  were s e p a r a t e d  a n 3  s c a n n s d  o n  a gamma 
s p e c t r o m e t e r .  T h e i r  a c t i v i t i e s  were c a l c x l a t e d  by  u s i n g  
t h e i r  r e s p e c t i v e  i n d e x  p h o t o p e a k s  f o r  area d e t e r m i n a t i o n s .  

The  f i s s i o n - p r o d w t s  i n v e n t o r i e s  c a l c u l a t e d  f rom t h e  f u e l -  

e l e m e n t  i r r a d i a t i o n  h i s t o r i e s ,  combined  w i t h  t h e  r e s u l t s  in 

T a b l e  n-1, g i v e  t h e  r e l e a s e  p e r c e n t s  p r e s e n t e d  i n  T a b l e  B-2.. 

The s t a n d a r d  d e v i a t i o n s  f o r  t h o  a v e r a g e  r e l c a s o  p e r c e n t s  i n d i c a t e  

t h e  w i d e  range of t h e  results, wh ich  a r e , n e v e r t h e l e s s ,  f e l t  t o  

1 2 0  
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be v a l i d .  For t h e  c a s e  of w e t - c h e n i s t r y  (chem.) and pulse-  

h e i g h t  a n a l y s i s  (PHA) r e s u l t s  a r e  i n  g e n e r a l  agreement - t h e  

average  d i f f e r e n c e  be ing  less t h a n  28%. 

Comments t aken  from t h e  FRT-.II l o g  book r e g a r d i n g  f u r n a c e  

o p e r a t i o n  anomal l ss  t h a t  may h n v e  a f f e c t e d  t h e  r e l e a s e  p e r c e n t s  

a r e  : 

* Release  11 ha3 a p r i o r  p a r t i a l  melt h i s t o r y  t h a t  may 
have catised t h e  l O W 6 r  relekse psrcent ,age of 1131. 

- Releases  5, 8 ,  9 ,  and 11 were tempera t .dre-cont ro l led  
by programming t h e  power i n p u t  t o  be s i m i l a r  t o  
p r e v i o u s  r e l e a s e s .  

- Release  10 was t aken  up t o  power and t h e  f c r n a c e  power 
a c c i d e n t a l l y  c u t  o f f  a t  to + 14 minutes .  The power 
was r e s t o r e d  a t  to + 15 m i n u t e s  and may have r e s u l t e d  
in a t empera tu re  e x c u r s i o n .  

. The c r u c i b l e  c racked  on Release  8 .  Abodt 1/4 c ~ p  of 
Pb s h i e l d i n g  r a n  o u t  of t h e  f r o n t  of t h 6  f w n a c e .  
Flames and s p a r k s  Issued from t h e  c r u c i b l e  t o  a h e i g h t  
of about  18 inches  above t h e  fu rnace .  

B-2. Network Arc I n t e g r a l s  

The a r c  i n t e g r a l  of the  t i tr ,e-integrated a i r  conc , en t r a t ion  of 

a c t i v i t y ,  g iven  i n  Table  9-3, is : . :  

where Ik is t h e  i s o t o p i c  fue l -e lement  i nven to ry  

Rk is t h e  i s o t o p i c  release p e r c e n t  

x is t h e  a tmospher ic  d e p l e t i o n  f a c t o r .  
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. 

To obtain  a r e l a t i v e  r e l e a s e  percent f o r  isotope i, assume 

i so tope  k 113s a given re l ease  percent R ;  t h e n  the r e l a t i v e  

release percent of i sotope  i is 

AiIkR 

* k r i  
R i  - 

are  Release percents normalized t o  a 24% r e l e a s e  of I 131 

presented i n  Table B - 4  f o r  Cs137, Ru103, Te127m, and Te 129m 
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APPENDIX C 

PARTICLE SIZE 

Two methods were used t o  obta in  information on p a r t i c l e  s i z e s  

of re leased  f i s s i o n  products.  One method u t i l l z e d  an Andersen 

sampler with a carbon-millipore backup: each of t h e  s i x  s t ages  of 

t h i s  cascade-type sampler h z s  a unique s i z e  range assoc ia ted  with 

it. The second method, appl icable  only t o  iod ine -pa r t i c l e  sizing, '  

determlned the  percent  of e f f l u e n t  t h a t  passed through a p r e f i l t e r  

and was co l lec ted  on a backup carbon car t r idge .  h t a  obtained b y '  

t hese  methods on t h e  th ree  i so topes  of major concern - 1131, Cs137, 
and Ru - a r e  discussed below. 

Iodine 131 

Every f i e l d  sampler contained a backup f i l t e r  t h a t  was'lOO$ 

e f f i c i e n t  i n  the  c o l l e c t i o n  of iodine. P r c f i l t e r s  of tvro types I 

were used: t he  m:llipore f i l t e r ,  hphich has a co l l ec t ion  e f f i c i ency  

of 99$ f o r  p a r t i c l e s  l a r g e r  than 0.05 microna; and the  p l ea t ed  

f i l t e r ,  which has a co l l ec t ion  e f f ic iency  of 99.98$ f o r  p a r t i c l e s  

l a r g e r  than 0.3 microns. 

Mil l ipore p r e f i l t e r s  were used on a l l  a r c s  during Re leases ' l  

and 2, and p lea ted  f i l t e r s  were used on t he  0.1-, 16-, and 32- 

kilometer a r c s  during Releases 3, 4, 5, 8, 10, and 11. The r e s u l t 8  

f o r  t h e  16- and 32-kilometer a r c s  (Table C-1) Indica te  t h a t  p lea ted  
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Location ' 

Charged Wire Locat ions 
and 100-Meter Arc 

100-Meter Arc 

1000-, 2000-, 3000- 
Meter Arcs 

8000-Meter Arc 

16000- and 32000- 

16000- and 32000- 

Meter Arcs 

Meter Arcs 

f i l t e r s  have a higher iod ine-col lec t ion  e f f i c i ency  than t h e  

mi l l i po re  f i l t e r s .  These f ind ings  do not  agree with t h e  manu- 

f a c t u r e r ' s  spec l f ied  c o l l e c t i o n  e f f i c i enc ie s .  but t h e  anonoly may 

be caused by the  higher flow ra te  through, of t h e  denser path 

of fe red  by, t he  p lea ted  f i l t e r s .  The average network f l o w  rates 

are given i n  Table C-2. 

TABLE C-2 

AVERAGE FLOW RATES OF SAMPLERS 

F ~ O W  Rate (m3,'sec) 

( 7 . O M . 6 ) ~ 1 0 - ~  [35] * 

(8 .gK, .g)x10-3~0]  

(6.8C-o.7)~lO-~[363_1 

(1.7M.2)x10-3 [16z 

( 5. g*o. 5 )x10- 3 c-1503 

(9.0.tl. 2 )x10-3[271] 

! ~~ 

I 

j 

i 

Sampler 

And e r  s en Samp 1 er  s 

P l e a t e d  F i l t e r  

Ml l l ipore  F i l t e r  

Mil l ipore F i l t e r  

Ml l l lpore  F i l t e r  

Pleated F i l t e r  

*Number of Determinations 

Andersen-sampler r e s u l t s  show t h a t ,  on t h e  average, about 84% 

of t h e  iodine col lected was smal le r  than t h e  1-micron median 

dlameter (Fig. C-1). The d a t a  obtained from Release 11, i n  which 

iod ine  was released i n t o  J P 4  j e t - f u e l  smoke, i n d i c a t e  t h a t  about 

5 6  more iodine was co l lec ted  i n  t h e  e a r l i e r  s t ages  of t h e  samplers, 

implying t h a t  some scavenging occurred (Table C-3). 
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FIGURE C-1. ANDERSEN SAMPLER DATA 
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Original  data on t h e  percent  of iodine a c t i v i t y  co l l ec t ed  on 

t h e  carbon c a r t r i d g e  a r e  given i n  Table C-4. 

Included t o  show how the  percentages changed from s t a t i o n  t o  

s t a t i o n  on a l l  re leases .  

These r e s u l t s  a r e  

Cesium 137 

About 85% of  t h e  cesium a c t i v i t y  was assoc lz ted  with p a r t i c l e s  

having a median diameter smaller  than  1 mlcron (Fig. C - 1 ) .  

scavenging due t o  t h e  J P 4  smoke is apparent (Table C-5) .  

No 

Rutheniurn 103 

About 86$ of t h e  ruthenium a c t i v i t y  was co l lec ted  on t h e  

backup f i l t e r  chain, implying t h a t  t h e  majority of t he  re leased  

ruthenium was assoc ia ted  with p a r t i c l e s  having median diameters 

smaller  than 1 micron (Table c-6). 
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Arc 
Degree 

TABLE C-4 

PERC'ENT IODINE-131 ON CARBON CARTRICCE 
AT EACH STATION 

Percent  1131 on Carbon C a r t r i d g e :  Release 1 

- 
100-m 
Arc - 

1 
2 
3 

4' 
5 
6 

9 
' 10 
11 
12 
13 
14 
15 
16. 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 I 

Average 

- 
1000-n 
Arc - 

i2.7 

i4 

i3.5 

6 . 5  

i1.6 - 

2000-rr 
Arc 

'15.2 
2 . 3  
$4.4 
51.3 
53.3 
50.9 
33.6 
50.1 
57.4 
57.6 

j2.5 

- 
4000-n 
Arc - 

57.7 

43.2 

133 

~ 

8000-n 
Arc 

72.3 
5 - 7  

57.1 
$3.5 
50.3 
54.6 
37.0 
27.0 
30.8 
59.1 

___ 
30.6 

_-- 
,6000-n 

Arc 

3-25 
7.05 

48.7 
67.8 

80.3 
50.8 
4'7.7 
54.2 
50.6 
90.7 
52.9 

31.7 
48.3 
53.4 
41.1 
46.0 
46.9 

51.7 
49.3 
48 .4  
68.5 
61.5 
57.8 

50- 3 

$2000-n 
Arc 

53.5 
53.7 
34.2 
58.4 
38.8 
42.2 
38.2 

44 .4  
41.4 
50.1 

31.5 
30.9 
36.4 
31.9 
32.1 
35.8 

40.8 

.,.. 



TABLE C-4 ( con t ld )  

Percent 1131 on Carbon Cartr idge:  Release 2 

1000-m 
Arc 

60.6 

Arc 
Degree 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4 0  
4 1  
42 
43 
1111 

2000-a 
Arc 

33.0 
50.8 
55.6 
51.7 
56.7 
57.9 

61.3 

52.4 

. .  
45 
46 
47 
4 8  
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

Average 

100-n 
Arc 

67.9 

63.2 

77.4 

61.0 

53.5 

55.1 

50.3 

56.7 

1000-r 
Arc 

16.8 
19.7 
j4 .0  
19.6 
17.8 
52.0 
57.0 
50.1 
57.3 
41.1 
58.0 
58.2 
55.2 

j2.8 

134 

8000-n 
Arc 

30.2 
48.0 
74.0 
58.8 
60.1 
54.7 
59.9 
61.4 
61 .1  
57.8 
63.2 

58.2 
55.6 

57- 1 

.6000- 
Arc 

52.3 
58.8 
58.7 
52.9 
61.0 
53.4 
49.1 
48.9 

48.4 
46.6 
45.8 

35.7 
53.6 
51.5 
41.5 

50.5 

32000-PI 
Arc 

30.1 

33.7 
29.3 
33.7 
40.9 
29.8 
33.9 
30.6 
32.9 
36.4 
35.3 
38.2 
38.5 
46.7 

29.8 
34.9 
25.9 
27.3 
27.2 
23.3 
29.4 
38.6 
24.4 

7.22 

31.6 



TABLE C-4 (cont'd) 

Perccn t  1131 on Czrbon Cartridge: Release 3 

Arc 
Degree 

100-r: 
Arc 

1 
3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
4 1  
43 
45 
47 
49 
51 
53 
55 
57 
59 
61  

__- .- 
Average 

1000-m 
Arc 

77.9 
72.7 
77.2 
75.2 
77.3 
77.7 
76.9 
77.3 
75.9 

74.6 

74.3 
76.8 
75.5 
75.0 
77.4 
77.1 
76.0 
86.3 
89.6 
72.0 
73.6 

I 61-5 
.. 

!000-n 
Arc 

......... 

9000-I 
Arc 
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Arc 
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TABLE C-4 ( con t ld )  

Percent 1131 on Carbon Cartr idge:  Release 4 

Arc 
Degree 

1 
3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
4 1  
43 
45 
47 
49 
51 
53 
55 
57 
59 
61 

Average 

100-1 
Arc - 

- 

- 

1000- 
Arc 

65.6 
62.3 

64.9 
55.6 
61.0 
72.8 
67.3 
60.8 
69.9 
60.6 

62.5 

66.0 
60.6 
61.4 
65.0 
69.7 
66.0 
61.7 

65.5 

67.4 

68.0 

54.5 

- 
2000-1 

Arc - 

- 

- 
000-1 
Arc - 
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16000-m 
Arc 

32000-m 
Arc 



Arc 
Degree 

11 
12 
13 
1 4  
15 
16 

1 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
4 2  
43 
4 4  
45 
46 
47 
4 8  
49 
50 

Average 

TASLS C-4 (contld) 

Percen t  1131 on Carbon Cartridge: Release 5 

1000-n 
Arc 

67.5 

52.0 

66.0 

73.2 

67.3 

67.3 

67.4 

54.1 

53.3 

59.2 

59.2 

61.5 

52.7 

44  I 8 

48.2 

42.8 

59.1 

59.2 
75.4 
63.3 .i_l I;*_ 

137 

8000-n 
Arc 

77.3 
75.1 
74.7 
70.6 
83.7 
90.9 
92.6 
86.3 
86.0 
69.4 

00.6 

16000-11 
Arc 

30.4 
25.9 
27.9 
23.3 

24.9 
36.3 

40.5 
26.6 
32.8 
28.5 

29.0 

29.6 

$2000-m 
Arc 

12.9 

44 .8  
13.8 
21.1 

30.8 
39.7 

22.5 
26.7 
18.3 
22.6 
19.5 
16.3 
20.7 
17.5 
22.0 

34.6 

23.3 

! 



TABLE C-4 ( c o n t l d )  

Pe rcen t  1131 on Carbon C a r t r i d g e :  Release 8 

A r c  
Degree 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 
16 
17 
18 
19 
20 

Average 

100-n 
A r c  - 

- 

1000-n 
Arc  

i8. 0 
90.0 
33.0 

32.0 

54.0 

77.4 

2000-r 
Arc  

15.6 
35.0 
31.0 
78.0 

31.0 
77.0 

j5.0 
35.0 

76.0 

75.0 

- 
75.8 

4000-n 
Arc  

62. o 
69.0 
76.0 
79.0 
78.0 
74.0 
69.0 

72.4 

138 

79.0 

79.0 
35.0 

34.0 

31.7 

16000-n 
A r c  

21.0 
14.0 
19.0 
42.0 
17.0 
15.0 
21.0 
20.0 
25.0 

18.0 

16.0 
12.0 
19.0 
18.0 

8.3 
19.0 

- _  . -  , 

32000-m 
Arc  

.. . 

24.4 

? !. 
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Arc 
Degree 

- 
1 

1000-m 200C-m z--/-L- 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

8000-m 
Arc 

'5.6 Average 

16000. 
Arc 

19.5 
16.6 

11.7 

17.4 

19.2 

18.1 

17.5 

4.95 
17.0 
21.9 

29.0 

17.5 

TABLE C-4 (cont'd) 

Percent 1131 on Carbon Cartr ldge:  Release 10 

I 
0.4 i 70.1 

100- 
Arc 

60.6 

10.0 

3.0 

9.5 

5.5 

7.3 
6.0 

9.0 
11.0 

6.6 
67.0 

36.5 

- 
15.5 __ 

65.6 
57.6 

72.6 

57.8 
30.1 

74.1 

72.6 
73.8 

'1.4 

0.3 

'0.0 

i6.5 

i7.1 

70.0 
70.2 
73.9 
67.7 

I 172.i 
73.3 
62.1 
77.0 
71.0 
69.0 
73.0 
66.7 
71.2 

73.0 
71.6 
74.3 
68.7 
75.0 
63.8 

58.3 

1000- 
Arc - 

'9.0 

3.6 
0.0 
4.7 

9.8 
3.3 
6.6 
9.2 
6.3 
6.3 
3.4 
2.7 
1.9 
7.4 
4.9 

30.4 

59.7 

37.4 

59.0 

'1.3 

72.3 
?4.6 

!O. 5 

32000- 
Arc 

16.5 

15.5 
15.0 
11.0 
7.0 

20.3 

14.2 

139 



TABLE C-4 ( c c n t ' d )  

Percent 1131 on Carbon Cartr idge:  Release 11 

Arc 
Degree 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

100-m 
Arc 

1000- 
Arc 

73.3 
80. o 

95.8 

76.5 

77.1 

31.9 

- 
30.7 

--- 
2000-n 
Arc 

- 
4000-r 
Arc 

'8.0 

'8.0 

1 4 0  

8000-1 
Arc 

.6000-r 
Arc 

23.6 

18.1 

17.2 

14.0 

14.0 

12.4 

35.0 

17.2 

32000-m 
Arc 

j 

1 
i 
I 

~ 

i 
i 

j 

i 

i 

I 
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APPENDIX D 

METEOROLOGICAL TEST PROGRAM 

The primary funct ion o f  the meteorological program was t h a t  

of support  t o  the F ie ld  Release Test  s e r i e s .  Micrometeorological 

measurements were made of wind  d i r e c t i o n  and ve loc i ty ,  and of 

temperature and humidity from 1 meter below t h e  su r face  t o  32 

meters above. These measurements were made and recorded a t  th ree  

towers t h a t  were located a t  the Apex and along the c e n t e r l i n e  of 

the t e s t  g r i d  on the 16-km and 32-km a rcs .  The d a t a  thus obtained 

were appl ied i n  a parametric evaluat ion of the f a c t o r s  a f f e c t i n g  

the d i s p e r s a l  and deposi t ion of the f i ss ion-products  e f f l u e n t .  Air 

Weather Serv ice  fo recas t s  were u t i l i z e d  i n  planning r e l ease  opera- 

t i ons  and schedules.  

D-1  Area of Meteorological I n t e r e s t  

The a r e a  of meteorological i n t e r e s t  covered approximately 

2500 square miles bounded on the west by the Utah-Nevada border, 

on t he  north by U. S. Highway 40, on the  e a s t  by the  Cedar Mountains, 

and on the  south by the  Vernon-Callao road (about s i x t y  mile:: south 

of U. S. Highway 40) .  The l a r g e s t  por t ion  of t h i s  region i s  i n  the 

Great S a l t  Lake Desert, an a rea  of sa l t  f l a t s  and s i l t y - c l a y  f la t s  

having sca rce ly  any vegetation. 

The t e s t  g r id  was located in t h e  h e a r t  of t he  s a l t - f l a t  a rea  

where t h e  dens i ty  of vegetation, mainly pickleweed, is  approxi- 

mately 100 p l an t s  per  square mile. Di rec t ly  under the s o i l  surface,  

. .  . ' . . ,  . ,  . 

. .. . .,_ _.,. . .~ ,..._ - . 
, I  .. .-  , ,.. . .,,,. .., , ' .  . , .. . . . ..,. ~ . . .. .. , -... 

. .  



- 

: 
2 
i 
1 

j 
1 

! 
1 
! 

! 

! 

i 

I 

I 

i : 

i 
i 
i 

I 

t h e  moi s tu re  g r a d i e n t  i n c r e a s e s  r a p i d l y  t o  a p o i n t  of s a t u r a t l o n  

a t  12 t o  18 i n c h e s .  Dur!.ng wet s e a s o n s ,  t r a v e l  is v e r y  d i f f i c u l t  

because t h e  impervious soil forms a s l i c k ,  s t i c k y  mud. Normally, 

t h e  a r e a  has  d r i e d  from t h e  w i n t e r ' s  p r e c i p i t a t i o n  by t h e  end of 

June, and a v e h i c l e  can  t r a v e l  a lmos t  anywhere wi th  l i t t l e  d i f f i -  

c u l t y .  However, d u r i n g  1959, a b n o r n a l l y  l a r g e  amounts of  r a i n f a l l  

occur red  i n  August and September, as shown i n  Figure D-1. 

The test  area e x e r t e d  a s i g n i f i c a n t  i n f l u e n c e  on t h e  c l ima-  

t o l o g i c a l  a s p e c t s  of t h e  program, The v a s t n e s s  of t h e  a r e a ,  t h e  

g e n e r a l  u n i f o r m i t y  of t h e  te r ra in ,  and t h e  c h a r a c t e r  o f t h e  soil 

helped  t o  d e f i n e  t h e  low- leve l  c i r c u l a t i o n  p a t t e r n s ,  t empera ture  

g r a d i e n t s ,  and the n e t  h e a t  t ransfer .  

The t e s t  area is i n f l u e n c e d  by two types  of  wind regimes: 

(1) t h e  synopcic  wind ,  a s s o c i a t e d  w i t h  mig ra to ry  p r e s s u r e  systems; 

and ( 2 )  t h e  l o c a l  wind, exper ienced  u n d e r  a s tagnant ,  o r  s t a t i o n a r y ,  

p r e s s u r e  system. The s y n o p t i c  wind i s  u s u a l l y  o f  moderate speed, 

and t h e  p r e v a i l i n g  d i r e c t i o n  i s  s o u t h e a s t e r l y  t o  s o u t h w e s t e r l y  

excep t  d u r i n g  a p e r i o d  of  a few hours  f o l l o w i n g  a f r o n t a l  passage  

when the w i n d s  become n o r t h e a s t e r l y  t o  n o r t h - n o r t h e a s t e r l y .  Under 

a weak pressure g r a d i e n t ,  w i th  winds l e s s  t han  10 mph, t h e  s y n o p t i c  

dayt ime wind  g e n e r a l l y  has  a c r o s s - i s o b a r i c  f low.  The l o c a l  wind 

i s  an  i n t e r b a s i n  c i r c u l a t i o n  s e t  up by  t h e  tempera ture  d i f f e r e n c e  

between t h e  S a l t  F l a t s  and t h e  S e v i e r  Bas in  (aSout  40 mi les  t o  t h e  

s o u t h ) .  Optimum a tmospher ic  c o n d i t i o n s  f o r  t h e  tes ts  are  a resu l t  

of t h e  s t a t i o n a r y  p r e s s u r e  system. 
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The S a l t  F l a t s  a re  h i g h l y  r e f l e c t l v e .  Gene ra l ly ,  t h e  area 

r e c e i v e s  a r e l a t i v e l y  h i g h  p e r c e n t a g e  of  i n s o l a t i o n  because  of t h e  

c h a r a c t e r i s t i c a l l y  c l e a r  a tmosphere;  consequen t ly ,  t h e r e  Is a h i g h  

n o c t u r n a l  r a d i a t i o n  from t h e  s o i l .  The s o i l - t o - a t m o s p h e r e  h e a t  

budget  shows a r a t h e r  w i d e  r ange  of  d i u r n a l  h e a t  f l u x .  The dayt ime 

l a p s e  normal ly  varies from 3 to 6OF p e r  1000 fee t ,  with a maximum 

of 8 t o  10°F on h o t t e r  days.  The n i g h t t i m e  i n v e r s l o n s  f r e q u e n t l y  

range between 3 and 6'F; however, a g r a d l e n t  as g r e a t  as 12'F h a s  

been observed.  The s t r o n g  t empera tu re  g r a d i e n t s  d u r i n g  I n v e r s i o n  

c o n d i t i o n s  o c c u r  between t h e  0.5- and 4.0-meter l e v e l s .  
! 

! 

The b a r r e n  h i l l s  are i d e a l  for dayt ime h e a t i n g ,  and t h e  

r e s u l t i n g  c o n v e c t i o n  and ups lope  w i n d s  are i n s t r u m e n t a l  i n  t h e  

fo rma t ion  of the l o c a l  a tmospher ic  c i r c u l a t i o n  between t h e  S a l t  

F l a t s  and t h e  S e v i e r  Bas in .  During t h e  n i g h t ,  t h e  o p p c s i t e  s i t u a -  

t i o n  e x i s t s ;  t h e  mountains c o o l  r a p i d l y  and t h e  a i r  se t t les .  Th i s  

c o n d i t i o n  I s  known a s  "d ra inage"  and is t h e  c a u s e  of  a n o t h e r  I n t e r -  

b a s i n  c i r c u l a t i o n  i n  which t h e  coo led  a i r  from t h e  S e v i e r  Bas in  under-  

r u n s  t h e  a i r  on t h e  Sa l t ;  F l a t s .  The FRT-I1 t e s t  s i t e  l i e s  in t h e  

p a t h  of one of the d r a i n a g e  c h a n n e l s  between t h e  two b a s i n s ,  and 

t h e r e f o r e  was s u b j e c t e d  t o  n o r t h w e a t e r l y  ups lope  w i n d s  d u r i n g  t h e  

dayt ime and s o u t h e a s t e r l y  d r a i n a g e  winds d u r i n g  t h e  n i g h t .  

! 

Under n e u t r a l  s y n o p t l c  winds,  t h e  d r a i n a g e  Is u s u a l l y  well 

e s t a b l i s h e d  by one  o r  two hour s  a f te r  sundown a n d  c o n t i n u e s  u n t i l  

h e a t i n g  t a k e s  o v e r  t h e  following marning. Under I d e a l  r a d i a t i v e  

c o n d i t i o n s ,  d r a i n a g e  winds w i l l  a t t a i n  speeds  of  6 to  8 mph; 



however, a s y n o p t l c  n o r t h  wind of abou t  15 nph w i l l  comple t e ly  o v e r -  

r i d e  t h e  drainage i n f l u e n c e .  It i s  noteworthy t h a t  d u r i n g  t h e  3- 

month t e s t  p e r i o d  c o n d i t i o n s  a p p r o p r i a t e  fo r  t e s t i n g  occur red  o n l y  

t e n  t imes .  The l i m i t a t i o n s  on t e s t i n g  r e s u l t e d ,  i n  p a r t ,  from t h e  

d e s i r a b i l i t y  t o  have  a 2-hour p e r s i s t e n c e  of  on -g r id  winds as a 

minimum requ i r emen t  for a release.  Other  l i m i t a t i o n s  involved  

l a p s e - r a t e  r e q u i r e m e n t s ,  w ind-ve loc i ty  r equ i r emen t s ,  and network 

a c c e s s l b i l i  t y .  

D -2 R e l e a s e  C o n d i t i o n s  

D - 2 . 1  Wind and Thermal C o n d i t i o n s  

Data on wind and thermal  c o n d i t i o n s  f o r  t h e  11 r e l e a s e s  a r e  

summarized I n  T a b l e s  D - 1  th rough D-4. The change i n  t empera tu re  

from 0 o r  1 t o  16 or 32 me te r s  is noted  01 t h e  t a b l e s ,  a "minus" temp- 

e r a t u r e  i n d i c a t i n g  c o o l e r  a i r  near t h e  ground. A l l  a tmospher ic  

r e l e a s e s  were made under  i n v e r s i o n  c o n d i t i o n s .  R e l e a s e s  6, 7, and 

9 were c o n t a i n e d .  

D - 2 . 2  Temperature  Measurements 

B a s i c  t e m p e r a t u r e - p r o f i l e  d a t a  f o r  each  release, a l o n g  with 

o t h e r  p e r t i n e n t  d a t a ,  are t a b u l a t e d  i n  Tab lec -5 .The  thermal -  

g r a d i e n t  p r o f i l e s  are p l o t t e d  i n  Figr l res  D-2,  D-3, a n d  D-4  f o r  

Re leases  1, 2, 3 ,  4, 5, 8, 10 and 11. The p r o f i l e s  f o r  Re leases  1 

and 2 a r e  based  on d a t a  o b t a i n e d  from the Apex tower; t h e  p r o f l l e s  

for R e l e a s e s  3 and 4 are based on da ta  from b o t h  the  Apex and t h e  

1 6 - k i l o m e t e r  towers;  a n d  t h e  p r o f i l e s  for Releases  5, 8, 10, and 11, 

on d a t a  from a l l  t h r e e  towers .  I n  a l l  c a s e s ,  e x c e p t  Re leases  1 and 

2, s u r f a c e  and ground te rnpera turcs  a r e  inc luded  i n  t h e  thermal- 

g r a d i e n t  p r o f i l e s  for purposes  of co::.,:arison. 

1.17 
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TA..BLE D-4 

W I N D  DIFECTIONS hT 2-Xi4 STATION 
2-Meter Level  - Per iod :  t2 t o  t2 + 60 I4in 

Date 
1959 

5 Aug 

10 Aug 

8 S e p t  

1 2  S e p t  

18 S e p t  

24 S e p t  

24 S e p t  

30 S e p t  

g Oct 

24 Oct 

2 5  Oct 

Release 
Number 

1 

2 

3 
4 

5 
6 

7 

8 

9 
10 

11 

Tlme (MST) 
t0  

0000 

2336 
0241 

o;k3  

0219 

1300 

1758 

0207 

1330 

0735 
0435 

0255 

0201 

0229 

120 149 170 

133 169 225 
148 163 185 

Contained Release 

Contained Release 

0219 1 124 1 145 
Contained Release 

i 
t2 = e ta  of leading edge of cloud a t  2-km arc.  

155 

163 
1 67 



TABLE E-5 

TEMPERATIRE PXOFILZ DATA 

5 kug 

1.5m) 

in. Hg 

Direct ion (<e%), Velocity (m/sec) 
Mln Mean Max Min Mean Max 
145 154 166 2.6 5.0 7.4 

Clear  Sk ie s  

to ( r e l e a s e  time) - 0000, 

Temperature - 75'F 

A e l .  Humidity - 47% 

Bar. Pressure - 25.52 

Wind - 

t0 
Height 

32m 24.8OC 

16 24.8 

8 24.4 

4 23-9 

2 23.6 

1 23.4 

23.4 

23.8 

22.6 

23.6 

23.1 

22.8 

I 

I 

to ( r e l e a s e  time) - 2336, 10 Aug Helght 

Temperature - 78OF ( 1 . 5 m )  32m 

Rel. Humidity - 37% 16 

Bar. Pressure - 25.46 In. Hg 8 

- Wind 1; 
Dlrec t ion  (deg) Velocity (m/sec)- 2 

1 Min Mean Max Nln Mean Max 
172 183 198 1.8 4.2 5.7 
Clear Skies  

+ 
16- and 32-kn thermal instrumentation nonoperatlonal 

t 0  

30. O°C 

28.1 

26.2 

25.8 
25.1 

25.1 

152 

t0+15 

28.1 

26.3 

-- 
29.3 

25.9 
25.0 

24.8 

t0+30 

31.1 

28.4 

26.6 

26.1 
25-5  

25-4 



TAB52 D - 5  (Cont ld)  

TSVEFSiTJRE PROFILS DATA 

Height 

1 6 m  

8 
4 

2 

1 

0.5 

Release 3: Apex Tower 

t i 6  t16+15 - 
22.7OC 23.2 23.2 

21.7 21.4 21.1 

21.2 21.9 20.4 
c 

20.5 20.4 20.0 

20.4 20.0 19-7 

13.3 19.4 19.2 

to ( r e l e a s e  t ime)  - 0241, 8 s e p t  

Temperature - 68OP (l.5m) 

Rel. Humidity - 31% 

Bar. Pressure - 25.37 i n .  Hg 

Wlnd 

Direct ion (deg)  Velocity (m/sec) 
M l n  Mean Max Min Mean Max 
107 173 218 1.2 3.2 6.2 

Sca t te red  high clouds 

- 

Height 

32m 

16 

8 

c 
2 

1 

0 

-1 

- 0 
t 

21.6Oc 

21 *7 

21.1 

21.2 

20.6 

20.2 

17.8 

22.3 

- -1-15 
'0 

21.7 

21.4 

20.6 

20.7 

20.0 

20.1 

17.2 

22.3 

~ 

to+30 

22.8 

21.7 

21.0 

20.8 

20.3 

20.1 

17.7 

22.3 

Release 3: 16-h Tower I 
t16(eta) - 0404, 8 Sept 

Temperature - 68.6OF 

Wlnd 
Direction (deg)  Veloci ty  (m/sec) 
Mln Mean Max Min Mean Nax 

153 i65 182 1.8 4.6 7.3 

- 

Scat te red  high clouds 

153 



TABLE D - 5  ( C o n t ' d )  

TEM?ERATVRE: ?F?OFIE DATA 

Release  4: 

to ( r e l e a s e  t l m e )  - 0143, 12 S e p t  

Temperature - 6goP 

Rel.  Humidity - 6ok 
Ear. P r e s s u r e  - - 25.70 in Hg 

Wind - 
D i r e c t i o n  (deg) V e l o c i t y  (m/secl  

Mln Mean Max Min Mean Pax 
116 170 225 0.5 2.4 7.1 

pex To 

He 1 ~h t 

32m 

16 

8 

4 

2 

1 

0 

-1 

23.6 '~ 23.8 

23.9 2 3 ~ 6  

23.1 22.8 

22.2 22.2 

21 -2  20.8 

21.0 20.5 

l g , l  18.6 

22.3 22.4 

~~ 

t0+30 

23.9 

23.1 

22.7 

22.6 

22.8 

20.6 

18.8 

22.6 

Release 4: 16-km Tower 

t16 ( e t a )  

Temperature - 66.5OF 

- 0337, 12 s e p t  

Wind 

D i r e c t i o n  ( d e g )  V e l o c i t y  (m/sec) 
Mln Mean Max Min Mean Max 
97 185 260 0.2 1.8 3.4 

- 
1 6 m  20.7OC 

8 19.8 

4 19.8 

2 19.3 

1 19.6 

0.25 

-1 225.9 

154 

19.9 19.2 

19.4 19.0 

19.0 18.6 

18.9 18.1 

18.9 18.1 

22.8 22.7 



TABLE D - 5  (Cont'd) 

TEMi'ERATURE PROFILE DATA 

( e t a )  - 0431, 18 Sept t32 
Temperature - 56'F 

Wind 

Dlrectlon (deg)  Velocity (m/sec) 
- 

Mln Mean Max Min Mean Max 
122 139 161 1.5 2.7 4.2 

Data questionable due t o  improper 
range s e t t i n g  on recorder. 

Height 

-1 

32 
t 

14 .To( 

14.4 

13.9 

13 -7 

13.7 

13.2 

22.2 

;32+30 

15.7 

15.4 

15.1 

15.0 

14.8 

14.3 

22.2 

16.3 

16.2 

15.5 

15.4 

15.2 

15.0 

22.4 

Release 8: Apex Tower 

to ( re lease  time) - 0207, 30 S e p t  

Temperature - 41°F 

R e l .  Humidi ty  - 62s 

Bar. Pressure - 25.42 i n .  H g  

Wind 
Direction ( d e g )  Velocity (m/sec) 
M l n  Mean Max Min Mean Kax 
139 149 155 1.7 2.0 2.7 

- 

Clear Sk le s  

iIe I gh t 

32m 

16 

8 

4 

2 

1 

0 

-1 

155 

-- 
7 e O@C 

7.0 

6.6 

6.k 

6.1 

6.1 

5.5 

20.7 

7.1 

6.9 
6 . 3  

5.8 
5.8 

5.7 

5 .5  
!0.7 

t0+30 

6.8 

7-1  

6.9 
6.4 

6.1 

6.1 

5.5 

20.7 



TABLZ D - 5  ( C 6 n t ' d )  

T3~PERATlJRZ PROFILE DATA 

Release 8: 16-km Tower 

t16 ( e t a )  - 0346, 30 Sept Height  t16 t1&15 t16+30 

Temperature - 42 F 16m 5.8OC 5.4 5.1 0 

Wind 8 5.6 4.9 5.1 

Direction (deg) \'elocity (m/sec). 4 5.2 4.8 4.7 
- 

2 4.9 4.6 4.6 
1 4.8 4.6 4.5 

-.03 9.6 9.5 9.5 

Min Mean Max Mln Mean Max 
095 107 151 0.3 1.3 2.2 

-25 4.7 4.5 4 -2 

- 1  21.0 21.0 21.0 

A 

1 

Release 32-km Torer 

t32 (e ta )  - 0634, 30 Sept  H e i g h t  t32 t32+30 t32+60 t32+9C 

Temperature - 40°F 32m 6 . 1 0 ~  9.0 8.5 8.7 

a 5-2 7.4 8.2 8.0 

010 045 090 0.7 1.7 3.6 4 4.8 7.0 7.8 7.9 

2 4.5 7.0 7.9 7.8 
1 4.4 6.8 7.4 7.7 

- 50 3.8 7.4 7.3 7.3 
-.03 N.O. N.O. 9.4 9.5 

-.12 15.0 14.8 

- Wind 16 5-6 7.8 8.5 8.4 
Direction (deg) Velocity (m/sec) 
Mln Mean Max Min Mean Max 

- 1  21.0 21.0 - - 
156 



TASLE D-5 (Cont 'd) 

TEM?ERATURE PAGFI IE  DATA 

Releas' 

to ( r e l ease  t ime)  - 0219, 18 Sept 

Temperature - 57OF 

Rel. Humidity - 61s 

Bar. Pressure - 25.49 i n .  Hg 

Wind - 
D i r e c t i o n  (deg)  Velocity (m/sec) 
Min Mean Max Min Mean Fax 
150 166 184 2.9 3.6 4.5 

P a r t l y  Cloudy 

3:  Apex Tower 

Height 

32m 

-- 

16 

8 

4 

2 

1 

0 

-1 

t0 

:5.6'( 

15.4 

14.7 

14.3 

14.2 

14.2 

13"l 

22.2 

Release 5: 16-km Tower 

t16 ( e t a )  

Temperature - 55'F 

- 0319, 18 Sep t  

Wind - 
Direct ion ( d e g )  Velocity (m/sec) 

Mln Nean Max Min Mean Max 
152 167 lgl 2.8 3.7 5.6 

1-16 
22.1oc 

13.5 

12.9 

12.9 

12.4 

12.4 

32.3 

11.4 

22.3 

to+15 

15.1 

15.2 

14.8 

14.8 

14.4 

13.9 

13.0 

22.2 

Height 

32m 
-- 

16 

8 

4 

2 

1 

a 2 5  

-.03 

- 1  

tof30 

14.8 

14.9 

14.7 

14.2 

13.7 
13.6 

12.8 

22.2 

c 

157 

tii;+l5 
22.2 

13.6 

12.8 

13.1 

12.6 

12.4 

11.4 

12.5 

22.3 

22.4 

14.2 

13.7 

13.5 

1 3 - 3  

13.2 

12-9 

11.8 

22.3 

i 

.. 

i 

I 
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TABLE D - 5  ( C o n t ' d )  

T3IPERATURE PZOFILE DATA 

Release 10: Apex 
~ - ~ 

t ( re lease  time) - 0735, 24 Oct 

Temperature - 47OF 
0 

Rel. Humidi ty  - 7& 
Ear .  Pressure - 25.80 i n .  Hg 

Wind 
_I_ 

D i r e c t i o n  (deg )  Velocity (m/sec) 

Mln Mean Max Min Mean Max 
134 155 176 0.9 1.9 2.8 

Clear Skles 

Height 

32m 

16 

8 

4 

2 

1 

0 

-.03 
- 1  

t0 

9.8OC 

9.4 

8.7 

8.5 
8.4 

8.3 

6.5 

7.8 
16.1 

to+15 

10.4 

10.3 

9.3 

9.2 

9.4 

8.9 

7 -2 

7.8 
16.1 

t,+3c 

9.4 

9.8 

8.9 

8.6 

8.6 

8.3 

6.7 

7.7 
16.1 

Release 10: 1 6 - h  Tower 

t16 ( e t a )  

Temperature - 53OF 

- 0918, 24 Oct. 

Wind - 
D i r e c t i o n  ( d e g )  Veloci ty  (m/sec) 

Min Mean Max Min Mean Max 
139 163 220 1.2 2.5 3.7 

2 

1 

.5 
a25 

-.03 

-.06 

- 1  

... 

158 

t16 
1 1 . 4 O C  

11.6 

11.8 

13.1 

11.9 
11.9 

12.1 

12.0 

11.6 

12.8 

16.1 

:Id15 - 
12.2 

12.0 

12.6 

13.6 

12.6 
12 .g 

13.0 
12.8 

11.6 

12.7 

16.1 

-- 

14.4 

14.4 

14.5 

15.3 
14.5 
15.0 

14.8 
14.7 

12.3 

12.9 

16.1 

1 gC6O - 
15.7 
15.8 

16.0 

15.3 
15.8 
15.8 

16.0 
16.3 

12.7 

12.9 

16.2 



t 
i 
i 

TABLE D - 5  ( C m t ' d )  

T%l-!?EMTUfE PROFILZ DATA 

to + 30 

16.7 
15.0 
11.9 
10.7 
9.5 
9.4 
9.0 
7.8 

10.0 

16.7 

- 

Release 10: 32-rOn Tower 

Helght 

32n 
16 
8 
4 
2 
1 

.50 
0 

-.03 
- 1 

to ( re lease  time) - 0435, 25 Oct 

Temperature - 49OF 

Rel. H u n l d l t y  - 68% 

Bar .  Pressure - 25.80 In. Hg 

Wind - 
D i r e c t i o n  (deg )  Velocity (r4i,','eecl 
Min Mean Max Mln Mean Max 
149 159 172 2.1 3.2  4.0 

Clear Skies 
Cold front passed s t a t i o n  a t  0718 

w i t h  northeasterly wlnds.  

to to + 15 
I_ 

@ 15.9 c 15.6 
13.6 1%.7 
11.3 12.1 

10.4 11.2 

9.6 9.6 
9.5 9.5 
9.0 9.1 
7.7 7.9 

10.0 10.0 

16.7 16.7 

- 

1 

:. 

159 



'Tki3IE D-5 (Cont 'd) 

T34?2?ATUZE PRCPILE DATA 

Height 

32m 
16 
8 
4 
2 

1 

50 
*25 

-.03 
-.06 
- 1  

t16 ( e t a )  - 0536, 25 Gct 

Temperature - 48'F 

Wind - 
Direction (den) Velocity (m/sec) 
Min Mean Max Min Mean Max 
090 147 170 0.9 2.9 6.4 

Cold f r o n t  passed s t a t i o n  0650 
with nor theas te r ly  winds.  

16 

11.7OC 
10.9 
9.6 
9.2 
8.9 
8.7 
8.5 
8.1 

10.8 
12.6 
16.0 

t16+15 

12.8 
10.2 

9.4 
9.0 
8.8 
8.6 
8.4 
8.2 

10.7 
12.6 
16.0 

t16*30 

12  *7 
10.6 

9.3 
8.8 
8.6 
8.2 

8.1 
7.9 

10.7 
12.5 
16.0 

Release 11: 32-km Tower 

,t32 ( e t a )  - 0709, 25 Oct 

Temperature - 4 6 ' ~  
Wind 

Direction (deg) Veloci ty  (m/secl 
M:n Mean Max Min Mean Max 
020 090 158 0.9 2.4 5.6 

Cold f r o n t  passed s t a t i o n  a t  0625 
w i t h  no r theas t e r ly  winds. 

- 

Height 

32m 
16 
8 
4 
2 
1 

- 50 - 25 
-.03 
-.Ob 
-.12 

- 1  

160 

32 
12. ooc 
11.2 
9.4 
8.9 
8.2 
8.0 
7.6 
7.9 
9.7 

12.4 

13.5 
16.4 

+30 '32 
16.8 
14.7 
12.1 
10.2 

9.4 
9.3 
8.9 
8.9 
9.4 

12.1 
13.6 
16.1+ 

t +bo 

16.4 
13.6 
11.8 
11.7 
9.3 
8.9 

11.2 
11.1 

9.1 
11.6 

13.5 
16.4 

..- 
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D-2.3 Alr-Flo;J Measurements 

A t  each of the three  s t a t i o n s ,  meesurements of wind d i r e c t i o n  

and ve loc i ty  were recorded from instruments located a t  six p o s i t i o n s  

(1, 2, 4, 8, 16 and  32 meters) o n  the meteorological tower. The 

minimurn,mean, and maximum values are presented i n  Table D-6 f o r  

Releases 1, 2, 3, 4, 5 ,  8, 10, and 11. 

The fr.equency of nighttime surface-wind d i r ec  t ions  are given 

i n  Table D - 7 .  The mean hourly wind d i r e c t i o n  f o r  the  period 2000 

t o  0600 hours a t  the Apex area  (2-meter l e v e l )  a r e  given I n  terms 

of occurrence. These da t a  a r e  compared with wind da t a  f o r  1957 

and 1958 taken from the Mud Hen s t a t i o n  two miles west of t h e  Apex. 

D-2.4 Lapse Rate 

Figures D-5 through D-12 show the  recorded temperature and 

recording pos i t i ons  for each re lease .  The temperature p r o f i l e s  

show considerable  va r i a t ion  i n  l apse  r a t e  during the fuel-element 

melting cycle ,  during passage of  t h e  cloud over t h e  gr id ,  and a t  

synoptic times f o r  each of t he  th ree  tower s t a t i o n s .  

D - 3  Heat-Budget Measurements 

Heat-budget measurements were made during FRT I1 f o r  fou r  

p r inc ipa l  reasons: 

l o g i c a l  condi t ions e x i s t i n g  during each atmospheric 
r e l ease .  

To provide a source of da t a  where o thers  may check t h e i r  
t heo r i e s  aga ins t  ac tua l  experimental r e s u l t s .  

3. To develop a p r a c t i c a l  s k i l l  f o r  measuring and analyzing 
hea t  -budget information. 

4. To search f o r  fundamental r e l a t ionsh lps  between measured 
meteorological conditions and a c t u a l  d l f fus ion .  

1. To provide a more complete documentation of meteoro- 

2. 

164 



TABLE D-6 

AIR-FLO;.I SWIiARY 

Apex Tower 
t o  t o  t0t30 mln 

(meters ) 

to = 0090, 5 Aug 

Height Wind Direction, Grid CL a t  1700 Kind Velocity(m/sec) 
Minimum Mean Maximum Ylnlmum Mean Maximum - 

32 167 169 171 a. 0 a. 4 9.0 

5.7 6.6 7.4 
16 158 8 - 
4 - 4.9  5.9 6.8 

168 4.0 4.9 5.6 - 3.8 4.8 5.7 
2 G a  

164 Non Operational - 159 - 
162 - 1 - 

Release 1 

Height 
(meters) 

W1r.d Direction, G r i d  CL a t  170' Wind Veloc.lty(m/sec) 

Minimum Mean Ma xi m u m  Minimum Mean Maximum 

1 140 159 Ncn Ggezatlonal 
Non Operational 4.6 4.9 6.6 

~ ~~ ~ ~~ ~- 

* Center l ine  of g r ld  coincides  with 1700 wind d i r e c t i o n  

t16 - - e t a  of cloud a t  16-km a r c  

2- and 32-km s t a t i o n s  were non opera t iona l  

16 5 



T;BLE D-E (Con t ' d )  

AIR-FM'nl SU;&'~ISRY 

~ 

Apex Tower 
to t o  t0+30 min t o  = 2336, 10 Aug 
Height Wind D l r e c t l o n ,  Gr id  CL a t  170' Wind Veloclty(m/sec) 

( m e t e r s )  Minimum Mean Maximum Mlnlmum Mean Maxlmur 

32 200 205 209 7.5 8.0 8.7 
189 2.9 4.7 5.1 

4.1 4.8 5.7 
16 

- - - 3.3 3 .9  4.8 
8 
4 

198 2.8 3.3 4.1 - 2-5 3.1 3.8 
2 172 
1 

- 185 - 176 - 
179 - - - 

Release  2 

, .: 

166 
.. , 



r 

1 HeiEht 
](meters) 

t, 0241, 8 
Apex Tower lo to tot30 mln 

Wind Dlreciion, G r i d  CL a t  17Gi\ Wlnd 7elocity(m/sec) 
Mic imum Mean Maxi mcln 1 M l P i m ~ : m  Mean M a x i m e m  

t o  tpt30 m i n  
2-km Tower 

Maximum Xinieim Mean Msximu 
- - (meters)  1 vin:mun 

2 120 149 

7 i . r -  ~ -4.9 5.0 1 

I Non opera t iona l  
- 1 1.4  1.9 2.8 I - 1.0 1.6 2.4 
167 

- 4 
2 163 
1 

218 199 - - --- _- - 



Release 4 

t 2  = C2C1, 12 Sept; 
Height Wind Direction, G r i d  CL a t  ISC'J Wicd Veloclty(m/sec) 

2-km Tower t 2  t o  t2t30 min  

(meters ) - 
Minimum Mean Max1 m u m  !-!inim~m - Mean Maximum 

2 133 169 225 .. - - 

32 
16 
8 
4 
2 
1 

Xelght 
(meters ) 

32 
16 
8 
4 
2 
1 

1.9 2.2 2.4 
1.7 2.2 3.0 
1.2 1.7 2.6 
0.6 1 . 4  2- 3 
0.  a 1.3 2.2 
0.5 1.0 1.6 

Wind Direction, Grid CL a t  170" X i n d  Veloclty(n!/sec) 
Miniwun!  Yean Maximu 

Non O p e r a t i o n a l  
Minimum Mean Maximom 

125 148 164 
179 166 155 

- .. Yon Operational 
162 185 0.4 0.7 1.0 - - 0 . 4  1.0 

0.2 - 1.2 

__.__I 

- - 
148 - - 

1 6 - h  Tower 



TABLE Dd (Con t ' d )  

AIR-FLOY SLXXAEY 

169 174 185 
183 170 163 - - - 

R e l e a s e  5 

-~ 
4.7 5.5 6.3 
5.0 5.6 6.0 
3.8 4.6 5.4 

4 Height  

2-kin Tower 
t? t o  t2t30 min t? C229, 18 S e p t  

~ ~ i ~ h t  Wind D i r e c t i o n ,  Gr id  CL a t  17'20 Wind Velo'lty(m/sec) 
(me te r s )  Minimum Mean Maximum M i n i m u n  Mean Maximum 

2 149 163 185 - - - 

Apex Tower 
t n  = 0219. 18 S e n t  

Wind D i r e c t i o n ,  Grid f L  a t  170' 
(meters  ) Minimum Mean Maximum 

32 156 169 184 
170 16 152 

191 

- 163 - - - - - 8 
4 
2 i54 171 
1 - - - 

- - _  ~ ~.~ ~ 

$0 mln 
Wind D i r e c t i o n ,  Gr id  CL a t  170°1 Wind Veloci ty(m/sec)  

Minimum Mean Maximum l ~ i n ~ m u m  Mean Maxlrnu 

Wind V?Ic31ty(m/sec) 

Ninlmzm Mean Maximu 
4 .4  5.6 6 . 6  
3.6 4 .3  5.6 
3.2 3.6 4.4 
2 .8  3.2 3.8 

2 . 1  2.7 3 . 4  

I -_ 

Nsr,  Opera t iona l  

Height 
( m e t e r s )  

32 
16 
8 
4 
2 
1 

4.6 4.3 - - - 
155 165 177 3.4 .42 

Wlnd D i r e c t l o n ,  Grid CL a t  1700 Wind Veloci ty(m/sec)  -- 
Miniaim Mean Maximum M i n i m u m  Mean Maxlmun 

130 149 163 Non Opera t iona l  
126 139 

122 139 

155 2.6 3.5 4 . 1  - 2.5 3.3 4.2 

161 1.5 2.0 2.6 - 1.3 1.8 2.4 

- - - - 1.6 2.2 2.9 
- - 

169 

. .  



T B L E  DA ( C o n t l d )  

AIR-FMX S'V?P!ARi' 

- 
f 0219, 30 S e p t  

Height  Wind Di rec t lon ,  Grid  CL a t  170° Wind Veloci ty(m/sec)  

2-km Tower 
t :, t 2  t o  t2t30 min 

(meters  ) Minimum Mean Maximum Min1mu.n Mean Maxlmurr - - - 2 124 145 155 

Re lease  8 

I 

Apex Tower 
t, t o  t,t3O min t o  = 0207, 30 S e p t  

Wind 7€1ocity(m/sec) 
' 

Maximum M1r.l indm Moan Maximum 

32 152 159 176 Non O p e r a t i o n a l  
16 146 151 

149 

158 3.2 3.6 3.9 - 2.2 2.6 2.8 - 1.5 1.8 2 .0  
1 .7  1.8 1.9 

- - - - 8 
4 
2 147 
1 - 1 .II 1 s  

155 - - 

H~ lght 
(meters) 

32 
16 

1, 
8 

2 
1 - 

Wind Dl r ec 

0.9 
0.8 
0.5 

Minimum Mean Kaximum 
128 169 
104 139 

109 

98 
95 

- - - 0.3 2.0 

- !I. 1 1.0 2 .0  
95 

- - 
151 >Ion Opera t iona l  - - 

I I I 1 

- 
32-km Tower 

t32 t o  t32c60 min t.32 0534, 30 Sepr; 
Height Wind Di rec t :on ,  Gr id  CL a t  170° Wtnd Velocl ty(m/Rec)  

(meters  ) Minimum Mean Max I mum Minimum Mean Maximur 

32 25 59 a0 1 . 3  2.0 3.2 
90 0.7 1.6 3.0 - 1.1 1.8 3.6 - - - 1.0 1 . 7 2.4  
50 1.0 1.7 2 .4  - Ncn O p e r a t i o n a l  

57 
8 
4 
2 10 33 
1 - - 

- 16 30 - 

.- __ 

i 



Apex Tower 
to t o  t0t30 min  t o  = 0735, 24 Oct 

(meters ) 
Height Wind Dl rec t icn ,  Grid CL a t  :70° Wlnd Veloclty(m/sec) 

M i n l m n w n  Mxin Maximum M l n l m m  Mean Maximum 

32 197 200 2 02 3 . 3  4.0 4.8 
185 2.1 3.1 4.0  - 1.1 1.8 2.8 

16 177 

0- 5 1.1 1.9 
176 0.9 1-5 2.1 

183 
8 
4 
2 15 1 lZ5 
1 

- - 
- - 

- 0- 5 1.1 1.5 - - 

2-km Tower 
t 2  0754, 24 Oct 

Height Wind Direct ion,  G r l d  CL a t  1 7 0 O  Wind Veloclty(m/sec) 
M i s l m ~ m  Mean Maximum 

c2 t o  t2e30 mln 

(meters)  ' M 1 n 1 mum Mean Maximum 
2 152 156 153 

2 -km 
c2 t o  t2e30 mln 

i (meters)  I M 1 n 1 mum Mean - Maximum - 

I 

1 1 M i s l m ~ m  -1 Mean - Maximum 
Height Wind Direct ion,  G r l d  CL a t  1700) 

16-km Tower 
I 

t i 6  t o  tl6t6O min tis 6913, 24 Oct 
l ~ ~ i d h t  Wind Direct ion,  G r l d  CL a t  170@ w!.nd 'Je:ocity(m/se.z) 

(meters)  Minimum Mean Maximm 
32 139 159 207 c. 2 3.0 3.7 

210 1.5 2.6  3.2 
l.? 2.6 3.3 

155 16 

- - 1.2 2.2 2.8 
8 
4 

220 2.0 2.4 2.8 - 1 . 3  2.1 2.5 
2 145 
1 : 

- 
Klnim*:m Mean Maximum - -- 

n 

- 165 - - 
165 - - 

~ ~ ~ ~ t , t  Wind Direct ion,  Grld CL a t  170' 
meters) Minimum Kean Maximum 

32 
16 
8 
4 
2 
1 

t 3 2  = 1105, 24 O c t  
Wind Velocity(m/sec) 

Miximum Mean Maximum 

Non Oprrhtlonal 
Non Operational 
Mon Operational 
Kon Operational 

2.0 3.1 3.9 
0.6 2 .1  3.0 

! 

171 

! I 



TABLE Dd (Cont'd) 

AIR-FLOW SUXVARY 

Release 11 

Height 
meters) 

32 
16 
8 
4 
2 
1 

- 
Wind Direction, Grid CL at 170' Wind Velocity(m/sec) 
I;lin:mum Mean Max: mum M1 nimuni Mean Maxlrrum 

172 4.6 6.1 7.0 
166 5.7 6.5 7.4 

4.1 4 .8  5.2 
3.1 3.4 3.9 

2 .4  2.9 3.3 

165 169 
162 157 

152 

- - - - - 
165 3.1 3.3 3.7 - 157 - - 

t 2  to t2b30 min 2-km Tower t 2  0446, 25 Oct 
Height Wind Direction, Grid CL at 170° Wind Velocity(m/sec) 
(meters ) Minimum Mean Maximum Minimum Mean Maximurn 

2 130 155 167 - - - 

~ ~ l ~ h t  
(meters ) 

32 
16 
8 
4 
2 
1 

Wind Direction, Grid CL at 170° Wind Velocity(m/sec) 
Mlnimum Mean Maximum Minimum Mean Maximum 

136 158 170 3.2 5.4 6.4 
110 142 157 1.8 3.7 5.2 - 2.0 2- 9 3.9 - 1.3 2.2 3.1 

141 162 1.3 1.9 3.0  - - 0.9  1.5 2.5 

- - - - 
90 - 

172 

Height 
meters) 

32 
16 
8 
4 
2 
1 

i 

I . .  
I .  . ,  

Wind Direction, Grid CL at 1700 Wind Velocity(m/sec) 
Minimum Mean Maximum Minimum Mean Maximum 

35 73 92 2.2 3.2 4.4 
2.5 3.5 5.6 
2.0 2.9 4.9 

43 
- - 1 . 4  2.0 3.1 

1.3 1.6 2.5 
0.9 1.7 1.8 

137 - 87 - " 

20 110 168 - - - 

.- 
..-- ..~_..._. . . . . . - . . __ . . . . - 



i 

Year 

1957** 

TABLE D-7 
NU:,ISE3 OF HCURS OF tIICHTTII4E S U W h C E  i l f t l D  DIXZCTIGII  

I;ND NUNBER OF REiErsSES POSSIBLE" . ,  
Apex p.rea @-meter leve l )  

2000 - 0600 Hocrs 

For 

August, Septcmber, Cctober  1957-8-9 

WJnd Direction Range (degrees) 

150 - 190 140 - 200 ' 130 - 190 1 135 - 195 
CL a t  1 ' iC CL at 170 CL a t  160 CL a t  165 

195 246 249 256 
I 12.8* 16.2 

I 7.2 9.4 I 
122 1 216 

1 8  ] 1 4 . 1  

' 142 

' 7 ' 0 9  142 
1958** 

I 

1959 

1 2::.3 
3-Year Averege 1 

! 9.3 

173 

16.4 16.9 

8.6 8.9 

131 135 

204 225 

13.4 14.8 
194 205 

12.8 13.5 
- 

i. 
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. -  
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... ... . .~ . .  
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--n- 

A t  any given ins tance ,  i t  i s  t h e o r e t i c a l l y  poss ib le  t o  d e t e r -  

mine the energy t r anspor t  a t  any glven po in t  i n  the atmosphere. 

Means of t r a n s f e r r i n g  energy i n  t he  atmosphere a r e  discussed i n  

the sec t ions  following. 

Radiation Transmission. Electromagnetic r ad ia t lon  moves 

through the  atmosphere a t  the v e l o c i t y  of l i g h t  i n  the medium. It  

can be r e f l ec t ed ,  r e f m c t e d ,  or absorbed by t h e  cons t i tuents  of 

the atmosphere. The energy zssociated with such r ad ia t lon  is  

given by: 
I - hc 

A 

where h Is Planck's cons tan t  = 6.62~10-27  erg-sec, 

E - - ( e rgs )  i 

c 

A i s  the  wave length  of t h e  r a d i a t i o n  i n  cm. 

The primary source of h e a t  t o  the  atmosphere i s  the  sun,  

i s  the v e l o c i t y  of l i g h t  = 1 . 9 9 8 ~ 1 0 ~ ~  cm/sec 

which provides about 1.35~10 6 ergs/cm2-sec (1.94 cal/in.2-min) 

a t  the d is tance  of t he  e a r t h  (neglect ing atmospheric absorption).  

The s o l a r  r ad ia t ion  i s  pr imar i ly  r e s t r i c t e d  t o  wave lengths ly ing  

between 3000 and 20000 angstroms, having many absorpt ion l i n e s  

caused by the cons t i t uen t s  i n  the  e a r t h  or s o l a r  atmospheres. For 

p r a c t i c a l  purposes, the s u n  may be assumed t o  be a black body a t  

5800% having an i n t e n s i t y  of 

182 
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where C 1  2 1. i 7 7 ~ 1 0 - ~ ~  cz2-watts/steradian 

C2 1.432 cm-OX 

T a 5 a o w  

Secondary emissions from the e a r t h  may, on the  average, be 

considered t o  be coming.from a black-body r a d i a t o r  a t  about 2 5 0 ~ ~ .  

The average solar balance on the  ear th ,  neglect ing any n e t  ga in  or 

loss of energy, i s  a s  follows: 

Of lo@ incoming r ad ia t ion ,  

27% Is r e f l e c t e d  back by the atmosphere 3 Is s c a t t e r e d  back by t h e  atmosphere 
36% = Albedo 

3 8  reaches the e a r t h  d i r e c t l y  a reaches the  e a r t h  by scattering 
51% reaches the e a r t h  a i s  absorbed i n  t he  atmosphere 
64% absorbed by the  atmosphere 

17% l eaves  the  e a r t h  and i t s  atmosphere from e a r t h  a leaves from the  atmosphere 
64% 

I n  the lowor atmosphere, va r i ab le s  such a s  cloud cover, atmospheric 

moisture, atmospheric d u s t s ,  types of surfaces,  t he  i n c l i n a t i o n  of 

the s u n ,  and d i u r n a l  i n s o l a t i o n  cause prob ems i n  c r e a t i n g  similar 

hea t  balances. 

Conduction. Energy can move through a substance without t h e  

v i s i b l e  motion of a n y  p a r t  of t h e  substance. Such motion may be 

described by the heat-conduction equation ( u t  :q2u) which can read- 

i l y  be solved f o r  a given s e t  of boundary conditions.  

133 



Convection. Conduction s a t i s f a c t o r i l y  descr ibes  the  

observed heat  f l o w  i n  s o l i d s  but cannot explain t h e  higher  than 

expected heat t r a n s f e r  i n  gases  or f l u i d s .  The more rapid heat  

t r a n s f e r  i s  due t o  t h e  phys ica l  motion i n  t h e  f l u i d  caused by 

temperature and dens i ty  grad ien ts .  In the  atmosphere, conduc- 

t i v e  heat  t r a n s f e r  can gene ra l ly  be neglected as compared t o  

convective heat transfer. 

Latent Energy Transfer.  Energy can be absorbed or 

l i b e r a t e d  i n  a medium by causing changes of t he  s t a t e ,  such as 

t h e  evaporation of i c e  or t h e  condensation of vapor. EVapora- 

t ion ,  for instance,  removes s e n s i b l e  heat from the  atmosphere 

and r e t a i n s  it i n  a p o t e n t i a l  s t a t e  u n t i l  condensation again 

r e tu rns  t h e  heat .  Such a n  energy t ranspor t  mechanism can f o o l  

thermal-heat sensing devices and can only be detected through 

ca re fu l  measurements of atmospheric moisture content,  

In  micrometeorology, i t  is reasonable t c  assume t h a t  i f  

t h e  mechanisms of atmospheric d i s p e r s a l  a r e  t o  be understood, 

t h e  p l ace  t o  s t a r t  is with t h e  atmospheric energy t ranspor t .  

Many inves t iga to r s  (Refs. ,7 through 14 ), have contr ibuted t o  

t h e  understanding of atmospheric d i f fus ion .  Because of t h e i r  

contr ibut ions,  i t  is poss ib l e  t o  p red ic t  atmospheric d i spe r sa l  

by knowing such measurable q u a n t i t i e s  as the  va r i a t ions  of 

temperature, humidity, and wind ve loc i ty  (vector  components) 

with height .  These a r e  caused by surface t e r r a i n ,  surface 

moisture, v a r i a t i o n s  i n  d a i l y  cloud cover, silrface albedos, 
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and gene ra l  atmospherlc c i r c a i a t i o n  pa t t e rns ,  t o  mention a few. 

A l l  of t h e s e  considerat ions a r e  a n  h p o r t a n t  aspect  of heat- 

budget s tud ies .  An Instantaneous heat  balance Is a measure of 

mer i t  as t o  how well  a l l  t h e  components are known. 

A t  t h e  sur face  of t h e  e a r t h  a heat  balance e x l s t s  if 

E ( 3 )  + s ( 3 )  + L ( 3 )  + B ( 3 )  + w(3) = 0 :.!hen z E 0, 

where E( z )  is t he  short-wave f lux ,  

S ( z )  is t h e  lons-wave f lux ,  

L ( z )  is t h e  eddy d i f fus ion  hea t - t r ans fe r  f lux,  

B ( Z )  is t h e  conducted f lux ,  

W(z) is t h e  t r a n s f e r  of heat  through phase transformation. 

These components a r e  more f u l l y  defined In  Reference 7 , and 

may be f u r t h e r  resolved by consul t ing the  l i t e r a t u r e .  

LL3.l Instruments Used for Heat-Sudget Measurements 

Net Radiometer. A Becknan and Whitley Node1 ~188 radio- 

meter was used f o r  measuring the net  atmosphere-ground heat  

exchange. 

ground over  an  a rea  f a i r l y  t y p i c a l  of the s a l t  f l a t s .  

e l e c t r i c a l  impulses generated as a r e s u l t  of t h e  heat f l u x  were 

telemetered t o  a recorder  located i n  the  meteorological trailer. 

The instrument was mount.ed two meters above t h e  

The 

m e  sensing element was composed of s l lver-constantan thermo- 

p i l e s  arranged i n  a t h i n  phenolic r e s i n  p l a t e .  The thermopiles 

cons is ted  of a s e r i e s  of thermcouples t h a t  were posit ioned so 

t h a t  one s e t  of junc t ions  ("hot"  j unc t ions )  were i n  a plane 
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adjacent  and p a r a l l e l  t o  one f a c e  of t he  p l a t e ,  and the  o t h e r  

s e t  of j unc t ions  ("cold" Junc t ions)  were i n  a plane p a r a l l e l  

and ad jacent  t o  t h e  o t h e r  f a c e  of t h e  p l a t e .  Heat flow 

through t h e  p l a t e  generated an EMF due t o  the  d i f f e rence  i n  

temperatures between t h e  "hot" and "cold" junc t ions  of t h e  

t h e m o p i l e .  

couples mounted two meters above t h e  ground. 

The f r e e a i r  temperature was measured by thermo- 

S o i l  Heat-Flow Measurement. A s o i l  hea t - f lux  determina- 

t i o n  was made by u s e  of a Beckman and Whitley heat-flow 

transducer  i n s t a l l e d  approximately 0.5 cent imeter  below t h e  

sur face  i n  normalized soil. The s i g n a l  output (mv/gm-cal/ 

cm2/min) a t  a spec i f  i c  t ransducer  temperature was recorded on 

a m i l l i v o l t  potentiometer.  The t ransducer  temperature was 

recorded on a potent iometer  c a l i b r a t e d  for t h e  copper- 

constantan thermocouple embedded i n  t h e  heat-flow transducer.  

Fur ther  confirmation of hee t  flow was made by copper- 

constantan thermocouples burled a t  var ious depths t o  determine 

the  s o i l  hea t  g rad ien t .  Recording of t hese  temperatures was 

made on a recording potent iometer  c a l i b r a t e d  for Cu/Cn 

thermocouples. 

Pyrheliometer. So la r - r ad ia t ion  measurements were made 

a t  Apex with an Eppley-type pyrheliometer mounted up r igh t  two 

meters above t h e  ground. 

ground) was measured w i t h  an  inver ted  Eppley mounted a t  t h e  

Reflected r a d i a t i o n  (from t h e  
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two-meter level at or nea r  the f o s a l  point of  a parabolic 

reflector. It was not feasible to csllbrate this instment 

at the test site; hence, the data were not applied to the 

heat-budget studies. 

The pyrheliometer, a 50-Junction type, consisted of a 

thermopile with two concentric rings enclosed In a glass globe. 

When exposed to solar radiation, the two rings developed a 

marked temperature dlfference and the voltage of the resulting 

current was nearly proportional to the Intensity of solar 

radiation. A strip-chart recorder registered both duration 

and Intensity o f  solar radiation. 

The instrument was not operated continaously because 

of daytime electrical-power shut-offs. A few days of 

insolation data were obtained, which compared favorably with 

the solar-radiation data taken at Salt Lake City Airport. 

Parograpti. Atmospheric pressure at the release site 

was recorded continuously by a Taylor Icstruments barograph. 

The instrument was calibrated during a ten-day period at the 

USRF Weather Station, then was moved t o  the instrument shelter 

near Apex. 

inches of mercury. 

out the test period of FRT 11. 

The karograph exhibited a sensitivity of 20.03 
Atmcspheric presswe was recorded through- 

Aspirated Thermocouples. EAch of the three meteoro- 

logical towers was instrumented with aspirated thermocouples 

to obtain temperature profiles of the free-ambient air. m e  
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copper-constantan thermocouples on each tower yielded a 

s e n s i t i v l t y  of fO.loC, penned out  on a B r o m  Electronix 

Multlpoint Recorder. Temperature g r a d i e n t s  were recorded 

continuously f o r  a few hours P r i o r  t o  r e l e a s e  and during 

t h e  per iod the  cloud was over  t h e  network. 

Plbal  S t a t ions .  Winds a l o f t  over t h e  sal t  f l a t s  were 

measured with 100-gram he l ium-f i l led  p i l o t  bal loons and 

theodol i tes .  Four teams, each comprised of two USAF Weather 

Service airmen, were s t a t ioned  a t  Knolls, Callao, Black Rock, 

and Apex (Fig. 18) t o  obta in  wind speeds a n d  d i r e c t i o n s  a t  

every 500-foot l e v e l  up t o  and including 3000 f e e t .  The P iba l  

runs were s t a r t e d  a few hours i n  advance of r e l e a s e  t i m e  and 

continued u n t i l  t h e  r ad ioac t ive  cloud had c leared  t h e  gr id .  

The data, radioed o r  telephoned t o  Apex s t a t i o n ,  were used t o  

determine air f low over t h e  sal t  f l a t s  dur ing  r e l ease  and 

aided i n  p r e d i c t i n g  t h e  meteorological  condi t ions  f o r  a 

re lease .  

Psychrometer. A i r  mois ture  a t  1.5 meters was measured 

w i t h  a U. S. Weather Bureau-type s l i n g  psychrometer. Two 

c a r e f u l l y  matched thermometers were mounted on a s t a i n l e s s -  

s t e e l  backing with a handle a t t ached  f o r  whirl ing.  A co t ton  

"sock" was used on the  "wet bulb" thermometer. This instrument 

has used t o  c a l i b r a t e  and check o t h e r  a i r - m o i s t u r e - m e a s u r i ~  

Instrumentation. 
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Hyp:rotherp.ograph. Ai r - tempera ture  and moi s tu re  measure- 

ments a t  t h e  1.5-meter l e v e l  were a l s o  made wi th  a U. s. 
Weather %reau- type  hygro themograph.  T h i s  i n s t m m e n t ,  

l o c a t e d  i n  a U. S. Weather Eureau-type she l te r ,  r eco rded  

both  tempera ture  and r e l a t i v e  humldi ty  on t h e  same c h a r t .  

The t e m p e r a t u r e - s e n s l t i v e  element Was a highly-pol i shed ,  

go ld -p la t ed ,  Bourbon tube ;  t h e  humidi ty  element was a m u l t i p l e  

s t r a n d  of  s p e c i a l l y  t r e a t e d ,  hygroscopic  human hairs. The. 

accuracy  of r e l a t i v e  humidi ty  meamrements was w i t h i n  2$ i n  

t h e  r ange  of from 15 t o  gC$ R.H. 

measurement was +O.5OF. 

con t inuous ly  d u r i n g  t h e  FRT-I1 test pe r iod .  

The a c c w a c y  of t empera tu re  

The measurements were recorded  

S3.2 Measurements Made a t  Release Times 

Genera l  i n f c r r r a t i o n  needed t o  rake c e r t a i n  estimates 

on t h e  o v e r - a l l  h e a t  budget of t h e  environment are c o n t a i n e  

I n  t h i s  s e c t i o n .  Table  D-8 l l a t s  t h e  resu l t s  of a mechanica l  

and  chemical a n a l y s i s  of S O 1 1  samples a s  performed by t h e  

U n i v e r s i t y  of  Utah i n  1953. The area sampled was not  part  of 

t h e  s p e c i f i c  t e s t  area of  FkT 11, biJt t he  amount of salts  a n d  

moi s tu re  would be h i g h e r  I n  t h e  S a l t  F l a t s ,  p a r t i c u l a r l y  n e a r  

t h e  sui-face, t h a n  t h o s e  ' p e r c e n t a g e s  Shown. 

The a v e r a g e  d a i l y  t o t a l s  of s o l a r  r a d i a t i o n ,  c o n s i s t i n g  

of (1) computed i n s o l a t i o n  f o r  l a t l t u d e  40°N o u t s i d e  t h e  

atmosphere;  ( 2 )  computed i n s o l a t i o n  r e c e i v e d  a t  t h e  ground wi th  
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TAaLF D-8 

ANALYSIS Or' SOIL I N  PICKLEWEED AREA AT THE E E E  OF 
SALT FLATS 

Mechani ca 1 Analysis 

20 40 60 
Depth Mesh Mesh Mesh 
( i n . )  Screen Screen Screen 

Surface 0.4 8.6 17.1 
12 0.1 0.4 1.0 
24 0.0 0.2 0.3 
36 0.0 0.1 00.4 

I 

5 par t ic les  too  
80 100 l a rge  t o  pass  

Nesh Mesh through 20 
Screen Screen Mesh Screen 

55 
96:? 

7.6 10.4 
0.9 1.0 
1.3 3.1 95.1 
0.8 1.8 96.9 

Chemical Analvsls 

Depth 
( i n . )  

Surface 
12 
24 
36 

S a l t s  (5 Dry Weight of Sal 

Na2SO4 Na2CO3 NaHC03 
PH Mols ture 

- 
% N a C l  

8.4 4.4 20.80 0.842 0 0.018 
8.4 21.7 4.90 0.204 0.021 0.087 
8.4 22.1 4.05 0.275 0.037 0.081 
8.6 28.7 5.40 0.204 0.023 0.070 
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c l e a r  skies ,  l a t i t u d e  40°N; ( 3 )  i n s o l a t i o n  observed a t  k g m y  

Proving Ground; and ( 4 )  i n s o l a t i o n  observed a t  Washington, D.C. , 
a r e  p l o t t e d  i n  F i s u r e  D-13. 

r a d i a t i o n  f o r  Ixlgway Proving Ground, S a l t  Like City, and For t  

Worth a r e  shown i n  Figure D-14. The d a i l y  t o t a l  r a d i a t i o n  a t  

S a l t  Lake City for 1959 i s  shown i n  Figure D-15. 

The average d a i l y  t o t a l s  of s o l a r  

The ne t  hea t  exchange between t h e  po i1  a n d  t h e  atmos- . 

phere (two-rceter l e v e l )  for Releases 3, 4, 5, 8, 10, and 11 are 

p l o t t e d  i n  terms of g-cal/cm2 p e r  minute v e r s w  time I n  

Figures  D-16 through D-27. The a i r  and su r face  temperatures 

a r e  p l o t t e d  over a per iod of s eve ra l  hours, but t he  tempera- 

t u r e  d i f f e r e n t i a l s  a r e  p l o t t e d  for a s h o r t e r  period of t i m e .  

By p l o t t i n g  t h e  temperature d i f f e r e n t i a l s ,  s l i g h t  f l u c t u a t i o n s  

can be detected.  

tL3.3 Summary of Heat-Budget Resul t s  

The remarks herewith are intended t o  provide perspec- 

t i v e  and guidance i n  t h e  a p p l i c a t i o n  of heat-energy da ta  t o  

t h e  eva lua t ion  3nd pred1ct:on of e f f l u e n t  d i spersa l .  Summaries 

of heat-budget components and r e l a t e d  ae t eo ro log ica l  para- 

meters measured f o r  each of t he  r e l e a s e s  are presented i n  

Tables D-9 and D-10. Certain of t hese  components and  elements, 

such as ne t  hea t  exchange versds  wind speed and  ne t  hea t  

exchange versus  temperature-prof i le  parameter n, do not show 

any acceptab le  co r re l a t ion .  On t h e  o t h e r  hand, i t  is r e a d i l y  
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FIGURE D-17. NET HEAT EXCHANGE AND TEMPERATURE 
DIFFRENTIALS: RELEASE 3 
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Table  D-9 

1 

24.8 

24.7 

24.0 

23.6 

23.5 

22.9 

AEXAGE TEXPE.UTLJX m g  l irm VELOCITY AT APEX 
FOLLOWIKC EACH ELEASE 

Temperat.ure (OC) 

2 

30.1 

28.2 

26.4 

25.9 

25.2 

25.1 

9 

7.0 

7.0 

6.6 

5.9 

6.0 

6.0 

5.5 

0.7 

8.4 

6.6 

5.9 

4.9 

4.8 - 

10 

9.9 

9.8 

9.0 

8.8 

8.5 

8.8 

6.8 

7.8 

i6.1 

3 

21.6 

20.7 

18.8 

22.4 

22.0 

21.6 

20.9 

20.9 

20.3 

20.1 

17.6 

22.3 

14.; 

13.9 

13.0 

22.2 

5.5 

5.6 

4.6 

4.6 

3.4 

3.2 

Wind Vel 

1.7 

3.9 2.1 

3 .3  1.3 

3.1 2.2 1 .o 

4.0 6.1 

3.6 3.1 6.5 

2.6 1.8 4.8 

1.8 1.1 3.4 

1.8 1.5 3 . 3  

1.6 1.1 2.9 

1' 
- 
16.: 

14.1 

11.t 

1o.t 

9.t 

9.5 

9.c 
7.8 

10.0 

16.7 - - 
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Table D-10 

>EAT-DLPlET CO.UPD)IE!:TS ETASURED AT APPX PO.? EACH ILFEASE 

i 

4 

7.4 

- 10 11 

4.h 

-6.7 

k.4 I 2.7 2.6 

-11.7 -2.9 -7.2 

I 2.4 
A T ( O C )  
1-32m -3.1 

- 
50 

-6.4 

68 

-1.3 

72 
Re In t l ve  
Humldlty. 

I 25.52 
Prcsaure. 
(1n.of ]le) 25.46 1 25.37 25.70 25.80 2 5 . 8 0  

59 '17 54 I 75 Tcnp (OF)' 

8.. I 0.172 0.245 I 0.322 0.236 0.168 I 0.298 0.374 0.253 

H... I 0.0241 0.0h73 I 0.G24: 0.0399 0.0249 I 0.048: 0.032~ 0.01621 

-- I 4.7  3.6 9 .2  115.2 9.3 8.9 I 0.578 0 e 507 0.542 0.k87 

.& 

0.497 

6.8 

0.503 

7.8 
surface 
Temp (OC) I -- -I- 0.151 

18.8 - 
0.114 0.138 0.078 

~~~ I Net Heat 
0.032 0.42 

3-48 1 2.18 1.84 2.48  -- 
Measurements made a t  1 .5  meters above ground leve l .  

** 
* * *  
*** '  Temperature lncreaoe from ground l e v e l  t o  1 meter below ground level. 

€I= A, n as applied t o  Sutton's Equation. 
N obtnlned from power law f l t  t o  atmospheric temperature Eradlent (0-32 motera) 

I 
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seen t h a t  a c l o s e  r e l a t ionsh ip  c?.ists between t h e  ne t  heat-  

exchange r a t e  and t h e  value of t h e  s t a b i l i t y  parameter n, used 

i n  S u t t o n ' s  d i f f u s i o n  equatlon. This can be observed i n  

Figure 0-28 where t h 9  heat-exchange r a t e  is p lo t t ed  versus 

the  s t a b i l i t y  index S ( S  - 1/n). T h i s  f e a t u r e  is s ign i f i can t  

i n  t h a t  invers ion  i n t e n s i t y  ( a i r  s t a b i l i t y  zit low l e v e l s )  and 

nocturnal  r a d i a t i o n  have a d l r e c t  r e l a t i o n s h i p  arid can be 

measured by u s e  of a s i c g l e  instrument, t he  ne t  radiometer. 

The measurements can be e a s i l y  t r a n s l a t e d  t o  a corresponding 

value of n i n  t h e  d i f fus ior .  equation. Further,  t h e r e  e x i s t s  

f o r  each rpleasc a n  acceptable  c o r r e l a t i o n  between lapse  r a t e  

and n e t  hea t  exchange. The r a t e  of t he  n e t  hez t  exchange 

(soil-atmosphere) apaears  t o  be en  important t o o l  i n  

evaluat ing t h e  d i f f u s i v e  capaci ty  of t he  air. 

. .  

Tables D - 1 1  and D-12 show a nQrrr.alized t abu la t ion  of 

measured c e n t c r l i n e  maximum concentrat ions and a r c  i n t e g r a l  

concentrat ions.  These can be compared wi th  the  values i n  

Table D - 1 0  t o  determine t h e  inf luence of heat-f lux components 

on atmospheric deplet ion.  

D-3.4 Other Heat Sudzet aita 

Heat-flux-radiation condi t ions were recorded between 

0600 on 28 August and  1800 on 29 August 1959, and between 

0600 and 1800 on 23 Octobcr 1959. Hcat- t ransfcr  data f o r  these 

dateo a r e  shown i n  Figure- D-29, D-30, and  E-31. FibWreS E-32 
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through -37 show the  v a r i a t i o n s  of a t i o s p h e r i c  moisture and 

tenpera ture  w i t h  respec t  t o  height  and time d u r i n g  a t y p i c a l  

c l e a r  f a l l  day on the  Salt Flats .  The data include t h e  r e s u l t s  

of humidity measurements a t  t h e  0.25-, 0.5-, 1-, 2-, 4-, 8-, 

16-, and 32-meter l e v e l s  on t h e  Apex tower. S imi la r  humidity 

data  were not co l l ec t ed  during each r e l e a s e  because of equip- 

ment t rouble .  The wick t h a t  was used f o r  t h e  wet bulb 

readings d e t e r i o r a t e d  after a few hours of use, probably 

because of t he  s a l i n e  atmosphere. The information i n  these  

f i g u r e s  i s  app l i cab le  t o  t he  p red ic t ion  of occurrence a n d ' t h e  

s t r eng th  of nocturnal  su r f ace  Inversions.  

The albedo of t h e  g r i d  su r face  was determined on the  

above da te s  by i n d i r e c t  means by use of t n e  r ad ia t ion  data  

obtained with t h e  pyrheliometer, the ne t  radiometer, and t h e  

s o i l  heat  p l a t e .  Since i t  was not f e a s i b l e  t o  c a l i b r a t e  t h e  

inver ted  pyrheliometer (wi th  parabol ic  r e f l e c t o r ) ,  i t  was 

considered t h a t  the i n d i r e c t  method would y i e l d  a b e t t e r  

approximation of t h e  ref lected-to- incident  r ad ia t ion  f r ac t ion .  

"he albedo values  ( r / l )  30 obtained ranged from 0.35 t o  0.60 

f o r  t he  th ree  days when measurements were made. The s k i e s  

were c l e a r  and t h e  s o i l  su r f ace  was f a i r l y  drdr but not so 

a r i d  a s  i n  J u l y  when t h e  c r y s t a l l i n e  s a l t s  on the  su r face  

produced a r e f l e c t i v i t y  equivalent  t o  t h a t  of snow, which has 

a n  albedo of 0.70 o r  more. 
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Tne a l b e d o  dropped cons ide rab ly  and r e m i n e d  low f o r  

s e v e r a l  days  following t he  r a l n s .  The s u r f a c e  was slow in 

d r j l n g  and the  s i l t  and salt,  be ing  wet and dark,  became 

h i g h l y  abso rben t  of s o l a r  r a d i a t i o n .  

Lur ing  t h e  dry seasons,  t h e  sa l t  f l a t s  appear t o  y i e ld  

t h e  maximum a lbedo  i n  comparison with o t h e r  a r e a s  In t h e  

United States. As a consequence of t h l s  f a c t o r ,  t h e  

s t r o n g e s t  s u r f a c e  i n v e r s i o n s  can be expected and t h e  p o o r e s t  

d i f f u s i o n  c o n d i t i o n s  w i l l  result .  
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APPENDIX E 

llETWORK ACTIVITY 

D u r i n g  PAT 11, crosswind p r o f i l e s  of encironment contamination 

a t  various d i s t ances  downwind were measured by a va r i e ty  of co l l ec -  

t i o n  media. These included air-sampler f i l t e r s ,  g l a s s  impaction 

p l a t e s ,  act ivated-charcoal  ca r t r idges ,  charged-wire co l l ec to r s ,  grass ,  

s o i l ,  and  adhesive f a l l o u t  papers. During the  s e r i e s  of re leases ,  

approximately 2000 rad ioac t lve  samples were co l lec ted  and quan t i t a -  

t i v e l y  analyzed f o r  ~ r 9 5 - ~ b 9 5 ,  Cs137, R & l o 3 ,  1131, and Ce141. 

With the a i d  of a 255-channel analyzer  and an IBM-704 computer, 

a simple and s u f f i c i e n t l y  accura te  ( 15%) method f o r  rap id ly  

s t r i p p i n g  the  s p e c t r a  was devlsed (Ref. 14). The spec t ra  were 

accumulated on t h e  256-channel analyzer  and recorded on s t r l p  c h a r t s  

t o  provide permanent v i s u a l  records.  

t o  so lve  a se t  of simultaneous equations based on the pulse-helpAt 

analyzer  output.  

q u a n t i t a t i v e  ana lys i s  of each isotope.  

The IBM-704 computer was used 

The s o l u t i o n  of these equations yielded the  des i red  

Tables E-1 through E-21 present  t h e  ne tuork-ac t iv i ty  da t a  

derived by t h i s  method. Tnese d a t a  were used t o  determine atmos- 

pheric  d i f fus ion  parameters, depos i t ion  v e l o c i t i e s ,  and r e l ease  

percents.  
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. .  APPENDIX F 
- . .. .~ 

~, . ~. 
ITION VELOCITIES..; . , . A  

.. , . . , . . .  . . , .  . .  , . .  
. .  

The r a t i o  -between ground and i n t e g r a l - a i r  
round contamhat fon  is c a l l e d  the ,depoa l t ion  ve loc i ty  (Vg= B 

Having determined ita value and es tab l i shed  i ts  range- of .va 

one is able to -  p r e d i c t  the expected ground-contaminat 

a given a i r  concentration. 

~ . i n t e g r a l - a i r  concent . .  
. . .. . . .  

.~ . .,. ~ . ~ . ~ ~ . ~  - . _ .  

~. 

.. . - .  
. . .  

During FRT 11, values of Vg on gummed paper, grass, and  soil**'^^‘:!?$^' . .  ... _ .  .. . .  , "  
. .  

~. .~ 

.-. , I . . . .  .. 
were determined for 1131D Cs137D Ru103, and Te1*7! - 12*. 

averages of the depos i t ion  v e l o c i t i e s  a r e  shown i n  Table F-1. . The ~ : , -  ~ 

Arc 

'. 

data do not  i n d i c a t e  a s i g n i f i c a n t  depPr.dence of Vg on d i s t ance  

downwind. 
. .  

. . -. 

Table F-2 presents  t he  over-al l  average depoai t lon v e l o c l t l e a  

which were cbtained from the data i n  Tables F-3 through P-15. 
I 
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Gummed Phper 0.28!0.39 0.2120.27 
k W  C791 - 

[19J c2il 
Grass 1.53),0.59 0.19:O. 17 

0.71 h. 3 
L81 

t 0.113-0.17 
L73 
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APPENDIX 0 

Rel. 

1 
1 
1 

2 
2 
2 

5 
5 
5 
8 
8 
8 

10 
10 
10 
11 
11 

, 11 

f 

~. . .  i 

~. During the analysis of FRT-I diffusion data, a numerical , . .  
'-~:' ~.~~~ ~. 

method was developed t o  f i t  f i e l d - t e s t   data^ and obtain--atmospheric -::.!-:: : 

dlffusion parameters (Ref. 1). This method was programmed on the . : .  .. 
IBM-704 d i g i t a l  computer and used to  obtain the diffusion-parameter - . .  1.. I 

values shown i n  Tables G-1 and G-2. These values a re  based on over .. .:.. . . 
100 s e t s  of f i e ld - t e s t  data obtained from four  major f ie ld- re lease  , 

2 t es t s .  

, ..,. . ,:..~.~ . .. ~ I . ~  > , ~ .  , . -  I 
~ 

~ - . . . .~ 

- .  I: 1 . .. . 

1 

4 

, .~~ 

J 

! 

TABLE 0-1 . 

FRT-I1 EXPERIMENTAL DIFFUSION PARAMETERS 
( t o  3200 meters) 

Isotope 

cs137 0.291 
Ru103 0.291 

cs137 0.393 
Ru103 0.393 

Cs137 0.296 
Ru103 0.296 

1131 0.296 

4.60 1.01 0.50 0.0356 47.8 
4.60 1.13 0.42 0.0129 0.080 
4.60 1 .14  0.46 0.0114 0.152 

3.25 1.13 0.79 0.0191 212 
3.25 1.26 0.58 0.0054 0.228 
3.25 1 . 2 2 ,  r?.!13 lQ.0092 0.090Z 

3.75 1.05 1.09 C.0107 10.6 
3.75 1.03 -' 0.87 -1 0.0429 1.43 

- 

3.75 1.22 G.51 0.0085 165 

0.070 

0.0045 
0.054 

0.0018 
0.0001 
0.0059 
0.0004 
0.0006 

2 0.0021 
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APPENDIX H ? 

1;. j .~ 

. . .  
CHAROED-WIRE MEASUREMENTS 

.. 
._ .. . . . :  

. 
Charged-wire'sampllng has proved t o  be a simple, y e t  very - . ~1 ~ . .  ~ . . .  

, . . ~  __ . ,.... - 
valuable too l  f o r  sampling aisborne' f i ss lon~products;~  It- c 

. .~ 
. .  

. .  .. j of a f i n e  wire s t r e t c h e d ~  between two poin ts  and charged t o  some .- . .  , 

..- i 

. . , . ,  1 .~ .. 

. 
, , .  . 

p o t e n t i a l  w i t h  respect  t o  the earth (Pig. H-1). 

FRT I has shown t h a t  wires immediately i n  f r o n t  of the  r e l e a s e  po in t  . . .~~ .. ~ . , ~  

c o l l e c t  a i rborne f i s s i o n  prbducts regard less  of t h e  charge on the  

wires. 

a c t i v i t y  with equal e f f ic iency ,  while neu t r a l  wires  were about a 

Experience d u r i n g ' - . - -  

.. ~ I 

t 
i Pos i t ive ly  and nega t ive ly  charged wires co l l ec t ed  gross  

factor-of-2 less efficient.  I 

i 
1 
i The relative i so top ic  c o l l e c t i o n  e f f i c i e n c i e s  of t he  wires were 

? 
c a l i b r a t e d  by low-volume samplers located a t  the charged-wire pos i t i ons  

1, 2, 3, and 4 on t he  10-meter a r c  during t h e  t h i r d  release. Resul ts  - 
? i n d i c a t e  t h a t  t he  r e l a t i v e  ioso topic  c o l l e c t i o n  e f f i c i e n c y  is  1 f o r  < 
3 
A 

I13I, 2 for Ru103, 3 f o r  Csl3.7, and 200 f o r  I n s u f r i c i e n t  data 

are cu r ren t ly  zv?.i latle t o  add  a s t a t i s t i c a l  s ign i f i c snce  t o  these 
'. 

e f f i c i enc ie s .  I 

H-1 Charged-Wire Release Percents  .. .. 

'. The r e l ease  percents  i n  Table H-1 a r e  normalized t o  LL 24% 

r e l ease  f o r  I 131 and the measured c o l l e c t i o n  e f f i c i e n c i e s .  

were obtained by numerically i n t e g r a t i n g  the  p r o f i l e s  across  the  

10- and  50-meter a r c s  and r a t i o l n g  them with the i s c t o p i c  inventor ies  

Values 

i n  the source. 
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i .  

. 
I 
I The r e l e a s e  percents  from individual  r e l eases  are g iven  i n  

Table H-2. . They show some consistency within a given release; b u t  
.. 

, .  . .  . ._ 

1 

i 
,~ . from one release t o  another,  they vary considerably. . . . . . . . . .  ' .- . . . . . .  . .  . . . . . . . . .  . . .  

. .  .~:. Charged-wire i so top ic  c o l l e c t i o n  e f f i c l e n c l e s  were-based on ~ . 

d a t a  &om Release 3; t h e r e  is a p o s s i b i l i t y  t h a t  t h e  e f f i c i e n c i e s  

i 
. . .  , . .  , . 

. .~ were influenced by t h e  h e a t  ( i on iza t ion )  of the Bource.' . .  
I 
t 

H-2 Charged-Wire Release Heights .: i 

I 
i 

V e r t i c a l  wires were chopped i n t o  6-inch segmcats and analyzed 

by gamma s p e c t r a l  ana lys i s  to obta in  v e r t i c a l  concentrat ion p r o f i l e s  

for I 13l , Cs137, Ru103, and ~ r 9 5 - ~ 1 ~ 9 5 .  The da ta  presented g raph ica l ly  

i n  Figures H-2 through H-5 e f f e c t i v e l y  loca te  the  he ight  of the rnaxi- 

mum concentrat ions.  These f i g u r e s  present  arc  p r o f i l e s  of Isotopic 

a c t i v i t i e s  and v e r t i c a l  p r o f i l e s  a t  se lec ted  charged-wire locat ions.  
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FIGURL 34.2. CHARGi3 WlRl PROFILES FOR RELEASE 3 
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FIGURE HY. CHARGED-WIRE PROFILES FOR RELEASE 4 
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FIGURE H4. CHARGED-WIRE PROFILES FOR RELfASE 8 
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FIGURE H-5. CHARGED-WIRE PIIOFILES FOR RELEASE IO 
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FIGURE H-6, CHARGED-WIRE PROFILES FOR RELEASE 1 I 
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APPENDIX I 
. 

. .  .~ - .  . 
. . .  - .. 

. .  

ECOLOGICAL iGSUREMENTS 

._. .. ~ . ,  

A l l  e igh t  fission'-product: r e l eases  were performed d u r i n g  a + -  .~ . . ~. . . . .  . ~ .  .~ 

three-month'period between- August and 0s tober .of  1959. .On 1 February 

1960, about 3 months following the l a s t  r e l ease  of t he  FRT-I1 series, 

s ix- inch  so11 samples were taken. Ress l t s  were Siitended t o  show t he  -~ 

s o i l  uptake, and thereby t o  provide information t h a t  would add 

s t a t i s t i c a l l y  t o  d a t a  from o the r  sources t o  be used for various p l an t -  

cyc le  s tud ies .  

1-1 Rain fa l l  

Ra in fa l l  amounts for August, September, and October were about 

1.5, 0.75, and .0.35 inches, respect ively.  No p r e s l p i t a t i o n  measure- 

ments were made d u r i n g  the' period 1 November through 1 February. 

A t  t h e  time the s o i l  samples were taken, t h e  ground was observed t o  

be completely s a t u r a t e d  with moisture, with approximately 5C$ of the 

surrounding a reas  be.lne covered with snow and water. 

1-2 S o i l  Composition 

I n  1953, the Universi ty  of "&qh Ecological Research team 

analyzed the  s o i l  i n  an  a rea  near t he  s a l t  f l a t s ,  with the  r e s u l t s  

shown i n  Table 1-1. On the t e e t  g r i d  where the s o i l  samples were 

taken, however, t h e  water table was abc:it 18 inches below the su r face  

and the  s a l t  and moisture conten ts  were higher than those shown i n  

the tab le .  
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TA’3LE 1-1 

. .  SOIL COMPOSITION , .  

. .~ . .  
.. Chemical Analysis .~~ ~ ~ .~~~ 

Depth 

Surface 
12 

36 

( i n . )  

24 

- 

S a l t s  (5 Dry Weight of Sample) 

Tota l  

8.4 4.4 20.80 0.842 0 0.018 21.600 

8.6 28.7 5.40 0.204 0.023 0.070 5.47 

% 
p H -  Moisture NaCl Na2SO4 Na2CO3 NaHCO3 

8.4 21.7 4.90 0.204 G.021 0.087 5.300 
8.4 22.1 . 4.05 0.275 0.037 0.081 b .  240 

Mechanical Analysis 

I P a r t i c l e  S i z e  ($ Dry Weight of Sample) 
Depth 
( I n . )  

Surface 
12 
24 
36 

--. 

20 40 60 80 
Mesh Mesh Mesh Mesh 

Screen Screen Screen Screen 

0.4 8.6 17.1 7.6 
0.1 0.4 1.0 0.9 
3.0 0.2 0.3 1.3 

- 

0.0 0.1 . 0.4 0.8 

10.4 
1.0 
3.1 
1.8 

1-3 Sampling Technique 

By use of a p e t a l  tube, a 6-inch plug about 1-1/2 inches In 

diameLG? was removed from seven pos i t i ons  along the 10-meter a rcs .  

The cores were c u t  i n t o  1-inch sec t ions ,  weighed, and analyzed fo r  

r e l a t i v e  sbundances of Zr95-Nb95, Cs137, arid Rulo3 by pulse-height 

techniqucs. 

55.9 
96.6 
95.1 
96.9 

... 



1-4 ?e:;: 1 ts 

The percents  of t o t a l  a c t i v i t y  on each sample are Glven in 

Table 1-2 arid p l o t t e d  i n  Figure 1-1. Beyond the  second plug, the 

a c t i v i t y  shows considerable  spread. 

c a w e d  by pushing the tube i n t o  t h e  ground and car ry ing  p a t  of t h e  

s u r f a c e  contamination with it. Generally, however, over 9H of t h e  

a c t i v i t y  remained in t he  top two Inches of the soil. 

from the  f i r s t  two plugs were r l t t e d  and a r e  8hOHn I n  Figure 1-1 

(lower ri@t-hand corner).  

This may b e ~ d u e  to -contarnlnatlon 
. .  .~ 

The averages 
. .  

TABLE 1-2 ' 

PERCENT OF TOTAL ACTIVITY I N  EACH SAMPLE 

- - .  I -- 

-- :I I -- 
I -- -- 

1.0 I -- 
3.5 i 3.5 

379 

33 
6.6 
13.2 
6.6 
6.6 
33 
35 
9.5 

'-5 
15 
4 
21 

- 

- 

-7 
Average J 

78.8 t26.14 
12.66f 8.77 
10.4 212.2 
11.17t18.9 - 72 
3.18t 3.03 

3.71t 6.33 
1.8 f 1.5 
6.92t 8.7 



FIGURE 1-1. R I L A K V E  ISOTOPIC PENETRATION IN SOIL 

3 80 



.. . .  

The difference is small - wlth1n. the margin of experimental  error - 
consequently, inconclusive.  On Lhe other hand; the low salt pene- 

.~ . .  . .  , ~. 

. .  . ~~. , -  . .  t r a t l o n  is n a t u r a l  and can be explained. . .  

Solublea,  .such as :the salts  of.ceslum," ,ruthenium,- zirconium,.. 
~. .~ 

and niobium., d l s so lve  in, and w e  ca r r l ed  upward by, soil molsture. 

This mo1stur.e 'noves by c a p i l l a r y  ac t ion  i n  the d i r e c t i o n  of a 

g r a d i e n t  that  l i es  betweeh the water t a b l e  2nd the d ry  surface.  As 

moisture leaves t h e  a o i l ' ( e f f e c t e d  by sun and wind), salts remain . 

and concent ra te  a t  t h e  surface.  . .  

. ,  

. .  

... 
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August 30, 1994 

Office of the Command Judge Advocate 

Lee Davidson 
Deseret News Washington Bureau Chief 
13222 Trimfield Land 
Germantown, MD 20874-1148 

Dear Nr. Davidson: 

This is to confirm the telephone conversation between you 
and Elaine Stangler, this date, regards your Freedom of 
Information Act request dated August 24, 1994 wherein you asked 
f o r  a copy of: Aircrafr; Nuclear Propulsion, 1960. "Fission 
products field release test 11." Nuclear Aircraft Research 
Facility. Conviar-Fort Worth. ANP document No. NARF-59-32T 
F2K-9-140, Xeport Ar'SWC TR-69-26. Albuquerque, N.M.: Air Force 
Special Weapons Center. 

You were told that we have found a document responsive to 
your request. However, it is an Air Force document ar?d we do not 
have authority to release it. The document and your request is 
being forwarded to 11 MSS/MSIS (FOIA), 1000 Air Force Pentagon, 
Washington DC 20330-1000. They will respond directly to you. 

The document is unclassified and contains 387 pages. You 
agreed to pay reproduction charges, minus the first 100 pages or 
$43.00. Please make your check payable to the Treasurer of the 
United States and submit it to our office. 

Respectfully, 

Bruce C. Evans 
Major, U. S . Army Judge 
Command Judge Advocate 
Advocate General's Corps 



STEDP- JA 30 August 1994 

MEMORANDUM FOR I~MSS/MSIS, (FoIA), 1 0 0 0  Air Force Pentagon, 
Washington, D . C .  30330-1000 

SUBJECT: FOIA Request, Lee Davidson, Deseret News ,  24 Aug 94 

1. The enclosed document, Fission Products Field Zelease Test 
11, by HQ Air Force Special Weapons Center, Sep 5 0 ,  is a document 
we found responsive to subject FOIA request. 

2. Pursuant to the telephone conversation this date, between 
Carolyn Price, your office and Elaine Stangler, DPG the document 
and request are being forward for your action. 

3 .  You 
will note that he has agreed to pay reproduction charges in the 
category of news media. 
Treasurer of the United States and submit it to our office. 

A copy of our reply to the requester is also enclosed. 

He was asked to make check payable to 

Encl 
as 

aRUCE C .  EVANS 
MAJ, JA 
Command Judge Advocate 



STEDP- JA 

KEMORANDUM FOR DOL-T 

SUBJECT: Federal Express Document 

31 August 1994 

1. Request the enclosed documents be Federal Expressed to the 
following address: 

~ ~ M S S / M S I S  
(FOIA) 
1000 AIR FORCE PENTAGON 
WASHINGTON DC 20330-1000 

2 .  Our cost  center and XO are: 

\ 

Elaine Stangler 
Paralegal 



October 13. 1994 

Office of the Commander 

Honorable Orrin Hatch 
United States Senator 
8402 Federal Building 
Salt Lake City, Utah 84138 

Dear Senator Hatch: 

Please find enclosed documents concerning radiation testing 
performed by the U.S. Air Force and the Atomic Snergy Commission 
at Dugway during the 1950s. These documents were referred to in 
several articles recently published by Nr. Lee Cavidson, a writer 
for the Deseret N e w s ,  and obtained by Mr. Davidson under the 
Freedom of Information Act (FOIA). 

We located these documents in a response to a FOIA request. 
Since these were Air Force documents, we initiated a request to 
them for release authority. We were also preparing a request for 
release authority from the Radiation Emergency Communication 
Center (RECC) when we learned that Mr. Davidson had published his 
articles. The authorization to release this kind of information 
takes a considerable amount of time. It is unclear who gave Mr. 
Davidson the documents and granted authorization for their 
release. 

My staff and I continue our willingness to provide any 
information available to us that may be of benefit to the public. 
I regret .that I did not have the authority to release this 
information sooner. Please distribute to any agency you feel has 
a need to see this testing documentation. 

If you have any questions about this information, please 
feel free to contact my Public Affairs Officer, Mrs. Melynda 
Petrie at 831-2116 or the Command Judge Advocate, Major Bruce 
Evans at 831-3333. 

Sincerely, 

Eugene A. Fuzy 
Colonel, U . S .  Army 
Commanding 

Enclosures 



October 13, 1 5 9 4  

Office of the Commander 

Dr. Suzanne Winters 
State Science Advisor 
Office of Planning and Budget 
1116 State Capitol Building 
Salt Lake City, Utah 84114 

Dear Dr. Winters: 

Please find enclosed documents concerning radiation testing 
performed by the U.S. Air Force and the Atomic Energy Commission 
at Dugway during che 1550s. These documents were referred to in 
several articles recently lsilblished by Mr. Lee Davidson, a writer 
for the Deseret News, and obtained by Mr. Davidson under the 
Freedom of information Act (FOIA). 

We located these documents in a response to a FOIA request. 
Since these were Air Force documents, we initiated a request to 
them for release authority. We were also preparing a request for 
release authority from the 2adiation Emergency Communication 
Center (RECC) when we learaed that Mr. Davidson had published his 
articles. The authorization to release this kind of information 
takes a considerable amount of time. It is unclear who gave Mr. 
Davidson the documents and granted authorization for their 
release. 

Because of your interest in radiation testing at Dugway, my 
staff and I continue our willingness to provide you with any 
information available to us that may be of benefit to the public. 
I regret that I did not have the authority to release this 
information sooner. Please distribute to any agency you feel has 
a need to see this testing documentat,ion. 

If you have any questions about this information, please 
feel free to contact my Public Affairs Officer, Mrs. Melynda 
Detrie at 831-2116 or the Command Judge Advocate, Major Bruce 
Evans at 831-3333. 

Sincerely, 

Eugene A. Fuzy 
Colonel, U.S. Army 
Commanding 

Enclosures 



October 13, 1994 

Office of the Commander 

Honorable Karen Shepherd 
House of Representatives 
414 Cannon House Office Building 
Washington, D. C. 20515-4401 

Dear Representative Shepherd: 

Please find enclosed documents concerning radiation testing 
performed by the U.S. Air Force and the Atomic Energy Commission 
at Dugway during the 1950s. These documents were referred to in 
several articles recently published by Mr. Lee Davidson, a writer 
for the Deseret N e w s ,  and obtained by Nr. Davidson under rhe 
Freedom of Information Act (FOIA). 

We located these documents in a response to a FOIA request. 
Since these were Air Force documents, we initiated a request to 
them for release authority. We were also preparing a request for 
release authority from the Radiation Emergency Communication 
Center (RECC) when we learned that Mr. Davidson had published his 
articles. The authorization to release this kind of information 
takes a considerable amount of time. It is unclear who gave Mr. 
Davidson the documents and granted authorization for their 
release. 

Because of your interest in radiation testing at Dugway, my 
staff and I continue our willingness to provide you with any 
information available to us that may be of benefit to the public. 
I regret that I did not have the authority to release this 
information sooner. Please distribute to any agency you feel has 
a need to see this testing documentation. 

If you have any questions about this information, please 
feel free to contact my Public Affairs Officer, Mrs. Melynda 
Petrie at 831-2116 or the Command Judge Advocate, Major Bruce 
Evans at 831-3333. 

Sincerely, 

Eugene A. Fuzy 
Colonel, U.S. Army 
Commanding 

Enclosures 



October 13, 1994 

or" L ~ i c e  of the Commander 

Honorable Robert Bennett 
United States Senator 
4225 Federal Building 
Salt Lake City, Utah 84138 

Dear Senator Bennett: 

Please find enclosed documents concerning radiation testing 
performed by the U.S. Air Force and the Atomic Energy Commission 
at Dugway during the 1950s. These documents were referred to in 
several articles recently published by Mr. Lee Davidson, a writer 
for the Deseret News,  and obtained by Mr. Davidson under the 
Freedom of Information Act (FOIA). 

We located these documents in a response to a FOIA request. 
Since these were Air Force documents, we initiated a request to 
them for release authority. We were also preparing a request for 
release authority from the Radiation Emergency Communication 
Center (RECC) when we learned that Mr. Davidson had published his 
articles. The authorization to release this kind of information 
takes a considerable amount of time. It is unclear who gave Mr. 
Davidson the documents and granted authorization for their 
release. 

Because of your interest in radiation testing at Dugway, my 
staff and I continue our willingness to provide you with any 
information available to us that may be of benefit to the public. 
I regret that I did not have the authority to release this 
information sooner. Please distribute to any agency you feel has 
a need to see this testing documentation. 

If you have any questions about this information, please 
feel free to contact my Public Affairs Officer, Mrs. Melynda 
Petrie at 831-2116 or the Command Judge Advocate, Major Bruce 
Evans at 831-3333. 

Sincerely, 

Eugene A .  Fuzy 
Colonel, U.S. Army 
Commanding 

Enclosures 



October 13, 1994 

Office of the Commander 

Honorable Michael 0. Leavitt 
Governor of Utah 
210 State Capitol Building 
Salt Lake City, Utah 84114 

Dear Governor Leavitt: 

Please find enclosed documents concerning radiation testing 
performed by the U.S. Air Force and the Atomic Energy Commission 
at Dugway during the 1950s. These documents were referred to in 
several articles recently published by Mr. Lee Davidson, a writer 
for the Deseret News, and obtained by Mr. Davidson under the 
Freedom of Information Act (FOIA) , 

Ice located these documents in a response to a FOIA request. 
Since these were Air Force documents, we initiated a request to 
them for release authority. We were also preparing a request for 
release authority from the Radiation Emergency Communication 
Center (XECC) when we learned that Mr. Davidson had published his 
articles. The authorization to release this kind of information 
takes a considerable amount of time. It is unclear who gave Mr. 
Davidson the documents and granted authorization for their 
release. 

Eecause of your interest in radiation testing at Dugway, my 
,staff and I continue our willingness to provide you with any 
information available to us that may be of benefit to the public. 
I regret that I did not have the authority to release this 
information sooner. Please distribute to any agency you feel has 
a need to see this testing documentation. 

If you have any questions about this information, please 
feel free to contact my Public Affairs Officer, Mrs. Melynda 
Petrie at 831-2116 or the Command Judge Advocate, Major Bruce 
Evans at 831-3333. 

Sincerely, 

Eugene A. Fuzy 
Colonel, U.S. Army 
Commanding 

Enclosures 
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