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AEROSOLIZED U AND Be FROM LASL DYNAMIC EXPERIMENTS 

Summary 

A t  t h e  r e q u e s t  of OSD/ALO, t h e  Los Alamos S c i e n t i f i c  Labora- 

t o r y  c o n d u c t e d  a f i e l d  i n v e s t i g a t i o n  t o  estimate t h e  a t m o s p h e r i c  
r e l e a s e  of t o x i c  metals  due  t o  dynamic  e x p e r i m e n t a l  a c t i v i t i e s  

at LASL. T h e s e  dynamic e x p e r i m e n t s  are r o u t i n e l y  c o n d u c t e d  On 

These  e x p e r i m e n t s  t y p i c a l l y  employ 
c o n v e n t i o n a l  high e x p l o s i v e s  a n d  may c o n t a i n  q u a n t i t i e s  of 
p o t e n t i a l l y  t o x i c  metals i n c l u d i n g  b e r y l l i u m ,  l e a d ,  m e r c u r y l  and 
uranium,  

C o n t r o l l e d  areas. 

The o b j e c t i v e  of t h e  i n v e s t i g a t i o n  w a s  t o  d e t e r m i n e  t h e  
f r a c t i o n  of t h e  t o t a l  mass of u r a n i u m  a n d  b e r y l l i u m  a e r o s o l i z e d  
a n d  t r a n s p o r t e d  i n  t h e  d e b r i s  c l o u d  from e a c h  of t h r e e  e x p e r i m e n t s  
c o n d u c t e d  i n  e a r l y  November 1 9 7 4 .  Up t o  t h a t  t i m e  i t  w a s  assumed 
t h e  m a j o r i t y  of t h e  metals were a e r o s o l i z e d .  The i n v e s t i g a t i o n  
w a s  c o n d u c t e d  by L X L  w i t h  a i r c r a f t  s a m p l i n g  c u p p o r t  from EPA/ 

L a s  Vegas.  

A e r o s o l i z e d  uranium and  b e r y l l i u m  c o n c e n t r a t i o n  a n d  s i z e  
d i s t r i b u t i o n  i n f o r m a t i o n  was o b t a i n e d  by a i r c r a f t  p e n e t r a t i o n s  
t h r o u g h  the d e b r i s  c l o u d .  Cloud s i z e  and  t r a j e c t o r y  i n f o r m a t i o n  

were d e r i v e d  from p h o t o g r a p h i c  records t a k e n  from t w o  o r t h o g o n a l l y  
located camera s i tes .  The t o t a l  mater ia l  i n  each  c l o u d  was t h e n  
estimated u s i n g  t o t a l  c l o u d  volume est imates ,  a i r c r a f t  sample 
V o l u m e s ,  and observed c o n c e n t r a t i o n s  of uranium and beryllium. 
T h i s  e x p e r i m e n t a l  t e c h n i q u e  is subject t o  s i g n i f i c a n t  u n c e r t a i n -  
t i e s  a r i s i n g  f rom c l o u d  s i z i n g ,  ma te r i a l  d i s t r i b u t i o n  i n  t h e  

c l o u d ,  a n d  a i r c r a f t  p e n e t r a t i o n  path.  However, t h i s  a p p r o a c h  
a p p e a r e d  t o  be t h e  most f e a s i b l e  and s t r a i g h t f o r w a r d  way to 
o b t a i n  a r e a s o n a b l e  estimate of material c o n t a i n e d  i n  t h e  d e b r i s  

c l o u d s .  

R e s u l t s  i n d i c a t e d  ‘ t h a t  a p p r o x i m a t e l y  10% of t h e  t o t a l  m a s s  
Of u r a n i u m  a n d  2% of t h e  beryllium w e r e  c o n t a i n e d  i n  the debris 
c l o u d s .  The a i r c r a f t  i m p a c t o r  d a t a  o n  aerosolized u r a n i u m  

showed a log-normal d i s t r i b u t i o n  w i t h  an ae rodynamic  mass nedian 
ameters of 0 . 1  t o  1 urn a n d  standard g e o m e t r i c  d e v i a t i o n s  of 
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about 8 for the three experiments. 
sampled were different in character and thus the results should 
be reasonably representative of the spectrum of experiments 
routinely conducted at LASL. 

theoretical contribution of dynamic experimentation to atmos- 
pheric concentrations of these metals for a typical year in 
the LOS Alamos environs. Annual atmospheric concentration esti- 
mates were obtained using the measured aerosolized values and 
through the use of a time-integrated version of the Gaussian puff 
model. For calculation purposes the following assumptions were 
made : 

Each of the three experiments 

These experimental results were then used to estimate the 

1. Initial cloud diameter and height of 100 meters 
2. Average wind speed of 3 m/s 
3. 
4 .  Slightly unstable atmosphere. 

Equal probability of transport in all directions 

The table below gives results on an annual basis: 

ESTIMATES FOR 1976 
Annual Avg. Conc. Applicable 

Annual Percent (ng/m3 Standard 
Element Usage (Kg) Aerosolized 4 km 8 km (ng/m3 I 
Uranium 1023 10 0.1 0.04 9000 
(D-38) 

Be 

Hg 
Pb 

10 0.0007 0.0002 25.5 2 

36.1 l o o *  0.05 0.02 None 
18.6 l o o *  0.02 0.08 None 

(30 day avg) 

Totals 0.17 0.068 10000 
*Assumed values. 

A national emission standard for Hg is 1 pg/m3 averaged over 
one day. The time integral-for a single experiment consuming the 
total of 16.4 kg of Hg (1976 monthly maximum) is 0.8 pg-d/m 3 

(80% of standard) with the assumptions below: 
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1. N e u t r a l  a t m o s p h e r e ,  
2 .  Average w i n d  s p e e d  + 2 m/s, 
3 .  Downwind s a m p l i n g  d i s t a n c e  = 4 km, and 
4 .  I n i t i a l  c loud d i a m e t e r  and  h e i g h t  = 1 0 0  m. 

Whi le  n o  s t a n d a r d s  e x i s t  f o r  Pb  t h e  a n n u a l  c o n c e n t r a t i o n  a v e r a g e  
at 4 km i s  a b o u t  5% of t h e  amount  e x p e c t e d  from t h e  r e s u s p e n s i o n  

of c o n t i n e n t a l  d u s t .  
Approx ima te ly  1 0 0 , 0 0 0  k i l o g r a m s  of u ran ium h a v e  been  used  

The a v e r a g e  y e a r l y  i n  dynamic e x p e r i m e n t s  a t  LASL s i n c e  1943 .  
u s e  for t h e  l a s t  22  y e a r s  i s  2466 ( a  = 1309) k i l o g r a m s .  I n  
r e c e n t  y e a r s  u s e  h a s  d r o p p e d  t o  a p p r o x i m a t e l y  1 0 0 0  kg /y r .  
A tmospher i c  uran ium c o n c e n t r a t i o n s  have b e e n  r o u t i n e l y  measured  
at LASL by  a 2 6  s t a t i o n  a i r  s a m p l i n g  n e t w o r k .  

a v e r a g e  c o n c e n t r a t i o n  f o r  u r a n i u m  i n  1 9 7 6  was 0 .06  ng/m . 
e x p e c t e d  l e v e l s  of u ran ium d u e  t o  the r e s u s p e n s i o n  of c o n t i n e n t a l  

The s p a t i a l  
3 The 

d u s t  is 0 . 0 8  ng/m’ ( 2  a f a c t o r  of 2 ) .  

fo r  a i r b o r n e  u ran ium ( 0 . 0 6  ng/m3 a n n u a l  a v e z a g e )  f o r  1 9 7 6  a r e  
r e a s s u r i n g  because t h e  a e r o s o l i z a t i o n  p e r c e n t a g e s  a n d  c r u d e  
d i s p e r s i o n  model u s e d  do n o t  u n d e r e s t i m a t e  dynamic e x p e r i m e n t a -  

t i o n  c o n t r i b u t i o n s  ( c a l c u l a t i o n a l  e s t ima tes  r a n g e d  f r o m  0 .04 -0 .10  

Network s a m p l i n g  r e s u l t s  

ng/m3) 
S p e c i f i c  i n f o r m a t i o n  a b o u t  t h e  e x p e r i m e n t s  c o n d u c t e d  a n d  

c o m p u t a t i o n a l  a n a l y s i s  p e r f o r m e d  are c o n t a i n e d  i n  t h e  a t t a c h e d  

a p p e n d i c e s .  

.. 
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APPENDIX A 

AIRCRAFT SAMPLING FOR URANIUM AND BERYLLIUM FROM LASL DYNAMIC 
EXPERIMENTS 

I. Introduction 

The L o s  Alamos Scientific Laboratory is engaged in dynamic 
experimentation. 
trolled areas. The experiments typically employ conventional 
high explosives and may contain quantities of potentially toxic 
metals including beryllium, lead, mercury, and uranium. It 
was the object of this investigation to determine the amounts 
and nature of beryllium and uranium released to the atmosphere 
as a consequence of such experimentation. 
uranium were selected for severa l  reasons. One, they are 
commonly released elements of significant environmental in- 
terest. Secondly, they display different chemical behavior: 
uranium being chemically reactive and frequently pyrophoric, 
whereas beryllium is more chemically inert and refractory. 
Additionally, these elements have good analytical detectability. 

These experiments are conducted on LASL con- 

Beryllium and 

11. Sampling Techniques 

Three dynamic experiments were sampled in early November 
1974. Since the experiments disperse material into the atmos- 
phere by way of a buoyant, explosive-products clcild, air samples 
were collected by aircraft rather than by conventional ground- 
based sampling. Although there is a considerable "wake" of 
d u s t  and debris blown out along the ground following a detona- 
tion, the subsequent dust c loud  was believed to be the major 
source of atmospherically dispersed material. Aircrzft samp- 
ling was conducted by the Radiation Monitoring Branch of the 
U.S. Environmental Protection Agency, National Environmental 
Research Center, Las Vegas, NV using the EPA twin turbine Beech- 
craft airplane. Aircraft sampling equipment included an on- 
board high volume (hi-vol) air filtration system and a wing 
mounted cascade impact~r sampler  for particulate size analysis. 

Q The sampling probe for the hi-vol sampler consisted of 
0 a tube extending f r o m  the nose of t h e  craft to the sample col- 
@a lection area located n e a r  the c e n t e r  of the plane. The air 
d flow of t h e  hi-vol sampler was automatically maintained at a rate 
00 
0 
2 



of 4 . 8  0.2 x 
70% of an  i s o k i n e t i c  sampling ra te .  Atmospheric a e r o s o l  
samples  from t h e  h i -vo l  sample were c o l l e c t e d  on 20-cm x 2 5 -  
cm, Whatman N o .  4 1  c e l l u l o s e  f i l t e r  paper .  Rapid f i l t e r  
changing  c a p a b i l i t i e s  p e r m i t t e d  s e q u e n t i a l  h i -vo l  sampling.  

m3/s (102 ‘CFM) , a f l o w  ra te  approx ima te ly  

The wing-mounted cascade  impactor  w a s  o f  t h e  h i - v o l ,  
m u l t i s t a g e ,  m u l t i s l i t  d e s i g n ,  i n c o r p o r a t i n g  f i v e  impact ion  
stages and a s t a n d a r d  h i -vo l  backup f i l t e r .  P a r t i c l e s  w e r e  
c o l l e c t e d  on approximate ly  1 4 - c m  x 1 4 - c m ,  p a r a l l e l  s l i t  impact ion 
paper, a l s o  of Whatman N o .  41 s e l l u l o s e .  For sub-micron 
par t ic les ,  a backup f i l t e r  of 20-cm x 25-c~n Whatman N o .  4 1  
w a s  used.  The sampling pod c o n t a i n i n g  t h e  cascade  impact ion  
sampler  had an aerodynamic f low which main ta ined  t h e  impac- 
t i o n  sampling r a t e  a t  1 . 9  2 0 . 1  x m 3 / s  ( 4 0  CFM) 5Gr t h e  
a i r c ra f t  sample c o l l e c t i o n  speed.  The impact ion  sys tem w a s  
designed f o r  i s o k i n e t i c  a e r o s o l  sampling,  and c a l i b r a t i o n  
a t  one atmosphere and 298K gave t h e  fo l lowing  p a r t i c l e  c i z e  
c u t - o f f  diameters ( i n  p m )  a t  50% c o l l e c t i o n  e f f i c i e n c y  f o r  
s p h e r i c a l  p a r t i c l e s  of u n i t  d e n s i t y :  S t age  1, 8.2 and g r e a t e r ;  
S t a g e  2 ,  3.5 t o  8 . 2 ;  S t age  3 ,  2 . 1  to 3.5; S t age  4 ,  1 . 0  t o  
2.1; S t a g e  5 ,  0.5 t o  1 . 0 ;  and F i l t e r  S t age ,  below 0 .5 .  

- 

111. Sampling Y i s s i o n s  

The a i r c r a f t  sampling m i s s i o n s  w e r e  flown on t w o  days  
i n  November 1 9 7 4 .  Experiment I ,  sampled d u r i n g  t h e  after: ioon of  
t he  f i r s t  day,  con ta ined  uranium-238 (D-38) and b e r y l l i u m  i n  
a d d i t i o n  t o  s t a i n l e s s  s teel  and o t h e r  mater ia ls .  p r io r  t o  deton- 
a t i o n ,  t h e  a i r c r a f t  c i r c l e d  t h e  f i r i n g  p o i n t  a t  a d i s t a n c e  o f  
abou t  3 km. Radio communications w e r e  e s t a b l i s h e d  between a 
c e n t r a l  ground o b s e r v a t i o n  p o i n t  and t h e  f i r i n g  s i te ,  t h e  a i r c r a f t ,  
and t w o  ground photographic  o b s e r v a t i o n  p o i n t s .  A t  d e t o n a t i o n ,  t h e  
a i r c r a f t  began i t s  f irst  approach t o  t h e  v i s i b l e  e x p l o s i o n  cloud 
w i t h  synchronized  s t i l l  photography commencing a t  t h e  t w o  photo- 
g r a p h i c  o b s e r v a t i o n  p o i n t s .  S t anda rd  6-cm x 6-c1n color  p o s i -  
t i v e  s l i d e s  were t a k e n  a t  30-s  i n t e r v a l s  and a t  t i m e s  o f  v i s i -  
ble a i r c r a f t  p e n e t r a t i o n  th rough  t h e  c loud .  A movie camera 
also c h r o n i c l e d  t h e  e v e n t .  Cont inuous t a p e  r e c o r d i n g s  wzre 
made o f  a c t i v i t i e s  and communications a t  each  of tile t h r e e  
ground s i t e s  so t h a t  t h e  data  c o u l d  be synchronized  t o  a c o m -  
mon time frame. 

A t  6 5  s a f t e r  d e t o n a t i o n ,  t h e  a i r c r a f t  made i t s  f i r s t  
p e n e t r a t i o n  of t h e  c loud  a t  an a l t i t u d e  of approx ima te ly  122 
m above t h e  f i r i n g  p o i n t .  A t o t a l  of f i v e  c loud  p e n e t r a t i o n s  
were made, t h e  l a s t  of which was approximate ly  7.6 min a f t e r  
d e t o n a t i o n .  A i r c r a f t - d o u d  p e n e t r a t i o n  da ta  a r e  p r e s e n t e d  i n  
Tab le  I. The v i s i b i l i t y  of  t h e  d u s t  c loud  w a s  g r e a t e r  f r o m  
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t h e  v a n t a g e  p o i n t  of t h e  a i r c r a f t  t h a n  from t h e  g r o u n d  obser- 
vation p o i n t s .  Thus ,  a i r c r a f t  s a m p l e s  were t a k e n  e v e n  
though ground  v i s u a l  o b s e r v a t i o n  had  been lost. 
p h o t o g r a p h i c  v i s u a l  o b s e r v a t i o n s  were i n f e r i o r  t o  a i r c r a f t  
s i g h t i n g .  

S i m i l a r l y ,  

On t h e  second  day ,  t w o  e x p e r i m e n t s  were sampled; E x p e r i -  
ment  I1 i n  t h e  morning a n d  E x p e r i m e n t  I11 i n  t h e  a f t e r n o o n .  
The s e q u e n c e  of e v e n t s  for t h e s e  m i s s i o n  p a r a l l e l e d  t h a t  of 
E x p e r i m e n t  I .  
Table I. 
men t  111 c o n t a i n e d  D - 3 8 .  

P e r t i n e n t  a i r c r a f t  sampl ing  d a t a  are  g i v e n  i n  
Exper iment  11 c o n t a i n e d  D-38 and  b e r y l l i u m ;  E x p e r i -  

' F o l l o w i n g  e a c h  p e n e t r a t i o n  t h r o u g h  a c l o u d ,  t h e  h i - v o l  
f i l t e r  was changed and packaged, p r o v i d i n g  a n  i n d e p e n d e n t  
sample f o r  e a c h  p e n e t r a t i o n .  Each  hi-vol f i l t e r  sample 
r e p r e s e n t e d  a s a m p l i n g  per iod of a p p r o x i m a t e l y  0 . 5  min ,  a l -  
t h o u g h  ;nly a f ew s e c o n d s  w e r e  a c t u a l l y  s p e n t  t r a v e r s i n g  
t h e  c l o u d .  P r e c e d i n g  each shot, a "background"  h i - v o l  
Sample w a s  t a k e n  which r e p r e s e n t e d  a p p r o x i m a t e l y  0 . 5  min 
of sample c o l l e c t i o n  of a m b i e n t  air. 
r e m a i n e d  open d u r i n g  t h e  e n t i r e  2 i r5o rne  m i s s i o n ,  and i n t e -  
g r a t e d  s i z e  f r a c t i o n a t e 6  sampies r e p r e s e n t i n g  t h e  composite 
Of all passes t h r o u g h  a c loud were o b t a i n e d .  

The cascade i m p a c t o r  

IV. Analysis 

The a i r  f i i t e r  samples were c h e m i c a l l y  a n a l y z e d  f o r  b e r y l -  
l i u m  a n d  uranium by Group H - 5 .  F i l t e r  s a m p l e s  were f i r s t  wet 
ashed t o  d r y n e s s  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a n d  n i t r i c  a c i d s  
(and w i t h  H202 and H C l O 4  as n e e d e d ) .  
ples were b rough t  t o  a s t a n d a r d  volume of 10  rill w i t h  0 . 1  N 
H 2 S O 4 .  An a l i q u o t  of f r o m  1. t o  2 m i  w a s  u s e d  for t h e  b e r y l -  
l i u m  a n a l y s i s ,  performed w i t h  a Perkin-Elmer Model 3 0 3  A t o n - . i c  
Absorption S p e c t r o p h c t o r n e t e r  w i t h  n i t r o u s  o x i d e  L'lane. 
t h e  remainder  of t h e  sample s o l u t i o n s ,  a s t a n d a r d  a l i q u o t  was 
taken for uranium a n a l y s i z .  Dr i ed  uranium a l i q u o t s  were f u s e d  
w i t h  NaF and a n a l y z e d  f l u o r o n e t r i c a l l y  with a J a r r e l l  Ash 
Fluorometer. T h i s  i n s t r u n e n t  i s  i n s e n s i t i v e  t o  i s o t o p i c  v a r i -  
a t i o n s  and measu res  o n l y  t o t a l  uranium mass. 

A f t e r  d r y n e s s  t h e  san- 

From 

T a b l e  I1 g i v e s  t h e  results o f  t h e  c h e m i c a l  a n a l y s e s  of 
t h e  f i l t e r  samples  col lecte3 during t h e  s a m p l i n g  m i s s i o n s .  
Errors associated w i t h  m a s s  a n a l y s e s  are o n e  s t a n d a r d  devia-  
t i o n  ( a ) .  For t h e  u r a n i u m  a n a l y s i s ,  a f i l t e r  " b l a n k "  v a l u e  
Of 0 .9  ? 0 . 6  pg/hi- ,vol f i l t e r  a n d  0 . 3  2 0 . 2  p g / i m p a c t o r  f i l -  
ter was subtracted fron the d a t a .  For b e r y l l i u m ,  t h e  f i l t e r  
b l a n k  i s  below t h e  l eve l  of d e t e c t i o n ,  b u t  t h e  errors asso-  
c i a t e d  w i t h  t h e s e  v a l u e s  r e f l ec t  t h e  u n c e r t a i n t y  of the b l a n k  
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Value. The 2u 95% c o n f i d e n c e  d e t e c t i o n  l i m i t  for beryllium 
is 0.1 p g .  

I t  i s  a p p a r e n t  f r o m  Table  11 t h a t  t h e  l e v e l s  of uran-  
ium c o l l e c t e d  were much l a r g e r  t h a n  t h e  l e v e l s  o f  b e r y l l i u m .  
T h i s  w a s  e x p e c t e d  s i n c e  t h e  e x p e r i m e n t s  g e n e r a l l y  c o n t a i n  
s e v e r a l  kg of D-38 a n d  a r o u n d  o n e - h a l f  kg of b e r y l l i u m .  
t h a t  t h e  b e r y l l i u m  d a t a  for  Experiment  I11 c o n f i r m  t h e  
a b s e n c e  of b e r y l l i u m .  

P h o t o g r a p h i c  t r i a n g u l a t i 3 E  was used  t o  d e t e r m i n e  c l o u d  
s i z e  a n d  l o c a t i o n  a t  3 0 - s  s y n c h r o n i z e d  i n t e r v a l s  a f t e r  d e t -  
o n a t i o n .  An a t t e m p t  was made to locate  t h e  camera s i t e s  
for  o r t h o g o n a l  p h o t o g r a p h s .  T S i s  w a s  l i m i t e d  somewhat by 
access r e s t r i c t i o n s  a n d  a v a i l a b l e  v i e w i n g  p l a t f o r m s .  Each 
camera had a 6-cm x 6-cm (2-1/4 x 2-114 i n . )  f o r m a t  and a 
150-mm l e n s  f o c u s e d  a t  i n f i n i t y .  T h i s  r e s u l t e d  i n  a 3.78O 
a n g u l a r  c h a n g e  p e r  c m  of movement o n  t h e  f i l m .  
t o  m a i n t a i n  a n  a b s o l u t e  f rame of r e f e r e n c e ,  e a c h  p h o t o g r a p h  
s h a r e d  some d i s t i n c t  t o p o g r a p h i c a l  f e a t u r e  w i t h  t h e  p r e c e d i n g  
p h o t o g r a p h  t o  p e m i t  t h e  cameras  t o  be rea imed w i t h o u t  l c s i n g  
t h e  a b s o l u t e  frame of r e f e r e n c e .  T h i s  w a s  n e c e s s i t a t e d  by 
t h e  r ap id  niovenent  of t h e  c l o u d s .  

Note 

I n  o r d e r  

P h o t o g r a p h i c  a n a l y s i s  c o n s i s t e d  of com2xt ing  the? azi- 
m u t h a l  a n g l e  b e t x e e n  t h e  c l o u d  c e n t e r  and  a l t e r n a t e  c a r e r a  
s i te  f o r  each p a i r  of f r a m e s .  The t w o  a z i m u t h a l  a n g l e s  were 
t h e n  u s e d  t o  loca t ed  a v e r t i c a l  l i n e  of a z i m u t h a l  i n t e r s e c -  
t i o n .  The e l e v a t i o n  a n g l e  of c l o u d  c e n t e r  f o r  each of t h e  
frame p a i r s  was u s e d  t o  compute a s e p a r a t e  c l o u d  h e i g h t .  
T h e s e  t w o  v a l u e s  w e r e  a v e r a g e d  and  the r e s u l t  u s e d  a s  a c l o u d  
c e n t e r  l o c a t i o n .  A n g u l a r  d a t a  of c l o u d  h o r i z o n t a l  and v e r -  
t i c a l  w i d t h  w e r e  t h e n  c o a v e r t e d  t o  l e n g t h  d i m e n s i o n s  f o r  
each pa i r ed  f r a n e .  T h e  r e s u l t a n t  f o u r  w i d t h  v a l u e s  were t h e n  
available for c l o u d  volume e s t i m a t i o n .  

V. R e s u l t s  

a e r o s o l i z e d  d u r i n g  a dynamic e x p e r i m e n t ,  t h e  f o l l o w i n g  method- 
o l o g y  f o r  h i - v o l  d a t a  was employed: (1) a n  estimate of t h e  
C l o u d  diameter a t  t h e  t i m e  of a i r c r a f t  s a m p l i n g  w a s  o b t a i n e d  
from t h e  p h o t o g r a p h s ,  ( 2 ) .  th2 volume of t h e  c loud  w a s  c a l -  
c u l a t e d  a s s u m i n g  s p h e r i c i t y ,  ( 3 )  a sample c o l l e c t i o n  t i n e  
was d e t e r m i n e d  g i v e n  t h e  t r u e  a i r  speed of t h e  a i r c r a f t  and 
a n d . a p p r o x i r n a t e  diameter  of t h e  c l o u d ,  ( 4 )  of t h e  t o t a l  c l o u d  
Vo1Ume, t h e  volume a c t u a l l y  sampled by t h e  a i r c r a f t  w a s  z a l c u -  
l a t e d  from t h e  a i r c r a f t  c o l l e c t i o n  t i m e  an6  t h e  sample col- 
l e c t i o n  r a t e ,  ( 5 )  a n  ave rage  u ran ium or  beryllium c o n c e n t r a -  
t i o n  i n  t h e  volume sampled was calculat?d, ( 6 )  a t o t a l  u ran -  
i\tm or b e r y l l i u m  m a s s  i n  the c l o u d  a t  .cne t i m e  of s m p i i n g  

I n  e s t i m a t i n g  t h e  f r a c t i o n  of uranium and  b e r y l l i u m  
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w a s  e s t i m a t e d ,  assuming t h e  a i r c r a f t  sample w a s  r e p r e s e n t a -  
t i v e  o f  t h e  e n t i r e  c l o u d ,  and ( 7 )  t h e  d i s p e r s e d  f r a c t i o n  of 
t h e  t o t a l  m a s s  of uranium o r  b e r y l l i u m  i n  t h e  experiment  
w a s  c a l c u l a t e d .  The most u n c e r t a i n  a s p e c t s  of t h e s e  d e t e r -  
m i n a t i o n s  w e r e  e s t i m a t i n g  t h e  c loud  d i ame te r  and t h e  assump- 
t i o n  of c l o u d  s p h e r i c i t y .  

The c l o u d  d i a m e t e r s  a t  t i m e  of p e n e t r a t i o n  a r e  p r e s e n t e d  
i n  T a b l e  111; d iame te r  u n c e r t a i n t i e s  w e r e  approximate ly  2 0 % .  
Upon c a l c u l a t i o n  of a s p h e r i c a l  c l o u d  volume, e r r o r s  from 
50% t o  1 0 0 %  were p ropaga ted .  There  w a s  e s s e n t i a l l y  no ground 
v i s u a l  c l o u d  o b s e r v a t i o n  f o r  a i r c r a f t  passes t h r e e  through 
f i v i  o f  Experiment I ,  two and t h r e e  of Experiment 11, and two 
through f o u r  of Experiment 111, because  o f  d i s p e r s i o n .  Conse- 
q u e n t l y ,  estimates of an e q u i v a l e n t  c loud  d i ame te r  and diameter 
e r r o r  w e r e  e s t a b l i s h e d  from s y s t e m a t i c  e x t r a p o l a t i o n  of c loud  ex- 
p a n s i o n  based  on pho tograph ic  c loud  s i z e  d a t a .  From t h e  
pho tographs  and t r i a n g u l a t i o n a l  measurements,  it was p o s s i b l e  
to trace t h e  v e r t i c a l  and h o r i z o n t a l  movement of t h e  " c e n t e r "  
of t h e  c l o u d s .  The a c t u a l  shapes  of t h e  c l o u d s ,  and v a r i a -  
tions i n  d u s t  d e n s i t y  w i t h i n  t h e  c l o u d s I  w e r e  undeterminable  
w i t h  p h o t o g r a p h i c  ev idence  from ground o b s e r v a t i o n  p o i n t s .  
It  w a s  a p p a r e n t  from t h e  photocjraphs aEd ground o b s e r v a t i o n s  
t h a t  t h e  c l o u d s  d i s p e r s e d  somewhat ranclomly w i t h  a tendency  
toward an e l o n g a t e d ,  o b l a t e  shape.  It i s  obvious  t h a t  t h e  
a i rcraf t  w a s  unable  to f l y  d i r e c t l y  th rough  t h e  c e n t r o i d  of 
t h e  cloud. I n  o r d e r  t o  comFensate f o r  t h e  lack of knowledge 
of t h e  t r u e  shape of t h e  c l o u d ,  and t h e  n o n - c e n t r a l  p e n e t r a -  
t i o n  by t h e  a i r c r a f t ,  an e q u i v a l e n t  "d i ame te r "  of t h e  c loud  
w a s  de t e rmined  by a v e r a g i n g  t h e  v e r t i c a l  and h o r i z o n t a l  w id ths  
e s t a b l i s h e d  from t r i a n g u l a t i o n  measurements.  The s t a n d a r d  
d e v i a t i o n  of t h e s e  f o u r  measurements w a s  t h e n  used as t h e  
c o n s e r v a t i v e  e r r o r  of t h e  e q u i v a l e n t  c loud  d i ame te r .  Sample 
c o l l e c t i o n  t i m e s  w e r c  determir.ed by d i v i d i n g  t h e  e q u i v i l e n t  
c loud  d i a m e t e r  by t h e  t r u e  a i r  speed .  I n  o r d e r  t o  f u r t h e r  
Compensate f o r  c loud  shape and p e n e t r a t i o n  r e p r e s e n t a t i v e n e s s  
u n c e r t a i n t i e s ,  c o n s e r v a t i v e  e r r o r s  o f  from 1 0 0 %  t.7 3005 were 
assumed f o r  a i r c r a f t  sample c o l l e c t i o n  t ines  f o r  p a s s e s  where  
t h e  c l o u d  s i z e  w a s  e s t i m a t e d  from s y s t e m a t i c s .  

Table I11 v e r i f i e s  t h e  i n t u i t i v e l y  obvious n o t i o n  t h a t  
for  l a t e r  a i r c r a f t  p a s s e s  through a c l o u d ,  t h e  amount of  use- 
f u l  i n f o r m a t i o n  o b t a i n e d  d imin i shes .  For p a s s  f i v e  of Experi-  
ment I ,  f o r  example, t h e  e l emen t  c o n c e n t r a t i o n s  i n  t h e  f r a c t i o n  
Of t h e  c l o u d  sampled dropped e r r a t i c a l l y ,  a p p a r e n t l y  as a r e s u l t  
of .poor  v i s i b i l i t y ,  poor ly  d e f i n e d  c loud  shape,  and nonrepre-  
s e n t a t i v e  samples.  Passes two and  t h r e e  of  Experiment I1 and 
p a s s e s  t h r e e  and four of Experiment I11 a l s o  appear  t o  be non- 
r e p r e s e n t a t i v e  samples.  
p a s s e s  w a s  t h e r e f o r e  avoided.  

I n t e r p r e t a t i o n  of d a t a  from t h e s e  

F-, - 
c 
C 
Y Y 

c 
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In order to determine the fraction of uranium and beryllium 
which was aerosolized and suspended in the cloud, the amounts 
of these elements prior to detonation were needed. Table IV 
gives the quantity of D-38 and beryllium used in the experiments 

Despite the large errors associated with the mass of 
uranium and beryllium in the clouds (columns 9 and 10 of 
Table 1111, these values are relatively small percentages 
(columns 11 and 12) of the total element mass available for 
dispersion. For Experiment I (excluding the nonrepresentative 
pass 5), integrating samples from passes one through four 
gives 314 5 31 pg of uranium and 2.63 2 0.14 pg of beryllium 
collected from a cumulative cloud fraction of 26 -+ 13 x 
Assuming these are representative samples, a total of 1.2 f 
0.6 kg.of uranium and.10 f 5 g of beryllium were then dispersed, 
or 10 k 5% and 1.6 -+ 0.8%, respxtively, of the initial amounts. 

For Experiment 11, only the first pass can be trusted, and 
it was calculated that the cloud contained 0.13 f 0.10 kg of 
uranium and 9 t 7 g of beryllium. This corresponds to 3 2 
2% and 1.9 2 1.5%, respectively, of the initial amounts of 
uranium and beryllium in the device. Passes one and two of 
Experiment I11 were composited to establish a total uranium 
mass in the cloud of 0.31 ?s 0.27 kg which represents 12 f 10% 
of the total D-38 i n  the device. There vas no beryllium in 
Experiment I11 as the chemical analyses corroborate. The 
maximum limit of beryllium resuspended in the cloud by the 
explosion was 19. 

An estimate of the elemental component of the particle 
size distributions was obtained from the hi-vol impactor sam- 
ples. Detectable quantities of uranium were collected on 
nearly all impaction stages for each test shot (see Table 11). 
These data are represented in Fig. 1 as cumulative distribution 
plots using the aerodynamic diameter particle size and uranium 
mass. 
aerosol particle with inertial characteristics equivalent to 
the particle actually collected. 
ence, the aerodynamic diameter of a uranium particle is larger 
than the real diameter. Aerodynamic diameter is generally used 
because of its greater significance in inhalation/ingestion 
studies. The activity median aerodynamic diameters &NAD (the 
aerodynamic diameter for which half of the uranium mass is above 
and half is below) for Experiment I1 and I11 are 1 pm and 0.9 pm, 
respectively. As is evident from their relatively straight 
curves, Experiment I1 and 11: demonstrate a characteristic 
log-normal size distribution. The standard geometric deviations 
Crg for these log-normal distributions are approximately 8, 
indicative of a highly skewed particle size distribution. The 

The aerodynamic diameter is the size of a unit density 

Because of the density differ- 
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S i z e  distribution plot of Experiment I is less amenable to a 
log-normal treatment but clearly demonstrates a w i d e  range of 
particle sizes. The AMAD f o r  Experiment I w a s  not measurable 
but can be estimated at 0.1 grn o r  less. Analogous particle 
size distribution p l o t s  for beryllium were not made because 
Of detection limitations. Nevertheless, the data of Table I1 
indicate that the most significant fraction of the atmospheric 
beryllium had an aerodynamic diameter of less than 0.5 pm. 

In conclusion, for  the experiments studied, the percent 
of uranium (D-38) dispersed in the detonation cloud was 
approximately 10%. For beryllium, the percent dispersed 
was approximately 2 % .  Furthermore, the uranium particle size 
distribution of these dispersed aerosols is approximately 
log-normal with mass median diameters i n  the range 0.1 to 1 urn 
and standard geometric deviations of about  8 .  
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Experiment I: PM 
Time Elevat ion 

Above Cloud 
Sampling After 

Pass detonation(s) f i r i n g  point(m1 

1 
2 
5 
4 
5 

6 5  
1 4 5  
2 2 5  
300 
4 5 s  

Experiment 11: AM 

1 8 5  

3 2 7 0  
2 165 

Experiment 111: PM 

so 1 

3 1 8 5  
2 1 2 0  

4 2 5 5  

1 2 2  
1 0 4  
i 3 7  
1 3 7  
2 2 9  

1 5 9  
2 1 4  
2 1 7  

1 0 7  
1 0 7  
1 6 8  
183  

True 
Air . 

speed (m/s) 

6 7  
6 7  
67  
6 7  
6 7  

7 5  
7 6  
7 8  

72  
6 9  
7 0  
7 0  

V i  sua 1 
Clar i ty  

o f  cloud 

Good 
F a i r  
Poor 
V e r y  Poor 
None 

F a i r  
p o o r  
V e r y  Poor  

F a i r  
Poor 
V e r y  P o o r  
Nonc 

0 1 8 1 4  



TABLE I 1  

C l l E b i I C A L  A N A L Y S I S  OF AIR FILTER SAMPLES 

F i l t e r  Identification Beryl 1 ium Uranium 

Mass 

<o .  1 0.2+0.03 Background Hi-Vol 
206 f 30 

I 1st pcnetration Hi-Vol 1.64+0.07 

42.253.1 
I 2nd penetration Hi-Vol 0.3950.07 
I 3rd penetration Hi-Vol 0.3250.07 27.953.1 

0.2820.07 
I 

4th penetration Hi-\!ol co.1 8.750.7 I 
5th penetration Hi-Vol < o .  1 7.650.4 I 
1st Stage Impactor ' 0 . 1  9.7k0.4 I 
2nd Stage Impactor 

( 0 .  1 6.150.4 I 
3rd Stage Impactor 

C O . 1  4,950.4 
I 

4th Stage Impactor 
2.450.4 

I 5th Stage Impactor 0.1250.07 

48.8i6.0 
I I Backup InpactDr Filter 0.4459.07 

Background Hi -'to 1 (0.1 l.ltO.03 
I 1  

1st Penetrat icil di-Vo 1 1.8050.07 I 1  2nd Penetration Hi-Val 0 . 3 7 2 0 . 0 7  
I 1  

3rd Penetration H-Vol I 1  
1st Stage Impactor 11 
2nd Stage Tmpactor I 1  
Zrd Stage Impactor I 1  
4th Stage Impzctor I 1  
5th Stage Impactor I 1  I 1  Backup Impactor Filter 0 . 2 4 2 0 . 0 7  

Background !!i - V o l  <0.1 1.350.03 

1 s t  Penetration Hi-\'ol 
2nd pcnetration Hi-1'01 
3rd pcnetration lli-*..'ol 

M a s s  Zxper i m e n t  Type CollccteJ ( v g )  Collected (US) 

37.553.1 

2 5 . 5 + 3 . 1  
1.550.7 c o . 1  5 .  o + o .  7 

<0.1 4.220.4 
<0.1 5.2to.4 

CO.1 57.1'5.1 
co.1 15.1+0.7 

(0.1 6.3i0.4 
<0.1 5.750.4 

<0.1 4,450.4 

17.450.4 

I 1 1  
111 

(0.1 0.150.6 
I 1 1  

0 . 3 5 0 . 6  
1 1 1  
111 
I11 1st Stage Impactor < 0 . 1  3.350.4 

3rd Stagc Impactor <O.l 2.450.4 
111 

4th Stagc Impactor 1 1 1  
5th Stagc Jnpactor 

I 1 1  Backup Impactor Filter <0.1 9.450.4 1 1 1  

4th Pcnetrat ion Hi-l'ol co.1 
111 2nd Stage 1s:pactor C O . 1  3.350.4 

40.1 2.150.4 
<o .  1 2.St0.4 
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TABLE IV 

BERYLLIUM AND D-38 I N  EXPERIMENTS 

E x p e r i m e n t  I 

E x p e r i m e n t  I1 

E x p e r i m e n t  I11 

Mass of E lemen t  
in E x p e r i m e n t s  

(kg) 

D-38 Be - 
0.61 12.3 
0.48 4.1 

2.5 - 

0 1  / /  

L 

“ I  W A EXP, 111 

t I 1 
0.1 

IO 20 30 40 5 0 6 0 7 0  &O 90 35  98 

CUMULATIVE PERCENT CF URANIU:vI 
MPSS LESS T t i A N  0 

Fig. 1. Uranium p a r t i c l e  size d i s t r i b u t i o n s .  
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APPENDIX B 

IMPLICATIONS OF AIRCRAFT SAMPLING FOR URNAIUM AND BERYLLIUM FROM LASL 
DYNAMIC EXPERIMENTS 

I. INTRODUCTION 

Appendix A con ta ins  t h e  d e t a i l s  of a s tudy t o  determine t h e  pe rcen t  
of uranium and be ry l l i um c a r r i e d  a l o f t  by t h e  d u s t  cloud from dynamic 
experiments a t  L M L .  
d e s c r i p t i o n  o f  t h e  n a t u r e  of an exp los ives  p roduc t s  c loud,  and we have 
an e s t i m a t e  o f  an atmospheric  d i s p e r s i o n  f a c t o r  f o r  two important 
species., uranium and beryJl ium. 
in fo rma t ion ,  we can now make some e t i m t z s  of  a tmospheric  d i s p e r s i o n  
from t h e s e  o p e r a t i o n s  f o r  p o t e n t i a l l y  harmful e lements .  

From t h i s  s tudy ,  we ob ta ined  a q u a l i t a t i v e  

Given t h i s  a l b e i t  l i m i t e d  "source term" 

11. DISPERSION MODEL 

We employ h e r e  t h e  mod.ified Su t ton  equa t ion  f o r  Gaussian 
d i f f u s i o n  as proposed by Turner1 f o r  i n s t a n t a n e o u s  sou rces :  

3 
where x is  t h e  c o n c e a t r a t i o n  i n  mass/m , 

z = 0 = ground l e v e l ,  Q 
which is  p r e s e n t  i n  theTf'puff",  H i s  t h e  e f f e c t i v e  h e i g h t  i n  meters  
of release of t h e  puff ( i . e . ,  t h e  he igh t  a t  d i i c h  t h e  p u f f  ceases  
to be  super-buoyant) ,  u i s  t h e  wind speed i n  m/s, t i s  t h e  t i n e  a f t e r  
release, and t h e  0s are  empi r i ca l  Gaussi;n d i s p e r s i o n  parameters (which 
are d i f f e r e n t  from t h o s e  used f o r  t h e  d i s p e r s i o n  e s t i m a t e s  of  a con- 
t i n u o u s  s o u r c e ) .  Our f i n d i n g s  o f  a c t i v i t y  mean aerodynamic diameter  
v a l u e s  of 21 pm f o r  uranium and beryl l ium i n  the d i s p e r s i o n  clouds 
permit t r ea tmen t  of  t h e s e  elements  as g a s s e s .  

is t h e  t o t a l  mass o f  t h e  element of  i n t e r e s t  

Fig .  1 shows c loud  d i ame te r  a s  a f u n c t i o n  of time, and Fig.  2 
gives t h e  r e l a t i o n  o f  c loud h e i g h t  and time a f t e r  d e t o n a t i o n  f o r  tile t h r e e  

D. B. Turner ,  'Workbook of Atmosphcric D i spe r s ion  Estimates", U. S.  
Dept. I l ea l th ,  Educat ion,  and !':elfare, P u b l i c  Hcalth S e r v i c e  Fub l i -  
c a t i o n  No. 999-AP-2, r ev i sed -1969 .  



experiments s t u d i e d .  
i n i t i a l  r ap id  i n c r e a s e  i n  c loud d iameter  and h e i g h t  which i s  a 
f u n c t i o n  of i ts h e a t  and buoyancy f a c t o r s .  
however, t h e  puff  becomes somewhat s t a b i l i z e d ,  and normal d i s p e r s i o n  
f a c t o r s  begin t o  t a k e  a f f e c t .  For t h e s e  d i s p e r s i o n  e s t i m a t e s ,  t hen ,  
we can cons ide r  a puff a t  time t = 0 (= de tona t ion  time) wi th  diameter  
D and he igh t  H. 

are fo r  maximum c o n c e n t r a t i o n ,  i . e . ,  when t = x/u along e wind 
d i r e c t i o n  a x i s  where y = 0. 
t h e  puff a r e  used t o  e x t r a p o l a t e  an up-riind " v i r t u a l "  p o i n t  source  
for t h e  pu f f .  The v i r t u a l  sou rce  l o c a t i o n  i n c r e a s e s  i n  t h e  upwind 
d i r e c t i o n  f o r  i n c r e a s i n g  i n i t i a l  d iameter  of  t h e  puf f .  
of d i s p e r s i o n  parameters  f o r  a quas i - in s t an tanous  sou rce ,  t aken  from 
Slade2 ,  are as fo l lows :  

I t  i s  apparent - f rom these curves  t h a t  t h e r e  is an 

A f t e r  a few minutes ,  

A program has  been w r i t t e n  f o r  t h e  c a l c u l a t i o n  o f  
%ax (X,O,O;H) u s i n g  t h e  above equa t ion .  The va lues  o f  +*"(X,O,O;W 

I n  t h i s  program, i n i t i a l  dimensions of 

Es t ima t ions  

Meteor0 l o g i c a l  x = 100 m x = 4 k m  

% (5 Y 2 
220 

- 
15 300 

ay condi t io;  

u n s t  ab1 e 10 
neutral  4 3 . 8  ' 120 50 
v e r y  s t a b l e  1.3 0.75 35 7 

B We have used a s t anda rd  power f u n c t i o n  CJ 
i n  o r d e r  t o  o b t a i n  i n t e r p o l a t e d  and ex t r apo la red  va lues  o f  GV and S z .  
Also, i t  is assuned t h e t  ox - - OV. 

less v a l i d  f o r  d i s t a n c e s  g r e a t e r  than  Z l O  km. 

= Ay t o  f i t  t h e s e  p o i n t s  

Consequently t h i s  model becomes 

P l o t s  o f  sax/Q, obta ined  from t h e  program are shown i n  F i g s .  
3 and 4 ( t h e  computer g raph ic s  r o u t i n e  is r e s p o n s i b l e  f o r  t h e  
s l i g h t l y  i r r e g u l a r  shape o f  t h e  dashed curve of F ig .  4). 
F i g s .  1 and 2 it i s  r easonab le  t o  assume an i n i t i a l  p u f f  d iameter  
of between 100 and 200 m and an i n i t i a l  h e i g h t  a l s o  betrceen 100 and 
200 m. Fig .  3 i s  f o r  a puff  w i th  i n i t i a l  he igh t  and d i ame te r  equal  
t o  100 m ,  and f o r  F ig .  4, t h e  i n i t i a l  he igh t  and d i ame te r  a r e  200 
and 100 m,  r e s p e c t i v e l y .  I n  F ig .  4 the curve  f o r  Y ax/Q, under  s t a b l e  
c o n d i t i o n s  is n o t  given because it would b e  o f f  scaTe f o r  r eg ions  

From 

where t h e  model i s  a p p l i c a b l e .  
3 x 10-*9/,3. 

For 20 km, t h e  va lue  o f  Gax'lO\T i s  

APPLICATION'TO RELEASE OF D-38 

Applying t h i s  model t o  t h e  release o f  uranium (D-3s) i n  an 
exp los ivcs  p roduc t s  c loud ,  we can e s t i m a t e  a time average  o f f - s i t e  
concen t r a t ion .  For a l o c a t i o n  d i r e c t l y  down riind from the  source ,  
t h e  time i n t e g r a l  of t h e  c o n c e n t r a t i o n  can be  approximated by 

x(x, 0 9 0; H I  dt = Gax (x, 0 ,o ; t u  (2n)"20x ; where ~,,(x,O,O;H) 
U 

*D, ti. Slade ,  Ed., "Meteorology and Atomic Energy - 19GS", U.S.  Atomic 
Energy Commission, 1968. 
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i s  the maximum c o n c e n t r a t i o n ,  i . e . ,  for time t = x/u,  An average  
d i s t a n c e  from t h e  f i r i n g  p o i n t s  t o  popula ted  o f f - s i t e  a r e a s  is 
about 8 km, whereas 4 km i s  approximate ly  t h e  minimum d i s t a n c e  t o  
popula ted  o f f - s i t e  a reas .  
worst mcteoro log ica l  c o n d i t i o n  ( n e u t r a l  c o n d i t i o n ,  P a s q u i l l  ca tegory  
'D) for t h e  d i s p e r s i o n  of a p u f f  w i th  t h e  c o n s e r v a t i v e  i n i t i a l  
d i ame te r  and h e i g h t  of 100 m, a 
expected.  For a typical  D-38 Q v a j u e  of 1 lig as observed  i n  
t h e  a i r c ra f t  sampling s tudy ,  an3  a wind speed of 2 m / s ,  t h e  
maximum c o n c e n t r a t i o n  would b e  12 vg/m3, and t h e  time i n t e g r a l  
of t h e  puff would b e  3 . 8  x 
peri 'Qd of  a month, t h e  average  c o n c e n t r a t i o n  from t h i s  re lease 
would be 1.5 ng/rn3. 

For a d i s t a n c e  of  8 km, c o n s i d e r i n g  t h c  

/Q, of 1 . 2  x 10-8 m - 3  is 

g-s/m3. I n e n  averaged  o v e r  t h e  

For a d i s t a n c e  of 4 km'from t h e  s o u r c e  t o  a popu la t ed  area, a 
n e u t r a l  i ne t eo ro log ica l  c o n d i t i o n  is a g a i n  most r e s t r i c t i v e .  
approximate )in 
d i s t a n c e  of  4 % are  24 pg/rn3 and 4 . 2  x 10-3 g-s/mJ, r e s p e c t i v e l y .  

The  
and  time i n t e g r a l  f o r  t h e  above i Q c i d e n t  a t  a 

* Most of t h e  dynamic experiments  conducted a t  t h e  LASL f i r i n g  
p o i n t s  a re  betwecn t h e  hours  10 Al l  and 4 P?f. 
me teo ro log ica l  co f id i t i on  (Pasquill c a t e g o r y  C )  w i th  wind speed 
around 3 n / s  could  be  cons ide red  as a 
For  1974, t h e  t o t a l  D-3S used i n  t h e  sho ts  :<as 1020 k g ,  and bzsed 
on t h e  a i r c r a f t  sampl ing  s t u d y ,  about 1/10 of t h i s  \cas r e l e a s e d  t o  
the atmosphere v i a  t h e  p u f f s .  An a n n u a l  average 0-38 concen t r a t ion  
a t  a d i s t a n c e  o f  8 km would then  be 0.04 na,/rn3 ( u s i n g  an  equ i -  
d i r e c t i o n a l  wind d i l u t i o n  f a c t o r  of  ( 2 ~ ) 1 / & ~ ~ / 7 n ) .  For a d i s t a n c e  
of 4 km, t h e  annual  average  f o r  t h e  sane c o n d i t i o n s  would be  0 . 1  ng/m'. 
(Using a c o n s e r v a t i v e  ave rage  me teo ro log ica l  c o n d i t i o n  
Of n e u t r a l  wi th  a wind speed of 2 m/s, t h e  annual a v e r a g e  D-3S con- 
c e n t r a t i o n  a t  8 km and 4 km are 0.15 and 0.2 ng/m3, r e s p e c t i v e l y . )  

tience a s l i g h t l y  uns t ab le  

conservative d i s p e r s i o n  cond i t ion .  

The 1974 annual average uranium c o n c e n t r a t i o n s  observed  in  t h e  
a i r  monitor ing network ranged from 0.04 (+2u = 0.02) t o  0.15 5+2a = 0.04) 

approximately e q u a l  t o  t h e  
(It a' f a c t o r  of 2)  r e s u l t i n g  f i s m  the  resuspens ion  of c o n t i n e n t a l  d u s t .  
(For a g iven  release i n c i d e n t ,  t h e  a i r  sampling network may "miss" the 
p u f f ,  b u t  i t  i s  b e l i e v e d  t h a t  t h e  annual average d a t a  adequate ly  represent  
t h e  real atmosphere b e i n g  sampled.)  
i s  a p p l i c a b l e ,  in t h a t  i t % d o e s  no t  underes t imate  expec ted  concent ra t ions .  
I t  is  reasonable  t o  deduce t h a t  annual average D-38 c o n c e n t r a t i o n s  in  the  
LASL envi rons  r e s u l t i n g  from d i a g n o s t i c  test o p e r a t i o n s  a re  i n  t h e  range 
0.001 t o  0.1 ng/m3 w i t h  t T i c a l  o f f - s i t e  maximum e p i s o d i c  concent ra t ions  
i n  t h e  range 1 t o  100 vg/m . 

ng/m3. The s p a t i a l  average  c o n c e n t r a t i o n  was about  0.09 ng/m which is  3 
expected uranium c o n c e n t r a t i o n  of 0.08 ng/m 

Thus, i t  would seem t h a t  the model 
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111. APPLICATION TO RELEASE OF BERYLLIUM 

The 1974 annual  d i a g n o s t i c  t e s t s  u s a g e  of Be was about  14 kg. 
We observed about 10 g (25) of the i n i t i a l  mass of Be t o  bc  ae roso l i zed  
in t h e  p u f f s  s tud ied .  
C a l c u l a t i o n s ,  we can then  estimate maximum e p i s o d i c  Be conccn t r a t ions  
a t  4 and 8 km t o  be 0 . 2  and 0 . 1  pg/m3, r e s p e c t i v e l y .  
o f f - s i te  Be c o n c e n t r a t i o n s  a t  4 and 8 km a re  approximately 0.4 and 
0.1 pg/m3, r e s p e c t i v e l y .  
a tmospher ic -d ispers ion  f a c t o r ,  bu t  if t h i s  factor  i s  s i g n i f i c a n t l y  
d i f f e r e n t  f o r  t h e  annual  average  r ~ l e a s e ,  t h e n  t h e  above con- 
c e n t r a t i o n s  would have t o  be a p p r o p r i a t e l y  c o r r e c t e d .  

Applying t h e  assumpt ions  used i n  t h e  0-38 

Annual average 

These c o n c e n t r a t i o n s  inco rpora t e  t h e  2'9 

Nat.iona1 Emission Stqndards  f o r  s t a t i o n a r y  Be sources  may 
not apply  t o  t h e s e  t es t s ,  but  t h e  r e s t r i c t i o n  of  10g/d is probably 
be ing  exceeded, even though t h e  30-d a v e r a g e  c o n c e n t r a t i o n s  l i m i t  
Of 0.01 )1g/rn3 i s  a p p a r e n t l y  s a t i s f i e d .  
S tandard  f o r  Be from r o c k e t  motor f i r i n g  i s  7 5  pg-min/m3 accumulated 
d u r i n g  any two-week p e r i o d .  
e p i s o d i c  Be c o n c e n t r a t i o n  i n t e g r a l  is a b o u t  0.2 ug-min/m3 and hence 
t h i s  s t anda rd  is a g a r e n t l y  being met. 

The Nat iona l  Emission 

A t y p i c a l  o f f - s i t e  (4.km doynwind) 

IV. FURTHER CONSIDERATIONS 

Other  me ta l s  of i n t e r e s t  which a r e  r e l e a s e d  t o  t h e  atmosphere 
by  d i a g n o s t i c  t es t s  a r e  mercury, l e a d ,  axd antimony. The 1974 
annual  usage f o r  t h e s e  e lements ,  and for D-38 and Be, is  sho~cn i n  
Tab le  1. 
c a l c u l a t e d  annual  ave rage  and e p i s o d i c  c o n c e n t r a t i o n s  a r e  shown i n  
Table  I .  In t h e  absence  of expe r imen ta l  i n fo rma t ion ,  we assume 
atmospheric  d i s p e r s i o n  f a c t o r s  of  100Z f o r  Pb, Hg, and Sb. The 
Nat iona l  Emission Standard  f o r  Hg o f  1 ug/m3 averaged oser one 
day  is appa ren t ly  n o t  be ing  v i o l a t e d  s i n c e  a wors t -case  (neu t r z l  
me teo ro log ica l  c o n d i t i o n ,  u = 2 m/s, x = 4 km, cloud he igh t  = dianicter  = 
100 m, mass = 1 kg Hg) e p i s o d i c  s o n c e n z r a t i o n  :iae i n t c g r z l  is about 
0.05  pg-d/m3. 
Pb and Sb, t h e  c a l c u l a t e d  ar.nu?l s v e r a + e  Pb and Sb c o n c e n i i a t i o n s  
should be compared to t h e  expected ambient conce t i t ra t ions  of 0.4 ng/m 
6 pg/m3, r e s p e c t i v e l y ,  r e s u l t i n g  from t h e  resuspens ion  of c o n t i n e n t a l  
d u s t .  
combined heavy meta ls  (N > 21) t o  l ess  t h a n  10 ug/m . 

Applying s i m i l a r  arguments to t h e  r e l e a s e  of t hese  e l c a e n t s ,  

A s  t h e r e  are no a p p l i c a b l e  emission s t anda rds  f o r  

and 

There is a New Biexico Standard  f o r  ambient a i r  r e s t r i c t i t r g  t o t a l  
3 

I t  should  be  remembered t h a t '  t h e  model employed i n  these  
de t e rmina t ions  is a t  b e s t  q u a l i t a t i v e .  
Of Contaminants i n  complex t e r r a i n  i n  a l l  p r o b a b i l i t y  has  scan t  
resemblance t o  d i s p e r s i o n  estimated with t h e  Gaussian puf f  model. 
These estimates could  t h e r c f o r c  be e r r o n e o u s  by as much as one o r  
p o s s i b l y  two orders of magnitude. 

The a tnosphe r i c  d i s p e r s i o n  

However, f o r  atmospheric uranium, 
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t h e  on ly  element f o r  which we have atmospheric  elemental concent ra t ion  
d a t a ,  i t  appears  t h a t  t h e  model has not  underest imated expected o f f - s i t e  
concen t r a t ions  r e s u l t i n g  from dynamic experiments .  

In  a r e c e n t  meeting with A .  J. Toy of LLL,  a f u r t h e r  compl.ication 
Concerning t h e  atmospheric  d i s p e r s i o n  of D-39 was revea led .  
p i c t u r e s  of wcapons t e s t  sho t s  taken a t  LLL's  S i t e  300 ind ica t ed  
t h a t  shrapnel  D-38 could be a s i g n i f i c a n t  source  of  ae roso l i zed  
uranium. 
D-38 were d i s p e r s e d ,  some of which d r a m a t i c a l l y  d i s i n t e g r a t e d  by 
a "star burs t "  i n  mid a i r .  Such anr!xol ized uranium would i n  
general not be observed by ou r  a i r c r a f t  sampling missions.  Con- 
ceivably,  t h i s  secondary, pyrogenic sou rce  of  uranium ae roso l  could 
be as  impor tan t  as t h e  i n i t i a l  b l a s t .  
i z e d  uranium dces  n o t  cons ider  t h i s  secondary mechanism. 
our a e r o s o l i z a t i o n  f a c t o r  of ~ 1 0 %  cannot b e  e r rmeous  by more than  
a factor of t e n ,  and t h i s  e r r o r  is probably l e s s  than t h a t  which 
is i n h e r e n t  i n  t h e  meteoro logica l  d i s p e r s i o n  assumptions. 

>loving 

Upon explos ion ,  i g n i t e d  p i eces  o f  what were undoubtedly 

Our "source term" for  ae ruso i -  
3eve r the l e s s ,  

TABLE I 

CALCULATED A'IIIOSPHERIC CONCENTRATIONS OF ELEMENTS USED I N  LASL DYNAVIC 
EXPERI5lENTS (1973 DATA) 

0 . 1  0.02 0 .04  0 . 0 1  

o.ooo-'  0.0001 0 . 0 0 0 1  

0.02 0.00s 0 . 0 1  

0 .005  0.0001 0.003 

D - J S -  LO20 
ac 1 4  0.0004 

Hg 11 0.02 

Pb 3 9  
Sb 0 . 2  0 . 0 0 0 3  

0 .  @ 5  0 . 0 2  0 . 0 2  0.01 

'Thc a t m o s p h e r i c  d i s p e r s i o n  f a c t o r s  for D-3s'. Be, Hg, Pb, a n d  S b  a r c  
Pssumcd t o  b c  IO'., 7:. 1002, l o o \ ,  a n d  100%. r c s p c c t i v c l y .  

'The t o t a l  episodic r e l c a s c s  for 0-38. Be. H s .  Pb. and Sb a r c  assumed 
to be 1,  0 . 0 1 ,  1, 1 ,  a n d  0 . 2  ki, r e s p c c t i v e l y .  
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CLOUD DIAMETERS FOR EXPERItlENTS 

233, -i 1u 

Fig. 1 



CLOUD HEIGHTS FOR EXPERIMENTS 

- FIRST EXPm ------ SECOND EXPm 

F i g .  2 
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DIFFUSIOFl OF €X?ERIMENT . (H=W=lO(S) 

Fig. 3 
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PUFF DIFFUSION (H=2OOM,N=1OGN) 

Fig.  4 
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