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6 m a r y  

tory conducted 8 fit14 inue8tiqation t o  entimate tho atmospheric 
reloare of toxic mttolr due t o  dynmfc  experimrntrl 8ctivfticr 
a t  UCL. There dynamic expor;mentr are r o u t i n e l y  conducted 03  

MI. contro11rd arean, There txpartmtntr typically employ 
conventional high txplorivcr m 4  amy contain qurntftitr of 
potentially tox ic  metrlr fncluainq beryllium, h i d ,  aatcury, and 
uranium. 

Tht sbfectfve of tho i n v r r e i g r t l o n  w18  t o  deternine the  
fraction o f  the total ma1r of uranium and beryllium rtrorilizrd 
a:d trrntperted in the debrim cloud from tach o f  three  experiments 
conducted An e a r l y  November 1974 ,  Up t o  that t h e  it ua8 rrr;z7cd 
tht majority of the meta l#  were arroro l i sed .  T h t  investigation 
Vat  conducted by U S L  with aircra:. rampling rupport fro% EPA! 

A t  t h e  requrrt a t  OSDIALb, the  &a A 1 r m e r  Scientific hborr-  

k r  Y o g r r ,  

Aer0DOli:ed uranite! and brtyllfrrm WnCtntratiOn 8nh ri2e 
Airtribution inforlaatton war obtrlnad by r i r e t r f  t ptnetrstaonr 
through the  debris cloud, 
w r e  derived ftan photographic t o c o r d r  
tocrtrd camera rttrr. 
rstiraated us ing  total cloud volume ertimrtts, rircrrft rrn lp l t  
V61UmC8, &nd abrrrved concentrations o f  uranium rnd beryllium. 
nfi r ~ r l m n t a l  technique i s  subject  tu rfqnificant uncertain- 
ties m i r i n g  from cloud ~ t ~ i n g ,  material dirtrfbution il the 
cfoub, and r l tcra i t  penettrtson path.  
rPps8rrd t o  bo t h e  mort f ear ib to  and rtrriqhtforvard w r y  to 
obtain rearonable t r t L m t s  of arterirl contrtntd i n  t h e  debrim 

Cloud r i r r  and errjrctory in fomat iun  

'thr total mattrirt in each C ~ O U ~  was t h e n  
;:urn two orthogonally 

However, t h i r  rpprorch 

CloUdD. 

k r u ' l t #  mbicuted that rpproxtmtaly 101 of t h e  totrl * m a  
o i  urrnfum m d  2 t  of the beryllfum wire contained i n  the  d*brig 
C f O u d B .  The a ircraf t  impector d8tr on A b r O r o ~ ~ Z ~ ~  u r a n i m  
r)wzwed 1 lop-normal distribution with An rerodynsmic m s r  median 
diamtts tr  of 0 . 1  t o  1 ~i and stanbsrb geometric deviations of 
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about 8 for the three e x p r t a e n t r .  tach  of the  three experiments 
r8~ip1Cd vezc different  in character and thur t h e  rerultr should 
be Xr680n8bly rcprcncntrtive of thr spectrum o f  rxpetlncnts 
routintly conducted a t  LhSL. 

Therm cxpcttmantrl rerul tr  wet,  then u r d  t o  rrtimstc the 
theoretical contribution of dynamic experimentation to r tmos-  
phcrie conccntrationr of there rnetblr for 1 t y p i c a l  year i n  
the ma Alamor ertvitani. lvrnurl runorphoric eanccntrrtion ttti- 

mater were obtained urfng -he measured rtrorolitcd valuer an$ 
through the use of I; ttmt-intrqrate6 vtrrfon o f  the G I u t r i r h  puf f  
d e l .  For crlculatLon purporcs the following rrrunptions were 
made : 

1. Jni t i r l  cloud dfunatrr rnb h r i g h t  of 100 meter8 

fit t a b l e  below gfvrr rcrultr on 8n rnnurl b r r f r t  

tdTXMTES FOR 2976 
&iU8 1 Avg , COi’ic. A$pl icablt 

lumi8l Porcrnt + ng/m 3 Stands r d  
Element  UIIIgc Org) ?.trom,o_lia 4 d t r n  I km (ng/m3 i 
Uranium 3023 a@ U,I  0.04 90 00 

k 2s .s  2 0.0007 0 .0002  10 
(b-38) 

( 3 0  day avg) 

36.1 loo*  a .05 0.02 None 
Pb 18 e 6  100. 0.02 m e  None 
ftg 

A national omirrioo rtrndlard for ftg i r  1 ug/m’ averaged oyer 
one d r y .  
total of 16 .4  k9 of Kg i t 9 7 6  monthly  maximum) a 8  0 .8  ‘ g - d h  

The tfme integrul for mingle a5.rpriment conrumin!! t h e  
3 

Of Stsndard)  w i t h  the arrumpt~ons below: 
* 
I 
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1. wutr.1 8tmorph.r.r 
2. 

- 3 .  
4 .  I n i t i a l  cloud Uirrnetcr and height  = 160 m, 

hverrgt wind spar& + 2 m/a, 
Downwind rrmpfinp dtrtmcc - 4 km, 8nb 

While no rtrndardr e x i r t  for Pb the annual concentration avtrrqc 
a t  4 bm i 8  about f \  of the amount expected from the rcruspension 
of continental dust .  

in dynamic awperimcnts &t LASL rfncr 1913. 
use for the l r r t  22 j e r t r  18 2466 (0 - 1309)  ktktqrrmr. In 
recent yearm uwa ha8 dropped t o  approximately I O O O  kg/yr. 
Atmorpheric uranium concrn t r r t ionr  hrvr been routinely measured 
a t  LASL by a 26 r t f i t ion rfr lampling network. 
average concentration for uranium in 1976 YII 0.06 ng/m . 
elrpccted ttvelm of  urrnium due to the  rtrurpcnrion of continental 

3 for rirbornr urrnism ( 0 , 0 6  ng/m rnnual @krilqeJ for 1976 are 
reaisur  ing becrurt t h e  reroro t i ta  tlon percantrgtr and crudt 
di8phrrlon mdrL b,(*d &a not undcrrrtinrte dynamic rxpcrhcnta -  
tidn contrib~tionr (crlculr*r L , ~ h l '  ritinates ranged from 0.04-0.10 

&pproximrttly l O O , O O O  kiloqrrmr of uranium have h e n  used 
The r v e r r q e  yearly 

The rprtisr 
3 The 

durt A8 0.08 ng/m3 ( t  I f r C t 8 r  of 2 ) .  'Network ranpling r t r u l t s  * 

w/o3) 
SWbiftc fnfoir, > '  ? _'b^r*t * "  %--,rxperire?itr condccted anit 

computationrl rnrlyrir perfonnrd are  contained in t h e  attrcheC 
rppend k c  8 .  
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AIRCRAFT SRYPLINC FOR UUNXUM AND BERYLLIUM FRON tASL DYSkYIC 
EXPE R 1 MENT S 

The U s  Alamor Scientific Libratory in muaged in dyca?.ic 
erpcrimtntatfon. 
trol led rrrar. T ~ Q  experiments typically mmploy conventional 
ht9h rxptorfvrr and nry contain q u r n t i t i s r  of potentially t o x i c  
metblr i n c l u d i n g  beryllium, h a d ,  mercury, i n d  uranfun, St 
VIS the objrct o f  t h i s  f n v o t f g r t i o n  to deternine the amounts 
and nature of beryllium and urrniun rt lcarsd to the atmosphere 
&I a con8equenct c f  such exptrimentbtion. Bery1lr;z-i rrsd 
urrnium were selected f o r  revrrrl reabona, One, t3ey are  
comonly released eIenents of  rfqniffcant e n v i m n n e n t a l  in- 
terert .  Secondly, they dirplry dif ferent  chcnicrl behavior: 
uranium bci?q ehunicrUy reactive and frequently pyrophoric ,  
where88 : 2 :urn is mot+ chemically inert and refractory.  
. rcddi t i - ,5 - l lv ,  t h e ? .  jlefi$nt@ have good 8 n a f y t l C r l  drtectabil r t y .  

- -  3 1 .  Smnlfng TechRfquer 

These mxparimentr &re conducted on U S L  con- 

Three dynb,.:. - iperimert *i west rampltd in e a r l y  So:w.ber 
1974. Since tho exparincnts diaperre material tnt3 the atnos- 
phert by w r y  of  1 buoyant, oxplorfve-praductr CL O U G ,  a ~ r  sa-&sles 
Yere Collsct8d by aircraft rather than by conventiontl gromd- 
bared rsmpling. Although there is a conridcrrbZc “wr;:e‘ of  
du8t and dcbrir  blown out along the ground fellowirrc a detoa3- 
tion, the  rubscquent dust cloud w a s  believed to be t L e  malar  
murcc af rtmorphcricaffy dirlxr8ed material. 

was canducted by the Radiat ion Monitoring Branch of t h e  
U*8.  Environmental Protection Agency, National Environmental 
Reresrch Center, La# VegBr, W urinq the EPA twin turbine Beech- 
craft rfrplrn+. Aircraft  rrmpltnq equipment inc luded  An an- 
board high voIume (hi-vol) a i s  f i l t r a t i o n  ryrtrn and a wing 
lnounttd crmcr&e impactor $8mpl?t for particulate mize anrlyris, 

The rrmpling probe for the hi-vol  ramplcr consilted of 
tube extending from the nose of  the craf t  t o  the rar\pie  C O S L  

lectian area located near the center of the p l a n e .  The a i r  
flow of the h i - v o l  rampler wag automatically m a i n t a m e d  a t  a r a t e  

Airc rz f t  r a r p -  
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of 1 . 8  8 0 .2  x loa2 Io’/, (102 CtM}, 1 flow t l t e  approximately 
7QB of 8n irokinctic rrmpling rrte .  Atmorphcric ncrasol 
ramplor from the hi-vol  armpie -re collected 03 29-cr. x 25 -  
cut, Whatman No. 4 1  c e l l u l a r @  f i l t e r  po?er. RGzrJ f i l t e r  
changing tspabrlitirr permitted rcqucntrrl hr-.:ol car+l i r ,S .  

multistage, n r u l t i r l i t  dcriqn, i n c o r p o r a t ~ n q  f: . it  L ? , ? a c t i m  
r t a g c r  and I r t r n d a t d  hr-vol backup f r l t c r .  Par:icles v?rc 
collccttd on rpproxrmitely 14-cm at 14-c1r,, pars::cl si:: m p a c t i s n  
paper, also of What3.n So. I1 ttllulore. Fa: s;b-?i:rc. 
prrtlclcs, backup f i l t e r  of 20-m x 2 5 - m  b’?.%t?la> !:2. 4 1  
was urea. The rmprln9 pod c o n t a i n i n g  the  eas:s<c. &?paction 
sampler had an actodynmic flow which r.a n t a i t . r 9  the L-;~c- 

a i r c r h t  sample collection r p t t d ,  The i m p a c t i s ?  r y s : ~  *a*3s 
designed for Lwokinetic aerosol  rar.glitlg, azd cs:abra::s: 
at one rtmasphtre m d  298K g r v r  the io!:owing ?brr:clc =:ze 
cut-off diameters (in urn] a t  5 0 1  collcctfcn ef2:c:e:cy f r r  
spherical p a r t i c l e s  of unit d c n r i t y :  Stage 1, 8 . 2  rr,d qrealcr;  
Strge 2 ,  3 . 5  to R . 2 ;  Stape 3 ,  2 . 1  t o  3,s;  ~ t r ~ e  4 ,  1.0 to 
2.18 Stage 5 ,  0 . 5  to 1.0; and f i l t e r  Stage,  be!w 0.5. 

l l f .  bamplfnq Hisrionr 

Thc ving-mounted cascade imprctbr was of t5e  h i - - J o l ,  I 
tion sL apl ing  r a t e  4 t  1 . 9  E 0.1 x 1a-2 m f / o  ( 4 3  C T X ;  f a r  =bo 

The a i r c r a f t  ramplinq mirrionr were flos? on two d a y s  
i n  November 1974 ,  Experiment I, Sunpled duriz;  t h e  8’ter.700n of 
the : i r r t  d ~ y ,  contained uranium-239 lb-38)  arid bcrylliu- art 
addition t o  r t r i n l c r s  8tte1 rnd other  natCrlelB, Prior t o  deton- 
a t i o n ,  t h e  r i r c r a i t  c irc led  the f i r i n g  poi5t a t  d is tmc:  o f  
about 3 km. Radio c o n m n t c a t t i n r  were established betuccr, a 
Centr.41 ground obtrrv; tion point rnd . the f t ,r inq s i t e ,  t 5 e  b i r c r a f t ,  
and twu - - ~ A , J  i ) : .atud:iphic observation points. A t  d c t m i t i o n ,  the 
i i r c r r f t  k g s n  i t r  f i i i t  rpproach to t h e  v i r r b l e  expLosio3 cloud 
with rynchronized still photoqraphy conclencinq a: the t w o  photo- 
grbphic obscrvrtlon p o i n t ? .  Standard 6-c3 x 6-c:i co!cr ;oosr- 
t i v t  s l ides  were trktn 8 f  3a-s intcrvslr and a t  t ines  c i  V ~ S L -  
b h  aircraft penetration t h r o u g h  t h e  c:auC, A -eyre cs-c.ca 4 

rlro chronicled the event.  Contrnuour  tape rt:3rCin=s k ? r e  
l u b e  of activities and c o m u n i c a t i c n s  at t s c ? ,  cf t;rc :>ree 
ground r f t e r  80 that  the data  could be 8ynchron:ted t o  a con- 
w n  t h e  frame. 

psnctrstion of the  cloud r t  rn rltitude of rpproxrncttly 1 2 2  
8 8 b Q V e  t h o  firing point. 
Y a m  n u d e ,  t h e  last of which Y 8 8  approxlnatcly 7.6 min r f t e r  
detonation. 
Table I .  

A t  65 I af ter  detonstian, t h e  rFrcrrft mast i t s  f i r r t  

A to ta l  of f i v e  c l o u d  penctrationr 

A i r c r a f t  c l o u d  p e n t t t a t r o n  d a t a  r r e  presented i n  
The viribflity of the dust cloud vas g r e a t e r  from 
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th, vrntage point of t h e  rfrcrift than from tho ground obrcr- 
V r t i O n  points.  Thu8, rfrcraft sampler were t r k e n  even 
though qround v i s u a l  observation had bccn l c s t .  SrnrLsrly, 
photographic v i s u a l  obrcrvrtionr were rnforier t o  a i r c r a f t  
sfghting. 

rwnt TI in t h t  morning and Experiment I X X  rn the afternoon. 
The sequence of event8  for theBt mission paralleled :5at of  
Experiment I. Pertinent r i t c r a f t  rrmpling d a t a  8 t c  qtvca  in 
h b l e  I .  
ment IS1 contained 0 1 3 8 .  

On the  rccond dry, two  experimentr  vera ranpled: txpcr i -  

Exper iment  If  contained D-36 and berylliw.; Expert- 

Following each ptnttratio? through a c lcz i ,  tkc hi-*:o3 
' fr l tcr  was changed rnd packaged, providing  83 ande;e:.2cr.: 
ruaple for each penetra t ion .  h c h  h i - v o l  filter o a ~ ~ : ? l c  
rtprescntcd a sampling p e r i o d  of approxirarely 0,s :AT., a:- 
though l j n l y  I few rrcendr were rctually r p t n t  trh\vt:sinG 
the  cZaud. Preceding each shot, & 'backgrourd" h i - v o l  
rrmplt was taken wfiich r tprescntcd  s y p r ~ x i r r t e l ?  0 . 5  zdr. 
of rumple co'Stec:ron of rw8bic>t  a i r .  
remained ope2 d x i r . 5  the entire &irkor?@ F:Ls:~?. ,  and i n z e -  
grated 8iZe frsctfo%ktad sa:?ies reprcrenGr,f :?.e co3,pcs::e 
of a l l  prorcr through a cloud were cbtaLntd, 

The c r r c r t e  ;z;sac:cr - ' i  

I 
1 
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I 
I vrlur.  The 2 0  9 3 t  confidence detection 3 t m i t  for beryllium 

i n  0 . 1  ug. 

It f r  apparent  from Tab10 I f  that the lrvclr O f  w a n -  
ium collected were much lrrqer thrn t h e  Levels of h r y l l a u m .  
T h i r  uas Expected rincc the experfnontr q c n c r s l l y  con ta rn  
severa l  h a  of D-38 and around ona-half kg a i  beryllim. 
t h a t  the beryllius data  for Expettmcnt  I f f  concrrr thc 
rbrenco of beryllium. 

?hotogrrphic trirngulrti% was urcd t o  dotcrr:r;e c k i f  
rfre rnd location a t  30-r #ynChrQnAttd i n t c r * . r l s  a f z e r  &it- 
onrtlon. An attempt was made t o  locate  the  canera s:tet 
for orthogonal photogrrphr. Thi 8 w a s  Linitcf sa?b;’&,a: by 
bccers rtrtrictronr and 8V8iImbh v i e w i n g  p l a t f c r s .  f a c h  
camera had a 6-en x 6 - n  (2-114 x 2-1/4 In.) form: a x !  u 
LSO-mn l ens  focurtd  a t  i n f i n i t y  T h t ~  resulted ir. r 3 . 7 6 ’  
angular cbangc per cm of nrovrnrne on the fi la.  
to rnrintain 43 absolute  fr8;lu OF reference, kach ?:f.ctcjra$! 
rhrrcd sore d i a t r n c t  topogrr?hical ?elrevre uith t h e  ;recer?snG 
photograph to ; . ~ t t  tke cmeras  t c  be r e a i m f  uit!,:;:t ~ O S L S ;  
t h e  U b 8 O l U t s  f r t - c  of rcferrnct .  T h i s  b a s  ntccrc::atcd by 
kk12 rapid nrove:enc, of tho C 1 0 U d l .  

muthal angle  between the cloud cer.ter u.d &lterr.ate  c a z e t a  
rite for each pr ir  of franer. 
then urea to located a v e r t i c i l  Line of azr. ..ut?..al r n t e t r e * c -  
Ston, The r l w r t i o n  m g l c  of c loud  center For each c f  t3e I 

frunc p a i r s  -4s ured t o  c m p u g t  a r e p a r a t e  c1z-d >.e:pL.:. 
’? + ‘w v‘ ’ i t m  vtre averaged end t h  xcrult  .;ret i t s  s c l z u f  

r’eirtef IoEitrGn. Angular data of c l o ~ d  hor:t,:”.a: 27.2 .:e:- 
tic81 w i d t h  were then coavtrtc2 to lc:,?th i?l?c-.s::-.3 f 3 r  
each paired frurta, The resultant  fogr w i C t h  :.3;ucs ‘ ~ C T C  :.?e?. 
W 8 i l 8 b f e  for cloud volume est i rnatron.  

?aote 

In ordsr 

PhatogIL-hic &3aLySsS COZ#t8ted O f  C6nsG’,:?.g %?.E 8 Z i 0  

* the tu0  rztmut:al a:;les were 

1‘ - 

v*  Rerut tr  z 

t n  l r B t L I N t i f t g  the fractior 3f uranim and 5cr:’l1lJ7 1 
8etOmOllzod during 8 dynar,,ic e. -r imcnt,  t h e  f 3 ? 1 ~ k i n =  n t t h o d -  9 
orogy for hf -Vo l  data w I 8  tVpIcjedr (11 an et::3?3rc cf the 
CtOud dlmcttr a t  t h  t h e  of 
f r m  tho photographs, ( 2 )  the volume of the C l a u d  vas Gal- 
culated rs~uning rphericbty ,  ( 3 1  a r a ~ p l c  collecticr, :me 
WID d t t c n n i n e ~  given the true a i r  rpccd of thc aircraft 333 
and approximato diameter of the  cloud, (41  of thc total cloud 
vofwne, the volume actuslly rsmplcd by the a i r c r a f t  b a s  x k u -  
luted  from the aircraft collection t i n c  and the ra??;.Ic tal- 
t a c t i o n  rate, ( 5 )  an avcrrgc  uranium or bcryl2:c- conccntra- 
tion in the v o l m c  smplct Y ~ S  calculated, ( 6 )  a tot2: urdn- 
$Urn cx beryllium msss i t  *.he cloud a t  the  time o f  smt)lAng 

aircract  aar$?li?.:S W ~ S  c t t a i n t d  i 
&- 

I 

rn 
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I I .  The cloud diunttcrr &I tine of p e x t r a t i o z  are preEcr.re5 
i n  Table XfI: dirrnter uncertainties were &F&rt:ci-s:cl;. 2 5 '  . 
Upon calculation of a rpherrcrtl c l o u d  vt fuzc ,  c r r - x s  ,Ctc-. 
50t t o  100% were proprgatod. T h c t t  was esre3tia:ly no ?rs;nd 
v i sua l  cloud obrtrvrtfon lor aircrrf t  3asscs t k c e  t h r c ~ g ? ,  
f i v e  of Experimont 1, two Bnd three of Experiment : f ,  and two 
throu h f o c i  of Exprrfment 311,  because of +irpcrs:on. Ccir.se- 
qucntqy ,  eltimat88 o f  8n r q u l v r l t n t  cloud dramcter a ~ d  diancfer 
error were t8t&bliSh8d from ry r temat ic  txtrapolation of cloud ex- 
pmrfon bored on photographic cloud s i t e  d a t a .  F r m  tnc 
photographs and trfrngulationrl m e a c u r c e n t r ,  it x i s  poss:kLt 
t o  t t r c c  t h e  vertical and horizontal no're-ent of tSc "cc:zer' 

u i t h  Qhutograph~c evidence frm ground 3trervat;o:, y o i n t s .  
2t war 8 p ~ a r r n t  f ron the photoGrrp5r ar.2 Ground ctservat  i3y.s 
that the clouds diSFerSt!J r o m t v h a t  ra><cr.ly vi:n d tender.;j* 
towrrd an elongated, oblrca r i i rpe.  It It cbviozs  t h a t  t he  
8irCr8ft wus unable t o  fly directly thtauq?. the cc.::troid cf 
the cloud, In order to coxi~cnrate  for  the i a t k  of kr)ot*ttcty~_( . af the  true 8hrk.e of the efoud, rn4 the  nor,-cc:.tra: pcnetra- 
tron by the r ircrrf t ,  &n equivaLrnt .diamc:er* cf :he clo;;:! 

  VI^ tun of there four m a s u r c x n t s  wirs-~-t.;z c r c t  as thc 

Of the C l Q U b S ,  Th8 &Ctu&1 8hkpe8 Of the C l o u d s ,  a?.< *Jar:&- 
tfonr in d u r t  densi ty  w i t h i n  the  cLouds, were u:Sctcr, inttLe 4 

MS 3t.rmincd by averaging t 3 t  ver t i ca l  e?>? hQr lZX. t J1  xi"-  **. ks 
* 2 ~ t a b l ~ n h c d  fram triangulation mcasurcr,cn:s. The r:arrda:e 

conservative error of the tquivalent c:.ouf dia?,$:.cr. Sa-+:.; 
collection tincr were dc:trnit.ed by diivid;r.? +.,kc! s;..:r~:a!cr;: 
Cloud diameter by the true a ir  8p@cd.  
canpenfate for cloud rhapb and penetration reprcse?.tdzi\*c?CsS 
uncertrintiee,  conscrvative e r r o r s  of fra:: 2 9 0 :  * ?  3 2 5 ;  L 'L 'ZG 

r66Wed for aircraft r m F l e  collection t i r r ; s  for ktsscs  ~ 5 : c r c  
the cloud r i te  w&s ectLnlatcd from rystt2rnat::s. 

I n  cr3or t b  f c r t h r r  

TabZc I f 1  v e r i f i e r  the I n t u i t i v e l y  obviour notion t h a t  
for l a t e r  r f r c r r f t  parrcr throuqh a c l o u d ,  the amo*.xr of  u s c -  
f u l  information obtained diminisher. 
Bent I ,  for example, the element cmcentrrt:ons in t h e  fractlon 
Qf the cloud rampled dropped crrataerlLyr rpparentl>* a s  a result 
Of poor vfribility, poorly d e f i n e d  c loud  8hUpC, rnd nonrcpre- 
r e n t s t i v c  rampler. Parses  two and  three o f  Zwpcrhcr,t I1 ani 
passer three and four of  Experiment f f l  a l s o  appear t o  b@ Ron- 
tEprtrontative rampter, 
Passer was therefore avoided.  

Far parr f i v e  of Expcri- 

f n t e r p r e t r t f o n  of  da ta  fron these 



I 
Zn order t o  bct*tmint the fraction of urrniwn rnd beryllium 

which uas acrorolited and rurpanded i n  t h o  cloud, the amounts 
of there okmtntr p r i o r  to d e t o n a t i o n  a r e  needed. Table fv  
9i-8 the quantity o f  D-38 and beryl l l sm u r d  fn the  txpcrincnts. 

Derpita t h e  Large errors rrroci8tcd with the ma66 of 
uranium and bcrylllurn I n  tho clouds (columns 9 8 5 3  10  o? 
Table f I I l ,  thore vaLutr are ralrtively small percentages 
(colurr~lr I1 rnb 1 2 )  of the to ta l  clrmont m s s  8vailablc for 
dirpcrrfon. For Experiment I ( rxeZuding tha nonre?rescn:atil-e 
pars SI, integrating aampltr from parrer one t h r w ? k  f o x  
g i w r  3 1 4  f 31 LQ a i  uranium and 2 . 6 3  : 0 . S 4  ug of betj.llAm 

. collected from I emulative c l o u d  fraction of 26 : 1 3  x 10'8, 
A l f i ~ m i n g  there  4re rtprrstntrtivc sampler, & total of 1.2 t 
0.6 kg o f  uranium rnd.10 : S g of bcryilius were then CirTerscd, 
or 10 f; SI and 1 . 6  t 0 . 0 5 ,  rt@pJCtiVtly, Q f  the i n i t i r L  rzounts, 

i t  was c&lcu!rted t h a t  t h e  cloud c o n t a i n e d  Q.13 : 0 . L b  kq of 
urrnium and 9 t 7 Q of  baryfliwn, Thtr corresponds to 3 : 
2, Bnd 1 . 9  : 1 . 5 t ,  tcrpactivrty, of t h e  I n i t i a l  m o u ~ t s  o f  
urmium 8nd beryllium in the  device .  Parser one 8nd two of 
Experiment XI1 were composltrd to e s t a b l i s h  8 t o t a l  uranium 
m88 tn t h e  cloud of 0.31 f 0 .27  kq which rtprcrcfits 12 : 1 0 9  
of the  t Q t l l  0 - 3 8  in t h e  d o v k t ,  Thsrc w a b  no b e t y l l i a  in 
Experiment I f f  ar t h 2  chtmicrl analyaks corroborate, 
ma%fmrrn limit o f  bcryl1ium rcrurpended in t h e  cloud by the 

b 
6 

For Experiment 11,  only the t i r r t  prrr  can be trusted, and 

The 

exprosion wan 1 Q. 

An ertirnatc of the rlemtntrl compancrrt o f  t h e  p a r t i c l e  

Detectable quantities of urrnfum uetc collected or. 
r f t t  4irtrfbutionr wa8 obtained from the h i - v o l  inprctor ram- 
pler. 
v R V 1 . ?  all impaction r t rger  for each t e s t  shot (8ee 'Table  S ? l  
&'heap data  8tt represented in T i p .  1 &I curoulative 6is:rib;:im 
p l o t s  urfng the  raredynamic diameter p a r t i c f t  s i z e  a n d  u r a n i m  
mdil. The rerodynrmfc dirnetct i~ t h e  1 1 2 4  a t  a unit de.?r:ty 
aerosol part ic le  w i t h  inertial c h a r a c t e r i s t i c s  equivaltrtt  :o  
t h e  par t i c l e  actually collected. 
en-, t h e  rcrodynamic dianetar of & u r a n i n  particle is lar?cr 
than the  real dfrmtter, A e r 0 d y n c . i ~  diameter is a e n e r a l l y  use: 
because of i tr greBtrr r i g n i f  fcanct  in inhairtian/inccstic~' 
mtudicr,  The s c t i v i t y  median serod\.na,+lic dir5eters dL43 [the 
rorodynamic diameter for which h a l f  of the uranium r ~ s s  i s  above 
8nd half I r  bclovl for  Experiment I X  4nd XII ace 1 LF and 0.9 :,%, 
respectively. A r  i s  e v i d e n t  fror t h e i r  r t l i t i v e l p  r tra iq5t  
curver, Experiment I f  and 1 x 7  demonrtrrto 8 characterirtic 
log-normal s i z e  distribution. The rtrndard geometric deviarionr 
a g  for there log-normal diutritutions a r e  approximately 8 ,  
indicative of a highly rkewed particle r i t e  distribution, The 

*,: 

Because of the densizy d i f f c r -  

* 

-6- LANL 



r t r c  distribution p l o t  of Experiment f i 8  lrrr  amenable to a 
log-normal treatment but c l c a r l y  dtnonrtrrtes wide rangc of 
prttfcle sites. The W A D  for  Experiment I ua6  notme&rurablc  
but can be e8timrted a t  0 . 1  urn o r  Irrr. Ctnrlogous particle 
rLzc distribution p l o t s  f o r  bcrylliun were n o t  r85e bccause 
of detection linitstiant, Hevcrtheterr, the d a t a  of Toblc 11 
i n d i c a t e  that t h e  most rignificant fraction of tho atcos?hcric 
beryllium had an atrodynrnic diameter of lees the:: 0 . 5  ..fro. 

o f  urrnium (D-38)  dirperrcd in the  detonrtion ~15.23 was 
rpproxlmatcly 10%. 
V I S  approximately 21 .  Furthermore, t h e  utaniu3 p a r t i c l e  . s i ze  
distribution of there dirporrcd aerosol8 i r  8 p p t O X i ? , & t e : j  
log-nornal with mas8 median diameters in the rat,;e 0.1 t o  1 -5 
&nd rtandard geornttrfc dcvirtionr of about  8 .  

In conclurion, for the cxperinentr stgd ied ,  t 5 e  Ferccnt 

For beryllirm, t h e  percent Cissetred 
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CHEUtCAl ANALYSIS OF A I U  FltlER SAFtPLES 

t l l t c r  l d c n t i f i c a l l o n  

Expc x imen t Type 

I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
1 
1 

IT 
I f  
11 
11 
11 
I S  
I 1  
I S  
I1 
11 

0 0 b 0 4 3  

LANL 
.r 

* i  
.I 



I 

f 

i 

I 
L 

1 a 
I 
m 

L 

LI 
L 
c, 

I :  . 
CI 

I 
L 

I 

L 

1 

1 
1 

r I  

..- 
- * A I  

-30 -  



TABLE IV 

8ERYLLfUM AND 0-39 IN EXPERfMt!;TS 

Exputirnsnt 1 
Experiment I1 
Experiment ITX 

pbtr of Elewmt 
in Experinents 

org) 

0-38 

0 . 6 1  12.3 

4.L 0.48 
2 . 5  

I)c 

.. 

W 

tig. 1. Uranium p a r t i c l e  size dimtrsbutions. 
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APPENDIX E 

Appcndia A contatnr the drtrfls of a study t v  dcrcrninr thc pcrccnt 
of urmiun and bcryttlua errtied a lof t  by the dust cloud I r o n  dynanic 
cxper 1 m m t  s o t L W .  
description of  the nature of an cxplosfves products cIoud, rnd br have 
m estfmate of an rtwsphcrjc dfrprrrton factor for two i q a r t i n t  
tpccic3, uranium and bcr).JIium, 
Information, UP can now makc sane rtitrtes of rtmosphctic dirpcrsion 
fmra thcrc opcratlonr for  ptrnt ia11: '  hsmful cIrmcn75, 

F r o m  this 8rudy, ut obtaintd a qutlitativc 

Clvtn  t h t r  r lbc l t  Iisitcd "5OUtCE' t e n "  

Ye employ hrrc t h e  modified Sutton cquatian for- C a s s i a ?  
diffusion 15  proporcd Turner1 for in5trnt~ncous sources: 

J where x i r  the concentration i n  m a d m  , 

O O U b O 4 b  



I 
~ r p r ~ m c n t s  studied. 
f iaithl  rapid tncrcasc i n  cloud dirmctrr  BnJ hrlphr  which  i t  a 
function of  i ts  heat and buoyrncg factors .  
bowever, thc puff bccomor s o r ~ c w h ~ t  rtrbi Il:cd, and noma1 dispersion 
factors bccin t o  tohc o f f c c t .  For  these dlspcriion cstinsrcs, tkrr. ,  
W can consider 4 puff 3 1  t i n e  t L 0 ( 8  dcronorlon r i n c )  u i t h  Jia-.c!cr 
D and he ight  II. 

h f o r  naxiaum conccntrrtaon, i . c . ,  when t . S / U  along?% bind 
direction 0x1s  *here y 0 ,  
the puff d i e  uscd 16 cxrrapalatc 8n Up-hind "virtunf" p o i n t  s o ~ r c ~  
for the puff .  the virtual s o w c c  location incrcrrcs i n  t h e  q h : : . !  

direction for incrcasins i n i t i a l  d i l n c r c t  of the puff. 
of d i  pcrsion prrraotrrr for 8 quart-insrantanour source, taken f:x 

I t  f a  4pparCnt. fro@ there  cuwcs t h a t  there i s  an 

After 8 t r u  m i n u t e s ,  

14 procrm has been w i t t e n  for thc  calcu1a:ion ot' 
(x ,O,O; l l )  urinc t h c  3bob.c cquation. The vr lucs  of r ~ K , O ~ C ' ; ~ !  

In this program, i n i t i a l  d j w n s i e t s  af 

Esti9atioT:s 

S h d e  1 , arc IS fo l lous :  

Yc t c o ro tog i c a 1 I IO0 m x . 1 h .  

OZ & T r n  unrtrb I c & l T  
condition 

ntuttrt 4 1 ' 8  
w r y  b t r b l e  t 0 3  0.7s 35 

, 
1 2 0  S O  - 

Ye have us& a rtrndard pohcr function u 
5n brdcr t o  o b t s i n  l ~ t c r p o l a t c d  and extrrpoirtcd vrlurr of TV rn? :.. 
Also,  i t  i s  r r s m c d  t f . i t  : 
less v r l j d  for distances g b o t c r  t h a n  :10 Irn. 

* AyB t o  f s t  these p0in:s 

a y ,  Consrqucntly this ? ? & I  bttoncs - 

Applying th is  raodcl t o  thc rclcarc of uranium (3.3191 i n  an 
eXp!orfvcs products cIoud, we Can estimate a timr a v o r d ~ c  o f f - s i t e  
Whccnttotjon. For 8 l o c a t i o n  d i r e c t l y  docn kind from r h c  sourcc, 
tho t lar  fntcprj l  of ;hr concentration can be approximated by 

'0,  H. Sl rdc ,  E d . ,  rVctcorology and Atomlc Energy - 196S", U.S, Ato5ic 
fncrpy Conmission, 1868, 
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4s the mrx4m.a cencentratf~n, l . e , ,  for tine t 8 a h .  hn rvcroplc 
dirtrncc from the f i r i n g  p i n t s  t o  populstcd ofr.Fitc are35 i z  
8bQut 8 km, vhcrcas 4 La is rpprorlmtcly the min:ma d i s t a n t r  t o  
popclotcd o f f - r i t e  arcas. 
worst attcorologlcal condition (nrutrol condItior,. rasqail t catrcor, . '  
D) for thc diSpCrb$OR o f  a puEC r i t h  the conrcnat i rc  i p D i t k a l  
diractcr and he ight  of 100 a,  I tQ- ef 1.: x d m-t i s  
txpcctcd. For a tyrlc82 0 - 3 8  q_)CFtfuc-of 1 hg as obrervcc! in 
the aircrrft samplinp studyl rnb a w i n  spced of : n/s, the 
ux imum conccntt3tion would bc 1 2  G$/n and the  t i ? e  intczrrf 
Of the pufC would bc S.8 z 
pcr5od o f  a month the a v e r a ~ e  concentration frm t h i s  release 
~ u l d  bc 1.S n ~ l m f .  

ncutrrl nctcorol~gicrl cor,dition is again moat rc*:ricti*.'o. f h a  
approximate x, 
dfr t incc  of 4 

, k s t  of t h e  d g a m I c  txpetimcntr conductcd at the USL f i r i n g  
p i n t s  arc b e t w e m  t h e  hcurs 10 &tl and 4 PI, 
~ a t c ~ r o l o g i c a ~  condition l f 'rrqufl l  e r t c g o r y  C) ui:h K i n d  speed 
mound 3 * I s  could be cansi2rrcd 8s r conrtrr.ati*:t dispcrsiot, con2l: im. 
For 1974, the t o t a l  b-$11 used i n  the  &hots ca9 l P 2 C  L;, and based 
on the aircraft  sampling ntudp, about 1/10 of t h i s  *as tcicascd t o  
the rtaosphcre v f r  the  p u f f s .  
It distrnce of I Lm souSd then bt 0.0a np'm' r w l r , ~  ar. q u i -  
djrtctfonal wfnd d i  !ut Son f r c t a t  o f  ( 2 ) l l - c  , / ' - A  \ ,  
Of 4 km, the annual a v c t q t  for the $she can!di~io?$ b..ouId bc 0.1 ng.{nj. 

O f  neutral rith 8 uind speed of 2 E,'$, the annual.a..'cra;c ?-3s eon- 
ccntrition a t  8 b and . ka are 0,15 rnd 0 .2  n g k J ,  rtc:crtiucly.l 

'fbc 197d annual rveroyc uranium c o n c c r t t t a t l m s  ohscncd i n  t h c  
.ir morrltortng network ranged fron 0.04 ( : : c  * ~ ' 0 2 \  t o  0.1; La:.' = CI.oJ) 

rpprot!astrly equal tu the 
{f e' f8ctor o f  t ]  tcrulttny from the rcsusprnsion at' conlinrntal dII9:t. 
(for 8 l i v e n  rclcarc Incldcnt, t h e   mi^ sampling nrthork 33!. "miss" t h e  
puff, but  i t  is bclicvcd that  the rnnuil mvctagc data 8dCqU3tCl? rrpti'crnt 
the rcr\ rtmsphcrr bc lnp  sonpled.) 
f r  apptic8bIcl i n  that  i t  docs not undcrortimatc cxpcctcd ccvccntrst ions. 
ft is rcrronaltlc t o  dcducc t h a t  r n n w l  rver8gc D-SP cenrcntrations i n  t hc  
I M L  cnvirons re5 l t i n p  from dtrgnortic test opcratjonr arc in  the rW2c 
0.001 t o  0 .1  ng/n w i t h  t }  i c a l  o f f - 1 i t . r  mximuni episodic concmttationa 
in thc range I t o  100 uu/m . 

For I distance ~f 8 hn. considcrin; t h e  

4 
g - r l d .  hhen ovcrt;cd OYCT the 

For 8 dirtrncr  Of 4 h ft- t h t  I D k t C C  t o  8 pQpUl8ttd 8rcal  a 

rnd tint integral for  t h t  ~ b ~ e  i:iidem a t  a 
arc 24 : g / d  and 4 . 2  x 50-3 &-s, 'cJ ,  rrsptctivrly. 

!!entt 8 slightly unrtablr 

An annuif  astr?;r ?-:a contrnrtation 

For a distance 

(Using canscwot ive  or'rrr~c  metcoroioglcaj con$:: ion 
0 

ng/aS, mr spatial m*crrgc conccntrjtjon sac about 0.09 nC+" * + i c h  i +  3 
cxprctcd uranlurn concc r5 ra t i on  o f  t 1 . M  n$.'m 

n u s ,  i t  would w t m  that tlic m d r b L  
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