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ABSTRACT 

The procedures developed and used in obtaining data on indlvidual particles re-  
sulting from the four events of Operation Roller Coaster a r e  presented with 
discussions of their accuracy and reliability. A very large amount of data on 
particle size,  shape, color, and plutonium content was obtained. Less exten- 
sive data on uranium content was obtained by standard fluorometry. Special 
techniques for obtaining the density of irregular particles, identifying submicron 
radioactive particles, and observing the elemental distribution quantitatively in 
inldlvidu.1 particles were investtgated in depth; recommendations on fuurtber 
development of these tecMques are included. 
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CHAPTER 1 

INTRODUCTION 

1 .1  OVERALL OBJECTIVES 

The objective of P ro jec t  2. 6c ,  Special Pa r t i cu la t e  

Charac te r i s t ics ,  

plutonium-uranium-bearing par t icu la tes  formed during a one- 

point detonation of a nuclear  weapon which a r e  per t inent  to 

evaluation and prediction ci :he effectiveness of var ious  s to rage  

configurations in minimizing the hazard  resul t ing f r o m  accidental  

non- nucl e a r  detonation. 

was  to invest igate  those cha rac t e r i s t i c s  of 

1. 1.  1 Specific Objectives of Individual Analytical Tasks  

Optical Micros  copy: 

1. T o  de te rmine  s i z e  dis t r ibut ion input data  for 

analyzing and predict ing a tmosphe r i c  d i spers ion ,  fallout pa t te rns ,  

and hazard  a r i s i n g  f r o m  inhalation and ingestion of pa r t i c l e s  

2 .  To provide knowledge re la t ive  to p a r t i c l d o r m a t i o n  

mechan i sms  and the ro l e  of background m a t e r i a l s  (e.  g. cover  s d )  

in  determining the observed c h a r a c t e r i s t i c s  of the par t ic les .  

Alpha Counting of Unaltered Par t icu la tes :  

1. T o  provide indication of the plutonium content, and 

thus alpha activity. of the particulate debris 

11 

OFFICIAL USE ONLY 



Although for  pa r t i c l e s  above a given s i z e  range  (-10 m i c r o n s )  

se l f -absorp t ion  of alpha r a y s  may  be significant,  m e a s u r e m e n t s  w e r e  

to be p e r f o r m e d  on l a r g e  as well a s  s m a l l  pa r t i c l e s  in  anticipation 

that pa r t i c l e  c h a r a c t e r i s t i c s  in the main would be sufficiently 

uni form to allow uti l ization of  appropr i a t e  cal ibrat ion cu rves .  

The relacive s implici ty  of such  g r o s s  counting al lows for  the 

accumulat ion of extensive data  for  meaningful s ta t i s t ica l  ana lys i s  

of activity dis t r ibut ions in the par t icu la te  debr i s .  

P r e c i s i o n  Alpha Counting: 

1. To de te rmine  the t r u e  plutonium content of individual 

par t icu la tes .  

2. To seek  the relat ionship between t r u e  plutonium 

csntent ,  pa r t i c l e  physical  c h a r a c t e r i s t i c s  ( s i ze ,  co lor ,  morphology), 

and g r o s s  alpha count of individual par t ic les .  

Density of Individual Pa r t i c l e s :  

1. T o  provide  requis i te  density data  for fallout ana lys i s  

s tud i e  5. 

2. T o  provide input data  for  in te rpre ta t ion  of alpha 

counting data  on unal tered pa r t i c l e s .  

F luo romet r i c  Uranium Analvsis:  

1. To invest igate  the dis t r ibut ion of u ran ium and 

plutonium within pa r t i c l e s  for  f ract ionat ion effects  

co r re l a t ion  of such  observa t ions  with o ther  par t icu la te  cha rac t e r i s t i c s .  

12 
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Electron Microscopy: 

1. To invest igate  uti l ization of the e lec t ron  microscope  

for  extending the input data on par t iculate  s i z e  dis t r ibut ions into 

the domain of submicron  par t ic les .  

Electron Diffraction : 

1. To invest igate  the uti l ization of e lectrorrdiffract ion 

pa t t e rn  ana lyses  towards determinat ion of the ma t r ix  composition 

of individual pa r t i c l e s  to provide input data  for developing under- 

standing of the observed  physical  and radiological c h a r a c t e r i s t i c s  

of the par t icu la tes  analyzed. 

2 .  To provide means  for identifying fallout pa r t i c l e s  

in  the submicron  s i z e  range. 

Elec t ron  P r o b e  Microanalysis :  

1. To invest igate  the uti l ization of e lec t ron-probe  

microanalys is  f o r  the de te rmina t ion  of ma t r ix  composition of 

individual pa r t i c l e s  to provide input data for developing under-  

standing of the observed  physical  and radiological c h a r a c t e r i s t i c s  

of the par t icu la tes  analyzed. 

1 . 2  THEORY 

A major  portion of the theor ies  behind the physical  and nuclear  

analyt ical  techniques uti l ized to obtain the spec ia l  par t icu la te  

c h a r a c t e r i s t i c s  is extensively desc r i t  ed in  the l i t e r a tu re .  The 
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procedures  for  uti l ization of these  techniques for  the ana lyses  

assoc ia ted  with P ro jec t  2 .  6c. however,  w e r e  in  many instances 

unique. 

We shal l  thus confine the theoret ical  d i scuss ions  within this 

chapter  to a brief review,  indicating the points of par t icu lar  i n t e re s t  

to the r e a d e r  who may be unfamil iar  with the analytical  methods 

employed, citing r e f e r e n c e s  to m o r e  extensive discussions.  The 

s ignif icance of these  theoret ical  considerat ions will be expanded 

upon in the following chapter ,  where the i r  re la t ion to the experi-  

mental  and analyt ical  p rocedures  employed wi l l  be emphasized. 

1. 2. 1 Optical Microscopy. Optical microscopy is an  effective 

technique for  studying the s i ze ,  color .  and morphology of pa r t i c l e s  

l a r g e r  than 2 microns.  

l e n s e s  is never  identical  with that object 

The image of a n  object formed by spherical  

but suf fe rs  f r o m  the five 

monochromatic  Seidel ( third o r d e r )  abe r ra t ions ;  the two p r i m a r y  

chromat ic  abe r ra t ions ;  the usually ignored fifth and higher o r d e r  

a b e r r a t i o n s ;  and the often ignored t e r t i a r y  chromat ic  abe r ra t ions .  

Cer ta in  nonlinear effects p re sen t  a r e  unimportant in the p r e s e n t  

application. 

The mos t  important  effect of these  abe r ra t ions  i s  to reduce  the 

s h a r p n e s s  of the image and to make i t s  t r u e  color  sodtewhat difficult 

to determine.  Microscopic  equipment is designed with the assumption 
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of a two-dimensional object and the r e s t r i c t ion  of a fixed geometr ical  

re la t ionship between light s o u r c e ,  condenser ,  object,  objective lens  

combination, and ocular  lens  combination, which p e r m i t s  t h r e e  of 

the f ive monochromatic  abe r ra t ions  to be brought t o  z e r o  a t  the 

expense of a highly curved field with some  dis tor t ion.  

field is of sma l l  impor tance  because  of the accommodation of the eye 

and the focal depth of the c a m e r a ,  and r e s idua l  dis tor t ion i s  

unimportant  for  sma l l  measu remen t s  nea r  the center  of the field. 

The mos t  per fec t  s y s t e m  ord inar i ly  obtainable uses  Kohler 

i l lumination, an  ap lana t ic -achromat ic  condenser ,  apochromat ic  

ob;ectives with co r rec t ion  co l l a r s ,  and compensating oculars ,  

The curved 

The p rocedures  employed a t  T r a c e r l a b ,  the resolut ion l imi t s  

and abe r ra t iona l  considerat ions assoc ia ted  with these  p rocedures ,  

a r e  descr ibed  in Chapter 2. 

theore t ica l  d i s se r t a t ion  on optical  microscopy.  

Reference 1 contains a comprehensive 

1. 2. 2 Alpha Counting of Unaltered Pa r t i c l e s .  Sample pa r t i c l e s  

in  the micron-size range  containing alpha-emitting plutonium can be 

d i rec t ly  counted for  alpha emission.  

in a counter producing a n  output pu lse  which i s  roughly proport ional  

to the res idua l  energy  of the alpha par t ic le  a f t e r  leaving the sample  

pa r t i c l e  mat r ix .  

proport ional  flow counters )  i s  well descr ibed  in the l i t e r a t u r e  ( s e e  

Reference 

This  counting i s  per formed 

The theory of operation of such counters  ( 2  W 

2 )  and wi l l  not be d iscussed  he re .  
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Of p r ime  concern  is the effect of l o s s  of alph&particle energy 

within the sample  pa r t i c l e  ma t r ix ,  o r  self shielding. The alpha 

pa r t i c l e s  f r o m  Pu-239 have an energy of 5. 15  Mev and a range  of 

5 .  6 m g / c m  . 
i t  i s  eas i ly  shown that the alpha par t ic le  range in microns ,  R, is 

approximately given by: 

2 3 If the density of the ma t r ix  ma te r i a l  is p g r a m s / c m  , 

R = 5 6  microns  - 
f 

F o r  a sample  par t ic le  of d iameter  d ,  and for  a homogeneous 

uniform dis t r ibut ion of plutonium within the mat r ix ,  the relat ion 

between observed counts p e r  minute in the counter ,  CPM, and sample  

d i ame te r  d will be: 

3 

2 

1. for  d e R ,  CPM dd , since self shielding is negligible 

2. for  d>>R,  CPM dd , s ince  the countable sample  can be 

considered to have a su r face  equal to that of the sample ,  of thickness 

infinite in re la t ion to the alpha range,  R. 

In genera l ,  then, for  a given mat r ix  mater ia l  and a given volumetr ic  

dis t r ibut ion of plutonium, D, 

CPM dDdn ( 2  C n  5 3 )  

Now the total  plutonium content of the par t ic le  i s  given by: 

16 



Thus the relat ion between observed CPM and t rue  Pu content i s  

given by: 

C P M  d n ,  2L-1153 

1. 2 .  3 Prec i s ion  Alpha Counting. P rec i s ion  alpha counting is 

employed to de t e rmine  the t r u e  plutonium content of the sample ,  

without dependence upon ma t r ix  composition o r  self  absorption. 

technique utilized for  p rec i s ion  alpha counting r e l i e s  on the fact  

:hat the alpha pa r t i c l e s  f r o m  radioisotopes a r e  emit ted a t  d i s c r e t e  

energ ies .  

capable  of differentiating between the alpha radiations f r o m  different 

The 

A detector  with sufficient ene rgy  resolution is thus 

i s  ot opes . 
The prepara t ion  of samples  for  ana lys i s  r e q u i r e s  chemical  

s epa ra t ion  of the plutonium, with subsequent  p repa ra t ion  of the 

sample  for  counting. 

may be lost .  

content of the initial s a m p l e ,  means  mus t  be avai lable  to account  for 

such  lo s ses .  This  is accomplished by adding a known quantity of a 

t r a c e r  of a plutonium isotope not p re sen t  in the init ial  s ample ,  this  

t r a c e r  being equilibrated with the dissolved sample  before  chemica l  

s epa ra t ion  is  initiated. 

During this p r o c e s s ,  a portion of the sample  

Since i t  i s  requi red  to  de t e rmine  the t r u e  total plutonium 

17 



In addition, the detector  mus t  be capable of independently 

measur ing  the quantity of t r a c e r  and sample  isotopes in  the final 

sample.  

by the energy of the i r  emit ted alpha par t ic les .  

This  is  accomplished through identification of the isotopes 

Utilizing this approach ,  the means a r e  avai lable  for  p r e c i s e  

determinat ion of the total plutonium content of the init ial  sample ,  

1. L. 4 Density of Individual Pa r t i c l e s .  Information on the density 

i :  the fallolit pa r t i c l e s  i s  of in te res t  for understanding fallout 

cha rac t e r i s t i c s  

of g r o s s  alpha counting. 

and to provide input data for interpret ing the r e su l t s  

Pr inc ip le  of the Technique Utilized. The density of 

spher ica l  par t ic les  down t o  1 0  microns  has  been measured  with ease  

and accu racy  by the application of Stokes' law for  t e rmina l  

velocit ies ( s e e  Reference 3) .  The pa r t i c l e  i s  i m m e r s e d  into and 

allowed to fall  slowly (with r e spec t  to the speed of sound in the 

medium) through an  incompress ib le ,  viscous fluid infinite in  extent 

with relat ion to the pa r t i c l e  s ize ,  The pa r t i c l e  a c c e l e r a t e s  until 

a t e rmina l  velocity i s  approached,  a t  which t ime the bouyant fo rce  

is equal to the d rag  force.  For sphe res  a s imple  relat ionship w a s  

der ived by Stokes in 1847 between the te rmina l  velocity, d iameter  

of the s p h e r e ,  the dens i t ies  of sphe re  and fluid, and the viscosi ty  

of the fluid useful for  a Reynolds Number up to around 1. 2 .  

i r r e g u l a r  pa r t i c l e s ,  the two unknown quantit ies a r e  the density of 

F o r  
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the pa r t i c l e  and a geometr ica l  factor .  

measu red  independently in two different f luids,  both the density and 

geometr ica l  f o r m  factor  can be obtained by s imultaneous solution 

of the equations. 

can be predicted.  

If the te rmina l  velocity i s  

Given these ,  the te rmina l  velocity in any medium 

Experimental  Considerations.  The sma l l  s i z e  of the 

par t icu la te  s amples  studied requi red  that special  techniques be 

ati l ized for  observing the par t ic le  r a t e  of fall. 

of light is passed  axially through a column of liquid in a darkened 

room,  the only visible  l ight will be the glow f r o m  the liquid i tself .  

due to the Tyndall effect. 

extraneous matter)with a d i ame te r  l a r g e r  than a few micronsj  visible 

to the naked eye. 

the s t rength  of the i l luminating source  and the s i z e  and reflectivity 

of the par t ic le .  

20-micron pa r t i c l e  can eas i ly  be observed a t  a d i s tance  of one m e t e r ,  

and even a %micron pa r t i c l e  can be visually followed. 

rep l ica te  measu remen t s  of a s ingle  pa r t i c l e  to be made  during its 

fall and p e r m i t s  the use  of a fluid with a comparat ively low variat ion 

of vis  cos ity with tempera ture .  

If a collimated beam 

The sca t te r ing  of light will r ende r  any 

The intensi ty  of the sca t t e red  l ight will depend on 

By means  of this  pr inciple  of light sca t te r ing ,  a 

This  allows 

A l a r g e  d i ame te r  f o r  the liquid-filled tube compared  with that of 

the pa r t i c l e  e l imina tes  the effect of d r a g  exer ted  by the tube wall on 

19 



the  falling par t ic le .  Faxen ( s e e  Reference 3 )  has  shown that the 

reduction of par t ic le  velocity due to interact ion with the cyl inder  wall 

i s  l e s s  than one percent  when the r a t io  of par t ic le  d iameter  to cylinder 

d i ame te r  i s  0. 01. 

T h e  appara tus  used consis ted of two highly polished, concentr ic ,  

35  cm-long borosi l icate  g l a s s  cyl inders  with inside d i ame te r s  of 2 .  5 c m  

and 0. 5 cm.  A cal ibrated l i nea r  s ca l e  i s  etched on the su r face  of the 

outer  cylinder. Both tubes a r e  fi l led with tr ichloroethylene.  As this  

liquid has  essent ia l ly  the s a m e  index of re f rac t ion  as boros i l ica te  

g l a s s ,  ref lect ions f rom the wall of the inner  tube a r e  el iminated;  

and ,  in effect, the inner  tube i s  invisible,  The liquid in the outer 

tube a l s o  s e r v e s  to s tab i l ize  thermal ly  the fluid in the inner  tube. 

1. 2 .  5 F luoromet r i c  Uranium Analysis.  Quantitative m e a s u r e -  

ment of nanogram quantit ies of uranium was requi red  to de te rmine  

uranium content of individual fallout par t ic les .  

Melts obtained by fusing uranium sa l t s  with sodium fluoride 

f luoresce  a br i l l iant  yellow g reen  when illuminated by long-wave (36502) 

ult raviolet  light. 

to the total uranium content 

avai lable  apparatus .  

weak f luorescence but at s h o r t e r  wavelength) s eve ra l  e lements  including 

platinum quench the fluorescence if present in sufficient concentration; 

other elements may enhance the fluorescence or shift its 

The intensity of f luorescence i s  d i rec t ly  proportional 

and is measu red  with commerc ia l ly  

Although the tes t  is specific (niobium causes  
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wavelength. In the ana lys i s  of submic rogram pa r t i c l e s  these effects 

can be ignored. The f luorescence of the mel t  i s  dependent on i t s  

t he rma l  h is tory ,  so  one must  be careful  to p r e p a r e  all s amples  in 

the s a m e  manner .  The molten NaF (with 5% L i F  to lower melting 

point and adhesion to the c ruc ib le )  i s  ex t remely  co r ros ive  and will 

a t tack the platinum dish  if heating is  prolonged. 

ment of the pa r t i c l e  i s  requi red  ( s e e  Reference 4). 

> 

No chemical  p re t r ea t -  

1. 2.  6 Elec t ron  Microscopy. In te res t  in studying particle-size 

dis t r ibut ions below the l imi t s  of optical  microscopy (-2 microns )  prompted 

considerat ion of e lec t ron  microscopy.  

Elec t ron  microscopy i s  quite analogous to optical microscopy 

except that the wavelength assoc ia ted  with a 100-Kev e lec t ron  i s  so 

s m a l l  that the resolut ion and ul t imate  magnification i s  l imited only 

by the perfect ion of the magnetic lenses ,  s tabi l i ty  of c u r r e n t s  and 

voltages,  and the thinness  of spec imens .  This  resolut ion ranges  

f r o m  3 mil l imicrons  in s imple  ins t ruments  used for  t ra ining and 

pre l iminary  inspection to 0. 2 mil l imicron  

ins t ruments .  The pr incipal  l imitat ions on e lec t ron  microscopy a r e  

that the spec imen o r  mounting f i lm mus t  be not m o r e  than 20 mil l i -  

mic rons  thick and capable  of withstanding seve ra l  a m p s / c m 2  of 

100-Kev e lec t rons  in a vacuum below T o r r .  In thicker  f i lms  

(or l e s s e r  vacua) the fract ion of e lec t rons  in the beam undergoing 

sca t t e r ing  becomes sufficient to impa i r  resolut ion and r educe  cont ras t .  
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The con t r a s t  between s m a l l ,  low-density pa r t i c l e s  and m o s t  subs t r a t e s  

tends to  be poor  but can be improved b y  heavy e lement  shadowing i f  

the pa r t i c l e s  l i e  on the supporting fi lm. 

the f i lm,  shadowing is impossible. 

If the pa r t i c l e s  a r e  inside 

1. 2 .  7 Elec t ron  Diffraction. The Roller  Coas te r  pa r t i c l e s  w e r e  

expected to cons is t  of a fair ly  p u r e ,  i f  complex,  oxide of u ran ium,  

plutonium, and sil icon. It was  thus ant ic ipated that identification of 

submicron.fal1out pa r t i c l e s  by the i r  diffraction p a t t e r n  would be  

possible .  

The wavelength of 50-Kev e l ec t rons  is the o r d e r  of the d is tance  

between a t o m s  in  a c rys t a l ,  s o  the Bragg  condition can  be sa t i s f ied  

and diffraction pa t t e rns  form. e .g . ,  Laue spots f o r  single crystals or  

Debye r ings  for  s t rongly polycrystal l ine m a t e r i a l s ,  and even Kikuchi 

pa t t e rns  for  unusually per fec t  c rys t a l s .  

de t e rmined  by the c rys ta l l ine  s t r u c t u r e  of the subs tance  and usually 

ident i f ies  i t  uniquely; extensive tabulations of pa t t e rns  a r e  available.  

The diffraction pa t t e rn  i s  

The low penetrat ing power of e l ec t rons  l imi t s  this  technique to 

c lean  pa r t i c l e s  with thin edges,  The e l ec t ron  diffraction pa t t e rn  is 

fo rmed  in  the e lec t ron  mic roscope  by bringing the magnification to  

zero .  

1. 2 .  8 Elec t ron  Microprobe .  The m a t r i x  composi t ion of the 

individual fallout pa r t i c l e s  is of i n t e r e s t  for  co r re l a t ion  with o ther  

physical  and radiological c h a r a c t e r i s t i c s  observed.  
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The e lec t ron  microprobe  r ep resen t s  a development of the sc ience  

of X-ray  f luorescence spectroscopy in which the f luorescence of the 

specimen IS excited d i rec t ly  by an e lec t ron  beam ra the r  than by a n  

X- ray  source .  

d i ame te r  spot o r  l e s s ,  but due to sca t te r ing  in the specimen,  the 

effective spot s i z e  is not l e s s  than 2 microns.  

region of the spec imen may be selected for  ana lys i s ,  o r  the specimen 

may be scanned to produce an  ana lys i s  a s  a function of location, The 

energy of the beam is under control and one may se lec t  to some extent 

which lines will be excited and to what degree. The fluorescence i s  analyzed 

by a standard X-ray spectrometer, and by monitoring the intensity of a 

particular line as a function of beam position, a map or line profile can be 

built up showing the distribution of a given element in the specimen. 

The e lec t ron  beam can be focussed to a micron  

Thus a very  sma l l  
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CHAPTER 2 

EXPERIMENTAL AND ANALYTICAL PROCEDURES, 

DATA RELIABILITY AND ERRORS 

The ma te r i a l  p resented  i n  this chapter  i s  an  outline of 

techniques utilized for  sample  ana lys i s ,  t rea tment  of da ta ,  and 

e s t ima te  of e r r o r s .  

omitted because no on-si te  par t ic ipat ion by P ro jec t  2 .  6c was 

requi red .  

The cus tomary  sect ion on operat ions i s  

Pa r t i cu la t e  samples  consisting of five-stage Anderson impac to r s ,  

four-stage Casel la  impactors ,  total a i r  s a m p l e r s ,  and sticky 

cy l inders  w e r e  available.  The samples  to be analyzed were  selected 

by the Scientific Director's staff, which also specified the samples upon which 

composition ana lyses  w e r e  to be per formed.  Before leaving the 

experimental  s i t e ,  the samples  w e r e  p rocessed  by Pro jec t  5. l a .  

sent f irst  to the Kava1 Ammunition Depot, Concord. California. 

and then dispatched for particulate studies. 

The f i r s t  two s t ages  of the impactors  and the total a i r  s amples  

were  analyzed only for  par t ic les  larger  than two mic rons ;  the l a t t e r  

s t ages  of the impac to r s  w e r e  analyzed for  submicron  par t ic les .  

f i r s t  two s tages  w e r e  combined in a single sample  and the l a t t e r  

t h r e e  (Anderson)  o r  two (Case l l a )  s t ages  w e r e  combined in a 

second sample  as specified by the scientific d i rec tor .  

f i l t e r s  w e r e  considered a p a r t  of the second sample  

The 

The exit 

but w e r e  not 
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combined with i t  because ox the d i f f e ren t  handling procedure  requi red ,  

No sticky cyl inders  w e r e  analyzed by P ro jec t  2.6~. 

All chemica ls  a r e  of reagent  grade ;  ac ids  and bases  a r e  

concentrated but not fuming, un less  otherwise noted. 

2 . 1  OPTICAL MICROSCOPY 

2. 1. 1 Erocedures> Experimental  
I 

Sample Preparat ion: '  

Impactor  S l ides ,  Stages 1 and 2: 

1. 

clean slnvp hnu lined with absorbent paper with clean gloves and 

clean g l a s s n , a r e ,  etc.  

Remove the samples  f rom the i r  containers  in a 

2 .  Wash the s l i ck ) .  s u r f a c e  off into an  evaporatinF dish, 

Use a rubber  policeman using a minimum quantity of amyl  acetate .  

to make s u r e  a l l  ma te r i a l  i s  removed. 

3 .  Add a sma l l  amount of collodion flexible to  make 

about a 10% mixture.  

4. P o u r  careful ly  onto microscope  s l ides  and s e t  as ide  

to dry.  

5. 

Impactor Sl ides ,  La t te r  Stages: 

1. Proceed  a s  in Steps 1 and 2,  above. 

2 .  Pour  into a smal l  bottle. 

Remove f rom :love box and label .  

25 



3 .  Ext reme  c a r e  must  be exerc ised  to in su re  cleanness ,  

s ince  this solution will be used to make e lec t ron  microscope  gr ids .  

Total Air  Sample r s :  

1 .  Under the Safelight in the da rk room,  place a shee t  

of Kodak No-Screen X - r a y  fi lm in  an  exposure folder  and cover  

with a very  thin shee t  of polyethylene, mylar ,  o r  something similar. 

2 .  Place  the f i l t e r s  on the sheet  and puncture each 

shee t  and the f i lm in two places  for  orientation. 

3.  Carefully c lose  the folder and expose for  24 hours .  

If over  o r  underexposure r e s u l t s ,  v a r y  the t ime. 

4 .  Develop a s  in Radioautography P rocedure  for  

Individual Slides (see next section). 

5. Match the f i l t e r  to the f i lm and punch out the radio- 

act ive s i tes .  

6. Place  the punched out f i l t e r  paper  on a s l ide  and 

t ease  apa r t  in a few drops  of amyl  ace ta te .  

7. Add a drop  of collodion flexible and sp read  over the 

sl ide.  

8. Autoradiograph the s l ide a s  in Radioautography 

P rocedure  for  Individual Slides 

the par t ic le .  

and examine microscopical ly  for  

If n e c e s s a r y ,  t ea se  the paper  fur ther  and re-autoradiograph.  - 

9 .  Repeat until the pa r t i c l e  can be isolated.  
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Radioautography P r o c e d u r e  for  Individual Slides:  

1 .  Under the S e r i e s  1 Safelight in  the da rk room,  cut 

8- by 10-inch sheets of KO& h’o-Screen X-ray Film into one-inch strips 

2. Fit the film to the microscope  s l ides  ca r ry ing  the 

pa r t i c l e s  and cut the film to  the appropr ia te  length,  

3.  Fix  the film to the s l ide  a t  the end with a hinge of 

masking tape. This  will r e g i s t e r  the par t ic le .  

4.  

5 .  

6 .  

Lay the s l ide  in  a n  X- ray  Exposure  Folder .  

Repeat Steps 2 to 4 f o r  the remain ing  s l ides .  

Close the exposure  folder  and allow the exposure  t o  

continue for  24 hours .  (If the first s l ides  developed a r e  e i ther  

underexposed or overexposed,  v a r y  the exposure  t i m e  for  the bes t  

radioautography. ) 

7 .  Open the folder under  the Safelight, bend the f i lm back 

f r o m  the s l ide  a t  the tape  and  place the film in the developer  

( E a s t m a n  Kodak X- ray  Developer)  for  one minute  (being careful 

not to wet the s l ide)  by draping the s l ide  over  the edge of the tank. 

Dip the film in the wash wa te r  for  a round 10 seconds,  8 .  

r emove ,  and place the f i lm in the f ixer  ( E a s t m a n  Kodak X - r a y  

F i x e r )  for  f ive minutes.  

9. Remove and place the film in the wash water for 30 minutes 

10. Place the film on the drying rack and leave until dry. Care 

must be taken in each step to avoid wetting the slide. 
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P a r t i c l e  Separat ion P rocedure :  

1. Take the radioautographed s l ide and make a s m a l l  hole 

through each black spot where a pa r t i c l e  i s  to be separated.  

2. Bend the fi lm back down to the s l ide and place it under 

the microscope.  

3 .  Locate  a punched hole under the microscope.  Look 

through the hole to loca te  the par t ic le  under it. 

4. Bend the f i lm away f r o m  the s l ide and re loca te  the 

par t ic le .  

5 .  With a s tee l  rod sharpened to a 20-micron rad ius ,  cut  the 

collodion around the pa r t i c l e  in the shape of a n  eye with two cuts. 

6. P ick  up the cut-out with the s tee l  rod and place i t  on a 

microscope  coversl ide.  

7. Fix  the par t ic le  to the covers l ide  with a d rop  of &percent  

c 011 odi on solution . 
8. Write the pa r t i c l e  identification on a n  identification tag 

and fix the tag to the coversl ide.  

9. 

P a r t i c l e  Size Measurement  P rocedure :  

1. 

P l ace  the coversl ide in a sample  can. 

Tape the coversl ide containing the ( s ing le)  pa r t i c l e  to 

be measu red  under the optical  microscope  (Type A066), using 

lowest  illumination and blue f i l t e r .  
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2 .  Locate  the pa r t i c l e  under lOOX magnification. Close 

f ie ld  diaphragm and focus condenser.  

of alignment.  

If necessa ry ,  make adjustment  

3 .  Posi t ion the appropr ia te  objective (1OX for par t i c l e s  

> lo0  microns ;  43X fo r  pa r t i c l e s  >30 mic rons ;  and 97X fo r  pa r t i c l e s  

430 microns) .  

4. Focus  the microscope  with the fine focus adjustment.  

Check for  p rope r  numer ica l  a p e r t u r e  on condenser.  

5. Set the filar m i c r o m e t e r  eyepiece on one edge of the 

Always approach  the pa r t i c l e  pa r t i c l e  and r ead  the mic romete r .  

f r o m  the s a m e  side.  

6 .  Careful ly  s c r e w  the f i la r  a c r o s s  the pa r t i c l e  to the other  

edge. Read the m i c r o m e t e r  and subt rac t  the previous reading. Wri te  

the r e su l t  in the notebook. 

7. Rotate the m i c r o m e t e r  eyepiece 60' and repea t  Steps 5 

and 6. 

(Note; 

the minimum dimension,and the best  visual ave rage  dimension. 

8. If the par t ic le  is t r anspa ren t ,  r e c o r d  i t s  color  using 

If the par t ic le  is opaque, t r a n s f e r  to the 

Then ro t a t e  i t  another 60' and again repea t  Steps 5 and 6. 

With i r r e g u l a r  pa r t i c l e s  m e a s u r e  the max imum dimension,  

the f i l t e r l e s s  position. 

microscope  with the ver t ica l  i l luminator .  

9. Calculate the particle volume. The true particle diameter is 

the apparent diameter less the resolving power of the microscope. 
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Microphotography Procedure :  

1. P lace  the c a m e r a  and microscope  at tachment  on a 

microscope  with a n  Ortho Illuminator. 

2 .  Check that the microscope  and i l luminator have been 

proper ly  adjusted.  If not, ad jus t  them according to the P rocedure  

for  Initial Photomicrographic  Adjustment. 

3 .  Place  the pa r t i c l e  to be photographed under the rnicro- 

scope and loca te  i t  with the objective to be used. 

4. Set the color f i l t e r  to green  for a black and white 

exposure and to daylight for a color exposure.  

5 .  Focus the  par t ic le  through the ocular  of the microscope 

at tachment .  

6. Set the light intensity a t  medium o r  high for  the 1OX 

objective, 

o r  u l t ra  high for  4 3 X ;  and se t  i t  a t  u l t ra  high for  97X. 

Set the exposure a t  1 /10  second. 

Load the Polaroid c a m e r a  careful ly  with Polaroid P / N  

depending on the da rkness  of the subject;  s e t  i t  a t  high 

7 .  

b. 

f i lm.  

9. Take the picture .  

10. Remove the par t ic le  f rom the microscope.  

Carbon F i l m  Coating: 

1. P l ace  the coversl ide on a w i r e  s c r e e n  support  d i rec t ly  

under the electrodes.  
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2 .  

3 .  

4. 

Evacuate to a t  l e a s t  10-5mm. 

St r ike  a n  a r c  and hold for  five seconds.  

Examine covers l ide  with a flashlight through the 

porthole. 

Step 3.  

If a jus t -v is ib le  coat of carbon has  not formed,  repea t  

2 .  1. 2 Analytical P rocedures  and Data Reliabil i ty 

P a r t i c l e  Diameter  and Volume. Table 2. 1 p resen t s  

information on f ie ld  depth and resolution for  the var ious  combinations 

of objective and ocular  uti l ized for  these analyses .  Size m e a s u r e -  

ments  w e r e  with an ach romat i c  objective using a posit ive Ramsden 

ocular  with a movable hair l ine to scan the image. 

w e r e  with ach romat i c  objectives and negative Huygenian oculars  

except a t  the highest  magnification where an apochromatic  objective 

with compensating ocular  was employed, The high-power objectives 

w e r e  i m m e r s e d  in cedarwood oil and the condenser  was a l s o  oiled 

in this ca se .  

Microphotographs 

) 

The resolution l imi t s  repor ted  i n  the table indicate the minimum 

possibie  e r r o r  in pa r t i c l e  d iameter  determinat ion.  The optical sys t em 

employed depended upon the par t ic le  s i z e  being measu red ,  a s  indicated 

in Table 2. 2.  

F o r  spher ica l  pa r t i c l e s ,  the e r r o r  in d iameter  can  be taken a s  

the resolution. I t  should be noted that the fract ional  e r r o r  in  the 

repor ted  volume is  t h ree  t imes  that of the repor ted  pa r t i c l e  d iameter .  
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F o r  non-spherical  i r r e g u l a r  par t ic les .  a mean d iameter  is 

The reported volume de termined  a s  descr ibed  in the procedure ,  

i s  computed utilizing this mean d iameter .  

The e r r o r  in such a determinat ion is, in genera1,difficult to 

es tabl ish.  It i s  reasonable  to a s s u m e ,  however, that the number 

of par t ic les  whose volume i s  overest imated will be comparable  to 

the number underest imated,  given a random variat ion in shape 

and orientation on the microscope  slide. 

The accumulation of data on a l a r g e  number of par t ic les  should 

then r e su l t  in a measured  mean s i ze  (volume) distribution r ep resen -  

tative of the t rue  one, although the d ispers ion  may be anomalous.  

It should be noted that specific activity dis t r ibut ions,  which a r e  a l so  

related to par t ic le  volume, a r e  subject to the s a m e  argument .  

Since the e r r o r s  assoc ia ted  with i r r e g u l a r  par t ic les  a r e  re la ted 

to geometr ical  considerat ions,  no bias with par t ic le  s i z e  i s  to be 

anticipated.  

As an indication of the validity of this hypothesis,  s tudies  of 

specif ic  activity dis t r ibut ions for  the i r r e g u l a r  par t ic les  and the 

spher ica l  par t ic les  for  a given sample  w e r e  performed.  

i s  d i scussed  in Chapter 3 ,  Section 3 .  2)where i t  i s  shown that the 

dis t r ibut ions observed with i r r e g u l a r  pa r t i c l e s  a r e  indistinguishable 

f r o m  those based upon spher ica l  pa r t i c l e s ,  s ince the observed 

act ivi ty  d ispers ion  in the spher ica l  par t ic les  w a s  exceedingly large.  

This  ma te r i a l  
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2 . 2  ALPHA COUNTING OF UNALTERED PARTICLES 

2 .  2. 1 Experimental  P rocedure  fo r  Using 2 7 F l o w  Counter 

1. P l ace  the planchet containing the pa r t i c l e  on a cover -  

s l ide  and carbon coated to be counted in the r eady  chamber  of the 

2 Y f l o w  counter.  

2. Secure  the chamber  cover  and ro ta te  the sample  wheel 

to position the pa r t i c l e  in the counting chamber ,  

3 .  Flush the counting chamber  with gas  for one minute 

and r e t u r n  the gas  flow switch to "Operate.  " 

4. Star t  the counter and count for 1,000 counts o r  100 

minutes ,  whichever will occur f i r s t .  

5. Stop the count and ro ta te  the sample  s o  as  to position 

the pa r t i c l e  In the ready chamber  once again. 

and remove  the planchet. 

Note: 

Open the chamber  

Any pa r t i c l e  having l e s s  than 100 counts in 100 minutes  should 

be re turned  to be counted by radioautography methods. 

2 .  2 .  2 Analytical P r o c e d u r e s  and Data Reliabil i ty 

Geometr ica l  Considerations.  As d iscussed  in  Section 1. 2 .  2,  

the measu remen t s  per formed on g r o s s  alpha act ivi ty  of unal tered 

pa r t i c l e s  a r e  influenced by absorp t ion  of alpha pa r t i c l e  energy 

within the pa r t i c l e  matr ix .  

The counters  employed a r e  individually ca l ibra ted  with an 

infinitely thin (no se l f  absorp t ion)  s tandard  alpha source ,  resul t ing 
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i n  a s tandard fac tor  which r e l a t e s  observed counting r a t e  for such 

a source  to  t rue  DPM. 

of the counter is sl ightly under 5070, and the s tandard f ac to r s  for 

the counters  utilized va ry  between 1. 940 and 1. 950 . 

Because of the 2n geometry,  the efficiency 

The sensi t ivi ty  of these  coun te r s  is  such that the diss ipat ion 

of g r e a t e r  than 0.5-Mev energy within the counting chamber  r e s u l t s  

in  a pulse  of sufficient magnitude to  be recorded .  Since the energy 

of Pu239 alpha pa r t i c l e s  is 5. 15  MeV, a n  alpha pa r t i c l e  can l o s e  

up to 90% of its init ial  energy within the sample  and s t i l l  be  recorded .  

F o r  s a m p l e  pa r t i c l e s  of d iameter  d microns  satisfying the 

condition : 

d<< 56 ( s e e  Section 1. 2. 2 )  ( 2 . 1 )  - 
P 

where  p i s  the densi ty  of the sample  ma t r ix ,  the s tandard factor  

defined above can be d i r ec t ly  applied to  obtain t r u e  DPM within 

the sample.  Allowing for the energy d iscr imina t ion  (0. 5 MeV) 

ci ted above, this  condition will actual ly  hold provided: 

d L ( 0 .  9)  56 
7- 

- 50 
Q 

L-  

( 2 . 2 ,  

Thus we s e e  that the low d iscr imina t ion  level  of the coun te r s  

reduces the stringency of Equation 2.1 to that of Equation 2.2,  the applica- 

tion of the standard factor now being appropriate for particles satisfying 

Equation 2 . 2 .  
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For s a m p l e  pa r t i c l e s  violating Equation 2 . 2 ,  t he  co r re l a t ion  

between DPM and observed  CPM is a l t e r ed  by two effects:  

(1 )  self  absorp t ion  within the pa r t i c l e  m a t r i x  becomes significant,  

and ( 2 )  the s tandard  fac tor  for  the de tec tor  (which is fundamentally 

2 g esi;-,e.i 1' i i a l  p a r  a m  e t  e r j bec ome J indppl ica  bl e. 

The l a t t e r  effect i s  m o r e  r rad i ly  understood by r e f e r e n c e  to 

F igu re  2.  1. In Region I.  the or iginal  s t anda rd  factor  appl ies ,  

w h e r e a s  for Region I1 a significantly l a r g e r  s tandard  fac tor  would 

b e  applicable.  Thus for  l a r g e r  pa r t i c l e s ,  the re la t ion  

CPM ddn ( 2 4 n  53) 

d i scussed  in  Section 1. 2. 2 becomes questionable and p l aces  fu r the r  

emphas i s  upon the des i rab i l i ty  of obtaining a cal ibrat ion c u r v e  which 

r e l a t e s  t rue  DPM t o  observed  CPM f o r  l a r g e r  pa r t i c l e s ,  which is 

only poss ib le  through the technique of prec is ion  counting desc r ibed  

el s ewher e. 

Stat is t ical  Considerat ions.  The p rec i s ion  of the observed  

CPM values can  be cons idered  independently of the question of 

. i c cu racy  of convers ion  of CPM to  DPM of the sample. 

s ta t i s t ica l  e r r o r  in  the CPM measuremen t  is de t e rmined  as follows: 

The 

Let S = total  s ample  counts  accumula ted  

B = total  background counts accumula ted  
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t = accumulation t ime  in minutes 

N = total  counts accumulated 

then N = 

and N =  - 
t 

Let Bt = 

ABt = 

(S + B )  * ‘IN counts 

(S+B) .JN - counts/minute 
t t 

background counting r a t e  of the counter 

e r r o r  in  the background counting r a t e  of the counter 

( 2 . 3 )  

F o r  a l l  counters  uti l ized, the maximum value of ABt  was  a. 02 CPM,  

2 s  Ic:eriiiiiied Ly GCirminute bdckground measurements .  

c r i t e r i a  citei. i ~ i  Section 2 .  2 .  1 ,  however, indicate  a maximum value 

of t of 100 minutes ,  and a ii?ini.mum value of N of 100  counts. 

Thus: 

The counting 

= 10 = 0 . 1  CPM v ) m i n .  - 100 

while ( ABt)max.  = 0. 02 CPM 

Referring to Equation 2 . 3 ,  we see, then, that the statistical e r ro r  in 

determinat ion of the sample  CPM is thus always predominantly 

de te rmined  by the e r r o r  in  the sample  measurement ,  and the e r r o r  

i n  the background of the counter contributes insignificantly. 

F o r  the lowest act ivi ty  sample  r epor t ed ,  then, the s ta t i s t ica l  

uncer ta in t ies  will be +o. I C P M ,  fo r  a s a m p l e  counting 1 CPM. 
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For s a m p l e s  measu r ing  R CPM ( R >  1)  the counting e r r o r  

will be:  

E L ( f i )  (0 .  1 )  CPM (2.41 

(Piote: For high act ivi ty  samples  l o o m i n u t e  counting t ime was not 

r equ i r ed ,  hence the 5 )  

For a l l  s a m p l e s  measu r ing  in excess  of 1 CPM, the s ta t i s t ica l  

e r r o r  is  thus always l e s s  than 10%; the ac tua l  e r r o r  can  be de te rmined  

from Equation 2 . 4 .  

For those isolated ins tances  where  ( R )  (1 CPM, a lower  l imi t  

for e r r o r  will be +o. 0 2  CPM.  that of the counter .  

2 .  3 PRECISION ALPHA COUNTING 

2.  3. 1 Ex.;?erimentiil P r o c e d u r e  

P a r  tic1 e Dissolution: 

1. P l a c e  cove rg la s s  containing pa r t i c l e  mounted in  collodion 

( o r  the i luorometry  bead) i n  a g lass  beaker .  

2.  Add a quantity of P u 2 3 6  t r a c e r  equal to  the dis integrat ion 

r a t e  of the pa r t i c l e  de t e rmined  by g r o s s  counting. 

3 .  Add concentrated HNOj ,  a small amount  of pe rch lo r i c  

ac id ,  and a few d r o p s  of H2S04. 

4 .  

5. T r a n s f e r  to a teflon beaker .  

6. Add concent ra ted  HF. 

Evapora te  to  pe rch lo r i c  ac id  fumes. 
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7. 

8. 

9. Proceed  to decontamination. 

Plutonium Electroplating Procedure:  

1. 

Evaporate  to  pe rch lo r i c  ac id  fumes. 

Repeat Steps 6 and 7. 

Evaporate  the solution containing the heavy element  

t r a c e r  and act ivi ty  to approximately 1 rnl. 

HCI. Evaporate  to  wet d r y n e s s ,  Repeat the HN03-HC1 t r ea tmen t  

twice. 

Add 1 ml HN03 and 1 ml 

2. P i c k  up in  1 m l  HC1 and take to dryness .  Do not bake. 

Add 2 ml HC1, boil Rotate the beaker  to  i n s u r e  complete d r y n e s s .  

to  1 mi and t r a n s f e r  to a prepared  electroplat ing cell. 

beaker  with two 112-ml HCI washes and one 1 /2-m1 water  wash. 

T r a n s f e r  each wash to the plating cell .  

f r e e  f r o m  dents  or sc ra t ches .  ) 

Rinse the 

(Use  a f r e s h  platinum d i sc  

The platinum d i sc  and anode must  be  f r eed  of 

any g r e a s e  film by r i n s m g  s e v e r a l  times with 

acetone and alcohol. 

cat ion on the back of the disc .  

in  a F i s h e r  bu rne r  flame. 

ce l l  mus t  be clean and f r e e  of any foreign 

ma te r i a l .  

Write the sample  identifi- 

Ignite to  r e d  hea t  

The electroplat ing 

Check for  leakage before use.  

Keep the plating solution a t  minimum volume 

during this t r a n s f e r  and a l s o  during the t i t ra t ion.  
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3 .  Add 1 drop  methyl r e d  indicator.  Add NH40H dropwise  

until the  indicator  shows the solution to be  bas ic  (yellow). 

2 N  HC1 dropwise  until solution i s  j u s t  acid.  

Add 

Add I d r o p i n  excess .  

P l a c e  the sample  on the Sargent-Sloman e lec t ropla te r .  

- 
4. 

Adjust the anode to  approximately 1 /4- inch above the platinum disc .  

P l a t e  for 10 minutes  a t  a s ta r t ing  c u r r e n t  of 2.  5 a m p s  and about 

5 volts. 

occasional ly  and adjust  the c u r r e n t  t o  maintain 2 .  6 amps throughout 

the plating per iod.  

The c u r r e n t  may fluctuate during the plating period. Check 

5. A t  the end of the electroplat ing per iod ,  add 1 ml NH40H. 

Stir  for 15  seconds.  T u r n  off the c u r r e n t  and s t i r re r .  Remove the  

anode f r o m  plating solution. 

6. Immediately t r a n s f e r  the plating solution into the beaker  

used  f o r  evaporation. 

with water  washes.  

i n  the beaker .  

Rinse the ins ide  of the plating ce l l  3 t i m e s  

Combine the washes  with the plating solution 

7. Dismantle  the plating cel l  and remove  the platinum 

disc .  

yield on l abora to ry  alpha counter  before  submitt ing s a m p l e  to  the 

counting room. 

Rinse with alcohol and ignite the d i sc  to r e d  heat ;  cool. Check 

8 .  P l a c e  s a m p l c  in a l ined and  labe led  t in box and submi t  

for  counting ana lys i s .  
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2 .  3.  2 Analytical P r o c e d u r e s  and Data Reliability. The plutonium 

s a m p l e s  w e r e  analyzed in T r a c e r l a b  F r i s c h  Grid Chambers ,  a 

detec tor  which produces  an output pulse  of magnitude d i rec t ly  

re la ted  to  the energy  of the alpha pa r t i c l e  detected (most meaningful if 

s o u r c e  is infinitely thin to  e l imina te  self absorp t ion  effects). 

t r a c e r  (PuZj6 )was  added to e a c h  sample  to  allow co r rec t ion  for  

yield i n  the radiochemical  separa t ion  and electroplat ing procedures .  

A 

T h e  de tec tor  completely r e so lves  the alpha r a y s  f r o m  P u  2 3 6  

and P u * ~ ~ ,  as  shown in F igu re  2.  2,which is a r eco rded  s p e c t r u m  

for  a n  electroplated s tandard  sample.  

the init ial  pa r t i c l e  s ample  i s  de t e rmined  as follows: 

The total quantity of Pu239 in  

1 .  A shor t  run  of a cal ibrated plutonium s tandard  s o u r c e  is  

made  both before  and a f t e r  the ana lys i s  of a n  unknown plutonium 

s.%m?le. 

ami reso;ution of the in s t rumen t  in  this interval  of t ime. 

This  p rocedure  gives  a n  evaluation of the counting geomet ry  

After counting a sample ,  a P u l s e  Height Graph shee t  is used  to 

:make a graphical  plot of the data.  Channel counts on the ordinate  

a r e  plotted v e r s u s  channel number  a n d l o r  energy  on the absc i s sa .  

F r o m  this  graph ,  together  with the da ta  tape,  a n  ana lys i s  of the 

i>atope peaks is c a r r i e d  out utilizing a Calculation Sheet. 

In select ing the group of channels  represent ing  each  isotope 

?eak. the following points a r e  considered:  
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Width of Isotope P e a k  Base.  Since each  isotope peak which 

r e p r e s e n t s  a s ingle  a lpha pa r t i c l e  energy  is theoret ical ly  of the 

same contour ,  i t s  b a s e  will cover  the s a m e  number  of channels  

with only the height of the peak differing in  each  case.  

contour  m a y  be  r ep resen ted  approximate ly  by a Gauss ian  dis t r ibut ion 

curve .  

The peak 

L o w  Energy Tail. 

will continue down to z e r o  energy.  

1 %  of the peak  height a r e  added to the totalized peak  count. 

totalized count of the ca l ibra ted  plutonium s tandard  s o u r c e  i s  

evaluated in t h e  s a m e  manner .  

The low energy  tail of e a c h  isotope peak 

However, no counts  less than 

The 

Background. On low counting s a m p l e s ,  i t  is n e c e s s a r y  to 

c o r r e c t  for  background. 

s ta t i s t ica l  summat ion  of consecut ive background de termina t ions .  

It may be applied ii i t  does  not d i s to r t  the peak contour.  

may  a l s o  be subt rac ted  empir ica l ly ,  f r o m  a knowledge of the isotopes 

p re sen t ,  and of their  peak contour .  

This  co r rec t ion  i s  compiled f r o m  a 

Background 

Peak  Resolution. The resolut ion is de te rmined  by the width 

of the peak contour 

isotope peaks in c lose  proximity,  

denoted a s  the peak width a t  i t s  mid-height  divided by the peak energy,  

each  value expres sed  in  the s a m e  energy  units. 

and  will de t e rmine  the possibi l i ty  of detecting 

Resolution may  be mathematical ly  

The resolut ions f o r  
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each  ana lys i s  a r e  calculated in  o r d e r  to de t e rmine  the amount of 

ins t rument  drift .  

resolution. 

A value of 1. 5% is considered a s  a n  optimum 

2. Determinat ion of Geometry.  A geometry  factor  i s  used 

to  convert  the observed  counting r a t e  of the unknown sample  to 

absolu te  dis integrat ions p e r  minute  ( D P M ) .  

The geometry  fac tor  is defined as  the observed  co r rec t ed  

counting r a t e  divided by the absolute  dis integrat ion r a t e  of the 

ca l ibra ted  plutonium s tandard  source.  

The observed  counting r a t e  of the sample  always contains the 

foilowing i n h c r r n t  l o s scb .  

2-i/Ceome:ry: 

by vir tue o i  a flat disk mounting. 

The geometry  is  r e s t r i c t ed  to 2 7  s t e rad ians  

Collimation LOSS. A collimating ring is  used with the sample  

disk to ,abtain a n  ideal  peak co7tour by dec reas ing  the re la t ive  amount 

of degraded  alpha pa r t i c l e s  and thereby fu r the r  reducing the counting 

r a t e .  

3 .  Computation of pu2’9 i n  Sample: 

T r a c e r  Yield. Pu-236 is  used a s  a t r a c e r  to  es tab l i sh  the 

p rocedure  yield. 

tne amount of t r a c e r  or iginal ly  introduced. 

The c o r r e c t e d  DPM of this  isotope is divided by 

T r a c e r  Yield = DPM of recovered  236 
(DPM of added 236) (Decay fac tor  from standardizat ion)  



Total Sample DPM. A summation i s  made of counts under 

These  counts a r e  co r rec t ed  for  low energy a l l  isotope peaks present .  

ta i l ,  background, peak resolution,and Section 3 a s  follows: 

This  co r rec t ed  count i s  divided by the counting t ime,  the 

geometry  factor  and the t r a c e r  yield. 

Total  DPM = Total co r rec t ed  counts 
Total  counting t ime x geometry fac tor  x t r a c e r  yield 

4. E r r o r s .  The e r r o r s  in ' the  Pu239-Pu240 ana lyses  a r i s e  

fundamentally f r o m  the s t a t i s t i c s  assoc ia ted  with the sample  counts 

accumulated.  

counts /min  

the re fo re  negligible. 

The background of the de t ec to r s  i s  l e s s  than 0 . 0 1  

under the Pu236 and the P u  239-240 peaks and i s  

The repor ted  e r r o r s  r e p r e s e n t  the s ta t i s t ica l  s u m  of the 

fract ional  e r r o r  in  the t r a c e r  yield ( o r  equivalently the Pu236 DPM) 

and the Pu239-Pu240 count 

the data tables.  

and a r e  repor ted  a s  pe rcen t  e r r o r s  in 

2 . 4  DENSITY OF INDIVIDUAL PARTICLES 

2. 4. 1 ExDerimental  P r o c e d u r e s  for  Measur ine  Suherical  % .  

P a r t i c l e  Density by Constant Density Column 

1. P l a c e  the pa r t i c l e  to be m e a s u r e d  under  the microscope  

(1OOX) and loca te  the par t ic le .  T u r n  off the room lights.  

2. Place  a d rop  of ace tone  nea r  the pa r t i c l e  but not on 

the collodion. 
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3 .  Cut t h e  par t ic le  out with the s tee l  rod a s  i n  the par t ic le  

separa t ion  procedure .  

4. Place  the eye-shaped piece of collodion in  the acetone 

and locate  i t  under the microscope .  

ace tone  to remove  the collodion. 

S lu r ry  the pa r t i c l e  in  the 

5. Remove the par t ic le  with the s tee l  rod. If any collodion 

ren?d:ns, repea t  Step 4. 

6. 

that i s ,  fill the colunin with t r ich loroe thylene  and allow to  se t t le  

f a r  s eve ra l  hours .  

and shining d i rec t ly  down i t .  

o i  t he  column. 

Cal ibrz te  the liquid by druppiny seve ra l  m e a s u r e d  aluniinuni and 

s t ee l  m i c r o s p h e r e s  through the appa ra tus  individually and m e a s u r e  

the i r  t e rmina l  velocity. 

throi;pii given cen t ime te r  l ines .  

dur ing  the Cali of each  par t ic le .  

range 3( '  tu  100 for cal ibrat ion.  

Have the Stokes'  law density column s e t  up in  advance, 

Posi t ion the light sou rce  6 inches above the colun-.r. 

FIX the cen t ime te r  s c a l e  to the back 

Posi t ion t h e  e l ec t r i c  stopwatch conveniently, 

The l a t t e r  is done by t iming the i r  fall 

Severa l  m e a s u r e m e n t s  may be  taken 

Choose only pa r t i c l e s  in the s i z e  

7 .  Place  the end of the s t ee l  rod with the pa r t i c l e  a t tached 

to i t  into the tr ichloroethylene,and the pa r t i c l e  will fall f r ee .  

8 .  T i m e  the fall of the pa r t i c l e  a s  it p a s s e s  the cen t ime te r  

l ines .  M e a s u r e  the pa r t i c l e ' s  fall a s  many t i m e s  a s  poss ib le  



during its single fall consis tent  with maintaining accurqcy  in  

judging when the pa r t i c l e  p a s s e s  the cent imeter  l ines ,  

Calculate the density e f rom S:okes' law: 9 .  

Q = 4. 5 g l  / ( a 2 v )  

readi ly  measu red  by this technique. ) 

' ( P a r t i c l e s  down to 10  microns  may be 

I 
where  e = density of t r ichloroethylene = g m / c c  

g = acce lera t ion  of gravi ty  = 980 c m / s e c / s e c  

7 = viscosi ty  of t r ichloroethylene 

a = rad ius  of par t ic le  

v = t e rmina l  velocity 

2. 4. 2 Data Reliability and E r r o r s .  A comprehensive ana lys i s  

of the e r r o r s  assoc ia ted  with this par t icu lar  appara tus  and technlque 

a p p e a r s  in Reference 4. 

s t a in l e s s  s tee l  pa r t i c l e s ,  the observed deviation was a. 070, a t  a 

Based upon the measu remen t  of 23  spher ica l  

mean density of 8. 04 g r a m s / c m  3 . F o r  the spher ica l  par t ic les  

repor ted  here, this e r r o r  i s  applied. 

F o r  the measu remen t  of i r r e g u l a r  par t ic les ,  the unknown shape 

fac tor  can be el iminated through measu remen t  with two different 

fluids of known dens i t ies  and /o r  viscosi t ies .  (Note:  It was not 

possibie  to loca te  a sa t i s fac tory  second fluid ( t r ichloroethylene being 

[he f i r s t )  for  these  measu remen t s .  

hssign an e r r o r  f ac to r  to the i r r e g u l a r  par t ic les .  However, the 

observed density var ia t ion among the spher ica l  pa r t i c l e s  can be 

It is thus difficult to objectively 
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compared with that of the i r r e g u l a r  par t ic les ,  f r o m  which a meaningful 

e r r o r  es t imate  for  the l a t t e r  can be made. 

extensively in Section 3. 4 ,  where the r e su l t s  of the experimental  

measu remen t s  a r e  considered.  ) 

This  is discussed m o r e  

2 . 5  URANIUM FLUOROMETRY 

2 .  5. 1 Experimental  P rocedures  

1. Dissolve par t ic le  in a drop  of HN03 in  a platinum 

f luorometry  dish. 

2 .  Evaporate  over  a hot plate  using the special  r ack  made 

for this purpose.  

3. 

4. 

Add a prede termined  amount of NaF-L iF  flux. 

Fuse  this mix ture  on a F i s h e r  burner  using an  a i r - g a s  

mixture  for about 2 minutes.  

5. Let  sample  cool for about 1 5  minutes and read  on the 

J a r r e l l - A s h  f luorometer .  

2. 5. 2 Analytical P rocedures  and Data Reliability. 

that measu remen t s  w e r e  taken, a cal ibrat ion curve  for  the f luorometer  

w a s  measu red  utilizing a blank, a 4. 24-nanogram sample ,  and a 

123 .  &nanogram sample .  

s oluti on s . 

On each day 

The l a t t e r  two w e r e  prepared  f rom standard 

The f luorometer  cal ibrat ion curve  for  each day was plotted as 

shown in  F igu re  2. 3, represent ing  a least-squares  s t ra ight  l ine  

through the cal ibrat ion points. Extrapolation of the curve  to the 
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ordina te  intercept  provides  an es t imate  of the ave rage  blank for  

the cal ibrat ion samples  employed. 

The slope of the l ine,  d y , provides  a measu remen t  of the gain - 
A x  

of the ampl i f ie r  s y s t e m  for  the day in question. 

gain was found to display daily var ia t ion,  the total uranium content 

of the samples  was determined by re ference  to the appropr ia te  

cal ibrat ion for  the day of the measurement .  

Since the ampl i f ie r  

Twenty two s e p a r a t e  cal ibrat ions were  taken, each resul t ing 

in a measu red  ave rage  blank value by extrapolation a s  descr ibed 

above. 

was 2. o * 1 . 8  nanograms.  

uranium measuremen t  of all samples  to de t e rmine  the net  uranium 

The ave rage  value for  the blank based upon 2 2  measuremen t s  

This  value was subt rac ted  f r o m  the total 

content of the par t ic les .  

The e r r o r  in the blank, *l. 8 nanograms,  grea t ly  exceeded the 

r r r o r  in total u ran ium determinat ion.  

t o  be the uncertainty in  uranium content for  a l l  samples  ( o r  *3. 6 

nanograms for 95% confldence). 

3 total  uranium content l e s s  than 1. 8 nanograms.  

Thus,*l. 8 nanograms is taken 

In Table 3.  5, a dash  indicates 

2 . 6  ELECTRON MICROSCOPY 

2. 6. 1 Experimental  P rocedures .  The ana lys i s  of fallout 

pa r t i c l e s  in the submicron  range utilizing the e lec t ron  microscope  

requi reu  the following: 
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1. Samples  must  be mounted on the electron microscope  

gr id  3 m m  in d iameter .  

2 .  Mater ia l  covering the sample  must  be minimal  in thickness  

to avoid excessive electron scat ter ing.  

3 .  Means must  be avai lable  for  differentiating between t rue  

fallout pa r t i c l e s  and extraneous ma te r i a l  in the sample.  

The l a r g e  amount of background ma te r i a l  in  the samples ,  

coupled with difficulties in removing the organic  subs t ra te .  combined 

to  make meaningful collection of e lectron microscope  data 

impract icable .  

A brief review of the techniques investigated i s  presented  below. 

Sample P repa ra t ion ,  The f i r s t  sample  was prepared  by 

washing Stages 3 and 4 of Casel la  impac to r s  and Stages 3 ,  4, and 6 

of Anderson impactors  with a sma l l  amount of amyl  ace ta te ,  adding 

a sma l l  amount of collodion, and t r ans fe r r ing  drops  of the mixture  

to  f r e s h  electron microscope  gr ids .  After the g r ids  evaporated to 

d r y n e s s  they were  individually examined in  the e lec t ron  microscope.  

The exit f i l t e r  w a s  not p rocessed  a t  this point. 

The par t ic les  which resembled  the l a r g e r  pa r t i c l e s  (vis ible  in  

the optical microscope)  in  genera l  morphology and showed high 

opacity to the 1 00-kilovolt e lec t ron  beam w e r e  tentatively identified 

a s  the fallout par t ic les .  Al l  such pa r t i c l e s ,  and no others .  w e r e  

found enshrouded by a low density ma te r i a l  790 Angstrom units 
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thick (0. 079 micron) .  

r a r e l y  found singly but usually in  c lumps of up to one hundred, 

apparent ly  held together by the s a m e  low density mater ia l .  

fallout was thinly d i spe r sed  through l a r g e  amounts  of background 

ma te r i a l .  

a t tempt  to facil i tate the location of fallout pa r t i c l e s ;  the resul t ing 

thick f i lms  gave poor resolution o r  contrast .  

P a r t i c l e s  believed to be radioact ive were  

The 

The s i z e  of the aliquot on each gr id  w a s  increased  in an 

The low-density shroud w a s  tentatively identified a s  radiation- 

polymerized Canadian ba l sam and a n  at tempt  was made to remove  it 

with solvents.  Various e s t e r s ,  a lcohols ,  ketones,  chain and cyclic 

hydrocarbons,  e the r s ,  and sulfoxides were  unsuccessful.  Aliquots 

of s amples  w e r e  then placed on copper  e lectron microscope  bar  

g r ids  with si l icon monoxide f i lms  and e lec t roashed  for  a few minutes 

on each  s ide,  a t  low power to avoid excess  recombination heating 

on the copper.  

The low density material was reduced to ash, a s  were all other organic 

materials. It also appeared that there had been a thin, uniform film of resid- 

ual Canadian balsam which had ashed into clumps of fairly high opacity. The 

quantity of ash in  relation to the number of fallout particles was still excessive. 

Aliquots of the samples  w e r e  e lec t roashed  on microscope  s l ides ,  

s l u r r i e d  in amyl  ace ta te ,  and t r a n s f e r r e d  to a centrifuge cone. The 

cone was  taken to d r y n e s s  and a few mi l l i l i t e rs  of acetylene bromide 

(1,  1,  2 ,  2 t e t rabromo-e thane)  w e r e  added. This  liquid has  a high 

49 



specif ic  gravi ty  (2.  96),and i t  was  expected that the a s h ,  sand. 

and other  background ma te r i a l  would r i s e  to the surface while 

the plutonium-bearing pa r t i c l e s  would settle,due to their  high 

density.  This  a l s o  was unsuccessful ,  however, in that  everything 

set t led.  

Most  of the a s h  seemed to  be due to organic  background, so 

centr i fugat ion in acetylene bromide p r i o r  to mounting a n d / o r  ash ing  

was at tempted.  

Centrifugation a f t e r  ashing had produced no improvement  

because  the a s h  of organics  was heavier  than the fluid: centrifugation 

before  ash ing  often caused a l a r g e  amount of olive g reen  o r  brown 

ma te r i a l  to  s epa ra t e  out. 

and appeared  organic .  

set t led along with the activity s o  that the r a t io  of fallout to  background 

r ema ined  very low. 

The su r face  f i lm contained no activity 

A l a r g e  amount of background ma te r i a l  

Conclusion. The v e r y  low amount  of fallout avai lable  made  

i t  n e c e s s a r y  to spend excess ive  t ime  scanning g r ids  to loca te  a 

s ingle  pz r t i c l e  which appeared  t o  be fallout, and when a pa r t i c l e  was 

found i t  had to  be photographed individually because  of l ack  of other  

s u c h  pz r t i c l e s  in  the field. 

fo r  accu racy  in measu remen t .  

gr id  was  s o  low that i t  would be n e c e s s a r y  to photograph each  pa r t i c l e  

separa te ly  r a t h e r  than s imply s i L e  

A s i z e  s tandard  then had to  be photographed 

Thus the burden of pa r t i c l e s  on the 

a number  of pa r t i c l e s  s een  in  
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one e lec t ron  micrograph.  

and fur ther  e lec t ron  microscope  s tudies  w e r e  not undertaken. 

The cost  of so doing appeared  prohibit ive,  

2.7 ELECTRON DIFFRACTION 

Electron diffract ion measu remen t s  w e r e  per formed on a number 

of par t ic les  thought t o  be fallout, utilizing spec imens  p repa red  a s  

previously descr ibed .  

presented  in Chapter 3, Section 3. 7. 

The r e su l t s  of these  measu remen t s  a r e  

2. 0. 

wash it  b 

2.8 ELECTRON PROBE MICROANALYSIS 

Sample P repa ra t ion  

. 
iefly under the microscope  in a d rop  of a m y l  acetate .  

Remove the par t ic le  f r o m  i t s  collodion mount and 

2. Pick the par t ic le  out of the amyl  ace ta te  and place it 

in f resh ly  p repa red  Quickmount (the c lose r  to the su r face ,  the 

be t te r ) .  

3 .  When the Quickmount has  hardened,  p r e p a r e  the 

polishing wheel with No. 400 boron carbide and cut the block down 

t o  the par t ic le  ve ry  carefully.  Use an optical  microscope  to 

de t e rmine  p r o g r e s s .  Exerc is ing  ex t r eme  caution, cut the pa r t i c l e  

approximately in half. 

4. P r e p a r e  the polishing wheel with 6-micron d iam 

Remove a l l  l a r g e  sc ra t ches  a s  determined under the paste.  

objective. 
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5 .  P r e p a r e  the polishing wheel  with 1-micron diamond 

Remove a l l  s c r a t c h e s  as  de te rmined  under  the 43X objective.  paste .  

6. P r e p a r e  the polishing wheel with I/4.-micron diamond 

p a s t e  and pol ish the par t ic le .  

7. Cut the pa r t i c l e  out of the block with a pa r t i c l e  pick 

and  r emove  the Quickmount with solvent.  

8. P l a c e  the pa r t i c l e  flat  s ide  up on a polished bery l l ium 

d i s k  which h a s  been m a r k e d  with a gr id .  

p a r t i c l e  i n  the gr id .  

9. 

Note the posi t ion of the 

P l a c e  the bery l l ium d i sk  in  the carbon evapora tor  when 

the d e s i r e d  number  of p a r t i c l e s  have been placed on the disk,  

Evapora te  carbon onto the d i sk  until it starts to become opaque. 

The  d i sk  is ready  for  ana lys i s .  

2 . 8 . 2  Analytical Procedures and Data Evaluation. The techniques for 

analysis of electron microprobe data are extensively described elsewhere 

(see Reference 5) and will not be repeated here. The analysis of a number 

of 316 stainless steel microspheres was performed* a s  an indication for 

accuracy of the technique. The results for a single particle a r e  presented 

in Table 2 . 3 .  

from measurement of a single particle. For an unknown particle irregular 

in  shape or non-uniform in composition, the results a r e  considerably more 

qualitative. 

Thjs data provides an indication of the accuracy obtainable 

I 

Materials Analysis Company 
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T A B L E  2 . 1  VISUAL D E P T H  OF F I E L D  AND RESOLUTION 
I N  G R E E N  LIGHT ( 5 0 0 0 8 )  

O c u l a r  Objec t ive  Tota l  Visua l  N u m e r i c a l  Reoolut ion 
Power Power Magnif ica t ion  Depth A p e r t u r e  

( m i c r o n )  ( m i c r o n )  

12. 5 91  

1 2 . 5  4 3  

1 2 1 2 . 5 a  0 . 2 - 0 . 3  1 .  25 

5 3 7 . 5 a  0. 9 - 1 .  7 . 6 6  

0. 2 

0. 4 

12. 5 10 125a 0. 16-32  . 2 5  1 . 0  

15 90 135Gb 0. ;-0, 2 1. 25 0. 2 

a )  
b) 

R a m s d c n  o c u l a r  and a c h r o m a t i c  objec t ive .  
C o m p e n s a t r n g  o c u l a r  a n d  a p o c h r o m a t i c  objec t ive .  

T A B L E  2 . 2  O P T I C A L  RESOLUTION 

P a r t i c l e  Sire Range Opt ica l  Systems Resolution 

d)100 m i c r o n 8  I .  0 m i c r o n  

0 . 4  m i c r o n  

d ( 3 0  m i c r o n s  0. 2 m i c r o n  

30 m i c r o n #  < d  < l o 0  micron# 

TABLE 2.3 ELECTROK PROBE YICROAXALYSE OF SIXGLE 
STAINLESS STEEL MICROSPHERES 

C o m p o s i t i o n  of 316 
S t a i n l e s s  Steel F r o m  Single  P a r t i c l e  

and P h y a i c s  
E l e m e n t  Handbook of C h e m i s t r y  A n a l y s i s  

F e  

M n  

SI 

CI 

Ni 

M O  

69. G 

2. G O  

1. G O  

16.00 

10.00 

2 .  00 

62.  5 

1 .  6 9  

0.  34 

1 8 . 6 4  

1 4 . 7  

2 .  18 
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REGION I 
7 

Figure 2.1 
standard factor variation for large particles. 

Geometrical presentation of 271 alpha counter 
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CHAPTER 3 

PRESENTATION OF RESULTS 

A s u m m a r y  of a l l  s amples  p rocessed  by P ro jec t  2 .6C is 

presented  in  Table 3. 1. 

which a r e  individually d iscussed .  

As will be shown below, the prec is ion  and accu racy  of the 

All data a p p e a r s  in  the tables  following, 

techniques utilized for charac te r iz ing  the par t icu la te  deb r i s  a r e  

sufficient to allow meaningful in te rpre ta t ion  of the resu l tan t  data 

i n  t e r m s  of t rue  pa r t i c l e  cha rac t e r i s t i c s .  The var ious  modes  of 

ana lys i s  lead to self  consis tent  conclusions and provide meaningful 

information for evaluation. 

Interpretat ion of the accumulated data has  been pe r fo rmed  

only in s o  f a r  a s  was requi red  to es tab l i sh  the validity of the 

experimental  measu remen t s ,  to faci l i ta te  p rope r  uti l ization of the 

repor ted  data by the evaluation team. 

3 .1  OPTICAL MICROSCOPY 

The following p a r a m e t e r s  w e r e  de te rmined  by optical  microscopy:  

P a r t i c l e  Diameter ,  hence Volume 

P a r t i c l e  Color 

P a r t i c l e  Shape 

These  c h a r a c t e r i s t i c s  a r e  tabulated in Table  3.2, which p r e s e n t s  

the data on all pa r t i c l e s  studied. 
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3 .  1. 1 Accomplishment of Stated Objectives,  The objectives 

of the optical microscopy a r e  r e - s t a t ed  below: 

1. To de termine  s i z e  dis t r ibut ion input data for  analyzing 

and predicting a tmospher ic  d i spers ion ,  fallout pa t te rns ,  and 

haza rd  a r i s ing  f r o m  inhalation and ingestion of par t ic les .  

2.  To provide knowledge relat ive to pa r t i c l e  formation 

mechanisms and the role  of background ma te r i a l s  (e .  g.  cover  soi l )  

in  determining the observed cha rac t e r i s t i c s  of the par t ic les .  

The s i z e  distribution data i s  of par t icu lar  in te res t .  We have 

a l r eady  shown that for spher ica l  pa r t i c l e s  the e r r o r  in  d i ame te r  i s  

suff ic ient ly  sma l l  ( -0.  2 micron)  to a s s u r e  that repor ted  s i zes  for  such 

p a r t i c l e s  a r e  p rec i se .  However,  a l a r g e  fract ion of the collected 

pa r t i c l e s  were  i r r e g u l a r  in shape,  and we a r e  in te res ted  in the 

accu racy  of the repor ted  s i z e  dis t r ibut ions f o r  these  par t ic les .  

Photomicrographs of typical spher ica l  and i r r e g u l a r  pa r t i c l e s  

appear  in F igu res  3. 1, 3. 2 ,  and 3 .  3 .  

It has  been postulated (Section 2. 1 )  that the method for determining 

i r r e g u l a r  par t ic le  d i a m e t e r s  i s  expected to lead to a t rue  m e a s u r e  of 

the ave rage  s i ze  dis t r ibut ion 

This  has  been examined a s  follows: 

but with a possible  anomalous dispers ion.  

F o r  a given spec ies  of par t iculate  ma te r i a l ,  the total par t ic le  

act ivi ty  i s  a sensi t ive function of pa r t i c l e  volume. Thus a compar ison  J 

* 
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of  the activity ve r sus  s i z e  dis t r ibut ion for  spher ica l  and i r r e g u l a r  

pa r t i c l e s  f r o m  a given sample  should reveal:  

1. 

2. Bias  ( i f  p re sen t )  in  the record ing  of the  d i ame te r  fo r  

Comparison in  composition between the two pa r t i c l e  c l a s s e s  

i r r e g u l a r  pa r t i c l e s  . 
F i g u r e s  3.4 ,  3. 5, 3. 6 and 3.7 r ep resen t  act ivi ty  v e r s u s  

d i ame te r  dis t r ibut ions for four s amples  ranging f r o m  sma l l  par t ic lee  

of high Pu content ma te r i a l  s e r i a l ly  to l a r g e  pa r t i c l e s  of lower  Pu 

content mater ia l .  The i r r e g u l a r  pa r t i c l e s  a r e  distinguished by the 

symbol ( D )  while the spher ica l  

Reference to these  f igures  indicates that the spher ica l  and i r r e g u l a r  

pa r t i c l  e a c t i  vit  y di s t r i but ions a r e indi s t ingui s ha bl e. 

or spheroidal particles by ( Q  ). 

Thus,it is concluded that the var ia t ion in t r u e  pa r t i c l e  cha rac -  

t e r i s t i c s  is such  that  no detectable  bias  is introduced by the i r r e g u l a r  

pa r t i c l e  d i ame te r  de te rmina t ions ,  and that the d i spe r s ion  in the 

i r r e g u l a r  pa r t i c l e  c h a r a c t e r i s t i c s  is no g r e a t e r  than that for  spher ica l  

pa r t i c l e s .  

It is a l s o  concluded that i r r e g u l a r  pa r t i c l e s  a r e  indistinguishable 

f r o m  spher ica l  pa r t i c l e s  f r o m  a given sample  regard ing  plutonium 

content. 

3. 1. 2 Conclusions. Size dis t r ibut ions repor ted  a r e  equally 

vaiid i o r  spher ica l  and i r r e g u l a r  pa r t i c l e s .  
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Plutonium content of i r r e g u l a r  pa r t i c l e s  is indistinguishable 

f r o m  that of spher ica l  p a r t i c l e s  fo r  a given sample ,  r e g a r d l e s s  

of the alpha act ivi ty  content of the par t ic les .  

3 . 2  A L P H A  COUNTING O F  UNALTERED PARTICLES 

The alpha count ( C P M )  of a l l  pa r t i c l e s  is a l s o  p re sen ted  in  

Table 3.  2. 

coun te r s  have been uti l ized ( s e e  Section 2 .  2). However, s ince  

the p a r t i c l e s  do  not s imula t e  a n  infinitely thin electroplated source ,  

self  absorp t ion  and geometry effects  a r e  p re sen t  for  the l a r g e r  

p a r t i c l e s ,  hence the u s e  of C P M  r a t h e r  than DPM i n  the tables .  

3 .  2. 1 Accomplishment of Stated Objective. The  objective of 

In this  ins tance  the s t anda rd  f a c t o r s  for  the  alpha 

alpha counting of una l te red  p a r t i c l e s  w a s  s ta ted  as :  

To provide indication of the plutonium con ten t ,  and thus ' .  

alpha act ivi ty ,  of the pa r t i cu la t e  deb r i s .  

In Section 2 . 2  we have d i scussed  the influence of geometry  and 

se l f -absorp t ion  on the count - ra te  obtained with una l te red  p a r t i c l e s ,  

and the d e g r e e  to which such  a measu remen t  can  be  employed to 

indicate  t r u e  Pu content. 
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For par t ic les  of dimension d g  50 mic rons  ( r e f e r e n c e  Section 2 .  2)  
F 

t h e  alpha count i s  expected to provide a t rue  m e a s u r e  of Pu content. 

F igu re  3 . 4  shows that the g r o s s  a lpha count for  pa r t i c l e s  below 

6-microns d i ame te r  follows a cubic re la t ion  with diameter. indicating 

that:  ( 1 )  pa r t i c l e  composition i s  uniform, (2 )  on the ave rage ,  the 

pa r t i c l e  density fa l ls  below 8 g r a m s / c m  3 , and ( 3 )  g r o s s  alpha count 

i s  a t r u e  m e a s u r e  of P u  content for  pa r t i c l e s  of this s ize .  

For succeedingly l a r g e r  pa r t i c l e s ,  we note f r o m  F igures  3.  5, 

3 .  6 and 3 .  7 ,  that the mean count r a t e  quali tatively a p p e a r s  t o  

approach  the squared  relat ion with d iameter  ( r e f e r e n c e  Section 2 .  2 )  

indicating again that on the ave rage  the pa r t i c l e s  appear  homogeneous 

in  composition, and that the gross alpha count r a t e  can be re la ted  to 

t r u e  P u  content in a known manner .  

However,  we note that the l a r g e r  pa r t i c l e s  display an  ex t remely  

wide d ispers ion  in their  measu red  CPM, and we a r e  faced with the 

question a s  to whether this d i spers ion  r e p r e s e n t s  t rue  var ia t ion in 

P u  content,  or is re la ted  t o  s o m e  fac tor  which influences the abil i ty 

of g r o s s  counting techniques to de te rmine  P u  content. The possible  

causpc fer this wide d ispers ion  a r e :  

contezt ,  ( 2 )  density var ia t ions between pa r t i c l e s ,  and ( 3 )  non- 

homogeneous P u  dis t r ibut ion within the par t ic les .  

( 1 )  t rue  var ia t ion in total PU 

Let  us  init ially a s s u m e  that a l l  pa r t i c l e s  contain P u  homogeneously 

d is t r ibu ted  throughout the i r  volume. 
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range  in the par t ic le ,  and r the par t ic le  radius ,  i t  is readi ly  shown 

that the fract ion of total plutonium which fal ls  in the outer spherical  

she l l  of thickness R i s  given by: 

i. e. the ra t io  of the volume of the outer shell  of thickness R to the 

total par t ic le  volume. 

Since the fract ion F r e p r e s e n t s  that fraction of the par t ic le  

plutonium which i s  potentially countable, (F- l )  should be  re la ted  

to a cor re la t ion  factor  which c o r r e c t s  observed  CPM to t rue  total 

DPM of the par t ic le .  

1 F i g u r e  3 .  8 shows the var ia t ion in the factor  (F- ) which o c c u r s  

fo r  var ia t ion of r / R  over  5 : l ;  and i t  is noted that even for  r / R  5, 

the co r rec t ion  factor  IS only 2. 0. 

r 50 Thus if - 5 5, (or since R = - , r 5 2 5 0 )  R 

fo r  a par t ic le  25 mic rons  in  r ad ius  o r  l e s s ,  density var ia t ions 

between 1 and 10 g r a m s / c m 3  would produce no g r e a t e r  than a factor  of 

2. 0 var ia t ion in gross counts. 

3. 2. 2 Conclusion. If the pa r t i c l e s  a r e  indeed homogeneous,  

t n z n  i t  would appea r  that for par t ic les  under 50 mic rons  d i ame te r  

a i s p e r s i o n s  in g r o s s  alpha C P M  g r e a t e r  than the o r d e r  of 100 percent  

mus t  be a t t r ibutable  to t r u e  total plutonium content variation. 
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Dispersions considerably greater than this were indeed observed 

( s e e  F igu res  3.4,  3. 5, 3. 6, and 3. 7). 

3 .  3 PRECISION ALPHA COUNTING 

The r e su l t s  of prec is ion  alpha counting a r e  presented  in  

Table  3. 3,  which includes the fract ional  s tandard deviation of the 

measu remen t s .  It is  seen  that the measu remen t  er.rors a r e  well 

under  the fract ional  d i spers ion  in g r o s s  alpha count indicated in  

F i g u r e s  3. 4, 3. 5, 3. 6 and 3. 7, even for the Double Tracks 

event which displayed the s m a l l e s t  dispers ion.  

3 .  3. 1 Accomplishment of Stated Objectives. The objectives of 

p rec i s ion  alpha counting w e r e  as follows: 

1. To de te rmine  the t r u e  plutonium content of individual 

pa r t i cu la t e s  . 
2. To seek  the relat ionship between t rue  plutonium 

content ,  par t ic le  physical  c h a r a c t e r i s t i c s  ( s i z e ,  co lor ,  morphology), 

and  gross alpha count of individual par t ic les .  

It is evident that objective 1 w a s  well sat isf ied for  those pa r t i c l e s  

measured .  We sha l l  then d i r e c t  our  attention to  objective 2 .  

The observed co r rec t ion  f ac to r ,  DPM , for the pa r t i c l e s  (m) 
analyzed is shown plotted in  F igu re  3. 9 a s  a function of par t i c l e  
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d i a m e t e r ,  for par t i c l e s  up to  70 microns  diameter .  Comparison 

between F igure  3. 8 and F igure  3. 9 shows r e m a r k a b l e  s imi l a r i t y ,  

and it would appea r  that f o r  pa r t i c l e s  in this s i z e  r ange  the observed 

var ia t ions  i n  th i s  fac tor  could be a t t r ibu ted  to  density var ia t ions  

among the pa r t i c l e s  

dis t r ibuted.  Thus i t  would appea r  that deviat ions i n  e x c e s s  of 50% 

f r o m  the mean g r o s s  count fo r  a given pa r t i c l e  s i z e  cannot be 

a t t r ibu ted  to densi ty  var ia t ions.  

c u r v e s  c o r r e l a t e  quite well whea ( r / R  = 1 )  cor responds  to  a pa r t i c l e  

d i a m e t e r  of 14 m i c r o n s ,  o r  a rad ius  of 7 mic rons .  Thus for a v e r a g e  

m a t e r i a l ,  R = 7 mic rons .  Since R = 50 ( s e e  Section 2. 3 )  a n  a v e r a g e  

3 .  , par t i c l e  density of 7 g r a m s / c m  is indicated.  In Section 3.  4 i t  i s  

shown that a mean pa r t i c l e  densi ty  of 5 .  5 g r a m s / c m 3  was m e a s u r e d ,  

based upon measu remen t  of 9 pa r t i c l e s .  

f a c t o r s  for pa r t i c l e s  under 70 m i c r o n s  may be  somewhat g r e a t e r  than 

the  mean density of 5. 5 would p red ic t ;  a fact  which may indicate  a 

sl ight i n c r e a s e  in the required 

pa r t i c l e  s i z e  i n c r e a s e s .  

p rec i s ion  counted which contain P u  homogeneously 

I 

It should also be noted that the 

- 
P 

Thus the manifested c o r r e c t i o n  I 

standard fac tor  for the counter a s  

Attention is now cal led to pa r t i c l e s  2369-24 and 3466-27 in 

Table 3 .  3 ,  which displayed anomalously high c o r r e c t i o n  f ac to r s .  

Non-hamogeneity in the P u  dis t r ibut ion was  evident i n  these  

p a r t i c l e s  f r o m  microscopic  observat ion of s m a l l  inclusions. 

c 
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Thus, deviations exceeding 50 percent  f r o m  the m e a r  g r o s s  count 

can in s o m e  ins tances  be explained by non-uniformity of plutonium 

dis t r ibut ion.  However,  i t  should be noted that such  inhomogeneity 

can only produce anomalously low g r o s s  counts,  s ince  f r o m  

F igure  3 .9  we s e e  that co r rec t ion  f ac to r s  l e s s  than 1 a r e  not 

physically manifested 

physic a1 ground s . 
and indeed would be difficult t o  explain on 

Reference to F igu res  3. 4 ,  3. 5, 3. 6, 3. 7, however,  r evea l s  

that  anomalous d i spe r s ions  (i. e. in  excess  of 50% f r o m  the mean 

l ine )  a r e  in genera l  dis t r ibuted equally above and below the mean 

l ine ,  leading to the tentative conclusion that the observed d ispers ion  

p r i m a r i l y  ind ica tes  var ia t ion in  ac tua l  plutonium content of the 

p a r t i c l e s ,  with the exception that a few anomalously low points may 

be a t t r ibu tab le  to non-homogeneity in the fiz39 distribution. 

3. 3. 2 Conclusions 

1. T h e  gross alpha counting data displays a mean cor re la t ion  

between observed counts and pa r t i c l e  s i z e  which is compatible with 

the hypothesis of homogeneity in P u  dis t r ibut ion within the par t ic les .  

2 .  The conversion of mean observed CPM to  t rue  P u  DPM 

within the pa r t i c l e s  can  be accomplished utilizing a cal ibrat ion curve  

based upon precision counting, the corrections for  which a r e  consistent with the 

the hypothesis of homogeneous PU distribution within the particles, self- 

absorption, and detector standard factor variation with particle size. 
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3.  In a few isolated instances non-homogeneity in  

plutonium dis t r ibut ion leads  to anomalous g r o s s  counting r e su l t s ,  

but these  occasions a r e  r a r e .  

4. L a r g e  d ispers ions  0 5 0  percen t )  observed in gross 

CPM a r e  at t r ibutable  to t rue  var ia t ions in plutonium content for  

pa r t i c l e s  s m a l l e r  than 70 microns .  

produce a fac tor  of 2 uncertainty in this s i z e  range. Observed 

density var ia t ions based on 9 par t ic les  a r e  d iscussed  in Section 3.  4. 

Density var ia t ions can a t  mos t  

3 .  3 .  3 Recommendations.  It i s  recommended that s i z e  

dis t r ibut ions and activity dis t r ibut ions be de te rmined  for  a l l  samples  

and co r re l a t ed  with tes t  p a r a m e t e r s  such a s  location of sample  

collection re la t ive  to ground zero .  

with activity-versus-size dis t r ibut ion on a l l  samples  will provide 

substantiation o r  re ject ion of the hypotheses he re in  presented ,  which 

i s  relevant to appropr ia te  p rocedures  for  determining ul t imate  fa te  

o i  the weapon plutonium, overa l l  m a s s  balance,  and hazard  evaluation. 

Correlat ion of these  r e s u l t s  

3 .  3 . 4  Americ ium P r e c i s i o n  Counting Data. Radiochemical 

separa t ion  and prec is ion  counting for  a m e r i c i u m  w e r e  de te rmined  f o r  

h few par t ic les .  The 

observed DPM of a m e r i c i u m  a r e  shown plotted aga ins t  the observed 

P u  g r o s s  alpha count in F igu re  3. 10, where  i t  i s  s e e n  that,  although 

based upon a ve ry  s m a l l  s ample ,  co r re l a t ion  between observed 

This data is presented  at the end of Table 3.  3. 
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p a r t i c l e  content for P u  and Am a p p e a r s  to exist .  

3.4 DENSITY OF INDIVIDUAL PARTICLES 

Table  3. 4 presen t s  the r e s u l t s  of densi ty  determinat ion of 

9 individual par t ic les .  

3. 4. 1 Accomplishment of Stated Objectives. The objectives 

of the densi ty  determinat ion were: 

1. To provide requis i te  density data  for fallout ana lys i s  

s tudies .  

2 .  To provide input data for  in te rpre ta t ion  of alpha 

comAhg data on unairered pa r t i c l e s .  

The dens i t ies  repor ted  for spher ica l  pa r t i c l e s  c a n  be taken a s  

t r u e  density measu remen t s .  

ca se .  Within the context of objective 1, however, the r a t w f - f a l l  

c h a r a c t e r  is t ics  of i r r e g u l a r  pa r t i c l  e8 a r e  de te rmined  p r e c i s  e l  y , 

which for  fallout and d i spe r s ion  ana lyses  a r e  the requis i te  information. 

F o r  i r r e g u l a r  pa r t i c l e s  this  i s  not the 

Within the l i m i t s  of the small number  of pa r t i c l e s  analyzed,  i t  

a p p e a r s  that the r a t e  of fall c h a r a c t e r i s t i c s  (as indicated by their  

repor ted  dens i t ies )  for  i r r e g u l a r  pa r t i c l e s  will  be indistinguishable 

f r o m  those of spher ica l  pa r t i c l e s ;  i. e. the t r u e  var ia t ion in spher ica l  

pa r t i c l e  densi ty  produces a var ia t ion i n  r a t e  of fall for  a given 

pa r t i c l e  s i z e  which compares  with the  observed  d i spe r s ion  in  r a t e  

of fall  of i r r e g u l a r  par t ic les .  
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F o r  a given spher ica l  pa r t i c l e  s ize ,  the fall  r a t e  i n  air is 

In F igure  3.  11 l i nea r ly  re lated to density ( P a i r  <<p part ic le) .  

re la t ive  fall  r a t e s  fo r  given d i ame te r  of spher ica l  and i r r e g u l a r  

pa r t i c l e s  are shown. Two spher ica l  pa r t i c l e s  displayed anomalously 

high densi t ies .  

es tab l i sh  whether these pa r t i c l e s  a r e  unique, o r  do indeed r ep resen t  

a significant fraction of the pa r t i c l e  population, 

Unfortunately sufficient data i s  not avai lable  to 

In relat ion to objective 2 ,  it has  been shown that the effects of 

density var ia t ion on alpha counting r e su l t s  a r e  to  introduce d ispers ions  

into the data but that the observed d ispers ions  in counting cha rac -  

t e r i s t i c s  exceed those anticipated by reasonable  density var ia t ions 

and a r e  thus at t r ibuted to  t rue  P u  content variation. On the other  

hand, the euyerimenta!ly determined cgr rec t ion  curve  for  CPM to 

D P M  conversion ( F i g u r e  3. 9 )  re f lec ts  the ave rage  density 

cha rac t e r i s t i c  of the pa r t i c l e s  which w e r e p r e c i s i o n  counted, and 

thus the possibil i ty of introducing a bias  to the data ex is t s  if this 

ave rage  

ave rage  

density cha rac t e r i s t i c  is significantly different f r o m  the 

density cha rac t e r i s t i c  of the par t icu lar  sample  in question. 

In view of the l a r g e  density var ia t ions observed for  pa r t i c l e s  

f r o m  a given sample ,  however ,  and the fact that the cal ibrat ion 

cu rve  i s  based upon a composi te  of pa r t i c l e s  from a l l  events ,  i t  i s  

felt that any bias s o  introduced would not exceed the d i spe r s ion  in 

t r u e  pa r t i c l e  plutonium content a l r eady  observed. 
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3. 4. 2 Conclusions 

1. For fallout ana lys i s  and d i spe r s ion  s tudies ,  the r a t e -  

of-fall cha rac t e r i s t i c s  for  i r r e g u l a r  pa r t i c l e s  a p p e a r s  t o  compare  

with that of spher ica l  pa r t i c l e s  of the s a m e  s ize .  

2 .  Observed density variations in individual particles are 

not sufficient to explain the wide d ispers ion  observed in  gross alpha 

count of par t ic les .  

3. 4. 3 Recommendations.  Analysis of spher ica l  v e r s u s  

i r r e g u l a r  pa r t i c l e  abundances in var ied samples  for  a given event 

should s e r v e  to confirm o r  negate  the init ial  conclusion regarding 

identity of d i spers ion  p rope r t i e s  for both pa r t i c l e  types for  a given 

pa r t i c l e  s ize .  In pa r t i cu la r ,  ana lys i s  of s amples  f r o m  locat ions 

subject  to different  wind conditions (e .  g. a t  different  a l t i tudes,  and 

upwind and downwind) should revea l  the p r e s e n c e  of any significant 

d i f fe rences  in d i spe r s ive  pa t t e rns  for  a given s i z e  range. 

3 . 5  URANIUM FLUOROMETRIC ANALYSIS 

The r e s u l t s  of the uran ium f luorometr ic  ana lyses  a r e  presented  

in  Table 3,  5. 

number  of pa r t ic l  e s . 
Significant quantit ies of uranium w e r e  found in a 

3. 5. 1 Accomplishment  of Stated Objective. The s ta ted objective 

was:  

1. To invest igate  the dis t r ibut ion of uran ium and plutonium 
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within pa r t i c l e s  for  f ract ionat ion effects 

of such observat ions with other  par t icu la te  cha rac t e r i s t i c s .  

and possible  cor re la t ion  

The r e s u l t s  obtained in  Table 3. 5 a r e  plotted in F igu re  3. 12, 

which shows uranium nanogram content plotted against  P u  DPM. 

the Double Tracks particles, no apparent  cor re la t ion  exis ts .  The 

Clean Slate s amples ,  however, do indicate the p re sence  of cor re la t ion  

between the abundance of both elements .  

the plutonium CPM dispers ion  previously observed for a given 

pa r t i c l e  s i z e  range  will be ref lected in the U/Pu  cor re la t ion ;  and 

indeed the d ispers ion  about the mean cor re la t ion  l ine i s  compatible 

with the P u  var ia t ions indicated in F igu res  3.  5, 3.  6,and 3.  7 for  

pa r t i c l e s  within the s a m e  s i ze  range. 

F o r  

It should be noted that 

3.  5. 2 Conclusions. F o r  the Clean Slate samples  analyzed, 

co r re l a t ion  between U and P u  pa r t i c l e  content a p p e a r s  to exis t  

d i sp lays  a d ispers ion  comparable  with that observed for  individual 

pa r t i c l e  plutonium content. 

and 

3 .6  ELECTRON MICROSCOPY 

The e lec t ron  microscope  s tudies  failed to yield quantitative 

resu l t s .  The bas ic  r easons  for  this a r e  summar ized  below: 

1. Optical microscopy studies revealed the fact that large quantities 

of background (non-active) debris were collected with the samples. This 

required the establishment of means for identifying any submicron particles 

observed a s  true fallout rather than inactive debris. 
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2 .  The non-crystal l ine na tu re  of the pa r t i c l e s  made  the i r  

identification a s  fallout by e lec t ron  diffraction unfeasible. 

3 .  The samples  w e r e  collected on organic  media  which could 

n o t  be adequately sepa ra t ed  f r o m  the par t icu la tes  to pe rmi t  

sa t i s fac tory  electron micrographs  to be prepared .  This  is 

i l lus t ra ted  in  F igu res  3 .  13, 3.  14, and 3 .  15,  where typical e lec t ron  

mic rographs  a r e  presented .  

4. The number  of fallout pa r t i c l e s  col lected p e r  unit a r e a  

was  ex t remely  low. 

meaningful s i z e  dis t r ibut ion ana lys i s ,  concentrat ion of s ample  

collected over  re la t ively l a r g e  collection a r e a  onto a s ingle  e lec t ron  

microscope  gr id  (3-mm d i a m e t e r )  was required.  The resu l tan t  

accumulat ion of organic  collection media onto a s ingle  e lec t ron  

mic roscope  gr id  produced prohibit ively l a r g e  quantit ies of background 

ma te r i a l  for sa t i s fac tory  e l ec t ron  mic rographs  to  be  p repa red .  

Thus to obtain reasonably s ized samples  for  

3.  6. 1 Recommendations.  F o r  future  p r o g r a m s ,  where  e lec t ron  

microscopic  ana lys i s  of collected d e b r i s  i s  des i r ed ,  the following 

p rocedures  a r e  recommended:  

1. Sat isfactory collection media mus t  be utilized. It is 

recommended that e lec t ron  microscope  g r i d s  be uti l ized d i rec t ly  

for  such col lect ions,  thereby avoiding the necess i ty  of t r ans fe rence  

And handling of the sample ,  with a s soc ia t ed  accumulat ion of 

in te r fe r ing  mater ia l .  
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2 .  Elec t ron-microscope  samples  should only be collected 

a t  those s i t e s  where i t  i s  expected that the r a t io  of act ive collected 

ma te r i a l  to background debr i s  (e.  g. sand)  wi l l  be high. 

3 . 7  ELECTRON DIFFRACTION ANALYSIS 

Elec t ron  diffraction s tudies  revealed that the fract ion of 

ma te r i a l  which produced identifiable pa t te rns ,  and could therefore  

be identified a s  t rue  fallout ma te r i a l ,  was imprac t ica l ly  small .  

Over  500 possible  samples  of fallout ma te r i a l  w e r e  investigated 

fo r  diffract ion,  f rom which 6 posit ive identifications w e r e  made. 

These  r e su l t s  a r e  presented  in Table 3.6.  

E lec t ron  diffraction s tudies  w e r e  conducted only on microscope  

g r ids  which indicated alpha act ivi ty ,  with a lower l imi t  s e t  a t  1 CPM. 

Using highly active pa r t i c l e s  a s  a no rm ( s e e  F igure  3.  4)  
/ 

approximately 200 pa r t i c l e s  of 0. >micron  d i ame te r  would produce 

this act ivi ty  level.  

pa r t i c l e  s i ze ,  m o r e  fallout pa r t i c l e s  would be required.  

For lower  specif ic  act ivi ty  deb r i s ,  or a s m a l l e r  

Approximately 25% of the total g r id  a r e a  was scanned p e r  

s ample ,  

of the ma te r i a l  analyzed was ac tua l  debr i s .  However, s ince  only 

s ix  pa r t i c l e s  out of 500 displayed diffraction pa t te rns ,  i t  i s  

concluded that the f rac t ion  of submicron  fallout ma te r i a l  which 

was c rys ta l l ine  was indeed low. 

Thus, it i s  reasonable  to a s s u m e  that a significant f r ac t ion .  

F igu res  3.  13, 3. 14, and 3.  15 
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i l l u s t r a t e  the na tu re  of the m a t e r i a l  observed;  those objects  which 

displayed identifiable diffraction pa t t e rns  cannot be physically 

distinguished f r o m  non-diffracting mater ia l .  

3. 7. 1 Conclusion. The ma jo r  port ion of the submicron  d e b r i s  - 
w a s  indeed not diffracting and could not be  identified, 

3.8 ELECTRON PROBE MICROANALYSIS 

The objective of e lec t ron  probe  microanalys is  w a s  to de t e rmine  

the ma t r ix  composition of fallout par t ic les .  

3.8. 1 Analysis of Double T r a c k s  P a r t i c l e  9698-17. This  

p a r t i c l e  was  analyzed f i r s t  with the ARL microprobe  a t  Sandia - 

Albuquerque. 

It was  found to contain i r r e g u l a r  dis t r ibut ions of a luminum, sil icon, 

i r o n ,  uran ium,  and plutonium but no detectable  amounts  of ba r ium,  

z i rconium,  or thorium. An a luminum-r ich  region appeared  to 

cor respond to a black inclusion in  the otherwise t r anspa ren t  a m b e r  

par t ic le .  

The pa r t i c l e  was mounted unpolished on copper paste.  

Line prof i le  p i c tu re s  a r e  on fi le a t  Sandia-Albuquerque. 

A rough pol ish was then put on the par t ic le ,  the black inclusitLn 

now becoming exposed, and i t  w a s  analyzed with the MAC 400 

ni icroprobe a t  Ma te r i a l s  Analysis Company, Pa lo  Alto. The de ta i l s  

of the ana lys i s  a r e  repor ted  in their  Analytical Report  No. 647B 

which is hereby  incorpora ted  by re ference .  

7 3  



In summary it was found that the particle contained detectable quantlties 

of a luminum, s i l icon,  potassium, calcium, t i tanium, iron, uranium, 

and plutonium, with calcium predominating. The black inclusion 

was  highly enriched in aluminum. 

de te rmined)  var ied by a fac tor  of 6. 6 f r o m  one p lace  to another.  

The uranium content was approximately 8 to 9 pe rcen t  by weight. 

3. 8 .  2 Analysis of Clean Slate I P a r t i c l e  3 0 3 8 - 2 8 .  

The U/Pu r a t io  (not absolutely 

This 

pa r t i c l e  was analyzed with the ARL microprobe  at Sandia-Albuquerque. 

The unpolished pa r t i c l e  was mounted on copper paste .  

showed aluminum, sil icon, and uranium but no detectable  i ron  or 

plutonium. The elements  w e r e  f a i r ly  uniform in  distribution. Line 

prof i le  p i c tu re s  a r e  on file at Sandia-Albuquerque. 

The analys is  

3. 8. 3 Conclusions. The multiplicity of elements  detected 

in  these  par t ic les  i s  compatible with the var iabi l i ty  in density and 

plutonium content observed  in other  l a r g e  pa r t i c l e s ,  
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T A B L E  3 . 1  S A M P L E S  FROCESSED BY PROJECT 2 . 6 ~  

Event k 
Locat ion  

DWBLE TRACKS 

A-066 

D-064 

D-068 

E-058 
E 4 5 8  

E-058 

c-058 

G-058 

G-064 

H-060 

1-059 

1-061 

1-061 

J-056 

N-068 

R-054 

R-082 

B ,L5. P17 

B,L7.P9 

B .L8,PZ1 

J ,L6, P13 

C W  SLATE I 

L18.PZ1 

L19,P9 

L25.P9 

L29 .P9 

CLEAN SLATE I1 

BM-0 7 

TB -P2 

Trace rl ab 
No.  

2526 

2920 

2922 

9624 
9696 

9699 

9660 

9661 

9656 

2723 

9691 

9668 

9669 

2612 

2837 

2946 

2934 

2907 

2443 

2151 

2482 

3449 

3013 

3038 

3466 

4082 

2305 

No. of 
Stages 

5 

6 

5 

5 

5 

1 

5 

1 

5 

5 

1 

5 

1 

6 

5 

5 

6 

5 

1 
5 

5 

5 

1 

1 
5 

1 
5 

Sampler 
Type 

C a i e l l a  

Anderien 

C a a e l l a  

C a s e l l a  

C e a e l l a  

Tea D 
Caae l l a  

TAS D 
C e s e l l a  

Case1 l a  

TAS D 
C a s e l l e  

TAS D 

h d e r a e n  

C ase  11 a 

C a s e l l a  

Andersen 

C a s e l l a  

TAS I 
C a s e l l e  

Ceael la  

C a s e l l a  

TAS I 
TAS I 
C a a a l l a  

Tk3 D 
Cam 11 a 
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TABLE 3.1 COh’TIh’UED 

Event & 
Location 

BB1-01 
A-036 

A-054 

B-044 
B-054 

B-063 

B-068 

Ll.Pl7 

L3, P9 

L4.P21 

L7 ,P9 
D-030 

D-034 

DM-POS. 12 

CLEAX SLATE I11 

BN-06 

BM-07 

BM-10 

A-030 

A-102 

A-108 

P a c e r l a b  
No. 

2366 

4116 

2206 

2371 
4612 

2370 
2369 

4022 

2312 

4024 

4011 

4163 

3182 

2272 

4907 

5104 

4973 

4974 

4964 

5162 

No. of 
S t a g e s  

5 

1 

5 

5 

1 

5 

5 

1 
5 

1 
1 

1 

6 

5 

Sampler 

C a s e l l a  

TAS D 

C e s e l l a  

C a s e l l a  

TAS I1 
C a s e l l a  

C a s e l l a  

TAS I 

C a s e l l a  

TAS I 
TAS I 
TAS I1 

Andersen 

C e e e l l a  

Type 

Andereen 

TAS D 
C a s e l l a  

Andersen 

Case l l e  

TAS D 



TABLE 3.2 P A R T I C L E  SIZE. GROSS A L F H A  ACTIVITY,AND MORPHOLOGY 
Double Track. Arc A S t a t i o n  066 C a s e l l a  2526 

P a r t i c l a  
Number 

1 

2 

3 

4 

5 

6 

7 

7A 

7B 

8 

9 

10 
11 

12 

13 

14 

Average 
Diameter 

(Id 

4.4 

3.4 

5 .1  

3.3 

3.4 

3.7 

3.0 

2.6 

1.1 

2.6 

3.6 
4.0 

4.6 

4.1 

3.8 

3.6 

Count 
Rate  

18.2 

7.3 

22.7 

3.3 
9.6 

9.9 

2.9 
- 
- 

3.3 
12.5 

14.9 

19.5 

22.4 

10.7 
10.5 

Volume 

- (2) 
&5 

21 

69 

19 

2 1  

2 1  

9.9 

9.2 

0.7 

9.2 

24  

34 

51 

36 

29 

24  

Co lo r  

- 
Opaque 

Opaque 

Opaque 

Opaque 

B r o m  

Opaque 

Orange Brown 

Orange Brown 
Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Note: Appeamto be a t t ached  t o  p i ece  of co l lod ion .  

15 

16 

17 
18 

1 9  

20 

2 1  

22 

2 3  

24 

25 

2 SA 

25B 

26 

27 

27A 

275 

28 

5 .4  14.6 

3.8 13.6 

6.6 47.4 

3.6 23.2 

4.4 18.0 

3.1 7.1 

6.4 16.4 

4.0 12.6 

2.2 1.9 
10.5 11.4 

3.4 6.2 
2.6 - 
1.7 - 
2.9 4.9 

3.0 2.0 
2.4 - 
1.6 - 
2.4 3.4 

82 Opaque 

29 Opaque 

151 Opaque 

24  Red Orange 

45 Opaque 

1 6  Opaque 

1 3 7  B r o m  Orange 

34 Opaque 

56 T. Brown 
606 Yellow Brown 

11.8 - 
9.2 Opaque 

2.6 Orange 

1 3  Opaque 
- 

7.2 Opaque 

2.1 Opaque 

7.2 Opaque 

77 

Morphology 

Irregular 
Egg Shaped 

Sphere 

I r r e g u l a r  

Spheroid 

Sphere 
- 

Sphere 

Sphere 

Sphero id  

Sphere  

Sphere 

Spheroid 

Spheroid 

Sphere 

Sphere 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Sphere 

Sphere 

I r r e g u l a r  

Sphere 

Spheroid 

Sphere 
I r r e g u l a r  

- 
Sphere 

Hemisphere 

Sphere  
- 

Sphere 

I r r e g u l a r  

Sphere 



TABLE 3.2 COIiTJSUED 

Double Tracks A r c  A S t a t i o n  066 C a s e l l a  Continued 

P a r t i c l e  
hbnber 

29 
2 9A 

2 9B 

30 

31 

31A 

318 

32 

33 
34 

Average 
Diameter 

3.4 
2.7 

1.6 

3.9 

3.3 

2.8 

1.6 

2.8 

3.2 

5.0 

(d 

count  
Rate 

6.5 
- 
- 

20.6 
5.0 
- 
- 
6.7 

9.8 

31.4 

Volume 

12 
10 

2 .1  

31 

13 

11 

2.1 

11 

17 

65 

Colo r  

- 
- 

Opaque 

Brown Orange 

Opaque 

Brown Orange 

Brown Orange 

Opaque 

Opaque 

Opaque 

Morphology 

- 
Sphere 

HemiepherE 

Sphere 
- 

Spheroid 

Sphere 

Sphere 

Sphera 

Sphere 

Note: Combined v e r t i c a l  and subs tage  i l l umina t ion  begins  here .  

35 3.5 

35A 2.5 

358 2.3 

36 2.4 

37 6.7 

3 7A 5.5 

378 2.8 

38 3.5 

39 4.6 

39h 3.3 
39B 2.1 

39c 0 .8  

40 8.9 

41 3.5 

42 2.8 

43 5.2 

44 3.1 

45 2.8 
45A 2.1 

45B 1.4 

46 3.2 

47 4.3 

2.5 
- 
- 

3.4 
30.5 

- 
- 

3.8 

18.6 
- 
- 
- 

5.2 

5.8 

6.8 

9.1 

6.5 

4.1 
- 
- 

4.9 

1.6 

15 

8.2 

6.4 

7.2 

96 

87 

11 

22 

24 

19 

4.8 

0.3 

369 

22 

1 1  

74 

16 

6.2 

4.8 

1.4 

17 
42 

78 

- 
Opaque Brown 

Opaque Brown 

Orange Brown 
- 

Opaque Black 

Opaque Black 

Opaqbe Brown 

Opaque Black 

Brown 

Opaque Black? 

Ye1 low B r o m  

Opaque Black 

Opaque Brown 

Ye 11 owish 

Opaque Black 
- 

Orange Brown 

Orange Brown 

Opaque Black 

C lea r  .Orange 
& Black 

- 
Sphere 

I r r e g u l  a r  

Sphere 
- 

Spheroid 

Spheroid 

I r r e g u l a r  
- 

Sphere 

Lobe 

Sphere 

Sphero id  

Sphero id  

S e r r a t e d  Sphere 

Spheroid 

Spheroid 
- 

Sphare 

Sphere 

Sphere 

Spheroid 

2526 



TABLE 3.2 CONTINUED 

Double "rack8 Arc A Ste t lon  066 Carella Continued 2526 

Part ic la  Average Count Volume Color Uorphology 
Number Diameter Rate 

(ll) (p)& - 
48 2 . 3  3.7 6 . 4  Opaque Brown Sphere 

49 2.8 7 . 7  11 Orange Brown Spheroid 

50 2 . 3  2 . 9  6 .4  Orange B r a m  Irrmgular 
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TABLE 3.2 CONTINUED 
DOuble Tracks Arc B Balloon Line  5 P o s i t i o n  17 C a s e l l a  2907 

P a r t i c  le 
Number 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

1 OA 
1 OB 
11 

12 

13 

14 

15 

16 

17 
18 

18.4 

168 

19 

20 
21 

22 

2 3  

24 

25 

26 

Average 
Diameter 

(;1) 

16.6 

12.0 

21.1 
18.5 

13.0 

9.3 

6.3 

6.6 
17.5 

7.4 

6.9 

1.4 

21.4 

16.4 

11.2 
7.7 

4.3 

8.4 

10.9 

12.8 

10.1 

7.2 
24.6 

8.1 
27.2 

5.2 

5.2 
3.7 

7.7 

10.0 

Count 
Rate 
( c e l l  

74.3 

56.1 

277.5 

10.3 

9.0 
19.7 

8.9 
43.3 

174.8 

43.6 

- 

- 
- 

142.0 

113.4 

80.4 

10.7 

4.6 
114.5 

33.6 

59.9 
- 
- 

302.9 

65.2 
364.8 

6.5 

4.2 

5.2 

22.5 

15.7 

Volume 

- (v3) 

2.395 
905 

4,915 

3,315 

1.150 
42 1 

131 
330 

2,806 

173 

172 

1.4 

5,131 

3,262 

8,824 

2 39 

42 
310 

678 

7 35 

540 

195 

7.794 

276 

10,540 

74 

74 

54 

2 39 

Color  Morphslogy 

Opaque 

Opaque & Clea r  

Opaque 

Opaque 

Opaque & Clea r  

Opaque 

Yellow 

Opaque 

Opaque & Clea r  
- 

Opaque 

C l e a r  

Opaque & Clea r  

Opaque si Clea r  

Opaque 

C lea r  Yellow 

O?aque & C l e a r  

Opaque 

Opaque & Clea r  
- 

Dark Amber 

Dark Amber 

Opaque 

Opaque 

Opaque & C l e a r  

P a r t  Opaque 

H o s t l y  Opaque 

Opaque & C l e a r  

Opaque 

Gra iny  I r r e g u l a r  

Irregular 

Gra iny  Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

Spheroid 

Sphero id  
- 

Grainy  Spheroid 

Sphere 

I r r e g u l a r  

Rec tangular  

Rectangular  

Spheroid 

I r r e g u l a r  

Sphere 

I r r e g u l a r  
- 

Sphero id  

Spheroid 

I r r e g u l a r  

Sphere 

I r r e g u l a r  

I r r e g u l a r  

' I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

524 Opaque & Yellow I r r e g u l a r  
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TABLE 3.2 CONTINUED 
Double Tracks Arc B Balloon Line  5 P o s i t i o n  17 Casella 2907 

P a r t i c l e  
Number - 
27 
28 
25 

30 

31 

32 

33 

3a 
35 

36 

36A 

36B 

37 

38 

39 

40 

41 

42 
43 
44 
45 

46 

47 

46 

45 

50 

Average 
Diaxe ter  

6.0 
10.7 

2.7 

14.3 

5.7 

17.5 

6.9 

16.5 

7.9 

5.5 

6.1 

5.7 

22.4 

15.0 

6.3 

li.2 

12.4 

6.2 

9.9 

3.1 

6.5 

10.4 

2.5 
10.6 

7.1 

9.6 

(P) 

Count 
Rate 
(cpm) 

9.9 
32.4 

4.9 

109.7 

5.5 

84.4 

5.6 
569.8 

12.9 

93.2 

- 

- 
- 
5.8 
2.6 

5.4 
44.7 

99.7 

7.1 
113.4 

12.0 

7.2 

120.1 

1.9 

Volume 

(P3)  

113 
641 

10 

1,531 
97 

2,806 

172 

3,535 

258 

216 

119 
97 

5,884 

1,767 

131 

951 

9,980 

125 

506 

16 

322 

589 

6.2 

Colo r  Morphology 

Opaque & Clea r  

Opaque & Clea r  

Opaque 

Opaque & C l e a r  

Opaque & C l e a r  

Opaque 

Opaque 

Opaque & Brown 

Opaque & Yellow 
- 

Opaque 

O p a w  
Opaque 

Opaqua 

Yellow & Red 

Yellow 

Opaque 

Opaque & Yellow 

Opaque 

Opaque 

C lea r  & Opaque 

Opaque 

Opaque 

I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  

T r i a n g u l a r  

Spheroid 

I r r e g u l a r  

Spheroid 

Sphero id  
- 

Spheroid 

Spheroid 

S t a r  Po 1 yhsdron 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

Spheroid 

Spheroid 

I r r e g u l a r  

Sphere 

Sphere 

1.6 624 Dark Green & V i o l e t  I r r e g u l a r  

11.2 187 Opaque & C l e a r  I r r e g u l a r  

124.6 463 Opaque Sphere 

Double Tracks Arc B Bal loon  L ine  7 P o s i t i o n  9 TAS I 2443 

P a r t i c l e  Average Count Volume Color Morphology 
Number Diane te r  Rate 

(Id - ( cpm) & 
1 1.9 2.0 3.6 Brown Sphere 
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TABLE 3.2 CONTINUED 

Double Tracks Arc B Balbon Line 8 P o a i t i o n  21 Casella 2161 

Horp hology Volume Color P a r i i c l e  
Number 

1 

2 

2A 

ZB 
3 

4 

4A 

4B 

5 

6 

7 

8 

9 

10 

11 

1 2  

1 3  

14 

1 5  

16 

1 7  

1 8  

15 

20 

2 1  

22 

23 

2 4  

25 

2 6  

27 

2 8  

29 

30 

Average 
Diane t e r  

(v) 
12.6 

12.2 

9.3 

7.3 

24.0 

21.9 

20.5 

5.7 

42.9 

20.7 

15.0 

15.8 

15.2 

lk .4 

15.5 

15.7 

12.5 

b.6 

14.3 

10.2 

12.6 

8.7 

10.5 

12.2 

9.5 

11.6 

L2.4 

17.1 

12.9 

8.2 

4.0 

6.1 

18.3 

8.0 

Count 
Rate  
(CJg 

5.8 

152.2 
- - 

921.0 

515.9 
- 
- 

866.8 

238.9 

218.3 

322.2 

294.7 

54.9 

75.4 

67.1 

19.1 

102.8 

151.6 

93.5 

66.2 

51.9 

120.4 

88.8 

67.4 

81.0 

76.1 

35.1 

83.7 

36.9 

76.4 

54.3 

82.7 

18.7 

(La3) - 
1,098 

62 5 

42 1 

204 

7,238 

4,608 

4,511 

97 

41,340 

4 # 6 4 4  

1.767 

2,065 

1.835 

1,563 

1,950 

2,026 

1,023 

333 

1 , 5 3 1  

5 5 6  

1,098 

34 5 

606 

951 

449 

817 

998 

2.618 

1,124 

289 

382 

119 

3,209 

268 

- 
Opaque & Purple  

- 
Opaque 

Opaque 

Opaque 
- 

Opaque 

Opaque 

opaque 

Brown Orange & Opaque 

Opaque 

Opaque 81 Orange 

Opaque 

Yellow Brown 

Yellow Brown 

P a r t  Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Ye 11 ow B r o m  

Opaque 

P a r t  Opaque 

Gold-Orange 

opaque 

Opaque 

opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

P a r t  Opaque 

82 

Hexagonal 
- 

Spheroid 

Spheroid 

Angular 
- 

Sphere 

Sphere 

Hexagon 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I rregu 1 a r  

Spheroid 

I r r e  sl a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Spheroid 

I r r e g u l a r  

Sphere 

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Spheroid 

Spheroid 

Spheroid 

Spheroid 

Sphere 

I r r i  zu 1 a r  



TABLE 3.2 CONTINUED 

Double Tracks Arc B Bal loon  Line  6 P o s i t i o n  21 C a s e l l n  Continued 2151 

Color  Morphology P a r t i c l e  Average Count Volume 
Diameter Rate .. Number 

31 
32 
33 

34 

35 

36 

36A 

36B 

36C 

36D 

37 

36 

39 

39A 

35B 

40 

41 

42 

43 

4% 

439 

43.2 

Note: 

4a 

45 

46 

4 7  

?rB 

k5 

50 

8.9 27.3 369 
10.9 18.4 678 
6.6 20.4 933 

9.7 55.4 478 

9 . 9  21.7 508 

9 . 1  31.7 299 

7 . 9  - 258 

3.7 - 27 

2.2 5.6 

2.5 - 8.2 

8.4 100.0 310 

10.3 52.2 5 7 2  

14.9 121.4 1 ,684  
14.7 - 1,665 

3.3 - 19 

6.2 1 9 . 7  125 

6.5 19.4 144 

5.9 20.6 106 

11.2 10.6 582 

5 . 4  - 82 

3.5 - 22 

5 .7  - 478 

- 

Opaque 
Yellow Grey 
P a r t  Yella, brown 

Opaque, C lea r  Edge 
P a r t  Opaque 

- 
Opaque 

Opaque 

C l e a r  

C l e a r  

Opaque 

Opaque 
- 

Opaque 

Opaque & Clea r  

Opaque 

Opaque 

Opaque 
- 

Opaque 

Opaque 

Yellowish 

Spheroid 
Sphere 

I r r e g u l a r  

Spheroid 

Spheroid 
- 

Spheroid 

Spheroid 

Spheroid 

Spheroid 

I r r e g u l a r  

Sphere 
- 

Sphere 

Spheroid 

Sphere 

Spheroid 

Spheroid 
- 

Sphere 

Sphere 

I r r e g u l a r  

P a r t s  A and B appear t o  be i n s i d e  p a r t  C .  

6 . 3  20.4 131 Opaque & Clea r  Egg 
11.9 13 .3  882 Brownish & Opaque Spheroid 

6.7 20.0 158 Yellow Spheroid 

4.5 14.3 46 Opaque Spheroid 

6.6 8.6 165 Ye1 1 ow-B rown I r r e g u l a r  

3.5 8.7 22 Opaque Sphere 

8.5 8.1 32 1 Yellow k Opaque I r r e g u l a r  
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TABLE 3.2 CONTINUED 
Doublc Tracks Arc D S t a t i o n  064 Anderson 2 9 2 3  

P a r t i c l e  Average Count Volume Color  Morphology 
Number Diameter Rate 

1 

2 

Note: 

3 
4 

5 
6 

7 

7A 

8 

9 

1.8 8.6 3.1 Opaque & C l e a r  Spheroid 

3.1 8.7 1 5  Opaque Spheroid 

Conbined V e r t i c a l  SI Substage i l l umina t ion  begins  here .  

3.9 6.0 31 Yellow & Black Spheroid 

2.6 3.7 9.2 Orange Brown Sphere 

2.5 4.2 8.2 Dark Brown Spheroid 

7.4 4.1 212 Opaque I r r e g u l a r  

9.9 1 . 5  5 08 Shiny  T. Yellow I r  regu l  a r  

6.4 - 137 Black Inc lus ion  I r r e y l a r  

5.8 1.0 102 Black I r r e g u l a r  

1.4 1 . 9  1 . 4  T. Red Brown Sphere 
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TABLE 3.2 CONTINUED 
Double Tracks A r c  D S t a t i o n  068 C a s e l l a  2922 

P a r t i c l e  Average Count Volume Color Morphology 
Nunber Diaxe te r  Rate - (v3) - ( C ? d  - (K)  

1 3.7 17.4 2 7  Opaque Spheroid 

2 13.1 141.6 3,105 Opa?ue Spheroid 

3 3.5 S . 5  2 2  Opaque Oval 

4 6.4 65.2 137 Opaque Spheroid 

5 4.6 9.8 5 1  Brown Orange Sphere  

6 

7 

8 

S 

10 

1 OA 

1 OB 
11 

12 

13 

I 4  

1 5  

16 

1 7  

13 

1 9  

20 

21 

6.8 

5.5 

5.7 

4.1 

k . S  

-2.4 
-2 .9  

36.6 

25.7 

4.7 

5 . 7  

16.6 

2C.7 

6.5 

14.7 

2 G . 2  

6.4 

24.3 

2.9 

16.7 

46.5 

12.6 

c. 3 
- 
- 

625.1 
k4.7 

18.3 

24 .2  

3G.9 

2 6 2 . 9  

37.0 

2.0 

185.1 

65.5 

3.2 

165 

87 

97 

36 

-2 6 

"1 3 

-13 

26,090 
13,723 

54 

5 7  

2,395 

4 ~ 644 

144 

1,665 

4,316 

137 

7.513 

Opaque 

Opaque 

Opaque 

Opaque 
- 

Opaque 

Oprque 

Opaque 
Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

BrOh'Il 

Spheroid 

P ro  1 a t  e 

Spheroid 

I r r e g u l a r  
- 

Spheroid 

Spheroid 

I r r egu  1 a r  
I r r e g u l a r  

I r regular  

Oval 

Rectangular  

I r r e @  1 ar 

Spheroid 

I r regular  

Spheroid 

Spheroid 

Spheroid 

X o t e :  This  p a r t i c l e  d i s p l a y s  an unusua l ly  rough s u r f a c e .  
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TABLE 3.2 CONTINUED 
Double Tracks A r c  D S t a t i o n  068 C a s e l l a  (Continued) 2922 

P a r t i c l e  Average Count Volume Color Morphology 
Number 

22 

22A 

22B 

2 3  

24  

2 4A 

2 45 

24c 

25  

26 

27 

27A 

2 7B 

28 

29 

29A 

2 9B 

2 9C 

30 

31 

32 

32A 

32B 
33 

34 

3 $A 

34E 
3% 
35 

36 

37 

3 7 A  

Note: 

38 

Diameter 
(P) 
5.1 

5.0 

1 . 6  

6.9 

6 . 1  

3.5 

2.8 

2-4  

3.7 

1 7 . 1  

24.4 

21.0 

9 . 5  

3.6 

7.2 

7.2 

1.3 

2.5 

3.0 

:.3 

5 . 1  

2.9  

4 . 4  

6.4 

3.4 

2.4 

1.6 

1.1 

3.6 

3.3 

5.3 

1 . 9  

Ra te  
(cpm) 

14.9 
- 

- 
- 

24.3 

42.1 
- 
- 
- 

10.3 

22.6 

227.1 
- 
- 

1 1 . 0  

47.3 
- 
- 
- 
4.7 

2.3 

15.2 
- 
- 

29.0 

5.0 
- 
- 
- 
3.7 

3.6 

5.1 
- 

3 

67 

65 

2 . 1  

172 

40 

22 

11 

7.2 

27 

2,619 

5,212 

4 I 8$9 

4c. 3 

24 

204 

155 

1 .2  

8.2 

1 4  

1.2 

58 

1 3  

45  

137 

10 

7.2 

2.1 

.70 

29 

19  

78 

3.6 

- - 
Opsque 

Brown-Orange 

Amber 
- 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 
- 

Opaque 

opaque 

Opaque 
- 

Opaque 

C lea r  

C lea r  

T. Brown 

Shiny Black 
- 

T. Brown Orange 

Black 

Biack 
- 

T. Dark Grey 

T. Grey 

T. Grey 

T. Orange Brown 

Shiny  Grey 

T. Grey Yellow 

Black 

‘A’ appears  serrounded by the  main body. 

3.7 6.6 27 D u l l  Brown 

86 

- 
Sphere 

Sphere 

Sphere 
- 

Spheroid 

Spheroid 

Spheroid 

Spheroid 

I r r e g u l a r  
- 

I r r e g u l a r  

I r r e g u l a r  

Sphere 
- 

Sphere 

Sphere 

Sphere 

I r r e r u l a r  

I r r e g u l a r  
- 

I r r e g u l a r  

Spheroid 

Sphere 
- 

Sp:-.ere 

Sphere 

Sphere 

Spheroid 

Sphere 

Spheroid 

Sphere 

I r r e g u l a r  



TABLE 3.2 CONTINUED 
DouSle Tracks A r c  D S t a t i o n  068 C a s e l l a  (Continued) 2922 

P a r t i c l e  
NuDber 

39 

43  

41 

42 

43 

4.4 

45 

4SA 

45B 

46 

47 

46  

4s 

50 

Aversge 
Diameter 

(a) 

12.4 

2.5 

3.0 

2 . 5  

6 . 2  

4.3 

3.6 

2 . 9  

1.7 

6 . 7  

3.2 

5.0 

3.9 

6 .1  

Count 
Ra te  
f c p r )  - 
9.2 

3 . 3  

5 . 5  

4.0 

10.7 

5.9 

3.9 
- 
- 

9 .7  

0.7 

8.6 

16.4 

39.3 

~~ 

Volume 

(u3) 
100 

6 . 2  

1; 
8 . 2  

125 

42 

1 6  

13  

2 . 6  

155 

1 7  

65 

31 

115 

Color  Morphology 

T. Dark B r o m  

Very Shiny Yellow 

T. Orange Brom 
T. Orange BrOhm 

T.  Orange 

Shiny T. Orange 
- 

T. Orange BrOhn 

T. 0rar.ge B r o w  

Black & T.  Orange 

Brown 

T. Yellow 

Yellow 

Yellow & C l e a r  

I r r e g u l a r  

Spheroid 

S >he 7 o i d 

Sphere 

Irr egui a r 
Sphere 

- 
Sphere 

Sphere 

I r r e s l a r  

I r r e g u l a r  

S3heroid 

I r r e s i s r  

I r r e g u l a r  

Double Tracks Arc E S t a t i o n  0% C a s e l l a ,  Resin/Cellulose 9624 
~ 

Three r s d i o a c t i v e  s i t e s  were observed on 48-hour autoradiograph but 
a?pear t o  have been l o s t  i n  t r y i n g  t o  i s o l a t e  then. 

was 332 dps.  

The observed a c t i v i t y  
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TABLE 3.2 CONTINUED 

Double Tracks Arc E S t a t i o n  058 C a s e l l a  9698 

P a r t i c l e  Average 
l imber  Diameter 

( v )  

1 36.0 

2 17.7 

3 1 2 . 7  

4 10.0 

5 11.6 

5A 8.9 
5B 3.2 

5c 3.6 

6 5.3 

6A 5.3 

6B 0.6 
Note: 

7 

7A 

7B 

8 

9 

10 

11 

1 1 A  

118 

1 2  

13 

14 

15 

i 5A 

: 53 

Count Volume 

274.2 24,430 

5.3 2.903 
6.6 1,073 

21.3 . 524 
52.9 41 0 

369 
17 

24 

3.2 78 

- 78 
- 0.3 

- 
- 
- 

Color Morphology 

Greenish  & Opaque 

Opaque 

Opaque & C l e a r  

Gold  
- 

Dark Yellowish 

Dark Yellowish 

Ruddy 
- 

OpaqLe 

Opaque 

I r r e g u l a r  

Fuzzy B a l l  

I r r e g u l a r  

Sphere 
- 

Spheroid 

Spheroid 

I r r e g u l o r  
- 

Sphere 

Sphere 

Surrounded by a ye l lowish  t i n g e  11.51.1 a c r o s s ,  i r r e s l o r  shape. 

11.4 26.0 658 - - 
5 . 6  - 46 3 Opaque Spheroid 
7.2 - 145 Very Transparent  I r r e  gu 1 ar 

Yellowish 

5.7 11.3 97 Opaque & C l e a r  I r r e g u l a r  

35.6 82.0 23,620 Opaque I r r e g u l a r  

17.3 16.0 2,711 Opaque & Clear I r r e g u l a r  
- - 6.0 8.6 240 

7.7 - 2 39 Deep Amber Sphere 

1 .0  - 0.5 Opaque Sphere 

15.0 34.6 1,767 P a r t  Opaque I r r e g u l a r  

7.8 4.4 248 Durk Orange I r r e g u l a r  

11.2 6.4 736 Par t  Opaque I r r e g u l a r  
299 - - 9.0 18.5 

7.8 - 248 Opaque Spheroid 

4.6 - 51 C l e a r  Spheroid 
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TABLE 3.2 CONTINUED 
Double Tracks Arc E S t a t i o n  058 C a s e l l a  9898 

P a r t i c l e  Average Count Volume Co lo r  Uorphology 
Number Diameter Rate - (v) 
16 5.4 10.4 63 - L 

1 hA 4.9 - 62 Opaque Sphero id  
16B 1.3 - 1.2 Opaque Spheroid 

17 75.5 1881 225.400 Amber Sphere 

Note: P a r t i c l e  shows very i n t r i c a t e  o t r u c t u r e .  

16 12.6 8.1 1,049 Transparent  I r r e g u l a r  

19 3 .8  12.2 24 - - 
19A 3.6 - 24 Opaque I r r e g u l a r  
1 9 B  0.3 - 0.01 Opaque Sphere 

Note: Six opsque nutmicron p a r t i c l e s  a r e  a l s o  i n  t h e  Tie ld .  

20 5.0 6.4 65 Opaque & C l e a r  I r r e g u l a r  
21 - 124 - - 
2 1A 5.9 - 108 Opaque 61 Yellow I r r e g u l a r  

21B 3.1 - 16 Opaque & Yellow I r r e g u l a r  

6.9 

Note: hro p a r t i c l e s  about 152 a p a r t .  

22 12.2 

23 5.1 

24 6.7 

25 15.7 

2 6  11.0 

27 6.2 

26 2 . 5  

2 9  2 . 1  

30 2 3 . 5  

31 8.4 

32 11.3 

33 12.2 

3% 5.4 

3 %  4.6 

23.0 

8.9 

4.2 
55.1 

16.3 

2.7 
9. 1 

3.5 

155.5 

14.2 

28.5 

4.0 
- 
- 

951 

65 

158 

2.026 

6 5 7  

12 5 

13 

4.a 
7.148 

310 
756 

951 

82 

51 

Opaque & Yellow 

Opaque & Clea r  

P a r t  Opaque 

Opaque B C l e a r  

Opaque 

P a r t  Opaque 

Br igh t  Orange 

Deep Red Orange 

Opaque, C l e a r  
Edges 

Opaque & Clea r  

Opaque & Clea r  

C l e a r  

Opaque 

Opeque 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Hexagonal 

Sphere 

Grainy Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

Piote: A and B a r e  i n c l u s i o n s .  

3rc 6.2 2.2 125 Brown Black I r r e g u l a r  

35 4 . 9  3.4 62 Brown I r r e g u l a r  

3G 4.2 21.2 39 Opaqua I r r e g u l a r  
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TABLE 3.2 CONTINUED 

Double Tracks Arc E S t a t i o n  058 TAS D 9699 

P a r t i c l e  Average C D W t  VOlUmS Co lo r  Morphology 
hknber Diameter Rate - (d 

1 3.2 6.5 17 Black Spherold 

2 4.6 11.9 27 - - 
2A 9.6 - 24 Red-Yellow Spheroid 
ZB 1.8 - 3.1 Dark Yellow Spheroid 

3 2.3 2.0 6.4 Brown and Clear I r r e g u l a r  

Double Tracks Arc G S t a t i o n  058 C a s s l l s  9660 

P a r t i c l e  Average Count Volume Color 
Number Diameter Rate - (P) 

1 6.1 0.06 12 Opaque 

2 12.7 214.5 1,073 Opaque 
3 30.8 376.1  1,530 Opaque 

4 10.6 117.0 624 Opaque 

5 11.4 95.8 775 Opaque 

6 16.5 228.4 2.352 Opaque 

7 7.5 2.6 22 Opaque 

a 5.8 31.6 102 Opaque 

9 5.6 3.4 92 Opaque 8 Clea r  

10 5.3 1.6 78 Opaque 

F o w  more p a r t i c l e s  -z 2p i n  f i e l d .  

11 8.9 3.3 369 T. Pa le  Yellow 
llA 1.1 - .70 Black 

11B 2.6 - 9.2 Black 

12 2.0 1.6 4.2 Brown 
13 8 .4  15.6 310 T. Yellow 

14 1.8 2.1 3.1 T. Orange Brown 

15 2.2 2.3 5.6 T. Orange Brown 

1 6  3.0 2.6 14 T.  Yellow Brown 

Note: 

Morphology 

~~ 

Sphere 

Spherofd 

I r r e g u l a r  

Sphere 

Spheroid 

Sphere 

Sphere 

Sphere 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Dumbell 

T r i a n g l e  

I r r e g u l a r  

Spheroid 

Spheroid 

Spheroid 

rr 
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TABLE 3.2 CONTINUED 

Double Tracks Arc G S t a t i o n  058 TAS D 

P a r t i c l e  Average 

9661 

Count Volume Color  Morphology 
Number Diameter Rate 

( P) m -  (P’) - 
1 4.4 6.7 45 opaque 8 Yellow I r r e g u l a r  

Note; Appears t o  be a t tached  to p iece  of c o l l e c t i o n  media, 

2 

2.4 

2B 
3 

4 

5 
6 

7 
8 

9 

10 

11 

12 
13 
1% 

13B 

14 

15 

16 

17 

16.2 

11.2 

10.5 

4.2 

7.7 

3.0 
3.4 

5.6 

4.6 

6.2 

9.1 
2.7 

3.2 

5.6 

3.0 

5.0 

4.2 

9.1 

7.0 

4.1 

173.9 1,342 
- 7 36 

- 606 

7.4 39 

50.5 2 39 

6.5 14 

5.9 21 

2.2 92 

13.7 51 

12.2 125 

11.8 39 5 

3.9 10 

2.3 17 
8.0 79 

- 14 

- 65 

11.3 39 

9.5 39 5 

4.0 180 
5.2 36 

- - 
Opaque Sphere 

Opaque & Gold I r r e g u l a r  

Yellow Sphere 

Yellow Spheroid 

Gray Yellow . Spheroid 

Sphere 

Yellow I r r e g u l a r  

Black Spheroid 

Black,  T. Brown. C lea r  I r r e g u l a r  

Yellow Spheroid 

Black Spheroid 

Yellow Spheroid 
- - 

Black Spheroid 

T. Orange Brown Spheroid 

Yellow Spheroid 

T. Yellow Spheroid 

Clear ,  Orange. Black I r r e g u l a r  

Black 8 T. Gray I r r e g u l a r  
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TABLE 3.2 CONTINUED 
Double Tracks Arc G S t a t i o n  064 C a s e l l a  9656 

~ ~- 
P a r t i c l e  Average Count Volume Color  Morphology 

Nunber Diameter Rate 

- 1 8.2 84 - - 
lA 5.4 - 82 Yellow Rough Sphere 

18 1.6 - 2.1 Opaque Sphere 

Note: P a r t i c l e a  are completely detached about Zp apa r t .  

2 10.6 

3 15.0 

4 11.2 

5 8.5 

6 13.0 

7 7.4 

8 3.1 

9 17.6 

10 5.2 

1 OA 4.9 

1 OB 1.2 

1CC 1 . 6  

8.4 624 

430.1 1,767 

72.6 736 

1 u . 4  322 

73.2 1,150 

90.2 212 

14.3 1 6  

30.0 2,855 

21.1 6 6  

- 62 

- 1 . 4  

- 2.1 

P a r t  Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Opaque 

Yellowish 

Opaque 
- 

Opaque 

Dark Orange 

Orange 

Sphere 

Sphere 

Spheroid 

B u l l e t  Shape 

Sphere 

Sphere 

I r r e g u l a r  

Spheroid 
- 

Sphere 

Hemisphere 

Sphere 

Note :  Per? C cc -p le t e ly  dctachcd about 1.54 away. 

11 6.5 

12 i 3 . ,  

1 3  8.0 

13A 6.6 

13B 3.5 

1% 2.1 

14 8 . 1  

15 5.6 

1 6  10.7 

17  4.7 

1 5  4.6 

4.8 

6.4 

2 1  3.5 

2 2  5.1 

23 3.7 

2 3  2.9 
2 3a 2.0 

.~ 
-9 

lu ~~ 

51.8 

63.6 

13.8 

- 
- 
- 

19.5 

27.1 

126.2 

10.9 

19.9 

22.7 

37.2 

5.5 

32.8 

6.9 
- 
- 

322 

L ,407 

1 7 7  

150 

22 

4.8 

2 78 

92 

641 

5 4  

51  

58 

137 

22 

69 

1 7  

1 3  
k.2 

Opaque Sphere 

Opaque I r r e g u l a r  
- - 

Opaque I r r e g u l a r  

C l e a r  Spheroid 

Opaque Spheroid 

Opaque Sphere w/tail  

Opaque h Orange I r r e g u l a r  

Opaque Sphere 

Orange Sphere 

Opaque & Dark Orange Spheroid 

Opaque & C l e a r  Spheroid 

Opaque & C l e a r  Spheroid 

Opaque I r r e g u l a r  

opaque Sphere 
- - 

Opaque Irregular 
Dark Orange Spheroid 
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TABLE 9.2 CONTINUED 
Double Tracks Arc G S t a t i o n  064 Canal la  9656 

P a r t i c l e  Average Count Volume Color Morphology 
3 Number Diameter Rate - (PI 

24 
25 

26 

27 
Note: 

28 

28A 

2 8B 

2 8C 

29 

30 

31 

Note: 

32 

33 

Note: 

34 
35 

36 

37 

38 

3BA 

38B 
38C 

39 

39A 

35B 

w 
41 

42 
43 

T -. 
k 5  

46 

2.4 3.2 7.2 Dark Orange Spheroid 

3.7 6.1 2 7  Opaque k Dark Orange I r r e g u l a r  

9.8 2.8 493 Yellow Orange Sphere 

3.2 4.0 17 Opoqua 8 Grey Orange I r regular  

3.8 9.1 21 - - 
3.0 - 14 Opaque & Dark Orange Spheroid 

2.3 - 6.4 Opeque k Dark Orange Bar Shape 

Two p a r t i c l e r r ,  1.2 m d  l.lp, a l r o  i n  f i a l d .  

0.9 - 0.4 Opaque Sphere 

3.1, 8.2 21 Dark Brom Ell f pmofd 

3.2 8.1 17 Opaque Spheroid 

Sphero id  2.6 5.3 9.2 Opaque 

Five submicrsn p a r t i c l e 0  i n  f i e l d .  

22 Opaque 8 Orange Spheroid 3.5 7.7 
29.k 35.0 13,310 Opaque & Yellow Sphere 

P a r t i c l e  is cleaved i n b l f .  

16.1 59.6 2.185 Opaque & Yellow 

7.8 74.3 248 Opaque & Yellow 

6.5 99.9 144 Opaque 

16.5 80.5 2,352 Opaque & Grey 
11.6 34.7 636 - 
1C.6 - 624 Opaque 

1.6 - 2.1 Opaque 

2.7 - 10 Opaque 

15.0 175.0 904 - 
11.6 - 817 Opaque 

5.5 - 87 Opaque 

4.7 26.3 54 Opaque 

5.7 8.9 97 Opaque k Clea r  

10.9 20.7 678 Opaque 0 C h a r  

i. 6 6.2 51 Opaque 

4.5 8.1 lr8 Red Brown 
10.1 17.1 540 Opaque 

3.7 12.7 27 Opaque 

I r r e g u l a r  

I r r e g u l a r  

Sphere 

Spheroid 
- 

Spheroid 

Spheroid 

Irregul er 

I r r e g u l a r  

Sphere 

Spheroid 

Sphero id  

I r r e g u l a r  

Sphere 

Sphere 

I r r e g u l a r  

I r r e g u l a r  
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TABLE 3.2 C O N T Z U E D  
Double Tracks Arc C S t a t i o n  064 CaOs11a 

P a r t i c l e  Average Count Volume Color  Morphology 

9856 

Number Diameter Rate - (p) 
47 4.8 9.9 58 C lea r  Yellow Sphere 

46 10.4 12.5 589 Opaque k C l e a r  I r r e g u l a r  

49 3.9 10.9 31 Opaqun 

50 3.2 a.4 17 Opaqus 

Sphsrold 

Sphars 

51 4.4 13.e 45 Opaqus Irrogulsr 

Double Tracks Arc H S t a t i o n  063 C a s e l l a  2723 

Particle 
Nwber 

1 

2 

2A 

2B 

3 

I 4  

3B 

4 

5 

SA 

5B 

6 

7 

8 

5 

Average 
D i x e t e r  

(4 

11.9 

6.7 

5.5 

2.4 

4.5 

2.5 

2.7 

7 . 3  

33.4 

2.5 

4.0 

13.2 

Count 
Rate 

147.4 

42.3 
- 
- 
7.3 
- 
- 

28.6 

1.9 
- 
- 

15.5 

3.4 
56.4 

130.1 

Volume 

3 
( 3  1 

882 

115 

106 

7.2 

18 

8.1 

10 

204 

-6 

-4 

-4 

19,52ir 

8 .2  

34 

1 ,204  

Color Morphology 

Opeque 
- 

Opaque 

Opaque 

Opaque 

P a r t  Opaque 

Opaque 
- 

Opeque 

Opaque 

Op6que 

Opaque 

Amber & Black 

Opaque 

10 3.2 76.1 17 Opaque 

11 7.6 32.7 2 30 Opaque 

Note: Tvo c l e a r  a t tachments  a r e  probably a i r  bubblee. 

I r r e g u l a r  
- 

Spheroid 

Spheroid 

Sphers  

Sphere 

Spheroid 
- 

Sphere 

Sphere 

T r i a n g u l a r  

I r r e g u l a r  

Spheroid 

Spheroid 

Spheroid 

Spheroid 
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TABLE 3.2 CONTINUED 
Double Tracks Arc I S t a t i o n  059 TAS D 0691 

P a r t i c l e  Average Count Volume Color  Morphology 
Diane te  r Rat e Number 

1 

2 

3 
.. 
4A 

4B 

5 

6 

7 

8 

9 

1G 

11 

12 

1 3  

1 4  

15 

1 6  

17 

1 7 A  

17B 

1;c 
17’3 

17E 

18 

1 9  

20 

2 GA 

2 OE 
2GC 

2OD 

21 

2.8 

17.2 

2.4 

5.7 

5.2  

1.3 

4.8 
4.1 

2.3 

2.7 

4.2 

10.3 

4.6 

2.8 

2.8 

2.9 

4.9 

2.6 

22.3 

13.9 

5.4 

6 .6  

9.2 

2.6 

8.7 

10.2 

1 9 . 1  

7 . 7  

8 . 0  

1 1 . 3  

7.k 

7.4 

2.9 

182.8 

4.3 

23.9 
- 
- 

11.9 

20.5 

2.6 

3.3 

5.8 

39.6 

10.7 

4.3 

0.1 

4.9 

14.6 

4.1 
239.7 

- 
- 
- 
- 
- 

20.1 

- (d) 
14 

2,664 

7.2 

75 

74 

1.2 
58 

36 

6.4  

10 

39 

572 

51 

11 

11 

1 3  

62 

9.2 

2,057 

1 ,407  

82 

151 

408 

9.2 

345 

- 
Orange Brown 

Opaque Yellow 

Opaque Yellow 
- 

Opaque Yellow 

Opaque Yellow 

Opaque Brown 

Opaque Bleck 

Brown 

Orenge Brown 

Opaque B r o w  

P a r t  OpaqiiP 

Opaque Brown 

Dark Oranbe Brown 

Opaque Orange Brown 

Opaque Brown 

Opaque Brown 

Dark B r o w  
- 

D u l l  Black  

Shiny Orange 
Yellow 

Yellow 

Yellow 

Black 

Irregular 
Sphero id  

Spheroid 
- 

Sphere 

Sphere  

Sphere 

Sphere 

I r r e g u l a r  

1rreC;ul.r 

Sphero id  

Crescen t  

Sphere 

Egg 
I r r e g u l a r  

I r r e g u l a r  

Sphere 

Sphere 
- 

Sphere 

Spkeroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spherofd 

I r r e g u l a r  27.3 556 Black 
20.8 1 ,475  - - 
- 239 Black Sphero id  

- 268 Black  I r r e g u l a r  

- 756 Black Irrey lar  

- 212 Black Spheroid 

9.6 212 Shiny Blsck  Bll8ter.d Spheroid 
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TABLE 3.2 COKTIKUED 
Dcuble Tracks Arc I S t a t i o n  059 TAS D (Continued) 9691 

P - r t i c l e  
Nuzber 

2 2  

2 3  

2 4  

25  

26 

2 6A 

2 OB 

27 

26 

29 

30 

3 1  

32 

33 

3% 

3 3a 

3x 
33D 

34 

35 

36 

37 

36 

39 

43 

4: 

L2 

43 

Lk 

Q5 

Average 
Diane ter  

(VI 
10.2 

2.7 

4.6 

2.7 

3.2 

2.6 

1.3 

3.5 

6.2 

9.3 

23.6 

3.5 

3.k 

3.4 

2.0 

2 . 1  

1.0 

1.0 

2.6 

3.5 

3.1 

2.2 

1.8 

2.6 

3.1 

11.0 

4.4 

2.4 

2.6 

2.6 

Count 
Rate 
(C??l) 
120.8  

2.6 

6 .8  

1.0 

2.2 

- 

- 
- 
5.7 

9.2 

6.5 

11.9 

5.6 

3.2 

3.1 
- 
- 
- 
- 
0.8 

3.0 

5.6 

1.0 

0.4 

1 .6  

1.0 

3.0 

0.5 

1.7 

3.0 

3.5 

Volune 

55G 

10 

56 

10 

10 

9.2 

1.2 

22 

1 2 5  

42 1 

6,852 

29 

2 1  

10 

4.2 

4.8 

0.52 

0.52 

9.2 

22 

16 

5.6 

3.1 

11 

1 6  

697 

45 

7 .2  

9.2 

9.2 

Color  

Shiny Black 

T. Orange Gold 

Shiny Brown 

T. Dark Brown 
- 

T, L igh t  Brown 

T.  L igh t  Brown 

Dul l  Black 

Black 

Black 

Yellow 

Shiny  T. Orange 

V .  Shiny Black 
- 

T .  Orange Brown 

T. Orange Brown 

T. Orange Brown 

T.  Orange Brown 

Yellow 

Shiny T.  Orange Brown 
& Black 

Shiny Brown 

T.  Orange Brown 

T. Orange Brown 

T. Red Brown 

T. Gray Brown 

T.  Gray 

Yellow 

T. Orange Gray 

T. Dark Grey 

Shiny  Yellow 

Morphology 

Spheroid 

Spheroid 

I r r e g u l a r  

I r r s y l a r  

Spheroid 

Spheroid 

Sphere 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

Spheroid 

Spheroid 

Spheroid 

Spheroid 

Spheroid 

Spheroid 

Spheroid 

I r r e g u l a r  

I r r e s u l a r  

Spheroid 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  

I r r e g u l a r  
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TABLE 3.2 CONTINUED 
Double Tracka Arc I S t a t i o n  059 TAS D 9691 

P a r t i c l e  
A’ber 

46 

46A 

46B 

47 

48 

49 

49A 

49B 

49c 

49D 

49E 

so 

Average 
Diane te r  

((1) 

2.6 

2 . 6  

1.1 

2 . 0  

1 . 7  

3.2  

1 . 6  

1.8 

0.6 

0.4 

0 .5  

b.8 

Count 
Rate 

5.9 
- 
- 

3.0 

2.6 

1.7 
- 
- 
- 
- 
- 

30.7 

Volume 

(r3) - 
16 

9.2 

6 . 7  

4.2 

10 

5 . 4  

2.1 
3.1 

0 . 1  

0 .04  

0.07 

58 

Color  

- - 
Brown 

Brown 

T. Orenga 

Opaque 
- 

T. Gray 

Black 

T. Gray 

T. Gray 

Black & Clea r  

Black 

~ 

Morphology 

- 
Sphere 

Sphere 

Sphere 

Sphere - 
Sphere 

Irregular 
Spheroid 

Peer Shaped 

Oval 

Sphere 
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TABLE 9.2 CONTINUED 
Double Track8 Arc I S t a t i o n  061 TAS D 9669 

P a r t i c l e  Average count  Volume C o l o r .  Morphology 
Number Diane t e r  Rate - ( P) 

1 
2 
3 

4 

4A 

4B 

5 

6 

7 
8 

9 

10 

11 

12 

1 3  

I4 

15 

16 
17 

18 

1 9  

20 

21 

22 

23 

23% 

238 

22s  

230 

5.9 
11.2 

3.9 

3.4 

2.6 

1 . 9  

5.5 

7.9 

5.5 

1.6 

3.6 

3.6 

3.3 

6.4 

3.4 

8.1 

2.7 

4.9 

7.9 

4.0 

4.9 

7.0 

2.6 

3.2 
- 

2.3 
1.2 

0.6 

1.0 

5.4  

70.7 

12.0 

4.3 
- 
- 

25.5 

69.0 

31.0 

2.5 

2.6 

10.6 

7.0 

6.4 

4.2 

65.9 

2.5 

21.0 
8.7 

9.1 
13.7 

23.3 

3.7 

5.1 
2.9 - 
- 
- 
- 

108 

7 36 
31 

13 

9.2 

3.6 

a7 

258 

87 

2.1 

24 

24 

19 

137 

21 

276 

10 

62 

258 

34 

62 

180 

9.2 

17 

7.5 

6.4 
0.90 

0.1 

0.52 

Black & T. Yellow 

Brown 

T. Brown - 
Black 

T. Brow, 

Black 

T. Dark Brown 
Black 

T. Orange 

T.  Dark Brown 

Shiny Black 

Black 

Black t o  C l e a r  

Brown 

Brown 

T. Brown 

Shiny  Black 

Black & T. Yellow 

Black 

Black 

Black 

T. Red Brown 

T. Dark Brown 
- 

T. Orange 

T. Orange 

T. Orange 

T. Orange 

Spheroid 

Spheroid 

I r r e g u l a r  
- 

Spheroid 

Sphere 

Spheroid 

Spheroid 

Sphere 

Spheroid 

Spheroid 

Egg Shape 

I r r e g u l a r  

Sphere 

Spheroid 

Sphere 

Spheroid 

Sphere 

Spheroid 

I r r e g u l a r  

Sphere w / t a i l  

Spheroid 

Spheroid 

Sphere 
- 

Sphere 

Sphere 

Sphere 

Sphere 

Note: P a r t s  C and D a r e  completely detached. 

24 4.7 20.5 54 Shiny Black Sphere 

25 3.5 1 .4  22 Black Very L r r c p l a r  

26 3.9 7.2 31 Black Sphere 

27 8.8 5.5 35 7 T. Gray Yellow Irregxlar  
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TABLE 3.2 CONTINUED 
Double,Tracks Arc I S t a t i o n  061 TAS D 

28 
29 

30 

30A 

30B 

31 

32 

33 

33A 

338 

Note: 

3Q 

35 

36 

37 

38 
38A 

38B 
39 

40 

41 

42 

43 

It4 

45 

46 

47 

48 

49 

50 

P a r t i c l e  Average Count  Volume Color Motphology 
Rurnber Diameter Rate - 

A!L (cJ& 

2.9 4.6 

5.0 20.1 

8.9 16.5 
4.2 - 
7.6 - 
2.8 16.8 

2.8 2.3 

- 5.9 
2.6 - 
2.9 - 

P a r t s  A and B became 

2.5 4.0 

5.5 9.9 

1.9 2.4 

2.0 3.6 

9.0 75.2 
8.3 - 
2.0 - 
4.9 29.4 

2.4 2.7 

3 .3  2.5 

3.3 5.6 

3.8 4.5 

3.2 8.0 

2.1 2.6 

7.4 13.6 
2.6 4.1 
2.6 2.0 
3.1 4.2 

9.6 76.8 

( P 3  - 
13 
65 

269 

39 
2 30 

11 
11 

22 

9.2 

13 
de t ac hsd . 

8.2 

87 

3.6 

4.2 

30 3 

299 

4.2 

62 

7 . 1  

19 

19 

29 

17 

4.8 

212 

9.2 

9.2 
5.8 

46 3 

- 
T. Dark Brovn 
T. Dark B r m ,  Shiny - 
Black 

C l e a r  

T. Orange Broun, Shfny 

T. Orange Brown 
- 

T. Dark Gray  

T. Orange Yellow 

Yellow 

T. Dark Brown 

T. Orange Brown 
Br igh t  Yellow 

T. Dark Yellow 

T. Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Red-Yellm 

Brown 

Yellow 

Black & Clear 

Brown 
Black & C l e a r  

Black 8 T. Gray 

Black 

Sphere 

Sphere 

Spharoid 

Irregular 

Sphere 

Sph8re 

Irregular 
1rr.gul.r 

Spheroid 

Spheroid 

Spbsrs  

Sphere 
- 

Sphere 

Sphere 

Egg Shape 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Sphere 

Spheroid 

Very I r r e g u l a r  

Bubbly Sphere 
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TABLE 3.2 CONTINUED 

Double Tracks A r c  I S t a t i o n  061  Case114 

P a r t i c  1 e 
Number 

1 
2 
3 

4 

5 

6 

7 

8 

a4 

sa 
9 

10 

11 

12 

12’4 

l2B 

13 

1 4  

l5* 

16 

1 7  

16 

:5 

22 

2 1  

2i 

Average 
Diauerer  

(PI 
9.6 
6.7 

3.2 

5.9 
2.: 

4.7 
5.1 

1-. 6 

13.2 

k.8 

11.5 
15.1 

9.9 

1!..6 

i6.3 

11.3 

3.6 

6.3 

3.2 

2.4 

1.6 

3.5 
5 . 7  

3.5 

3.5 

3.0 

Count 
Rate  

15.9 
22.9  

6.6 

5.1 

5.7 

4.0 

5.6 

36.6 
- 

76.3 

360.6 

95.3 

262.1 

- 
6.2 

30.5 

8.0 

7.1 

15.1 

0.1 

8.5 

11.4 

1C.3 

2.9 

Volume 

3 - 
478 
172 

17 

l o a  
13 

54 

69 

1,262 

1,204 

58 

796 

1,260 

5% 

2,965 

2,266 

657 

14 

131 

17 

13 

3.1 

22 

27 
22 

22 

1 4  

C o l o r  

- 
Cpaqce & Yellow 
Opaque 

O?aque 

P a r t  Opaque 

Opaque 

Par t  Opaque 

Grey 

Opaque 

C lea r  

Oiaque 8: Clea r  

Opaque 

0paq.k 

Opaque 

D i r t y  Yellow 

C?aqu< 

Opaquz 

Opaque & Clea r  

Opaque & C l e a r  

opaqie  

C lea r  

C lea r  

G p q u e  

Opaque 

Pa le  Grrm & 
Yellow 

Morphology 

I r r e g u l a r  
I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Spheroid 

I r r e  gu 1 ar 

I r r e g u l a r  

Sphere 

Remisphere 

Very I r r e g u l a r  

Spheroid 

SpheroiZ 

Sphere 

I r r egu la r  

Sphere 

I r r e g u l a r  

Spheroid 

Spheroid 

I r r e g u l a r  

Spheroid 

Sphere 

Sphere 

Sphere 

Sphere 

Iiote: This p a r t i c l e  ShGwS i n t e r n a l  s t r u c t u r e  l i k e  bubbles .  

23 5.5 40.5 67 Ophque Sphere 

2r,  2 .8  5.4 11 opaque Sphere 

15 4.6 4.2 51 Opaque .k C l e a r  Spheroid 

L -  2.3  3 .2  6.4  Yellow Grey Sphere 

2 :  2.6 3.2 9.2 Dark Red Brown Spheroid 
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TABLE 3.2 CONTINUED 
Double Tracks Arc I S t a t i o n  061 C a s e l l a  Continued 9668 

P a r t i c i e  Average Count Volume Color Morphology 
Number Diameter Rate - (!A 
26 3.6 7 .1  24 Brown Spheroid 

29 3.2 b.1 1 7  Brown Orange I r r e g u l a r  

33 2.0 2.0 4.2 Brown Sphere 

31 2.5 1 .9  8.2 Brown Sphere 

32 3.3 4 .0  19 h b e r  I r r e g u l a r  

33 5.6 2.9 92 Yellow Brown I r r e g u l a r  

33 3.1 7.5 16 Dark Amber I r r e g u l a r  

35 2.7 4.1 10 Dark Brown Spheroid 

36 2.8 3.1 11 Amber I r r e g u l a r  

37 8.4 60.7 310 Dark Brown Sphere 

38 2.6 3.8 9.2 Opaque Sphere 

39 10.4 29.4 589 Opaque k Yellow I r r e g u l a r  

40 9.7 17.8 478 Opaque k Yellow 1 r re ;u l a r  

41 6.7 6.7 158 Opaque k Yellow I r r e g u l a r  

42 5.8 4.8 65 

42A 4.0 - 34 Opaque & C l e a r  I r r e g u l a r  

42B 3.9 - 31 Opaque k C l e a r  I r r e g u l a r  

43 2.9 7.2 13 Opaque Sphere  

6.6 19 Opaque I r r e g u l a r  44 3.3 

45 2.2 2.1 5.6 T. Orange Brown Spherofd 

Sphero id  46 2.1 2 . 3  4.2 Opaque 

47 2.5 4.7 8.2  T. Orange Sphere 

4a 2.5 1.6 8.2  T. Orange. Shiny  Sphere 

49 16 .2  7.6 988 - - 
49A 10.5 - 606 Shiny  Yellow I r r e g u l a r  

- - 

45B 9.0 - 382 T. P a l e  Yellow I r r e g u l a r  

50 4.3 1.8 42 Yellow I r r e g u l a r  

10 1 



TABLE 9.2 CONTINUED 
Double Tracks Arc J Balloon Line  6 Position 13 Casella 2482 

Color Morphology P a r t i c l e  Average Count Volume 
Number Diameter Rate 

(cpm) (p3) (d - - 
1 
2 

3 

4 

u 
4B 

5 

6 

7 

8 

eA 
8B 

9 

9A 
9B 

10 

11 

11A 

11B 

11c 

1 1 D  

12 

1 3  
1% 

1% 

14 

15 

1 6  

17 

18 

19 

2G 

2 1  

22 
23 

6.0 
18.4 

4.8 

4.8 

3.4 

2.4 

1.9 

10.2 

9.2 

7.2 

5.5 

3.6 

5.2 

4.3 

1 . 7  

2.5 

9.4 

6 .1  

1 . 6  

1.9 

3.5 

& . S  

9.3 

5 . 7  

7.6 

2.5 

1.8 

2.4 

3.4 

2.5 

2.3 

1 . 6  

2.8  

2.7 

4.2 

0.06 
0.4 

19.9 

3.7 
- 
- 

0.1 

4.1 

24.5 

17.2 
- 
- 

11.8 
- 
- 

5.1 

17.7 
- 
- 
- 
- 

12.5 

51.2 
- 
- 

3.3 

1.5 

2.8 

1 . 5  

1.1 

1.1 

1.6 

3.5 

2.5 

3.0 

113 
3,262 

58 

28 

21 

7.2 

3.6 

556 

408 

111 

87 

24 

45 

42 

2.6 

8.2 

147 

1 1 9  

2.1 
3.6 

22 

62 

120 

97 
23 

8.2 

3.1 

7.2 

21  
8.2 

6.4 

2.1 

11 

10 

39 

- 
Opaque 81 C l e a r  
Opaque & C l e a r  

Opaque & C l e a r  
- 

Opaque & Clea r  

Opaque & C l e a r  

Opaque 

Opaque k Clear 

Opaque & Clea r  
- 

Opaque 

Opaque 
- 

Opaque 

Yellow 

B r G W I I  

- 
Opaque & Clear 
Opaque 

Opaque 

Opaque 
Opaque 

- 
Orange Brown 

Opaque 

Dark Orange Brown 

Brown Orange 

Brow Orange 

Part Opaque Black 

Part Opaque Black 

Shiny Opaque Black 

Transparent  

Brown 

Opaque Brohn 

Grey Yellow 

102 

Spheroid 

E l l  i p so id  
Lumpy 

- 
I r r e g u l a r  

I r r e g u l a r  

C r y s t a l l i n e  

lrregul o r  
Spheroid 

- 
Irregular 
I r r e g u l a r  

- 
Sphere 

Sphere 

Sphere 
- 

Spheroid 
Irregular 
Sphere 

Sphere 

Sphere 
- 

I r r e g u l a r  

Sphere 

Sphere 

Sphere 

Sphere 

Sphere 

Spheroid 

I r r e g u l a r  

Sphere 

Sphere 

Tr i ang le  

Spheroid 

. 



TABLE 9.2  CONTINUED 
Double Tracks  Arc J Balloon Line 6 P o s i t i o n  1 3  Caaella (Continued) 2492 

P a r t i c l e  Averare C oun t Volume Color Morphology 
Number 

24 

25 

25A 

Note: 

26 

27 

28 

29 

30 

31 

32 
33 

34 

35 

36 

37 

36 

39 

Diameier Rate 
(Id - (cpm) - (P3) 

2.1 1.5 4.8 
33.9 20,400 
2.1 - 4.8 

P a r t  A i n  an inc lua ion .  

3.8 4.6 29 

3.3 5.8 17 
2.3 1.5 6.4 

2.8 7.6 11 

7.0 1.5 160 

2.0 2.4 4.2 
2.1 2.5 4.8 
6.9 10.0 172 

2.5 3.8 8.2 

5.9 1.6 108 

2.3 2.2 6.4 
1.9 0.9 3.6 

1.9 1.2 3.6 

13.1 16.4 1150 

- 
T. Grey Spheroid 

T. Yellow I r r e g u l a r  

Black Sphere 

T. Grey Brown 

T. Brown, S m n y  

Dark Grey 

Black 

T. Red Orange 

T. Dark Gray 

T.  Dark Gray 

T. P a l e  Yellow 

T. Orange Brown 

T .  Orange Brown 

T.  B r o m  

T. Orange .5 Clea r  

I r r e g u l a r  

Sphero id  

Spheroid 

Sphere 

Irregular 

I r r e g u l a r  

Sphere 

Spheroid 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Sphere 

Opaque Sphere 

Opaque & T. Yellow I r r e g u l a r  
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TABLE 3.2 CONTlXUED 

2812 DouSle Tracks Arc J S t a t i o n  058 Anderson 

Average Count Volume Color 
Diameter Rate - Morphology P a r t i c l e  

Number 

1 

2 

3 
3A 

39 

3c 

r; 
5 

6 

7 

6 

Note: 

9 

10 

11 

1lA 

12 

12A 

129 

13 

134 
14 

15 

16 

17 

17A 

17B 

18 

(II") - (v) (cpm) 

12.7 158.0 1,073 Opaque 

5 . 7  36.6 9 7 0  

10.6 10.6 813 
5.7 - 9 7  

5.6 92 

10.6 - 624 

2.9 8.7 13 

4.1 14.4 36 

2.8 5.5 11 

5.7 16.4 9 7  

13.7 8 . 9  1,346 

- 

Opaque 
- 

Opaque 

Opaque 

Yellow 

Opaque 

Opaque 

Opaque 

Opaque 

Yellow Green 

Th i s  p a r t i c l e  shows a complex i n t e r n a l  s t r u c t u r e .  

7.0 3.0 180 Opaque 

3.5 5.9 22 T .  Dark Brown 

23 .7  1.4 6 , 9 6 5  T.  Pale Yellow 

9.6 - 4G 3 Black 

3.8 3.0 17 - 
3.0 - 14 T. Brown Orange 

1 . 7  2.6 T. B r o m  Orange 

3.6 2 . 6  24 T. Orange 

2.9 - 13 Black 

2.2 1.6 5.6 T. Dark B r o m  

2.6 4.2 9.2 Dull Brown 

6.5 26.3 144 Black 

3.5 5.2 13 - 
2.7 - 10 T. Dark B r o m  

1.7 - 2.6 T.  Dark Brown 

4.1 4.2 36 T. BKOGTI 

- 

Diamond 

Sphere 
- 

Spheroid 

Spheroid 

I r r e g u l a r  

Sphere 

I r r e g u l a r  

Sphere 

I r r e g u l a r  

Sphere 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  
- 

Spheroid 

Spheroid 

Spheroid 

I r r e g u l a r  

Sphere 

Spheroid 

Spheioid 
- 

Spheroid 

Spheroid 

Sphere 
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TABLE 3.2 COFTDUUED 

Double Tracks Arc N S t a t i o n  068 C a s e l l a  2837 

P a r t i c l e  Average Count Volume Color  Morphology 
Nunber Diameter Rate  - ( u) 0 -  (u3) 

This sample y i e lded  on ly  p a r t i c l e s  under  t w o  microns in diameter.  The obis rved  

a c t i v i t y  was 732 2 p .  

Double Tracks Arc R S t a t i o n  054 C a s e l l a  2946 

Color  Morphology P a r t i c l e  Average Count Volume 
Number Diane t e r  Rate ~ - (cpn) - bJ) - (P) 

1 2.7 8.6 10 Opaque Sphere 
2 

2A 

2B 
3 

4 

5 

6 

7 

?A 

7B 
7c 

8 

9 

10 

11 

Note: 

12 

1 3  

14 
15 

16 

2 .9  6 . 1  6 . 3  - 
2.: - 
1.1 - .7 Opaque 

2.5 2.9 8.1 Qpaque 

16.9 75.5 2,527 Opaque 

5 . 6  Dark Amber 

3.2 9 . 1  17 Browniah Red 

2.8 1.2 11 Orange Tan 

1 5 . 3  65.1 708 - 
10.0 - 527 Opaque 

5.5 - a7  Opaque 
5.7 - 97 Opaque 

2 . 8  6 .0  11 Opaque 

12.6 55.7 1 ,049  Opaque 

11.6 85.9 817 Dark Brown 

2 .3  3.1 6 .Ir Reddish 

Th i s  appears  t o  be a mass of 0.2~ p a r t i c l e s  

3.3 6.8 19 Opaque 

6.0 1.9 113 Opaque 

2.1 2.4 4.8 Opaque 

2.5 1.4 8.2 Opaque 
2.9 1.8 13 T. Dark Brown 

Sphere 

Sphere 

Sphere 

Spheroid 

Sphere 

Sphere 
- 

I r r e g u l a r  

Spheroid 

Sphere 

Spheroid 

Sphere 

Sphere 

Sphe r i ca l  

Sphere  

Sphere 

I r r e g u l a r  

Sphere 

Spheroid 
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TABLE 3.2 COKTIh-UED 

Double T r i c k s  Arc R S t a t i o n  C82 hrAders;r, 2934 

P a r t i c l e  A v  2 s z g 5 C O L i l t  V G ~ U L ~  Color  Morphology 
Rate D i - - - t -  Nmber at..S r - ( P 3 )  -- ( P l  

XO p a r t i c i e s  were four.6. The O S S E Z V ~ ~ :  s . c t i , i t ,  u b s  373  dpl;. 

Clean S l a t e  I A L L  E Balloon Lir.e 16 P;siii6.. 2 ;  CdsLile 3449 

Pa:tic;e Count Volu-e C o l o r  Morphology 

1 

1 A  

1 B  

2 

3 

4 

5 

6 

7 

8 

9 

9A 

9B 

10 

11 

1 2  

1 3  

1k 

15 

1 6  

1 7  

I t  

15  

25 

21 

AvEraGl 
D i i i  i t e r 

( P I  

14: 

31.6 

3L.6 

1G.9 

2 . 8  

4 . 5  

1 l . i  

13.1 

7.2 

32.6 

9.c 

a . 5  
6.3 

25.9 

11.2 

b 0 . 5  

2:+. 0 

: 6 , 5  

3.6 

*.6 

5.3 

6.6 

9.1 

9.6 

6.5 

Rate  

61.6 
- 
- 
2 . 9  

1.5 

1 3 . 2  

17.5 

5 . 4  

2.9 

5.4 

7.2 
- 
- 

47.6 

15.3 

G3.6 

16 .0  

52.3 

3.8 

3.2 

15 .2  

4.4 

7.6 

2 . 6  

7 . 1  

3 
((1 ) 

1 , 4 5 b ,  O V G  

16.64; 

1 6 , 5 2 5  

678 

i i  

45 3 

697 

1.177 

1 4 5  

1 > ,  353 

362 

62 
131 

l i  64; 

7 so 
336.50C 

7,23> 

3,3.5 

24 

51  

76 

1 6 5  

345, 

45 3 

lir) 

l l l U  

Sphere 

I r r e g u l a r  

Sphere 

Spheroid 

Irregular 
- 

Spheroid 

Spheroid 

Sphere 

Spheroid 

Sphere 

Spheroid 

I r r e g u l a r  

Spheroid 

Sphere 

Spheroid 

I r r e g u l a r  

Sphere 

Sphere 



TABLE 3.2 CONTINUED 
Clean S l a t e  I Arc B Balloon Line  18 P o s i t i o n  21 C a r e l l a  8449 

Color  Morphology P a r t i c l e  
Number 

22 

23 

24 

25 

26 

27 
28 

2 8A 

28E 
29 

30 

31 

3 1A 

31B 

32 

33 

34 

35 

36 

37 

38 

39 
39A 

39B 

40 

41  

42 

43 

44 

45 

46 

47 
48 

49 

50 

Average 
Diane ter  

( P I  

10.0 
12.8 

7.2 

117 
10.7 

5.7 

20.3 

17.4 

10.2 
5.7 

12.5 

13.8 

12.5 

4.9 

14.2 

7.6 

6.0 

5.6 

20.2 

17.4 

4.2 

72.8 

69.7 

8.1 

11.5 

27.6 

17.3 

4.7 

5.0 

7.3 
18.0 

13.3 

13.7 

2.2 
5.6 

Coun t  
Rate 

4.6 

13.2 
4.0 

54. 3 

9.2 

6.2 

2.3 
- 
- 
1.4 

1.5 

1.1 
- 
- 
1.4 

0.8 

0.6 

1.0 

3.3 

1.5 

2.0 
109.5 

- 
- 
0.7 
1.8 

1.5 
2.1 

1.0 

1.4 

2.4 
2.5 

0.7 
0.9 

0.8 

Volume 

b3) - 
524 

1,098 

195 

830,600 
641 

97 

4,360 

2,758 

556 

97 

1,023 

1,376 
1,023 

61 

1,497 
230 

268 

92 

4,316 

2.750 

39 

202,000 

177,300 

278 

796 

11.010 

2.711 

54 
65 

204 

3,054 

1,232 

1,346 

5.6 

92 
10 7 

Yellow Gray 

T. Yellow 

Black 

T. Yellow 
T. Yellow Gray 

Brown - 
Yellow 

T. Gray 

Yellow 

Green 
- 

T. Yellow 

T. Yellow 

Yellow Gray 

T.  Yellow 
T. Yellow 

T.  Gray 

T. Yellow Gray 

Brom 

T. Gray Yellow 
- 

Black 

Black 

Shiny !&ire M e t a l l i c  

T. Yellow 

T. 'Yellou. Grainy 

T. Gray Yellow 

Black 

Yellow 

I r r e g u l a r  

Spheroid 
I .  

Sphere 
Spheroid 

I *  

- 
( 1  

, *  

I r r e g u l a r  

Spheroid 
- 
. I  

, I  

l r r e g u l a r  
* ,  
( 1  

. I  

Sphere 

Spheroid 

Sphere 
- 

I r r e g u l a r  

Spheroid 

I r f e g u l a r  

Spheroid 

S r regu l  a r  
* ,  

Spheroid 

I r r e g u l a r  
T. Yellow Gray 8 Orange . I  

, ,  Yellow 

Yellow 

C l e a r  & T. Grey Orange 

Yellow 

I ,  

Spheroid 
I ,  



P a r t i c l e  
Nunber 

1 

2 

3 
& 

5 

6 

7 

8 

9 

10 
11 

12 

13 

14 
15 

16 

17 

16 

19 

20 

21 

22 

23 

23.4 

2 3B 

24 
25 

26 

27 

25. 

29 

30 

31 

Average 
Diameter 

( P I  

6.3 

15.6 

17.7 
14.3 

8.5 

6.9 

8.7 

9.5 

11.1 

26.1 

31.1 

9.6 

16.5 

19.3 

29.6 

17.5 

17.9 

:1.4 

16.3 

24.8 

8.6 

11.6 

17.3 

16.6 

3.3 

13.6 

15.1 

13.6 
40.6 

16.1 

28.0 

11.6 

12.5 

Count 
Rate 
( c p d  - 
16.2 
41.6 

35.4 
120.2 

26.4 

5.4 

13.0 

3.5 

31.0 

240.6 

80.7 

37.1 

33.2 

48.4 

200.9 

122.4 

89.7 

k8.1 

124.3 

85.5 
9.9 

27.7 

108.8 
- 
- 

31.6 

30.4 

93.0 
197.3 

62.1 

128.3 

66.5 

12.5 

Volume 

- (w3) 
131 

2 0 A 5  

2903 
1531 

32 1 
i72 

34 5 

449 

716 
9 3C9 

15,750 

463 

2352 

37 64 

13,86a 

2606 

3003 

7752 

3239 

13,860 

333 

817 

2414 

2395 

19 

1317 

1803 

1317 

35,040 

3105 
11,490 

817 

1023 

10 E 

TABLE 3.2 CONTh'UED 

Clean S l a t e  I A r c  B Balloon Line  1 9  P o s i t i o n  9 TAS I 3013 

Morphology Color  

- 
Black 

Black 

T. D i r t y  Yellow 

T.  Yellow & Orange 

Black 

Black 

Black 

Black 

Bleck & C l e a r  

Black & C l e a r  

r.  Yellow & Black 

Black & Clea r  

T. Yellow & Black 

T. Yellow & Black 

Black & Clea r  

Black 

Black & Clea r  

Black 

Black 

Dark T. Yellow Gray 

Black 

Black & C l e a r  

Black 

T. Orange 

Black 

Black 

Black 

B 1 ack 

Black & T. Yellow 

Black 

T. Orange 

Black & T. Yellow 

Spheroid 

Sphere 

Sphere 

Sphere 

Gra iny  Sphere 

Ova 1 

Tr i ang le  

Spheroid 

Spheroid 

Spheroid 

Sphere 

Spheroid 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Crescen t  

Spheroid 

I r r e g u l a r  

Sphere 

Spheroid 

I r r e g u l a r  
- 

Spheroid 

Sphero id  

I r r e g u l a r  

Sphere 

Ova 1 

I r r e g u l a r  

I r r e g u l a r  

Sphere 

Spheroid 

Crescen t  



TABLE 3 . 2  CONTINUED 

Clean S l a t e  I Arc B Balloon Lfne 19 P o s i t i o n  9 TAS I (Continued) a013 

P a r t  i c l r  
Number 

32 

33 

34 

35 

36 

37 

39 

39 

40 

40A 

4OB 

41 

42 

43 

44 

45 

46 

47 

4a 

49 

50 

Average 
Diameter 

( w) 
6.4  

16.6 

7.2 

10.3 

84.6 

10.2 

6.3 

25.4 

30.2 

18.6 

23.5 

6.5 

5.4 

2 6 . 1  

:3.5 

21.9 

i 6 . 2  

12 .4  

15.7 

11.5 

4.3 

Count 
Rate 

16.4 

27.4 

17.1 

56.1 

147.4 

8.4 

5.2 

3.7 

22.1 
- 
- 
4.4 

4.1 

280.5 

173.2 

101.2 

51.7 

21.0 

29.5 

97.4 

2.8 

Volume 

(P3) - 
137 

2395 

1954 

572 

317,000 

5 5 6  

131 

8580 

10164 

3369 

6795 

144 

82 

9203 

1288 

5499 

2226 

9980 

2026 

796 

42 

Color Morphology 

- 
Black B C l e a r  I r r e g u l a r  

Black I r r e g u l a r  

Black Egg 
Black 

T. Yellow Sphere 

Black & Clea r  I r r e g u l a r  

T. Grange Yellow E l l i p a e  

T. Yellow Green Spheroid 

Spheroid 

- - 
Irregular Black 

Black Lumpy 
I r r e g u l a r  Black & Clear 

T. Dark Brown Spheroid 

Black Remisphere 

Black Sphere 

Loose Clua ter  of 11 Black Spherea 

T. Orange Sphere 

Black I r r e g u l a r  

Black Spheroid 

Black Sphere 

T. Gray Square 
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TABLE 3.2 CONTINUED 

Clean S l a t e  I Arc B Balloon Line  25 P o s i t i o n  9 TAS I 3038 

P a r t i c l e  
Number 

1 

2 

3 

4 

5 

6 

7 

7A 

7B 
7c 

8 

8A 

8B 

8C 

8D 

BE 

8P 

8c 
9 

9A 

9B 

9c 
10 

11 

12 

13 

14  

15  

1 6  

1 7  

16 

1 9  

1 9 A  

19B 

20 

Average 
Diameter 

(P) 
43.0 

12.0 

27.6 

10.8 
14.8 

17.1 

72.0 

10.6 

15.0 

71.2 

36.8 

23.3 

1 6 . 4  

13.8 

3.5 

7.1 

9 .1  

4.6 

51.4 

43.3 

12.0 

12.2 

13.9 

10.6 

11.5 

15.2 

24.2 

16.7 

8.8 

20.5 

16.1 

55.5 

51.5 

12.5 

91.7 

Count 
Rate 

170.2 

63.2 

214.7 

51.8 
50.9 

32.9 

180.3 
- 
- 
- 

48.5 
- 
- 
- 
- 
- 
- 
- 
8.1 
- 
- 
- 

45.7 

5.1 

75.3 

18.0 

45.2 

13 .3  

9.1 

89.2 

49.9 

60.7 
- 
- 

571.3 

Volume 

(113 
41,630 

905 

11 -010 

660 

1,697 

2,618 

191,391 

624 

1,767 

189,000 

10,964 

6 ,623  

2.310 

1 I 316 

22 

187 

39 5 

51 

44,316 

42,460 

905 

951 

1,407 

624 

796 

1 , 8 0 3  

7,420 

2,439 

357 

4 ,511  

2 ,185  

72,543 

71,520 

1 ,023  

&03,700 

110 

Color Morphology 

Black 

Black 

Black 

Black 

Dul l  41 Shfny Black 

Black 
- 

Black 

Yellowish 

Yellowish 
- 

Black 

Yellowish 

Yellowish 

Dark Yellowinh 

C lea r  

Yellowish 

Black 
- 

Dark Ornnge 

T. Yellow Orange 

Dark Orange 

Brown 

T. Yellow Brown 

Brown & C l e a r  

Brown & C l e a r  

Yellow 

Black 

Brown 

Yellow Brown 

Shiny  Black 
- 

Black & T. Yellow 

Black 

Black & Orange 

I r r e g u l a r  

I r r e g u l s r  

Gra iny  ~ 6 1 1  

P i t t e d  Spharold 

Spheroid 

Grainy I r r e g u l a r  
- 

Sphere 

Spheroid 

I r r e g u l a r  

Sphero id  

Spheroid 

I r r e g u l a r  

Spheroid 7 

Hemisphere 7 

Spheroid 7 ~ 

Spheroid 7 
- 

Spheroid 

Spheroid 

I r r e g u l a r  

I r r a g u l e r  

I r re gu 1 er 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Sphero id  

I r r e g u l a r  

Sphere 

Sphere 

Sphere with Warts 



TABLE 3.2 CONTINUED 

C l e a n  S l a t e  I Arc B Balloon Line 25 P o s i t i o n  9 TIS I (Continuad) 

P a r t i c i e  

SO38 

Volume Color  Morphology 
Number 

21 

22 

23 

24 
25 

26 

27 

28 

29 

30 

30A 

3 OB 

30C 

31 

31A 

31B 

31C 

310 
32 

32A 

32B 

32C 

32D 

33 

34 

35 

35A 

35B 
36 

37 

38 

39 

49 

Average 
Diameter 

(Id 
39.3 

11.6 

27.9 

15.7 

15.2 
30.7 

11.0 

105.2 

11.6 
14.5 

10.7 

4.7 

1.6 

56.4 

52.3 

15.7 

6.5 

7.9 

21.5 

15.5 

10.5 

3.9 

2.0 

20.5 

26.9 

13.3 

11.5 

4.8 

59.8 

17.4 

14.0 

19.6 

6.9 

Count 
Rate 

75.7 

44.4 
55.8 

91 .8 

57.8 

81.4 
61.6 
248.6 

9.8 

2.9 
- 
- 
- 

1611.2 
- 
- 
- 
- 

44.2 
- 
- 
- 
- 

56.0 
95.2 

83.0 
- 
- 

76.8 

44.4 
46.6 

10.2 

9.2 

- (;r3) 
29.420 

817 

11.370 

2,026 

1,839 

15,150 

697 
609,600 

E17 
697 

641 

54 

2.1 
77,328 

74,900 

2,026 

144 

258 

2.591 

1,950 

606 

31 

4.2 

4,511 
10,190 

854 

796 

58 

112,000 
2,758 

1.437 

3,942 
172 

T. Yellow 
Black 

Dull Black 

Black 

Shiny  Black 

Black 

Shiny  Black 

T. Shiny Orange 

Shiny  Yellow Grey 
- 

Black & C l e a r  

T. Yellow 

Black 
- 

Black 

T. Yellow 

Black 

Black 
- 

Black 

T. Yellow 

T. Yellow 

Black 

Yellow 

Black 
- 

Black 

T. Yellow 

T. Grey Yellow 

Black 

Black 

Brown 

Black 

Sphere 

Spheroid 

Sphere 

Spherold 

Sphere 

Grainy Irrmguler 

Egg 
Sphere 

Sphere 
- 

Spheroid 

Sphere 

Sphere 
- 

I r r e g u l a r  

Spheroid 

Sphere 

Sphere 
- 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

Sphere 

Rough I r r a g u l a r  

I r r e g u l a r  
- 

Spheroid 

Sphare 

P i t t e d  Sphere 

irregular 
I r r e g u l a r  

Gra iny  I r r e g u l a r  

Irregular 

111 



TABLE 3.2 CONTINUED 

Clean S l a t e  I Arc B Bal loon  Line 25 PoBition 9 TAS I (Continued) 8038 

P a r t i c l e  
Number 

41 
4u 

41B 

42 

43 

44 

45 

46 

47 

48 

49 

50 

Average 
Diameter 

(P) 

19.8 

19.4 

4.0 

30.6 

54.5 

54.8 

18.8 

43.7 

15.0 

40.3 

30.9 

33.5 

Count 
Rate 

102.7 - 
- 

245 

25.2 

70.6 

42.2 

161.4 

86.3 

82.5 

105.0 

33.0 

Volume Co lo r  

cr', 
5857 

382 3 

34 

15,000 

84 ,7€0  

86 ,170  

3479 

43,700 

1767 

34,270 

15.450 

19,680 

Morphology 

- 
Yellow 

T. Yellow 

Black 

Black & T. Yellow 

T.  Y E l l O W  

T. Yellow 

Black 

Yellow & Clear 

Black 

Black 

T. Yellow 

- 
Spheroid 

Sphero id  

I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

Spheroid 

Sphere 

Sphere 

112 



TABLE 3 . 2  CONTDWED 

Clean  S l a t e  I Arc b Bal loon  L ine  29 P o s i t i o n  9 Camella 3466 

Volume Calor Uorphology 
- 

Count P a r t i c l e  
XGmber 

1 

1A 

1B 

1c 
2 

3 

4 

5 
6 

7 

6 

8 A  

6B 

9 

1J 

11 

12 

13 

1 4  

15 

16 

17  

17A 

Note: 

18 

14 

20 

2: 

22 

2 ih 

23 

24 

2 LA 

2 4B 

Average 
D i  acie t e r 

( !d 
33.8 

24.6 

16.2 

6.2 

14.6 
215 

11.9 

25.6 

21.3 

20.3 

89.7 

57.8 

59.: 

3 2 . 3  

55.4 

l i . 5  

25.0 

19.7 

14.6 

19.0 

22.0 

67.7 

8.5 

Rate 
(cJl& 

407.9 
- 
- 
- 

150.4 

337.5 

6.2 

15.2 

8.5 

9.6 

192.0 
- 
- 

10.6  

10.3 

6.2 

6.4 

5 . 0  

27.8 

20.4 

12.5 

46.8 
- 

(P3) 

10,337 

7,986 

2 ,226  

125 

1,629 

5,203,000 

882 

8.784 

5,060 

4,380 

111,400 

101,100 

110,300 

17 ,640  

09.030 

796 

8 ,181  

4 ,003  

1.697 

3,591 

5,575 

162,500 

32 1 

- 
- - 

Black Sphere  

T. Yellow Spheroid 

T. Yellow Remiaphera 

Black I r r e g u l a r  

C l e a r ,  Black Spnckr Spheroid 

Black 

Black 

Shiny  Brown Black  

Black & C l e a r  
- 

Black 

Rlack 

Black t o  Clear 

T. Yellow 

Shiny  Black 

Black 
Shiny  Black 

Black & C l e a r  

Brown 

Very Shiny  Black 

T.  Yellow 

Black 

Pzrt A is appa ren t ly  i n s i d e  t h e  ma88. 

205 8 .4  4,511,000 D i r t y  Yellow 

47.5 10.2 56,120 Yellow Brown 

67 .3  4 i0 .7  159,600 Black 

30.3 308.8 14,570 Black P Clear 

48.3 10.7 59.000 C l e a r  

6.3 - 131 Black 

15.6 4.2 1.988 Black 

20.3 6.1 3,393 - 
18.5 - 3,315 D i r t y  Yellow 

5 .3  - 78 Dirty Yellow 

Irregular 
Sphere 

Sphere  

I r r e g u i a r  
- 

Spheroid 

Spheroid 

I r r a g u l  a r  

Sphere wi th  Blirters 

Oval 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

Spheroid 

Spheroid 

Square  with I n c l u s i o n s  

Sphere 

I r r e g u l a r  

Spheroid 

Sphere wi th  T a i l  

Irregular 
Irregular Y. I n c l u s i o n  

Sphere  

Sphere 
- 

Sphera 

Sphere  

113 



TABLE 3.2 COKTINUED 

Clean S l a t e  I Arc B Bal loon  Line  29 P o s i t i o n  9 C a r e l l a  (Continued) 3466 

P a r t i c l e  
Number 

25 

26 

27 

27A 

2 8  

2BA 

29 

30 

31 

32 

32A 

32B 
33 

34 

35 

36 

36A 

363 

37 

36 

39 

40 

40A 

41 

42 

4 3  

44 

45 

46 

k7 

i 

e9 

50 

Average 
Dismeter 

66.0 

14.9 

26.7 

15.6 

44.8 

6.9 

40.7 

20.5 

( P I  

34.6 

11.7 

8 . 2  

7.6 
1 9 . 7  

65.6 

18.0 

7.4 

5.5 

4 . 6  

226.0 

117.4 

26.0 

40.0 

5 .4  

26.2 

7.0 

83.0 

66.8 

31.1 

49.1 

112.5 

10.0 

36.4 

51.2 

Count 
Rate 

21.1 

23.5 

<cpm) 

0.08 
- 
19.1 
- 
14.0 

5.7 

6.4 

5.5 
- 
- 

26.5 

38.6 

40.0 

8 . 8  
- 
- 

Volume 

& 
150,500 

1 , 7 3 2  

9,966 

1 ,988  

47,080 

172 

35,300 

4 ,511  

21,690 

519 

289 

2 30 
4003 

3054 

145 

87 

58 

13.5 6.044.000 

73.7 838.600 

20.0 9203 

40.0 33,510 

- 82 

92.7 9417 

12 .1  180 

98.9 299,400 

177.3 156,100 

12.0 15,750 

97.0 61,980 

156.5 745,600 

70.1 5236 

3.9 25,250 

14.0 702.800 

Color  Morphology 

Black & T. Yellow 
Dark Brown 

Clea r  

T. Yellow 

C l e a r  

Black 

C l e a r  w. Black Speck8 

T. Yellow t o  Amber 
Cen te r  

Black & Clea r  
- 

C l e a r  t o  T. Yellow 

C l e a r  t o  T. Yellow 
Black 

Black & Clea r  

Black 
- 

Black 

T. Brown 

C l e a r  

Black & C l e a r  

C l e a r  

C l e a r  Yellow 

Black 

Black 

T. Dark Yellow 

Clea r  

Black 

Black 

Black 

Black 

Black 

Black & T. Yellow 

~ 

I r r e g u l a r  

Spheroid 

Spheroid W. Inc lus ion  

Spheroid 

Sphere w. Inc lus ion  

Sphere 

I r r e g u l a r  

Sphere 

I r r e g u l a r  
- 

Spheroid 

I r r e g u l a r  
I r r e g u l a r  

I r r e g u l a r  

I r r e g u  1 a r  

Spheroid 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

IKKegulPK 

Sphere 

Sphere 

Sphere 

Sphere 

Sphere 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Cy1 inde r  

T. Yellow & D. Yellow Spheroid 

4 

114 



TABLE 3.2 COKTINUED 

Clean  S l a t e  I1 BPC-07 TAS D 4082 

Count Volume Co lo r  Morphology P a r t  i c  1 e 
Number 

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 

26 

27 

26 

29 

30 

3i 

32 

53 

~ ~~ 

Average 
Diameter 

42.8 

24.2 

28.7 
41.2 

29.1 

28.2 

22.8 

20.1 

20.8 
21.5 

27.0 

21.8 

(1) 

14.7 

40.6 

15.0 

2 i . o  

59.0 

2L.8 

22.6 

61.6 
24.3 

23.3 

34.9 

22.1 
42.1 

29.0 

34.0 

42.3 

25.5 

19.5 

28.5 
28.7 

19.4 

Rete 

6.2 

11.8 

71.4 
52.6 

17.6 

28.3 

34.2 

22.0 

55.6 

42.9 

30.0 

22.2 

20.3 

19.3 

14.6 

40.9 

67.0 

28.4 

26.4 

397.2 

14.7 

14.8 

57.7 

51.2 

196.8 
77.5 

19.4 

63.5 
0.04 

24.7 

33.4 

37.4 

28.4 

(2) 
41,050 

7,420 

12.380 
33,620 

12.900 

11,740 

6,206 

4,252 

4,712 

5.203 

10,310 

5,424 

1,665 

35,040 

3,591 

11,490 

107,500 

5,424 

6,044 

122,400 

7,513 

6,623 

22,260 

5,651 

39,070 

12,770 
20,580 

39.630 

8 ,681  

3.882 

12.130 
12,380 

3,823 

115 

- 
T. Yellow & Black 

T. Yellow & Black 

Black 

T. Yellow & Black 

T. Yellow 

T. Yellow-Brown 

Black 

T. Dark B r o m  Orange 

T. Orange Brown 

Black 

Black 

T.  Orange, Yellow, 
Black 

Black 

Black 

T. Orange Brown & 
Clea r  

T. Dark Orange 

Black & C l e a r  

Black 

Black & T. Yellow 

Black 

Black & T. Yellow 

Black & T. Yellow 
Black 

Black 

Black 

Black & T. Yellow 

Black 8 C l e a r  

Black 

T. Orange Brown 

Black & T. Orange 

T. Yellow Otange 

T.  Orange & Brown 

Black & C l e a r  Yellow 

I r r e g u l a r  

Rectangle  

I r r egu l  0 r 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r  r e  gu 1 a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Irte y 1 a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Very I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Irregul n r  

I r r e g u l a r  

I r r e g u l a r  



TABLE 3.2 CONTIh'UED 

Clean S l a t e  I1 BM-07 TAS D (Continued) 4082 - 
P a r t i c l e  Average 

Nuaber Diameter 

34 23.7 

35 40.8 

36 21.7 
37 30.9 

39 13.2 

39 25.6 

40 14.6 

41 9.5 

42 21.8 

42A 11.7 

43 17.4 

44 17.0 

45 17.2 

46 17.0 

47 156.7 

46 53.4 

49 10.4 

( v) 

50 24.8 

Count 
Rate  

14.5 
18.5 

27.6 

32.0 

3.9 
20.6 

11.8 

3.9 

7.8 
- 

13.8 

21.3 

6.0 

13.5 

105.4 

214.6 

3.7 

41.1 

Volume 

(v3) - 
6,965 
35,560 

5.350 
15.450 

1,204 

8,991 

1,629 

449 

5,424 

a 39 
2,758 

2,572 

2.664 

2.572 

2,026,000 

79,730 

589 

7.986 

Color  

- 
T. Yellow & C l a w  

Black 

Black & T. Orange 

Black B T. Orangs 

T. Orange Brown 

Black & C l e a r  

T. Dark Brorn 

Black 

T. Orange k C l e a r  

Black 

T. Dark Orange 

T. Yellow 

T.  Dark Orange 

Black 

Black 

Black B T. Orange 

B lack ,  T. Orange, 
C l e a r  

Black 

Morphology 

- 
I r r e g u l a r  

I r r e g u l s r  

I r r e g u l e r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Rectangle  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Oval 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  
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- 
TABLE 3.2 CONTINUED 
Clean S l a t e  11 Tower B P o s i t i o n  2 C a s e l l a  2305 

P a r t i c l e  
Number 

1 

2 

3 
u 
3B 

x 
4 

5 

SA 

5B 

Average 
Diameter 

52.0 

386.2 

63.2 

51.9 

24.3 

13.9 

120.4 

46.9 

18.7 

16.4 

( P I  

Count Volume 
Rate  

111.6 73,620 

217.7 30,110,000 

- (cpm) - (v3) 

35.2 82,120 
- 73,200 

- 1.513 
- 1,407 

26.3 904.800 

31.1 54,010 
- 3,424 

- 2,310 

Note: A and B a r a  p a r t i a l l y  embedded. 

6 137.7 

7 55.1, 

8 45.9 

9 55.0 

10 5 5 8 . 7  

11 46.3 

12 635.8 

13 52.4 

14 107.6 

14A 99.6 

14B 31.1 
15 35.9 

16 113.0 

17 38.9 

18 44.3 
19 94.2 

20 253.9 

21 59.1 

2 i A  38.4 

21 D 40.2 

22 53.8 

23 332.5 

2k 69.2 

15.4 

9.1 

136.5 

47.9 

814.3 

10.1 
3 4 2 . 6  

15.6 

56.7 
- 
- 
21.1 

39.7 

58.4 

29.1 
82.4 

136.9 

20.2 
- 
- 
42.2 

209.2 

4.0 

137,600 

89,030 

50.630 

87,110 

91,430,000 

51.970 

116,500,000 

75,330 

533,050 

517,300 

IS, 750 
24.230 

115,000 

30,820 

45,260 

437,700 

8.580,OOO 

63.090 

29.680 

34.010 
81.530 

19,160.000 

173,500 

117 

Color 

T. Dark Brow 
T. Gray 

- 
T. Gray 

Black 

T. Gray 

T. Dark Gray 

T. Gray 

Black 

Black 

T. Gray 

T.  Dark Brown Orange 

Brown k C l e a r  

Black k T. Yellow 

Black 

C l e a r  t o  T, Yellow 

Black ,  C l e a r ,  T. Yellou 

Black 

T. Mottled Gray 

Black 

T. Gray & T.  Yellow 

Black & T. Yellow 

Black & T. Yellow 

Black ,  Clear Edge# 

Black 

T. Dark Brown 
- 

Black 

T. Yellow 

Black & C l e a r  

Black 

C l e a r  

Morphology 

~ 

I r r e g u l a r  

I r r e g u l  a r  

I r r e g u l a r  

Sphere 

Hemisphere 

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Sphero id  

I r r e g u l a r  

R o t h y  Sphere 

Spheroid 

Spheroid 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

Sphere 

1rregwls.r 

Spheroid 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

Sphere 

Spheroid 

1 %  

- 
I r r e g u l a r  

I r r e g u l a r  

I r r e z u l h r  

Spheroid 

Sphere 



TABLE 3.2 CONTINUED 
C l e a  S l a t e  11 Tower B Position 2 C a s e l l a  (Continued) 2305 . 
P a r t i c l e  

h’uc.Ser 

24‘4 

2 5  

26 

27 

25 

29 

30 

3 1  

32 

33 

34 

35 

36 

37 

35 

39 

40 

41 

42 

r i 3  

44 

45 

46 

47 

4 6  

L;4 

50 

Average 
Diameter 

(a) 

5 2 . 4  

27.6 

2 b .  3 

36.9 

7 3 . 9  

129.1 

192.0 

50.1 

35.0 

47.7 

1L.s.2 

34.5 

16:.2 

4!b. 5 

235.5 

123.7 

i A . 0  

1 7 1 . 5  

155.1 

107 .6  

5 3 . 3  

252.1 

122.6 

77.5 

270.6 

135.2 

34.2 

Count 
Rate 
( C ? d  - - 
35.7 

26.0 

295.2 

15.0 

25.4 

54.6 

40.4 

26.1 

25 .1  

106.6 

b9.2 

36.1 

67.4 

117.1  

31.6 

47.9 

143.8 

69.9 

32.2 

240. 7 

43.3 

20.7 

31.2 

159.4 

47.8 

31.8 

Volume 

- (P3) 

75,330 

11.250 

7,513 
30,820 

211,300 

904.800 

3,706,000 

65.840 

28.730 

56,630 

1,697,000 

21,500 

2.185.000 

46.140 

7.058,OOG 

1,260,000 

1,563,000 

2,618,000 

2,065,000 

6,596,000 

109,200 

13,040,000 

974,400 

243,706 

10,420,000 

1,286,000 

23,940 

Color  

- 
Black 

Black 

Black & C l e a r  

Black 

Black 

T. Dark Gray 

Black 

Black & T. Yellow 
Black 

C lea r  

Black 

Black 

T. Yellow 

Black 

Black 

Gray 

Black & Clea r  

T.  Gray Yellow 

T.  Mot t led  Gray 

T. Gray Yellow 

Black 

T. Yellow Gray 

T. Gray Yellow 

Black 

T. Yellow Gray 

T. Yellow Gray 

Black & Clea r  

Morphology 

- 
Spheroid 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

SpheroLd 

Spheroid 

I r t e g u l e r  

Very I r r e s u l a r  

Spheroi?  

Spheroid 

SpherDiC 

I r r e g u l h r  

I r r e g u l a r  

Square 

I r r e g u l a r  

Spheroie  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Egg 
I r r e g u l a r  

I r r e g u l a r  

I r r e g u l s r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  
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TABLE 9.2  COKTm'UED 

Clean S l a t e  11 B r i t i s h  Balloon 1 P o s i t i o n  01 C a s e l l a  2366 

P a r t i c l e  Average Count Volume Color  Morphology 
l imber  D i L i e t e r  Rate  

- ( C P l )  (P3) - ( P I  

1 26 .6  6.3 9854 T. Orange & Black I r r e s l s r  
2 63.5 28.3 134,100 Black 

3 48.8 134.7 60,850 Black 
I r r e g u l a r  

I r r e g u l a r  
4 43.2 62.6 34,010 Black I r r e g u l a r  

5 51.7 6 7 . 1  72.360 Black I r r e g u l a r  

6 66 .3  160.8 152,600 T. Yellow Gray Sphere 

7 9.5 2.5 I449 Black I r r e g u l a r  

8 4.3 0.7 42 T. Orange & Black I r r e g u l a r  

Clean S l a t e  I1 Arc A S t a t i o n  036 TAS D 4116 

Por t i c  1 e 
Nunber 

1 

2 

3 

4 

5 

5 A  

5B 

6 

7 

6 

9 

10 

11 

1 2  

13 

14 

15 

16 

17 

18 

Average 
Diameter 

(P) 
86.3 

35.1 

77.5 

16.2 

105 .1  

74.6 

69.7 

31.2 

20.2 

12.2 

19.4 

1 8 . 6  

16.5 

17.6 

21.7 

18.1 

k8.2 

17.3 
lOb.4 

15.9 

Count 
Rate  
(cp.n) - 
112.8 

37.0 

261.2 

10.8 

553.0 

- 
- 

45.9 

13.6 

9.4 

38.3 

19.4 

1 2 . 1  

22.5 

13.0 

39.4 

22.2 

11.1 

32.6 

21.0 

Volume 

(&I3) - 
336,503 

22,640 

247,500 

2,226 

394.700 

217,400 

177,300 

15.900 

4 , 3 1 6  

951 

29,420 

3.823 

2,483 

2.855 

5.350 

3,105 

58,630 

2,711 

659,600 

2,104 

119 

Color  

- 
Black 

Black & Clea r  

Black 

Black & T. Orange 
- 

Black 

T. Pa le  Yellow 

Black 

T. Orange & Black 

Dark Brown 

T .  Yellow & C l e a r  

Elack  & T. Orange 

Black & T. Yellow 

Yellow Orange 

Black 

Black & T. Orange 

Black & T. Yellow 
Black 

Black & C l e a r  

Yellow Orange 

Morphology 

Hear t  Shaped 

Very I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r regul -a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  



TABLE 3.2 CONTKUED 

Clean S l a t e  I1 Arc A S t a t i o n  036 TAS D (Continued) 4116 

P a r t i c l e  Average Count Volume Color  - 
E m b e r  D i m e t e r  Rate  

(Cpd  - (9) 

19 12.9 10.8 

20 16.2 12.4 

21 147.6 25.2 
2 1A 26.1 - 

P a r t  A is p a r t l y  embedded. 

22 

23 

24 

25 

26 

27 
25 

29 

30 
31 

32 

33 

3a 

35 

36 

37 

38 

39 

39A 
l40 

r i l  

42 

43 
, .  *.. 

45 

46 

47 

48 

49 

50 

41.6 

16.2 

135.9 

27.4 

18.3 
36.7 

24.0 

18.9 

30.0 
157.9 

99.2 

29.5 

12.3 

21.8 

23.5 

20.4 

23.3 

52.9 

a3.0 

25.1 

68.8 

33.4 

23.1 

16.2 

19.8 
i9.d 

25.3 

:...7 

2 s . 3  

17.2 

36.2 

16.0 
29.0 

41.5 

33.0 

64.3 

32.8 

9.0 

48.8 
3.7 

74.1 

32.9 

9.2 

9.3 
17.7 

21.8 

36.5 

37.8 
- 

24,7 

30.8 

57.1 

19.2 

15.6 

14.4 

10.8 

s . l  
9.7 

18.5 

15.9 

- (P3) 

1,124 

2,226 

1,665,000 

11,620 

37,690 

2,226 

1,2S8,000 

10.770 

3,209 

30,350 

7.238 

3,535 

14,140 
659,600 

511,100 

13,440 

9,744 
5 .a24 

6,795 

4,445 

6,623 

77.510 

41,630 

4,252 

170,500 

19,520 

6,454 

2,:y; 

4,06k 

4,064 

11,870 

1,665 

11.870 

2,664 

120 

Black & T.  Yellow 

Black & T. Orange 

T. Gray 

Black 

Black 

Black 

Black 

Black 

Black & T. Orange 

Black & T. Orange 

Black & T. Orange 

T. Yellow 

T. Yell.ow & Gray 
Orange 

?lac!< 

Dlack k T. Orange 

T. Yellow 

Elack.  C l e a r  Edges 

Dlack 

Black & T. Orange 

Black & T. Orange 

T. Yellow 

Black 

Black 

Black 

T. Brown-Orange 

Black B T. Orange 

Dlack & T. Yellow 

Dlack & T. Yellow 

Dlack 

Bleck ,  C l e a r  Edges 

Black 

Black B C l e a r  

Black 

Orange 

Morpho1 ogy - 
I r r e g u l a r  - 
I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Crescen t  
Sphere 

Lumpy 
I r r e p l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  

I r r e g u l a r  

I r r e g x l a r  

I r r e g u l a r  

Key Shaped 

I r r e g u l a r  

I r r e g u l a r  

I r r e y l  a r  

Irreml a r  



TABLE 3.2 CONTINUED 

Clean  S l a t e  XI Arc A S t a t i o n  054 C a s e l l a  2286 

P a r t i c l e  
Nunber 

1 

2 

3 
4 

5 

6 
7 
8 
9 

10 

1OA 

10B 

11 

12 

13 

I 4  

15 

16 

17 
18 

19 

20 

21 

22 

23 

2 3A 

2 33 

Average 
Diameter 

55.8 

19.3 
20.3 

15.4 

15.2 

29.5 

57.4 

16.9 

37.6 

25.4 

1s.9 

12.6 

19.7 

19.6 

33.3 

23.7 

2a.7 

35.6 

17.0 

13.2 

2b.6 

37.9 

20.6 

33.5 

44.0 

0.9 

3.3 

( P I  

Count 
Rate 
( c p d  - 
78.9 

12.9 

13.1 
6.8 

1.7 
11.5 
67.1 

13.1 

21.5 

18.4 
- 
- 

25.5 

12.1 

24.3 

11.0 

9.6 

139.6 

14.4 

10.5 

15.7 

51.2 

33.2 

71.5 

23.2 
- 
- 

Volume 

(Lt3) 
90,970 

3,764 

4,380 

1,912 
1,839 

13.440 
99,020 

2,527 

27,930 

4,633 

3,535 

1,098 

4,003 

3.942 

19,330 

6,965 

7,690 

23,620 

2,572 

1,204 

7,794 

28,500 

4.712 

19,680 
44.600 

369 

19 

lio:e. P a r t s  A a n d  B a r e  i n c l u s i o n s .  

24 26.2 11.5 9 , b l J  

25 29.b 3 . 7  1,331 
25 38.6 31.U 30,110 

:? 61.1 40.8 119,400 

26 55.3 27.2 88.550 

Color  Morphology 

- 
Black SI T. Orange I r r e g u l a r  

T. Orange & Black I r r e g u l a r  

Black I r r e g u l a r  

I r r e g u l a r  Black 

I r r e g u l a r  T. Orange Yellow 

T. Yellow & Black Very I r r e g u l a r  

Black ,  T. Orange Edges Crescent  

T. Orange B r o w  

T. Gray 
- 

Black & Clea r  

C lea r  

Black & T. Dark Orange 

Black 

Black 

T. Yellow B r o m  

T. Yellow 

Black 

Black 6. T. Orange 

Black 81 C l e a r  

Black 

Black & C l e a r  

T. Dark Orange Brawn 

Black 

C l e a r  

Black 

Black 

Black & T. Orange 
Yellow 

Black & T. Orange 

T. Yellow B r o m  

Black 

Black 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Rough Rectangle  

Very I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

J r r e g c l a r  

Sphere 

Spheroid 

Sphere 

Very I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

1rrezl;l a r  

12 1 



TABLE 3.2 COXTEWED 

C l e a  S l a t e  I1 Arc A S t a t i o n  054 C a s e l l a  (Continued) 2286 

P z r t i c l e  
SirAer  

29 

30 

31 

32 

33 

34 

35 

36 

36A 

h'ote: 

37 

38 

39 

40 

41 

c2  

43 

44 

45 

46 

47 

45 

49 

50 

Averase Count Volume 
D i m e  t e r  Rate 

( P )  (cp-.) ( P 3 )  

27.9 78.1 11,370 

33.6 27.9 19.860 

26.5 21 .5  9 I 744 

19.9 21.1 4,126 

S8.5 71.8 362,900 

67.2 32.0 158,900 

31.7 12.9 16,680 

47.2 27.8 55,060 

--._ .)c n - ? ? , i ? 0  

P a r t  A is p a r t i a l l y  enbed6ed 

39.4 

7 i .5  

23.1 

lL .9  

1-.2 

2+.5 

53.5 

25.6 

32.2 

53.4 

33.3 

32.2 

27.2 

23.4 

67.9 

4a.3 

11.4 

9.7 

7.4 

18.6 

51.2 

81.6 

49.1 

25.9 

74.2 

59.8 

7.7 

13.2 

32 ,C20 

19: ,:, ,2 

4,252 

1,732 

1 ,LS9 

7,700 

80,160 

8.991 

14.U20 

19,520 

19,333 

17,480 

10.540 

6,7C9 

Color  

- 
Black 

Black,  C lea r  Edges 

Black 

T. Yellow 

Black & Clea r  

Black & Clea r  

Black 

T. Yellow 
",lack 

B l K C k  

a l a c k  & C l e a r  

Black & T. Orange 

Elack 8i Orange 

Black & T. Orange 

T. Yellow 

Elack & Clea r  

T. Yellow 

Black 8: Clea r  

Black 

S l a c k  & T. Orange 

Black ,  C l e a r  Edges 

Black 

Black,  C lea r  Edges 

Morphology 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r s g u l  a r  

I r r e g u l a r  

I r r e g u l a r  
I r r e g u l a r  

Sphere 

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r t r g u l a r  

122 



TABLE 3.2 CONTINUED 

Clean S l a t e  13 Arc B S t a t i o n  044 C a s e l l a  2371 

P a r t i c l e  
h b b e r  

1 

2 

3 

4 

5 

6 

7 
6 

9 

10 

11 

12 

1 3  

1 4  

15 

16 

17  

18 

1 9  

20 

2 1  

22 

2 3  

2& 

25 

26 

27 

28 

29 

30 
31 

32 

33 

34 

Average 
Diane t e r 

35.9 

23.6 

49.7 

15.8 

13.8 

14.1 

35.9 

8.7 

24.7 

30.6 

12.3 

26 .0  

2C.6 

i 3 . 4  

.....o 

-9.6 

1h.7 

29.5 

36.4 

16.1 

23.2 

7 . 5  

16.5 

11.4 

13.9 

8.0 

12.6  

10.7 

11.8 

15.8 

15.8 

8.0 

19 .1  

10.6 

Count 
Rate 

30.5 

24.3 

24.4 

4.0 

4.0 

4 - 3  
17 .5  

2.9 

15 .7  

47.8 

14.4 

1 3 . 8  

1 9 . 6  

4.0 

72.3 

38.9 

5.3 

4 . 9  

6.8 

11.1 

6.9 

5.2 

2.8 

6 .0  

3.2 

1.2 

2.7 

3.9 

1.5  

6 . 0  

7 . 2  

0.5 

4.1 

4.5 

Volume 

( v3 )  - 
24,230 

6,882 

64.280 

2,065 

1,376 

1 , 4 6 8  

26,310 

345 

7,890 

15,300 

1.096 

9 ,203  

4,577 

1,260 

46,450 

63 ,890  

1.655 

13,443 

25,250 

2,185 

6 ,538  

221 

606 

775 

1 .hOJ 

268 

1,049 

641 

863 

4,G64 

2 ,065  

268 

3,648 

624 

123 

Color 

- 
Black 

Black 

T. Gray 

Black & T. Orange 

T. Yellow & Y e l l o w  

T. Orange & C l e a r  

Mot t led  Black & Clear 
T. Orange Yellow 

T. Yel lov  

Black 

Yellow 

Black 

Yellow 

Yellow 

Gray 

Black 

Yellow, C lea r  Edges 

Black 

Black 

T. Yellow 

T. Yellow & Yel lou  

Yellow 

Mot t led  0. P T. Orange 

Dark Yellow 
0. & T. Orange 

T. Gray 

Orange Brown 
T. Brown Orange 

T. Orange Brown & 
Black  

Clear w/Black Specke 

Black 

T. Yellow 

T. Yellow 

T. Orange Yellow 

Morphology 

I r r e g u l a r  
I ,  

. I  

. I  

, I  

8 1  

* I  

, b  

1 .  

I ,  

. I  

1 .  

, I  

, I  

I .  

I ,  

1 1  

.. 
I ,  

I ,  

,, 
I .  

1 ,  

. <  

3 ,  

Spheroid 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Sphere 

I r r e g u l a r  
, I  

I ,  

,. 



TABLE 3 . 2  CONTINUED 

Clean S l a t e  I1 Arc B S t a t i o n  024 C a s e l l a  2371 

P a r t i c l e  Average Couni 
Xunber D i a x t e r  Rate 

.. 

35 

2 5  

37 

38 

39 

40 

41 

42 

4 3* 

44 

Q5 

46* 

47 

48 

49 

50 

(PI 
7.1 

13.5 

7.3 

15 .8  

2b.l 

6.3 

7.5 

17.4 

42.0 
10.2 

6.5 
57.5 

8.5 

26.4 

36.9 

16.8 

(cpl-.) - 
1.2 

2.1 
2.1 
1.7 

4.4 

0.5 

1.2 

3.3 

3.1 

1 . 3  

2.4 
15.4 

1.9 

6 . 1  

2.7 

9.9 

Volunie 

3. 

187 

1,265 

234 

9,479 

7,326 

131 

221 

L 

2,758 

38,790 

556 

144 

99,540 

32 1 

11,990 

26,310 

2,483 

Color  Morphology 

- 
T .  Orange & T .  Yellow 

T. Orange 

a l a c k  

Black & T. Yellow 

T. Dark Gray 

Elack 

T. Yel low 

T. Yellow & T. Orange 

Black 

T. Orange .& T. Yel low 

T .  Yellow 

Black 

T .  Yellow 

Black 

Clear  

Black 

- 
Irregular  

, I  

, .  

. *  

I .  

. *  

. ,  

1 .  

1 1  

I t  

124 



TABLE 3.2 COh'TEUED 
Clean S l a t e  11 A r c  B S t a t i o n  054 TAS I1 4812 

P a r t i c l e  
No. 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3  

1 4  

1 5  

1 6  

1 7  

18 

19 

20 

21 

22 

23 

z!, 
25  

2 6  

? i  

2 s  

25 
?~ 4- 

1 -. 
2 .A 

3i 

Average 
Diane t e r  

26.2 

16.7 

1 6 . 5  

40.8 

17.3 

9.5 

1 7 . 8  

17.3 

15.4 

17.8 

48.3 

14.a 

26.6 

l G . 2  

25 .3  

12.8 

12.3 

71.2 

31.0 

13.8 

9.6 

8 .5  

13.9 

13.0 

13.6 

26.2 

12.9 

29.6 

8 . 6  

10.9 

11.6 

1.5 

12.7 

( 9) 

Count  
Rate 
(C?'") 

15 .  9 
6 . 6  

1 9 . 7  
3 6 .  8 

1 2 . 4  

5 .  b 

4 . 2  
6 .  b 

10.5 

3.8 

7.4 

3. 9 

3.  0 

2. b 

5.1 

2. 8 

5.4  

4. b 
9. b 
4 . 6  

9 . 5  

3 . 4  

3 .6  

5.2 

2 . 5  

5.2 

3 .  b 

3 .  9 
3 . 3  

2 . 7  
1 . 9  

- 

- 
4.1 

Volume 

9.417 

2.439 

2,352 

3,556 

2 ,711  

449 

2,953 

2 , 7 1 1  

1,912 

2,953 

59.000 

1,697 

12,510 

1 , 4 9 9  

6.479 

1,098 

9 74 

189,000 

15,600 

1,376 

46 3 

321  

1.407 

1,150 

1.317 

9 *417 

1 ,124 

1 3 , 5 6 6  

333 

678 

817 

1.8 

1.073 

125 

Color 

- 
Black 

T. Yellow Brown & Black 

T. Orange Brown 

Black 

Yellow 

T. Yellow. Blue  Specks 

T. Yellow Gray 

Gold 

Yellow 

Yellow 

T. Yellow 

Mott led T. Yel lowGray  

Black 

Orange & Clea r  

Black 

Yellow 

Yellow 

Black 

K o t t l e d  Clea r  & s l a c k  

T. Yellow Orange 

T. Dark Yellow 

T. Dark Orange 

White-Yellow 

T. & 0.  Yellow 

T. Orange 

Yellowish White 

Yellow 

Mott led Black  & C l e a r  

T. Orange Brown 

T.  & 0.  Yellow Orange 

T. Yellow 

Yellow 

C l e a r  w h c b b l e s  

Morphology 

Spheroid 

I r r e g u l a r  
, I  

. t  

, .  

* .  

1 .  

. .  
I ,  

I .  

Sphere 

I r r e g u l a r  
? I  

I ,  

I ,  

. ,  

. ,  

. ,  

. *  
1 1  

( 1  

Spheroid 

I r r e g u l a r  
I .  

. ,  

I r r e g u l a r  
, .  

. .  

I ,  

( 1  

. .  
Sphere 

I r r e s l a r  



TABLE 3 . 2  CONTINUED 

Clean S l a t e  XI Arc B Stat ion 054 TA5 XI (Continued) 4812 ** 
pert i c l e  Average 

No. Diameter 

33 22.0 

34 13.6 

35 17.8 

36 13.6 

37 25.1 

38A 21.6 

3EB 7.1 

39 14.5 

40 33.5 

41 54.0 

42 30.5 

4 3  24.9 

44 24.6 

45 6.9 

$6 8.2 

47 6.1 

4& 8.2 

49 29.4 

50 1 5 . 9  

h) 

Count 
Rate 
(CPd 
6.8 

3.9 

2 . 9  

2 . 4  

1.3 

0.5 

- 

- 
11.5  

14. 1 

12.4 

12.3  

8.9 
4.0 

0.9 

3.0 

0.4 

1.0 

0.1 

4.6 

Volume 

(P3) - 
5,575 

1,317 

2,953 

1,317 

a ,299 

5,276 

187 

1,596 

1.968 

82.450 

1.530 

8,083 

7,794 

172 

269 

119 

289 

13.310 

2.104 

Color Morpho1 ogy 

Mottled Black & Clear 
T. Dirty Yellow 

Yellow 

T .  Gray 
Black 

T. & 0. Yellow 

T. & 0. Yellow 

Orange 

Black & Clear 

Dark Gray 

T. Brown Grey 

Dark Brown 

Brown 

Clear 

Orange 

T. Orange Yellow 

T. Yellow Orange 

Gray 

Gray 

Irregular 
I ,  

, .  
. .  
. ,  

. .  

. .  
Spheroid 

Irregular 
I ,  

. I  

. ,  

Spheroid 

Irregular 
1 1  

126 



TABLE 3.2 CONTINUED 

Clean S l a t e  I1 Arc B S t a t i o n  060 C a s e l l a  2370 

Color Morphology P a r t i c l e  
h21-ber 

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 

26 

27 
28 

29 

30 

31 

32 

33 

34 

Average 
D i m e t e r  

(P) 
36.0 

15.2 
46.0 

24.6 

16.5 

lk.4 

27.9 

23.6 

61.6 

45.5 

35.1 

45.5 

27.1 

19.5 

13.7 

iS.5 

29.2 

16.6 

17.6 

15.5 

12.3 

16.5 

21.0 

; 5 . 6  

10.3 

35.7 

23.0 

31.2 

5 . 1  

i4.9 

24.9 

21.1 

29.5 

11.2 

._ 

Count 
Rate 
( c p d  - 
53.7 

46.3 

25.6 

lL.2 

3.0 

9.3 

30.7 

16.0 

14.9  

23.8 

64.5 

6.9 

8.8 

5.4 

26.3 

27.7 

12.4 

8.8 

9.0 
l r . 2  

7.7 

4.8 

4.9 
4.3 

7.6 

5.1 

13.2 

14.6 

27.2 

4.5 
14.7 

23.9 

18.6 

5.5 

Volume 

28,733 

1.839 
50 -960 

7,794 

2.352 

1,563 

11,370 

6,662 

122,400 

49,320 

14,28G 

49,320 

10,420 

3,862 
1,3aO 

3,315 

13,040 

2,395 

2,953 

1,550 

974 

3,315 

4,649 

2.065 

2,266 

23.820 

12,770 

15,900 

14.280 

1,732 

8,083 

4,919 

13,440 

7 36 

127 

- 
Black 

T. Gray Yellow 

Black & C l e a r  

C l e a r ,  Black Spscki  

C l e a r ,  Black Spots 
T. Yellow 

T. Orange 

Black 

Black 

Black 

Black 

Mot t led  Black & C l e a r  

T. Gray Yellow 

Bleck  

0. & T. Orange 

T. Yellow Gray 

C l e a r .  Black Spo t s  

0. & T. Yellow 

Black 

T. Pa l e  Yellow 

T. Yellow Mott led  Black 

T. Yellow 

T. Yellow Mot t led  Black 

T.  Gray 

Black & T. Dark Orange 

T. Gray 

T. Yellow 

Black 

Black 

T. Yellow 

Black 

Black & Clear 

Black 

T. Yellow 



TABLE 3.2 CONTINUED 
Clean S l a t e  I1 A r c  B S t a t i o n  060 C a s e l l a  2370 w 

P a r t  ic 1 e 
Numb e r 

35 
36 

37 

38 
39 

40 

41  

42 

4 3  

44 

45 

46 

47 

4 s  

49 

50 

Average 
Diaue te r  

( u )  
14.5 

1 0 . 3  

18.5 

35.3 

16 .4  

16.8 

28.7 

13.1 

45.2 

16.0 

13.5 

13 .2  

16.3 

13.8 

13.9 

13.0 

Count 
Rate 
(cpm) - 

10.5 

6 . 1  

1 0 . 5  

113.2 

6 . 2  

8 . 3  

7.5 

7.4 

68.0 

13.7 

3.6 

5.4 

3.8 

3.0 

3.1 

3.0 

Volume 

1,596 

572 

3.315 
29.420 

2,310 

2 ,483  

12,380 

1 , 1 7 7  

&8,350 

2,145 

1.288 

1 ,204  

2,268 

1 376 

1.407 

1.150 

Color  

- 
Black 
Yellow 

0. & T. Yellov 
Black 

C lea r  

T. Dark Orange 

Black & C l e r r  

T. Yellow Orange 

Black 

Dark Orange 

Black 

T. Orange 

Orange, C lea r  Edges 

T. Orange 

0. & T.  Orange 

C lea r  

Morphology 

- 

128 



TABLE 3.2 CONTINUED 
Clean S l a t e  I1 Arc B S t a t i o n  068 C a s e l l e  2369 

P a r t i c l e  
Number 

1 
2 
3 

4 

5 

6 
7 

8 

9 
10 

11 

12 

13 

14 

1 5  

16 

17 

18 

19 

20 

21  

22 

23 

21 

25 
26 

27 

28 

29 

30 

31 

31.4 

32 
33 

34 

Average 
Df ame t e r  

( w) 
39.3 

15.0 

26.8 

15.4 

15.0 

20.3 

25.1 

26.2 

51.1 
21.7 

40.0 

15.9 

23.1 

31.9 

13.1 

i2.2 

:5.4 

13.2 

33.2 

10.1 

17.3 

21.0 

35.0 

12.5 

16.3 

17.2 

12.4 

14.2 

39.6 

27.7 

9.6 

4.0 
27.9 

26.11 

18.4 

Count 
Rate 
(cpn)  - 
52.3 
17.9 

40.9 

24.2 

13.7 

36.6 

76.6 

22.4 

24.3 

6.5 

20.0 

21.8 
27.7 

17.5 

12.7 

2.0 

8.0 
13.5 

76.0 

2.2 

3.7 

8.0 
46.9 

3.4 

5.3 
14.6 

!5.2 
6.7 

39.5 

5.2 
4.2 
- 

28.4 
11.6 

13.8 

Volume 

- (v3) 
31,780 

1.767 

10.080 
1,912 

1.767 

4.380 
8,299 

9 ?417 
69.860 

5,350 

33,510 

2,104 

6,454 

17,000 

1.177 

951 

1,912 

1,204 

1,916 
540 

2.711 
4.849 

2.245 

1,023 

2.268 

2.664 

5,884 

1,499 
32.510 

11,130 
46 3 

34 

11,370 
9.631, 

3,262 

129 

Color  

- 
Black ,  C l e a r  Spot  

B lack ,  T. Orange Spot  

Shiny  Yellow 

Black 

Black k T. Orange 

Yellow 

T. Yellow 

T. Dark Yellow 

Black ,  C l e a r  Edge 

C lea r  t o  P a l e  Yellow 
Black 

Black 

Black 

B lack ,  Orange Spot  

Yellow 

Black & Clea r  

Black 

T. Yellow 

Black 

T. Yellow Mot t led  

Black  k C l e a r  

Black  & T. Orange 

Black 

Black & C l e a r  

T. Orenge, Mottled 

T. Orange k C l e a r  

Black 

T. Orange & Black 
Black 

Black 

C l e a r  

T. Purp le  

Black 

Black 

T. Orange 

Morphology 

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

I r r e g u l a r  

Spheioid 

I r r e g u l a r  
1 ,  

., 
I S  

. <  

, I  

I ,  

. I  

( 1  

1 1  

. ,  
. I  

1 4  

., 
I ,  

1 ,  

, I  

4 1  

I ,  

I ,  

( 1  

1 .  

I ,  

( 0  

Spheroid 
I .  

I r r e g u l a r  
, .  
. I  



TABLE 3.2 CONTINUED 
Clea? S l a t e  I1 Arc B S t a t i o n  O b 8  C a s e l l a  2969 

P a r t i c l e  Average 
Numb e r Diane te r  

3 4A 4.8 

35 43.9 

36 11.9 

3) 16.0 

39 15.7 

39 21.1 

40 24.5 

41 16.8 

42 31.0 

4 3  22.6 

44 25.0 

45 20.1 

46 28.1 

47 22.9 

46 45.4 

46A 29.8 

49B 33.9 

49 14.7 

50 20.7 

(Id 

Count 
Rate 

- 
216.7 

10 .4  

10.0 

3.8 

27.1 

17.5 

11.0 

4.9 

7.6 

28.3 

19 .6  

10.4 

28.0 

6.5 
- 
- 

10.4 

16.6 

Volume 

- (P3) 
58 

42,300 

892 

2,1&5 

2,026 

4,919 

7,700 

2 ,483  

15.600 

6 , Ob-4 

8.181 

4.252 

11,620 

6,268 

34,260 

13,860 

20,400 

1,665 

4.644 

Color Morphology 

Black 

Black 

T. Dark B r m  

Gray k Clea r  
T. Dark Brown 

Black 

Black E T. Orange 

T. Dark Brown 

Black ,  Clear Edgaa 

C l e a r  

Orange, C lea r  Edgea 

T. Orange Yellow 
T. Orange Gray 

C lea r  Mottled Orange 
- 

T. Yellow 

T. Gray 

T. Orange 

Black 

Irregular 
I ,  

Spheroid 

I r r e g u l a r  

Spheroid 

Irregular 
I ,  

. *  

1 1  

Sphere 

Irregul or  
1 (  

1 .  

1 ,  

- 
Spheroid 

, .  

I r r e g u l a r  
I .  

Clean S l a t e  I1 Arc B Balloon Line 1 P o s i t i o n  17  Tas I 4022 

Autoradiographic  exposures of 2 4 .  48, 96,  and 120 hours revea led  no 

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

130 



TABLE 3.2 CONTINUED 

Clean S l a t e  11 Arc B Balloon Line 3 P o d t i o n  9 C a r e l l a  2312 

P a r t i c l e  
Number 

1 

2 

3 

11 

5 
6 

7 

8 

9 

10 

11 

11A 

11B 
12 

12A 

12B 

1 3  

14 

15 

1 6  

17 
18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2s 

29 

31) 

Average 
Diameter 

(P) 
25.5 

23.8 

15.1 
47.5 

58.7 

d5.0 

32.6 

24.2 

46.8 

21.4 

85.9 

57.0 

58.7 

46.7 

42.8 

20.9 

25.2 

74.3 

40.1 

45.5 

42.1 

51.8 

53.7 

34.9 

15.2 

41.4 

2 Z . 7  

60.2 

15.2 

22.1 

30.9 

42.0 

28.4 

19.6 

Count 
Rate 
@ 

6.0  

5.2 

14.5 
58.5 

6.0 

51.2 

20.8 

95.8 

17.9 

16.0 

13.0 
- 
- 

34.4 
- 
- 

15.3 

30.6 

99.0 

102.2 

11.2 

25.8 

21.2 

84.0 

18.6 

14.8 

7 .? 

11.9 

6.5 

5.9 

8.6 

86.5 

9.5 

8.6 

Volume 

(r3) - 
8.661 

7.058 

1,803 

5b ,120 

105.900 

47,710 

18,140 

7,420 

53,670 

5,131 

212,870 

96,970 

105,900 

&5.830 

41.050 

b,780 

8,378 

214,800 

537,600 

49 ,320 

39,070 

72.770 

81.080 

22,260 

1,839 

37.150 

6,965 

114,200 

2,226 

5,651 

15.450 

38,790 

11,990 

3.942 

131 

Color 

- 
Yellov 

T. Yellow 

Yellow 

Black 

T. Yellow 

Black & C l e a r  

Black 

Black 

Black 

Yellow 
- 

T. Gray 

T. Gray - 
Black 

Black 

Black P C l e a r  

Black 

Black 

Black 

Mott led Black & C l e a r  

Yellow 

Black 

Black 

Brown 

Black 

Black & T. Yellow 

Ye 1 1 ow Gray 

Yellow 

Mott led Black P Char 
Yellow 

Black 

T. Yellow 

White 

Morphology 

Spheroid 
- 

Spheroid 

Spheroid 
- 

Spheroid 

Aernisphere 

I r r s g u l a r  

Spheroid 
, I  

I r r e g u l a r  

Sphere 

I r r e  yl a r  

, ,  

I r r e g u l a r  

Spheroid 

B l i r t e r e d  Spher 

I r r e g u l a r  
I ,  

1 ,  

I ,  

I ,  

( 1  



P a r t i c l e  
Mimber 

3 1  

31A 

3 1 B  

31c 

31D 

32 

33 

34 

35 

36 

37 

36 

39 

40 

41  

42 

43 

44 

45 

46 

47 

48 

49 

50 

Average 
Diaqe ter  

(Id 

71.4 

51.9 

25.8 

18.1 

15.7 

24.6 

31.6 

62.6 

34.1 

18.4 

49 .4  

53.2 

4 i .O  

a2.5 

u l . 0  

2 2 . 4  

50.0 

35.2 

20.3 

33.2 

15.8 

20.7 

8.6 

16.9 

Count 
Rate 
(cJ& 

32.6 
- 
- 
- 
- 

9.1 

5.3 

82.8 

14.1 

13.9 

13.7 

23.2 

50.6 

9 .o 
5 1 . 5  

12 .7  

9.4  

13.8 

8.5 

14.8 

6.4 

6.2 

4.4 

9.4 

Volume 

(r3) 

73.200 

8,991 

3,105 

2,026 

7,794 

16,520 

128,400 

20,760 

3.262 

63,120 

78,840 

44.600 

40,190 

33.510 

5.884 

65,400 

22,airo 

4,380 

19,160 

20,650 

4,644 

333 

2,527 

TABLE 3.2 CONTINUED 
Clean S l a t e  I1 Arc B Balloon Line 3 P o s i t i o n  9 C a s e l l a  2312 , 

Morphology Color 

- - 
T. Yellow 

Black 

Black 

T. Yellow 

T. Pa l e  Yellow 

Clea r  & Yellow 

Black 6. T. Gray 

Black 

T. Gray Yellow 

T. Yellow 

Mottled Blnck 8 Clea r  

Black 

C l e a r  

Black 

Black 

T. Yellow 

Black 

Black 

T. Yellow 

T. Orange Brown 

T. Orange Brown 

T. Gray 

T. Yellow Brown 

- 
Spheroid 

. I  

,. 
1 ,  

Sphere 

Spheroid 

I r r e g u l a r  
I ,  

Spheroid 

I r r e y l n r  
t ,  

Spheroid 
I ,  

Sphere 

I r r e g u l a r  
., 

Sphere 

I r r e  yl a r  
, I  

Spheroid 

I r r e g u l a r  

132 



TABLE 3 . 2  CONTINUED 

Clean S l a t e  11 Arc B Balloon t in .  4 Por f t ion  21 TAS I 

P a r t i c l e  Average Count Volume Color  Morphology 

4024 

Ncnber 

1 

2 

3 

4 

5 

6 

7 

7A 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
2 1A 

21B 
2 2  

22A 

2 3  

2, 

2 5  

26 

2 7  

28 

29 

30 

D iameier  
( V I  

1 7 . 1  

15.9 

21.5 

31.3 

33.8 

29.5 

17.5 

13.1 

22.2 

20.7 

13.5 

45.4 

6.5 

17.5 

14 .0  

26.1 

12.5 

13.6 

13 .6  

15.8 

9.4 

l b . 8  

1.7 

2.7 

18.0 

14.2 

23.6 

9.3 

11.6 

12.4 

8.4 

9.2 

24.8 

15.5 

Rate  

3.2 

3.0 
11.8 
6 .6  

27. 6 
4.2  

3.2 
- 

13.4 
23.1 

2.1 
12.8 

4.7  

6.3 
6. 5 
11.6 

3.0  

3.6 
8.8 
5.0 
3.2 
3.5 - 
- 

5 . 0  
- 
1.6 
1.9 
9.4 
1. b 
6.2 
2.5 

17.1 
7.5 

7 (r3) 
2,618 

2,104 

5 , 2 0 3  

16,040 

20,220 

13,440 

2,806 

1,177 

5,728 

4,644 

1,288 

48,720 

144 

2,806 

1 ,437  

9,309 

1 ,023  

1.317 

1.317 

2,065 

435 

1 ,697  

2.6 

IO 
3,054 

1 ,499  

6,882 

42 1 

817 

998 

310 

408 

7,986 

1.950 

- 
T. Orange 

T. Yellow B r m  

T. Yellow 

Black 

Black 

C l e a r  

C l e a r  

T. Orange 

T. OrMge 

Clack 

T. Yel lov  

Bieck 

Orange 

Black 

T. Yellow 

Black 

Orange 

0. & T. Orange 
T. Orange 

T. Yellow Brown 

Gray 
T. Yellow Giay  

Black 

Black 

Yellow 

C l e a r  

Black 

T. Orange 

Yellov Brown 

T. Yel lov 

T. Orange 

T. Yellow 

Black 

T. Yel lov 

I r r e g u l a r  
1 8 ,  

1 .  

I ,  

1 1  

Sphere 

I r r e g u l a r  
. I  

,, 
( 1  

I ,  

,. 
., 
,. 

, 1  

, ,  

( 1  

, .  
1 1  

I ,  

Spheroid 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  
I ,  

* *  

I (  

, 8  

1 1  

I .  

. I  

I ,  

I ,  

I %  
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TABLE 3.2 CONTINUED 

Clean S l a t e  I1 Arc B Bal loon Line  4 Pos i t i on  21 TAS I Continued 4024 -. 
Morphology P a r t i c l e  

Number 

31 
32 

33 

3 u  

34 

34A 

35 

36 

36A 

36B 

37 

38 

3BA 

39 
40 

41 

42 
43 

44 
45 
46 
47 
48 

49 

50 

Average 
Diameter 

( V I  

10.3 

11.2 
27.9 

12.7 

19.9 

4.8 

18.0 

15.1 

2.3 
2.4 

9.5 
10.0 

2.7 

27.2 

11.5 

10.4 
12.6 

7.3 

22.9 

9.4 

13.7 
10.2 

10.5 

13.0 

9.2 

Count 
Rate  

2.8 

3.3 
5.3 
- 

0 .7  - 
4. 5 
2.2 
- 
- 

11.0 
3. a 
- 
6.5 
5.2 

1.2 
8.9 
4. 9 
5.9 
1.1 

3. b 
0 . 7  

2.1 

0 

1.4 

Volume 

(r3) 
572 

7 36 

1,137 
1.073 

4,126 
sa 

3,054 

1.803 

6.4 

7.2 

449 

524 

10 

1,054 

796 

569 

1,049 

204 

6,288 

435 

1.346 

Color  

- 
T. Orange Brown 

Black & T. Orange 
C l e a r  

Yellow 

T. Yellow 

Black 

T. Yellow Gray 

T. D i r t y  Yellow 

Black 

Black 

T. Dark Orange Red 

T. Orange 

Black 

T. k 0. Grey 

Mott led T. & 0. Y e l l o w  

T. Yellow 

Brown 

T. Gray 

T. Gray & Mott led  Black 

T. Orange 

T. Orange 
T. Ye l low & Gray 
Yellow 

Yel low 

Orange 

.- 

I r r e g u l a r  
I I  

I ,  

Spheroid 

I r r e g u l a r  
r t  

I ,  

. I  

,. 
, I  

Spheroid 

I r r e g u l a r  
., 

t !  

., 
1 1  

Sphere 

I r r e g u l a r  
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TABLE 9 . 2  CONTINUED 
Clean Slate II Arc B Balloon Line 7 Pomition 9 TAS I 401 1 

Particle Average Count Volume Color kbr phology 
N u n  ber Diameter Rate - Jmicron) ( c p m l  9 3 )  

1 8. 3 299 T .  Yellow Spheroid 

2 9 . 3  421 0. k T. Yellow Irregular 

3 27 .1  1 0 , 4 2 0  Yellow Irregular 

4 1 6 . 4  2,310 T. Yellow Sphere 

5 6 . 7  158 T. Grey Grainy Sphere 

6 1 1 . 3  756 Grey Yellow Spheroid 

7 1 5 .  6 

8 11.0 

1.988 T .  Yellow 

697 T. Yellow 

Spheroid 

Spheroid 

Clean Slate I1 Arc D Sta t ion  034 Anderaon 1182 

Autoradiographic oxpoauroi up to 120 hours reveal no particles. 
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TABLE 3.2 CONTINUED 
Clean S l a t e  I1 Arc D Kobile P o i i t i o n  12 C a r e l l a  a. 2272 

Morphology P a r t i c l e  
Number 

1 

2 
3 

4 
5 

6 

7 

8 

9 

10 

11 
12 

13 

14 

15 
16 

1 7  

18 

19 

19A 

20 

21 

22 

23 
24 

25 

26 

27 

28 

29 

30 

31 

Average 
Diameter 

(v) 
26.6 

22.1 

31.5 

26.0 

48.6 

39.5 

14.9 

44.6 

39.1 

39.4 

44.4 

12.5 

31.6 

14.9 

10.8 

30.2 

51.6 

4.4 

31.0 

2.9 

24.2 

15.4 

21.6 

39.0 

31.2 

20.1 

30.4 

24.2 

31.4 

32.6 

27.1 

24.3 

Count 
Rate  

8.3 
9. a 
8.2 
22.9 

3.1 
5.9 
2.3 
11.0 
6.4 
17.5 
9.8 
3.9 

.02 
6.0 
2.7 
6. 1 
30.0 

3.9 

4. 3 
- 
9.6 

2.8 
3.0 
12.5 
50.7 

9.8 
18. 1 

5.5 
35.6 

9.2 
41.0 
25.6 

Vo lune 

- (c13 
9,854 

5,651 

16,370 
9,203 

60,111 

3,227 

1,732 

46,450 

31,300 

32,020 

45,830 
1,023 

16,840 

1,732 

6.596 

14,420 

71,930 
45 

15,600 

1 3  

7,420 

1,912 

5,276 

31,060 

15,900 

4,252 

14,710 
7,420 

16,210 

18,140 
10 ,D20 

7,513 

Color 

- 
Black & Clea r  

Black 

C lea r  

Black 

T. Yellow 

Black k Clea r  

Black & C l e a r  

T. Green & C l e a r  

Black ,  C lea r .  T. Orange 

Black 

Black 

T. Pa l e  Yellow 

Black 

T. P e l s  Yellow Orange 

T. Pa le  Orange 

T. Yellow 

Black 

Yellow 

T. Yellow 

Black 

Black 

T. Orange 

C l e a r  nettled Grey 

Brown 
Black 

Black 

Gray 

Black 

Bleck 

C l e a r  & T. Yellow 

Black 

Black 

I r r e g u l a r  
,, 

Hemiephero 

I r r a g u l a r  

I r r e g u l a r  

I r r e g u l a r  
( I  

I ,  

I ,  

I ,  

I ,  

I ,  

* ,  
* ,  
. I  

, I  

,. 
Spheroid 

I r r e g u l a r  
0 ,  

. I  

I r r e g u l a r  
, *  
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TABLE 3 .2  CONTIhUED 

Clean S l a t e  TI Arc D Mobile P o s i t i o n  12 C a s e l l a  2272 

P a r t i c l e  
Number 

32 

33 

34 
35 

36 

37 

36 

39 

40 

4OA 

41 

4lA 

42 

43 

44 

45 

46 

47 
48 

49 

50 

Average 
Diane t e r  

( V I  

32.2 

60.4 

42.2 
17.1 

21.6 

31.6 

28.1 

13.3 

14.2 

4.8 

32.4 

24.7 

24.8 

16.9 

i9.2 

13.6 

20.6 

13.1 
24.2 
46.1 

U.8 

Count 
Rate 

7 . 0  
-I 

36.2 
7. b 
1.4 
4. 4 

6 .0  

6 . 2  

4 .5  

kJ.& 

L 

0.4  

70.4 

12 .2  

49. 5 
141.1 

7 . 9  
2.02 

20.7 
10.4 

3.6 

Volume 

- 
17.483 

115,400 
39,350 
2,618 

5,276 

16,520 
11,620 

1.232 

1.499 

58 

17,810 
7 .s90 

7.986 

2,527 
3,706 

1.3?6 

4,577 

1,177 
7,420 

5,130 

1,376 

Color 

- 
Black 

T. Gray Yellou 
Black 

T. Orange, Black Spot1 

Black 

C h a r  Mottled Blnck 

T. Dark Gray k C l s a r  

T .  Ormg0 

Clear  

Black 

Clear  

Black 

Orange 

T. Yellow 

T. Yellow 

Yellow 
T. Yel low 

T. Dark Brown 

Black 

Blnck 

T. Orangs 

Morphology 
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TABLE 3.2 CONTINUED 

C l e a n  S l a t e  IlI BM-06 A n d e r s e n  4987 

P a r t i c l e  
N u m b e r  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
1 4  
1 4  
1 5  
1 6  
17 
1 8  
19  
20 
21 
2:. 
2 3  
2 4  
25  
26 
27 
28 
29 
35 
31 
32 
33 
34  
35  
3b 
3 i  
38 
39 
40 
41 
42 
4 3  
43A 
43B 
4 4  

A v e r a g e  Count 
D i a m e t e r  R a t e  
(micron) 

1 8 . 8  
16. 3 
23. 5 
3 8 . 8  
38.1 
25.7 
97 .9  
22.7 
14 .7  

144 .8  
1 8 . 3  
1 7 . 6  
50.6 
1 7 . 9  

3 . 3  
1 0 . 2  

6. 6 
12. 6 
8. 6 
9 . 4  

25. 3 
10.1 
10 .2  

7 .8  
5. 9 

18 .2  
8. 6 

12.1 
8. 6 

10.7 
7:7 

10.7 
17. 4 
19. 1 
23.7 
4 5 . 7  
1 1 . 6  
4.1 
5 .2  

23. 2 
5. 3 

1 9 . 9  
25.8 

7 .7  
4 . 3  
7 . 3  

1 2 . 4  

5.7 
3.2 

26.2 
6 6 . 7  
35.4 
1 8 . 6  
1 9 . 2  

5.7 
65. 1 

6 .8  
7 .3  
7 . 1  

16. 1 
1.7 

2 .0  
2 .1  
2 . 3  
4 . 4  
1 . 9  
2.1 
3.1 
1 . 0  
2.1 
1 .1  
2.9 
0 .7  
0 .7  
1 . 2  
1 . 3  
0 . 4  
0 . 9  
1 . 8  
4 . 4  

27.9 
1 . 6  
1 .1  

- 

- - 

Volume  

3 , 4 8 0  
2 ,  260 
6 , 8 4 0  

3 0 ,  500 
2 9 , 0 0 0  

8 , 9 0 0  
492,  000 

6. 140 
1 , 6 6 0  

3 , 2 0 0  
2 , 8 6 0  

b8, Z O O  
2 , 9 9 0  

18. 
558 
1 5 1  

1 ,  050 
332 
425 

8,  480 
540 
558 
248 
108 

3, 140 
332 
92-5 
332 
643 
238 
643 

2 , 7 6 0  
3 ,  640 
6, 970 

4 9 , 7 0 0  
820 

36. 0 
7 3 . 5  

77. 9 
6, 560 

4,  130 
8 , 9 6 0  

238 
41. 5 

204 
1,000 

C o l o r  

0. & T. Yellow 
0. & T. Yellow 
Yellow W. T. e d g e s  
B l a c k &  C l e a r  
B l a c k  
T. G r e y  Yel low 
B l a c k  
Yellow 
Yellow 
T. D a r k G r e y  
Yellow W. T. e d g e s  
B r o w n &  C l e a r  
B l a c k  
T. Yel low 
Yellow 
T. Dk. B r o w n o r a n g e  
T. Yellow G r e y  
T. Yellow 
T. Yel low G r e y  
T. O r a n g e  B r o w n  
Yellow 
T. Yel low 
G r e y  
T. & 0. Yellow 
T. Yel low B r o w n  
G r e y  
T. Dk. Y e l l o w i s h G r e y  
T. & 0. Yellow 
T. Yel low 
T. B r o w n  O r a n g e  
T. G r e y  
C l e a r ,  B u b b l e s  
Yellow 
Ye l low 
Yellow & C l e a r  
C l e a r  
C l e a r  
T. Yel low G r e y  
Yel low 
Yellow 
T. G r e y i s h  Yel low 
T. D a r k  G r e y  
T. G r e y  & Clear 

Yellow 
T. Yel low 
Yellow 

- 

Morphology 

I r r e g u l a r  
I ,  

I !  

I! 

I, 

, I  

I! 

,I 

!I 

1, 

I, 

1 ,  

,, 
I, 

S p h e r e  
I r r e g u l a r  

I, 

I r r e g u l a r  

9 ,  

S p h e r o i d  
I r r e g u l a r  

I t  

S p h e r o i d  
S p h e r e  
S p h e  r o i  2 
I r r e g u l a r  

0 1  

, I  

, I  

-- 
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TABLE 3.2 CONTINUED 
C l e a n  S l a t e  UT BM-07 TAS D 5184 

P a r t i c l e  A v e r a g e  
N u m b e r  Diameter 

jmi c r o n )  

1 2 1 . 4  
2 16. 4 
3 14 .1  
4 3 9 . 4  
5 48 .0  
6 32. 5 
7 1 0 . 2  
8 11 .6  
9 1 6 . 1  
10 8 . 7  
11  1 4 . 4  

33 
3 3A 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4 3  
44  
45 
46  
47 
48 
49 
50 

15. 3 
9. 5 

1 5 . 0  
5.7 

16. 1 
1 0 . 8  
1 3 . 4  
1 5 . 5  
1 4 . 2  
15 .9  

3. 5 
9 .0  
6 .6  

23. 5 
9.8 

2 4  
2 5  
26 
27 
28  
29 
30 
31 
32 

1 2  5. 5 
1 3  15. 5 
1 4  35 .3  
1 5  42. 5 
1 6  1 8 . 5  
17 17 .6  
1 8  7 .3  
19 19.9 
20 294 .3  
21 1 6 . 2  
22 12 .8  
2 3  26.0 

1 5 . 6  
14 ,  6 

3. 5 
7 .1  
6 .6  
6. 3 

1 1 . 3  
4. 8 

18. 3 
9.1 
1.9 

18.8 
5.7 

Count  
R a t e  
k2.L 

4.9 
5 .3  
9.1 

29. 5 
13 .2  
1 4 . 3  
16. 7 
3.6 
2.1 

13 .2  
6 .0  
4 . 4  

22 .8  
3 7 . 8  
37. d 

6.4  
3.1 
4 .7  
1 . 5  

13. 4 
10 .0  

2 .2  
2 0 . 3  
1 2 . 1  

1 . 3  
3 . 4  
1 . 5  
0 . 6  
0 . 6  
5 . 4  
0 .8  
3.4 
0 .7  

5.0 
1.0 
1 . 3  
0 .9  
6 .0  
0.9 
2. 8 
3.1 
1.1 

- 

0.9  
0.7 
0.8 
0 . 0 4  
0 . 6  
6 . 6  
0.7 
7.0 

V o l u m e  C o l o r  

5 .120  
2 , 3 1 0  
1 , 4 7 0  

3 2 , 0 0 0  
57. 600 
1 8 , 0 0 0  

558 
820 

2 , 1 8 0  
344 

1. 560 
8 7  

1 , 9 5 0  
2 3 . 0 0 0  . 
4 0 , 3 0 0  

3 . 3 1 0  
2; 850  

204 
4, 130 

2 , 2 2 0  
1 , 1 0 0  
9 , 2 0 0  
1 , 9 8 0  
1. 630 

187 
22. 4 

~~ 

151 
131 
755 

3 , 2 0 0  
3 94 

3 , 4 8 0  

1, 870 
450 

50. 2 

3. 6 

96. 9 

1 , 7 7  

2 , 1 8 0  
659 

1 , 2 6 0  
1 .950  
1 . 5 0 0  
2 , 1 0 0  

9 t .  9 

22. 5 
382 
151 

6 , 8 4 0  

h r p h o l o g y  

B l a c k  
Yel low O r a n g e  
T. Yel low W. 0. mpots 
B l a c k  
B l a c k  & C l e a r  
B l a c k  
T. Yel low 
T. Yel low B r o w n  
T. Dk. t o  Lt. G r e y  
T. Dk. O r a n g e R e d  
Yel low 
T. Dk. O r a n g e R e d  
0. &. T. O r a n g e R e d  
B l a c k  
M o t t l e d  T. G r e y  k Clear 
Yel low W. T. e d g e s  
Yel low 
Yellow 
T. Yel low 
Yel low 
0. &. T. Yellow 
T. Yel low 
Yellow 
Yellow 
Yellow 
Yel low 
T. &. 0. G r e y  
T. Yellow 
T. Yel low 
T. Yel low 
B r o w n  
Yellow 
T. Yellow 
Yel low 
Yel low 
Dk. G r e y  
T. O r a n g e  & C l e a r  
0. & T. Yellow 
0. & T. Yellow 
T. Yel low 
0. k T .  Yel low 
Yel low 
T. Yel low 
Yel low 
Yel low 
Yellow & T. O r a n g e  
S i l v e r  
T. Ye l lowish  
T. R e d  O r a n g e  & B l a c k  
T. & 0. Yellow 
T. O r a n g e  Yel low 

Irregular 

I, 

I, 

D1 

I, 

, I  

I 

I t  

, I  

,I 

S p h e r o i d  
I r r e g u l a r  

1 ,  

, I  

t f  

,I 

I, 

I r r e g u l a r  
1, 

I ,  

t t  

I< 

1 ,  

I ,  

S p h e r o i d  
I r r e g u l a r  

( 1  

I ,  

I t  

I ,  

1 ,  

I ,  

,% 

8 %  
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TABLE 3.2 CONTUiUED 

Clean S l a t e  I11 BM-IOCasella 4973 

P a r t i c l e  
Number 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3  

14 

15 

1 6  

1 7  

18  

19 

20 

21 

22 

23 

24 

25 

26 

27 

26 - _  
L j .  

30 

3: 

Average 
Diameter 

(v)  
36.3 

39.5 

33.0 

51.8 

91.7 

74.8 

10.9 

28.9 

33.3 

33.9 

22.7 

35.5 

61.8 

43.9 

22.6 

9.8 

38.6 

6ii.4 

23.2 

20.1 

26.3 

26.6 

56.9 

40.1 

10.2 

10.3 

29.5 

38.0 

21.7 

125 

56.3 

Count 
Rats  
(cpm) 
156.4 

17.5 

31.6 

29.2 

93.6 

26.3 

11.4 

4.3 

31.3 

23.2 

10.0 

18.5 

74.2 

8 . 7  

7 .1  

9.8 

6.2 

41.9 

12.1 

9.2 

9.0 

29.4 

4.3 

23.0 

13.2 

6.3 

4.2 
10.2 

5.5 

42.0 

43.5 

Volume 

(P3) 

26,090 

32,270 

18.820 

72.770 

403,700 

219,100 

678 

12,640 

19,330 

20.400 

6,124 

23.420 

28,660 

42,300 

6 #044 

49 3 

30,110 

139,800 

6,538 

4.252 

9,524 

12,250 

107,000 

33,760 

556 

572 

13,440 
26,730 

5.350 

1 ,023 ,000  

93,440 

Color 

- 
Black 

T. Gray 

Black 

Black 

Black 

Yellow 

Black 

Black 

Black 

Black 

Black 

Black 

Black 

Black 

Black 

Yellow 

Black 

Gray 

Black 

Black 

Black 

T. .% 0. Yellow 

Mottlsd Gray 8 C l e a r  

Black 

Dark Yellow 
T. Dark Orange 

T. Gray 

T. Drk-Lt Gray 

Black 

T. Gray 

Black 

Morpho 1 ogy 

E 

I r r e g u l a r  

Sphere 

I r r e g u l a r  

Spheroid 

I r r e g u l a r  
q *  

, I  

I .  .. 
I .  

0 ,  

., 
I *  

0 ,  

, I  

Spheroid 

I r r e g u l a r  
. a  

I ,  

, I  

. <  

Spheroid 

l'uregular 
. I  

2 ,  

Spheroid 
I ,  

I r r e g u l a r  
* *  

* I  

., 
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TABLE 3.2 CONTIP'UED 

Clean S l a t e  I11 BM-10 C a s e l l a  (Continued) 4873 

P a r t i c l r  Average Count volume Color  Morphology 
Number Diameier 

(P) 
31 56.3 

32 19.3 

33 20.4 

34 30.4 

35 47.0 

36 31.8 

37 2 7 . 2  

35 126 

39 26.8 

40 1 6 . 4  

41 52.2 

42 36.3 

43 12.4 

44 23.6 

45 68.3 

46 30.3 

47 38.3 

48 53.8 

49 17 .3  

50 44.2 

Rate 

43.5 

1 7 . 3  

7.5 

15.7 

37.8 

16.8 

18.7 

4 . 3  

5.6 

7.1 

2.6 

6.4 

3.5 

5.2 

3.6 

2.8 

6 . 6  

4.5 

4.7 

8 . 0  

93.440 

3,764 

4,445 

14.710 

54,360 

16.840 

10,540 

1,049,000 

100,800 

2,310 

74.470 

25,040 

998 

6.882 

166,800 

14,570 

29,420 

81,530 

2,711 

45.210 

- 
Black 

Black 

Clear  

T .  Gray 

Black 

Black 

Black 

T. L i g h t  Gray 

T. Gray Yellow 

Yellow 

C l e a r  k Black 
Clear  k Black 

Orange 

Black 

Black 

T. Gray 

Black k T. Gray 

Black 

Yellow Gray 

Black & C l e a r  

I r r e g u l a r  
I ,  

Sphere 

1rr0 gui a r  

I r r e g u l a r  
I ,  

1 1  

* .  
Sphere 

I r r e g u l a r  
., 
., 
3 .  

I ,  

. .  
Spheroid 

I r r e g u l a r  
1 ,  

1 ,  

0 ,  
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TABLE 3.2 COXTIXUED 

Clean S l a t e  I11 Arc A Station 030 h d e r s e n  4974 

P a r t  i c  1 e 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 3  

14 

14A 

14B 

15 

16 

17 

18  

19 

20 

21 

21 

2 3  

24  

25 

26 

27 

28 

29 

30 

31 

Average 
Diameter 

( P I  

41.4 

21.0 

25.4 

93.3 

93.4 

13.5 

19.3 

21.0 

30.2 

34.2 

13.9 

46.2 

1 6 . 3  

15.4 

2 . 4  

2 . 1  

34.1 

18.6 

21.6 

I4n.u 

1:.1 

5 i . 9  

2b.4 

14.5 

34.7 

35.1 

122 

14.9 

32.1 

15.9 
35.2 

10.5 

17.9 

Count 
R a t e  

19.5 

4.2 

5 .1  

1 . 8  

10.5 

2.9 

11.7 

2.7 

8.6 

17.6 

4.9 

145.8 

3.8 

9.9 
- 
- 

32.1  

6.7 

9.7 

lOG.4 

4 . 4  

20.0 

6.9 

2 . 3  

8.5 

18.7 

15.4 

1.0 

1 .3  

0.7 

7.1 

1.2 

4.4 

Volume 

(r3) - 
37,150 

4,849 

8.580 

425,200 

426,600 

1,288 

3,764 

4.849 

14.420 

20.940 

1.407 

51.630 

2.268 

1,912 

7.2 

4.8 

20,760 

3.369 

5.276 

35,560 

716 

73,200 

11.999 

1 , 5 9 6  

21,880 

22,640 

950.800 

1,732 

17,320 

2,104 
22,840 

606 

3.003 

Color Morphology 

Black 

T. Mott led Gray 

Black 

Black & C l e a t  

Black 

T. Orange Yellow 

T. Orange 

Black 

Black 

Black 

Dark Yellow 

Black 

T. Orange 

T. Yellow 

Yellow 

Yellow 

Black 

Black 

T.  Yellow 

E l a r k  

Orange Yellow & clear  

Black 

Black 

T. Yellow 

Black 

0. & T. Gray 

Black P Clear 

Gray 

Black 

Gray 

Brovn 

Gray 

T. Orange, Grainey 
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TABLE 3.2 CONTEUED 

Clean S l a t e  I11 Arc A S t a t i o n  030 Anderaen 
- 

P a r t i c l e  
N x b e r  

32 

33 

34 

35 

36 

37 
36 

39 

40 

41 

42 

43 

44 

45 

46 

47 

46 

k9 

50 

4974 

Aver age Count . 
Diameter 
(I;) 

11.9 

42.2 

9.4 
17.2 

37.9 

11.0 

13.4 

9.6 

31.4 

10.1 

15.0 

13.1 

b7.4 

36.2 

2J.O 

14.1 

M . 6  

49.7 

12.7 

Rate 
( c p d  

4.8 

7 . 8  

6.9 
3.1 

4.2 

4.6 

1.3 

1.9 

2.9 

2.7 
5.7 

3.1 

9.3 

21.6 

a. 3 

3.1 

28.9 

1.9 

0.3 

- 
Volume 

- (P3) 
E82 

39,350 

435 
2,664 

2.850 

697 

1,260 

46 3 
16,210 

540 

1.767 

1.177 
55,760 

24.5;G 

i4,::9 

1.4€8 
53,670 

64,,28G 

1.073 

Color Morphology 

T. Orange 81 Clear  

T .  Brown 

Orange 

Yel low 

Black & Clear  

Yel low 

Clear  w i t h  Black Speckr 

Yel low 

Black 

T. Orange Yellow 
T .  Yellow 

Orange 

Gray & Clear  

Black 

Black 

B rown -Ye 1 1 ow 

Black 

Black 

T. Gray 
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TABLE 3.2 CONTINUED 
C l e a n  S l a t e  Lu A r c  A S ta t ion  102 C a s e l l a  4964 

Volume Co lo r  P a r t i c l e  
N u m b e r  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
11A 
1 1 B  
12  
1 3  
1 4  
1 5  
1 6  
17  
1 8  
19  
20 
21 
22  
2 3  
24 
2 5  
26 
27 
28 
29 
30 
31 
32 
3 3  
3 4  
3 5  
36 
37 
38 
39 
40 
41 
42 
43  
44  
45 
46 
47 
48 
49 
50 

A v e r a g e  Count  
D i a m e t e r  R a t  e 
j m i c r o n l  (cpm) 

18. 2 
35 .9  
39.1 
3 0 . 3  
27.4 
49 .0  
29. 3 
14. 5 
33.7 
49 .5  
23 .5  
11 .7  
19. 6 
72. 5 
29.8 
28 .7  
66. 5 
15. 5 
27.0 
36. 1 
8. 6 

16. 6 
1 5 . 3  
52 .9  
1 2 . 3  
24 .4  
32.9 
59.7 
34 .6  
62 .2  
16. 8 
37.0 
1 1 . 3  

9 . 6  
1 5 . 2  
1 6 . 4  
11 .0  
1 1 . 2  
20 .7  
1 7 . 5  
1 3 . 7  
20 .4  
12 .0  
10. 4 
16.  8 
1 8 . 6  
1 0 . 2  
22.2 
13 .6  
21 .3  

8 .0  
21.2 

1 .3  
1 0 . 5  
16. 6 

8 . 4  
5 . 4  
8 .6  
7.8 
3.1 

16,  5 
20 .4  

9 . 4  - - 
8 . 9  
6.0 
2. 9 

70.7 
1 .7  

15. 5 
8 . 6  
1 . 6  
3. 8 

1 5 . 2  
2.7 
1 . 6  

1 2 . 2  
1 0 . 5  
10. 6 

4 .1  
6 .8  
9 . 6  
5 . 3  
2 .0  
3 .2  
2.1 
3 .0  
4 . 4  
3.0 
1 .9  
1 . 3  
2 .2  
2 .2  
0.8 
3 . 4  
3.2 
2 .0  
2 .0  
1 . 6  
1 . 2  
1 . 3  
2 . 4  
1 .2  

3,  140 
2 4 , 4 0 0  
31, ZOO 
1 4 , 6 0 0  
1 0 . 7 0 0  
61, 500 
1 3 ,  200 

1 , 6 0 0  
2 0 , 0 0 0  
6 3 , 5 0 0  

6 , 7 4 0  
835  

3 ,  840 
2 0 0 , 0 0 0  

13 ,80C 
1 2 , 4 0 0  

154,  000 
1 , 9 5 0  

10,  300 
24,  600 

332 
2 , 4 0 0  
1 . 8 8 0  

77, 400 
97 5 

7,  610 
18, 600 

1 1 1 , 0 0 0  
21,  b00  

126 ,  000 
2,  480 

26, 500 
755 
462 

1 , 8 4 0  
2 .300  

696 
735 

4,  640 
2 , 8 0 0  
1 ,  350 
4 , 4 5 0  

909 
590 

2 , 4 8 0  
3 , 3 6 0  

556 
5, 730 
1 , 3 2 0  
5 ,  050 

268 
5,000 
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Yellow 
B l a c k  
G r e y  
B l a c k  
B l a c k  
G r e y  
B l a c k  
G r e y  
B l a c k  
B l a c k  

O r a n g e  
C l e a r  
G r e y  
T. Yel low 
C l e a r I S p e c k s  
B l a c k  
Yel low 

- 

B l a c k  
C l e a r  & D. T. Y e l l o w .  
Yel low 
Dk. Yel low 
T. Yel low 
B l a c k  
O r a n g e  
B l a c k  
B l a c k  
B l a c k  
B l a c k  & C l e a r  
B l a c k  & C l e a r  
C l e a r  
T. Yel low 
B l a c k &  T. Yel low 
Yellow 
Yellow 
T. Yel low 
T. Ye l low-Orange  
Yel low 
T. Yel low 
T. G r e y  
Yel low 
Yel low 
T. G r e y &  T. Ye l lowish  
C l e a r  
O r a n g e  Yel low 
G r e y  
G r e y  
0. & T. Yellow 
T. Yel low 
O r a n g e  
T. O r a n g e  B r o w n  
G r e y  Yel low 

MDrphology 

I r r e g u l a r  
I, 

D ,  

, 1  

4 ,  

1 ,  

!! 

4 ,  

- 
I ,  

4 ,  

0, 

S p h e r o i d  

I r r e g u l a r  
I ,  

1 ,  

0 1  

S p h e r o i d  
I r r e g u l a r  

1 ,  

I r r e g u l a r  

0, 

0 1  

I !  

,! 

S p h e r o i d  
I r r e g u l a r  

t ,  

S p h e r e  
I r r e g u l a r  

, I  

8 ,  

I r r e g u l a r  

,, 



TABLE 3.2 CONTINUED 

5162 

Volume  C o l o r  M x p h o l o g y  

C l e a n  Slate LU A r c  A Sta t ion  108 TAS D 

P a r t i c l e  
N u m b e r  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
1 1  
1 2  
1 3  
1 4  
1 5  
16  
17 
1 8  
19  
20 
21 
22 
2 3  
24 
2 5  
2 0  
27 
28  
29 
30 
31 
32 
33  
3 4  
3 5  
36 
37 
38 
39 
40 
4 i  
42 
1 3  
44 
45 
4 6  
47 
48  
49 
50 
50A 
5 0 B  

A v e r a g e  
D i a m e t e r  
J m i c  ron) 

20.4  
25. 6 
3 1 . 6  
34. 8 
20.1 
3 7 . 5  
66. 0 
20. 8 
27. 5 
1 1 . 5  
35 .5  
19.  7 
28.1 
35 .6  

4 .2  
2 2 . 4  
27.0 
46. 0 
13. 5 
16. 2 
1 9 . 4  
24. 5 
31.8 
2 4 . 0  
1 1 . 2  
19. 3 
11.6 
26 .9  
16.  8 
1 7 . 4  
1 0 . 7  
55.2 

6.7 
1 0 . 4  
23 .8  
16.5 

8 . 1  
1 0 . 2  
28 .0  
20.1 
11 .1  

7 .7  
1 1 . 8  
19. 9 
13. 3 
2 1 . 5  
23.2 
1 7 . 9  

5.0 

6 . 6  
2 . 3  

- 

Count  
R a t e  rn 
29.7 

7 . 2  
6 . 4  

13. 9 
1 . 4  
2.8  

2 2 . 5  
6 .8  
5.2 
9.9 

91.6 
8 .2  
4.7 
8 . 4  
2. 3 
2 .7  

44 .6  
2.2 
3.2 
2.0 
3.2 
5 . 0  
0 . 3  
2 . 8  
1 .1  
2.7 
2 . 4  
7.1 
4. 5 
3.2 
3.9 
1 . 8  
1 . 0  
3.7 
1 . 6  
3 . 4  
2 .0  
8 . 2  
1 . 3  
2 .8  
2.1 
2.1 
1 . 4  
2.0 
3 .6  
1.5 
9.4 
3.7 
1 .1  
1 .2  - - 

0 
4 , 4 5 0  
8. 750 

16 ,  500 

4 , 2 5 0  
2 , 7 6 0  

150,  000 
4 , 7 0 0  

1 0 , 9 0 0  
800 

2 3 , 4 0 0  
4 .000  

11, 600 
23, 600 

5 , 8 6 0  
10, 300 
5 0 , 8 0 0  

1 . 2 9 0  
2 , 2 2 0  
3 , 8 1 0  
7, 700  

1 6 , 8 0 0  
7 ,  240 

735 
3 , 7 6 0  a z o  

1 0 , 2 0 0  
2 . 4 8 0  
2 , 7 6 0  

643 

157 
590 

7 , 0 7 0  
2 , 3 6 0  

278 
556 

1 1 . 5 0 0  
4 , 2 5 0  

716 
238 
861 

4 , 1 2 0  
1 , 2 3 0  
5 , 2 1 0  
6 ,  560 
3,000 

2 2 , 0 0 0  

3 8 . 8  

8 8 . 3 0 0  

65. 7 

6 . 4  
151  

145 

- 
Yellow 
G r e y  & White  
B l a c k  
B l a c k  
B l a c k  
M o t t l e d  B l a c k  & C l e a r  
B l a c k  
T. Yel low 
Yellow 
T. O r a n g e  
0. & T. Yellow 
Yellow 
T. B r o w n  
Mottled B l a c k  & C l e a r  
S i l v e r ,  Yel low,  R e d  
Yel low 
Yellow 
B l a c k  
O r a n g e  
T. & 0. O r a n g e  
Yel low 
Yellow 
B l a c k  
Yel low 
Ye l low O r a n g e  
B r o w n  Yellow 
T. Dk. O r a n g e  
B r o w n  & C l e a r  
T. B r o w n  G r e y  
Yel low 
Ye l low 
B l a c k  
T, Yel low G r e y  
T. Yel low 
Ye l low O r a n g e I T .  E d g e s  
Ye l low 
B r i g h t  Yel low O r a n g e  
T. G r e y  Ye l low 
B l a c k  
Yel low 
B l a c k &  T. G r e y  
T. G r e y  Ye l low 
Yellow 
T. Ye l low 
Yellow 
Ye l low 
T. B r o w n  
Y e l l o w  
T. B r o w n  Yellow 

O r a n g e  
O r a n g e  

- 



TABLE 9.3 PRECISION ALPHA COUNTING. PLUTONIUM, AND AMERICIUM 

G r o s s  
S a m p l e  P a r t i c l e  Loca t ion  A v c r a g e  Count P u 2 3 9 + 2 4 0  E r r o r  C o r r e c t i o n  C l a s s "  
NO. No. D i a m e t e r  Rate  Content  ( P e r c e n t )  F a c t o r  

- 
( m i c r o n )  ( c p m )  (dpm) 

E V E N T  DOUBLE TRACKS 
( P l u t o n i u m )  

9668 17 IO61 
2812 5 5058 
9699 1 E058 
2443 1 B L 7 P 9  

E V E N T  C L E A N  S L A T E  ! 
( P l u t o n i u m  

1.8 15. 1 1 5 . 5  2. 5 
4 . 1  14. 4 14. 3 2. 4 
3 . 2  6. 5 8 .  2 4. 4 
1 . 9  2 .0  1 . 4  10. 5 

3038 21 B L 2 5 P 9  39. 3 7 5 . 7  121 .3  2. 3 
301 3 39  B L 1 9 P 9  25.4 3 . 7  4. 5 5.  5 
3466 27 B L 2 9 P 9  26 .7  0 . 0 8  94. 9 

E V E N T  C L E A N  S L A T E  I1 
( P l u t o n i u m )  

1 .  03 111 0 
. 9 9 3  111 0 

1 . 3  I1 0 
. 7 0  I T  

1 .  60 I T  
1 . 2  I1 T 

1000 11 P 

4082 8 BM-07  20. 1 22 .0  29. 1 3. 0 1. 32  I11 T 
2305 24 TB.  P 2  69. 2 4 . 0  8 . 4  4. 1 2 .1  I T  
2366 1 B B l - 0 1  26. 6 6. 3 6. 3 5. 4 1 . 0  111 P 
2370 12  B - 0 6 0  45. 5 6. 9 8. 7 3. 4 1 . 3  111 P 
2371 43  B-044  42. 0 3. 1 4. 5 4.8 1 . 4  I11 0 
2369 24 B-068  1 2 . 5  3 .4  60. 0 3. 2 1 8  111 P 
2312 14  B , L 3 . P 9  7 4 . 3  30. 6 56. 7 3. 0 1. 8 5  I11 0 

* C l a s s  I - S p h e r e ;  C l a s s  I1 - S p h e r o i d ;  C l a s s  I11 - I r r e g u l a r  
0 - Opaque;  P - P a r t  Opaque;  T - T r a n s l u c e n t  



TABLE 3.3 CONTINUED 

G r o s s  
S a m p l e  P a r t i c l e  Locat ioi i  A v r r a g e  Coun t  P u 2 3 9  c240 Error  C o r r e c t i o n  C l a s s *  
No. No. D i a m e t e r  R a t e  Con ten t  ( P e r c e n t )  F a c t o r  

_ _ ~ - _  
( m i c r o n )  (cprn) (dpm) 

E V E N T  C L E A N  S L A T E  11 
( P l u t o n i u m )  

2272 3 9  DM Pos. 1 2  
2286 37 A - 0 5 4  
4116 22 A-036  
4812 5 B-054  

EVENT C L E A N  S L A T E  111 
( P l u t o n i u m )  

4964 10 A - I 0 2  
4973 1 3  BM-IO 

E V E N T  DOUBLE TRACKS 
[ A m e r i c i u m )  

2151 1 2  
2526 18 
2723 10 
2812 5 
9656  34 
9668 17 

E V E N T  C L E A N  S L A T E  I 
( A m e r i c i u m )  

3038 21  

1 3 . 3  6. 2 
39. 4 67. 9 
41. b 36. 2 
17. 3 1 2 . 4  

49. 5 2 . 1  
81. 8 1 4 .  2 

67. 1 
23. 2 
78. 1 
14. 4 
59. 6 
1 5 . 1  

7 5 . 7  

7 . 2  
54. 3 
55 .3  
12. 6 

5.0 
3. 6 
3. 5 
5. 2 

34. 5 3.8 
126 2. 3 

A m 2 4 1  Con ten t  
( d p m )  

0 . 9 5 6  7. 5 
0.166 24 
0.  392 130 
0 .095  8 0  

0 . 0 8 5  4 2 5  
0 . 9 9 0  io 

1. 8 2  5 

1.2  111 T 
0 .800  I11 0 
1 . 5 3  111 0 
1 . 0 1 5  111 0 

16 111 0 
1 . 6 9 8  I11 0 



TABLE 3.4 PARTICLE DENSITY MEASUREMENTS 

L o c a t i o n  T r a c e r l a b  D i a m e t e r  Dens i ty  D e s c r i p t i o n  
No. ( m i c r o n )  ( g m l c c )  

E V E N T D O U B L E T R A C K S  

BL8P21 2151-32 10. 9 
2151-38 10.3 

E058 9698-9  35. 6 

GO64 9656-6  13. 0 
9656-2  10. 6 

E V E X T  C L E A N  S L A T E  I1 

BM07 4082-  14 40. 6 

T B P 2  2305-38 238. 5 
2305-15 3 5 . 9  

2305-35 34. 5 

15.46 
4. 26 

2 . 1 9  

1 1 . 6 5  
3.83 

4. 58 

1 .66  
2. 64 

3. 37 

T r a n s .  Ye l low-Gray  S p h e r e  
Opaque  S p h e r e  

Opaque  I r r e g u l a r  

Opaque S p h e r e  
P a r t  Opaque  S p h e r e  

B lack  I r r e g u l a r  

B l a c k  I r r e g u l a r  
T r a n s .  G r a y  Sp he r old 
k Yellow 
B l a c k  I r r e g u l a r  
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TABLE 3.5 FLUOROMETRIC URANIUM ASSAY 

Sample Particle Location Average Count Uranium Class* 
Number Number Diameter Rate Content 

(micron) 0 (nanogm) EVENTDOUBLETRACKS 
2907 

2922 

9660 

2723 

2812 

2940 

2526 

9656 

9656 

9698 

9668 

2151 

2482 

8 
12 

15 
19 

2 

1 
6 
9 

1 
2 
8 
9 

4 
7 
9 

10 

43 
21 
40 
24 

23 
11  
18 
45 

48 

12 
18 
10 

10 
1 

31 

7 

B, L5, P17 

DO68 

GO 58 

HO6O 

5058 

R054 

A066 

GO64 

E058 

E058 

IO61 

B. L5, P21 

3. Lb, Pi 3 

8. 6 
18.4 

16.6 
20.2 

12.7 

11.9 
33.4 
13.2 

12.7 
5.7 

13.7 
7.0 

16.9 
15.3 
12. b 
11.6 

5.2 
6.4 
8.9 

10.5 

3.7 

4.6 
10.1 

10.4 

15.0 
12. b 
17. 3 

13.4 
9.6 

8.9 

11.4 

a. 5 

43.3 
113.4 

34.9 
185.1 

214.5 

147.4 
15. 5 

130.1 

158.0 
36. b 
8.9 
3.0 

75.5 
65.1 

558.6 
85. 9 

9.1 
16.4 

5.2 
11.4 

6.9 
51.8 
19.9 
17.1 

12.5 

34. b 
8.1 

16.0 

360. b 
15. 9 

27.3 

26. 0 

Class I - Sphere 0 - Opaque 
Class LI - Spheroid P - Part Opaque 
Class lzI - Irregular T - Translucent 

- indicates a total uranium content less than 1.8 nanograms. 

XI0 
U P  

L U O  
J I O  

J I O  

U O  
L U O  
L I O  

U O  
I O  
I T  
U O  

J I O  
Aggregate 
I O  
I T  

LIT 
I T  
LIT 
U T  

Aggregate 
IO 
LIP 
U O  

l I lP 

LlI P 
LUT 
U P  

L I O  
U P  

L I O  

Aggregate 
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TABLE 3.5 CONTINUED 

S a m p l e  P a r t i c l e  L o c a t i o n  
N u m b e r  N u r . b e r  

E V E N T  C L E A N  S L A T E  I 
3038 48  B. L25 ,  P 9  

4 5  

3013 1 5  B, L19,  P9 
47 
25  
4 4  

3466 33  B, L29,  P9 
49 
21 
47 

3449 1 9  B. L18,  P 2 1  
34  
40 
45 

E V E N T  C L E A N  S L A T E  I1 
2366 2 

3 
4 
5 

2286 32 
4 3  

46 
4a  

4082 48  
17 
2 3  
49 

2305 29 
32 
33  
50 

4116 1 1  
31 
3 5  
4 4  

2370 21 
37 
4 3  
49 

B B I - 0 1  

A - 0 5 4  

BM-07 

T B - P 2  

A-036  

B-060  

A v e r a g e  
D i a m e t e r  
(micron) 

40.3  
18.8 

2 9 . 8  
1 2 . 4  
15.1 
13 .  5 

1 9 . 7  
36.4 
30 .3  

1 1 2 . 5  

9 . 1  
8.0 

1 1 . 5  
7 .3  

63. 5 
48. 8 
40. 2 
5 1 . 7  

19 .9  
5 3 . 5  
3 2 . 2  
3 3 . 4  

5 3 . 4  
5 9 . 0  
34.9 
1 0 . 4  

1 2 0 . 1  
38 .0  
4 7 . 7  
3 4 . 2  

16. 8 
1 0 7 . 9  

2 1 . 8  
1 6 . 2  

1 2 . 3  
18. 5 
4 5 . 2  
1 3 . 9  
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c o u n t  
R a t e  
0 
(82 .5)  
42 .2  

200.9 
21.0 
30.4 

1 7 3 . 2  

26.  5 
3. 9 

308 .2  
(156 .5 )  

7 . 6  
0.6 
0 .7  
1 . 4  

(28 .3 )  

(62. 6 )  
(67 .1 )  

21 .1  
(51 .2)  
59.8 
28.9 

(214.  6) 
(67 .0 )  
57 .7  

3.7 

(25 .4 )  
26. 1 

(25 .1 )  
3 1 . 8  

12.1 
( 3 . 7 )  
9 . 3  

1 5 . 6  

7.7 
1 0 . 5  

(68 .0 )  
3 . 0  

(1 34.7)  

U r a n i u m  
Content  
(nanogm) 

4 6 . 0  - 
20.7  

2 . 2  
- 
- 

4 . 5  
2 . 4  

40 .2  
- 

- - - - 

3 8 . 4  
3 0 . 0  
1 8 . 4  
33.8 

- 
8 . 1  
3. 5 
5 .9  

58.9 
1 3 . 4  
18.8 - 
3 8 . 0  
1 8 . 7  

5..0 
29 .4  

- 
5 3 . 2  - - 
- - 
3.2 - 

c la SZ - 
L I O  
I L I T  

U P  
U O  
I O  
I O  

I l I G  
ILIP 
I l I P  
IIIO 

L U O  
lLIT 
IIIO 
U O  

L U O  
L U O  
ILIO 
ILIO 

I I I T  
U P  
ILIP 
I I I O  

ILIP 
U P  
X I 0  
ILIP 

LIP 
L I O  
L IT  
U P  

LUP 
I T  
U P  
LUP 

U T  
U P  
I L I G  
L U T  



TABLE 3 . 5  CONTINUED 

Sample Particle Location Average Count Uranium Class* 
Number Number Diameter Rate Content 

(micron) (cpm) '(nanogmi - 
EVENT CLEAN SLATE I1 1 Contd. \ 

231 2 5 B. L3, P9 58.7 (6.0) 15.4 U T  
14 74.3 130.6) 30.3 m o  
24 
45 

_ _  ~ ~~ ~ 

60.2 i i i . 9 j  21.6 I S  
20.3 8.5 3.1 IIIO 

- 2272 14 D Mob. 14. 9 6.0 U T  

25 20 .'l 9 .8  2.2 L U O  
39 13. 3 6.2 U T  
48 24.2 20.7 I I I O  

Pos. 12 

- - 
4812 

4024 

2369 

31 
34 
35 
48 

13 
17 
29 
46 

11 
40 
45 
47 

4964 

4974 

B-054 15.8 
10.6 
1.1 

28.4 

B, L, 4, P21 17.5 
13.6 
24.8 
13.7 

B-Ob8 40.0 
24. 5 
20,l  
22.9 

EVENT CLEAN SLATE I11 
4973 1 7  BM- 10 38. b 

34 30. 4 
35 47.0 
48 53.8 

5 A-102 27.4 
23 12.3 
42 10.4 
49 8.0 

11 A-030 
19 
28 
38 

13.9 
11.1 

I, 15.9 
13.4 

7.2 
4.5 
1.2 
6.7 
b. 3 
3. 6 

17. 1 
3. b 

(20.0) 
17.5 
19.6 
28.0 

6.2 
15.1 

(37.8) 
(4. 5) 

27.6 
1.8 
8 .9  
1.6 

4. 9 
4 . 4  
0.7 
1 .3  

- IIIO - XIIT - I I I T  - I I I O  

3.2 U O  - U P  
5.7 1zI-0 

U T  

9.4 I I I O  
2.4 UIP 

- 

- XU0 
4. 8 E T  

15.8 I I I O  
12.3 L U O  

- L U O  
- U O  - I T  - U T  

- XIIO - I U P  
1 .9  I U O  - IUP 
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TABLE 3.6 PARTICLE CONTENTS IDENTIFIED BY 
ELECTRON DIFFRACTION 

Sample No. Size Identity 
( m i c r o n s )  

EVENT DOUBLETRACKS 

9624 1 . 1  PUC 
6. 4 S i 0  ( cr i s toba l i t e )  

2 .  3 U3Si2 
1. 6 u 3  8.5 

CLEAN SLATE I 

3038 

CLEAN SLATE I1 

2286 

0.  5 

1 . 3  

U3Si2 

u3siz 
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Figure 3.1 Photomicrograph of debris particles. 
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Figure 3.2 Photomicrograph of debris particles. 
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+ ,- 5OP -1 

Figure 3 . 3  Photomicrograph of debris particles. 
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PARTICLE DIAVETER, MICRONS 

Figure 3 . 4  Acttvlty-stze dlstributton for Sample DT A-066. 
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PARTICLE DIAME~ER, MICRONS 

Flgure 3 . 5  Actlvity-size distribution for Sample DT Arc B, La, P21. 
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100 

PARTICLE DIAMETER, MICRCNS 

Flgure 3 .6  Actlvlty-size dlstrlhtlon for Sample CSI L25, P9. 

. 
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. 

Flgure 3.7 Actlvlty-slze dlstrlhtton for Sample CSII TB-PZ. 
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PARTICLE RADIUS TO ALPHA RANGE RATIO, ‘/R 

Figure 3 . 8  Theoretical precision countlng/gross counting 
correction factors based on particle self absorption. 
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Flgure 3 . 9  
factors based on preclslon alpha counting. 

Preclslon countlng/gross counting eorrectlon 
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SS PLUTONIUM ALPHA COUNT, CPM 

Figure 3.10 Correlation between pu cpm and am dpm 
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Figure 3.11 Measured relative fall rates f o r  spherical and Irregular particles. 
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FIgure 3. 12 Correlation between particle uranium content and particle plutonlurn content. 
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Figure 3.13 Electron micrograph of debris particles. 
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Figure 3.14 Electron micrograph of debris particles 
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re 3 .15  Electron micrograph of debris particles. 
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