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PLUTONIUM CONCENTRATIONS IN AIRBORNE SOIL AT ROCKY 

FLATS AND HANFORD DETERMINED DIJRING RESUSPENSION EXPERIMENTS 

George A. Sehmel 
Pac i f ic  Northwest Laboratory, 
Battel l e  Memorial Ins t i , tu te  
Richland, Washington 99352 , 

ABSTRACT 

Pluton'ium resuspension r e i u l t s  a r e  summarized f o r  experiments1 conducted by the  author a t  Rocky 
F la t s ,  o n s i t e  on the Hanford reservat ion,  and f o r  winds blowing from o f f s i t e  onto the Hanford reserva- 
t ion  near the Prosser barricade boundary. In each case,  plutonium resuspension was shown by increased 
airborne plutonium concentrations as  a function of e i t h e r  wind speed o r  as  compared t o  f a l l o u t  l e v e l s .  
A1 1 measured airborne concentrations were f a r  below maximum permissible. concentrations (MPC) . 

Both plutonium and cesium concentrations on airborne s o i l  were normalized by the  quant i ty  of 
a irborne s o i l  sampled. Airborne radionuclide concentrations in  pCi/g were re la ted  t o  published values 
f o r  radionuclide concentrations on surface s o i l s .  For t h i s  r a t i o  of radionuclide concentration per 
gram on airborne s o i l  divided by t h a t  f o r  ground surface s o i l ,  there a r e  e i g h t  orders of magnitude 
uncertainty from lo- '+ t o  lo4.  This uncertainty in  the equa l i ty  between plutonium concentrat'ions per 
gram on airborne and sut-face s o i l s  i s  caused by only a f rac t ion  of the  co l lec ted  airborne s o i l  being 
transported from o f f s i t e  ra ther  than a l l  being resuspended from each study s i t e  and a l s o  by t h e  grea t  
v a r i a b i l i t i e s  in  surface contamination. 

Horizontal plutonium fluxes on airborne nonrespirable s o i l s  a t  a l l  th ree  s i t e s  were bracketed 
within the same four  orders of magnitude from lo- ' . to l o q 3  pCi/(m2 day) f o r  239Pu and t o  
pCi/(m2 day) f o r  2?eFu. 

Airborne resp i rab le  239Pu concentrations increased with wind speed f o r  a southwest wind d i rec t ion  
coming from o f f s i t e  near the  Hanford reservat ion Prosser barricade. Airborne plutonium fluxes on 
nonrespirable p a r t i c l e s  had i so top ic  r a t i o s ,  2 4 0 P u / 2 3 9  2 4 0 P ~ ,  s imi la r  t o  weapons grade plutonium 
ra ther  than f a l l o u t  plutonium. 

INTRODUCTION 

Resuspension occurs when p a r t i c l e s  on a surface a r e  dis turbed and car r ied  up i n t o  the  a i r  by a i r  
currents .  Wind-caused resuspension i s  the  process by which wind blows p a r t i c l e s  from a surface i n t o  
the  a i r  and t ransports  them downwind, For radionyclido contaminated surfaces,  wlnd ~nlghr  cause 
radiunucllde pdrtic ' les t o  be resuspended and transported t o  o ther  s i t e s .  Resuspension occurs a t  
radionuclide contaminated s i t e s  on the Hanford reservat ion i n  washington,l ,2 a t  Rocky F la t s  in  
~ o l o r a d o , ~ - 8  a t  the  Ne ada t e s t  s i  te,951° a t  the  Savannah River Laboratory reservat ion i n  ~ennessee , ' l l  
and a t  o ther  s i t e s  , 1 2 9 y 3  but with our present tnowledge,14,15 amounts of wind-caused resuspension and 
i t s  e f f e c t s  .cannot be adequately predicted. 

The need f o r  such predict ions is not new: f o r  man e a r s  resuspension has been occurring a t  
nuclear s i t e s .  Some of the  e a r l i e s t  data were obtained4.70 a t  the Nevada t e s t  s i t e .  Ground radio- 
a c t i v i t y  contours were determined a s  a function of time a f t e r  a t e s t  detonation. These contours show 
deposited radionuclide p a r t i c l e s  were resuspended by prevai l ing winds, and ground surface concentra- 
t ions decreased with increasing d i s tance  from the t e s t  cen te r  during the  i n i t i a l  time period a f t e r  the 
t e s t . 9  Subsequent ground rad ioac t iv i ty  contour5 showed a migration of radionucl ides frola Lhe t e s t  
s i t e ,  i n d i ~ d t i n g  t h a t  resuspension had occurred. Similar ly,  a e r i a l  surveys a t  ~ a n f o r d l 6  showed 241Am 
t ransport  by wind resuspension. 



Resuspension i s  o f  cons ide rab le  i n t e r e s t  a t  t h e  Rocky F l a t s  nuc lea r  p l a n t  i n  Colorado where 
ground sur faces were contaminated w i t h  p lu ton ium f rom l e a k i n g  s to rage  b a r r e l s  c o n t a i n i n g  p lu ton ium-  
contaminated c u t t i n g  o i  1.3-8 A f t e r  leakage was discovered, b a r r e l s  were removed and c o r r e c t i v e  
a c t i o n s  were taken, b u t  p lu ton ium resuspension f rom r e s i d u a l l y  contaminated s o i l  sur faces i s  s t i l l  
o c c u r r i n g  . 

More r e c e n t l y ,  resuspension has been repo r ted  a t  s tudy s i t e s  on t h e  Hanford r e s e r v a t i o n . l > *  
These s i t e s  were l ow- leve l  l i q u i d  waste d isposa l  s i t e s .  

The o b j e c t i v e  o f  t h i s  paper i s  t o  summarize measured resuspension concen t ra t i ons  and t o  cons ide r  
t h e  i m p l i c a t i o n s  o f  these r e s u l t s .  I n  these exper iments,  a i r b o r n e  concen t ra t i ons  were measured] as 
f u n c t i o n s  o f  wind speed, a i r b o r n e  p a r t i c l e  s ize ,  wind d i r e c t i o n ,  and t h e  c o l l e c t e d  p lu ton ium and o t h e r  
rad ionuc l i des  per  gram o f  a i r b o r n e  s o i l .  A i rbo rne  r a d i o n u c l i d e s  were normal ized by t h e  t o t a l  amount 
o f  a i r b o r n e  s o l i d s  t o  r e l a t e  concen t ra t i on  pe r  gram of a i rborme s o l i d  t o  concen t ra t i on  p e r  gram o f  
r a d i o n u c l i d e  on t h e  ground. 

-. . . . .- - . . . . . .. . . - 

STIJDY SITES 

The Hanford Reservat ion  and Rocky F l a t s  were un ique s i t e s  a t  which t o  measure resuspens ion and 
determine resuspension phys ics .  A t  ~ a n f o r d , 2  nuc lea r  r e a c t o r s  and sepa ra t i on  p l a n t s  have been oper-  
a ted  f o r  over  30 years .  Fuel  elements have been processed and h igh-  and l ow- leve l  l i q u i d  wastes from 
those sepa ra t i on  p l a n t  process streams have been s t o r e d  and accumulated. These i n c l u d e  l ow- leve l  
wastes d ischarged t o  ponds and t renches t o  be f i l t e r e d  through s o i l  and sediments. As a r e s u l t ,  
r e s i d u a l  r a d i o a c t i v e  m a t e r i a l s  i n  l i q u i d  waste a r e  r e t a i n e d  on s o i l  p a r t i c l e s  o r  t r e n c h  bottoms. 
Severa l .  low- eve1 waste d i sposa l  areas were resuspension source s tudy s i t e s . *  I n  c o n t r a s t ,  a t  
Rocky F1ats . j -8  t h e  ground source o f  p l u ton ium was an area where o i l  had o r i g i n a l l y  contaminated a 
r e l a t i v e l y  smal l  a rea o f  s o i l .  T h i s  pr imary  contaminated s o i l  was covered w i t h  aspha l t .  Low-level  
ground contaminat ion4 was f rom p lu ton ium resuspended and depos i ted  p r i o r  t o  a s p h a l t  cove r i ng  of  t h e  
pr imary  source. 

EXPERIMENTS 

The exper iments f o r  measur ing p a r t i c l e  resuspension r e p o r t e d  here  have been r e p o r t e d  i n  g r e a t e r  
d e t a i l  i n  t h e  f o l l o w i n g  re ferences:  

o p lu ton ium and americ ium f rom resuspension s tudy s i t e s  a t  Hanford2 (see F igu re  1 )  
p lu ton ium f rom contaminated env i ronmenta l  su r faces  a t  Rocky ~ l a t s 6 9 7  (see F igu re  2) 
p lu ton ium resuspension r e s u l t s  f rom o f f - s i t e  Hanford near  t h e  Prosser  ba r r i cade  a t  ~ a n f o r d . 1  
(see F igu re  1 ). 

PARTICLES 

Resuspension was measured f o r  severa l  p a r t i c l e  s i zes .  The p lu ton ium p a r t i c l e  s i z e  d i s t r i b u t i o n s  
on s o i l s  a t  Rocky F l a t s  and Hanford were those p resen t  f rom t h e  contaminat ing  event  and subsequent 
t r ans fo rma t i ons  w i t h  t ime.  

AIR SAMPLERS 

A i rbo rne  resuspended p a r t i c l e s  were e i t h e r  sampled w i t h  t o t a l  a i r  samplers* o r  s i z e d  w h i l e  a i r -  , 
borne w i t h  p a r t i c l e  cascade impactors.**  

The p a r t i c l e  cascade impactor  f o r  sampl ing resp . i r ab le  p a r t i c l e s  was a t t ached  t o  a r o t a t i n g  cowl,  
a l l o w i n g  simultaneous sampl ing o f  l a r g e r  non resp i rab le  p a r t i c l e s .  The cowl - impactor  system17 i s  shown 
i n  F igu re  3. P a r t i c l e s  e n t e r i n g  t h e  15-cm-diameter c y l i n d r i c a l  sampler i n l e t  o f  t h e  cowl e i t h e r  s e t -  
t l e d  on t h e  cowl f l o o r  o r  were drawn up i n t o  t h e  impactor .  P a r t i c l e s  s e t t l i n g  on t h e  cowl f l o o r  a r e  
c a l l e d  "non resp i rab le "  i n  t h i s  r e p o r t .  . .Resp i rab le  p a r t i c l e s  e n t e r i n g  t h e  p a r t i c l e  cascade impactor  
were separated i n t o  n o ~ l l i r ~ d l  aerodynamic diameter ranges o f  7, 3.3, 2.0 and 1.1 pm, wh ich  a r e  impactor  
stage.50% c u t o f f  d iameters  f o r  u n i t - d e n s i t y  spheres. Smal le r  p a r t i c l e s  were c o l l e c t e d  on an impactor  
backup f i  1 t e r .  

* General Meta l  Works, I nc .  Model GMWL-2000-hi-vol a i r  sampler w i t h  f i l t e r  ho lde r ,  8368 Br idgetown 
Road, Cleves, Oh10 45002. 

** Anderson 2000, Inc., Model 65-100 High-Volume Sampler Head, P.O. Box 20769, AMF, A t l a n t a ,  Georgia . 
30302. 



RESULTS AND DISCUSSION 

A i rbo rne  r a d i o n u c l i d e  concen t ra t i ons  were determined a t  t r a n s u r a n i c  resuspension s tudy s i t e s  a t  
Rocky F l a t s ,  Co lo rad06~7  and t h e  Hanford r e s e r v a t i o n  i n  washington.l,2 I n  a d d i t i o n  some cesium resus- 
pension da ta  a r e  r e p o r t e d  f o r  Hanford.2 Both  238Pu and 239Pu resuspension occur  o n s i t e  a t  Rocky 
~ l a t s 6 - 8  and t h e  Hanford  rese rva t i on .2  I n  a d d i t i o n ,  p l u ton ium was resuspended a t  ve ry  l ow  concent ra-  
t i o n s  f rom o f f s i t e  near  t h e  Hanford rese rva t i on .  A l l  a i r b o r n e  239Pu concen t ra t i ons  were s i g n i f i c a n t l y  
l e s s  than maximum p e r m i s s i b l e  concent ra t ions ,  MPC, o f  s o l u b l e  239P~r i n  a i r  f o r  e i t h e r  occupat iona l  
exposure i n  a 40-hr work week ( 2  x 10 - l 2  pc i /cms)  o r  nonoccupat ional  exposure i n  a 168-hr week p e r i o d  
( 6  x 10-13 uci /cm3).18 S i m i l a r l y ,  a l l  a i r b o r n e  238Pu concen t ra t i ons  were s i g n i f i c a n t l y  l e s s  than t h e  
MPC f o r  e i t h e r  occupat iona l  exposure i n  a 40-hr work week ( 2  x 10 - l 2  pCi/cm3) o r  nonoccupat ional  
exposure i n  a 168-hr week ( 7  x 1 0 - l 3  pCi/cm3). I n  a l l  cases p lu ton ium was depos i t ed  on a l l  stages o f  
p a r t i c l e  cascade impactors,  showing t h a t  most p lu ton ium was resuspended w h i l e  a t t ached  t o  l a r g e r  h o s t  
s o i l  p a r t i c l e s .  Resu l t s  f o r  each s e t  o f  exper iments w i l l  be d iscussed sepa ra te l y .  

PLUTONIUM PARTICLE RESUSPENSION "ON-SITE" 

A i rbo rne  p lu ton ium concen t ra t i ons  a t  Rocky F l a t s  and Hanford were measured as a f u n c t i o n  o f  
p a r t i c l e  diameter,  w ind speed, and sampl ing s i t e .  Rad ionuc l ide  concen t ra t i ons  p e r  gram o f  a i r b o r n e  
s o l i d  were determined. 

P lu ton ium Resuspension Research a t  Rocky F l a t s  

Exper imental  measurements o f  p l u ton ium resuspension a t  Rocky F l a t s  were made i n  J u l y  1973.627 As 
shown i n  F i g u r e  2, a i r b o r n e  p lu ton ium concen t ra t i ons  were measured a t  t h r e e  sampl ing s i t e s  e a s t  o f  t h e  
p l a n t .  The f i r s t  sampl ing s i t e  was a long t h e  eas te rn  s e c u r i t y  fence. Th i s  s i t e  was c a l l e d  sampl ing 
s i t e  A. Sampling s i t e  B was a long  t h e  eas te rn  c a t t l e  fence, and sampl ing s i t e  AB was between s i t e s  A 
and B. The d i s tance  f rom s i t e  A t o  s i t e  AB was 227 m. A i rbo rne  p lu ton ium a t  these s i t e s  was sampled 
and analyzed as a f u n c t i o n  o f  sampl ing he ight ,  p a r t i c l e  s i z e ,  and wind speed. . -. 

A i rbo rne  p a r t i c l e s  were separated i n  t h e  sampl ing ~ r o c e s s  i n t o  two main f r a c t i o n s .  One sample 
conta ined p a r t i c l e s  c o l l e c t e d  by g r a v i t y  s e t t l i n g  i n  t h e  i n l e t  cowl s e c t i o n  o f  t h e  sampler shown i n  
F igu re  3. The second f r a c t i o n  conta ined those p a r t i c l e s  pass ing through t h e  i n l e t  s e c t i o n  and c o l -  
l e c t e d  w i t h i n  t h e  h i g h  volume cascade impactor .  The sma l l es t  p a r t i c l e s  c o l l e c t e d  i n  t h e  i n l e t  cowl 
s e c t i o n  were about 10 um diameter.  Th i s  f r a c t i o n  was assayed f o r  2 3 8 P ~  and 239Pu. I n  some cases,non- 
r e s p i r a b l e  p a r t i c l e s  were s ieved i n t o  sma l l e r  s i z e  f r a c t i o n s  and these f r a c t i o n s  a l s o  assayed f o r  
2 3 8 P ~  and 239Pu. Data f o r  r e s p i r a b l e  and non resp i rab le  p a r t i c l e s  w i l l  be di.scussed sepa ra te l y .  

Resp i rab le  P lu ton ium Concent ra t ions  a t  'Rocky F l a t s  

A i r b o r n c  2mPu ~ 0 1 ~ i e 1 1 t r a t 1 0 n s  a t  t h e  t h r e e  Rocky F l a t s  sampl ing s t a t i o n s  were r e p o r t e d  i n  
pCi/cm3 of a i r  and uCi/ o f  a i r b o r n e  s o i l .  The maximum a i r b o r n e  239Pu c o n c e n t r a t i o n  was 3.7 x 10 - l 5  9 ~ C i l c m ~ .  The maximum 9Pu c o n c e n t r a t i o n  on t h e  a i r b o r n e  s o i l  was 5 x uCi /g  t o t a l  a i r b o r n e  s o i l  
and 7 x pCi /g  f o r  t h e  r e g g i r a b l e  f r a c t i o n  o f  a i r b o r n e  x i 1  c o l l e c t e d  on t h e  2-pm p a r t i c l e  impactor  
stage.  

The general  t r e n d  o f  t h e  complete a i r b o r n e  239Pu concen t ra t i on  da ta  i s  a decrease i n  c c n c e n t r a t i o n  
w i t h  i n c r e a s i n g  d i s t a n c e  eastward from s i t e  A . ~  As m igh t  be expected, t h i s  decrease i n  c o n c e n t r a t i o n  
corresponded t o  i n c r e a s i n g  d i s t a n c e  f rom t h e  o r i g i n a l  o i l  s to rage  area, which was t h e  p r i n c i p a l  source 
of ground contaminat ion .  However, s i g n i f i c a n t  d e v i a t i o n s  d i d  occur  i n  c o n c e n t r a t i o n  p r o f i l e s  o f  a i r -  
borne 239Pu w i t h  bo th  d i s tance  and he igh t .  These d e v i a t i o n s  might  be a t t r i b u t e d  t o  sampl ing some more- 
ac t ive- than-normal  p a r t i c l e s  o r  c l u s t e r s  o f  p a r t i c l e s .  These increases i n  average a i r b o r n e  239Pu 
concen t ra t i ons  were p resen t  a t  bo th  s i t e s  AB and 8. 

As i n d i c a t e d  i n  F i g u r e  4 f o r  s i t e  AB, some more-act ive-than-normal p a r t i c l e s  o r  c l u s t e r s  o f  
p a r t i c l e s  ( " h o t " )  p a r t i c l e s  may have been p resen t  i n  t h e  2.0-pm s i z e  range. I n  t h i s  case, t h e  concen- 
t r a t i o n  a t  t h e  1-m h e i g h t  o f  s i t e  AB i s  1 t o  2 o rde rs  o f  magnitude g r e a t e r  than a t  o t h e r  h e i g h t s  f o r  
t h i s  s i t e .  More impor tan t  t o  t h e  "ho t "  p a r t i c l e  concept i s  t h e  concen t ra t i on  a t  t h e  10-m h e i g h t  o f  E. 
Th is  concen t ra t i on  of  2.3 x 10 - l 6  ~ ~ C i / c m ~  was t h e  l a r y e s t  239Pu concen t ra t i on  measured f o r  2-um 
p a r t i c l e s .  Th i s  r e l a t i v e l y  h i g h  concen t ra t i on  was unexpected s i n c e  t h i s  sampl i n g  l o c a t i o n  was t h e  
most remote f rom bo th  t h e  ground and t h e  o r i g i n a l  o i l  s to rdge  area,  T h i s  suggest3 other.  r , e l a t l v e l y  
"hnt "  particles cou ld  a l s o  be escaping f rom t h e  p l a n t  boundar ies;  however, due c a u t i o n  i s  i n d i c a t e d  i n  



i n t e r p r e t i n ' g ' t h i s  "ho t "  p a r t i c l e  concept. The t o t a l  o f  6 dpm c o l l e c t e d  on t h e  2-pm stage o r  2.3 x 
10'16 pci /cm3 i s  much l e s s  than t h e  maximum p e r m i s s i b l e  a i r  concen t ra t i on  o f  2 x 10 - l 2  pci /cm3 (occupa- 
t i o n a l ) .  I t  i s  conce ivab le  t h a t  t he  m a j o r i t y  of t h i s  p lu ton ium was a t t ached  t o  one s o i l  p a r t i c l e .  

I n  F igu re  5, t o t a l  a i r b o r n e  concen t ra t i ons  a r e  shown f o r  a i r  sampled a t  a l l  w ind speeds (average 
wind speed o f  0.9 m/sec), a t  w ind speeds f rom 4.1 t o  6.3 m/sec, and a t  wind speeds f rom 6.3 t o  9.8 
m/sec. A i rbo rne  2 3 9 ~ u  concen t ra t i ons  a t  wind speeds f rom 4.1 t o  6.3 m/sec a r e  d e f i n i t e l y  l a r g e r  than 
average a i r b o r n e  concen t ra t i ons  f o r  cont inuous a i r  sampling. However, t h e  20 rad iochemica l  coun t i ng  
s t a t i s t i c s  e r r o r  l i m i t s  a r e  t o o  l a r g e  t o  determine t h e  wind speed dependency. Never the less ,  an a t t emp t  
t o  approximate a i r b o r n e  239Pu concen t ra t i ons  and consequent ly t h e  resuspens ion r a t e  dependency upon 
wind speed was made f o r  t h e  7-pm-diameter p a r t i c l e s .  T h i s  approx imat ion  was f o r  t h e  0.3-m h e i g h t  a t  
sampl ing s i t e  AB. For  t h e  t h r e e  data  p o i n t s  taken a t  t h e  0.3-m he igh t ,  2 3 9 ~ u  concen t ra t i ons  increased 
w i t h  t h e  5 .9 th  power o f  wind speed. 

Resp i rab le  P lu ton ium Concent ra t ions  a t  Hanford 

Ex tens i ve  da ta  were ob ta ined  on a i r b o r n e  r a d i o n u c l i d e  concen t ra t i ons  around resuspens ion s i t e s  
s tud ied .2  These concen t ra t i ons  were expressed bo th  i n  uCi/cm3 o f  f i l t e r e d  a i r  and $ i / g  o f  a i r b o r v e  
s o l i d s .  T h i s  r e p o r t  summarized ranges o f  da ta  c o l l e c t e d ,  b u t  d i d  n o t  d e t a i l  da ta  f o r  each exper iment.  

A i rbo rne  p l  u t o n i c l ~ ~ ~  concen t ra t i ons  f o r  b o t h  238Pu and 239Pu measuredl i n  resuspens ion exper iments 
a r e  shown i n  F igu re  6 and a r e  compared w i t h  Hanford Area f a l l o u t  l e v e l s 1 9  approx imate ly  30 Km d i s t a n t .  
The data  represented exper iments conducted over  va r i ous  t ime  periods'. For each da ta  symbol, t h e  
v e r t i c a l  l i n e  i s  p l o t t e d  a t  t h e  mid-t ime o f  t h e  resuspension exper iment w h i l e  the  exper iment d u r a t i o n  
i s  shown by h o r i z o n t a l  l i n e s  drawn a t  bo th  maximum and minimum measured a i r b o r n e  concen t ra t i ons .  
A i rbo rne  peak l u ton ium concen t ra t i ons  a t  resuspension s tudy s i t e s  were s i g n i f i c a n t l y  g r e a t e r  than 
fa1  l o u t  1 eve1 sy9 and a i r b o r n e  2 3 9 ~ u  concen t ra t i ons  i n  genera l  were g r e a t e r  than a i r b o r n e  2 3 8 ~ u  concen- 
t r a t i o n s .  Measured a i r b o r n e  concen t ra t i ons  were s i g n i f i c a n t l y  l e s s  than maximum p e r m i s s i b l e  concent ra-  
t i o n s l 8  (MPC's). 

FLUXES OF PLUTONIUM ON NONRESPIRABLE PARTICLES AT ROCKY FLATS AND HANFORO 

A i rbo rne  p lu ton ium f l u x e s  on non resp i rab le  p a r t i c l e s  were c a l c u l a t e d  f o r  bo th  238Pu and 2 3 9 P ~  
The Rocky F l a t s  data7 a r e  shown i n  F igures  7 and 8. 

I n  F i g u r e  7, t h e  a i r b o r n e  2 3 9 ~ u  non resp i rab le  h o r i z o n t a l  f l u x  i n  ~ ~ i / ( m ~  day) i s  shown as a 
f u n c t i o n  o f  sampl ing d i s t a n c e  and sampl ing he igh t .  As m igh t  be expected, t h e  maximum a i r b o r n e  2?9Fu 
f l u x  t r anspo r ted  by non resp i rab le  p a r t i c l e s  was a t  S i t e  A near t h e  o r i g i n a l  o i l  s to rage  area. The 
maximum a i r b o r n e  2 3 9 ~ u  f l u x  was 6 x uCi/(m2 day) .  The a i r b o r n e  f l u x  decreased w i t h  bo th  d i s t a n c e  
and sampl ing he igh t .  A t  S i t e  A, t h e  239Pu f l u x  decreased over  one o r d e r  o f  magnitlrr le as sampl in  z h e i g h t  was i nc rcascd  f rom 0.3 t o  2 nl above ground l e v e l .  S i m i l a r l y ,  a t  S i t e  AB, t h e  a i r b o r n e  2 3  PU 
non resp i rab le  f l u x  aga in  decreased about one o r d e r  o f  magnitude as sampl ing h e i g h t  was increased from 
0.3 t o  1 t o  2 m above grodnd l e v e l .  A i rbo rne  2 3 9 ~ ~  f l u x e s  on non resp i rab le  p a r t i c l e s  decreased 
almost two o rde rs  o f  magnitude between sampl ing S i t e s  A and AB. However, between sampl ing S i t e s  PB 
and B, a i r b o r n e  2 3 9 P ~  non resp i rab le  f l u x e s  d i d  n o t  show a s i g n i f i c a n t  v a r i a t i o n  w i t h  d i s tance .  

By comparin da ta  f o r  t h e  t h r e e  d i f f e r e n t  Rocky F l a t s  s i t e s ,  t h e  conc lus ion  i s  t h e  a i r b o r n e  9 nonresp i rab le  23  PU f l u x  does n o t  decay as a s imp le  exponen t i a l  f u n c t i o n  o f  d i s t a n c e  f rom S i t e  A. I n  
a d d i t i o n ,  da ta  f o r  sampl ing h e i g h t s  above 1 m a t  S i t e s  AB and B show t h e  a i r b o r n e  2 3 9 P ~  f l u x  d i d  n o t  
s i g n i f i c a n t l y  decrease f o r  h e i g h t s  g r e a t e r  than 1 m up t o  10 m. The non resp i rab le  p a r t i c l e  plume 
above 10 m was n o t  sampled. 

S i m i l a r  r e s u l t s  a r e  shown i n  F i g u r e  8 f o r  t o t a l  '3OPu f l u x  on non resp i rab le  p a r t i c l e s  a t  Rocky 
F l a t s  as a f u n c t i o n  o f  sam l i n g  s i t e  and sampl ing he igh t .  The maximum a i r b o r n e  8Pu non resp i rab le  P f l u x  was 1.2 x l VS  pCi/(m day) and was a t  t h e  0.3-1s sampl ing h e i g h t  a t  S i t e  A. Again, a t  S i t e  A as 
w e l l  as S i t e  AB, a i r b o r n e  238Pu f l u x e s  decreased r a p i d l y  as sampl ing h e i g h t  increased f rom 0 . 3  up t o  
10 m. However, f rom S i t e  AB t o  B, an unexp la ined obse rva t i on  was made. A i rbo rne  238Pu f l u x e s  a t  2 and 
10  m h e i g h t s  a t  S i t e  B were g r e a t e r  than a t  S i t e  AB. An exp lana t i on  f o r  t h i s  i nc rease  i s  n o t  apparent,  
b u t  t h e  i nc rease  i s  z ~ ~ p p n r t e d  by comparing p l u t o n i u s ~  d l l d l y ~ t ? ~  uncertainties. E r r o r  bars  show a 238Pu 
f l u x  range f o r  S i t e  B s i g n i f i c a n t l y  above t h e  f l u x  range around S i t e  AB. 

A i rho rne  non resp i rab l c  f l u x e s  a t  Rocky F l a t s  were g r e a t e s t  near t b e  o r i g i n a l  o i l  s to rage area 
(source o f  contaminated leakage) and nca r  ground l e v e l .  F luxes o f  2 3 9 ~ u  ranged f rom lo-' up t o  
pCi/(m2 day). I n  c o n t r a s t ,  f l u x e s  o f  2 3 8 ~ u  ranged f rom t o  pCi/(m2 day).  



Nonresp i rab le  a i r b o r n e  p lu ton ium f l u x e s  around U-Pond on t h e  Hanford Reservat ion  a r e  shown20 i n  
F igu re  9. The 238Pu f l u x  was l e s s  than t h e  2 3 9 P ~  f l u x .  Th i s  decrease i s  s i m i l a r  t o  t h e  Rocky F l a t s  
data .  However, t h e  U-Pond da ta  show t h e  non resp i rab le  p lu ton ium f l u x  extends a t  l e a s t  up t o  30 m 
above ground lev 'e l .  Also,  t h e r e  was a g r e a t e r . a i r b o r n e  p lu ton ium f l u x  e a s t  o f  U-Pond than west o f  
U-Pond. T h i s  i s  t o  be expected s i n c e  p r e v a i l i n g  winds a r e  f rom t h e  west. 

A t  U-Pond, t h e  a i r b o r n e  2 3 8 P ~  f l u x  ranged f rom t o  113;~ pCi/(m2 day) ,  which i s  w i t h i n  t h e  
midrange o f  10-a t o  about  pCi/(m2 day) measured a t  Rocky F l a t s .  S i m i l a r l y ,  t he  239Pu f l u x  a t  
U-Pond ranged f rom about t o  pCi/m2 day),  which i s  w i t h i n  t h e  t o  pCi/(m2 day) 
measured a t  Rocky F l a t s .  The b r a c k e t i n g  o f  t h e  a i r b o r n e  non resp i rab le  p a r t i c l e  f l u x e s  near U-Pond and 
a t  Rocky F l a t s  even w i t h i n  t h r e e  t o  f o u r  o rde rs  o f  magnitude may be c o i n c i d e n t a l  s i nce  su r face  sources 
and o t h e r  f a c t o r s  a r e  p e c u l i a r  t o  each s i t e .  

PLUTONIUM CONCENTRATION PER GRAM OF AIRBORNE SOIL 

A i rbo rne  p1,utonium concen t ra t i ons  were normal ized t o  t h e  s o i l  c o l l e c t e d  w i t h  t h e  a i r b o r n e  p l u t o -  
nium. P lu ton ium concen t ra t i ons  i n  pCi /g  were determined as a f u n c t i o n  o f  p a r t i c l e  d iameter  as d e t e r -  
mined w i t h  bo th  p a r t i c l e  cascade impactors  f o r  r e s p i r a b l e  d iameters  as w e l l  as s i eve  s i zes  f o r  nonre- 
s p i r a b l e  p a r t i c l e s .  Resuspended p lu ton ium i s  a t t ached  t o  non resp i rab le  as w e l l  as r e s p i r a b l e  
p a r t i c l e s .  Hence, non resp i rab le  s o i l  p a r t i c l e s  may con t r . i bu te  s i g n i f i c a n t l y  t o  downwind a i r b o r n e  
p lu ton ium concen t ra t i ons  and rep resen t  one mechanism f o r  t r a n s p o r t i n g  p lu ton ium t o  sur round ing land. 

For Rocky F l a t s ,  non resp i rab le  s o i l  c o l l e c t e d  a t  0.3 m above ground l e v e l  was s i e v e  s ized7 i n t o  
twe l ve  d i f f e r e n t  s ize.  increments.  Each s i z e  increment  was analyzed f o r  238Pu and 2 3 9 P ~ .  P lu ton ium 
concen t ra t i ons  were normal ized (pC i /  ) t o  t h e  grams o f  s o i l  c o l l e c t e d  w i t h i n  each s i z e  increment.  ! Resul ts  a r e  shown i n  F i g u r e  10 f o r  ? 9Pu as a f u n c t i o n  o f  p a r t i c l e  s i z e  a t  S i t e s  A and AB. P lu to -  
nium-239 was assoc ia ted w i t h  a1 1 p a r t i c l e  s i zes .  The maximum concen t ra t i on  was about 10-\Ci /g f o r  
p a r t i c l e  diameters between 10 and 20 pm. For  l a r g e r  p a r t i c l e  d iameters  up t o  230 pm, concen t ra t i ons  
tended t o  decrease w i t h  an i nc rease  i n  p a r t i c l e  diameter.  Concent ra t ions  a t  S i t e  A were g r e a t e r  than 
a t  S i t e  AB. T h i s  i s  expected s i n c e  S i t e  A was c l o s e r  t o  t h e  o r i g i n a l  o i l  s to rage  area a t  which p l u -  
tonium leakage occur red.  

A t  each s i t e ,  p l u ton ium concen t ra t i ons  i n  pC i /g  i n d i c a t e  general  cont inuous r e l a t i o n s h i p s  as a 
f u n c t i o n  o f  p a r t i c l e  d iameter .  For  non resp i rab le  p a r t i c l e  d iameter  ranges determined from s ieve  
s i zes ,  t h e  da ta  cou ld  be approximated by a s t r a i g h t  l i n e  i n v e r s e l y  p r o p o r t i o n a l  t o  p a r t i c l e  d iameter  
The r e l a t i o n s h i p  i s  compl ica ted by c o l l e c t i o n  o f  bo th  contaminated o n s i t e  and uncontaminated o f f s i t e  
non resp i rab le  p a r t i c l e s  w i t h i n  t h e  cowls.  

For  r e s p i r a b l e  p a r t i c l e s ,  t h e  239Pu pC i /g  was n e a r l y  independent o f  p a r t i c l e  d iameter .  Th is  
independency m igh t  suggest p lu ton ium attachments a r e  volume phenomena f o r  these r e s p i r a b l e  p a r t i c l e s .  
I n  c o n t r a s t ,  p l u ton ium p a r t i c l e  at tachment t o  s o i l  p a r t i c l e s  i s  expected t o  be c o n t r o l l e d  by a v a i l a b l e  
s o i l  p a r t i c l e  su r face  area f o r  non resp i rab le  p a r t i c l e s .  A d d i t i o n a l  da ta  a r e  r e q u i r e d  t o  determine how 
p lu ton ium p a r t i c l e s  a r e  a t t ached  t o  a i r b o r n e  p a r t i c l e s  i n  bo th  r e s p i r a b l e  and non resp i rab le  s i z e  
ranges. 

Plutonium-238 concen t ra t i ons  i n  pCi /g  on a i r b o r n e  s o i l  a r e  shown i n  F igu re  11. I n  t h i s  case, 
o n l y  non resp i rab le  p a r t i c l e  diameter ranges a r e  shown. There was i n s u f f i c i e n t  2 3 8 P ~  c o l l e c t e d  i n  t h e  
p a r t i c l e  cascade impactor  samples t o  y i e l d  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  i n  r e s p i r a b l e  d iameter  
ranges. S i m i l a r  t o  239Pu, 2 3 8 P ~  non resp i rab le  p a r t i c l e  concen t ra t i ons  were g r e a t e r  a t  S i t e  A than a t  
S i t e  R and a l s o  showed an i n v e r s e  r e l a t i o n s h i p  w i t h  p a r t i c l e  d iameter .  

Both 2 3 9 P ~  and 2 3 8 P ~  concen t ra t i ons  on a i r b o r n e  s o i l  decreased f rom S i t e  A t o  S i t e  AB. S i t e  
AB/Sl te A r a t i o s  o f  pC i /g  a r e  shown i n  F igu re  12. Concent ra t ions  per  gram decreased by up t o  about 
10 i n  t h e  i n t e r v e n i n g  392-111 d i s t a n c e  sepa ra t i ng  sampl ing S i t e s  A and AB. Concent ra t ion  r a t i o s  f o r  
239Pu on r e s p i r a b l e  p a r t i c l e s  were about  10- I  and were Independent o f  p a r t i c l e  s i ze .  I n  c o n t r a s t  f o r  
non resp i rab le  p a r t i c l e  s izes ,  239Pu r a t i o s  between s i t e s  decreased n e a r l y  1 i n e a r l y  as p a r t i c l e  diame- 
t e r  increased. Plutonium-239 concen t ra t i ons  on non resp i rab le  p a r t i c l e s  decreased a t  r a t e s  g r e a t e r  , 

than t h e  2 3 8 ~ u  decrease. For  2 3 8 ~ u ,  t h e  pCi /g  r a t i o s  f o r  S i t e  AB/Si te A were n e a r l y  one o rde r  o f  
ma n i t u d e  g r e a t e r  than 2 3 9 ~ ~ ,  These l a r g e r  r a t i o s  suggest L ~ ~ P U  resuspended more r e a d i l y  r e l a t i v e  t o  
z ~ ~ P U .  

For  o n s i t e  Hanford exper iments,  ,air.borne ""Ou and dZ"Pu concen t ra t i ons  expressed i n  ~dCi/g of 
a i r b o r n e  s o l i d s  a re  shown i n  F i g u r e  13 f o r  c o l l e c t i o n  on f i l t e r s .  Concent ra t ions  o f  239Pu were 
somewhat g r e a t e r  than those o f  L 3 8 ~ u .  P lu ton ium concen t ra t i ons  cn a i r b o r n e  s o l i d s  ranged from 



t o  pCi/g.  The o n l y  excep t i on  was the  October 1973 s i n g l e  sample descr ibed above, f o r  wh ich  
t h e  concen t ra t i on  was 6  x  pCi/g.  Otherwise, p lu ton ium concen t ra t i ons  on a i r b o r n e  s o l i d s  around 
U-Pond appeared t o  be n e a r l y  independent o f  t ime. 

P lu ton ium concen t ra t i ons  on a i r b o r n e  non resp i rab le  p a r t i c l e s  were a l s o  determined20 near U-Pond 
on t h e  Hanford  r e s e r v a t i o n  f o r  sampl ing he igh ts  f rom 0.3 up t o  30 m above ground. A i rbo rne  s o l i d s  
were sampled con t i nuous l y  f o r  a l l  wind d i r e c t i o n s  a t  s i t e s  bo th  eas t  and west o f  U-Pond. The d i s tance  
between sampling s i t e s  was 180 m. Samples were analyzed f o r  bo th  239Pu as w e l l  as 2 3 b ~ u .  Ca l cu la ted  
r e s u l t s  shown i n  F i g u r e  14 a r e  f o r  uCi /g  o f  non resp i rab le  a i r b o r n e  s o l i d s  c o l l e c t e d  w i t h i n  cowls. 
Resu l t s  show p lu ton ium concen t ra t i ons  on a i r b o r n e  non resp i rab le  s o l i d s  were approx imate ly  one o r d e r  o f  
magnitude h ighe r  eas t  as compared t o  west o f  U-Pond. Th is  i nc rease  i s  caused by p r e v a i l i n g  west winds 
which caused resuspension f rom t h i s  low l e v e l  l i q u i d  waste d i sposa l  area. East o f  U-Pond, p lu ton ium,  
concen t ra t i ons  on a i r b o r n e  non resp i rab le  s o l i d s  tended t o  be un i f o rm  w i t h  h e i g h t  up t o  30 m. The 
plume h e i g h t  above 30 m i s  unknown. 

P lu ton ium concen t ra t i ons  on non resp i rab le  a i r b o r n e  s o l i d s  a r e  w i t h i n  t h e  range shown i n  F igu re  13 
f o r  sma l l e r  p a r t i c l e s  c o l l e c t e d  on f i l t e r s .  I n  both  cases, 2 3 9 ~ u  concen t ra t i ons  ranged f rom lo-? t o  
10-5 pCi/g.  However, 2 M P ~  concentr 'at iuns on r e s p i r a b l e  s o l i d s  c o l l e c t e d  on f i l t e r s  tended t o  be 
g r e a t e r  than on t h e  non resp i rab le  p a r t i c l e s .  - 

Both 2 3 s ~ u  and 2 3 9 ~ ~  concen t ra t i ons  on non resp i rab l  e  a i r b o r n e  s o l  i d s  near  U-Pond were l e s s  than 
concen t ra t i ons  determined a t  Rocky F l a t s  s i t e  A. Th i s  comparison can be seen by comparing da ta  i n  
F igures  10 and 11 w i t h  data  i n  F igu re  14. However, p l u ton ium concen t ra t i ons  on a i r b o r n e  non resp i rab le  
s o l i d s  a t  Hanford 's  U-Pond and Rocky F l a t s  s i t e  AB tended t o  be comparable. 

The prev ious data  showed t h e r e  was a  g r e a t  v a r i a b i l i t y  i n  t he  pC i /g  r a t i o  f o r  a i r b o r n e  s o i l  a t  
s i t e s  A and AB. These pCi /g  a i r b o r n e  r a t i o s  w i l l  now be compared t o  pC i /g  r a t i o s  f o r  su r face  s o i l  i n  
o rde r  t o  determine i f  any r e l a t i o n s h i p  e x i s t s  between Pu concen t ra t i ons  on a i r b o r n e  s o i l  and Pu 
concen t ra t i ons  on ground su r face  s o i l .  I d e n t i f i c a t i o n  o f  r e l a t i o n s h i p s  between s i t e s  o f  r a d i o n u c l i d e  
concen t ra t i ons  on a i r b o r n e  s o l i d s  and contaminated ground s o l i d s  would be u s e f u l  i n  e s t a b l i s h i n g  
c . r i t e r i a  f o r  r e l e a s i n g  contaminated areas f o r  o t h e r  uses. 

A t  Rocky F l a t s  ground su r face  s o i l s  were cha rac te r i zed4  f o r  t h e  same t ime  p e r i o d  these a i r b o r n e  
non resp i rab le  samples were c o l l e c t e d .  Ground su r face  sample r e s u l t s  a r e  summarized i n  Table 1  f o r  
sampl ing s i t e s  near S i t e s  A, AB, and B i n  bo th  dpm/g and pC.i/g. S i m i l a r l y ,  ground su r face  238Pu/239Pu 
r a t i o s  a r e  a l s o  shown. 

Ground and a i r b o r n e  Pu s o i l  sample r e s u l t s  are compared i n  Table 2  f o r  bo th  2 3 9 ~ u  and z3aPu. 
Comparisons a r e  f o r  p lu ton ium i n  ground sur face samples 5 cm deep versus a i r b o r n e  non resp i rab le  par -  
t i c l e  concen t ra t i ons  i n  p a r t i c l e  d iameter  ranges. A i rbo rne  concen t ra t i ons  were taken f rom F igu res  10 
and 11 data  l i m i t s .  Maximum ranges o f  uC i /g  a i r b o r n e  compared t g  uCi/g i n  t,he grn~rnr l  z ~ l r f a r e  s o i l  
*it! ~I-IOWII ill L l ~ e  l d s l  cwo COlURlnS. lhese r a t i o s  range f rom 1 x  up t o  2. Thus i n  hazard evalua- 
t i o n s 3  one m igh t  cons ide r  maximum Pu concen t ra t i ons  on a i r b o r n e  s o i l  t o  be comparable t o  Pu concent ra-  
t i o n s  on ground su r face  s o i l s .  Th is  i s  i n d i c a t e d  by t h e  r a t i o  2. However, i n  most cases Pu concen- 
t r a t i o n s  on a i r b o r n e  s o i l  were s i g n i f i c a n t l y  l e s s  than Pu concen t ra t i ons  on ground su r face  s o i l s .  

Concent ra t ions  on l lan ford  ground sur.fdces ob ta ined  f rom t h e  ~ i t e r a t u r e ~ ~ - ~ ~  a re  shown i n  Table 3  
f o r  239Pu as w e l l  as 1 3 7 ~ s  i n  pCi /g  o f  s o l i d s .  The range f o r  2 3 9 ~ u  was f rom l e s s  than rad iochemica l  
d e t e c t i o n  l i m i t s  t o  6.9 x  l o - '  pCi /g  o f  su r face  s o l i d s .  The maximum r e p o r t e d  239Pu concen t ra t i ons  f o r  
su r face  s o l i d s  were w i t h i n  t h e  200 areas. The minimum L w P ~  concen t ra t i ons  on su r face  s o l i d s  . 
repor ted21 i n  t h e  1  i t e r a t u r e  occur red a t  19 t o  34 km f rom Hanford. Sur face contaminat ion  l e v e l s  were 
r e p o r t e d  o n l y  o u t  t o  34 km. The 13?cs concen t ra t i ons  ranged f rom 3 x  t o  2.5 x  uCl/g. These 
contaminat ion  l e v e l s  a r e  used i n  Tab le  3. 

Tab le  4  i s  a  summary o f  Hanford a i r b o r n e  s o l i d s  concen t ra t i ons2  i n  uCi /g  f o r  239Pu and 13'cs. 
Plutonium~concentrations were ob ta ined  from F igu re  13. Table 4  a l s o  shows ground su r face  contamina- 
t i o n  l e v e l s  f o r  2 3 9 ~ u  and 13?cs, expressed i n  pCi/g.  From these, r a t i o s  o f  pC i /g  o f  a i r b o r n e  s o l i d s  
t o  pC i /g  su r face  s o i l  were determined. The l a s t  column shows maximum r a t i o  ranges. Ra t i os  o f  uCi /g  .. 
a i r b n r n e  t o  pC i /g  su r face  s o i l  va ry  f rom 10-"0 8 x l o 3 ,  i r ~ d i c a t i n g  t h a t  pl ' i j tonium leve ' ls  on a i r b o r n e  
s o l i d s  can be e i t h e r  much l e s s  than o r  much g r e a t e r  than p lu ton ium l e v e l s  on contaminated su r face  
s o l i d s .  



Caut ion  shou ld  be used i n  i n t e r p r e t i n g  these p lu ton ium data. The ground su r face  p lu ton ium con- 
t am ina t i on  data  a r e  l i m i t e d  i n  q u a n t i t y  and were n o t  n e c e s s a r i l y  ob ta ined  i n  t h e  same areas where 
resuspension exper iments were performed. Consequently a i r b o r n e  p a r t i c l e  and ground contaminat ion  
l e v e l s  a re  a l s o  shown f o r  BC-Crib area i n  t he  l a s t  two columns of Tab le  4. I n  t h i s  case, BC-Crib area 
was sampledz5 i n  t e n  1-m2 areas. Data f rom these t e n  squares i n d i c a t e d  su r face  contaminat ion  l e v e l s  
v a r i e d  by about a  f a c t o r  o f  100. R a t i o  ranges o f  pCi /g  a i r b o r n e  t o  pCi /g  su r face  s o i l  c a l c u l a t e d  from 
these data  may be more r e p r e s e n t a t i v e  than ranges c a l c u l a t e d  f o r  239Pu. The r a t i o  o f  uCi /g  a i r b o r n e  
s o i l  t o  .pCi:lg .sur face . s o i l  f o r  1 3 7 ~ s  data f o r  BC-Crib area ranged f rom t o  30. The magnitude o f  
t h i s  range i s  impor tant .  The range i n d i c a t e s  t h a t  t h e  pCi /g  a i r b o r n e  s o i l  i s  u s u a l l y  n o t  equal  t o  

.pCi/g su r face  s o i l .  Th i s  nonequa l i t y  i s  caused i n  p a r t  by t h e  g r e a t  v a r i a b i l i t y  and hence u n c e r t a i n t y  
i n  l o c a l  su r face  contaminat ion  l e v e l s  w i t h i n  any smal l  area and a l s o  by d i l u t i o n  o f  t h e  p lu ton ium 
concen t ra t i on  on a i r b o r n e  s o i l  by s imul taneous ly  sampl ing l e s s  ( o r  more) contaminated s o i l  resuspended 
upwind. 

PLUTONIUM RESUSPENSION FROM OFFSITE NEAR HANFORD 

Plu ton ium on o f f s i t e  l o c a t i o n s  near nuc lea r  f a c i l i t i e s  has depos i ted  f rom f a l l o u t  as w e l l  as f rom 
o n s i t e  low l e v e l  re leases.  Resuspension o f  t h i s  o f f s i t e  p lu ton ium was s t u d i e d  near t h e  Prosser  b a r r i -  
cade on t h e  Hanford rese rva t i on .  The Prosser ba r r i cade  i s  l o c a t e d  about  19 t o  20 km southeast  (130 t o  
160') f rom t h e  f u e l  p rocess ing areas. Both r e s p i r a b l e  and non resp i rab le  a i r b o r n e  s o l  i d s  were c o l -  
l e c t e d  by sampl ing w i t h  p a r t i c l e  cascade impactors and r o t a t i n g  cowl systems. A i r  sampl ing was o n l y  
when wind was b lowing f rom 190-260'. Th is  range o f  southwest (225') winds came f rom o f f s i t e  towards 
t h e  Hanford rese rva t i on .  A l l  southwest winds were c6n t i nuous l y  sampled w i t h  r o t a t i n g  cowl systems f o r  
non resp i rab le  p a r t i c l e s  w h i l e  r e s p i r a b l e  p a r t i c l e s  were sampled w i t h  p a r t i c l e  cascade impactors  f o r  
wind speed increments of 3  t o  5, 5  t o  7, and 7 t o  11 m/sec a t  a  h e i g h t  o f  1.5 m. 

A i rbo rne  r e s p i r a b l e  p lu ton ium concen t ra t i ons  b lowing i n  f rom o f f s i t e  a r e  shown i n  F igu re  15 f o r  
t h e  p a r t i c l e  cascade impactor  data.  Both a i r b o r n e  concen t ra t i ons  i n  pCi/cm3 a i r  and pCi /g  c o l l e c t e d  
s o l i d  a r e  given. A i rbo rne  p lu ton ium concen t ra t i ons  determined w i t h  p a r t i c l e  cascade impactors  a r e  
shown as a  f u n c t i o n  o f  wind speed increments f o r  p lu ton ium c o l l e c t e d  on t h e  impactor  backup f i l t e r ,  
t he  1.1 p l u s  2.0 pm stages, and t h e  3.3 p l u s  7 pm stages. 

A i rbo rne  r e s p i r a b l e  p lu ton ium concen t ra t i ons  increased w i t h  i n c r e a s i n g  wind speed. Concentra- 
t i o n s  increased up t o  about 2  o rde rs  o f  magnitude as wind speed increased f rom 3 t o  5  up t o  7 t o  
11 m/sec. S t r a i g h t  l i n e s  a r e  drawn through data  i n  o rde r  t o  d i r e c t  a t t e n t i o n  t o  t he  w ind speed 
dependency o f  t h e  data.  For t he  p lu ton ium c o l l e c t e d  on t h e  cascade impactor  backup f i l t e r ,  l i n e s  
p r o p o r t i o n a l  t o  wind speed t o  t h e  1.1 and 4.2 power a r e  shown. For w ind speeds below abu t  5 m/sec, 
a i r b o r n e  p lu ton ium concen t ra t i ons  tended t o  i nc rease  n e a r l y  l i n e a r l y  w i t h  wind speed. However, above 
5 m/sec, p lu ton ium concen t ra t i ons  increased w i t h  wind speed t o  t he  4.2 power. A t  t h e  p resen t  t ime, i t  
i s  unknown whether these i n d i c a t e d  r e l a t i o n s h i p s  would suggest a  t h r e s h o l d  windspeed o f  5 m/sec f o r  
resuspension o r  whether a  smooth curve should be drawn through a l l  da ta  p o i n t s .  

I n  o t h e r  p o r t i o n s  o f  t h i s  f i g u r e ,  se lec ted  s t r a i g h t  l i n e s  suggest ing  w ind speed dependencies o f  
r e s p i r a b l e  a i r b o r n e  p lu ton ium concen t ra t i ons  a r e  shown o n l y  f o r  wind speeds above 5  m/sec. For  t h e  
1.1 p l u s  2.0 pm impactor  stages, a i r b o r n e  concen t ra t i ons  increased w i t h  wind speed t o  t h e  9.3 power. 
Fo r  t he  3.3 p l u s  7 pm impactor  stages, airborne- concen t ra t i ons  increased w i t h  w ind speed t o  t h e  5.2 
power. For  t o t a l  p l u ton ium c o l l e c t i o n  w i t h i n  p a r t i c l e  cascade impactors,  a  range o f  wind speed depen- 
dency i s  shown on t h e  r i g h t  s i d e  o f  t h e  f i g u r e .  For  a  sampl ing h e i g h t  o f  0.3 m, a i r  concen t ra t i ons  
increased w i t h  w ind speed t o  t h e  4.4 power. However, a t  a  sampl ing h e i g h t  o f  1.8 m, a i r b o r n e  concen- 
t r a t i o n s  increased w i t h  wind speed t o  t h e  3.0 power. 

These data  f o r  a i r b o r n e  p lu ton ium concen t ra t i on  i n  F igu re  15 show p lu ton ium i s  resuspended and 
show a ve ry  h i g h  wind speed dependency f o r  t h i s  o f f s i  t e  p lu ton ium r e s p i r a b l e  resuspension. However, 
t h e r e  a r e  o t h e r  p lu ton ium resuspension data  which show a d i f f e r e n t  w ind speed dependency. West of  
U-Pond on t h e  Hanford rese rva t i on ,  a i r b o r n e  p lu ton ium concen t ra t i ons  increased2 w i t h  w ind speed t o  
o n l y  t h e  1.5 power. Reasons f o r  these d i f f e r e n c e s  i n  t h e  w ind speed dependency o f  o n s i t e  versus 
o f f s i  t e  p lu ton ium resuspension a r e  unknown. Poss ib l y  a  t h r e s h o l d  w ind v e l o c i t y  above which resuspen- 
s i o n  increases r a p i d l y  w i t h  wind speed was n o t  exceeded a t  U-Pond. 

Nonrespi r a b l e  a i r b o r n e  p lu ton ium f l u x e s  b lowing f rom o f f s i  t e  on to  t h e  Hanford r e s e r v a t i o n  were 
a l s o  measured. I n  t h i s  case, sampl ing d i r e c t i o n  was c o n t r o l l e d  hy p l a c i n g  stops which a l lowed t h e  
r o t a t i n g  cowl ( F i g u r e  3)  i n l e t  t o  r o t a t e  o n l y  w i t h  the  range o f  190' t o  260". P lu ton ium a n a l y s i s  was 
f o r  t he  t o t a l  non resp i rab le  s o l i d s  c o l l e c t i o n  i n  cowls a t  each he ight ,  r a t h e r  than as a f u n c t i o n  of 
p a r t i c l e  s i z e  as was done f o r  Rocky F l a t s  (See F igures  10 and 11. ) 



Plutonium-239 concent ra t ions i n  pCi/g and f l u x e s  i n  uCi/  (m2 day) f o r  nonrespi  r a b l e  p a r t i c l e s  
b lowing from o f f s i t e  near t he  Hanford Prosser ba r r i cade  a re  shown i n  Table 5. P lu ton ium concentra- 
t i o n s  on non resp i rab le  a i rbo rne  s o l i d s  ranged f rom 1.3 x  up t o  2.1 x  uCi/g.  These concen- 
t r a t i o n s  a re  s i m i l a r  t o  those shown i n  F igu re  14 f o r  a i r b o r n e  nonresp i rab le  p a r t i c l e s  c o l l e c t e d  west 
o f  U-Pond. 

A i rbo rne  non resp i rab le  2 3 9 ~ ~  f luxes were c a l c u l a t e d  us ing  two sampl i n g  t imes f o r  these Prosser 
ba r r i cade  samples. Hor i zon ta l  f l u x  c a l c u l a t i o n s  were made f o r  both  the  t o t a l  t i ine wind was between 
3  and 11 m/sec and 190' t o  260" and f o r  t he  t o t a l  t ime cowl a i r  samplers were i n  t h e  f i e l d .  The 
f l uxes  a r e  shown i n  the  l a s t  two columns of Table 5. When the  s h o r t e r  t ime p e r i o d  (3  t o  11 m/sec 
winds) i s  used f o r  c a l c u l a t i n g  the  h o r i z o n t a l  p lu ton ium f l u x ,  f l u x e s  range f rom 3.9 x  l o m 6  t o  
1.4 x uCi/(m2 day).  

A p o s s i b l e  exp lana t i on  o f  t h i s  o f f s i t e  p lu ton ium resuspension was sought. Experimental  r e s u l t s  
f o r  pCi /g  a i r b o r n e  s o i l  and p lu ton ium i s o t o p i c  r a t i o s  were determined. As shown i n  Table 5 t h e  range 
o f  2 3 9 ~ u  concent ra t ions on a i rbo rne  s o i l  was from 1.3 x up t o  2.1 x  uCi/g.  Th is  range i s  
g r e a t e r  than f a l l o u t  l e v e l s  i n  s o i l  sur face samples. As shown i n  Table 3, repo r ted  239Pu concentra- 
t i o n s  i n  su r face  samples 19 t o  34 km from Hanford had a range from 3.6 x  t o  7.6 x  10-"Ci/g. 
These l a s t  values a re  s i m i l a r  t o  a  f a l l o u t ' l e v e l  o f  3.8 x  pCi/g measured a t  Nor th  Eastham,  MA.^^ 

Most p lu ton ium c o l l e c t e d  appears n o t  t o  have o r i g i n a t e d  f rom f a l l o u t .  Rather, most p lu ton ium 
c o l l e c t e d  on these a i r b o r n e  nonresp i rab le  p a r t i c l e s  near t he  Prosser ba r r i cade  resembles weapons grade 
p lu ton ium.27~28  P lu ton ium i s o t o p i c  r a t i o s  ( 2 4 0 ~ u / 2 3 9 + 2 4 0 ~ u )  i n  atom percent  f o r  these non resp i rab le  
samples were 6.10 2 0.02 a t  0.3 m height ,  6.31 2 0.02 a t  2  m he igh t ,  and 6.28 0.03 a t  5.8 m he igh t .  
I n  comparison, t he  i s o t o p i c  r a t i o  determined from a sample o f  f o r e s t  f i r e  smoke plume near M t .  S t .  
Helens, WA, was 13.82 + 0.05. I s o t o p i c  r a t i o s  f o r  r e s p i r a b l e  p a r t i c l e s  sampled near t he  Prosser 
ba r r i cade  were n o t  determined. Al though p lu ton ium was b lowing from o f f s i t e  near t he  Prosser b a r r i -  
cade, a i r b o r n e  r e s p i r a b l e  p lu ton ium concent ra t ions were f a r  below maximum pe rm iss ib le  concen t ra t i ons  
as was shown by F igu re  15. 

CONCLUSIONS 

Both 2 3 8 ~ u  and 2 3 9 P ~  resuspension occurred o n s i t e  a t  Rocky F l a t s  and the  Hanford rese rva t i on ,  b u t  
a l l  a i r b o r n e  p lu ton ium concent ra t ions were s i g n i f i c a n t l y  below maximum pe rm iss ib le  concen t ra t i ons  i n  
a i r .  I n  a d d i t i o n ,  p lu ton ium was resuspended from o f f s i t e  near the Hanford rese rva t i on .  I n  a l l  cases 
p lu ton ium was depos i ted on each stage o f  p a r t i c l e  cascade impactors,  showing. that  most p lu ton ium was 
resuspended w h i l e  a t tached  t o  l a r g e r  host  s o i l  p a r t i c l e s .  

P lu ton ium concent ra t ions per  gram o f  bo th  r e s p i r a b l e  and non resp i rab le  a i rbo rne  s o i l s  a re  summa- 
r i z e d  I n  Tab le  6. Agreement i s  w i t h i n  several  orders  o f  magnitude from 2 x  t o  6  x  pCi /g  
f o r  r e s p i r a b l e  2 3 9 ~ ~  and f rom 1 x  t o  3  x  lP4 pCl/g f o r  non resp i rab le  239Pu. P lu ton ium concen- 
t r a t i o n s  on c o l l e c t e d  a i rbo rne  s o i l  a t  Rocky F l a t s  ranged from a maximum o f  tw i ce  t h e  c ~ n c e n t ~ r a t i n n  nn 
g r o ~ l n d  s ~ i r f a r ~  c o i l  t o  a t  low ~5 o f  1I1e cu l~cen t ra t l ' bn  6rl sur tace s o i l s .  The maximum repor ted8 
su r face  s o i l  concen t ra t i on  was 3  x  pCi/g. S i m i l a r l y  a t  t he  HanfoPd resuspension s tudy s i tes ,2  
maximum concen t ra t i ons  per gram o f  a i rbo rne  s o l i d  were fo r  239Pu, 6  x pCi/g and f o r  238Pu, 
1  x  uCi/g.  There i s  much uncertai 'nty (severa l  orders  o f  magnitude) i n  t he  r e l a t i o n s h i p s  between 
r a d i o n u c l i d e  concent ra t ions per gram o f  a i rbo rne  s o l i d  and pe r  gram o f  sur face s o i l .  

Kad ionuc l ide p a r t i c l e s  may be resuspendedl,2 e i t h e r  as i n d i v i d u a l  p a r t i c l e s  o r ,  more probably  
a t tached t o  hos t  s o i l  o r  s o l i d  p a r t i c l e s .  An average o r  " n o r m a l u - a c t i v i t y  r a d i o n u c l i d e  p a r t i c l e  
d i s t r i b u t i o n  i s  u s u a l l y  c o l l e c t e d  011 sampling f i l t e r s .  However, a t  bo th  Rocky F l a t s  and Hanford, one 
f i l t e r  sample c o l l e c t e d  i n  each case showed s i g n i f i c a n t l y  g r e a t e r  p lu ton ium concen t ra t i on  than the  . 
maximum f o r  a l l  o t h e r  samples c o l l e c t e d  du r ing  the  same t ime per iod.  These anomalous 'h igher con- 
c e n t r a t i o n s  a re  a t t r i b u t e d  t o  one o r  more p lu ton ium p a r t i c l e s  o f  unusual ly  h ighe r  a c t i v i t y  than these 
normal ly ,  o r  most f requen t l y ,  resuspended. 

There a re  many v a r i a b l e s  such as wind speed, vege ta t i ve  cover,  upwind source contaminat ion 
l e v e l s ,  t h e  alllourit o f  a t rbo rne  s o i l s ,  and o the rs  which cou ld  i n f l u e n c e  f l u x e s  o f  p lu ton ium on nonre- 
s p i r a b l e  p a r t i , c l e s .  A t  each s i t e  these va r iab les  were d i f f e r e n t .  Nevertheless, i t  i s  i n s t r u c t i v e  t o  
summarize the  measured range o f  f l uxes .  The p lu ton lum f l u x e s  on non resp i rab le  p a r t i c l e s  o f f s i  t e  a t  
Hanford, o n s i t e  a t  Hanford U-Pond, as w e l l  as o n s i t e  a t  Rocky F l a t s  f o r  t h e  t ime per iods i n v e s t i g a t e d  
a r e  summarized i n  Table 7. The Prosser ba r r i cade  f l u x  range i s  w i t h i n  the  range measured near S i t e  A 
a t  Rocky F l a t s  which was shown i n  F igu re  7. Hnwever, i f  the  t o t a l  t ime cowl a i r  sa~aplers  were I n  the  
f l e l d  i s  used f o r  c a l c u l a t i o n ,  Prosser ba r r i cade  a i rbo rne  non resp i rab le  o f f s i  t e  p lu ton ium f luxes were 
lower  and w i t h i n  the  range measured a t  Rocky F l a t s  S i t e s  AB and B (See F igu re  7) .  These data  and t h e  



decrease o f . f l u x  w i t h  d is tance1 92 represent,  as f a r  as we can determine, t h e  p resen t  knowledge on t h i s  
sub jec t .  Agreement i s  o n l y  w i t h i n  severa l  o rde rs  o f  magnitude f o r ' n o n r e s p i r a b l e  a i r b o r n e  p lu ton ium 
f l uxes .  The range o f  t h i s  f l u x  may be caused i n  p a r t  by t he  i n t e r p l a y  o f  r e l a t i v e l y  more s o i l  t r ans -  
p o r t  w i t h  a lower  p lu ton ium-on-so i l  concen t ra t i on  and lower  s o i l  t r a n s p o r t  and concu r ren t  h i g h e r  
p lu ton ium-on -so i l  concen t ra t i on .  

A i rbo rne  2 3 9 ~ u  concen t ra t i ons  increased132 as a f u n c t i o n  o f  wind speed t o  t h e  1.,5 t o  6 power f o r  
o n - s i t e  resuspension s tudy s i t e s .  A i rbo rne  p lu ton ium concen t ra t i ons  f o r  o f f - s i t e  resuspens ion 
increased as a power f u n c t i o n  o f  w ind  speed. Above a wind speed o f  about 5 m/sec, p lu ton ium a i r  
concen t ra t i ons  increased w i t h  wind speed t o  t h e  3 t o  5 t h  power. 
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TABLE 1. Selected Surface Soil Sample Results a t  Rocky ~ l a t ;  

Locations 
Near S i t e  2 3 9 ~ u ,  pCi/g 2 3 8 ~ u ,  pCi/g 

TABLE 2. Ratio of Plutonium Concentration per Gram of Soil : 
Airborne Soil/Ground Surface Soil a t  Rocky F la t s  

Ratio Range, 
Range, pCi/g pCi/g Airborne 

2 3 9 ~ u  2 3 8 ~ u  pCi/g Surface 
S i t e  - Airborne* Surf ace** Airborne*** Surf ace** ZJYPu ZSsPu 

* From Figure 10 a s  a function of p a r t i c l e  diameter ** From Table 1 f o r  t o t a l  ground surface sample 5 cm deep 
*** From Figure 11 as  a function of p a r t i c l e  diameter 



TABLE 3. Concent ra t ions  o f  P lu ton ium and Cesium i n  Hanford 
Ground Sur face S o l i d  Samples Reported i n  t h e  L i t e r a t u r e  

Loca t i on  

~ n s i  t e 2 2  

: 21 I n s i d e  200 Areas 

BC ~ r e a ~ l - ~ ' ~  

W i th in .  Hanford 2 2 

S i t e  Boundary 

( 3  t o  26 km) 

S i t e  Per imeter  22 

O f f s i  t e  2  1  

(19 t o  34 km) 

pCi /q  

2 3 9 ~ u  37cs 
Year Range -- A v e r a ~  Range 

*LAL, l e s s  than a n a l y t i c a l  l i m i t  
idR, n o t  r e p o r t e d  

TABLE 4. R a t i o  o f  A i rbo rne  t o  Ground Surface R a d i o a c t i v i t y  Concent ra t ions  
pe r  tiram o f  S o l i d s  a t  Hanford 

Concent ra t ion ,  uCi /g  Sol i d s  Maximum 
Ground Sur face R a t i o  Ranae, - . . - - - - - 

A i rbo rne  S o l i d s  Contaminat ion 
M&e~i.a.l . . Mi n i m ~ ~ m  Mar.imum Minimum Ma~timum 

2 3 9 ~ ~ ~ ~  2  x 6  x  1 . 0 - ~  *LAL 8 x l 0 - '  2 ~ 1 0 ~ t o 8 x 1 0 ~  

'37Cs a t  

BC-Crib ~ r c a ~ ~  3  x 7  x 10- 
4  

10 areas 2.1 1.2 1  

1  mz t o  
2  4  Maximum 2.5 x  3  x  l o 1  

* LAL, l e s s  than a n a l y t i c a l  l i m i t  
. . 



TABLE 5. P lu ton ium Transpor t  on Nonresp i rab le  P a r t i c l e s  
f rom O f f s i t e  Near t h e  Prosser  Bar r icade on t h e  
Hanford Reservat ion  

A i rbo rne  2 3 9 ~ u  
2 3 9 ~ u  on A i rbo rne  Nonrespi r a b l e  F lux ,  

Sol i d s  $i/(m2 day) f o r  
Only f o r  190 

Sampl i ng t o  260" Winds, T o t a l  F i e l d  
He ight ,  m dpm/g pCi /g  3 t o  11 m/sec Time 

TABLE 6. Summary o f  P lu ton ium Concent ra t ions  on To ta l  A i rbo rne  S o l i d s  

T o t a l  A i rbo rne  pCi /g  Range 

2 3 9 ~ u  2 3 8 ~ u  
S i t e  Resp i rab le*  Nonresp i rab le  Resp i rab le*   onr respirable 

Rocky ~ l a t s ~ ' ~  NR 

Hanford Reservat ion  

[In-si t e  2 I 

t o  

1 x 1 0 - ~  

From f l f f - s i t e  NR 

near Prosser 

Ba r r i cade  

NR, no rad iochemica l  r e s u l t s .  

* "Resp i rab le"  as used i n  t h i s  r e p o r t  a r e  those p a r t i c l e s  which a re  found on 
a1 1 f i l  tor and impactor  stage3 as c o ~ ~ s t r a s t e d  t o  "nonrespi  r a b l e "  p a r t i c l e s  
c o l l e c t e d  by g r a v i t y  i n  r o t a t i n g  cowls. 



TABLE 7. Summary of Plutonium Total Transport Fluxes 
on Nonrespirable* Par t i c les  

Ranges of Total 
~l utoni um Fluxes, vCi/ (m day) 

S i t e  238~u 2 3 9 ~ u  

7 Rocky F la t s  1 i 1 0 - ~ . t o  1 x 1 x t o  6 x 

Hanford Reservation 

On-si t e  2 x 1 ~ - 8 t 0 2 x ~ ~ - 7  4 x 1 ~ ~ 7 t 0 4 x 1 0 ~ 6  

From Off -s i t e  NR 1.4 x t o  3.9 x 
near Prosser 
Barricade f o r  
190 t o  260' Winds 

NR. no radiochemical r e s u l t s .  

* Nonrespirable as  used in t h i s  report  a r e  those p a r t i c l e s  col lected 
within the  ro ta t ing  cowl shown in Figure 3. 
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