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ABSTRACT 

Plutonium resuspension resu l t s  are  summarized fo r  experiments conducted 

a t  Rocky Fla ts ,  onsi t e  on the Hanford reservation, and fo r  winds blowing from 

o f f s i t e  onto the Hanford reservation near the Prosser barricade boundary. 

In each case, plutonium resuspension was'shown by increased airborne plu- 
tonium concentrations as a function of e i the r  wind speed or  as compared to  

f a l l o u t  levels .  All measured airborne concentrations were below maximum 

permi s s i  bl e concentrations (MPC) . 
Both plutonium and cesium concentrations on airborne soi l  were normalized 

by the quantity of airborne so i l  sampled. Airborne radionuclide concentrations 

in pCi/g were related to  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 cn a i r -  
borne so i l  divided by tha t  fo r  ground surface s o i l ,  there are  eight  orders 
of magnitude uncertainty from to lo4. This untertainty in the equality 

between plutonium concentrations per gram on airborne and surface s o i l s  i s  
caused by only a fract ion of the collected airborne so i l  being transported from 

of f s i  t e  ra ther  than a1 1 being resuspended from each study s i t e  and a lso  the 
great  v a r i a b i l i t i e s  i n  surface contamination. 

Horizontal plutonium fluxes on airborne nonrespirable s o i l s  a t  a l l  three 

s i t e s  were bracketed within the same three to  four orders of magnitude from 
2 2 t o  1 0 ' ~  pCi/(m day) fo r  plutonium-239 and 1~~~ t o  pCi/ (m day) f o r  

plutonium-238. These a re  the en t i r e  experimental base f o r  nonrespirabl e 
airborne plu toniurn transport .  

Airborne respirable  plutonium-239 concentrations increased w i t h  wind 

speed f o r  a south e s t  wind direct ion coming from o f f s i t e  near the Hanford 
reservation Prosser barricade. Airborne plutonium f luxes on nonrespirabl e 

par t ic les  had isotopic r a t i o s ,  240Fu/23 9+240Fu, similar to  weapcns grade 

plutonium rather  than fa1 lou t plutonium. 

Resu spension r a t e s  were summarized fo r  control 1 ed ine r t  partl'cl e t racer  

simulant experiments. Wind resuspension r a t e s  fo r  t racers  increased w i t h  

wind speed t o  about the f i f t h  power. This wind speed dependency i s  compar- 
able to  the'wind speed dependency measured f o r  o f f s i t e  plutonium resuspension 



near the Prosser barricade. However, plutonium resuspension data near 

U-Pond showed an a i r  concentration dependency on wind speed to  the 1.5 power. 

There i s  s t i l l  uncertainty in the wind speed dependency of airborne concen- 
t ra t ions  a t  d i f fe rent  s i t e s .  

The weathering ha l f - l i f e  i s  the average time required fo r  airborne 
concentrations from resuspension s i t e s  to  decrease by one-half when a i r -  
borne concentrations are  averaged over a l l  meteorological conditions. Air- 

borne plutonium and cesium concentrations measured a t  Hanford as well as 
t r ace r  resuspension experiments show the weathering ha l f - l i f e  i s  much 

greater  than usually reported i n  the l i t e ra tu re :  f ive  months or much 
longer rather  than only 35 to  45 days. 

Resuspension ra tes  for  local mechanical resuspension of i n e r t  t racer  
par t ic les  caused by vehicular and pedestrian t r a f f i c  a re  summarized. 
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INTRODUCTION 

Resuspension occurs when particles on a surface are disturbed and 

carried u p  into the a i r  by a i r  currents. Wind-caused resuspension i s  the 
process by which wind bl~ws particles from a surface into the a i r  and trans- 

ports them downwind. For radionuclide contaminated surfaces, wind might cause 

radionuclide particles t o  be resuspended and transported t o  other s i tes .  
Resuspension occurs a t  radionuclide contaminated s i tes  on the Hanford reserva- 

tion in Washington ( l y 2 ) ,  a t  Rocky Flats in Colorado (3-8) , a t  the Nevada test  
(11 )  a t  .the Savanah River ~ a b o r a t o r ~  reservation in Tennessee , 

and a t  other s i tes(12y13) b u t  with our  present knowledge, (14,15) amounts of 

wind-caused resuspension and i t s  effects cannot be adequately predicted. 

Radioactive particles deposited on natural or man-made surfaces are 

resuspended by both  wind and mechanical activity. wind resuspension may occur 

over a wide area as well as a local area. In contrast, mechani'cal activity 
resuspension i s  usually more localized and may present an immediate inhalation 
problem t o  the worker in a contaminated zone. I n  both wide-area and local 

resuspension of radionuclide particles, particles transported downwind could 
become a potential radiological concern t o  man. Sources for resuspended par- 
t icles include radioactive fallout as  well as releases from nuclear fac i l i t ies .  
A t  present, the significance of fallout resuspension i s  unknown.  Data are 

needed to define the relative inhalation hazard of fallout particle resuspen- 

si on versus the direct del i very of stratospheric debris . 
Radioactive particle resuspension i s  probably more important a t  nuclear 

fac i l i t ies  near which the environment has been contaminated with radioactive 

particles. These particles can be resuspended by both wind stresses and 

mechanical disturbances. However, resuspension mechanisms are poorly under- 

stood and, consequently, resuspension .rates and potential alrborne inhalation 
hazards cannot now be adequately predicted. 

The need for such predictions are no t  new: resuspension has been 

known for many years t o  be occurring a t  nuclear s i tes .  Some of the 

earliest  data were obtained ( 9 y 1 0 )  a t  the Nevada test  s i te .  Ground radio- 
activity contours were determined as a function of time after a tes t  



detonation. These contours show deposited radionuclide par t ic les  were 

resuspended by prevailing winds, and ground surface concentrations decreased 

with increasing distance from the t e s t  center during the i n i t i a l  time period 
a f t e r  the t e s t .  Subsequent ground radioact ivi ty  contours showed a m i  gra- 
t ion of radionuclides from the t e s t  s i t e ,  indicating tha t  resuspension had 

occurred. Simi 1 a r ly  , aeri.al' surveys a t  Hanford ( I 6 )  have shown transport  of 
2 4 1 ~ m  by wind resuspension. 

Resuspension i s  of considerable i n t e r e s t  a t  the Rocky Flats nuclear 

p lan t - in  Colorado where ground surfaces were contaminated w i t h  plutonium 

from leaking storage barrels containing plutonium-contaminated cut t ing 

oi 1 .  (3-8) After 1 eakage was discovered, barrels  were removed and cor- 
rec t ive  actions were taken, b u t  pl utonium resuspension from residual ly  

contaminated so i l  surfaces i s  s t i l l  occurring. 

More recently,  resuspension has been reported a t  study s i t e s  on the 

Hanford reservation. ( l  ' 2 )  These s i t e s  were low-level 1 iquid waste disposal 
s i t e s .  

Although environmental plutonium resuspension i s  receiving a t ten t ion ,  

resuspension physics i s  poorly understood. Resuspension was ear ly charac- 

t e r i  zed by a "resuspension factor" .  The resuspension fac tor  i s  defined .as 
3 the r a t i o  of airborne pollutant concentration (amount/m ) a t  breathing 

2 height divided by the ground surface contamination level (amount/m ) .  Thus, 

the resuspension factor  has units of m - I .  Reported resuspension fac tors  
-1 (12,13,17) vary many orders of magni tude with values from 10-I u p  t o  600 m . 

Resuspension fac tor  variations have not been adequately explained as a 
function of experimental conditions . 

Resuspension factors  from about lo-' t o  m-I a r e  often used in  

hazard evaluations. The resuspension fac tor  i s  useful since a worker's 

inhalation hazard i s  most l ike ly  related to  the local resuspension caused 

by his  work a c t i v i t i e s  within a contaminated zone; however, resuspension 
fac tors  a re  only a very rough estimate of the potential airborne contaminant 

concentration since resuspension factors  cannot be accurately predicted. In 

addition to  local resuspension, airborne contaminated par t ic les  can reach 



workers from upwind contaminated areas.  Hence, both 1 ocal. and upwind resus- 
pension should be considered, b u t  resuspension fac tors  in ei ther case cannot 

be used in downwind transport  models. 

The resuspension fac tor  i s  an index of only the potential inhalation 

concentration and not the to ta l  resuspension release r a t e  from a surface- 
contaminated area. Resuspension release ra tes  a re  needed fo r  source terms 

in calculating to ta l  downwind diffusion and transport  of resuspended par- 

t i c l e s .  I t  i s  only recently tha t  pa r t i c l e  resuspension ra tes  have been 
measured. (1 7-22) 

The objective of th i s  paper i s  to  summarize reported resuspension rates  (6,7)  

and parameters '19) determined by Battel le-Northwest between 1971 and early 
1977. These include plutonium resuspension measurements a t  Rocky Flats and 
a t  Hanford as well as r e su l t s  from controlled t racer  simulant source resus- 
pension experiments. 

In these experiments, airborne concentrations were measured as functions 
of wind speed, airborne pa r t i c l e  s ize ,  wind d i rec t ion ,  and the collected 
radionuclides or  t racer  simulants determined per gram of airborne so i l  o r  
so l ids .  Part iculate  a i r  samples were collected as a function of wind speed 
t o  determine whether airborne radionuclide concentrations increased a t  
higher wind speeds, while concentrations as a function of par t ic le  s i ze  were 
measured to  determine the d is t r ibut ion  of radionuclide par t ic les  resuspended 

as  individual par t ic les  or attached to  host so i l  and sol id  par t ic les .  In 

addition, airborne radionucl ides were normal i zed by the to ta l  amount of 

airborne sol ids  to  r e l a t e  concentration per gram of atrborne sol id  t o  

concentration per gram of radionucl ide on the ground. 



This review of resuspension data indicate  the  following problem areas :  

0 There a re  more theore t ica l  resuspension models ava i lab le  f o r  prediction 

than data t o  va l ida te  o r  t o  use i n  those models. 'Theoret ical  model 

development i s  l imi ted by a v a i l a b i l i t y  of experimental data .  

The e n t i r e  data base f o r  r e l a t i ng  plutonium contamination of surface  

s o i l s  t o  plutonium on airborne so i l  i s  based on gross surface  s o i l  
and airborne so i l  samples. Data have not been col lected t o  determine 
any re la t ionsh ip  between plutonium s i z e  d i s t r i bu t i ons  and concentra- 

t i ons  on airborne s o i l  and plutonium s o i l  s i z e  d i s t r i bu t i ons  and con- 
cen t ra t ions  on surface  s o i l s .  

Resuspended plutonium i s  transported on both resp i rab le  a s  well a s  
nonrespirable so i l  p a r t i c l e s .  Data reported a r e  the  e n t i r e  data base ' 

f o r  plutonium t ranspor t  on airborne nonrespirable s o i l .  Additional 
data a r e  needed t o  descr ibe  pl utoni um t ranspor t  on nonrespi rabl e pa r t i  - 
c l e s  and the  subsequent degradation t o  a resp i rab le  resuspension source. 

One possible assumption f o r  describing resuspension concerns the  pre- 

d i c t i on  of plutonium concentrat ion per gram of airborne s o i l  versus 

plutonium concentrat ions per gram of surface s o i l .  However, ranges 
of airborne concentrat ions per gram versus surface  s o i l  concentrat ions 
per gram ind ica te  a wide discrepancy between a i rborne versus surface  

s o i l s .  This wide uncer ta inty  shows there  seems t o  be no j u s t i f i c a t i o n  

f o r  assuming any e q u a l i t i e s  between plutonium concentrat ions on surface  
so i  l  s versus airborne soi  1 s . 
The r a t e  of change of average airborne radionuclide concentrat ions 

w i t h  time has been described by a weathering h a l f - l i f e .  However, 
t he  weathering h a l f - l i f e  i s  not well known. Data shown f o r  radio- 
nuclides a s  well as  i n e r t  t r a c e r  pa r t i c l e s  ind ica te  the  h a l f - l i f e  i s  
from f i v e  months o r  longer,  r a the r  than the  of ten quoted 35 t o  40 days. 



A t  Rocky Fla ts ,  the 2 3 8 ~ u / 2 3 9 ~ u  r a t i o  on airborne nonrespirable 

s o i l s  can be much greater than on surface s o i l s .  Thus, there i s  
a preferential  resuspension transport  of 2 3 8 ~ u  versus 2 3 9 ~ u .  For 
miqration within surface soi 1 s , there are  data showinq  referential - 
migration w i t h  depth as well as of 2 3 8 ~ u  compared to  23gPu 

Both 2 3 8 ~ u  and 2 3 9 ~ u  .resuspension occurred onsi te  a t  Rocky Flats and 

the Hanford reservation, but a l l  airborne plutonium concentrations were 
s ignif icanly below maximum permissible concentrations i n  a i r .  In addition, 

~ lu tonium was resuspended from o f f s i t e  near the Hanford reservation. In 

a l l  cases plutonium was deposited on each stage of par t ic le  cascade impactors, 
showing t h a t  most plutonium was resuspended while attached to larger  host 

soi 1 par t ic les  . 
Plutonium was transported on both respirable  and nonrespirable airborne 

so i l  par t ic les .  In most resuspension research reported by other researchers 
as well as i n  a i r  monitoring a c t i v i t i e s ,  airborne concentrations of par t ic les  
have been measured without regard fo r  a l l  pa r t i c l e  s izes  present. However, 

only respirable  or  near-respirable s i ze  par t ic les  a re  frequently measured 
since the usual a i r  sampling techniques tend to  keep larger ,  nonrespirabie 

par t ic les  from being collected. Consequently, to ta l  airborne plutonium 

concentrations could be greater  than normally reported using most exis t ing 

sampling equipment systems. However, r e su l t s  from those systems a re  a 

conservative estimate (high concentration) of airborne respirable  plutonium 

concentrations. Nevertheless, plutonium transport  on nonrespirable par t ic les  
may be a s igni f icant  fac tor  in to ta l  plutonium transport .  Larger than 

respirable  par t ic les  a re  resuspended and may not travel too f a r  downwind 

before redepositing again. In contrast ,  respirable  par t ic les  remain a i r -  

borne f o r  a much longer distance. Additional research i s  needed to  c l a r i f y  

the r e l a t ive  significance of plutonium transport  on respirable as  compared 
to  nonrespirabl e par t ic les .  



Plutonium concentrations per gram of b o t h  respirable and nonrespirable 

airborne soils discussed in this report are summarized in Table 1 .  Agreement 

i s  within several orders of magnitude from 2 x t o  6 x pCi/g for 
respirable 2 3 9 ~ u  and from 1 x t o  3 x 1 0 ' ~  pCi/g for nonrespirable 
2 3 9 ~ u .  

In a1 1 cases, these ratios were calculated based upon total soi 1 samples. 

I n  addition, there i s  no proven method t o  predict the ratios of concentration 
per gram of airborne soil to concentration per gram of surface soi l .  As 

shown in Tables 4 and 6 ,  this ratio ranges eight orders of magnitude from 

t o  lo4. This uncertainty range i s  almost as large as the uncertainty 
range of 10-'I t o  600 m-' for resuspension factors. (12,13,17) 

I 

Airborne plutonium transport fluxes on nonrespirable particles are 

summarized in Table 2 .  These d a t a  and the decrease of flux with distance 

shown in Figures 8 and 9 are the present knowledge on this subject. There 

i s  reasonable agreement within several orders of magnitude for nonrespirable 
airborne plutonium fluxes. However, the agreement may be caused in part by 

relatively more soil transport with a lower plutonium-on-soil concentration ' 

being comparable t o  a lower soil transport and concurrent higher plutonium- 

on-soil concentration. Nevertheless, these ranges of horizontal plutonium 
fluxes on nonrespirable particles can be used in modeling efforts and hazards 
analysis until a greater d a t a  base i s  experimentally obtained. 

Airborne concentrations of 2 3 9 ~ u ,  2 4 1 ~ m ,  2 3 8 ~ u ,  1 3 7 ~ s  , and increase (1 1 
as a function of wind speed t o  the 1 t o  6 power for on-site resuspension 

study s i tes .  Airborne plutonium concentrations for off-site resuspension 
increased as a power function of wind speed. Above a wind speed of a b o u t  

5 m/sec, plutonium a i r  concentrations increased with wind speed t o  the 3 t o  
5 power. Explanation for differences in exponents are needed. Differences 
might be attributed t o  source characteristics and extent. 

In contrast for control 1 ed source exp%eriments , tracer particle resus- 

pension rates increase with about  the 5 t h  power of wind speed. This 5 t h  

power i s  similar t o  offsite plutonium resuspension. 



TABLE 1. Summary of Plutonium~Concentrations on Total Airborne Solids 

Total Airborne pCi/g Range 
2 3 8 ~ u  2 3 9 ~ u  

S i t e  Respirable Nonrespirable Respirable* Nonrespirable 

Rocky FBats (6, 7 )  N R  2 to 2.1 x 1 x t o  
5.1 x t o 3.1 

6.2 

Hanford Reservation 
On-si t e  (1 1 1 ~ 1 0 ‘ ~  4 x i 0 - ~ t o  2 1 to- 

. . t o I 1 o - ~  t~ 4 x lo-6 

1 x loe6 6 x 

From Off - s i t e  NR N R 5 x 1 0 - 8  1 . 3 x 1 0 ' ~ t ~  

Near Prosser t o  2.1 
Barricade 1 x lo-6 

N R ,  no radiocherni cal resul  t s  . 
*"Respirable1 a s  used i n  this repor t  a r e  those p a r t i c l e s  which a r e  found 

on a l l  f i l t e r  and impactor s tages  as  contrasted t o  nonrespirable pa r t i c l e s  
co l lec ted  by gravi ty  i n  r o t a t i ng  cowls. 

TABLE 2. Summary of Plutonium Total Transport 
Fluxes on Nonrespirabl e* Pa r t i c l e s  

- 
- - - -  + 

Ranges of Total 
Plutonium Fluxes, pci/(m2 day) 

S i t e  2 3 8 ~ u  2 3 9 ~ u  

Rocky F l a t s  (7 )  1 x t o  1 x lom5 1 x t o  6 x loe4 

Hanford Reservation 

On-si t e  2 to 2 4 to 4 
From Off - s i t e  NR** 1.4 x t o  3 .9  x 1 0 ' ~  
near Prosser 
Barricade f o r  
190 t o  260' 
Winds 

*Nonrespirable as  used i n  t h i s  repor t  a r e  those p a r t i c l e s  co l lec ted  w i t h i n  
t he  ro t a t i ng  cowl shown i n  Figure 3 .  

**NR i s  no radiochernical r e s u l t s .  



Plutonium concentrat ions on col lected airborne so i l  a t  Rocky F la t s  

ranged from a maximum of twice the  concentration on ground surface so i l  t o  
a s  low a s  of the concentration on surface s o i l s .  The maximum reported ( 4 )  

surface  s o i l  concentration was 3 x uCi/g. Even a t  t h i s  r e l a t i v e l y  high 

plutonium surface  so i l  concentrat ion,  airborne resp i rab le  plutonium concen- 

t r a t i o n s  were s i gn i f i c an t l y  below maximum permissible airborne concentrat ions 

(MPC) on a year ly  basis .  Similar ly  a t  the  Hanford resuspension study s i t e s ,  (1 1 
maximum concentrat ions per gram of a i rborne so l i d  f o r  transuranics were f o r  

2 3 9 ~ u ,  6 x pCi/g; f o r  2 3 8 ~ u ,  1 x pCi/g and f o r  2 4 1 ~ m ,  7 x 

There i s  much uncertainty in  the  re la t ionsh ips  between radionucl ide  
concentrat ions per gram of airborne so l i d  and per gram of so i l  surface  

so l i d s .  For the  t ransuranic  data reported,  a t  Rocky F la t s  the  r a t i o  ranges 
3 from t o  2 and a t  Hanford the r a t i o  ranges from 2 t o  8 x 10 . Uncertain- 

t i e s  a r e  probablye complicated by spa t i a l  d i s t r i bu t i ons  of surface contamination. 

Radionuclide p a r t i c l e s  may be resuspended e i t h e r  a s  individual p a r t i c l e s  
o r ,  more at tached t o  host s o i l  or  so l i d  p a r t i c l e s .  An average o r  
"normalu-act iv i ty  radionuclide p a r t i c l e  d i s t r i bu t i on  i s  usually co l lec ted  on 

sampling f i l t e r s .  However, a t  both Rocky F l a t s  and Hanford, one f i l t e r  
sample co l lec ted  i n  each case  showed s i g n i f i c a n t l y  g rea te r  plutonium concen- 

t r a t i o n  than the  maximum f o r  a l l  o ther  samples co l lec ted  during the  same 
time period. These anomalous higher concentrat ions a r e  a t t r i bu t ed  t o  one o r  

more plutonium p a r t i c l e s  of unusually higher a c t i v i t y  than those normal l y ,  

o r  most f requent ly ,  resuspended. 

There i s  increasing b u t ' s t i l l  con f l i c t i ng  data t h a t  2 3 8 ~ u  i s  more mobile 

than 2 3 9 ~ u .  The i so top ic  r a t i o  data reported f o r  airborne plutonium t rans -  
por t  on nonrespirable p a r t i c l e s  a t  Rocky F la t s  support the  g rea te r  mobil i ty 

concept ." This conclusion was obtained by comparing a i rborne 2 3 8 ~ u / 2 3 9 ~ u  
r a t i o s  on nonrespirable so i l  near the  eas te rn  s ecu r i t y  fence and the  eas te rn  

c a t t l  e  fence.  A t  the  eas te rn  secur i ty  fence,  a i rborne 2 3 8 ~ u / 2 3 9 ~ u  r a t i o s  

were s imi la r  t o  ground surface  r a t i o s .  However, a t  the  eas tern  c a t t l e  

fence,  the  2 3 8 ~ u / 2 3 9 ~ u  r a t i o s  were s i g n i f i c a n t l y  g rea te r  than measured on 

local  surface s o i l s  ( see  Figure 11) .  Consequently, an explanation i s  
needed t o  explain the  increased 2 3 8 ~ u / 2 3 9 ~ u  r a t i o  a t  d is tances  from the  



I 

original o i l  storage area.  Possible explanations include preferential  bio- 

degradation of 2 3 8 ~ u  compared to 2 3 9 ~ u ,  preferential  ejection of 2 3 8 ~ u  
during decay, as well as differences in the so i l  chemistry between the 

eastern securi ty  and the eastern c a t t l e  fence. These poss ib i l i t i e s  e x i s t ,  
b u t  a r e  not def in i t ive .  Further research i s  needed to explain the 
higher re1 a t i  ve airborne 2 3 8 ~ u / 2 3 9 ~ u  concentrations near the eastern c a t t l e  

fence . 
The weathering half-1 i f e  i s  the time required fo r  airborne concentra- 

t ions a t  a resuspension s i t e  to  decrease by one-half. Weathering i s  probably 
a function of the source charac ter i s t ics .  However, very . l i t t l e  i s  known about 
predicting weathering. Far f a l lou t ,  previous l i t e r a t u r e  has indicated t h i s  
ha1 f-1 i f e  to  be between 30 and 45 days. However, r e su l t s  of 3 7 ~ s  and 
transuranic a i r  concentration measurements a t  resuspension study s i t e s  a t  
Hanford reported here indicate a resuspension ha l f - l i f e  of from 5 months (1)  

to  a year o r  greater .  Knowledge of t h i s  i l l-defined half-1 i f e  i s  important 
in modeling e f fo r t s  t o  describe airborne e f fec t s  of surface contamination. 

Changes i n  surface contamination ava i l ab i l i t y  with time must be known i f  

models a re  to  predict  airborne concentrations. This range of from 5 months 

t o  a year or greater  for  a weathering ha l f - l i f e  i s  an important new addition 
to  resuspension l i t e r a t u r e .  

Measurements of transuranics resuspension ra tes  have not been d i r ec t ly  

measured a t  surface contaminated s i t e s  since published charac ter i s t ics  of 
the contaminated surface sources are  not adequate f o r  d i r ec t  measurement of 

par t ic le  resuspension r a t e s .  Consequently, resuspension ra tes  were measured 

with controlled t r ace r  pa r t i c l e  simulants using a uniform surface contamina- 

t ion source. Based upon those measurements, the following conclusions were 

reached. 

Par t ic le  resuspension ra tes  a r e  a function of a t  l e a s t  wind speed and 
mechanical disturbances. Mechanical disturbances such as  vehicular t r a f f i c  

o r  a man walking can cause high local resuspension ra tes .  In comparison, 

average wind resuspension ra tes  from a local area could be l e s s  important 

per u n i t  area than local mechanical disturbance resuspension. However, 

wind-caused resuspension ra tes  apply to  the en t i r e  contaminated area.  I f  one 

compares r e l a t ive  resuspension from wind-caused and mechanical disturbances, 



one would need to  know the total  surface contamination area fo r  wind resuspen- 

sion versus small localized surface contamination levels fo r  mechanical 

disturbance resuspension ra tes .  Both mechanisms, however, do resuspend and 

t ransport  potentially hazardous respirable par t ic les  . 

Resuspension rates  for  respirable and nonrespirable par t ic les  are  needed 
f o r  inclusion as  source terms in atmospheric diffusion and transport  equations; 

however, model predictions a re  no be t te r  than the uncertainty i n  the source 
data.  In the case of resuspension r a t e s ,  uncertainties are  very large.  
Much research i s  ye t  needed to  develop resuspension models to  predict  

pa r t i c l e  resuspension ra tes  fo r  any s i tua t ion .  

Wind-caused resuspension ra tes  from a sparsely vegetated area have only 

been measured w i t h  slubmicrometer t racer  par t ic les .  The potential e f fec ts  of 
d i f f e ren t  par t ic les  diameters and chemical properties on resuspension rates  
a r e  unknown. I t  might be hypothesized tha t  s imilar  r e su l t s  would be expected 
f o r  other submicrometer par t ic les  of in t e re s t  since submicrometer par t ic les  
a re  probably attached to  host so i l  par t ic les  when par t ic les  a re  resuspended. 

If  the par t ic les  of in t e re s t  were much larger ,  i t  i s  unknown whether the 

par t ic les  would be resuspended attached to  host so i l  par t ic les  or resuspended 
as d i sc re t e  par t ic les .  

The change in airborne concentration of a pollutant as a function of time 

i s  often a t t r ibuted  to  a weathering half-ISfe, the f ixat ion of the pollutant 

pa r t i c l e  into the ground surface s o i l .  In contrast ,  weathering half- l ives  f o r  
respirable  t racer  par t ic les  are  now estimated here as being on the order of 
years.  Predictions using weathering half-l ives of months versus years could 
have a s igni f icant  imp1 icat ion in environmental hazards evaluations. A t  

the present time, c r e d i t  fo r  decreased airborne radioact ivi ty  from resuspen- 

sion could be a t t r ibuted  to  a weathering ha l f - l i f e  of months. If  a weather- 
ing ha1 f-1 i f e  of years were appl icable for  transuranics,  the potential 

downwind inhalation hazard from resuspended par t ic les  would be s igni f icant ly  

increased. Additional experimental data a re  needed to  determine what 
weathering ha l f - l i f e  or  variation of ha l f - l i f e  w i t h  time should be used in 

hazards evaluations. 



Vegetation on a resuspen.sion surface will decrease resuspension ra tes .  

This i s  ra ther  obvious, b u t  can be def in i te ly  concluded from decreased 

t racer  pa r t i c l e  resuspension ra tes  for  vehicles driven on a cheat grass area 

compared to  an asphalt  area. Since vegetation does decrease resuspension, 

vegetation should be retained on a l l  areas of potential surface contamina- 

t ion and exis t ing surface contaminated areas unt i l  constructive cleanup 
operations can be in i t i a t ed .  



. STUDY SITES 

The Hanford Reservation and Rocky Flats were ideal s i t e s  a t  which to  
. ( 1 )  measure resuspension and determine resuspension physics. A t  Hanford , 

nuclear reactors and separation plants have.been opera.ted for  over 30 years.  

Fuel elements have been processed and high- and low-level l iquid wastes 

from those separation plant process streams have been stored and. accumulated. 

These include low-level wastes discharged to ponds and trenches to  be 
f i l t e r e d  through so i l  and sediments. As a r e s u l t ,  residual radioactive 
materials i n  l iquid waste a re  retained on soi l  par t ic les  or  trench bottoms. 
Several areas of low-level waste disposal were resuspension source study 
s i t e s ( ' ) .  In contrast  a t  Rocky Flats (3-8)  , the ground source of plutonium 

' 

was an area where o i l  had or iginal ly  contaminated a re la t ive ly  small area 

of s o i l .  This primary contaminated so i l  was covered w i t h  asphalt .  Low- 
level ground c ~ n t a m i n a t i o n ( ~ )  was from plutonium resuspended and deposited 

pr ior  to  asphalt  covering of the primary source. 

For these plutonium-contaminated s i t e s ,  plutonium ground source char- 

ac t e r i  s t i c s  as t o  par t ic le  diameter, concentration, e t c . ,  were not su f f i  - 
c ient ly  defined t o  determine resuspension ra tes .  Nevertheless, informa- 
t ion  applicable to  resuspension models has been collected from these s i t e s .  

Our  research goals are  to develop general models f o r  predicting pa r t i c l e  
resuspension ra tes  and potential downwind hazards. Consequently we are  also 
experimental ly developing the data base f o r  these models by seeding surfaces 

a t  Hanford with ine r t  t racer  simulant of known properties and subsequently 

by mass budgets a re  determining wind-caused par t ic le  resuspension ra tes  

under various meteorological and surface conditions. 



EXPERIMENTS 

The experiments for measuring particle resuspension reported here have 

.been reported in fuller detail in the following references: 

e plutonium and americium from resuspension study sites at Hanford (1 

' (see Figure 1) 

plutonium from contaminated environmental surfaces at Rocky Flats (6,7) 

(see Figure 2) 
e controlled inert simulant tracer particles from selected surfaces on 

the Hanford reservation (1 7-22) 

Plutonium resus.pension resul ts from off-si te Hanford near the Prosser 
barricade are reported here for.the first time. Most wind-caused resuspension 
research concerns resuspension from vegetated areas. Experiments concerning 
local resuspension caused by mechanical activity include tracer studies of 

resuspension rates for a..man walking acro-ss an asphalt strip and for cars 
and trucks driven on asphalt or cheat grass. 

.Two different resuspension rates are used. For wind-caused resuspension, 

resuspension rates are reported as the fraction of particles resuspended/sec. 
Thus, the total wind-caused resuspension is a product of the surface contami- 

nation level, the duration of resuspension, and the resuspension rate. For 

local mechanical disturbances by vehicular or pedestrian traffic; resuspension 

was measured each time a car, 314-ton truck, or person passed across the length 
of a 3-m-wide, tracer-contaminated area. Thus traffic resuspension rates 

are reported as the fraction of particles resuspended/pass. 

PARTICLES 

Resuspension was measured for several types of particles. The plutonium 

particle size distributions on soils at Rocky Flats and Hanford were uncon- 

trolled. A forest spray operation provided an opportunity to measure 
resuspension of DDT as tracer particles not specifically controlled for size. 

The controlled, inert tracer particles used were submicrometer CaMo04 par- 

ticles and ZnS particles with an 8-pm mass aerodynamic equivalent diameter. 



PROSSER EARRICADE 

FIGURE 1 .  Locat ion o f  Hanford Study S i t e s  (Neg. 772705-5) 
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FIGURE 2. Schematic o f  Rocky F l a t s  Resuspension Tower Locat ions 
(Neg . 744429-3) 



AIR SAMPLERS 

Airborne 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 ized while airborne w i t h  p a r t i c l e  cascade impactors.** Pa r t i c l e  cascade 

impactors were used f o r  plutonium and CaMo04 p a r t i c l e s .  

The p a r t i c l e  cascade impactor f o r  sampling resp i rab le  p a r t i c l e s  was 

at tached t o  a ro t a t i ng  cowl, allowing simultaneous sampling of l a rge r  non- 

resp i rab le  p a r t i c l e s .  The cowl-impactor system (23)  i s  shown i n  Figure 3. 

Pa r t i c l e s  enter ing the  15-cm-dia cyl indr ica l  sampler i n l e t  of the  cowl e i t h e r  

s e t t l e d  on the  cowl f l o o r  o r  were drawn up i n t o  the  impactor. Pa r t i c l e s  

s e t t l i n g  on the  cowl f l o o r  wil l  be ca l led  "nonrespirable" i n  t h i s  repor t .  

Respirable p a r t i c l e s  enter ing the  p a r t i c l e  cascade impactor were separated 

i n to  nominal aerodynamic diameter ranges of 7 ,  3.3,  2.0 and 1 .1 pm, which 

a r e  impactor s tage  50% cutoff  diameters f o r  uni t -densi ty  spheres'. Smaller 

p a r t i c l e s  were co l lec ted  on an impactor backup f i l t e r .  

' HIGH VOLUME SAMPLER 

I 
u CASCADE IMPACTOR 

WIND 
DIRECTION 

.---. SENSITIVE 

CYLINDRICAL 
S A M R E  INfI 

CYLINDRICAL SPINRE BWRINC 
- . - . - - -. - . ,. .. , , . . 'OWL ?SSGIIFLY BOLT .- 

- 
FIGURE 3. Rotating Cowl and Impactor 

. - .. . - - . . . _ _ _ _  (Neg. 744581 -12) . . . .. -- -- - - -  

*General Metal Works, Inc. , Model GMWL-2000-hi-vol a i r  sampler w i t h  
f i l t e r  holder, 8368 Bridgetown Road, Cleves, Ohio 45002. 

**Andersen 2000, Inc. ,  Model 65-100 Higti-Volume Sampler Head, P . O .  Box 20769, 
AMF, At lanta ,  Georgia 30302. 



RESULTS AND DISCUSSION 

Airborne radionuclide concentrations were determined a t  transuranic 

resuspension study s i t e s  a t  Rocky Fla ts ,  Colorado ( 6 3 7 )  and the Hanford 
reservation in Washington. In addition some cesium resuspension 

data a r e  reported fo r  Hanford. In contrast  to  transuranic resusoension. 

t racer  simulants (19) were use to  determine pa r t i c l e  resuspension ra tes .  

Results f o r  each s e t  of experiments will be discussed separately.  

RADIONUCLIDE PARTICLE RESUSPENSION "ON-SITE". 

Airborne plutonium concentrations a t  Rocky Flats and Hanford were 
measured as  a function of pa r t i c l e  di-ameter, wind speed, and sampling s i t e .  

Radionuclide concentrations per gram of airborne sol id  were determined. 

Plutonium Resuspension Research a t  Rocky Flats 

PI utoni um resuspension a t  Rocky Flats was investigated experimental ly  . (6,7)  
In ear ly  work, an empirical resuspension model was developed (24)  based on 

published weekly plutonium concentrations a t  Health and Safety Laboratory 

sampling s ta t ion  S-8 along the s i t e ' s  eastern securi ty  fence. The plutonium - 

data were analyzed in terms of the meteorology occurring during sampling 

times. Collected airborne plutonium was related to  hourly average wind speeds 
and wind directions.  Model resu l t s  showed airborne plutonium concentra- 

t ions increased as the 2.1 power of wind speed. Subsequently, airborne 
concentrations were predicted fo r  the succeeding time period. These 

\ 

r e su l t s  showed a wide difference between predictions and experimental 
r e su l t s .  The interpretat ion of these differences was tha t  the plutonium 
resuspension source charac ter i s t ics  had changed. (25) . 

Battelle-Northwest experimental measurements of plutonium resuspension 

a t  Rocky Flats  were made in July 1973. (6'7) As shown in Figure 2 ,  airborne 
plutonium concentrations were measured a t  three sampling s i t e s  eas t  of the 

plant.  The f i r s t  sampling s i t e  was along the eastern securi ty  fence. This 
s i t e  was called sampling s i t e  A. Sampling s i t e  B was alongethe eastern 
c a t t l e  fence, and sampling s i t e  AB was between s i t e s  A and B .  The distance 



from s i t e  A t o  s i t e  AB was 227 m.  Airborne plutonium a t  these s i t e s  was 

sampled and analyzed as a function of sampling height, pa r t i c l e  s i z e ,  and 

~ wind speed. For comparison, a pa r t i c l e  cascade impactor sample was simul- 

~- taneously collected a t  a background s i t e  13 km west in the mountains. 

Fallout levels  of 2 3 9 ~ u  entering the area were estimated from the 

cascade impactor operated in the mountains. There was no detectable 2 3 9 ~ u  
a c t i v i t y  on the 7, 3.3, and 1.1-pm impactor s tages,  and there was no radio- 
chemical r e s u l t  fo r  the 2-pm stage. The only detectable background plutonium 
ac t iv i ty  was on the backup f i l t e r  which nominally co l lec ts  submicrometer 
par t ic les .  Airborne 2 3 9 ~ u  concentration a t  - the back-ground s ta t ion  was 4 

4 - + 3.5 x lo-'' pci/cm3, which corresponds to  0.7 - + 0.62 x pCi/g of 
airborne so i l  on the backup f i l t e r .  Error l imits  a re  the 20 radiochemical 
counting 1 imi t s .  

In onsi te  research, airborne par t ic les  were separated in the sampling 
process in to  two main fract ions.  One sample contained par t ic les  collected 

by gravity s e t t l i n g  i n  the i n l e t  cowl section of the sampler as shown in 

Figure 3. The second fract ion contained those par t ic les  passing through 
the i n l e t  section and collected within the high volume cascade impactor. The 

smallest  par t ic les  collected i n  the i n l e t  cowl section were about 10 um diam. 

This f ract ion was assayed fo r  2 3 a ~ u  and 2 3 9 ~ u .  In some cases, nonrespirable 
par t ic les  were s ieved , in to  smaller s i ze  f rac t ions  and these fract ions a l so  

assayed f o r  2 3 8 ~ u  and 2 3 9 ~ u .  Data fo r  respirable  and nonrespirable par t ic les  
will  be discussed separately. 

I Respirable Plutonium Concentrations a t  Rocky Flats 

Airborne 2391?u concentrations a t  the three Rocky Flats  sampl i nq 
3 s ta t ions  were reported(6) i n  pCi/cm of a i r  and p ~ i / b  of airborne s o i l .  

. The maximum airborne 239pu concentration was 3.7 x uCi/cm3 . The . . 

maximum 2 3 9 ~ u  concentration on the airborne so i i  was 5 x pCi/g to ta l  

airborne so i l  and 7 x pCi/g fo r  the respirable  fract ion of airborne 

so i l  collected on the 2-pm par t ic le  impactor stage. All airborne 2 3 9 ~ u  



1 c oncen 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 ~ e r m i s s i b l e  concentra- 

t i o n s  o f  s o l u b l e  2 3 9 ~ u  i n  a i r  f o r  occupat iona l  exposure i n  a 40-hr work 
-4 a 4 

week ( 2  x  10-IL pc i /cm3) o r  nonoccupational exposure i n  a 168-hr  week p e r i o d  
3 (26) ( 6  x  pCi/cm ) .  

A i rbo rne  p lu ton ium concent ra t ions  were a f u n c t i o n  o f  bo th  sampl i ng h e i g h t  
3 and p a r t i c l e  diameter.  A i rborne concent ra t ions  i n  pCi/crn a r e  shown f o r  

s i t e  AB i n  F igu re  4 f o r  each p a r t i c l e  cascade impactor stage. In .  c o n t r a s t  

t o  s imp le  model ing concepts, a i r b o r n e  concent ra t ions  d i d  n o t  always decrease 

w i t h  an increase i n  he igh t .  There were unexpectedly h igh  2 3 9 ~ u  concentra-  

t i o n s  a t  t h i s  s i t e  f o r  several  p a r t i c l e  d iameters and he igh ts .  

IMPACTOR 50% CUT-CFF - 
DIAMETER, pm 

- 
a 3.3 

- - 

0 BACK-UP - 

l MPACTOR - 
- - 
- 
- 
- 

r '+MOUNTAIN SITE 

AIRBORNE U 9 ~ u  CONCENTRATION, pci /cm3 
(ALL WINDS, SITE AB) 

FIGURE 4. A i rborne 2 3 9 ~ u  Concent ra t ion  a t  S i t e  AB a t  Rocky F l a t s  
as a Funct ion  o f  Impactor C o l l e c t i o n  S i t e  
(Neg. 772705-8) 



Plutonium was associated with par t ic les  collected on each par t ic le  
cascade impactor stage. Since there was no plutonium in the upper stages 
of the impactor a t  the background mountain s i t e ,  the 2 3 9 ~ u  found in upper 

stages of impactors a t  Rocky Flats  sampl ing s i t e s  indicates some plutonium 
was resuspended while attached to  larger  par t ic les .  Resuspension of sub- 
micrometer particl'es' a1 so 'occurred a t  :Rocky Flats .  

The general trend of the complete airborne 2 3 9 ~ u  concentration data i s  

a decrease in concentration with increasing distance eastward from s i t e  
A .  ( 6 )  As might b'e expected, t h i s  decrease in concentration corresponded to 

increasing distance from the original o i l  storage area,  which was the 
principal source of ground contamination. However, s igni f icant  deviations 

d i d  occur in concentration prof i les  of airborne 2 3 9 ~ u  w i t h  both distance 
and height. These deviations might be a t t r ibuted  to  sampling some more- 

active-than-normal par t ic les  or c lus te rs  of par t ic les .  These increases in 
average airborne 2 3 9 ~ u  concentrations were present a t  both s i t e s  AB and B. 

As indicated in Figure 5 for'  s i t e  A B ,  some more-active-than-normal 
par t ic les  or  c lus te rs  of par t ic les  ("hot")  par t ic les  may have been present 

in the 2.0-pm s i ze  range. In t h i s  case, the concentration a t  the 1-m 

height of s i t e  A B  i s  1 to  2 orders of magnitude greater  than a t  other 

heights fo r  t h i s  s i t e .  More important to  the "hot" pa r t i c l e  concept i s  the 
concentration a t  the 10-m height of B.  This concentration of 2.3 x 10- 16 

3 pCi/cm was the la rges t  2 3 9 ~ u  concentration fo r  2-pm par t ic les  measured a t  

any Rocky Flats  1 ocation.'. This r e l a t ive ly  high concentration was unexpected 

since t h i s  sampling location was the most remote from both the ground and 
the or iginal  o i l  storage area.  This suggests other r e l a t ive ly  "hot" par t ic les  

could a l so  be escaping from the plant boundaries; however, due caution i s  

indicated in interpreting t h i s  "hot" pa r t i c l e  concept. The to ta l  of 6 disLmin 
3 

col lected on the 2-pm stage or  2.3 x 10-l6 pCi/cm i s  nuch l e s s  than the 
3 

maximum permissi ble a i r  concentration of 2 x 10-l2 pCi/cm (occupational ) . 
I t  i s  conceivable tha t  the majority of t h i s  "hot" plutonium was attached t o  
one so i l  par t ic le .  



AI  RBORNE 2 3 9 ~ u  CONCENTRATION, pci /cm3 
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FIGURE 5. Airborne 2 3 9 ~ u  Concentrations from Impactor 2.0 pm 
Stage Collections a t  Rocky Flats  
(Neg. 772705-3) 
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The functional re lat ionship between airborne plutonium resuspension 

concentrations and wind speed could not be developed as unequivocally as 

i n i t i a l l y  anticipated. (6) This was due in par t  t o  the inadvertent loss  of 
about a f i f t h  of the collected f i l t e r  samples during radiochemical analysis.  

Unfortunately, most samples from the higher wind speeds were los t .  Even 
with the l'imited plutonium data collected in t h i s  experiment, i t  was evident 

10- l8 10- l7 10- l6 10- l5 



airborne 2 3 9 ~ u  239 concentrations increased w i t h  an increase in wind speed. 

I n  Figure 6,  to ta l  airborne concentrations are,shown fo r  a i r  sampled a t  a l l  

w ind  speeds (average wind speed of 0.9 m/sec), a t  wind speeds from 4.1 to  

6.3 m/sec, and a t  wind speeds from 6.3 to  9.8 m/sec. Airborne 2 3 9 ~ u  con- 

centrations a t  wind speeds from 4.1 to  6.3 m/sec a r e  def in i te ly  larger  than 

average airborne concentrations fo r  continuous a i r  sampl i ng . However, the 
20 radiochemical counting s t a t i s t i c s  e r ror  1 imi t s  a r e  too large to determine 

the wind speed dependency. Nevertheless, an attempt to  approximate airborne 

2 3 9 ~ u  concentrations and consequently the resuspension r a t e  dependency upon 
wind speed was made f o r  the 7-pm-diameter par t ic les .  This approximation was 
fo r  the 0.3-m height a t  sampling s i t e  AB.  For the three data points taken 

a t  the 0.3-m height, 2 3 9 ~ u  concentrations increased with the 5.9th power of 
wind speed.' 

The July 1973 plutonium resuspension experiment a t  Rocky Flats showed 

resuspension of both 2 3 8 ~ u  and 2 3 9 ~ u .  However, a l l  airborne plutonium 

concentrations were s igni f icant ly  below maximum permissible concentrations 
in a i r .  Since 2 3 9 ~ u  was collected on each p a r t i c l e  cascade impactor s tage,  
the suggestion. i s  t ha t  most plutonium .was attached to  so i l  par t ic les  when 
the plutonium was resuspended. 

Respirable Pl utonium Concentrations a t  Hanford 

Extensive data were obtained on airborne radionuclide concentrations 

around resuspension s i t e s  'studied. ( '  ) These concentrations were expressed 
3 both in pCi/cm of f i l t e r e d  a i r  and pCi/g of airborne so l ids .  This report  

summarized ranges of data collected, b u t  did not de ta i l  data f o r  each 

experiment . 
Airborne plutonium concentrations fo r  both 2 3 8 ~ u  and 2 3 9 ~ u  measured (1 

in resuspension experiments a re  shown in Figure 7 and are  compared with Hanford 

300 Area f a l l o u t  levels  (27)  approximatily 30 Km dis tan t .  The data represented 

experiments conducted over various time periods. For each data symbol, the 

ver t ical  l i n e  i s  plotted a t  the mid-time of the resuspension experjmznt 

while the experiment duration i s  shown by horizontal l i nes  drawn a t  both 
maximum and minimum measured airborne concentrations. Airborne peak plutonium 
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FIGURE 6. T o t a l  A i rbo rne  2 3 9 ~ u  Concentrat ion a t  AB S i t e  a t  Rocky F l a t s  
as a  Funct ion  of Wind Speed (Neg. 772705-2) 

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 

300 Area f a l l o u t  l e v e l s ( 2 7 ) ,  and a i r b o r n e  2 3 9 ~ u  concent ra t ions  i n  general 

were g r e a t e r  than a i r b o r n e  2 3 8 ~ u  concent ra t ions .  However, a l though resus-  

pension was and i s  s t i l l  p robab ly  occu r r i ng  a t  these s i t e s ,  measured a i r -  

borne concent ra t ions  were s i g n i f i c a n t l y  l e s s  than maximum pe rm iss ib le  

c o n c e n t r a t i  ons(26) (MPC I s ) .  



Airborne plutonium concentrations a t  the U-Pond area tended to remain 

constant as a function of time. This constancy indicates the weathering (or 
f ixa t ion)  ha l f - l i f e  fo r  surface contamination available fo r  resus~ens ion  i s  on 

the order of years. This i s  much greater  than the 35 to  40 days often quoted (10) 
in resuspension l i t e ra tu re .  However, the year weathering ha l f - l i f e  a t  U-Pond 

could be a manifestation of some resuspension surface renewal process since 

t h i s  i s  an act ive waste disposal s i t e .  The explanations a re  unclear fo r  

differences i n  weathering ha1 f-1 i f e .  

Z)9~U:  ;v\pcd0 hr = 2 x l ~ . ' p c i ~ c r n ~  

NEAR MET-TOWER 
MPC16* hr = 6 ~ I 0 ~ ' ~ ~ ~ i l c r n ~  

....... B 8 ~ u :  M P C . ~  ,, = 2 x io-'vci*rn3 

M P C , ~ ~  hr = 7 x 1 0 - ~ ~ p ~ i 1 c r n  3 

O\ 
U AREA 2 3 9 ~ u  AT 61 m HEIGHT 

FIGURE 7 .  Range of Airborne Plutonium Concentrations a t  
Onsi t e  Hanford Resuspension Si tes  Compared to  
Fa1 lout  Levels (Neg. 768423-4) 



The maximum airborne 2 3 g ~ u  concentration measured was 8 x 10-I pCi/cm 3 

near the Hanford Meteorological Station (HMS) Tower on January 11, 1972. All 
other plutonium concentrations except one were a t  l e a s t  one order of magnitude 
lower. This one exception was measured 6.1 m above ground a t  U-Pond during 
October 1973. In comparison with other October data ,  the concentration fo r  
this sample was about one and one half orders of magnitude greater than any 

other sample. We hypothesized tha t  some more-active-than-normal 'par t ic les  or 
c lus t e r s  of par t ic les  ("hot")  were resuspended and col lected on th i s  f i l  t e r .  

AIRBORNE PLUTONIUM NONRESPIRABLE FLUXES AT ROCKY FLATS AND HANFORD 

Nonrespi rable airborne plutonium fluxes were calculated fo r  both 2 3 8 ~ u  
and 2 3 9 ~ u .  The Rocky Flats da ta(7)  a re  shown in Figures 8 and 9. 

In Figure 8,  the airborne 2 3 9 ~ u  nonrespirable horizontal f lux in 
2 pCi/(m day) i s  shown as a function of sampling distance and sampling height. 

As might be expected, the baximum airborne 2 3 9 ~ u  f lux on nonrespirable par t i -  
c l e s  was a t  S i t e  A near the original o i l  storage area.  The maximum airborne 

2 2 3 9 ~ u  f lux was 6 x pCi/(m day). The airborne flux decreased with both 
distance and sampling height. A t  S i t e  A ,  the 2 3 9 ~ u  f lux decreased over one 

order of magnitude as sampling height was increased from 0.3 t o  2 rn above 

ground level .  Similarly,  a t  S i t e  AB,  the airborne 2 3 9 ~ u  nonrespirable flux 

again decreased about one order of magnitude as sampling height was increased 
from 0.3 t o  1 to  2 m above ground level .  Airborne 2 3 9 ~ u  fluxes on nonrespi- 

rable  par t ic les  decreased almost two orders of magnitude between sampling 

S i t e s  A and .AB. However, between sampl ing Si tes  AB and B ,  airborne 23gpU 

nonrespirable fluxes did not show a s igni f icant  variation with distance. 

By comparing data f o r  the three d i f fe rent  Rocky Flats s i t e s ,  the con- 

clusion i s  the airborne nonrespirable 2 3 9 ~ u  f lux does not decay as ? 
simple exponential function of distance from S i t e  A. In addition, data 

fo r  sampling heights above 1 m a t  S i t e s  AB and B show the airborne 

2 3 9 ~ u  f lux  did not s igni f icant ly  decrease f o r  heights greater  than 1 m 
u p  to  10 m .  The nonrespirable pa r t i c l e  plume height above 10 m i s  unknown. 



DISTANCE FROM SliE A. m 

FIGURE 8. Decrease w i t h  Distance of Total 2 3 9 ~ u  Flux on Nonrespirable 
Par t ic les  a t  Rocky Fla ts  (Neg. 767208-4) 

Similar resu l t s  a re  shown in Figure 9 f o r  to ta l  2 3 8 ~ u  f lux  on non- 
respirable  par t ic les  a t  Rocky Flats  as a function of a sampling s i t e  and 

sampling height. The maximum airborne 2 3 8 ~ u  nonrespirable f lux was 
2 1.2 x pCi/(rn day) and was a t  the 0.3-rn sampling height a t  S i t e  A.  

Again, a t  S i t e  A as we1 1 as S i t e  A B ,  airborne 238?u fluxes decreased 
rapidly as sampling height increased from 0.3 up to  10 m.  However, from 
S i t e  AB t o  B,  an unexplained observation was made. Airborne 2 3 8 ~ u  fluxes 



a t  2 and 10 rn he igh ts  of S i t e  B were g rea te r  than a t  S i t e  AB. An exp lana t i on  

f o r  t h i s  inc rease i s  n o t  apparent,  b u t  t h e  increase i s  supported by comparing 

p lu ton ium analyses u n c e r t a i n t i e s .  E r r o r  bars f o r  S i t e  B show a 2 3 8 ~ u  f l u x  

range s i g n i f i c a n t l y  above e r r o r  bars around S i t e  AB. 

t 
SITE A 

1 1 
S l T E A B  SITE B 

FIGURE 9. Decrease w i t h  Distance of T o t a l  2 3 8 ~ u  
F lux  on Nonrespi ' rable P a r t i c l e s  a t  
Rocky F l a t s  
(Neg . 767208-6) 



Airborne nonrespirable f luxes  a t  Rocky F l a t s  were g r e a t e s t  near the  

o r ig ina l  o i l  s torage area (source of contaminated leakage) and near 
2 ground 1 eve1 . Fluxes of 2 3 9 ~ u  ranged from 1 o - ~  u p  t o  1 o - ~  pCi/ ( m  day) .  

2 In con t r a s t ,  f luxes  of 2 3 8 ~ u  ranged from to  pCi/(m day).  

Nonrespirable airborne plutonium fluxes around U-Pond on the  Hanford 
, . 

Reservation a r e  shown i n  Figure 10. The 2 3 8 ~ u  f l u x  was l e s s  than the  2 3 9 ~ u  
f l ux .  Th-is decrease i s  s imi la r  t o  the  Rocky F la t s  data .  However, the  U-Pond 

data show the  nonrespirable plutonium f l u x  extends a t  l e a s t  up t o  30 m above 

ground l eve l .  Also, there  was a g rea te r  a i rborne plutonium f lux  e a s t  of 
U-Pond than west of U-Pond. This i s  t o  be expected s ince  prevail ing winds 

a r e  from the  west. 
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AVERAGE .41RBORNE PLUTONIUM FLUX. vCil(m day) 

FIGURE 10. Plutonium-239 and 2 3 8 ~ u  Airborne Fluxes on 
Nonrespirable Pa r t i c l e s  a t  Hanford U-Pond 
During February 27 - November 10,  1975 
( P a r t i c l e s  Collected in  Cowls) 
(Neg . 772994- 1 ) 



2 A t  U-Pond, the airborne 2 3 8 ~ u  f lux ranged from lom8 to pCi/(m day) ,  
2 which i s  w i t h i n  the midrange of to  about pCi/(m day) measured a t  

Rocky Fla ts .  Similarly,  the 2 3 9 ~ u  f lux a t  U-Pond ranged from about to  
2 2 pCi/(m day),  which i s  within the to  pCi/(m day) measured a t  

Rocky Fla ts .  The bracketing of the airborne nonrepirable pa r t i c l e  fluxes 
near U-Pond and a t  Rocky Flats  even within three to  four orders of magnitude 

may be coincidental since surface sources and other factors  are  peculiar 

t o  each s i t e .  

These onsi te  data reported a re  the f i r s t  resu l t s  t o  quantify the range 

of nonrespirable airborne plutonium fluxes.  Ground contamination on non- 
respirable  par t ic les  a t  both s i t e s  i s  poorly defined or nonuniform, (28-34) 

hence, the data can a t  present not be analyzed to  r e f l e c t  resuspension rates  
or resuspension factors  fo r  nonrespirable par t ic les .  

PLUTONIUM CONCENTRATION PER GRAM OF AIRBORNE SOIL 

Airborne plutonium concentrations were normalized to  the so i l  collected 
w i t h  the airborne plutonium. Plutonium concentrations in pCi/g were deter- 
mined as a function of p a r t i c l e  diameter as determined with both pa r t i c l e  
cascade impactors for  respirable diameters as well as sieve s izes  f o r  non- 
respirable  par t ic les .  Resuspended plutonium i s  attached to nonrespirable 
as we1 1 as respirable par t ic les .  Hence, nonrespirable soi 1 par t ic les  may 
contribute s igni f icant ly  to  downwind airborne plutonium concentrations and 
represent one mechanism fo r  transporting plutonium to  surrounding land. 

For Rocky Fla ts ,  nonrespirable so i l  collected a t  0.3 m above ground level 
was sieve sized ( 7 )  into twelve d i f fe rent  s i ze  increments. Each s i z e  incre- 
ment was analyzed fo r  2 3 8 ~ u  and 2 3 9 ~ u .  Plutonium concentrations were nor- 
malized (pCi/g) to  the grams of so i l  collected within each s i ze  increment. 

Results a re  shown in Figure 11 f o r  2 3 9 ~ u  as a function of pa r t i c l e  s i ze  a t  
S i t e s  A and AB. Plutonium-239 was associated with a l l  pa r t i c l e  s izes .  The 

maximum concentration was about pCi/g f o r  pa r t i c l e  s izes  between 10 and 
20 pm. For larger pa r t i c l e  diameters u p  t o  230 pm, concentrations tended to 



decreas,e w i t h  an increase in  p a r t i c l e  diameter. Concentrations a t  S i t e  A 

were g r ea t e r  than a t  S i t e  A B .  This i s  expected s ince  S i t e  A was c lo se r  t o  

the  o r ig ina l  of1 s torage area a t  which plutonium leakage occur.red. 

PARTICLE DIAMETER. urn 

FIGURE 11. Plutonium-239 Concentration on Airborne Soi l  a s  a Function 
of P a r t i c l e  Diameter a t  Rocky F l a t s  

( ~ e g  . 767208-1 ) 



A t  each s i t e ,  Pu  concentrations in pCi/g indicate  general continuous 

re la t ionships  as a function of pa r t i c l e  diameter. For nonrespirable pa r t i c l e '  

diameter ranges determined from sieve s i z e s ,  the data could be approximated 

by a s t r a i g h t  l i n e  inversely proportionaly to  pa r t i c l e  diameter. The 
re1 a t i  onshi p i s  compl icated by co1 lec t ion  of both contaminated onsi t e  and 

uncontaminated o f f s i  t e  nonrespirable pa r t i c l e s  within the cowls. 

For resp i rab le  pa r t i c l e s ,  the 2 3 9 ~ u  pCi/g was nearly independent of 

p a r t i c l e  diameter. This independency might suggest plutonium attachments a re  

volume phenomena f o r  these respirable  pa r t i c l e s .  In cont ras t ,  Pu  p a r t i c l e  

attachment t o  so i l  pa r t i c l e s  i s  expected to  be controlled by avai lable  so i l  

p a r t i c l e  surface are1 fo r  nonrespirable pa r t i c l e s .  ~ d d i  t ional data a r e  

required to  conclude how plutonium pa r t i c l e s  a re  attached to airborne par- 

t i c1  es  in both respirable  and nonrespirable s i z e  ranges. 

Plutonium-238 concentrations in  ~ C ' i / g  on airborne so i l  a r e  shown in 

Figure 12. In t h i s  case,  only nonrespirable p a r t i c l e  diameter ranges a r e  

shown. There was insu f f i c i en t  2 3 8 ~ u  col lected in the pa r t i c l e  cascade 

impactor. samples t o  y i e ld  posi t ive  resul t s  in respirable  diameter ranges. 

Similar t o  2 3 9 ~ u ,  2 3 8 ~ u  nonrespirable concentrations were grea ter  a t  S i t e  A 

than a t  S i t e  B and a lso  showed an inverse re la t ionship  w i t h  p a r t i c l e  diameter. 

However, there  i s  f i n e  s t ruc ture  showing deviation around any apparent inverse 

re la t ionship .  This f i n e  s t ruc ture  indicates  there i s  y e t  much to  be learned 

about plutonium resuspension and plutonium attachment to  nonrespirable as 
we1 1 as  resp i rab le  host pa r t i c l e s .  

Both 2 3 9 ~ u  and 2 3 8 ~ ~  concentrations on airborne so i l  decreased from 

S i t e  A t o  S i t e  AB. S i t e  AB/Site A r a t i o s  of pCi/g a r e  shown in Figure 13. 
Concentrations per gram decreased by a f ac to r  of u p  t o  about in the 
intervening 392-m dis tance separating sampling S i t e s  A and A B .  Concentration 
r a t i o s  f o r  2 3 9 ~ u  on resp i rab le  pa r t i c l e s  were about 10" and were indepen- 

dent of p a r t i c l e  s i ze .  In cont ras t  f o r  nonrespirable pa r t i c l e  s i z e s ,  2 3 9 ~ u  



r a t io s  between s i t e s  decreased nearly limearly as par t ic le 'diameter  increased. 

Plutonium-239 concentrations on nonrespirable par t ic les  decreased a t  ra tes  

greater  than the 2 3 8 ~ u  decrease. For 2 3 8 ~ u ,  the pCi/g r a t io s  fo r  S i t e  AB/Si t e  A 

were nearly one order of magnitude greater than 2 3 9 ~ u .  These larger  r a t io s  sug- 
gest  2 3 8 ~ u  resuspended more readily r e l a t ive  to  2 3 9 ~ u .  

FIGURE 12. Pl utoni um-238 Concentration 
on Airborne Soil as a Function 
of Par t ic le  Diameter a t  Rocky 
Flats (Neg . 767208-5) 



PARTICLE DIAMETER, Dm 

FIGURE 13. Decrease in 2 3 8 ~ u  and 2 3 9 ~ u  Concentrations on Nonrespirable 
Part ic les  from S i t e  A t o  S i t e  AB a t  Rocky Flats  

(Neg . 767208-7) 

For onsite Hanford experiments, airborne 2 3 8 ~ u  and 2 3 9 ~ u  concentrations 

expressed in $i/g of airborne so l ids  are  shown in Figure 14 fo r  collection 

on f i l t e r s .  Concentrations of 2 3 9 ~ u  were somewhat greater than those of 

2 3 8 ~ u .  Plutonium concentrations on airborne sol ids ranged from lo-' to  

pCi/g. The only exception was the October 1973 single sample described 

above, -for which the concentration was 6 x pCi/g. Otherwise, plutonium 
concentrations on airborne sol ids  around U-Pond appeared to  be nearly inde- 

pendent of time. 



Plutonium c o n c e n t r a t i o n s  on a i r b o r n e  n o n r e s p i r a b l e  p a r t i c l e s  were a l s o  

determined(35)  n e a r  U-Pond on the Hanford r e s e r v a t i o n  f o r  sampl i ng  h e i g h t s  
from 0 .3  up t o  30 m above ground. Airborne s o l i d s  were sampled con t inuous ly  
f o r  a l l  wind d i r e c t i o n s  a t  s i t e s  both e a s t  and wes t  o f  U-Pond. The d i s t a n c e  
between sampling s i tes  was 480 m.  - Samples were analyzed f o r  both 2 3 9 ~ u  a s  

wel l  as 238~u .  Ca lcu l a t ed  r e s u l t s  shown i n  F igure  1 5  a r e  f o r  pCi/g o f  non- 

r e s p i r a b l e  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 plutonium 

c o n c e n t r a t i o n s  on a i r b o r n e  n o n r e s p i r a b l e  s o l i d s  were approximately one o r d e r  

o f  magnitude h ighe r  e a s t  a s  compared t o  west o f  U-Pond. Th i s  i n c r e a s e  i s  

caused by p r e v a i l i n g  west winds which caused resuspens ion  from t h i s  low l e v e l  
l i q u i d  was te  d i s p o s a l  a r e a .  Eas t  o f  U-Pond, plutonium c o n c e n t r a t i o n s  on a i r -  
borne n o n r e s p i r a b l e  s o l i d s  tended t o  be uniform 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. 

~ ~ 4 t l l ' l " l " l l I ' l . l " l l l . l I l l l " . l l l ' l I " " ' l ' l ' l ' i  - 
01. - - - 239~u  

2 3 9 ~ u  AT 6.1 m HEIGHT 
- 

- 1 

....... 238pu U AREA 

FIGURE 14.  Range o f  ~l utonium' Concent ra t ion  on Airborne 
Ons i t e  Hanford Resuspension S i t e s  

(Neg . 768423-2) 

S o l i d s  a t  



AVERAGE P L U T O N I U M  CONCENTRATlOFi O N  AIRBORNE SOIL, p C i l q  

I 

FIGURE 15. Concentration of 2 3 8 ~ u  and 2 3 9 ~ u  on ~ o n r e s ~ i r a b l e  
Airborne Solids a t  Hanford U-Pond During February 27 - 
November 10, 1975 (Par t ic les  Col lected in Cowls) 
(Neg . Z71740-1) 

I I I  I I f  

.Plutonium concentrations on nonrespirable airborne sol ids  are  w i t h i n  the 
range shown in Figure,l4 fo r  smaller par t ic les  collected on f i l t e r s .  In both 
cases,  2 3 9 ~ u  concentrations ranged from to  pc i lg .  However, 2 3 8 ~ u  
concentrations on respirable sol ids collected on f i 1 t e r s  tended t o  be greater 

than on the nonrespirable part ic les .  
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. Both 2 3 8 ~ u  and 2 3 9 ~ u  concentrations on nonrespi rabl e airborne sol ids 

near U-Pond were less  than concentrations determined a t  Rocky .F la t s  s i t e  A. 

This comparison can be seen by comparing data in Figures 11 and 12 with data 

in Figure 15. However, plutonium concentrations on airborne nonrespirable 
sol ids  a t  Hanford's U-Pond and Rocky Flats  s i t e  AB tended to  be comparable. 

AIRBORNE AND GROUND PLUTONIUM pCi/g RATIOS 

There should be some relationship between Pu concentrations on airborne 
so i l  and Pu concentrations on ground surface s o i l .  A t  Rocky Flats  ground 
surface soi 1 s were characterized(28) f o r  the same time period these airborne 
nonrespirable samples were collected. Ground surface sample resu l t s  are  

summarized in Table 3 for  sampling s i t e s  near S i tes  A ,  AB, and B in both 

dpmlg and pCi/g. Similarly,  ground surface 2 3 8 ~ u / 2 3 9 ~ u  r a t io s  a re  a l so  
shown . 

TABLE 3 .  Selected Surface Soil Sample Results a t  Rocky Flats* 

Locations 
Hear HASL-304 (28 ) 2 3 9 ~ u  2 3 8 ~ u  
S i t e  Map S i t e s .  P C ~ / S  P C ~ / C I  2 3 8 ~ ~ / 2 3 9 ~ u  

* 
dpm/g dry soi 1 ?% Stnd. Dev., samples from 2000 crn2, 5 c m  deep 



Ground and airborne Pu s o i l  sample r e s u l t s  a re  compared in Table 4 f o r  
both 2 3 9 ~ u  and 2 3 8 ~ u .  Comparisons a r e  f o r  plutonium i n  ground surface  sam- 
ples  5 cm deep versus airborne nonrespirable p a r t i c l e  concentrations in  

p a r t i c l e  diameter ranges. Airborne concentrat ions were taken from data 
1 imi t s  in  Figures 11 and 12. Maximum ranges of pCi/g airborne compared t o  

pCi/g i n  t he  ground surface  s o i l  a r e  shown i n  the  l a s t  two columns. These 
r a t i o s  range from 1 x up t o  2. Thus in  hazard e ~ a l u a t i o n s ' ~ )  one 
might consider maximum Pu concentrat ions on airborne s o i l  t o  be comparable 
t o  Pu concentrat ions on ground surface s o i l s .  This i s  indicated by the  
r a t i o  2. However, in most cases Pu concentrat ions on airborne s o i l  were 
s i g n i f i c a n t l y  l e s s  than Pu concentrat ions on ground surface  s o i l s .  

TABLE 4 .  Ratio of Plutonium Concentration Per Gram 
of Soi 1 : Airborne Soi 1 /Ground Surface 
Soil a t  Rocky F l a t s  

R a t i o  Range, 
Range, ~ C i l q  uCi(f A i rborne  

239?, 2 3 8 ~ u  PC g Surtace 

S i t e  Ai rborne* - Surface** Airborne*** Surface** ZjYPu ZJ~YU 

A 1.3 lc4 to 3.10 x to 7.2 x to 5.77 x t o  0.04 t o  0.2 0.006 t o  0.6 

4.6 x 6.89 x 3.4 1.24 x 

AB 3.2 x t o  7.70 x t o  1.8 x t o  1.57 x t o  0.0001 t o  0.08 0.0009 t o  2 

8.5 x lo- '  3.85 x 1.4 x lo-' 7.66 x lo- '  

From F i g .  11 as a . f u n c t i o n  o f  p a r t i c l e  diameter 
** 

From Table 3 f o r  t o t a l  ground sur face  sample 5 cm deep 
*** 

From Fig.  12 as a f u n c t i o n  o f  p a r t i c l e  diameter 

Iden t i f i c a t i on  of re la t ionsh ips  between s i t e s  of radionuclide+concen- 

t r a t i o n s  on a i rborne so l i d s  and contaminated ground so l i d s  would be useful 

i n  e s tab l i sh ing  c r i t e r i a  f o r  re leas ing contaminated a reas  f o r  o ther  uses. 
(29,30,32,34) concentrat ions on Hanford ground surfaces  obtained from ' the l i t e r a t u r e  

a r e  shown in  Table 5 f o r  2 3 9 ~ u  a s  well a s  137cs in  pCi/g o f  so l i d s .  The range 



f o r  2 3 9 ~ u  was from l e s s  than radiochemical detect ion l i m i t s  t o  6.9 x 1 0 ' ~  
pCi/g of surface so l i d s .  The maximum reported 2 3 9 ~ u  concentrat ions f o r  sur-  
face  so l i d s  were w i t h i n  the  200 areas .  The min imum 2 3 9 ~ u  concentrat ions on 
surface  so l i d s  reported (2g )  i n  the  l i t e r a t u r e  occurred a t  19 t o  34 km from 

Hanford. Surface contamination leve l s  were reported only out  t o  34 km. The 
1 3 7 ~ s  concentrat ions ranged from 3 x t o  2.5 x pCi/g. These contami- 
nation leve l s  a r e  used i n  Table 6. 

Table 6 i s  a sumnarv of Hanford airborne so l i d s  concentra t ions( ' )  i n  " 

pCi/g f o r  2 3 9 ~ u ,  2 4 1 ~ u ,  and 1 3 7 ~ s .  Plutonium and americium concentrat ions 

were obtained from Figures 14 and 19. Table 6 a l so  shows ground surface  

contamination l eve l s  f o r  2 3 9 ~ u  and 1 3 7 ~ s 9  expressed i n  pCi/g. From these ,  

r a t i o s  of pCi/g of airborne so l i d s  were determined. The l a s t  column shows - 
maximum r a t i o  ranges. Ratios vary from t o  8 x lo3¶  indicat ing t h a t  

contamination l eve l s  on airborne so l i d s  can be e i t h e r  much l e s s  than or  much 
g rea t e r  than contamination 1 eve1 s on contaminated surface  sol i d s .  

TABLE 5 .  Concentrations of Plutonium and Cesium i n  Hanford 
Ground Surface Solid Samples ~ e p o r t e d  i n  the  L i te ra tu re  

vCi/g 

2 3 9 ~ u  37cs 
Locat ion  - Year Range Avq Range 

Wi th in  Hanford (30) 1971 9.9 1 0 ' ~  

S i t e  Boundary t o  

(3  t o  26 km) 1:2 

S i t e  Per imeter (30) 1973 *LAL t o  

6  x lo-' 

O f f s i  t e  (29) 1971 3.6 x lo- '  
(19 t o  34 km) t o  

7.6 x 1 0 ' ~  

- 

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

NR, no t  repor ted 



Caution should be used in  in te rpre t ing  these da ta .  The ground surface  
contamination data a r e  l imi ted i n  quant i ty  and were not necessar i ly  obtained 
i n  the  same areas  where resuspension experiments were performed. Airborne 
p a r t i c l e  and ground contamination l eve l s  a r e  shown f o r  BC-Crib area i n  the  

l a s t  two columns of Table 6. I n  t h i s  case ,  BC-Crib area was sampled (31) i n  
2 ten 1-m areas .  Data from these  ten squares indicated surface  contamination 

l eve l s  varied by about a f a c t o r  of 100. Ratio ranges calcula ted from these 
data  may be more represen ta t ive  than ranges calcula ted f o r  2 3 9 ~ u .  The 1 3 7 ~ s .  
data f o r  BC-Cri b area ranged from lo-* t o  30. The magnitude of t h i s  range 
i s  important, s ince  one might as a f i r s t  approximation assume a i r  contamina- 
t ion  l eve l s  per gram of sol i d s  t o  be equal t o  surface  contamination leve l s  
per gram of sol i d s .  

TABLE 6 .  Ratio of Airborne t o  Ground Surface 
Radioactivity Concentrations Per Gram 
of Sol ids  a t  Hanford 

Concent ra t ion ,  uC i / y  S o l i d s  Maxi mum 
Ground Sur face R t i o  R nge, 

A i rbo rne  Sol  i d s  Contaminat ion  ? p c i / g f a i r  
Mater' l 'al Mlnimum Maximum M i  n i ~ r ~ u r ~ ~  Maxi mum (pL1 /g )su r face  

2 3 9 ~ u  2 x 6 x L AL 8. x I O ' ~ ( ~ ~ )  2 x 10' t o  8 x l o 3  
2 4 1 ~  1 7 I O - ~  NR NR 

2 3 8 ~ u  1 ~ 1 0 - ~  I ~ I O - ~  NR . NR 

13'cs 2 x ~ o - 5  I ~ I O - ~  NR NR 

1 3 7 ~ s  a t  3 x 1 ~ - 5  7 x 1 ~ - 4  

BC-Crib Area 

10 areas, (33 )  2.1 x l o - '  1.2 x I x 

I m 2 t o  

Maximum r e p o r t e d  

va lue  (34 

LAL - l e s s  t han  a n a l y t i c a l  l i m i t .  
NR - Sur face  con tam ina t i on  l e v e l s  n o t  r e p o r t e d  f o r  a l l  a reas.  I f  

a v a i l a b l e ,  d a t a  f o r  each area r e p o r t e d  sepa ra te l y .  
* - R a t i o s  f rom p o s i t i v e  r e p o r t e d  ground con tam ina t i on  va lues.  



A1 RBORNE 2 3 8 ~ u / 2 3 9 ~ u  RATIOS 

Airborne 2 3 8 ~ u / 2 3 9 ~ u  ra t ios  a t  Rocky Flats consistently changed(7) from 
sampling S i t e  A t o  S i t e  B. Ratios shown in Figure 16 are  fo r  to ta l  plutonium 
collected within each cowl a t  each sampling s i t e  and sampling height. A t  
S i t e  A ,  the 2 3 8 ~ u / 2 3 9 ~ u  r a t i o  on airborne nonrespirable soi 1 i s  comparable 

t o  ra t ios  determined from 5-cm-deep surface so i l  samples; The surface so i l  
range i s  shown as the crosshatched so i l  sample range. This range (28) repre- 
sents surface so i l  samples taken between the eastern securi ty  fence and 

beyond the eastern c a t t l e  fence to  Indiana Avenue. 

\> 

D l  STANCE FROM SITE A, m 

FIGURE 16. Plutonium 238/239 Ratio on Nonrespi rabl e Airborne 
Part ic les  as a Function of Distance a t  Rocky Flats  

( ~ e g .  767205-5) 



A t  S i t e s  AB and B ,  airborne 2 3 9 ~ u / 2 3 8 ~ u  r a t io s  on nonrespirable par t i -  

c les  a re  over one order of magnitude greater  than s imilar  ra t ios  from 5-cm- 
deep surface soi l  samples. These r a t ios  do not appear t o  be s igni f icant ly  

/ 

affected by sampling height between 0.3 t o  10 m above ground level .  However, 
considerations of the data counting s t a t i s t i c s  e r ro r  bars a t  S i t e  A and AB 

tend to  indicate higher 2 3 a ~ u / 2 3 9 ~ u  r a t i o s  closer to  the ground. 

The 2 3 a ~ u / 2 3 9 ~ u  r a t i o  was determined fo r  a1 1 nonrespi rabl e par t ic le  
diameter ranges a t  S i tes  A and AB a t  the 0.3-m sampling height. These 
r e su l t s  a re  shown i n  Figure 17 along w i t h  the to ta l  ground surface so i l  
sample range. A t  S i t e  A,  the 2 3 8 ~ u / 2 3 9 ~ u  r a t i o  i s  nearly independent of 

pa r t i c l e  diameter fo r  a l l  pa r t i c l e  diameters above 20 pm. I t  i s  only fo r  
par t ic les  less  than 20 prn tha t  the 2 3 8 ~ u / 2 3 9 ~ u  r a t i o  i s  s igni f icant ly  ele- 

vated a t  S i t e  A.  The 2 3 a ~ u / 2 3 9 ~ u  r a t io s  on nonrespirable par t ic les  greater 

than 20 pm a t  S i t e  A a re  a l l  comparable t o  ra t ios  in the 5-cm-deep surface 
so i l  samples. This s imi lar i ty  would be expected i f  there were no preferen- 

t i a l  2 3 a ~ u  t o  2 3 9 ~ u  separation on so i l  surface. In contrast  t o  S i t e  A ,  

2 3 8 ~ u / 2 3 9 ~ u  r a t io s  fo r  S i t e  AB a r e  much d i f fe rent  and a re  s igni f icant ly  

elevated f o r  a l l  pa r t i c l e  diameters above the surface so i l  sample range. 

One can only hypothesize as t o  why there should be a difference in 

2 3 8 ~ u 1 2 3 9 ~ u  ra t ios  a t  S i tes  AB and A as compared t o  so i l  surface samples. 
One difference i s  the surface ac t iv i ty  level a t  S i t e  A i s  greater  than a t  

S i t e  AB. As was shown in Table 3, the ground so i l  surface ac t iv i ty  level 

a t  S i t e  A was approximately 10 time greater  than a t  S i t e  AB. If  plutonium 

par t ic les  were attacked by microorganisms i n  the soi 1 ,  microorganism ac t iv i ty  

might be decreased by the increased a'ctivi t y  level a t  Si te '  A. If  micro- 

organisms preferent ial ly  attacked 2 3 a ~ u  a t  S i t e  AB w i t h  a lower Pu contami- 

nation, 2 3 a ~ u  on surface s o i l s  might become more readily available f o r  
resuspensi on. Other possi bi 1 i t i e s  f o r  increased resuspendabi 1 i ty  of surface 
2 3 8 ~ u  a t  S i t e  AB might be differences i n  so i l  chemistry between Si tes  A 

and AB o r  preferential  2 3 8 ~ u  e ject ion(15)  from par t ic les  during decay. Many 

possibil i t i e s  ex i s t ,  but the reasons f o r  the elevated 2 3 8 ~ u / 2 3 9 ~ u  r a t io s  a t  
S i t e  AB a re  uncertain. Additional research i s  needed to determine causes of 
elevated 2 3 8 ~ u / 2 3 9 ~ ~  r a t io s  a t  S i t e  AB. 



PARTICLE DIAMETER, pm 

FIGURE 17. Plutonium 238/239 Ratio on Nonrespirable Airborne Soi 1 
as a Function of Pa r t i c l e  Diameter a t  Rocky Flats  

(Neg . 767208- 1 1) 

ESTIMATION OF RELATIVE RESPIRABLE AND NONRESPIRABLE PLUTONIUM FLUXES 
- . - - - - - - - - -- ..- - - 

Direct comparisons between airborne fluxes on respirable  and nonrespirable 

par t ic les  were not made since respirable  and nonrespirable samples were 
sampled d i f fe rent ly .  Respirable par t ic les  a t  Rocky Flats  were sampled a t  a 

3 constant flow ra t e  of 0.57 m /min  while nonrespirable par t ic les  were col lected 

by ine r t i a l  collection within cowls. In order to  calculate  the r e l a t ive  f lux  
on respirable  and nonrespirable pa r t i c l e s ,  one needs t o  know (1 ) the average 



wind  speed t o  determine the average flux on respirable par t ic les ,  and ( 2 )  how 

par t ic les  were collected within the cowl by ine r t i a l  impaction. In t h i s  case 
ine r t i a l  impaction means par t ic les  would enter  the cowl as i f  cowl sampling 
were isokinet ic .  In ac tua l i ty ,  there i s  flow divergence around the cowl 
i n l e t .  Consequently correction factors  a r e  needed fo r  calculating t rue 
airborne pa r t i c l e  fluxes fo r  nonisokinetic sampling. However, nonisokinetic 
correction factors  a re  not available.  Even with these qual i f icat ions,  one 
might s t i l l  be interested in approximating the r e l a t ive  Pu  fluxes fo r  
respirable  and nonrespirable par t ic les .  Consequently, a simple calculation 
was made using the Rocky Flats  data to i l l u s t r a t e  the r e l a t ive  orders of magni- 
tude f o r  respirable  and nonrespirable Pu  f luxes.  

The horizontal plutonium flux can be estimated from airborne sol1 fluxes 
and plutonium concentrations on airborne s o i l .  Since so i l  fluxes are 
repor ted(7) ,  plutonium concentrations on airborne soi 1 w i  11 be discussed pr ior  

t o  discussing plutonium fluxes.  Plutonium concentrations in pCi/g of 

airborne respirable and nonrespirable soi 1 are  shown i n  Table 7. This tab le  

summarizes both to ta l  plutonium concentrations per gram of so i l  collected 

within cowls, and also respirable concentrations per gram fo r  cases in 
which a i r  was sampled continuously with pa r t i c l e  cascade impactors. Respi- 

rable 2 3 9 ~ u  concentrations ranged from 2 x t o  6.2 x pCi/g airborne - 

s o i l .  Concentrations of 2 3 8 ~ u  on respirable so i l  were l e s s  than radiochemi- 

cal analyt ical  l imi ts .  On nonrespirable s o i l ,  2 3 9 ~ u  concentrations ranqed - 
from 1 x lom6 up to  3 x pCi/g and 2 3 8 ~ u  concentrations ranged from 2 x 

u p  t o  5 x pCi/g. In order to  estimate the average plutonium concentra- 

t i  on on airborne soi 1,  respirable and nonrespi rabl e concentrations were 

combined in the l a s t  two columns. For t h i s  calculat ion,  isokinet ic  sampling 

was assumed. This assumption will  be discussed fur ther  in a l a t e r  section. 

Total Pu concentrations on airborne soi 1 ranged from 1 x up t o  
1.9 x loe4 pCi /g fo r  2 3 9 ~ u ,  and from 2 x 1 o - ~  up t o  3 x pCi/g f o r  2 3 8 ~ u .  

Average airborne plutonium fluxes entering cowl i n l e t s  a t  Rocky Flats 

were calculated from airborne so i l  fluxes and plutonium concentrations on 

airborne s o i l .  As shown in Table 8, plutonium fluxes on both respirable  



and nonrespi rabIe p a r t i c l e s  were c a l c u l a t e d  i n  u n i t s  o f  pc i / (m2  day) .  The 

c a l c u l a t i o n  was based on c o l l e c t e d  p lutonium, the  sampling t ime, and the  

c ross  sec t i ona l  area o f  t he  cowl i n l e t .  The cowl i n l e t  diameter was 15.2 cm. 
2  The maximum 2 3 9 ~ u  f l u x  was 1  x  1 0 ' ~  uCi / (m day) and the  minimum f l u x  was 

3 x  10-9 l.Xi/ (mZ . d a y )  . . . . . .  Based on these 1  i rni  t e d  data, these, c g l c u l a t e d  f l u x e s  ' 

m igh t  be used f o r  e s t i m a t i n g  t o t a l  p lu ton ium f l u x e s  over  l a r g e r  i n t e g r a t e d  

areas. However, such est imates should be made w i t h  c a u t i o n  s ince  the  f l u x  

v a r i a b i l i t y  a t  o t h e r  s i t e s  and e l e v a t i o n s  i s  unknown. 

TABLE 7. P lutonium Concentrat ion on A i rborne Soi 1  
Col l e c t e d  Dur ing Continuous A i r  Sampl i n g  
a t  Rocky F l a t s  

p c i / g  = ( p c i / g )  

ing "Respi rable""onrespirab1 e  To ta l  Assumi ng 
Sampling he igh t ,  I s o k i n e t i c  Sampling 

S i t e  m 2 3 9 ~ u  2 3 9 ~ u  2 3 8 ~ u  2 3 9 ~ ~  2 3 8 ~ ~  

- 
Resp i rab le  samples were c o l l e c t e d  f o r  wind speed increments r a t h e r  than cont inuous 
sampl ing,  2 3 8 ~ u  was LAL (1  ess than radiochemical  a n a l y t i c a l  d e t e c t i o n  1  i m i  t s )  . 

I - 
1  dpm/g = 0.45 pCi /g 



TABLE 8. Average Plutonium Flux Entering Cowl-Impactor 
System During Continuous Air Sampling a t  Rocky Flats  

Sampl i ng vCi /(mL day) 

Sampling Height, ~ e s p i r a b l  e Nonrespi rable 

S i t e  m 23gPu 2 3 8 ~ u  2 3 9 ~ u  2 3 8 ~ u  

A 0.3 4 . 0 6 ~ 1 0 ' ~  LAL 1 . 0 2 ~ 1 0 - ~  2.11 x 1 ~ - 7  

2 2.43 x LAL 4 . 0 3 ~ 1 0 ' ~  6 . 6 8 x l 0 - ~  

A B 0.3 3.22 x LAL 5 . 6 6 x 1 0 - ~  1 . 1 3 x 1 0 - ~  

B 2 1 . 1 6 ~ 1 0 - ~  LAL 8.23 1.85 

10 1. 93 x 1 o - ~  LAL 3 . 1 8 ~ 1 0 - ~  1 . 3 2 ~ 1 0 - ~  

"Respirable" i s  a l l  material collected with a pa r t i c l e  cascade impactor 
L A L ,  l e s s  than radiochemical analytical l imi t  

Average plutonium fluxes entering the cowl impactor system a re  used 

t o  estimate the respirable fract ion of airborne plutonium. Estimates a re  

given(7) in  Table 9 based on an isokinet ic  sampling assumption. Respirable 

f rac t ions  ranged from 3 t o  98%' of to ta l  airborne plutonium. However, one 

should use these numbers with caution. Plutonium collected within pa r t i c l e  

cascade impactors contained par t ic les  of 7 ,  3.3, 2.0, and 1 .l-urn diam 

(which a re  impactor stage 50% cutoff diameters fo r  uni t  density spheres) 

as  well as  smaller par t ic les  collected on the impactor backup f i l t e r .  

From the inhalation standpoint, par t ic les  collected on the 7-pm stage should 

not be included within the respirable  s i ze  range. Only the smaller par t ic les  

a re  usual ly  considered respirable.  However, in the present - comparison -. between 
cowl -coll ected nonrespi rabl e par t ic les  and impactor-col lected respirable  

par t ic les  there i s  much uncertainty in calculating the r e l a t ive  7-pm par- 

t i c l e  concentration as compared to  the cowl -co l lec ted .~par t ic le  concentration. 



TABLE 9. Est imated Respirable Percent o f  To ta l  
A i rborne 2 3 9 ~ ~  F lux  a t  Rocky F l a t s  

Sampl i ng A i  rborne 2 3 9 ~ u  Respi r a b l  e  Percent 
Sampling Height,  Assumed Assumed 

S i t e  m I s o k i n e t i c *  Cor rec t ion f *  
. . .  . , - .  

A 0.3 3.8 9  

** Cor rec t i on  = ( R e d  (Ua/Us) 
(Res) (Ua/U ) + Non 

Where Res = dpm/min c o l l e c t e d  i n  impactor  
Non = dpm/min c o l l e c t e d  i n  cowl 

Us = average f l o w  r a t e  through cowl i n l e t ,  0.36 m/sec 

Ua = average windspeed, 0.9 m/sec 

The b e t t e r  es t imate  o f  t he  r e s p i r a b l e  Pu f r a c t i o n  a t  Rocky F l a t s  i s  

shown i n  t h e  l a s t  column o f  Table 9. Based on the  assumed c o r r e c t i o n  f a c t o r ,  

t he  r e s p i r a b l e  f r a c t i o n  o f  a i rbo rne  p lu ton ium increased f rom 4 t o  98% f o r  an 

i s o k i n e t i c  sampling assumption up t o  9 t o  99% o f  the  t o t a l  a i rbo rne  p lutonium. 

True r e s p i r a b l e  f r a c t i o n s  should be between these l i m i t i n g  values. 

Respirable f r a c t i o n s  have been repor ted(8)  as 25% f o r  p lu ton ium c o l -  

l e c t e d  w i t h i n  p a r t i c l e  cascade impactors a t  Rocky F l a t s .  Since the  present  

r e s u l t s  show t h a t  p lutonium i s  a l s o  at tached t o  p a r t i c l e s  i n  much l a r g e r  s i z e  

ranges f o r  cow l -co l l ec ted  samples than f o r  p a r t i c l e s  c o l l e c t e d  on t h e  i n t i a l  

stage o f  an impactor,  publ ished r e s p i r a b l e  f r a c t i o n s  a re  probably i n d i c a t i v e  

o f  maximum f r a c t i o n s  r a t h e r  than a  t r u e  r e s p i r a b l e  f r a c t i o n .  



Even i f  a l l  Pu collected in the cowl-impactor sampling systems were 

respirable ,  airborne Pu concentrations were s t i l l  below maximum permissible (26 
concentrations ( M P C )  . The M P C ~  68Hr-ai fo r  2 3 9 ~ u  i s  6 x 10-I pCi/cm 3 . 
The smallest respirable  fract ion in Table 9 i s  3.8%. This sample a t  0.3 m 
fo r  S i t e  A also represents the la rges t  airborne Pu concentration measured 

in our experiments. For t h i s  sample, the real respirable 2 3 9 ~ u  concentra- 
3 t ion ( ~ 3 . 3  pm diameter) was 2 x 10-16 ~Ci /cm while the concentration was 

3 5 x pCi/cm i f  the 7-vm par t ic les  of the par t ic le  cascade impactor 

a r e  jncluded. I f  a l l  airborne P u  i s  assumed respirable ,  a maximum calcu- 

la ted 2 3 9 ~ u  concentration i.s ( 5  x 1 0 - ~ ~ / 0 . 0 3 8 )  1.3 x uCi/cm3, which 
3 i s  s t i l l  s igni f icant ly  l e s s  than the MPC of 6 x pCi/cm . 

AMERICIUM RESUSPENSION AT HANFORO 

A t  Hanford, airborne 2 4 1 ~ m  concentrations measured" ) a t  U-Pond, Z-19, 
5-16 and HMS Tower areas ranged from about 10-18 to  uci/cm3. However, 
other f i  1 t e r  sampl es indicated to ta l  2 4 1 ~ m  col lected was below radiochemical 

detection 1 imi t s .  In Fiaure 18 airborne 2 4 1 ~ m  concentratins a re  comoared " 

' to 300 Area f a l lou t  levels .  (27)  However, the comparisons a re  incomplete since 
2 4 1 ~ m  f a l l o u t  level data were not reported f o r  a l l  time periods. In addition, 
many f a l l o u t  level data were below radiochemical detection l imi ts ;  these 

are  indicated by short  horizontal dotted l ines .  Obviously, actual f a l l o u t  
levels  f o r  these time periods could have been s igni f icant ly  l e s s .  

Airborne 2 4 1 ~ m  concentrations a t  U-Pond were of the same order of magni- 
tude as  reported f a l l o u t  levels .  In contrast ,  airborne concentrations a t  2-19 

I 

and S-16 were significantly above f a l l o u t  levels during February to  May 1975. 
Comparisons of upwind and downwind tower a i r  sample r e su l t s  a t  S-16 showed 

increased 2 4 1 ~ m  airborne concentrations were from 2 4 1 ~ m  resuspension 

f r o e  the dry S-16 area. (This area has since been covered. ) Maximum 2 4 1 ~ m  
concentrations measured i n  November 1975 a t  the HMS Tower a r e  a l so  comparable 

t o  concentrations measured a t  5-16 and Z-19. However, 2 4 1 ~ m  was above 

radiochemical detection l imits  on only two HMS Tower a i r  f i l t e r s  f o r  t h i s  

time period. 
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FIGURE 18. Range of Airborne 2 4 1 ~ m  Concentrations (Above Radio- 
chemical Detection Limits) a t  Onsi t e  Hanford Resuspension 
S i t e s  Compared t o  Fa1 1 out  Level s (Neg . 768423-3) 

Concentrations of 2 4 1 ~ r n  on a i rborne sol  ids  a t  each resuspension s i t e ,  
shown in  Figure 19, ranged from about t o  pCi/g of airborne so l i d s .  
Airborne concentrat ions were l e a s t  f o r  U-Pond and g r e a t e s t  f o r  Z-19 and 

S-16 a reas .  For the  HMS tower da ta ,  many a i r  f i l t e r s  co l lec ted  l e s s  than 
/ 

the  two pos i t ive  2 4 1 ~ r n  r e s u l t s  ind ica tes  t h a t  many a i r  f i l t e r s  had col lected 



r a d i  ochemi c a l  d e t e c t i o n  1 i m i  t s  . Nevertheless , maximum 2 4 1 ~ m  concen- 

t r a t i o n s  per  gram o f  a i rbo rne  s o l i d s  a t  t he  HMS Tower f o r  two samples 

above radiochemical d e t e c t i o n  l i m i t s  were comparable t o  concent ra t ion  

ranges measured a t  Z-19 and S-16. 

FIGURE 19. Range of 2 4 1 ~ m  Concentrat ions on A i rborne Sol i d s  
a t  Onsi t e  Hanford Resuspension S i t e s  

(Neg . 768423-1 ) 
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PLUTONIUM RESUSPENSION FROM OFFSITE NEAR HANFORD 

Plutonium on o f f s i t e  locations near nuclear f a c i l i t i e s  has deposited 

from f a l l o u t  as  well as from onsi te  low level releases.  Resuspension of 
t h i s  o f f s i t e  plutonium was studied near the Prosser barricade on the Hanford 

reservation. The Prosser barricade i s  located about 19 to  20 Km southeast 
(130 t o  160") from the fuel processing areas.  Airborne sol ids  were collected 
by sampling w i t h  pa r t i c l e  cascade impactors and rotating cowl systems. Air 

sampling was only when wind was blowing from 190-260".  his range of south- 
west (225") winds came from o f f s i t e  towards the Hanford reservation. All 
southwest winds were continuously sampled with rotat ing cowl systems fo r  
nonrespirable par t ic les  while respirable par t ic les  were sampled with pa r t i -  
c l e  cascade impactors fo r  wind speed increments of 3 t o  5, 5 to  7 ,  and 7 to  
11 m/sec a t  a height of 1.5 m. 

- Airborne plutonium concentrations blowing in from o f f s i t e  a re  shown in 

Figure 20 fo r  the pa r t i c l e  cascade impactor data. Both airborne concentra- 
3 t ions in pCi/cm a i r  and pCi/g collected sol id  a re  given. Airborne plutonium 

concentrations determined with pa r t i c l e  cascade-impactors a re  shown as a 
function of wind speed increments fo r  plutonium collected on the impactor 

backup f i l t e r ,  the 1.1 plus 2.0 pm stages,  and the 3.3 plus 7 pm stages. 

Airborne plutonium concentrations increased with increasing wind speed. 
Concentrations increased u p  t o  about 2 orders of magnitude as wind speed 
increased from 3 t o  5 u p  t o  7 t o  11 m/sec. Straight  l ines  a re  drawn 

through data in order t o  d i r ec t  a t tent ion to  the wind speed tendency of the 
data. For the plutonium collected on the cascade impactor backup f i l t e r ,  
l ines  proportional t o  wind speed t o  the 1.1 and 4.2 power are  shown. For 

wind speeds below abut 5 m/sec, airborne plutonium concentrations tended 
to increase nearly l inear ly  w i t h  wind speed. However, above 5 m/sec, plu- 

tonium concentrations increased w i t h  wind speed to  the 4.2 power. A t  the 

I present time, i t  i s  unknown whether these indicated relationships would sug- - 
gest a threshold windspeed of 5 m/sec fo r  resuspension or whether a smooth 
curve should be drawn through a l l  data points. 



PARTICLES ON BACKUP FILTER 
lo" 

FIGURE 20. Airborne 2 3 9 ~ u  Concentrations Near Prosser Barricade 
a t  Hanford from April 12 to  3 u ~ e  29-, 1976 When Sampling 
Only 190 t o  269.' Winds (Neg. 77614-1) 

In other portions of t h i s  figure,  selected s t ra ight  l ines  suggesting 

wind speed dependencies are  shbwn only fo r  wind speeds above 5 m/sec. For 

the 1.1 plus 2.0 pm impactor stages, airborne concentrations increased with 

wind speed to the 9.3 power. For the 3.3 plus 7 pm impactor stages, a i r -  

borne concentrations increased with wind speed t o  the-5.2 power. For to ta l  

plutonium collection within par t ic le  cascade impactors, a range of wind speed 

dependency i s  shown on the r ight  s ide of the figure.  For a sampling height 

of 0.3 m, a i r  concentrations increased with wind speed t o  the 4.4 power. 

However, a t  a sampling height of 1.8 m, airborne concentrations increased 

w i t h  wind speed t o  the 3.0 power. 



These data i n  Figure 20 a re  the f i r s t  t o  show plutonium i s  resuspended 

from o f f s i t e  locations. En addition, airborne plutonium concentrations shop! 

a very high wind  speed dependency fo r  t h i s  o f f s i t e  plutonium resuspension. 

As will  be discussed l a t e r ,  t racer  wind resuspension ra tes  suggest a wind 

speed dependency to the 4.8 power. This i s  s imilar  to  the wind speed depend- 

ency shown by t h i s  o f f s i t e  plutonium resuspension data. However, there a re  

other plutonium resuspension data which show a d i f fe rent  wind speed dependency. 
West of U-Pond on the Hanford reservation, airborne plutonium concentrations 
increased(') with wind speed to only the 1.5 power. Reasons fo r  these d i f f e r -  

ences in the wind speed dependency of onsi te  versus o f f s i t e  plutonium resuspen- 
sion a r e  unknown. Possibly a threshold wind velocity above which resuspension 
increases rapidly with wind speed was not exceeded a t  U-Pond. 

Nonrespirable airborne plutonium blowing from o f f s i t e  onto the Hanford 
reservation was a l so  measured. In t h i s  case, sampling direct ion was 
controlled by placing stops which allowed the rotating cowl (Figure 3 )  i n l e t  

to  ro ta te  only with the range of 190" t o  260". Plutonium analysis was f o r  

the to ta l  nonrespirable sol ids  col lect ion i n  cowls a t  each height, ra ther  

than as a function of pa r t i c l e  s i ze  as was done f o r  Rocky Flats  (See 

Figures 11 and 13.) 

2 Plutonium-239 concentrations i n  mCi/g and fluxes in mCi/(m day) for  
nonrespirable par t ic les  blowing from of f s i  t e  near the Hanford Prosser barri-  

cade a re  shown in Table 10. Plutonium concentrations on nonrespirable airborne 
so l ids  ranged from 1.3 x up  to  2.1 x pCi/g. These concentrations 
a re  s imilar  to  those shown in Figure 15 fo r  airborne nonrespirable par t ic les  

col 1 ec ted west of U- Pond. 

Airborne nonrespirable 2 3 9 ~ u  fluxes a l so  were calculated f o r  these 
Prosser barricade samples. Horizontal f lux calculations were made f o r  both 

the to ta l  time wind was between 3 and 11 m/sec and 190" to  260' and for  the 
to ta l  time cowl a i r  samplers were i n  the f i e l d .  Fluxes a re  shown in the l a s t  

two columns of Table 10. When the shorter  time period ( 3  t o  11 rn/sec winds) 
is  used f o r  calculating the horizontal plutonium f lux ,  fluxes range from 



TABLE 10. Plutonium Transport on Nonrespirable 
Pa r t i c l e s  from Of f s i t e  Near the  Prosser 
Barricade on the  Hanford Reservation 

Airborne 2 3 9 ~ u  
Nonresp rab le  Flux, 

2 3 9 ~ u  on Airborne pCi/(m 3 day) f o r  
Sol ids  Times Of 

Only f o r  190 
Sampl ing t o  260 WSnds, Total Field 

Height, m dpm/g pCi /q 3 t o  11 m/sec Time 

0.3  0.29 1.3 x loe7 3.9 x loe6 8.0 

2 0.46 2.1 4.0 x 8 .3  
5.8 0.32 1.5 x 1.4 x 2.8 

2 3.9 x t o  1.4 x pCi/(m day). This Prosser barricade f l ux  range i s  

within t he  range measured near S i t e  A a t  Rocky F l a t s  which was shown in  

Figure 8. However, i f  the  t o t a l  time cowl a i r  samplers were i n  the  f i e l d  

is used f o r  ca lcu la t ion ,  Prosser barricade airborne nonrespirable o f f s i  t e  
plutonium f luxes  were lower and comparable t o  those measured a t  Rocky F l a t s  

S i t e s  AB and B (See Figure 8 ) .  

These cross  comparison data show there  is a comparable plutonium 

f l u x  on nonrespirable p a r t i c l e s  o f f s i  t e  a t  Hanford, onsi t e  a t  Hanford 

U-Pond, a s  well a s  ons i t e  a t  Rocky F l a t s  f o r  the time periods invest igated.  

Comparable f luxes  may be caused by more s o i l  being transported from o f f s i  t e  

a t  the  Prosser barricade s i t e .  As shown by the  range of 2 3 9 ~ u  concentrat ions 

on a i rbo rne - so i l  from 1.3 x - 1 0 - ~  u b  t o  2.1 x pCi/g, t h i s  range i s  

g r ea t e r  than f a l l o u t  l eve l s  i n  so i l  surface  samples. As shown i n  Table 3 ,  

reported 2 3 9 ~ u  concentrat ions i n  surface  samples 19 t o  34 Km from Hanford had 

a range from 3.6 x loa9 t o  7.6 x pCi/g. These l a s t  values a r e  s imi l a r  
t o  a f a l l o u t  level  of 3.8 x 1 0 ' ~  pCi/g measured (36) a t  North Eastham, MA. 



Most plutonium col lected appears not to  have or iginated from f a l l o u t .  

Rather, most plutonium col lected on these  airborne nonrespirable p a r t i c l e s  

near the  Prosser barricade resembles weapons grade plutonium. (37,381 PI,,e 

tonium i  sotopic  r a t i o s  ( 2 4 0 ~ u / 2 3 9 + 2 4 0 ~ u )  in atom percent f o r  these non- 

resp i rab le  samples were 6.10 - + 0.02 a t  0.3 m height,  6.31 - + 0.02 a t  2 m 

height ,  and 6.28 - + 0.03 a t  5.8 m height. In comparison, the  i so top ic  r a t i o  

determined from a sample of f o r e s t  f i r e  smoke plume near M t .  S t .  Helens, W A Y  

was 13.82 - + 0.05. Isotopic  r a t i o s  f o r  resp i rab le  p a r t i c l e s  sampled near the  

Prosser barricade were not determined. Although plutonium was blowing from 

o f f s i t e  near the  Prosser barr icade,  airborne resp'irable plutonium.concentra- 

t i ons  were below maximum permissible concentrat ions a s  was shown by ~ i g u r e  20 

RELATIVE AMOUNTS OF RADIONUCLIDE "CLUSTERS" ON PARTICLES RESUSPENDED 

Data from these s tud ies  ind ica te  t h a t  occasionally some more-radioactive- 

than-normal pa r t i c l e s  o r  c l u s t e r s  of radioact ive  p a r t i c l e s  were resuspended 

and col lected on sampling f i l t e r s .  In the  October 1973 plutonium data  f o r  

Hanford shown i n  Figures 7 and 14, one f i l t e r  a t  6.1-m height col lected 
3 6 .5  x pCi/g airborne so l i d  (1.2 x lo- '= pCi/cm of f i l t e r e d  a i r ) .  The - 

plutonium measurement was 36 times g r ea t e r  than the maximum value of 1.8 x loe6 
3 pCi/g a i rborne so l i d  (4 .0  x pCi/cm of f i l t e r e d  a i r )  col lected on 

other  f i l t e r s  simultaneously sampling a t  heights of 6.1 and 0.3 m .  We 

hypothesize t h a t  t h i s  r e l a t i v e l y  high plutonium co l lec t ion  on t h i s  f i  1 t e r  

was due t o  co l lec t ion  of one o r  more l a rge r  (more radioact ive  than normal 

usually resuspended and sampled) p a r t i c l e s  o r  c l u s t e r s  of p a r t i c l e s .  

The s i z e  of the l a rge r  p a r t i c l e ( s )  cannot be measured s ince  the  

f i  1 t e r  samples were dissolved f o r  plutonium ana lys i s .  Nevertheless, the  

r e l a t i v e  s i z e  can be estimated from the  r a t i o  of rad ioac t iv i  t i e s  col lec ted 

f o r  "normal" and " la rger"  p a r t i c l e  s i z e s .  Assuming t h a t  a p a r t i c l e ' s  

r ad ioac t i v i t y  i s  proportional t o  i t s  volume, then the  f i l t e r  w i t h  a  pluton- 

i u m  a c t i v i t y  36 times g rea te r  the next highest  measured a c t i v i t y  may have 

col lected " la rger"  p a r t i c l e s  of plutonium a c t i v i t y  36 times the  a c t i v i t y  

of "normal" p a r t i c l e s .  This would correspond t o  a diameter f o r  the  l a r g e r ,  

1 e s s  f requent ly  resuspended pa r t i c l  e ( s )  which may be th ree  times the  diameter 

of normal l y  resuspended plutonium p a r t i c l e s .  Only s ince  extensive a i r  



samples have been collected has the resuspension of these unusally active 

particles been suggested. However, the frequency of their resuspension 
appears to be very low. 

The presence of a more-radioactive-than-normal resuspended particle is 

also indicated by the 241~m data shown in Figures 18 and 19. The two positive 

241~m air samples for the HMS Tower may indicate that larger-than-normal 

241~m particles or clusters of particles were collected on these filters. 

As discussed earlier for resuspended particles at Rocky Flats, a morq- 

radioactive-than-average particle (or cluster of particles) was col 1 ected on 
the 2-pm stage of a barticle cascade impactor. 

RESUSPENSION FACTORS AT HANFORD 

Resuspension factors have been used to describe resuspension air 
concentrations. The resuspension factor (expressed in a unit of m-l) 
is defined as the airborne concentration of contaminant per cubic meter 

divided by the surface contamination level per square meter immediately below 

the point where the airborne concentration was measured. Often air concen- 

trations for determining resuspension factors have been measured from about 
1 to 1-112 m above ground. However, airborne concentrations are a function 

of the upwind contamination level, not a contamination level immediately 
below the air concentration measurement site. It is the transport from 

upwind contamination sites to the concentration measurement site that 
determines the airborne concentration. 

Although the validity of resuspension factors is questionable, they 

were for a long time the only method for estimating air concentrations. 
Consequently resuspension factors were estimated from data obtafned at 
Hanford. Resuspension factors and the basis for their calculation are 

shown in Table 11 for both 239~u and 137~s; 1 i terature values are used as an 

indication of ground surface contamination levels in pCi/m2, while airborne 

concentrations(' ) were shown in Figure 9. Resuspension factors calculated 
from air concentrations and ground surface contamination levels are shown 

in the last column. Resuspension factors for 239~u range from 6 x 
-5 -1 to 2 x 10 m . Resuspension factors for 137~s range from 4 x to 

7 x 1 ~-~m-'. These ranges from lo-'' to l~-~m-' are within ranges reported 
(12,171 ' in the literature. 



TABLE 11. Resuspension Factors a t  Hanford 

.: , G ,  
. A i r  Concentrat ion Surface Contamination Resuspension 

uci/cm3 p ~ i / m z   actor* Range, 
Ma te r i a l  Area ' -- Minimum Maximum Minimum Maximum m-1 

23gpU " I n s i d e  chemical 
(29) 

7 ~ 1 0 - ~ '  8x10- l5 ~ . ~ x I o - ~  1 . 2 ~ 1 0 - ~  6 x 1 0 - ~ ~  t o  2 x l 0 - ~  
separa t ion  areas" 

. . (. . .  . .. . . 
1 3 7 ~ ~  Bc (1  6 ,331 ~ ~ 1 0 - l ~  ~ ~ 1 0 - l ~  0.29 55.4 4x10-" t o  7x10-' 

*~esu ipens ion  f a c t o r  = ( l o 6 )  ( s ) / G  

PREDICTED AIRBORNE RADIONUCLIDE CONCENTRATIONS FROM RESUSPENSION FACTORS 

Airborne concentrations can be predicted from resuspension fac tors  and 
surface contamination levels i f  both val ues a re  known. Equivalencies of 

airborne concentrations and ground surface concentrations a re  presented 
i n  Figure 21. The reader can estimate two of the parameters and use t h i s  
f igure t o  predict  the third parameter. ' However, as indicated in the l a s t  

sect ion,  the range of experimental resuspension factors  i s  very large.  Con- 

sequently, real i s t i c a l  ly  predicting the re1 ationship between surface and 
airborne concentration i s  fraught w i t h  uncertainties.  

PREDICTED AIRBORNE RADIONUCLIDE CONCENTRATIONS FROM AIRBORNE SOLIDS AT 

HANFORD 

Airborne concentrations can e i the r  be determined experimental ly  or 

cal.culated on the basis or simp1 ifying assumptions. For example, one 

assumption i s  t ha t  radionuclide concentrations on airborne sol ids  a re  equal 

to  radi onucl ide concentrations per gram of ground surface contami nated 

sol ids .  As was shown in Table 6 fo r  very limited data ,  t h i s  assumption i s  

usually not valid since the r a t i o  of radionuclide concentration per gram of 
airborne sol ids  to  the radionuclide concentration per gram of surface sol ids  
ranged from to x x lo3. Nevertheless, two equal i ty  assumptions a re  

used in  t h i s  section to  predict  airborne radionuclide concentrations. 



Airborne plutonium concentrations can be predicted by assuming both 

parameters of airborne soi 1 concentration as we1 1 as plutonium concentra- 

t ion per gram on tha t  airborne s o i l .  In t h i s  case, the equivalency between 

these two parameters and airborne plutonium concentrations are  shown 

i n  Figure 22. As a point of reference, airborne concentrations a t  Hanford 
3 are(19)  about 80 pg/m f o r  wind speeds of 5 m/sec. Hence, in using Figure 22, 

a plutonium concentration on airborne soi 1 of approximately lo-' pCi/g would 
be required (assuming a surface contamination depth of one cm and a so i l  

3 3 density of 2 g/cm ) a t  an airborne so i l  concentration of 80 pg/m to exceed 

or  approach maximum permissible airborne 2 3 9 ~ u  concentrations. 

Pu ON GROUND SOIL, pCi l g  

Pu ON GROUND SOIL, dpmlg 

FIGORE 21 . Equivalency of Airborne Pu Concentrations and 
Ground Surface Concentrations Based Upon the 
Resuspension Factor Concept (Neg. 772994-2) 



FIGURE 22. Equivalencies Between Pu on Airborne 
Soil and Airborne Pu  Concentrations 
( Neg . 772705-4) 

As was shown in Tables 4 and 5, there i s  no experimental basis f o r  
adequately predicting plutonium concentration on total  airborne so i l  since 

airborne so i l  usually consists of both uncontaminated so i l  blowing in from 
o f f s i t e  as well a s ,  the resuspended contaminated s o i l .  A t  our present s t a t e  

of knowledge, there are  only limited data fo r  r a t io s  of plutonium on to ta l  
airborne so i l  compared to  total  surface s o i l .  Moreover, there i s  no experi- 

mental resuspension data to  r e l a t e  plutonium concentrations on respirable 

surface s o i l s  versus plutonium concentrations on respirable  airborne s o i l s .  

Airborne sol ids  concentration levels  were estimated from data (1,391 

shown in Figure 23. Airborne pa r t i c l e  volume dis t r ibut ions were determined 

on the Hanford Reservation using both an optical pa r t i c l e  counter an a cowl- 
impactor system. (23) The range obtained w i t h  the optical pa r t i c l e  counter i s  

shown as a cross-hatched area. The cowl impactor data have an upper l imi t ,  



increasing w i t h  wind speed and decreasing height, ( the  April 1972 data)  and a 

lower l imi t  fo r  other t e s t  periods indicated by the l ines described by 3.46D 0.12 

and 1160D- *48 where D i s  the par t ic le  diameter. To determine maximum airborne 

mass loadings, the upper or maximum l imits  of the curves for  any par t ic le  diame- 

t e r  were integrated as a function of par t ic le  diameter. The lower l imits  were 

a lso  integrated as a function of par t ic le  diameter. These integrations pre- 

dicted the sol ids  mass 'loading per uni t  volume of a i r  (shown in Table 12) as a 

function of four d i f ferent  par t ic le  diameter ranges: 0.16 to 1 pm, 1 t o  10 pm, 

10 t o  100 um, and 100 to 230 pm. 

Part ic les  less  than 10 pm diameter 

are  frequently considered respirable 

( i . e . ,  small enough to  be inhaled into 

the l u n g s ) ,  even though 3.5 pm appears 
to  be more exact. . In the following 

discussion, part ic les  w i t h  diameters 
less  than 10 are considered respi- 
rable and those larger than 10 pm are  

nonrespirabl e. 

Mass loadings in these respirable 

and nonrespirable ranges are shown as 
3 upper l imi ts  of 0.7 mg/m for  respi- 

3 rable par t ic les  and 231.8 mg/m fo r  
non-respirable part ic les .  The lower 

3 l imits  a re  7.7 pg/m for  respirable 
3 par t ic les  and 20 pg/m fo r  nonrespi- 

rable par t ic les .  These mass loadings 

were multiplied by maximum surface 

contamination 1 eve1 s for  2 3 9 ~ u  and 

1 3 7 ~ s  shown in Table 5. This approach 

yielded a predicted maximum airborne 

2 3 9 ~ u  conbentrati on fo r  respirable 

par t ic les  of 4.92 x 10-lo pci/cm3 and 

a predicted lower l imi t  of 5.33 x 10-12 
3 pCi/cm . 

ld 

DECREASING HEIGHT 

i 

IMPACTOR COWL 

AIR  SAMPLING 
FOR APRIL. 1972 

IMPACTOR COWI., rn 

--- 
< -- 3 10 

- 3 L  . . . ' . . . . I  . ' . . I  . . . . ' . . . . I  
10 -1 

10 1 10 lo2 12 
PARTICLE DIAMETER. 0, urn 

FIGURE 23. Airborne Par t ic le  
Volume Distributions 
a t  Hanford 
(Neg . 765836-1 ) 



TABLE 1 2 .  Calculated Airborne Concentrations From 
Airborne Solid Concentrations and Surface 
Contamination 

P a r t i c l e  Diameter Ranqe, pm 
Respirable Non-respi r a b l e  

A i rborne P a r t i c l e s  0.16 t o  1 1 t o  10 0.16 t o  10 10 t o  100 100 t o  230 10 t o  230 

3 3  ' 

. :, . 
Tota l  Volume, /cm 

. . , . : , .  . .  . . . .  . _ .. : ,'. . _ _ ' . . . .. . '. . . 2 . .  . . . . 4.. . ' 
. . . . .  ' I  . . .  

upper ~iiit " . 4158.‘ ' 3;s' x i o  354:6 " ' 2.22 x l o 4  ' 9.37 x i o  1.16 x l o5 .  

Lower L i m i t  0.036 3.83 3.87 9.39 0.609 . 10.0 

So l ids  Mass Loading ' 

Upper L i m i t ,  mg/m 3 
. 0.00916 0.704 0.713 44.4 187.4 231.8 

Lower L i m i t ,  pg/m 3 0.072 7.66 7.73 18.78 1.218 20.0 
* 

Calcu la ted .Extreme Maxi- 
mum Airborne Concentra- 
t i o n  From L i m i t s  o f  A i r -  
borne So l ids  oncentra- 
> t i ons .  uCi/cm 5 

2 3 9 ~ u ,  Upper L i m i t  

Lower L i m i t  

J 1 3 7 ~ s ,  upper ~ i m i t  

Lower L i m i t  

* 
Concentrat ion on a i rbo rne  s o l i d s  assumed equal t o  maximum 
repor ted i n  Table 5 f o r  concent ra t ion  on ground so l i ds :  

where 

3 131cs : MPC = 6 x 1 0 ' ~ ~ ~ c i / C m  
MPC:;& = 2 x 10 U C I I ~  

1 . . 

Upper and lower l imi ts  of 1 3 7 ~ s  concentrations on respirable and non- 

respirable par t ic les  were calculated s imilar ly.  However, a comparison of 
airborne I3?cs and 2 3 9 ~ u  concentrations predicted by th i s  method and 
measured airborne concentrations shows the shortcomings of this cal cu- 

la t ional  approach. This method predicts a i r  concentrations could exceed . . 

MPC values. In contrast ,  average measured(' ) concentrations were l e s s  than 



This airborne particle mass loading approach to calculated airborne 
radionuclide concentrations does not distinguish the sources of airborne 

material. For simple wind resuspension, airborne solids included contami- 

nated solids (lower or higher radionuclide concentrations per gram of 

solid) blown in from the surrounding area as well as solids resuspended from 

the prime resuspension study site. In contrast, airborne solids above a 
mechanically disturbed area are resuspended from the study site. In this 

case, possibly such an equality assumption of radionuclide concentration per 

gram of solids would be appropriate for mechanical disturbances (11) of 

contaminated soil area. 

TRACER PARTICLE RESUSPENSION 

In order to determine particle resuspension rates, tracer particles 

placed on selected surfaces were-used to measure (I9) resuspension rates 
caused by both mechanical and wind resuspension. Mechanical resuspension 
was measured for vehicular traffic on asphalt and cheat grass areas and 
pedestrian traffic on an asphalt area. Wind resuspension was measured as a 

function of wind speed and also as a function of respirable and nonrespirable 
particle diameters. 

Mechanical Resuspension Rates 

Mechanical resuspension includes both vehicular resuspension and 

pedestrian resuspensi on. 

Vehicular Resuspension 

A 314-ton truck and a car were driven over ZnS tracer particles (8 pm 

mass median diameter) placed upon one lane of asphalt road. Resuspended 
tracer was measured to determine resuspension rates. (") Results are shown 

in Figure 24 for particle resuspension rates at vehicle speeds of 5, 15, 30, 
and 50 mph. The resuspension rate is the fraction of particles resuspended 

from the tracer lane each time the vehicle was driven down the road (frac- 

tion resuspendedlpass) . When a car was driven through the tracer lane at 



speeds up t o  30 mph, resuspension r a t e s  increased w i t h  the  square o f  ca r  

speed f rom about t o  l o - *  f r a c t i o n  resuspended/,pass. Th is  means t h a t  

these resuspension r a t e s  were p r o p o r t i o n a l  to .car -genera ted  tu rbu lence.  

When the  c a r  was d r i v e n  on the  l ane  ad jacent  t o  the  t r a c e r  lane,  resuspen- 

s i o n  r a t e s  . were . lower f o r  each v e h i c l e  speed b u t  increased w i t h  v e h i c l e  

speed f rom about t o  f r a c t i o n  resuspended/pass. 

r I I 1 1  I 1 1 1  I I 1  1 1 1 1 1 1  

CAR DRIVEN-THROUGH 
- - - - 
- - 
- TRUCK DRIVEN-THROUGH 

- 
- - 

- - 
- 

- - 

CAR DRIVEN-BY 

- - 

I 1 I I l l I l l  I I 1  1 1 1 1 1  

VEHICLE SPEED, M P H  

FIGURE 24. Rates of Tracer  P a r t i c l e  Resuspension Caused by 
Veh ic le  Passage Over an Aspha l t  Road 
(Neg. 715289-3) 



Resuspension was a l so  measured when a 3/4-ton truck was driven on the 

t r ace r  1 ane. Resuspension rates  for  truck pissage increased from about 
1 o - ~  to  1 0-2 fract ion resuspended/pass . Since resuspension rates  were 
higher, truck-generated surface s t r e s s  turbulence appears to  have been 
much greater  than fo r  car-generated turbulence. . For vehicle speeds above 

20 mph, resuspension r a t e s  fo r  car and truck passage are  comparable. This 
s imi lar i ty  might be caused by t i r e  surface s t r e s s  rather  than a i r  turbulence. 

Resuspension ra tes  were a l so  a function of the time t racer  par t ic les  
were on the asphalt  road. As shown in Figure 25, pa r t i c l e  resuspension 

r a t e s  decreased as  a function of time. For these data,  the t racer  had been 
on the road for  four days. Vehicle-generated resuspension rates  increased 

from about to  about f ract ion resuspended/pass as vehicle speed 
increased from 5 to  50 mph. For both vehicles,  resuspension was greater  
when the vehicle was driven through the ' t racer  lane than when driven on 

the lane adjacent to  the t racer  lane. 

8 8 T 1- 1 ' V I . 1  1 "" 

L T R ~ C K  D R I V E N  THROLGH - - 
A TRACER 

TRUCK SPEED, MPH 
FIGURE 25. Rates of Tracer Par t ic le  Resuspension Caused 

by Vehicle Passage Over an Asphalt Road Four 
Days After Par t ic le  Deposition 
(Neg . 71 5289-1 ) 



Resuspension caused by truck passage thr0ugh.a cheat grass area was 
a1 so measured. ( 1 9 y 2 1  ) Results are  shown in Figure 26 along with resus- 

pension ra tes  from the asphal t road,. Truck-caused resuspensi on from the 
cheat grass area was always l e s s  than from the asphalt  road. This decrease 

i s  a t t r ibuted  to  the protect ive.act ion of cheat grass in hindering truck- 

generated turbulence in reaching the ground and resuspending t racer .  

F TRUCK, CHEAT G R A S S  ROAD 

VEHICLE SPEED, mph 

FIGURE 26. Rate of Tracer Par t ic le  Resuspensio~ Caused 
by Vehicle Passage Over Asphalt and Cheat 
Grass Roads (Neg. 7601 88-4) 

Resuspension from the cheat grass area decreased fo r  truck speeds from 

5 to  30 mph. This decrease i s  a t t r ibu ted ' to  the sequence cf experimental 
truck speeds. The i n i t i a l  truck speed was 5 mph. Apparently, the re la t ive ly  

larger  resuspension r a t e  a t  5 mph was caused by the most readily resuspended 



par t ic les  being removed from the cheat grass. In succeeding experiments a t  

increasing truck speeds u p  t o  15 mph, and possibly 30 mph,  a l l  readily 
resuspended t racer  was removed from the cheat grass fol iage.  When truck 
speed was subsequently increased from 30 to 40 mph,  resuspension per pass 
a l so  increased. Apparently, increased a i r  turbulence a t  the base of the 
cheat grass increased resuspension ra tes .  

Pedestrian Resuspension 

Resuspension caused by a man walking along.the ZnS t racer  lane of the 
asphal t  road was a l so  measured. (19348) The man walked across the t racer  

area in a le i sure ly  fashion; the s t r i d e  and pacer per second were not 
measured. For t racer  on a 3-m-wide road lane, the reported resuspension 

r a t e  was the fract ion of par t ic les  resuspended each time the person walked 
down the length of the t racer  lane. With wind  speeds of 3 to  4 m/s, pedes- 

t r i a n  caused resuspension r a t e s  were from 1 x 1 0 ' ~  to  7 x fract ion 
resuspended/ pass along the t racer  lane. This pedestrian-generated resus- 
pension was greater than wind resuspension during the experiment. 

Wind-Caused Resuspension 

Experimental values of wind-caused resuspension r a t e s  of t racer  par t i -  
c l e s  from environmental surfaces have not been experimentally determined 

from mass balance techniques other than fo r  the present data.  (1 7-20, 40 -42) 

Some data were in i  ta l  ly  obtained using 8-urn mass median. diameter (MMD) ZnS 

par t ic les  and average'wind speeds from 1 to  5 m/sec. , More extensive data as 

a function of wind speed were obtained using submicrometer CaMo04 par t jc les .  
Average resuspension ra tes  f o r  ZfiS par t ic les  were measured fo r  resuspension 

from an asphalt  surface (40) and a cheat grass surface. (21 ) For average wind 

speeds of 1 to  4 m/sec, wind resuspension ra tes  from an asphalt  surface 

ranged from 5 x lo-' to  6 x f ract ion resuspended/sec. For average wind 

speeds of 1 to  5 m/sec, wind resuspension ra tes  from a cheat grass surface 
ranged from 5 x lo-' to  6 x f ract ion resuspendedlsec. 

Wind-caused resuspension was measured f o r  submicrometer CaMo04 par t ic les  

deposited in a l i gh t ly  vegetated area on the Hanford reservation. Tracer 

pa r t i c l e s  were deposited i n  a c i rcu lar  area of 23-m radius around a central ly  
located a i r  sampling tower. Resuspended par t ic les  were measured a t  the 
tower as a function of wind speed increments for  respirable par t ic le  



diameters and fo r  nonrespirable par t ic les  a t  a l l  wind speeds. Respirable 

par t ic les  were collected within pa r t i c l e  cascade impactors (Figure 3)  whi 1 e 

nonrespirable par t ic les  were collected by impaction and gravity s e t t l i n g  

within cowls. 

Wind-caused resuspension ra tes  are  shown in Figure 27 as a function of 

wind speed. ~ e s u ~ p e n i i b n  ra tes  ranged from about lo-' '  t o  1 0 ' ~  fract ion 
resuspended/sec. Different functional dependencies of resuspension ra tes  

on wind speed can be obtained from these data,  depending upon which s e t  of 
wind speed increments are  used. During the January to  February period, a i r  
sampling was f o r  large wind speed increments, while in subsequent experi- 
ments wind speed increments were smaller. The s t r a igh t  l ines  shown in 

Figure 27 were drawn through a l l  data points. In these cases, resuspension 
ra tes  increased w i t h  the 1.0 to  4.8 power of wind speed. However, when 
only data points fo r  smaller wind  speed increments are  used, wind-caused 

resuspension ra tes  increased w i t h  wind  speed t o  the 4.8 power f o r  7, 3.3, 

I 
2.0, and 1 .l-pm diameter par t ic les  as well as fo r  the smaller par t ic les  
collected on the cascade impactor back-up f i l t e r .  

I 
i 
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- 

FIGURE 27. Tracer Resuspension Rates as a Function of 
Diameter and Wind Speed Increments 
(Neg . 762426-9) 
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For comparable wind speed increments, tracer resuspension rates were 

nearly independent of time tracer was on the ground surface. However, i t  
i s  often assumed in theoretical modeling t h a t  particles become less avail- 
albe for resuspension with time. The assumption in these models i s  t h a t  

pollutant particles become fixed or attached t o  soil particles and subse- 
quently "migrate" into the ground surface. This process i s  called weathering. 

The independence of wind-caused resuspension rates with time i s  a 
significantly different observation t h a n  some others have made. Radio- 
active resuspension literature indicates that airborne radioactivity con- ! 

centrations decrease with a weathering half-life of  35 days. (9,101 In  I 

contrast, i f  there i s  a weathering half-life for the controlled'tracer ~ 
experiments described above, the weathering half-life must be on the order 

of/years. Some differences in reported weathering might be explained by 1 

how a i r  samples were collected. In work reported by others, a i r  concentrat- , 

ions were measured continuously. In contrast, in our tracer experiments 

a i r  concentrations and hence resuspension rates were measured as a function I 

of wind speed. Even these differences in determining weathering half-lives 

i l lustrate  how poorly weathering i s  understood. 

- Average wind-caused tracer resuspension rates are reported for b o t h  

respirable and nonrespirable particles in Figure 28. In these cases, respi- 
rable refers to al l  particles collected within cascade impactors while non- 

respirable refers t o  particles collected within cowls. Nonrespirable 
particle resuspension rates were nearly independent of time and were of the 

order of 10-I fraction resuspended/sec. 

Resuspension rates for respirable particles ranged from about 10-'I t o  
1 0 ' ~  fraction resuspended/sec. These resuspension rate3 did not decrease 
with time. For the f i r s t  two sampling periods, resuspension was measured 

for a l l  wind speeds. In succeeding experiments, resuspension rates were 

measured only for wind speeds above 1 and above 4 m/sec. The upper or 
solid line portion of the respirable particle curve corresponds t o  resus- 

pension rates calculated for the wind sampling periods. These periods 

correspond t o  wind speeds above 1 and above 4 m/sec. The lower limit of 



the resp i rab le  par t ic le  curve corresponds to  resuspension ra tes  

by assuming resuspension time corresponds to  the to ta l  time tha 
impactors were in the f i e l d  ( i  .e.  , time included fo r  winds l e s s  

less  than 4 m/sec). 

,, J J . 0  J A J  0 J 
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FIGURE 28. "Average" Wind Caused Tracer Resuspension 
Rates (Lightly Vegetated Desert on Hanford 
Reservation) (Neg . 762426-1 6 )  

INITIAL GENERALIZED WIND RESUSPENSION RATE CORRELATION 

a ted 

and 

Guidelines fo r  estimating resuspension ra tes  a re  needed based upon 
exis t ing experimental resuspension r a t e  data.  An i n i t i a l  correlation (19,20) . 

was developed from data reported fo r  uranine par t ic les  resuspended from a 

smooth surface, ZnS from an asphalt  surface(40) ,  submicrometer molybdenum 
(41 ,421 t r ace r  from a vegetated deser t  so i l  (17 ) ,  and for  DDT from a fores t .  

, 



Each of these surfaces has a much d i f fe rent  estimated aerodynamic' surface 
( roughness height, zo, ranging from 4 x cm fo r  the smooth surface to  

1 m for  a fores t .  Roughness height i s  calculated form the log-linear velo- 
c i t y  prof i le  and i s  the height a t  which the extrapolated velocity prof i le  

reaches zero vel oci ty . 
(19,201 a Ranges of measured average resuspension ra tes  were correlated 

function of measured or  estimated surface roughness heights in Figure 29. 
Resuspension r a t e s  range seven orders of magnitude from 10-lo to  frac-  
t ion  resuspended/sec. The practical significance of these numbers can be 

7 made apparent by noting tha t  a year i s  3.2 x 10 sec. 

I NOTE: 1 YEAR = 3.2 x ld sec 
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FIGURE 29. I n i t i a l  Correlation of Wind Caused 
Tracer Resuspension Rates 
(Neg . 747270-8) 



This ini t ia l  resuspension rate correlation shows resuspension rates 

decrease as surface roughness increases, a t  least for the three smaller 
roughness heights. However, measured resuspension rates for DDT sprayed on 
a forest are two orders of magnitude greater t han  rates for the desert soi l .  

This i s  an unexpected and unexplained increase in resuspension rates. A 

possible explanation of the increase might .be increased resuspension caused 
by tree movement in the wind. Also, various other gross differences in 

control 1 ing variables and experimental factors may have infl uenced resul t s  . 
Since the d a t a  are so extremely limited, this apparent correlation should 
be used with extreme caution until correlations are developed based upon 
several physical parameters instead of only zo. Nevertheless, this correla- 
tion does give some justification for estimating resuspension rates until 
better correlations are developed. 
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