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A Three-Dimensional Spatial Model of Plutonium in Soil Near RocAc Flats, Colorado 

Scott B Webb, Shawlu A Ibrahm, and F Ward W c k e r  Colorado State Umversity, 

Department of Radiological Health Sciences, Fort Collms, Colorado 80523- 1673 

ABSTRACT 

The honzontal and depth distnbution o f  plutomum was measured in soil east of the Rocky Flats 
Environmental Technology Site (formerly the Rocky Flats Plant) near Denver, Colorado dunng 
1992-1991 The study area was centered on the eastern plume of plutomum contamination and 
mcluded transects extendmg from 0 2 km east of  the pnmag ongm of the contamination (the 903 
Pad) to distances of up to 19 km northeast, east, southeast and south-southeast of  the 903 Pad Soil 
was collected rn 3 cm layers down to 21 cm at exponentially increasrng distances along the four 
transects Plutomum concentrabons decreased rapidly with depth, distance fiom the 903 Pad, and 
angle from due east Depth distnbutions were mdependent of distance and angle from the 903 Pad, 
and our profile model can be used to adjust to a commqn basis, hstoncal measurements made from 
sampllng to different depths Based on a total of -1,400 rndependent measurements, mathematical 
functions were developed to descnbe the distance, drrectional, and depth relationshps These 
equations, combined wth soil density and rock measurements, provided a new method to estimate 
the plutomum concentration or total deposition per u t  area anywhere w h n  the study area Total 
deposition per urut area measurements at 50 sites provided an rndependent test of the model’s 
predictive accuracy Sampling coefficients of variation based on replicate samples at the man 
sampllng locations averaged 33%, but ranged fiom 12 to 98% The analytical measurement 
coefficient of vanation averaged 8% Mean 0-3 cm soil concentrations of I4’Pu among 10 Front 
Range ‘ background” and 11 commuruty locations near Rocky Flats uere 2 1 and 2 3 Bq kg ’, 
respectikel? 
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Equataons for A 17Lree Dtmensmnal Model of Plutonturn tn sot1 near Rocky Flats 
by Webb, Ibrahun, and Whcker were were wntten m Microsoft Word (ver 7 0) 
and Microsoft Equataon (ver 2 0) l h s  sheet 1s I.U a file named eq.doc. 
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Inventory Estimates of 239Pu in Soil East of Rocky Fiats, Colorado 

Scott B Webb, Shawlu A Ibrahun, and F Ward Whlcker, Department o f  Radiological Health 

Sciences, Colorado State Umversity Fort Collms, Colorado 80523-1 673 

ABSTRACT 

Through extensive geographc and depth-profile samplrng of soils and radiochemcal 

analysis and statishcal models o f  the resultmg data, we estunated the total mventory of 239J40Pu 

released by the Rocky Flats Environmental Technology Site to the soil east of  a remediated 

drum storage area known as the 903 Pad Our best geometnc mean estunate, whch applies only 

to a sector located between 0 2-19 km from the 903 Pad and W I ~  an arc from 60"- 120" true 

beanng is 53 GBq (1 4 Ci wth a geometnc standard deviation o f  1 6) Th~s value is roughly a 

fraction of  two lower than several hstoncal estunates of enwonmental plutomun contammation 

o f  soil m the same area Our estimate apparently differs from prevlous work because it includes 

the effect of soil displacement by rock, whxch IS very abundant in the study area and whch 

contams very little, if any plutomum We considered all sources of error in calculatmg the 

geometnc mean and standard deviation, using a Monte Carlo approach The pnmary source o f  

uncertainty 111 the total inventory estimation was the statistical vanance m the parameter 

estimates for the equations used to calculate the inventory Although, the relatme uncertamty for 

our estimate uas greater than those reported for earlier studies, it may better-reflect the actual 

kanance of  the plutomum inventory east of the WETS 
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