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I. INTRODUCTION 

Oak Ridge National Laboratory (ORNL) is a 
multidisciplinary research laboratory managed for the 
U.S. Department of Energy (DOE) by Martin Marietta 
Energy Systems, Inc. During its 50 years of operation, 
the Laboratory has conducted numerous scientific 
experiments. One of these experiments was a radiation 
fallout study involving 137Cesium ("'Cs). This 
radionuclide was chosen for the study as it is an 
important long-lived component of weapons fallout. 
The primary goal of the experiment was to evaluate the 
long-term, low-dose effect of radiation to the 
environment, particularly to vegetation i.e., fescue and 
insects in the event of a nuclear attack 

In 1968, I3'Cs was fused at high temperatures with 
silica sand particles (100 uCi/g) and applied to the 
surface of four 33 x 33 ft  plots. Four other plots were 
constructed at the site to serve as background controls 
and were not contaminated with 13'Cs. The particles 
ranged from 88 to 177 pm in diameter and were spread 
at a load of 72 @mZ over the plots. The particle size 
distribution was selected to simulate particle diameters 
characteristic of weapons fallout. Each plot received 
approximately 2.2 Ci of I3'Cs, which resulted in a total 
of 8.8 Ci applied to the site. 

The cesium plots occupy approximately 6 acres of 
grassy fields 330 ft. north of the Clinch River. The 
plots are enclosed by a perimeter fence approximately 
1000 ft. x 250 ft. Each of the eight plots was enclosed 
with sheet metal that extended 18 in. below and 24 in. 
above the ground surface. 
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ORNL researchers involved with the application of 
the cesium (circa 1968) believed the cesium fused 
silica particles would not migrate vertically more than 
6 to 12 in. nor migrate horizontally in any direction 
because of the plot metal enclosures. However, soil 
samples taken from the plots revealed the cesium had 
migrated vertically to depths of 3 to 4 ft. and 
horizontally in a northwest plume of several feet. 

Because of direct radiation exposure concerns to 
workers and the public, a CERCLA interim action was 
taken to remediate the plots. The intent of the paper 
wil l  be to explain the remediation and examine the 
challenges associated with the remediation focusing 
primarily on lessons learned. 

II. SCOPE OF INTERIM ACTION 

The major provisions of the interim action were to 

0 excavate vertically until residual cesium 
contamination is equal to or less than 120 pCi/g, 

containerize the excavated soil in metal boxes 
designed for the storage of low-level radioactive 
waste, 

0 transport the excavated soil to an onsite burial 
ground and place the metal boxes into underground 
silos for long-term storage. 

0 line each excavated plot with a permeable 
membrane and backfii with a clean compacted fill 
material and a topsoil layer. 



111. PURPOSE OF INTERIM REMEDIAL 
ACTION 

The purpose of the interim action is to mitigate the 
current human health and environmental risks to 
workers performing activities adjacent to the cesium 
plots and to off-site receptors outside of the perimeter 
fence. The primary off-site area of concern was the 
bank along the Clinch River. The Interim Remedial 
Measures Study (Radian 1992) for the cesium plots 
concluded that a fisherman located on the riverbank 
near the plots for a prolonged time would be exposed 
to unacceptable levels of gamma or ionizing radiation. 

N. REMEDIATION OF CESIUM PLOTS 

On August 30, 1993, field crews mobilized on-site 
and established construction boundaries, surface water 
control measures, and support facilities prior to 
beginning excavation activities. Small saplings, 
vegetation, and metal enclosures were removed from 
the contaminated plots and placed in the metal boxes. 
The remedial order of succession were plots 2, 4, 6 
and 7. The control plots (1,3,5, and 8) were not to be 
affected. Contaminated soils were excavated through 
the use of a backhoe and placed in the metal boxes. 
The bucket from the backhoe traversed the plot surface 
excavating soil to a depth of 6 in. to 1 ft. during each 
interval. Plots numbered 4 and 6 were excavated to a 
depth of 3.5 ft. The remaining two plots (2 and 7) 
were excavated to a depth of 4 ft. 

Excavation work then continued in a horizontal 
direction removing contamination from plot sidewalls 
and surface perimeters. Because the contamination had 
migrated, 3 ft. of soil from each plot sidewall had to be 
removed. Also, 6 in. of soil from an area of 10 ft. 
around each plot surface perimeter was excavated. 
After the bulk of the excavation was accomplished, 
several "hot spots" remained and were removed 
utilizing a shovel and bucket operation. 

A total of approximately 36,000 ft? of soil and 
debris was removed from the cesium plots site, 
containerized, and transported to the on-site burial 
ground. The containerized soil and debris was then 
placed in underground silos for long term storage. 

V. SAMPLING AND ANALYSIS 

After each excavation interval, technicians utilizing 
hand-held instruments i.e., portable beta-gamma 
friskers, alpha meters, and sodium iodide detectors 

screened the newly uncovered surface to determine the 
level of radioactivity. These portable instruments were 
incapable of measuring radioactivity in pCi/g. 
Therefore, a sample correlation was established 
indicating that 90 pCi/g (wet weight) was equivalent to 
120 pCi/g (dry weight). The reading in disintegrations 
per second was converted to an activity in pCi/g. If the 
conversion indicated activity greater than 120 pCi/g 
(final action limit), excavation continued another 6 to 
12 in. deeper and another field screening was 
performed. Sampling representatives obtained random 
samples for screening of contamination levels at the on- 
site field laboratory. When the field screening indicated 
the soil concentration was below 120 pCi/g, excavation 
work stopped, and verification samples were retrieved. 

Subsequently, verification soil samples were taken 
to the field laboratory. The samples were analyzed for 
gamma spectroscopy using a sodium iodide detector. 
When the field laboratory radioactivity results were 
below 90 pCi/g for a plot, work was suspended in the 
remediated plot. The final verification samples were 
then transported to the Analytical Laboratory at ORNL 
for final analysis using gamma spectroscopy. 
Excavation work then resumed in a new plot. The level 
of 90 pCi/g had to be achieved for each sample in the 
field to account for a soil moisture content of 20 
percent. 

VI. T R A N S P O R T A T I O N  OF C E S I U M  
CONTAMINATED SOIL AND DEBRIS 

In accordance with Title 49 Code of Federal 
Regulations, Part 177, all metal boxes were properly 
labeled and the commercial carrier appropriately 
placarded. A flatbed trailer was reconfgwed using 
angle iron and tie down straps to ensure safe 
transportation and to allow for six boxes to be shipped 
at a time. This load limit restriction prevented all 
shipments from exceeding the 80,000 lb. limit, which 
eliminated invoking additional DOT requirements i.e., 
transportation permit. Flagmen were available at the 
entrance to Highway 95 to ensure safe passage of the 
containers. 

W. LESSONS LEARNED 

A. Cesium Migration 

Although ORNL researchers believed the cesium 
would not migrate because of the plot metal enclosures 
and the radionuclide being fused with silica particles, 
migration did occur largely due to storm events, root 
systems from small saplings, and animals burrowing 



holes underneath the plots. Because of the topography 
of the land, surface water runoff from each plot 
collected in a 100- year floodplain located northwest 
of the cesium field. This allowed for percolation of the 
cesium into different strata. The root systems from the 
small saplings along with burrow holes provided an 
excellent pathway for cesium to percolate into the 
ground. 

B. Acceleration of Work Schedule by EPA 

Regulations promulgated under CERCLA require that 
construction activities must be initiated within 
15 months of the signing of a Record of Decision 
(ROD). The cesium plots ROD was signed in October 
1992; thus mandating construction activities to begin 
on or before January 1993. However, the schedule 
included in the Interim Remedial Action Work Plan 
illustrated that construction activities would begin in 
September 1993. The EPA reviewed and commented 
on this document and stated the proposed schedule to 
begin construction activities in September 1993 would 
be an enforceable deadline. 

C. Conventional Construction Equipment Used 
for Environmental Restoration Work 

Currently, most environmental restoration work 
involves the use of traditional construction equipment. 
The backhoe used to excavate cesium soil from the 
plots accomplished the job but was not very efficient. 
The bucket from the backhoe was equipment with teeth 
that transferred surface contamination to subsoils at 
various depths. This prevented waste minimization and 
allowed for additional costs to be incurred by the 
project. 

D. Analytical Field Screening of Soil Samples 

The on-site laboratory for field screening of soil 
samples saved substantial time and money. With the 
field laboratory located on-site, workers received real 
time data that allowed for needless excavation to be 
avoided, and there was minimal delay between 
analytical results and work activities. Workers knew 
exactly where to excavate and exercised proper waste 
minimization, which saved on labor hours, silo and 
metal box costs, and transportation cost. 
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DISCLAIMER 

This report was prepared as an acwunt of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, mom- 
menduion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 


