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ABSTRACT 
 
This paper describes the remediation of a low-level radiological waste burial site located at the 
former James Connally Air Force Base in Waco, Texas.  Burial activities at the site occurred 
during the 1950’s when the property was under the ownership of the United States Air Force.  
Included is a discussion of methods and strategies that were used to successfully exhume and 
characterize the wastes for proper disposal at offsite disposal facilities.  Worker and 
environmental protection measures are also described.  Information gained from this project may 
be used at other similar project sites.  
 
A total of nine burial tubes had been identified for excavation, characterization, and removal from 
the site. The disposal tubes were constructed of 4-ft lengths of concrete pipe buried upright with 
the upper ends flush with ground surface.  Initial ground level observations of the burial tubes 
indicated that some weathering had occurred; however, the condition of the subsurface portions 
of the tubes was unknown. 
 
Soil excavation occurred in 1-foot lifts in order that the tubes could be inspected and to allow for 
characterization of the soils at each stage of the excavation.  Due to the weight of the concrete 
pipe and the condition of the  piping joints it was determined that special measures would be 
required to maintain the tubes intact during their removal.  Special tube anchoring and handling 
methods were required to relocate the tubes from their initial positions to a staging area where 
they could be further characterized.  Characterization of the disposal tubes was accomplished 
using a combination of gamma spectroscopy and activity mapping methods. 
 
Important aspects of the project included the use of specialized excavation and disposal tube 
reinforcement measures to maintain the disposal tubes intact during excavation, removal and 
subsequent characterization.  The non-intrusive gamma spectroscopy and data logging methods 
allowed for effective characterization of the wastes while minimizing disposal costs.  In addition, 
worker exposures were maintained ALARA as a result of the removal and characterization 
methods employed. 
 
INTRODUCTION 
 
Pangea Group was contracted by Washington Group International, Inc. (WGI) in May 2002 to 
remove, characterize, transport, and dispose of low-level radiological waste burial tubes 
(hereafter referred to as “disposal tubes”) from the former James Connally Air Force Base in 
Waco, Texas.  The work was to be performed for the U.S. Army Corps of Engineers (USACE) 
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Tulsa District under WGI’s Total Environmental Restoration Contract (TERC).  The site 
consisted of nine disposal tubes.  Six of the tubes were believed to contain radiologically 
contaminated waste and three were believed to be empty, based on initial site observations and 
radiological screening measurements taken at the site. 
 
Site mobilization began on 5 August 2002. By 20 August 2002, all contaminated waste had been 
staged for final disposition. By 8 November 2002, all wastes had been received by the appropriate 
disposal facilities. 
 
The low-level radiological burial site was located on property owned by the Texas State 
Technical College (TSTC) in Waco, Texas.  The burial site is part of the Formerly Used Defense 
Site (FUDS) remediation program.  Operations at the James Connally Air Force Base began in 
1942 and were discontinued by 1962.  The property was fully transferred to the State of Texas in 
1967.   
 
Historical records indicate that radiological wastes were placed in the disposal tubes during the 
later half of the 1950’s.  United States Department of the Air Force (USAF) Technical Order 00-
110A-1, dated 25 May 1956 established a written protocol for the disposition of solid low-level 
radioactive waste in 12-foot deep concrete-walled disposal tubes or “wells”.  The Technical Order 
specified that the disposal tubes were to be between twenty-four and thirty-six inches in total 
diameter with 6-inch outer walls, a 12-inch lower concrete plug and an 18-inch upper concrete 
plug.  Items authorized for disposal in the wells included small radioactive items such as radium-
painted dials and gauges, electron tubes, test objects, and other similar items.  
 
It was the intent of the USACE Tulsa District and WGI to remove and dispose of the burial tubes 
intact to the maximum practical extent.  This approach was preferred in order to reduce the 
possibility of spreading contamination and to minimize the volume and associated costs of 
radiological waste disposal.  Once the tubes were removed to a staging area, they would be 
characterized via non-intrusive means, after which the wastes could be transported and disposed 
at an appropriately licensed facilities.    
 
Site Conditions 
 
The burial site was the subject of two investigations previous to the activities detailed in this 
paper.  In 1991 the students and faculty of the TSTC Nuclear Technology Program performed a 
radiological survey at the site.  Soil, water, vegetation, and high volume air samples were 
collected.  The results of these analyses indicated normal background levels of radioactivity.  
Radiological dose rate surveys indicated slightly elevated gamma exposure rates directly over the 
upper plug of several of the disposal tubes.  In May 2001, WGI performed a more detailed 
characterization effort of the site as part of a final Engineering Evaluation/Cost Analysis (EE/CA) 
for USACE.  Additional surface soil, subsurface soil and water samples were collected from 16 
boreholes placed adjacent to the burial tubes and from 2 boreholes placed outside of the site area 
for background data comparison.  The boreholes were drilled utilizing the USACE Tri-Service 
Site Characterization Analysis System (SCAPS).  No radiological contamination was discovered 
in soils near the disposal tubes nor in any of the micro-wells used to collect samples of local 
groundwater.  In an effort to further secure and control site access, a chain-link fence was 
installed during this same time period.  
 
WORK ACTIVITIES NARRATIVE 
 
Pangea Group personnel arrived on site in August 2002.  A local contractor was mobilized to 
clear the site.  Once the area was cleared of vegetation, temporary facilities were established.  A 
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Radiological Controlled Area (RCA) was also established to control access to the work area and 
to contain potential contamination that might be encountered.  The RCA was designed to store the 
heavy equipment when not in use in order to avoid the need for daily radiological exit surveys on 
the equipment.     
 
Primary equipment used on the project included a front-end loader, track hoe excavator, water 
truck, and a bulldozer. The excavator was used to expose the disposal tubes and to relocate them 
to the staging area. The front-end loader was used to move the soil once it was removed from the 
excavation as well as for moving material and equipment around the site.  The water truck was 
used for dust suppression and the bulldozer for backfilling and compacting the excavation.  In 
addition, a 25 kW diesel generator was used to supply temporary electrical power and a mini hoe 
was used to excavate and remove soils in between the disposal tubes.  The track hoe could not 
reach these areas without risking damage to the tubes. 
 
Excavation 
 
In order to remove the tubes from the ground intact, special care had to be taken.  The condition 
of the tubes below ground level was unknown and several of the tubes had a concrete slab poured 
over the top of them.  After removal of the slabs, the exposed portions of the tubes were marked 
with a bright marking paint to provide contrast with the soil being excavated from around them. 
This allowed the operator to work with increased confidence and helped protect the potentially 
fragile tubes from damage.   
 
The soil was removed in approximately one-foot lifts.  After every lift was completed the tubes 
were inspected for structural integrity and measurements were taken to determine gamma dose 
rates. While all of the disposal tubes were constructed with concrete pipe sections, the type of 
piping was not completely uniform from one disposal tube to the next. There were three sizes and 
groupings of pipes, i.e., six 24-inch flat-sided culvert pipes (tubes A-F), two 18-inch bell and 
groove pipes (tubes G and H), and one (1) 36-inch flat-sided culvert pipe (tube I).  The different 
types of piping resulted in additional complexity to the excavation, because the pipes had 
differing levels of stability and structural integrity.  A likely explanation for the different pipe 
types of piping was that they had been placed at different times during the active life of the burial 
site. 
 
An upper joint between the pipe sections was found at a depth of four feet for all nine of the 
disposal tubes.  The 24-inch pipes had dry, ungrouted joints, while the 18-inch pipes had grouted 
joints.  The 24-inch pipes were in very good condition, while the two 18-inch pipes both showed 
evidence of cracking at or below the joints.  Figure 1 shows a northward view of the excavation.  
At the time of this photo was taken, the excavation was approximately six feet deep.  Note the 
two clusters of three 24-inch pipes.  The proximity of the tubes in each cluster necessitated the 
use of hand tools and a mini-hoe to remove all of the soil from the area between the tubes. 
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Figure 1.  View of the excavation looking north.  Eight of the nine disposal tubes are visible. The 

ninth tube is out of frame to the right. 
 

After the excavation proceeded to a depth of six feet, the process of reinforcing the tubes was 
begun.  During the project planning phase, it was decided that a method for adding structural 
stability to the tubes would be necessary in order to safely retrieve them from the excavation 
intact.  The structural integrity of the tubes was of particular concern for any tubes that were 
twelve feet in length and thirty-six inches in diameter.  The solution was to spread the weight of 
the concrete over the surface of the tube using angle iron and concentric metal banding. This 
method allowed the steel to carry a portion of the shearing stress and to prevent the sections of 
pipe from separating during the removal process.  Two sizes of angle iron were used, i.e., two-
inch and three-inch, depending on the size of the tube. The banding material was ¾” steel 
banding, attached with a hand-held tensioner and crimper.   Figure 2 shows the typical location of 
the angle iron and banding material, as used on the disposal tubes.  At least four bands was use on 
each tube.  First, a few loose bands were placed around the circumference of the tube.  Sections 
of angle iron were then placed at each of the cardinal points around the tube.  Once all of the iron 
was positioned correctly, additional banding was added and then tightened. 
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Figure 2. Angle Iron and Banding Configuration 

 
Removal of the tubes from the excavation was one of the most challenging aspects of the project.  
The tubes could not be dragged along the ground due to concerns about damaging the disposal 
tubes and/or breakage of the banding.  The solution was to have a spreader bar manufactured for 
use with the excavator.  Three ½-inch wire cables (“chokers”) were run from shackles attached to 
the spreader bar in order hold the tubes in a “basket” formation.  The spreader bar was then 
attached to the lifting hook on the rear of the excavator bucket with the use of additional shackles.  
A photo featuring the removal of one of the disposal tubes by an excavator using a spreader bar 
attachment is shown in Figure 3. 
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Figure 3. A Track Hoe with Spreader Bar Being Used to Remove Disposal Tube  
 

Due to varying configurations and conditions of the disposal tubes, not all of the tubes could be 
extracted intact using the methods described above.  The two 18-inch diameter disposal tubes 
were not amenable to the angle iron/banding method, because of the flared joints.  The joints 
would have prevented the angle iron from making the necessary longitudinal contact with the 
tube.  In addition, Tube H was observed to be deteriorated directly below the first exposed joint.  
As a result, it became necessary to separate the top section of the 18-inch diameter tubes.  Both 
top and bottom sections were draped with 10-mil clear plastic sheeting to collect any potentially 
contaminated materials.  The track hoe was then used in conjunction with a nylon sling to 
separate the upper sections from the lower sections.  The plastic sheeting on both parts was then 
secured to contain loose material exposed by the separation.  Once the plastic sheeting was 
secured on the upper half, it was staged in the characterization area.  A similar method was used 
for Tube A, which was in a similar condition.  The empty tubes, D and F, were removed in four-
foot sections, surveyed for contamination, and released as construction debris. Tube E was 
initially assumed empty; however it was found to contain low-level radioactive materials at a 
location approximately two feet from the ground surface. 
 
Excavation continued to a depth of approximately eight feet, at which time it was discovered that 
the actual length of each of the tubes was eight (8) feet in length, contrary to the 12-foot length 
specified in the above referenced Technical Order. 
 
Characterization 
 
Soil sampling was an integral part of the excavation process.  Earlier sampling indicated no soil 
contamination was present; however, all excavated soil was treated as potentially contaminated 
until field screening and laboratory confirmation proved otherwise. The soil stockpile area was 
covered with plastic sheeting and silt fence was installed around the perimeter of the pile to 
prevent possible contamination runoff.  Excavated soil was placed into the soil stockpile area and 
segregated into piles of approximately twenty-five (25) cubic yards pending lab results.  Grab 
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samples were taken from several locations on each of the piles and homogenized for on-site 
screening and off-site laboratory analysis. After receipt of analytical data confirming the absence 
of contamination, the soil was added to the clean stockpile.  
 
Confirmation soil sampling was performed by WGI on the floor of the excavation after all 
disposal tubes and suspect soils had been removed.  Representatives from WGI and the Texas 
Commission on Environmental Quality  (TCEQ) jointly performed the confirmation soil 
sampling and split soil samples were collected for offsite analysis by independent laboratories.  
The results of the soil sample analyses from both laboratories indicated Ra-226 concentrations 
were below the surface soil criteria of 5 pCi/g Ra-226, allowing release of the site for unrestricted 
use. 
 
Radiological field screening and onsite analysis of soil samples were performed with the use of a 
Berkeley Nucleonics SAM 935 portable sodium iodide detector with multi-channel analyzer 
(MCA) and a Universal Radiation Spectrum Analyzer (URSA) unit, respectively.  The URSA is a 
portable scalar unit coupled with a sodium iodide detector that can be used with a MCA to 
capture gamma spectra or as data-logger to record total activity at discrete locations.  The URSA 
unit was able to achieve a minimum detectable activity (MDA) of 12 pCi/g with excellent 
reliability.  The cleanup criterion for the site was 15 pCi/g Ra-226.   
 
Soil samples (750 grams per sample) were packed into a Marinelli beaker and counted on the 
URSA for fifteen minutes.  A special NIST-traceable Eu-152 source in a Marinelli beaker was 
used for calibration and a counting jig was used to ensure a uniform geometry during sample 
counting. 
 
Offsite confirmatory analyses were performed using High Purity Germanium gamma 
spectroscopy.  Analytical results were obtained from the offsite lab in less than twenty-four hours.  
The rapid turnaround time from the offsite laboratory allowed project personnel to manage 
excavated soils promptly.  This helped to minimize the size of the soil stockpiles and allowed 
clean soils to be promptly relocated to the clean spoils pile.  
 
Critical to the success of the project was a thorough radiological survey of the disposal tubes.  
Characterization of the tubes began once the upper portions of the 18-inch diameter tubes had 
been staged and were available for survey without interference from the wastes contained in the 
other tubes.  Earlier attempts were made while the tubes were still within the excavation; 
however, due to interference caused by gamma shine from the seven tubes containing radioactive 
materials, the data was of limited value.   
 
Once the tubes were placed in the staging area, higher quality spectra could be obtained.  The 186 
keV peaks in the gamma spectra indicated that Ra-226 was present in the wastes.  Daughter 
product Pb-214 was also indicated in some of the spectra by peaks at 352 and 295 keV. No other 
isotopes were indicated. 
 
The external surfaces of the tubes were scanned with the URSA using the data-logging mode.  
Six “wedge-shaped” sections (each representing one-sixth of the volume of the tube) were 
scanned by the URSA using longitudinal passes.  The URSA was set up to record the survey 
results once per second, with each pass covering a two-inch wide swath.  Once the surveys were 
completed, the data logs were exported to spreadsheets for use in activity mapping and 
calculation of total activities for the tubes. 
  
In order to conservatively model the activity, an assumption was made that all of the activity from 
each section was contained within a line source at the centerline of the tube and that rest of the 
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tube was filled with a low-density concrete.  Using this approach, the gamma attenuation for each 
section was determined, based on a thickness of low-density concrete representing the matrix 
inside the tube and a thickness of medium-density concrete representing the outer tube wall.  
From this data, an estimate of the activity within each section of tube was determined.  After 
activity estimates were completed, the waste profiling process was initiated. 
 
Waste Disposal Facility Selection and Waste Profiling 
 
The waste disposal facility initially considered for disposal of the radiological wastes for this 
project was Waste Control Specialists (WCS), located in Andrews, Texas. WCS is a waste 
processing and disposal facility that is authorized to accept naturally occurring radioactive 
materials (NORM) within limits defined under the State of Texas disposal regulations.  Exempt 
wastes may be accepted for shipment to and disposal by WCS if the wastes meet the following 
waste acceptance criteria, as defined in 25 Texas Administrative Code 289.251:    
 

• <0.1 µCi/gauge (Ra-226) 
• Average specific activity less than or equal to 30 pCi/g Ra-226  
• Maximum specific activity levels no greater than 300 pCi/g Ra-226 
• Specific activity less than 150 pCi/g for other NORM isotopes  

 
During the course of the characterization, it became apparent that the waste contained within the 
disposal tubes was not uniformly distributed within the disposal tubes.  During the conduct of the 
radiological surveys, it was clear that discrete locations exhibited significantly higher gamma flux 
rates, corresponding to elevated Ra-226 concentrations within the tubes.  Several of the tubes 
were found to contain localized areas with specific activities above the WCS waste acceptance 
criteria.  Based on the results of the characterization, it was determined that project would require 
additional time for the selection of a licensed low-level radioactive waste disposal facility.  The 
excavation was backfilled and the disposal tubes were wrapped in poly sheeting, secured and 
staged until such time that waste profiling and identification of an alternate disposal facility could 
be completed.  All personnel and equipment were demobilized from the site by 20 August 2002. 
 
Based on the results of the external characterization scans, it was determined that limited 
intrusive characterization for selected tubes would be desirable.  Partial dismantling and 
characterization efforts were therefore initiated on portions of Tubes, A, E, and H. 
 
Seventeen (17) articles were extracted from Tube H and analyzed with a Ludlum 44-9 Geiger 
Mueller probe tasked to a model 3 meter and model 17 exposure meter.  After making 
adjustments for the efficiency and dead-time of the GM, the activities of the articles were 
determined to fall in a range from 10 to15 µCi of Ra-226, well above the WCS limit of 0.1 µCi 
per article.  In addition, four (4) articles were removed from Tubes A and E.  These items were 
determined to be within the WCS acceptance criteria.  Table 1 presents a summary of the data 
from the on-site characterization of the disposal tubes.  
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Tube 
Identification 

Estimated 
Weight 
 (lbs) 

Estimated 
Volume 

 (ft3) 

Average Specific 
Activity  
(pCi/g) 

Total 
Activity

(µCi) 
Tubes Designated for Disposal at WCS 

Tube A - Top 2070 12.6 0.171 0.16 
Tube A - Bottom 2070 12.6 0.050 0.047 
Tube B - Whole 4140 25.1 0.008 0.015 
Tube C - Whole 4140 25.1 0.013 0.024 
Tube E - Whole 3690 25.1 0.007 0.012 

Tubes Designated for Disposal at Envirocare 
Tube G - Top 1200 7.4 17 9.3 

Tube G - Bottom 2400 13.2 3.0 3.3 
Tube H - Top 1200 8.5 6.8 3.7 

Tube H - Bottom 2100 12.1 83 79 
Tube I  9110 72.5 0.31 1.3 

 
 
Two disposal facilities were evaluated to accept the disposal tubes containing the higher activity 
articles, Envirocare of Utah and US Ecology in Richland, Washington.  Ultimately, the decision 
was made to ship Tubes G, H and I to Envirocare.  The Envirocare facility was able to accept the 
disposal tubes as oversized waste in their current condition, i.e., without further dismantling or 
repackaging.  Because the specific activity of the Ra-226 within each of the disposal tubes, when 
averaged over the entire weight of the tubes, was well below the 2000 pCi/g, the shipments were 
exempt from DOT radioactive material packaging, labeling and placarding requirements. 
Remobilization, Transport, and Final Waste Disposition 
 
Following completion of waste profiling and coordination with the disposal facilities, Pangea 
remobilized to the site to load and ship the wastes from the site.  Two trucks were required to 
contain the wastes, i.e., one destined for WCS and the other for Envirocare.   
 
Approximately ten inches of rainfall had been received in the Waco area during the two-week 
period prior to the proposed shipping date.  Consequently, it became necessary to employ special 
measures to load out the disposal tubes with the muddy ground conditions.  Large wooden mats 
were placed via an 18-ton mobile crane to allow safe access to the disposal tube staging area. 
 
The wastes were loaded into two 25-yard covered roll-off trucks and dispatched to their 
respective destinations. Both shipments arrived without incident. The day after the trucks were 
loaded, the matting was removed and site restoration activities were initiated.  By 8 November 
2002, the site had been restored and both shipments were received at the respective disposal 
facilities. 
 
Worker and Environmental Protection Issues 
 
Primary construction safety issues associated with this project included working in and around 
excavations, heat stress, heavy equipment (vehicular) safety, rigging safety and working around 
poison ivy (during site clearing operations).  Safety was successfully managed on a daily basis at 
the job site and no injuries occurred during the project.   
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Potential radiological hazards associated with the project included external radiation exposure 
from gamma-emitting radioisotopes and the possibility of internal deposition of airborne 
radioactivity from dispersion radioactive materials from the disposal tubes or potentially 
contaminated soils.   
 
Due to potential for encountering contaminated soils, the excavation area was treated as a 
contamination area until it was confirmed from offsite laboratory analysis that the soil samples 
indicated no radiological contamination existed.  Personnel and equipment leaving the RCA were 
subject to routine exit radiological surveys.   
 
Worker breathing zone particulate air samples and site perimeter particulate air samples were 
collected due to the possibility of encountering contaminated soils.  No detectable radioactivity 
was measured on any of the air samples, and, as discussed above, all soil samples exhibited no 
detectable contamination above background. 
 
In addition, whole body TLDs were issued and worn by all personnel assigned to work in the 
RCA.  All TLD results indicated that there was no measurable external dose to the workers.   
 
Dust control was maintained with the use of a portable water truck and a silt fence was installed 
around the perimeter of the work areas to prevent release of potentially contaminated sediments 
from the site.   
 
On 6 November 2002, following final removal of the disposal tubes from the site; a final 
confirmatory walkover survey was conducted using a 2 x 2 sodium iodide detector.  Pangea 
conducted the survey with assistance and oversight by the TCEQ.  The results of the survey 
indicated radioactivity levels were consistent with normal background levels for the area.   
 
Conclusion 
 
The remediation of the low-level radiological waste burial site at the Former James Connally Air 
Force Base was carried out safely and efficiently and in compliance with applicable regulatory 
requirements.  The approach of maintaining the disposal tubes intact was effective in preventing 
the release of contamination, which could have resulted in an increase in the volume of waste 
requiring special disposal.  Further, special reinforcing techniques were used to maintain the 
disposal tubes intact during their removal. 
 
Special radiological instrumentation and methods were used to estimate activity levels of the 
materials within the disposal tubes to effectively characterize the wastes with minimal use of 
intrusive methods.  The characterization methods produced reliable estimates of the radiological 
content of the disposal tubes to the satisfaction of the receiving disposal facilities and affected 
regulatory agencies. 


