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Los Alamos National Laboratory 
PO Box 1663, MS J594 
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ABSTRACT 

A 450-KeV Mobile Real Time Radiography (RTR) System was delivered to 
Los Alamos National Laboratory (LANL) in January 1996. It was purchased 
to inspect containers of radioactive waste produced at (LANL). Since its 
delivery it has been used to radiograph greater than 600 drums of 
radioactive waste at various LANL sites. It has the capability of inspecting 
waste containers of various sizes from < I-gal. buckets up to standard 
waste boxes (SWB, dimensions 54.5 in. x 71 in. x 37 in.). 
independent X-Ray acquisition formats. The primary system used is a 12 in. 
image intensifier, the second is a 36 in. linear diode array (LDA) and the last 
is an open system. It is fully self contained with on board generator, HVAC 
and a fire suppression system. It is on a 53 ft long X 8 ft. wide X 14 ft. 
high trailer that can be moved over any highway requiring only a easily 
obtainable overweight permit because it weighs “38 tons. It was built to 
conform to industry standards for a cabinet system which does not require 
an exclusion zone. The fact that this unit is mobile has allowed us to 
operate where the waste is stored, rather than having to move the waste to 
a fixed facility. 

It has three 

INTRODUCTION 

The need to have mobile NDA/NDE capabilities has been a vision and a 

necessity at the DOE complexes that produce radioactive waste for a 

number of years. The Radioassay Nondestructive Testing (RANT) Facility of 

the Chemical Science and Waste Technology Group at the Los Alamos 

National Laboratory has acquired and assisted in the development of three 



mobile NDA/NDE systems. The three are a mobile Passive Active Neutron 
(PAN) Assay system that was developed and built at LANL in the mid 

eighties. This unit had been sitting in a salvage yard at INEL for a couple of 
years when it was transferred to LANL. We refurbished this unit and put it 
back into operation in 1995. The second mobile unit is a state of t h e  art 

Segmented Tomographic Gamma Scanner (S/TGS) developed and built also 
at LANL. The third and the topic of this paper is a mobile Real Time 

Radiography (RTR) system built by VJ Technologies of Long island , New 
York. VJ built this unit with our input and requirements utilizing our past 
experience with our stationary RTR unit and knowledge of the  waste 

streams that we would be inspecting. The mobile RTR took about a year to 
complete from design through construction before it was delivered to u s  in 
January of 1996. The RTR system is built on a 51 foot trailer built be Ellis 

and Watts. Ellis and Watts has tremendous experience in building this type 

of trailers, having provided many to the medical industry for mobile labs. 

The mobile RTR has been used to inspect over 600 drums of various 

matrices and at different LANL locations. I would like report on some of t h e  

highlights, problems encountered and lessons learned using t h e  mobile RTR. 

MOBILE REAL TIME RADIOGRAPHY WASTE CONTAINER INSPECTION 

The mobile RTR system was delivered to LANL the first week of January 

1996. After a complete check out, acceptance and vendor provided training 
we were ready to take the mobile RTR on its maiden voyage. We made 
arrangements to take it into t h e  LANL's plutonium facility TA-55 to 
determine the contents of five 55 gallon drums of unknown contents that 

had been stored at this facility for 24 years. The RTR was moved for u s  by 

our in house drivers. The RTR was parked outside an office building and the 

on board generator was used to power the unit. Before any drums of waste 

were brought to the unit the host's radiological control technicians (RCTs) 



surveyed the unit for any possibility of radiation leakage. None was found. 

The X-Ray enclosure was built to X-Ray cabinet standards so we were 

confident that there would not be any radiation leakage. The beam stop 

wall contains 2 inches of lead and it tapers down to 1/2 inch to the control 

room side, additionally the X-Ray head was also shielded in its own lead 

enclosure which contributes in reducing the amount of external radiation 

being emitted from the X-Ray tube. The five drums were brought to the 

RTR and were also surveyed for external contamination prior to loading into 

the mobile RTR. These drums were named the EXXON drums because they 

originally came from EXXON Nuclear. When they were brought to LANL 

apparently the contents were known but over the years that information 

was misplaced. The drums were radiographed and the inspection revealed 

that they contained mainly room type trash such as filters, plastics, paper. 

One of the drums did contain a container with approximately one liter of 

liquid which surprised the owner of these drums because of the length of 

time that these drums had been in storage. 

We used two methods of radiographic acquisitions on these drums. The 12 

inch image intensifier was used first which is how the liquid was identified. 

Using the image intensifier allows us to view the contents of the drum in 

real time. The draw back to this is that only a 12 inch diameter field of 

view can be seen at any one time. The energies used to penetrate these 

drums using the image intensifier were about 150 kV and 3 mA. After 

completing the five drums using the image intensifier we radiographed them 

again using the 36 inch Linear Diode Array (LDA). By using the LDA 

although not real time we can scan the entire contents of a 55 gallon drum 

in 19 seconds and save the image to the computer's hard disc or to other 

media storage formats. This allows the image to be further scrutinized 

utilizing off the shelf imaging software. The typical energies used to 

perform a LDA are 400 kV and 0.3 mA. The image produced is of the 



entire 55 gallon drum which can used to pin point areas of interest. The 

use of the LDA can be beneficial when time or .production is of concern. 

We completed this project and then moved the RTR to assist in the TRU 

Waste Characterization Project. This project involved coring into cemented 

sludge drums and taking a sample for characterization. We radiographed 20 

drums for this project. We knew that with the energies produced by the 

mobile RTR that we were not going to penetrate the contents of the drum. 

We concentrated on inspecting the top and bottom of the drums as well as 

the sides. We set the energy at 450 kV and 10 mA and proceeded to scan 

the drum using the image intensifier. We were searching for liquids that 

could have leached from the cement during the curing time. We were 

identifying weather the drum contained a liner. All of these drums 

contained a 1 /I 6th inch lead liner which made it that much more difficult to 

penetrate. We did not identify any liquid in these drums. When they were 

cored no liquid was identified. This entire project was a success it was also 

entirely quality assured. 

Our next project took us to LANL's radioactive waste storage and disposal 

site TA-54 Area G. We were tasked with performing NDA and NDE on 500 

drums of stored TRU waste. We started off with what we knew were going 

to be the more difficult drums to radiograph which were lead lined cemented 

sludge drums of which we had prior experience doing on our previous 

project. Some of cemented sludge was filled directly into the 55 gallon 

drum to approximately 80% to 95% full and some was filled into one gallon 

cans and the cans were stacked 5 high in the drum. The 55 gallon drums 

were then placed into 85 gallon overpack drums. Unlike the previous sludge 

drums a good percentage of these drums were known to contain liquid. We 

setup the unit and proceeded to work off these drums. We initially 

inspected 80 drums and did not identify liquid. We discussed this with the 



waste generator of this waste stream and it was discovered that a large 

percentage of these 80 drums that we had inspected were known to 

contain liquid. We decided that we would radiograph these drums again, 

but we needed to come up with another technique to see if we could 

identify the liquid in these drums. We knew that we could not count on the 

jogging motion of the drum rotator or the X-Ray generator to give us more 

penetrating power because we had already used maximum power (450 kV 

and 10 mA) on the first attempt. We designed and built a wedge that 

would be placed under the drums when the drum was placed in the X-Ray 

cabinet. The wedge was 1 1/2 inches tall at the high end. We were 

hopeful that with the drums being tilted at an angle that the liquid would 

seek its own level. This proved to be exactly what it did. We reexamined 

the 80 drums and located liquid in all the drums that were known to have 

liquid and identified liquid in drums that were assumed to be dry. Of  the 

200 plus cemented sludge drums that we radiographed we identified 123 to 

contain liquid. Most of the liquid was located at the bottom of the drum in 

the drums that contained the one gallon cans. In the drums that were 

directly filled with cemented sludge the liquid was located on the top of the 

sludge. We also located liquid in some drums between the lead liner and 

the drum. These drums were transported to the Waste Characterization, 

Reduction & Repackaging Facility (WCCRF) where they were opened and 

drained. The WCCRF identified one drum that we identified as dry to 

contain less than a liter of liquid and all the 123 that we identified as having 

liquid to contain liquid. We continued to work off the remainder of the 500 

drums that were not cemented sludge and identified some liquid and some 

pressurized containers in the remaining drums. These drums were not as 

dense as the sludge drums and we did not require the use of the wedge to 

identify liquid in these drums. 



Simultaneous to radiographing these drums they were being assayed with 

our mobile PAN and mobile S/TGS. The PAN Assay system cannot 

accommodate 85 gallon overpack drums and the S/TGS can assay overpack 

drums but the throughput is less. Due to the variances in drum sizes, 

through put and imposed requirements on the number of drums needed to 

examine, we ended up radiographing 630 drums in this project in order to 

complete data packages for 500 drums radiographed and assayed. 

I covered a couple of problems that we encountered during our first 9 

months operating the mobile RTR. These problems were not directly related 

to the unit itself but were more related to the waste stream. Some of the 

problems that we did encounter with the system were few and fairly simple 

to repair, reprogram, or redesign. As previously mentioned we designed the 

unit to accept a wide range of waste containers. The 55 gallon and the 85 

gallon drums require centering on the turntable in the X-Ray enclosure when 

performing LDA acquisitions. This is achieved by the use of photo-electric 

sensors. As the drum enters the X-Ray enclosure via a motorized conveyor 

system the drum breaks the photo-electric beam causing the conveyor 

system to stop rolling. The problem we encountered was that when the 

conveyor would stop the drum would continue to coast which would cause 

it not to stop on the center of the turntable. This required the operator to 

open the lead enclosure door and manually center the drum. We designed 

and built mechanical stops that restricted the drum from coasting past the 

center of the turntable. Because of the design of this unit to accommodate 

various sizes of waste containers a special roller cart to accept SWBs was 

designed. The problem we encountered with this design was that we were 

limited to loading all waste containers on this cart before the container could 

proceed into the X-Ray enclosure. This design worked for SWBs but was a 

nuisance for smaller containers. Once the drum was centered on the 

turntable the cart needed to be backed out in order for the X-Ray enclosure 



doors to close. We discovered that it was more efficient to load drums 

directly into the X-Ray enclosure using a forklift with a drum attachment, 

than to  utilize the cart, but the cart was interlocked to the entire drum 

movement sequence. We could store the cart next to the opening and 

override the limit switch but this posed a safety problem. Without the cart 

in place there was no electrical or mechanical stops to prevent the drum 

from falling off the trailer which at that point measures 72 inches from the 

ground. We installed a positive mechanical stop and had the vendor come 

out and reprogram the programmable logic controller (PLC) to eliminate the 

need to have the cart tied into the drum movement sequence. It would 

continue to operate as designed when SWBs are loaded. The vendor 

reprogrammed the photo-electric sensor that was positioned at the end of 

the cart to operate at the entrance/exit of the X-Ray enclosure causing the 

conveyor system to stop whenever a drum breaks the beam when exiting. 

CONCLUSION 

In conclusion the experience encountered using the mobile RTR has been of 

great value in the characterization of radioactive waste at LANL. With this 

experience we are confident that we can continue to provide LANL the NDE 

capability that is required to prepare us to ship TRU waste to Waste 

Isolation Pilot Project (WIPP) when it opens in 1997. We are presently 

scheduled to take the mobile RTR sometime in 1997 back to TA-54 Area G 

to assist in the TRU Waste lnspectable Storage Project (TWISP). This 

project consists of exhuming drums of TRU waste that have been buried 

under earthen berms for over twenty years. These drums will be 

characterized by NDA and NDE methods and then placed on inspectable 

arrays under weather proof domes, until they can be shipped to WIPP. The 

mobility of this unit has proven to be a great asset in eliminating the need to 

move radioactive waste drums over public roads which pose safety 



concerns and are costly. If this unit were not available we would not have 

been able to inspect the 600 plus drums that were completed, due to the 

cost of moving drums. It also hampers the potential spread of contamination 

due to the movement of drums from one site to another. We are delighted 

with the performance of our mobile RTR and are looking into a union 

between our mobile S/TGS and the mobile RTR. We are hoping to take the 

output image produced by the S/TGS and overlaying it to the output RTR's 

LDA image which we feel would greatly assist in the characterization 

process. 


