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Stored waste tank sampling of radioactive high-level nuclear 
waste is required for continued operations, waste characterization, 
and site safety. The Hanford site tank farms consist of 28 double- 
shell and 1.49 single-shell underground storage tanks. The "full" 
capacity of each of these tanks is approximately 1 million gallons. 
The waste stored in these tanks was generated as a result of 
defense materials production over the course of 4 decades. The 
single shell tanks are out-of-service and no longsr receive liquid 
waste. Core samples of salt cake, liquid and sludge are remotely 
obtained using truck-mounted core drill platforms. Samples are 
recovered from the tanks through a 2.25-inch diameter drill "pipe" 
in segments contained in specially designed stainless steel 
samplers approximately 1.5-inch in outside diameter and 26-inches 
long. The sampled material in a given segment can include 
crystalline salt-cake, liquid, sludge and entrained gas. Drilling 
parameters will necessarily vary with different waste types, e.g., 
crystalline salt-cake versus sludge. At times, the core sample 
recovery has been marginal and inadequate for lahoratory analysis 
needs. This necessitated a system to provide the drill-truck 
operators with "real-time" feedback about the physical condition of 
the sampled "formation" and the percent recovery, prior to 
receiving TJisual characterization information and nuclear assay 
measurements from the Hanford site 222-S Analytic!al laboratories, 
a process often requiring two week turn-around of (data. This real- 
time information allows the drill-truck engineers to immediately 
vary the drilling parameters to maintain sample recovery. 

In February 1995, the Westinghouse Hanford Company conducted 
initial engineering and proof-of principal radiographic testing to 
verify the feasibility of a proposed real-time X-ray imaging 
system. These tests were conducted using iridium 192 radiography 
sources to determine the effects of high levels of radiation on 
displayed/observed image quality. The tests concluded that 
samplers wr-th dose rates in excess of 4500 R/hr could be imaged 
with only a slight l o s s  of image quality and sampltas less than 1000 
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R/hr had virtually no effect on the real-time image (See figures 1 
and 2 ) .  The Mobile Core Sample X-ray Imaging (XRI:) Systems, are a 
vendor-designed assembly, which have the component parts uniquely 
configured to produce a real-time radiographic system suitable for 
safely examining high level, radioactive waste tank core segments 
sometimes 'containing high levels of flammable gasses. These 
systems ( 4  in total) have been operated in a low quality, rather 
severe industrial environment, with temperatures ranging from minus 
10 to 108 degrees Fahrenheit for a period of over 18 months. The 
individual units. are periodically removed from the field for 
routine maintenance and inspection (approximately 6 months). The 
system was designed to allow for the highly contaminated components 
of the X-ray imaging system to be easily removed in the field and 
disposed of, prior to routine servicing. 

The primary purpose for the Mobile Core Sample X-Ray 
Examination. Systems is to examine the core segments for physical 
contents of the sampler after its removal from the high-level waste 
tank and prior to placement in a heavily shielded on-site transfer 
cask. To comply with environmental regulations, the sample 
segments enter and leave the X-ray system through a vapor sealed 
adaptor coupled to the drill platform. Sample manipulation 
(raising/lowering) within a sealed PVC contamination control sleeve 
is controll.ed by the drill platform operators. The radiographic 
region of interest extends from the bottom (closure valve) of the 
sampler upward 19 to 26 inches. The examination system uses highly 
stabilized 160 kV X-rays to determine sample contents and 
approximate the fill volume within 1 to 2 percent prior to shipping 
the sample to analytical laboratory facilities. When requested, 
high resolution, hard-copy X-ray image prints of the sample are 
immediately available in the field to evaluate dril-ling performance 
and estimat.e percent sample recovery. The entire examination is 
recorded on broadcast quality video tape for fu:rther review and 
analysis. The time required for this detailed, in-field, 
inspection is currently about 10 minutes. 

The system is equipped with a minimum thickness of 1-inch of 
fully enclcsed, integral lead shielding. All accc?sses to the main 
X-ray cabinet (the two lower cabinet access panels, the main X-ray 
cabinet cover-lid and cam-lock adaptor coupling) have a series of 
safety interlock switches, all of which must be closed before X- 
rays can be generated. These interlocks are monitored by a 
microprocezsor-based control system which will prevent activation 
of the "switching-on" circuit of the X-ray ccntroller if any 
interlock is not satisfied or closed. The X-ray control system 
also separately monitors the warning lights circu.its and will not 
allow X-ray production in the event of a light fai.lure. The entire 
system has been engineered to be completely "fail-safe' in 
accordance with federal and state laws and to provide the highest 
degree o f  safety. 

The mobile imaging system features real-time radiography 
components that include; a medical quality image intensifier, a 160 
kV, constant potential industrial X-ray system, an image processor 
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and time/date generator, a video recorder, a high resolution hard 
copy printer, a live video display, a processed video display, and 
a darkened operator viewing area. System elec!trical power is 
provided by a separate generator. The shielded cabinet protects 
operating personnel from radiation emitted from the X-ray 
examinatioc equipment and the core sample in the main X-ray 
enclosure cabinet. The image viewing monitors and the controls for 
the system are protected from weather by a hinged cover. For 
maneuverability and ease of deployment within the tank farms, the 
system is inounteit on, and easily detachable from a small, 7000 
pound capacity, utility trailer. The WHC has acqyired a total of 
four XRI systems, to complement four core-sample drill trucks. The 
XRI system? have been operated at temperatures ranging from minus 
10 degrees to 108 degrees Fahrenheit for periods as long as 7 
months without requiring maintenance/service. 

At this time more than 150 core sample segments, some with 
dose rates of 12 to 15 R/hr have been examined. Analytical 
laboratory results, photographs and observed data !support the image 
information obtained with the radiographs. Because of the 
prototype equipments value for gathering data and the initial 
success of mobile system XRI-001, three more mobile X-ray imaging 
systems weire added to meet the needs of the Hainford Site Waste 
Characterization Project. The X-ray imaging systems have been 
operated in the harsh, field environment at about a 9 8  percent 
availabi1it.y rate since the second week of June 1995, excluding 
scheduled shutdown for servicing of the 160,000 volt X-ray cable 
connections. The time line for the engineering development and 
deployment of this system is shown in Figure 4. 

In recent developments involving the mobile core sample X-ray 
systems, V. J Technologies provided a 9 inch, very high resolution 
linear diode array, imaging software, a display monitor, a 
continuous thermal printer and an optical disc image storage system 
which could. be installed in the mobile X-ray cabinet systems along 
with existing components. The linear diode array was positioned 
immediately in front of the XRI system image intensifier for test 
and evaluation purposes. 

The testing has concluded that it is possi-ble to obtain a 
full-length, 12-bit depth, digital X-ray image of a core sample 
segment, while simultaneously obtaining a real time, high 
resolution image of the specimen. It was demonstrated that while 
operating in a proposed "dual imaging" mode, only a semi-circular, 
real-time, live image would be available for the system operator. 
In actual field use, the array would be remotely removed/or 
"tipped-out-of" the displayed image viewing field when particular 
features that require a high-resolution image are suspected. The 
resolution, sensitivity and dynamic range of the proposed digital 
imaging system are shown in Figure 3 .  

By adopting this proposed upgrade, a "full-length, full size" 
image of the core segment could be immediately printed, in the 
field, for operational and engineering evaluation, percent recovery 
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data recording and image archival purposes. Currently the real- 
time X-ray .inspection of the sample segments requires approximately 
10 minutes in the field. A proposed up-grade to the mobile XRI 
systems, would combine digital radiography with the current real- 
time inspection equipment and would shorten the field examination 
time to approximately four to five minutes. 

The capability of optically stored digital data and immediate 
availability of random access to image files would broaden the use 
and usefulness of'the information obtained and contained within the 
radiographs of the core sample segments. Further, by using 
digital, optical media every subsequent copy of the image data is 
identical and equal in quality to the original. 
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FIGURE 1 
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FIGURE 2 
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