EGG-FM-5563
October 1981

. :
NONDESTRUCTIVE CHARACTERIZATION OF MA'STER

LOW-LEVEL TRANSURANIC WASTE

B. A. Barna
W. W. Reinhardt

U.S. Department of Energy

r Idaho Operations Office e Idaho National Engineering Laboratory

« This is an informal report intended for use as a preliminary or working document

Prepared for the

U.S. Department of Energy érl§EG£GIdaho
Idaho Operations Office

Under DOE Contract No. DE-AC07-761D01570 DISTRIBUTION OF THIS DOCUMENT 1S UNLIFITE

E TPECRE R



DISCLAIMER

This report was prepared as an account 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
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, 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.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



DISCLAIMER

This book was prepared as an account 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 usefulness of any
information, apparatus, product or process disclosed, or represents that its use would
not infringe privately owned rights. References herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsem}& recommendation, 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 ot the United States
Government or any agency thereof.




3,

7

iw

EGG-FM-5563

»

NONDESTRUCTIVE CHARACTERIZATION OF
LOW-LEVEL TRANSURANIC WASTE

5 use woufy eps

Ommerciz A0t intringe o

fot "W:)y mc':;"mw& o service hgye :;::‘:;Vm: oo 19, Reterence nergin 1

States Gover, 8 or imply its - Uademark, mangty any specitie
nment or gny, endorsemeny, IR, O Qiheryy;

nege it agenty . 1eCOmmengay;, N IWise, does

assarily siate of reflect those g‘h:'fle;:; f;e views ang opinians ﬂfr::'n :r; :avocmg by the Unitag
tates Governmen XDressed hayg;

ment o any agency 1hy ®in do ot

ereot,

B. A. Barna
W. W. Reinhardt

Published October 1981

EG&G Idaho, Inc.
Idaho Falls, Idaho 83415

Prepared for the
U. S. Department of Energy

- ldaha Qperations Office
Under DOE Contract No. DE~-AC07-76ID01570 ﬁtg?
| | QOCUMENT 1§ URLIMITED

DISTRIBUTION aF THIS



s
. /-.

]

ABSTRACT

The use of nondestructive evaluation (NDE) methods is proposed for
characterization of transuranic (TRU) waste stored at the Radioactive Waste
Management Complex. These NDE methods include Eeal-time X-ray'radiography,
real-time neutron radiography, X-ray and neutron computed tomography,
thermal imaging, container weighing, visual examination, and acoustic
measurements.‘ An integrated NDE system is proposed for charactérization
and certification of TRU waste destined for eventual shipment to the Waste

-Isolation Pilot Plant in New Mexico. Methods for automating both the

classification of waste and control of a complete nondestructive

_evaluation/nondestructive assay system are presented. Feasibility testing
~of the different NOE methods; including real-time X-ray radiography, and

development of automated waste classification techniques are covered as

part of a five year effort designed to yield a production waste

characterization system.
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NONDESTRUCTIVE CHARACTERIZATION OF LOW-LEVEL TRANSURANIC WASTE

1.” INTRODUCTION

Low-level transuranic (TRU) waste stored or buried at the Idaho
National Engineering Laboratory (INEL) Radioactive Waste Management
Complex (RWMC) which is to be shipped to the Waste Isolation Pilot
Plant (WIPP) in New Mexico must first be characterized so that the waste
can be certified to meet the WIPP waste acceptance‘criteria (NAC).]

‘(Many of the types of waste stored or buried at the RWMC are not accepfab]e

to WIPP.)

In order . to characterize and certify the waste, the waste containers
must either be opened or, more practically, be nondestructively examined;
all examinations are to be performed in accordance with documented
procedures approved by the WIPP Project Office and DOE-ID. Several
different nondestructive evaluation (NDE) methods may be applicable to the
characterization and certification of TRU waste. This study was performed
to develop an approach for assessing the capabilities and limitations of
these NDE methods and to develop an examination plan for characterizing
waste on a production basis.

By 1986, there will be an estimated 4.5 million cubic feet of stored
and buried waste at the RWMC. Approximately 20,000 waste containers per
year are to be characterized; those wastes which can be certified will be

‘sent to WIPP for long-term storage beginning in 1989. Even at a rate of

20,000 containers per year, it may take 25 years or more to éharacterize
all the stored and buried waste at the RWMC. ‘

The use of NDE methods for waste characterization is attractive for two
reasons, both related to cost of operation. First, it is doubtful that a
production throughput of 20,000 containers per year could be attained based
on opening and inspecting containers, without building Targe and expensive
environmentally-controlled facilities. Secondly, the potential cost
savings available through use of an integrated NDE/NDA system are large
because of -low labor costs associated with the operation of an automated or
semi-automated system.



Several different NDE methods may be applicable for use in
characterizing the waste with respect to WIPP-WAC on gas generation,
immobilization (particulate), free liquids, sludges, pyrophoric material,
exp]oéives,and compressed gases, and toxic and corrosive materials. The
methods discussed in this report are real;time X-ray radiography, real-time 4
neutron radiography, X-ray and neutron computed tomography, thermal '
imaging, visual examination, container weight, and acoustic (including
ultrasonic) analysis.

The methods selected would be used in an integrated NDE waste
characterization system; results from particular tests could be entered
into a decision algorithm to separate certified and noncertifiable waste in
the production waste characterization system. Two approaches may be used
for the integrated NDE portion of the waste characterization system:
automated container handling and data acquisition with NDE and data
interpretation by trained system operators, or complete automation of the
system including data interpretation and waste classification. The second
system would be more expensive to fabricate because of development costs - =
associated with the data interpretation (pattern recognition) and automated
classification (deciéion analysis algorithm) portions of the system . The
completely automated'approach would be more reliable in classifying waste
than an operator-controlled system due to both fewer problems with operator
fatigue and boredom and the use of more objective, rigidly defined
classitication criteria with an automated system. It should be noted that
interpretatﬁon by a trained individual may still be required on certain
waste containers. The automated characterization system should be cheaper
to operate due torlower labor costs and higher waste throughput.

Ceo



2. BACKGROUND

In 1978 efforts were initiated to identify NDE teéhniques which could

‘prove useful for evaluating the contents of 55-galion drums packed with

Tow-level TRU wastes. The first studies used newly developed in-motion
real-time X-ray radiographic techniques for imaging drum contensé. After
discussions with possible equipment suppliers, a decision was made to
fabricate some test drums with various loadings simuléting the range of
contents of drums stored at the RWMC. Five drums were put together
containing such things as simulated sludge; laboratory glassware; compacted
rags; plastic bottles; and assorted shop scrap such as wood, paint cans,
boxes, and electrical items. These test drums were shipped first to
Schonberg Radiation Corp. in Mountain View, CA, then to Science
Applications, Inc. (SAI) in Ladolla, CA, for evaluation with their

~respective real-time X-ray radiography systems. ’with EG&G representatives

in attendance, the drums were examined and the results videotaped for
future evaluation. The test results were very encouraging with a high
degree of accuracy demonstrated in identifying drum contents. Based on
this initial feasibility study, it was decided to proceed with the
procurement of a specialized real-time X-ray radiography system to be used
for the examination of waste drums in 30-, 55-, and 83-gallon capacities
and 4 x 4 x 7-foot piywood boxes. The system was to feature rotation of
drums in order to obtain a psuedo 3-D image of the drum contents. A
performance specification2 for system procurement was developed and

issued prior to the request for quote that went out to several potential
suppliers. A vendor selection was made based on the quotations received
and a contract was awarded to Schonberg Radiation Corp., however, only the
déSign portion of the contract was completed before the contract was

terminated.

In 1980, Schonberg Radiation received a contract from EG& to perform
real-time radiographic evaluation of seventy 55-gallon waéte drums at the
RWMC. This work was done using a simple turntable for drum rotation, a
300 kV constant potential X-ray machine, and a real-time fluoroscreen
imaging system with all tests tape recorded for later evaluation and
analysis. Thirty-five of the seventy tested drums were then shipped to



Rocky Flats, opened, and the contents evaluated. When theitaped real-time
video displays were carefully analyzed and the results compared with the
"destructive" test results from Rocky Flats, it was found that the
correlation was extremely good, on the order of 90% accurate. These tests
demonstrated that the application of real-time X-ray radiography to waste
drum content characterization was feasible. A ‘

Although several other techniques for waste characterization may
ultimately prove feasible, the real-time X-ray approach is thé only NDE
method which, to date, has been demonstrated feasible for use for waste
container content characterization. Many other complementary NDE
techniques will be discussed in the body of this report.



3. NDE METHODS

Several different NDE methods which may be applicable to the
characterization and certification of TRU waste are presented in this
section. These methdds have been selected after a thorough review of the
waste characterization requirements and the fundamental physical principles
involved. The methods discussed are real-time X-radiography, real-time
neutron radiography, X-ray and neutron computed tomography, thermal
imaging, visual examination, container weighing, and acoustic (including

ultrasonic) methods.

3.1 Real-Time X-Ray Radiography

Real-time- X-ray radiography has been cafefu]]y evaluated at EG&G and
found to be useful for imaging the contents of waste containers. At this
time, real-time X-ray radiography is probably the leading candidate NDE
method for waste characterization.

Real-time X-ray radiography systems typically have X-ray sources’
ranging from 100 kV up to several million volts, a detector made of a
fluorescent screen which produces light photons under X-ray photon
bombardmeht, a fiber-optics-coupled image intensifier to boost light
levels, and a low light ltevel TV camera to produce signals for viéwing on a
TV monitor.. The fluorescent screen and other components are fitted into a
portable lighttight shielded box. In use, the X-ray beam passés through
the dbject being examined and is then picked up by the detector which
converts the transmitted X-rays to light for TV monitoring. With this
system, images of in-motion objects can be produ;ed. Low voltage X-rays'up
to 300 kV are usefql'for inspection of waste container contents when the
waste is not'highiy attenuating to X-rays. For STudge-fil]ed drums or
1argef containers, such as 4 x 4 x 7-foot plywood boxes, it may be
necessary to use an X-ray source of several million volts (a.LINAC, for
example) to obtain a sufficient level of transmitted radiation to perfbrm

in-motion radiography.

As discussed in Section 2, rea]—time X-ray radiography has been used to
evaluate the contents of 55-gallon TRU waste drums with excellent results.
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While the 30b kV cbnstant potential X-ray machine used was sufficient for -
vmost drums examined,'it was inadequate for complete examination of4the'
Rocky Flats' sludge drums. Since sludge drums might centain things other
than sludge, such as a lead "pig" containing a discarded radioactive
isotope source or sources, higher energy X-ray sources are needed for
adequate penetration. The use of a 420 kV constant potential X-ray source
would give improved results on large boxes, but would probably still be
inadequate for examining most sludge-filied drums. Drums filled with metal
_or éimi]ar highly attenuating material could probably be imaged with the

420 kV source. o

A "production" real-time system will likely use a 420 kV.machine for

evaluating most waste containers, with a 3 or 4 MeV machine available for
evaluating sludge drums or contdiners Tilled with large amounts of metal.
High voltage sources would be a poor choice for evaluating containers
fi]]ed'with low Z matefia], such as combustible waste, because the lack of
available image contrast would seriously compromise image quality and
thereby render the low Z materials almost invisib]é. The high voltage
LINAC sources are not as readily adjustable for output as the lower voltage
X-ray generators; two separate X-ray sources are therefore required.

3.2 Reé]-Time Neutron Radiography

Neutron radiography may be a viable supplement to X-ray radiovgraphy fur
TRU waste characterization. The relationship between neutron absorption or
the neutron cross-section of a material is not directly dependent on a
material's étomic number (in contrast to X-rays and gamma rays which show a
monotonically increasing absorption with increasing atomic number). Since
neutrons are greatly influenced by hydrogenous materials while X-rays are
not, a real-time neutron system should show excellent sensitivity to rags,
plastics, water, organic materials, etc. Unfortunately, the waste drums
are usually equipped with a 2.3-mm (0.090-in.) thick polyethylene drum
liner which would be very attenuating to the thermal neutrons (0.01 to
0.3 eV) used in conventional neutron radiography. Either epithermal
(0.3 eV to 10 keV) or fast (>10 keV) neutrons would have to be used for

waste examination because of their increased penetration and reduced



sensitivity to hydrogenous materials. (Epithermal}neutrons may show an -
increased penetration for hydrogenous materials of as_much as a factor of.
40 1in compafison with thermal neutrdns.) Unfortunately, as with X-rays,
the higher the energy of the neutrons used,-the poorer is the available
contrast between matefials being examined. Experiments would be required
to define the lowest energy neutrons which might be used for adequate
penetration without losing too much contrast in imaging.

Another approach which might be used to identify, or increase the
detectability of, specific materials is the use of resonance neutrons. In
this procedure a beam of monoenergetic neutrons is selected using a crystal
monochromator to exploit cross-section resonances in the range of 0.02 to
2 eV to offer possible improvements in radiographic contrast. This
technique has been demonstrated in the laboratory, but is not-known to h§ve

been applied in a practical case.

With suitable conversion screens to convert neutrons to electrons for
imaging (screens such gadolinium oxysuifide), the real-time X-ray detector
system could be used for rea]—time_heutron imaging. Neutrons may be
supplied by a reactor, a portablie accelerator-based source, or an isotope

252Cf). Neutron fluxes available from these different sources

2.-1

source (

for accelerator-based

or 252Cf isotopic sources up to 106 1o 108 cm'zs'] for reactor

after collimation run from 10% to 105 cm ‘s~

sources. Presently available real-time imaging systems require a neutron

flux of about 10% ¢arZs~! for acceptable imaging.3

For levels
lower than this, electronic signal ennhancement equipment is needed to yield

acceptabie video disp]ays. Reactors are the preferred choice for thermal

‘neutron radiography because of their high neutron.yield, while

accelerator-based or isotopic sources work well in the épitherma] and fast
neutron regime. The price of a neutron generatorAranges from about
$200,000 for isotope sources up to $1,000,000 for a small reactor source.

3.3 X-Ray and Neutron Computed'Tomography

Tomographic techniques can provide detailed images that are much more
sensitive than conventional X-ray or neutron radiography to small
absorption differences in the contents of the waste containers.



Conventional X-ray and neutron images are essentially shadowgraph$ that
project a tHree-diménsional object into a two—dimensioha1 plane image.

" Tomography, on the other hand, constructs a detailed image of a slice
through an object. There 1is no doubt that this would provide a hign
resolution image for content evaluation, but there are some drawbacks to
the technique.

It would be difficult to identify waste container contents from an
'image of a single tomographic slice through the container. In-motion
radiography has a distinct advantage in this respect in that more
information is being presented for evaluation even if that.information is
distorted by the projection of a 3-dimensional gbject onto a 2-dimensional
imaging plane. Because of this, tomography would probably be most usetul
if it was applied as an extension of in-notion radiography, or if numerous
tomographic slices were used to create a 3-dimensional imaging space. The
first idea would be applied when an in-motion radiograph had an area that
was difficult to identify. By generating a tomographic image of a slice
through the area, enough additional information might be gained to allow
identification of the contents. In this approach tomography would not
routinely be applied to each container, but only to those for which
additional information was required for classification. The secund concept
of using numerous tomographic planes to create an imaging space is
attractive froum a standpoint of optimum high resolution image construction,
but is potentially time consuming and complex. In theory, several
tomographic s]ices woO1d be generated and then co@bined (via computer) into
a 3-dimensional representation of the container and its contents. It would
then be possible to manipulate the image by rotation about any axis or to
view a slice through any part of the imaging space. This capabi]ity added
to the high resolution of the tomographs would give the most flexible type.
of image for éontent evaluation, - '

While the tomographic techniques are attractive, additional development
and study would be required to determine their suitability to this
application. Questions need to be answered in several areas; i.e., what 1s
the effect of sharp density changes on the reconstruction algorithms, can
X-ray or neutron intensity data taken from the rea]-time‘viewing system



serve as an input to the tombgraphic system, and.can the reconstruction and
imaging be conducted in a timely manner for the application?

3.4 Thermal Imaging

Investigators at Westinghouse Hanford* performed thermal tests on
simulated waste containers (55-gallon drums) and found that free liquid-
(water) could be detected quite accurateiy. Unfortunately, this approach
may be difficult to use on a production basis for the examination of every
drum because of the time involved in running each test (on the order of
5 minutes per drum for each measurement).’ The investigators also found
that éo]ids, liquids, and air inside sealed waste drums could be |
distinguished from each other by their respective thermal characteristics.
Water on either the top surface or in surface-exposed cracks of the waste
solids was readily detected. ‘

Thermal imaging is based on applying heat to the surface of a steel
drum for a short time period. When the heat source is removed, the surface
temperature of the drum increasés, then decreases. When the inside surface
of the drum wall is in contact with air, its temperature falls more slowly
than if it is in contact with water. Solid wastes show a temperature drop
rate faster than air, but slower than water. The surface temperature drop

rates are then mapped.

This technique may not work well on many of the stored waste drums
because of drum Tiners and various internal plastic bags which contain the
waste. However, a 1iMited study should be perforined to determine the
feasibility of applying this technique to stored waste, especially for
‘detecting free liquids since they would not normally be detectable with the
real-time X-ray radiographic system although they may'be with the real-time
neutron radiographic approach. Some of the older drums may not contain
drum liners; for these drums, thermal imaging may be a viable technique.

3.5 Visual Examination

Since drums and boxes must remain sealed, it would be impossible to

perform a visual inspection of the waste drum contents without boring or



punching a hole ‘through the drum or box wall and insertihg a borescope or
similar device. However, visual examination can be useful for such thingé
as determ{ning (for Rocky Flats material) the drum contents based on
container identification markings. This could serve as a crude initial
screening technique. Also, the condition of the container, including its
outside surface, could be ascertained to determine if there may be breaks
or corrosion in the walls.

3.6 Container Weighing

Each container should be weighed accurately prior fo other
characterization operations since container weight may offer insight into
the contents of é particular container. Some correlation work will have to
be pertormed to see 1f cunldainer weights can be uscd tu predict contents.
This method would be used for initial screening.

3.7 Acoustic and Ultrasonic Methods

Acoustic methods would include such widely varying techniques as
measurement of drum skin resonant frequency to ascertain the presence of
gas at pressures higher than ambient, vibration analysis of container
contents using a shaker table and épprdpriafe electronic monitoring, and
ultrasonic measurement of drum wall thickness (to check for corrosion
problems) . ‘ ‘

The resonance measurements would be made on the top drum head using
currently available measurement techniques. The resonance of the drum head
shoulq be controlied by the elastic modulus of 'the head material; ‘any '
material. (for example, waste) in contact with the drum head; the boundary
conditions; specifically differences in atmospheri¢ pressure on Lhe ocutside
and inside surfaces of the drum head; and the thickness of the particular
drum head. In addition, residual stresses in the material and any changes
in configuration such as denting will likely affect the results. A study
should be performed to determine if variables other than gas pressure
affect resonances to any significant degree.

10



¢

'Different container contents, for eXamp]e s]udge versus compacted
combustible waste versus metallic compohents, should give much different
acoustic signatufes. Vibration analysis equipment would include a variable
frequency shaker table system on which the container would be mounted.
Testing of many containers should give a data base for screening of
container contents as a function of -acoustic response.

Ultrasonic measurement of drum wall thickness (with an automated
system) could yield indications of internal corrosion in drums.
Measurements of fhe time required for a high frequency‘sound wave to trave}
through the wall of the drum would be useful for screening for drums which
may.contain free 1iquids, high internal humidity, or corrosive materials

inside.

11



4. COMBINED METHODS AND DECISION ALGORITHM

From the discussions of the various NDE methods in Section 3, it is -
obvious that each technique provides some unique information. The most )
accurate assessment of container contents would be based on an evaluation
of all applicable data rather than on a single test result. This suggests
an NDE system that would obtain and analyze data using several different
methods. - For example, drum weight may indicate the presénce of sludge or
scrap metal in a particular container. Acoustic data and/or imaging
information could be then used to differentiate between the two

possibilities.

This type of analysis easily lends 1tself Lo the devclopment of a
decision algorithm which would use the available information fo assign a
contents code that is derived from a set of known content possibilities.
Data input to the algorithm could include: X-ray image information, !
‘neutron image information, original container content 1ist1ng,(container
weight and distribution, acoustic and ultrasonic analysis, thermal image
information, and visJa] examination. Evaluation of this data would provide
a statistical basis for characterizing waste.

As experience is gained during the development of the system and a
statistical base is established to link all test results to container
contents a high confidence level for waste characterization should be
attained. . The statistical base is necessary because there will undoubtably
be scatter in the data for a given type of waste; however, the scatter
should not be so severe as to preclude an accurate probabilistic
determination of contents.

An attractive feature of this approach is that the algorithm can use
simple or complex information as desired while st111 providing systematic
criteria for certifying waste. If desired, X-ray or neutron image
information can be in the form of human interpretation of the real-time | Rk
images or contrastingly, 4SS output from a pattern recognition program
that operates on a digitized version of the images. In either case, the
algorithm would be designed to ensure that any waste containers which do

12
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not fit a pattern for identification would be flagged for additional

evaluation.

A prime édvantage of this decision a]gonfthm approach is that it iends
itself to an automation of the entire process. It should be noted that
equipment for automated classification involves computerized pattern
récognition techniques which are not commercially avai]ab]e,'thefefore this
portibn‘of an automated characterization system would require a deve]opmeht

~ program. This system could eventually be used to assist or replace a

trained operator and would have particular application in analyzing images
from real-time radiography or computed tomography systems. The potential
cost savings in terms of labor and the improved reliability of container

certification are strong arguments for such a system.

13



5. COMBINED NDE/NDA/WASTE CERTIFICATION SYSTEM

With a large number of waste containers to certify;.it is important to »

consider automating as much of the process as possible. A nucleus for this
~automation is the NDE waste identification algorithm discussed in the
previous section. Since implementation of this algorithm requires all the
basic information available about the container contents, it would be
logical to computerize the identification process and use this to generate
a data base for processing the waste containers. A production system of
this nature would provide efficient, reliable data retrieval as well as the
computing power to manage, and possibly automate, the NDE and NDA of the
waste containers.

If such a system were impiemented, the entire data pdckqge could be
~ sent to WIPP for approval before shipping. The data would include the

following information: o . ' o
1. Identification number
2. Waste generation site
3. Date of packaging (or repackaging)
4. Radiation levels at the container surface
5. Weight (net and tare)
6. Accurate physical description of waste (from NDE tests)
/. Type of container
8.  Nondestructive assay information

9.  Hazardous material (if any)

10. Estimated gas production (moles)

11, Measured or calculated thermal power (decay heat)

12. Certification statement-(how certified, i.é}; administrative
controls of actual testing performed) '

13. Date of shipment

14. Carrier identification

&)

15. Other relevant information

For uncertifiable (to WIPP-WAC) TRU wastes, the additional following
information would be retrievable.

14



Waste generator content code _
Comparison between NDE results and waste generator content code

Location of waste container

Sow N —

Categorization of uncertifiable waste containers as fo]Tows:

a. Combustible
- b. Noncombustib]e

) Metals

) Sludges (classified, if possible)

) Hazardous (toxic, pyrophoric, gas cylinders, etc.)
) Other

5. Results of container pressure test. -

With this certification system, a waste container entering the system
would be tagged and "logged on" to a computer tracking'system. As the
container goes through'successivé evaluation steps, additional information
would be added to the record either automatically or by a system operator.
After the NDE and NDA examinations have been completed, {dentifying Tabels
would be computer printed for both container 1dentification and as a

shipping record.

The level of automation of such a system is flexible; one alternative
would be to use a computerized data base to track containers and generate
archival recbrds, with all of the input data being operator-generated. As
the correlations between'inspection data and container contents are - .'
developed, however, all or some of the data can be added automatically:
rather than through human input. Obvious first‘candidates for this process‘
are relatively simple measurements such as weight or surface radiation
levels. In afully automated system pattern recognition techniques could
be applied to the real-time images to t]assify‘Waste into one of several
predetermined categories; this data could also be automatically input to
the system. The NDE waste identification algorithm can be implemented with
' any level of the system and only requires additional development -work that
can statistically group the results of the various tests described in
Section 3.

15



As with any automated system, checks and balances must be designed to
prevent erroneous data handling and container labeling. Techniques for
establishing this range from redundant measurements to applying
classification criteria that aliow very little statistical spread in the
NDE data. Redundancy can be‘accomplished through repeated and/or
complementary measurements. Classification criteria would be developed
from an analysis of the spread of data values for a given type of
~ contents. By allowing only small deviations for a given content
classification, it will be possible to have a high degree of confidence .in
the content code that is finally assigned. Waste being processed by the
system would then separate into two groups: those that can be
automatically classified and those that require further examination.
Calculating the exact proportions for these two categories is impossible
without further development work, hut it can be reasonably cxpected fiou
initial results with real-time radiography that most of the waste can be
accurately characterized from container weight and image information.

A computerized NDE/NDA/waste characterization system is probably the
only rational approach to certifying and sorting ]érge amounts of waste.
If the system were dependent on the repeated day-to-day interpretations of
human operators looking at radiographic images, assay results, and other
test information, the element of fatigue caused by the fedious nature of
‘the job might seriously compromise the accuracy of test results unless
many system operators are used. Unfortunately, duplication of resources
(people and equipment) raises costs and lowers the consistency of results.
An automated system on the other hand, will be consistent and immune to
fatigue. The costs involved will be primarily in development of the
pattern recognition and classification algorithms plus the NDE/NDA
equipment costs.

It does nol appear necessary at this time to make a full commitment to
a totally automated system. The necessary development work can continue by
initially implementing a first level system with real-time X-ray
radiography to gather the statistical data base nécessary for development
of the automated approach. This support should also provide for the
investigation of the other NDE techniques and their integration into a
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single system. - The results of this suggested work should provide the basis
for accurate cost estimates and capabilities. Details of this development
plan are discussed in Section 7, Feasibility Studies.



6. ANALYSIS OF SPECIFIC WASTE CHARACTERIZAT ION PROBLEMS

This section suggests how specific waste characterization problems
might be solved using various NDE methods. It should be noted that, since
feasibility tests have not yet been performed except'for some X-ray -
radiography, these recommendations are based on best engineering judgement.

6.1 Gas Generation .

Because of storage requirements, a maximum gas generation value of
5 mole/year/drum has been established by WIPP-WAC. This is equivalent to a
permissible organic content for 55-gallon drums of 224 kg/m3
(14 1b/ft3) and 96 kg/m3 (6 1b/ft3) for rectangular boxes. (EG&G
believes these 1imits for the permissible organic content of cuntainers is
too Tow and should be raised for individual containers.® This would
requiré WIPP to institute administrative controls to insure that no more o
than a certain percentage of drums or boxes in a given storage room contain
cellulosics.)

Methods need to be devised to both determine the amount of combustible
waste in a container and to measure drum pressurization. The first step
would be to determine which waste containers may be susceptibie to gas
generation problems, the second part is the application of an NDE method
for measuring gas overpressures (pressures higher than 1 atmosphere).

Gas generation problems are most Tikely tb occur in containers which-
are filled thh,substantial amounts of combustible waste (speciftically .
cellulose) or organic materia]s; A combination of real-time X-ray
radiography and real-time neutron radiography should yield a clear picture
of the percent combustible waste in a given éontainer. In conjunction with
container weight, contents in kg/m3 (pounds/ft3) could be estimated.
Neutron radiographic methods, having a high sensitivity to hydrogenous
materials such‘as cellulose, plastics, and other organic materials, will be
quite useful if cellulose can be nondestructively separated from the other
materials. In conjunction with an X-ray scan, this may be feasible. It
may be that container atmospheres high in hydrogen (potentia]]y explosive
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mixtures) can be detected with neutron radiography. The feasibil{ty of
this approach must be determined. Neutron interrogation should be useful

for determining total organic material content.

Gas overpressures (irrespective of gas concentration or specific gases)
might be detected through the application of sonic or ultrasonic resonance
measurements. Measurements of gas pressures in Rocky Flats waste drums -
which were opened for correlation between drum contents and labelied drum
content codes showed 4 of the 70 drums to have.H2 concentrations above
the level considered explosive; the highest drum pressure was approximately
1.33 atmosbheres (enough to cause a noticable bulge in the drum head).
Elevated gas pressure should affect drum head resonance behavior. If
feasibility testing shows this to be a correct suppdsition, drum head
resonant frequency behavior or dampening resﬁohse could be quickly measured
using relatively inexpensive equipment. If data scatter bands are nof
excessively broad, it may be .possible to obtain some relatively

guantitative gas pressure measurements.

.If gas generation is a problem in large 4 x 4 x 7-foot boxes, it is not
known if the resonance approach would be applicable because of the possible
severe variation in response inherent in the materials used (plywood and

fiberglass reinforced plastic).

6.2 ‘lmmobilization (Particu]ate)

Particulate waste materials must be immobilized if more than 1 wt% is
in the form of particles below 10 um in diametér or if more than 15 wt% is
in the form of particles below 200 um in diameter. The waste must also be
durable so that waste particles do not abrade into smaller particles during

~handling and transportation. Each of the different container content codes

should be evaluated for waste forms that could contain particulate material.

This may be the most difficult waste problem to define nondestructively

‘because neither X-ray nor neutron radiography has the resolution capability

Lo identity respirable fines below 10 um in diameter. Freé particles below

200 um in diameter may be detectable at more than 15 wt% if real-time X-ray
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or neutron radiography is used in conjunction with a re]atively']arge'
amp]itudeAshaker table and/or combined with container inversion to disperse
particles through the waste package. Migration of the particles may be |
‘observable. Feasibility testing would be definitely needed to determine if
NDE approaches are even applicable. There may be some chance of finding
particulates if drum contents are adequately identified through waste
records already in existence. If the approaches already discussed prove
unusable a concerted research and development effort may be required to
solve this problem. A

6.3 Free Liquids

Certified TRU waste is not allowed to contain,dny free liquid to
prevent radionuclide leakage in the event of a waste gontainer failure,
Solidified ]fquids'must be demonstrated to be free of, or resistant to the
formation of, free liquids. Methods need to be-deve]dped to identify waste
containers which might have free liquid present.

" Neutron radiography appears to be the leading- candidate method for free
liquid detection. Neutrons are significantly attenuated/absorbed by water
or organic liquids. Mercury metal (which may or may not be included in the
free 1iquid category) would not be as attenuating'as the other liquids.
(With sludge eliminated from certifiable waste in accordance with WIPP-WAC,
most of the possibility of finding free liquid is probably eliminated.)
Containers would have to be moved around in conjunction with rea]-tjme
neutron imaging in ofder to see liquid motion, although liquids may be
apparent in waste surface cracks even without motion.

Another NDE method which may be applicable is thermal imaging, although
the technique would probably be relatively insensitive to liquid which is
not in direct contact with the waste container wall. For example, a flask
of liquid in a waste package would probably be nearly impossible to detect
thermally but could pkobab]y be detected using neutron imaging.
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6.4 Sludges

Certified TRU waste may not contain sludge since combliance with water
desorption'and respirable fine requirements cannot be ensured. ;Examinétion
methods need to be employed to verify that the container content code is
consistent with the actual container contents. '(Methods also need to be
developed to locate lead "pigs" and other items mixed in sludge.)

A real-time X-ray radiography system should easily 1déntify
sludge-filled containers. If there is interest in trying to locate objects
within concrete sludge, such as electric motors, radioactive sources, etc.,
a‘high voltage X-ray source will be needed for the real-time X-ray
radiography system.

~Real time neutron radiography used in conjunction with X-ray
radiography should be useful in separating concrete-filled and evaporator-
salt-filled containers from those containing organic wastes, based on the
selective absorption of neutrons by hydrogenous materials.

In addition to the penetrating radiation approaches, acoustic methods -
may be applicable to identification of sludge-filled drums. It may be

possible to separate dried evaporator salts from the other sludge forms.

6.5 Pyrophoric Material

Pyrophoric material is not normally allowed in certified waste. These
materials must either be mixed with chemically stable materials or A
prqcesséd to remove their hazardous properties, i.e., oxidized. However,
up to 1% by weight of the waste in each package may be pyrophoric fofms of
radionuclide metals if they are dispersed through the waste. RWMC stored
waste may contain small amounts of 238U metal from retrieval ,
projects.6’7 Methods may need to be developed to distinguish between
low, middle, and high Z metals.

Detection of pyrophoric materials will be ektrémely difficult. The
only method which may possibly work is identification of metals using
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the absorption of X-rays as a function of atomic number. Since any
measurements would be much influenced by the container contents, detection
of pyrophoric materials will be one of the most difficult waste problems
to solve.

6.6 Explosives and Compressed Gases

TRU certified waste shall cdntain no explosives or compressed gases.
With the exceptioh of ion exchange resins there are no known potentially
explosive mixtures in any of the RWMC stored waste. Most explosive
mixtures contain large amounts of hydrogenous materials; because of this,
neutron radiography is probably the most applicable candidate technique.
Tomography may be useful in evaluating shapes of possibly expiosive
materials.

Compressed gases, assuming they are in pressure containers, could 0
probably be located using the standard real-time X-ray radiography system.
However, a high voltage X-ray source would be required if pressure
containers happened to be stored in sludge drums.. The only way NDE methods
could be used to determine if a gas container were depressurized would. be
to search for a hole in the gasvcontainer wall which would show that the
container would not be capable of holding internal pressure. |

6.7  Toxic and Corrosive Materials

Certified TRU waste may not contain toxic substances unless they exist
as co-contaminants with transuranics. Cofrosive TRU wastes must either be
neutra]ized or packaged to ensure package integrity throughout the package
design life. Toxic and corrosive materials must be packaged in color-coded
containers. WIPP may allow shipment of waste if the material receives
prior apprdval. Methods such as administrativé control will be needed to
‘determine the probability of toxic or corrosive waste being present in
particular content code containers because without particular e
distinguishing characteristics the material cou]d'probqb]y,not‘be
identified nondestructively.
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_6;8 Drum Wall Thickness

The .thickness of waste drum walls should be evaluated because of
possible internal drum corrosion from free liquids or a highly humid
environment if a drum liner has been breached. This measurement could be
done using an automated ultrasonic thickness measurement as one of the NDE
.methods used in the waste container characterization/certification system.

-Another‘technique which could be used is computed X-ray tomography.
This is a'élower, more costly approach than ultrasonics, but it might be
preferable for the area on a drum where the bottqm head is attached (which
may be difficult to examine ultrasonically). Neutron radiography may also
. be applied by using an approach based on identifying corrosion product
residue (normally hydroxides) on the inside of.a metal drum. Neutroh
rad1ography has, in the past, been found capab]e of be1ng used to detect
corrosion products in many materials.

6.9 Data Package

A11 TRU waste which is certified must be atcompanied by a complete data
package covering required details on waste containers, waste forms, and the'
waste package."The data package will be stored in a computerized data
“retrieval system for ready accessibility. The information will be
transmitted to WIPP for approval before shipments are made.
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7. FEASIBILITY TESTING

This discussion will be restricted to the feésibility tests required
for the development and qué]ification of nondestructive methods for
classifying TRU waste. The nondestructive methods development does include i~
development of a decision algorithm and automated classification techniques.

~ In order to gain needed experience in TRU waste characterization,
a 420 kV real-time “production" X-ray system should be procured and made
operational early in FY 82 to gain experience in waste characterization
under production conditions. This lower powered X=ray system could be put
- together and made operational for under $300,000 (including shielding,
handling equipment, controls, signal enhancement electronics, etc.), while
a higher energy LINAC alone might cost nearly $500,000. The demonstration/
production system.should include commercially available digital image
processing equipment for Signal enhancement and‘contrast improvement 2
- (especially important when examining highly attenuating material). The use
of this equipment is mandatory for obtaining good qyality video images and
clear, noise-free tape recording and playback. This equipment (with the
exceptibn of the X-ray source) is aiso required for any real-time neutron
radiography work in order to obtain acceptable signal to noise ratios and
contrast in the video images.

It appears that real-time X-ray radiography will be the primary NDE
.method used for Certification of TRU waste containers, supplemented by
other NDE methods for greater characterization accuracy and reliability.
The X-ray method has been shown to-be feasible for waste characterization,

and because of this, development and refinement of this method should
proceed as rapidly as possible. ‘

ANL-West is.current]y modifying their neutron‘fadiography (NRAD)
facility to provide the capability of radiographing objects at least as
large as 55-gallon waste drums. This reactor source could be used for
evaluating the real-time neutron radiography of nuclear waste drums in
conjunction with the imaging system from the real-time X-radiography
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system, which should be available early in FY 82. The basic imaging system
would be used with the addition of appropriate neutron converter screens.
The digital signal processing equipment needed for video display and video
taping of signals should also be available early in FY 82. If the
real-time neutron radiographic approach proves feasible using a reactor
neutron source, the feasibility (and cost) of using isotope or
‘accelerator-based sources should be investigated.

© Since there are approximately 60 waste container conﬁent codes, a large
number of standard waste containers must be fabricated. These containers
would include examples of the waste characterization problems which, based
on both demonstrated results and engineering judgement, could be expected
to be solved using the various nondestructive methods pfévious]y
discussed. It may be necessary in some instances to open certain waste
contaihers, accurately determine the contents, and then use these as
standards. The standard drums would be used to evaluate real-time X-ray
radiography, real-time neutron radiography, computed X-ray and neutron
tomography, thermal imaging techniques, acoustic signature analysis, and
‘container weighing; Special pressurized 55-gallon drums would be used for
evaluating the feasibility of acoustic resonance methods for drum pressure
measurement.. To obtain a definitive rating of the correlation between
waste cbntainer weight and waste contents a statistical study using a large
number of actual waste containers which have been characterized by other
NDE methods will be perfoFmed.' A small number 6f "standard" sampies would
not be sufficient in this particular instance.

Development of a decision algorithm using combined NDE methods would
have to await feaéibility testing of the individual NDE techniques to
determine which methods may be applicable. The initial feasibility of
using automated waste classification methods would be restricted to a study
designed to éather suitable background information in appropriate pattern
recognition techniques. Assuming the method abpears feasipble in a
production NDE system, videotaped images from the rea]-time'x-ray
radiography system will be computer analyzed. If this approach is
successful, then neutron radiography and computed tomographic images will
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é]so be evaluated. Results of the pattern recogrition work would then be
incorporated with the decision. algorithm work to develop the automated
classification system. -

Feasibility testing should commence in FY 82 in order to obtain enough -
" lead time to develop an operational system by 1986 or 1987. Initial work

should begin with the real-time X-ray radiography system which must be

obtained before any work can be done on real-time neutron radiography or
computed‘tomography because many parts of the real-time X-ray system are

needed in order to evaluate feasibility of these other approaches. The |

420 kV real-time X-ray system should be fabricated and made operational as

soon as practical because the feasibility testing of many other methods are

dependent on having this system available. The X-ray system would be uscd

for intensive demonstration teéting. '
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8. . CONCLUSIONS AND RECOMMENDAT IUNS

Real-time X-ray radiography has been jidentified as the pfimary'NDE
method for immediate waste characterization applications.

Several NDE methéds including real-time neutron tomography, X-ray and
neutron computed tomography, thermal imaging, visual examination, waste
container weights, and acoustic (including ultrasonic) methods may be

useful to supplement real-time X-ray radiography for improved waste

characterization and reliability.

Automation of the NDE/NDA system should result in better waste
classification reliability, greater waste throughput, and lower
operating costs as compa}ed with a manually controlled or

semi-automated system.

Development of a comprehensive certification and tracking system should
proceed as shown in Figure 1. The plan depicted in this figure shows a
step by step appkoach to developing a fully automated system. It is

‘ important to note that this plan starts with the real-time radiography

forming a first level system in early FY 83 which can then be expanded

‘based on management evaluation of the ongoing development work. A

second level system that includes a computer-based data management
scheme can be implemented in 1984 if the necessary development work is
undertaken in FY 82 and FY 84. The final phase automated system can be
imb]emented in FY 87, again if the prerequisite development work is -
supported. Note that an alternative to a fully automated system is

- shown in dashed lines in FY 85. The choice of systems would be

dependent on the outcome of the conceptual design and cost benefit
ana]ys1s that are scheduled for 1984.
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Task Category FY-82 FY-83 FY-84 FY-85 FY-86 Fy-87
. T :
| Real-Time X-Ray Radiography l ! ! ' ! | ! I I I I , T T T T T
FY-82-$335K $300K RCE
$35K + $300K RCE Purchase, Asse.mble,
and Accept Equipment . Total Costs:
' Fully Automated
$20K $611K Labor
Procedure ) $2§55K RCE
Development ™ Semi-Automated
$541K Labor
$15K $705K RCE
Design and Evaluate | Working NDE System 1st Level "
Fill Test Dat ]
Containers ata o
' :‘
Il Data Base Management System $30K $24K $225K RCE $40K
FY-83-$54K + $225K RCE Evaluate Specify Purchase and Integrate Working NDE System 2nd Level
FY-84 - $40K and Purchase M= DataBase P4 AcceptDP [ RTRand
Software Protocol Hardware. DBMS -
Il Pattern Recognition $50K $90K $10K RCE
FY-83- $95K Evaluate Generate and Evaluate
FY-84 - $45K + $10K RCE Alternative = Pattern Recognition
Technigues Test System
IV Real-Time Neutron Radiography $20K $42K $10K RCE $10K
FY-82 - $20K Develop Evaluation Generate Real-Time Evaluate

FY-83-$35K + $10K RCE
FY-84-$17K
FY-85-$1000K RCE

Plan and Prepare
-for Experiments )

Neutron Radiographs

Radiographs

V Supplementary NDE Techniques

FY-82-$20K
FY-83-8$25K + $10K RCE
FY-84-$15K

Vi Automated Syslem

FY-84 - §80K
FY-85-$20K + $800K RCE
FY-86 - $120K

$20K $30K $10K RCE $10K
Design : Evaluate
Critical Experiments Perform Experiments Data |
$80K

$65K + $300K RCE

$209K + $245K RCE

i i 1
. Demgnl_' Hardware and L-|
Software s

Alternate Plan

$20K $150K RCE
——=

Acquire
|Review| |

| O

$20K $1800K - RCE

1
Integrate ! l__
System

J

| $120K

Semi-Aytomated System

D I G S ————*.

Conceptual Design
and Cost/Benelit "
Analysis

, Acquire
L DP.SlOn Haldwale and-

Heview Software

Iﬁtegraté Elements
- of Autoinated
System

$197K + $10K RCE

($40K + 150K RCE)
20K + 1800K RCE

($30K)
$120K

Fully Automated System

Figure 1.

characterization system.

INEL-C-19 757

Proposed schedule for development of an automated NDE waste
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