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I. INTRODUCTION 

The Department of Energy (DOE) faces 
unique challenges in characterizing and handling 
its mixed wastes. Mixed waste is low-level or 
transuranic (TRU) contaminated wastes 
containing Resource Conservation and Recovery 
Act (RCRA) hazardous materials. 
Characterization and material handling 
technologies will be required to solve pre- 
treatment and disposal needs, and to meet 
transportation requirements. 

The Mixed Waste Focus Area (MYFA) 
will fund the development and demonstration of 
characterization and material handling 
technologies to ensure their availability to 
support the DOE mixed waste needs. 
Characterization and material handling 
technologies will be required to solve pre- 
treatment and disposal needs, and to meet 
transportation requirements. The MWFA selects 
and coordinates development programs in 
concurrence with the Carlsbad Area Office 
(CAO) and the various DOE facilities. This 
ensures that data and test results needed to 
evaluate the viability of non-destructive 
examinatiodnon-destructive assay (NDEAVDA) 
and material handling technologies are available 
to meet site schedules. 

The MWFA will be evaluating 
commercially available and laboratory developed 
technologies for applicability in meeting these 
needs. Improved systems will be developed, on 
the commercial or laboratory side, as needed to 
address unmet needs. Studies/demonstrations 
are taking place this year to status the 
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capabilities of existing systems ,and identify 
technology gaps. Calls for proposals will be 
made to both industry and laboratory to identify 
work to address those gaps. Prioritization of 
applicable proposals will take place and 
activities fimded appropriately to address 
characterization and material handling needs. 

II. PROBLEM 

Twenty DOE sites have stored TRU and 
mixed transuranic (MTRU) waste that must be 
characterized, repackaged or treated if needed, 
and shipped to the Waste Isolation Pilot Plant 
(WIPP) for disposal. Currently, there is 
approximately 116,000 m3 mixed low level 
waste (MLLW)' and 107,000 m3 TRUMTRU 
waste'. About 3900 m3 of this waste will be 
remote-handled. The waste will be characterized 
to ensure that it is within WIPP waste acceptance 
criteria and the TRUPACT-11 and 72B shipping 
container requirements. If the waste cannot be 
certified to meet shipping and disposal 
requirements, then it must be repackaged or 
treated if it is suspected of nonconformance with 
respect to fissile material content or decay heat. 
This becomes a major endeavor for those sites 
with small quantities of contact- or remote- 
handled waste or with waste streams containing 
large, odd-shaped materials. 

Documents were generated to establish a 
cost and technology baseline for mixed waste 
characterization and treatment system 
monitoring3 and material handling 45. These 
documents highlight the fact that, regardless of 
the treatment system: 1) waste characterization 
will be necessary to ensure safe storage, 
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selection of appropriate and effective treatment, 
and adherence to disposal standards, and 2) 
improved material handling techniques will be 
necessary to ensure compliance with DOE'S 
policy of keeping radiation exposure as low as 
reasonably achievable (ALARA) and minimizing 
exposure to hazardous materials. 

The characterization document evaluated 
the cost-effectiveness of alternative 
characterization/ monitoring scenarios, identified 
technology gaps, identified development 
opportunities for improved instruments, and 
evaluated the regulatory acceptance alternatives. 
It was concluded that the greatest opportunity for 
cost savings lies in reducing the number of 
drums to be opened for sampling and analysis 
and reducing the error associated with non- 
destructive analysis. 

However, -&ere will be a significant number 
of drums that will require-repackaging andor 
txeatment to meet disposal and shipping 
requirements. The fmt material handling 
technologies evaluation document evaluated 
potential to adapt commercially available 
technologies for use in radioactive environments. 
The second document is a compilation of the 
DOE complex-wide remote and automation 
needs to identify technology development areas. 
It was determined that there is a severe 
technology gap in the availability of material 
handling devices that can be easily adapted to a 
nuclear environment. 

III. DEVELOPMENT AND 
DEMONSTRATION STRATEGY 

"he MWFA zuns the characterization and 
material handling product lines concurrently with 
the CAO. In addition, program are coordinated 
with the Characterization, Monitoring, and 
Sensors Technology Cross Cut Area (CMST) 
and d e  Robotics Technology Development 
Program Cross Cut Area (RTDP). The approach 
has been to benchark current technology 
capabilities, and from this baseline identify the 
technology gaps. Technology solutions for these 
gaps are prioritized and supported as funds 
become available. 

A. Characterization Projects 

The M W A  has broken the 
Characterization Product Line into two problem 
areas: characterization of hazardous 

contaminants and characterization of 
radionuclide contaminants. 

B. RCRAContarninants 
The baseline characterization technology 

for RCR4 contaminants is destructive analysis. 
At a minimum, wastes identified for treatment 
must be characterized for mass, chlorine, ash, 
BTU, and metals: Proximate analysis is also 
required for carbon, hydrogen, nitrogen, oxygen, 
sulfur, and slag-former contaminants. RCRA 
characterization requirements are also imposed 
by disposal facility waste acceptance criteria 
(WAC). As an example, the WIPP WAC 
requires that solidified TRU waste slated for 
disposal be sampIed and analyzed for RCR4 
contaminants, but allows use of process 
knowledge to identify RCRA contaminants in 
debris wastes. 

There are several problems with the current 
RCRA characterization baseline when it is used 
on mixed wastes. 
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Worker exposure and the spread of ' ' 

contamination (both hazardous and 
radioactive) are an issue when the waste 
container is opened. This is particularly a 
problem with alpha and remote-handled 
wastes. 

Multiple samples must be taken from each 
container to statistically obtain a 
representative sample especially 
heterogeneous wastes. 

The sampling and analysis processes must 
be camed out in a containment area to 
reduce worker exposure and spread of 
contamination. 

Mixed waste will be generated during any 
destructive analysis procedures, increasing 
the waste volume inventory. 

The destructive analysis process is a slow, 
labor intensive process, especially for alpha and 
RH wastes, which require additional levels of 
contamination containment. This results in huge 
costs when performing RCRA characterization 
on the large number of containerized wastes 
within the DOE complex. The MWFA has 
recognized the need for non-inhusive, non- 
destructive methods to identify and quantify the 
RCRA hazardous metals in waste containers. 
Development of NDE/NDA instrumentation to 



measure hazardous constituents will benefit DOE 
by reducing 

worker exposure (promoting ALARA) 

0 laboratory costs (both labor and waste 
disposal costs) 

the uncertainty inherent in obtaining 
representative samples 

and the time to characterize a waste 
container. 

C. Radionuclide Contaminants - Contact- 
Handled Wastes 

A combination of passive-active neutron 
(PAN) and passive gamma coupled with process 
knowledge and non-destructive examination (x- 
ray, radiography) is used by DOE facilities to 
characterize their wastes. Gamma assay is used 
to measure isotopics and total fissile content. 
The isotopic data is then quantified using a PAN 
system. For well-known waste streams, process 
knowledge is used to define the isotopics and 
then quantitation is performed with the PAN. 

WIPP WAC imposes several requirements 
on radionuclide measurement systems including 
a determination of total measurement uncertainty 
and participation in the CAO NDA Performance 
Demonstration Program (PDP) for instruments 
measuring contact-handled wastes. Individual 
drum measurement uncertainty is arrived at by: 

1. Determining the random error, i.e. counting 
statistics associated with the measurement 

2. Adding this to the total uncertainty 
determined on a waste stream basis. This 
uncertainty analysis looks at all factors that 
contribute to measurement uncertainty such 
as bias source isotopic effects, non-uniform 
matrix absorption, non-uniform source 
distribution, particle size variations (alpha, 
neutron) interference. 

The total uncertainty provides assurances 
that correct values of fissile material and decay 
heat are assigned to each waste drum. 

The total uncertainty of the measurements 
made by NDA instruments are good for 
relatively homogeneous, contact-handled waste 

streams. Total uncertainty increases. for waste 
containers with: 

rn variable isotopics - e.g. Puu9ffu240 ratio or 
PdUlArn ratio 

. 
lumps of fissile material - e.g. >400 micron 
for PuOz, >200 microns for Pu metal 

fissile material chemical ' composition - 
(a,n) uncorrelated neutrons, e.g. PuOz at - 
300 nCYg versus PuF4 at - 1 million nCYg 
fissile material distribution - location within 
drum 

rn matrix density - problems appear at > 0.5 
g/cc, real trouble > 1 g/cc 

matrix density distribution - e.g. high 
density materials in bottom and low density 
at the top 

matrix elemental distribution - e.g. boron 
located in the middle of the drum and 
hydrogen at the bottom. 

When total uncertainty is added to the NDA 
measurement, waste which barely meets the 
shipping container limits or WAC may not be 
certifiable or acceptable. If reasonable assay 
values cannot be obtained (uncertainty is too 
high), remedial action must be taken: either to re- 
assay if measurement errors are suspected or to 
repackage if the drum is suspected of 
nonconformance with respect to fissile material 
content or decay heat. The benefits gained, from 
additional NDEMDA technology development, 
is the reduction of the assay's total uncertainty. 
The benefit from improved characterization is 
the ability to certify wastes for treatment or 
disposal without further repackaging'treatment 
efforts. 

The MWFA approach to developing Contact 
Handled (CH) waste assay technologies is . 
broken into three pieces. 

8 The MWFA and CMST will support an 
evaluation of six commercialIy or 
laboratory-available technologies using a 
series of surrogate and real waste drums. 
The Test Plan was written to place all of 
the technologies on an equal basis, e.g. a11 
technologies must take so many 
measurements in a specified period of 
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time. 
compared and technology gaps identified. 

The MWFA will complete development of 
three activities transferred from the 
LmcifiiIl Focus Area. The technologies 
were demonstrated on surrogate waste 
drums 'through the development phase and 
then real waste drums at the demonstration 
phase. One of these technologies has been 
transferred to the commercial sector. The 
other two . technologies will be 
implemented at DOE facilities to suppart 
characterization activities. 

The third area under CH waste assay is the 
evaluation of boxed (or other than 55- 
gallon or 83 gallon dnuns) waste assay 
needs, at DOE sites, and an evaluation of 
current box assay capabilities and their 
ability to address the site assay problems. 
A11 TD activities must have MWFA 
approved Test Plans to ensure that testing 
is canied out for reahtic conditions and 
the instrument's capabilities are pushed to 
the limit. With modifications, 
commercially available technologies may 
meet the site characterization needs for 
boxes. 

Current capabilities can then be 
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'Future development activities may be 
defined through the Capabilities Evaluatiop 
Program funded in FY-97/98. The final report 
for this program will be a waste stream by waste 
stream analysis ,of non-destructive assay system 
hctionality, an indication of waste streams, 
which are present assay problems, and 
comparisons of functionality between 
technologies based on similar and dissimilar 
measurement methods. Based on this report, 
additional development activities may be 
identified to solve CH waste assay in 55-gallon 
or 83-gallon containers. 

D. Radionuclide Characterization Remote- 
Handled Wastes 

There are currently no systems that have 
been demonstrated to NDA Remote Handled 
(RH) wastes. In the past, the Oak Ridge 
National Laboratory ( O N )  and the Los 
Alamos National Laboratory (LANL) have 
performed characterization activities on their RH 
wastes. ORNL performed destructive analysis 
on the majority of their tank/silo RH wastes. 
LANL completed modifications to a PAN 

system, installed it in a hot cell and was able to 
gather data on 1 gallon containers of waste. That 
system has since been dismantled. 

NDA of RH wastes presents a unique 
problem. Isotopics are difficult to measure in 
RH wastes due to the high radiation background 
emitted from the sample. These high emissions 
interfere with the detection of neutrons. Also, 
WAC for disposal of RH waste at WIPP have 
not yet been finalized. The National TRU 
Program has drafted an approach to revising the 
TRU Waste Characterization QAPP to include 
Data Quality Objectives (DQO's) for the 
radioassay of RH TRU waste. 

The MWFA approach to developing CH 
waste assay technologies is broken into three 
pieces. 

RH waste characterization programs are 
currently funded by the MWFA to evaluate 
developmental technologies funded under 
other programs, such as Safeguards and 
Security and National Spent Nuclear Fuel. 
Data collected in FY-98 will be directed 
back to CAO to support writing the WIPP 
WAC for RH waste. 

The Environmental Management Science 
Programs (EMSP) will be reviewed annually 
for any upcoming technologies, which may 
support RH waste assay. One technology 
currently under development through EMSP 
is high fluency neutron sources. The 
MWFA will review the results from the 
proof-of-principle testing for potential use in 
RH waste assay. 

The MWFA is working to identify 
characterization requirements for the assay 
of RH wastes composed of large equipment 
or components. A call for proposals will be 
issued to both the laboratories and the 
commercial sector in FY-98. Development 
programs will be selected based on their 
potential to solve this need. 

E. Material Handling Projects 

The Mechanical Systems product line 
addresses development or adaptation of 
technologies to meet waste manipulation needs 
prior to waste treatment, storage or disposal. 
This product line includes development of both 
CH and RH technologies for mixed wastes. 
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The MWFA approach to addressing material 
handling needs is the following: 

The MWFA in conjunction with the 
Robotics Technology Development Program 
(RTDP) is developing a system to open 
drummed wastes, gain access to the waste 
through the liner, remove non-compliant 
items, and repackage waste to meet WlPP 
acceptance criteria. The system is being 
designed in a modular format to allow 
individual modules to be used at additional 
sites and to allow for easier transition to a 
completely remote or mobile application. 
The system design calls for using 
commercially available components, 
whenever possible, to minimize design costs 
and to aid in the transition to a mobile 
format and in replication of the modules. 
The adaptation of the system to a mobile 
format is to allow small generators to have 
access to a WIPP repackaging system 

The MWFA is working with Industry 
Programs, directed through the Federal 
Energy Technology Center (FETC), to 
iden@ requirements for developing a 
robust method to remotely size/volume 
reduce large pieces of equipment that are 
classified as TRU and TRU Mixed wastes. 
The method or methods will need to be 
applicable for a large range of sues, shapes, 
weights and types of materials. A call for 
proposals-will be issued in late FY-98 or 
early FY-99. 
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