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ABSTRACT 
The Department of Energy (DOE) manages 

approximately 10 to 20 metric tons of plutonium 
in the form of scrap, residues, oxides, ash, metal, 
sludge, compounds, etc. Not all of this material 
is chemically stable or in packaging acceptable 
for storage. Thus, it constitutes a significant 
potential hazard to employees and to the public. 

This paper describes a relatively simple 
concept for stabilizing most of this type of 
plutonium by converting it into encapsulated 
glass. A full-scale hot demonstration of the 
concept is proposed, in which Rocky Flats ash 
would be vitrified and sealed in small cans, 
followed by encapsulation of the cans in Defense 
Waste Processing Facility (DWPF) canisters 
with high-level waste glass. A team of experts 
from Savannah River Site (SRS), Los Alamos 
(LANL), Rocky Flats Environmental 
Technology Site (RFETS), Argonne National 
Laboratory (ANL), and Pacific Northwest 
Laboratory (PNL.) would provide oversight of the 
planning and execution of the demonstration. 

In the overall concept, the vitrification 
processing (following the demonstration) would 
take place in shielded glove boxes at the four 
sites where most of the material is now stored. 
The small cans of glass would allow safe, secure, 
and monitorable interim on site storage, or 
transportation to a centralized site. To 
permanently dispose of this material, an 
additional step would be taken. The small cans 
of plutonium-glass would be mounted in a frame 
and placed in an empty DWPF canister which 
would be filled with molten high-level waste 
(HLW) glass. The canister would subsequently 
be sent to the national HLW geologic repository. 

This proposal offers a potentially cost- 
effective, integrated national approach for early 
stabilization and disposition of the nation's 
plutonium-bearing residues. 
INTRODUCTION 

During the decades of the Cold War, a large 
amount of plutonium was produced in the U.S. 
to support nuclear weapons production. When 
weapons production was terminated, the 
production facilities, and to a lesser degree 
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research facilities, were left with substantial 
quantities of plutonium-bearing residues, most of 
which had been destined for recycle and recovery. 
However, the production facilities that could be 
used to purify and/or stabilize these residues are 
shut down, leaving the current dilemma of how 
to stabilize, secure, safeguard, and dispose of 
them. 

Two different reviews have been conducted to 
assess the risks associated with present storage 
methods for these materials, one by the 
Department of Energy1 (DOE) and another by 
Congress's Defense Nuclear Facilities Safety 
Board2 (DNFSB). The DOE assessed the 
"...environmental, safety and health 
vulnerabilities of the entire DOE inventory of 
fissile materials". The principal conclusion was 
"Overall, the Department's inventory of 
plutonium presents significant hazards to 
workers, the public and the environment, and 
little progress has been made to aggressively 
address the problem." 

The DNFSB Recommendation 94-1 to DOE 
concluded that "...imminent hazards could arise 
within two or three years unless certain problems 
are corrected.", and offered recommendations for 
correcting the identified problems. In a 
subsequent report to the Congress3, DNFSB 
concluded "the risks posed by those materials are 
more serious than appear to be recognized by 
DOE, and ... schedules for stabilizing ... need to 
be accelerated...". 
DOE Fissile Materials Disposition 
Can-in-Canister Option 

The Can-in-Canister concept is being assessed 
by the DOE Fissile Materials Disposition 
Program as an option to immobilize or fix Pu in 
an acceptable matrix to create and 
environmentally benign form for disposal in a 
repository. The Can-in-Canister option will 
require a new Pu-Encapsulation glovebox 
operation to produce small cans of high density 
glass containing a neutron poison. The reference 
glass would contain about ten percent Pu. These 
cans would be mounted in a frame and placed in 
an empty DWPF canister which would be filled 
with molten high-level waste (HLW) glass 
(Figure 1). The canister would subsequently be 



sent to the national HLW geologic repository. 
Fifty metric tons of PU would be contained in 

one thousand DWPF canisters. The two hundred 
incremental canisters produced by this materials 
disposition option would not impact the DWPF 
schedule. 
The Material 

A detailed accounting of plutonium residue 
inventories by type and location cannot be given 
in this report because of security classifications 
of some of the material. However, enough 
information has been released to conclude that the 
total amount of plutonium in various scrap and 
residue categories is between 10 and 20 metric 
tons, excluding classified material, fuels, and 
targets. This is the material addressed in this 
paper. The approximate distribution of these 
types of materials among DOE sites is shown in 
Table 1. 

Table 1 
Distribution of Residues Among DOE Sites 

I DOE Site IWt.%Pul 
Rocky Flats 

Los Alamos 
Savannah River 
7 National Labs 

Lawrence Livermore National Laboratory 
prepared an unclassified report! that identified 
types of plutonium-bearing materials that need to 
be stabilized and disposed of. That report used 
data from the DOE Nuclear Materials 
Management and Safeguards System (NMMSS) 
which characterizes materials as follows, 
(excluding pits and fuel): 
Clean Metal Essentially pure plutonium, regard- 
less of grade. 
Impure MetallAlloys Impurities 4 0 %  by 
weight. 
Clean Oxide PU02, with c 3% impurities. 
Impure Oxide Pu02, with 3 to 50% impurities. 
Compounds (other than oxide) Plutonium fluo- 
rides, carbides, chlorides, etc., with s 50% im- 
purities. 
Rich Scrap Metals, alloys, oxides, compounds, 
etc., 2% to 50% plutonium. 
Lean Scrap Metals, alloys, oxides, compounds, 
et.,  generally e 2% plutonium. 
Reactor Fuel, Unirraa'iated 
Reachr Fuel, Irradiated 
Miscellaneous 

Figure 1: Can-in-Canister Concept 
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A recent DOE report5, produced for 
accountability purposes, gives some unclassified 
inventory data for DOE sites, and in December, 
1993, DOE Declassification Office declassified 
and released some relevant plutonium inventory 
data6 

Several DOE sites group their plutonium- 
bearing materials in ways that are different from 
the NMMSS categories, above. They do this for 
specific purposes. For example, one of the ways 
Rocky Flats groups theirs is into five "buckets" 
based on possible methods to treat them for 
disposal. The "Ash Bucket", for example, 
contains not only ash, but all "ash-like" 
materials such as impure oxides, "sand, slag, & 
crucibles", fEebrick, etc. 

Rocky Flats ash is proposed for demonstrating 



Residue Type 
Ash and Oxides 

Metal and Alloys 
Compounds with C1, F 

Combustibles 
Miscellaneous & Sol'ns 

Demonstration Proposal 
The initial step is to prepare a proposal for a 

demonstration that includes the following distinct 
tasks. 

wt. % Pu 
46 
20 
16 
1 

17 

Document material types, quantities, 
compositions, locations, and packaging 
Document best judgment on what constitutes 
acceptable glass quality for disposition in 
either a geologic (HLW) repository or the 
Waste Isolation Pilot Plant (WIPP). 
Conduct small lab vitrification tests with 
samples of Rocky Flats ash to establish glass- 
making parameters, compositions, limits, etc. 
for the range of candidate materials. 
Determine batching and blending strategies to 
eliminate or minimize pretreatment. 
Identify materials that would require more 
complicated pretreatments or other 
immobilization methods 
Select melter based on lab tests and disposal 
(Can-in-Canister) requirements. 
Procure and install equipment for 
demonstration in Rocky Flats glove boxes. 

Vitrify a selection of ash materials, 
destructively examining glass to validate 
quality- 

* Vitrify a larger selection of ash materials, 
storing cans on site for subsequent transfer to 
SRS . 
Transport cans to SRS and demonstrate Can- 
in-Canister encapsulation with hot HLW-glass. 
Provide best judgment cost and schedule for 
above. 
Most, if not all, of the data on material types, 

etc. is available, and needs only to be 
consolidated in one report that presents the data 
in ways that are focused on this particular 
mission. 

The section of the proposal on "acceptable 
glass" will likely take the position that the glass 
must meet the criteria for HLW glass to be 
disposed of in the Yucca Mountain repository. 

Some lab viaification tests on Rocky Flats 
ash have been performed at PNL and SRS. 
Sufficient tests need to done to cover the full 
range of chemical compositions of materials in 
the "Ash Bucket". The tests will reveal melting 
characteristics, viscosity vs. temperature for 
candidate glass compositions, characteristics of 
the glass products such as degree of cracking, 
strength, durability, elemental dissolution rates, 
etc. The tests will establish chemical 
composition bounds for acceptable glass and 
acceptable melter operating conditions. 

The full-scale demonstration runs at Rocky 
Flats will be conducted as Research and 
Development tests, with direct oversight by the 
inter-site team. A full complement of safety 
analyses, criticality assessment, training, and 
procedure preparation will be necessary to assure 
safe conduct of the demonstration. Routine 
melter feed preparations will include pulverizing, 
blending, roasting, analyzing and batching, with 
treatments tailored to specific feed batches to 
assure good material accountability and good 
quality glass. The f i t  cans produced will be 
desmctively examined to validate the glass 
quality. Subsequently, additional cans would be 
made for shipment to SRS for the second phase 
of this "hot" demonstration - final 
encapsulation of the cans in DWPF canisters 
with HLW-glass, called Can-in-Canister disposal 
option. The details of the Can-in-Canister 
option are presented in another paper in this 
conference. 

This option will be proposed as an alternative 
to disposal at the Waste Isolation Pilot Plant 
(WIPP) in the ash and sand, slag, and crucible 

_ _  . 



(SS&C) residue trade studies to be conducted by 
the Nuclear Materials Stabilization Task Group 
(EM-66) of DOE Office of Environmental 
Management. Trade studies are scheduled for the 
last three fiscal quarters of Fy-96. Alternative 
timeliness, risk to worker, risk to public, 
radiation exposure, secondary waste generation, 
discharge to the environment, and cost 
performance m a w  will be assessed. 

Timeliness of the residueglass Can-in-Canister 
option may be an issue. Timeliness involves an 
assessment of whether alternatives can achieve 
the DNFSB 94-1 May 2002 objective and their 
technical maturity. Technical maturity 
comprises a figure of merit assessment of the 
following factors: 

Requirements Maturity: Are system objec- 
tives and parameters known? 
Process Maturity: Islwas process integrated 
into operations? 
Hardware Equipment: Islwas equipment in 
use processing the given material? 
Facility Equipment Readiness: Islwas facil- 
ity operating; no modification required? 
Personnel Resources Status: Are personnel 
available and trained? 
Schedule Maturity: Are tasks, durations, and 
linkages known; personnel experienced? 

program of stabilizing residues, as currently 
envisioned, is given in Figure 2. The 
demonstration that is proposed in this paper is 
the initial phase of that program. 

The conceptual vitrification process is shown 
in a block diagram in Figure 3. Drums of 
residue would be unloaded into the processing 
glove box train. This may consist of a single lot 
of material, or more than one lot if blending is 
required. The residue will be unpacked, undergo 
in-line nondestructive assay (NDA), pulverized, 
and roasted, for subsequent batch melting. 
Pulverizing the residue will achieve a particle 
size that assures an acceptable dissolving rate in 
the molten glass. The residue will be roasted to 
remove moisture or any other volatile materials. 
A weighed quantity will then be thoroughly 
mixed with a weighed quantity of clean, dry, 
glass frit (coarse powder) to produce the final 
melter feed batch. The feed batch will be added to 
the melter and kept in a molten state for 
sufficient time to assure complete dissolution and 
homogenization of the components. 

The molten glass will be poured into stainless 
steel cans, nominally 3.5" x 15". After the glass 
has cooled, the residue glass will be removed 
from the glove box train for storage utilizing 
bagless transfer systems. The small cans of 
glass would allow safe, secure, and monitorable 

Residue Conceptual Process interim on site storage, or transportation to a 
centralized site. An overview of the entire integrated national 

Figure 2. Overall Concept - Residue Stabilization and Disposal 
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Figure 3. Vitrification Block Flow Diagram 
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Materials 

The RFETS Ash Bucket materials, are listed 
on Table 3, were used to assess this option. 
These materials are currently located in five 
buildings in thirty-seven separate material control 
areas. 
Functional Analysis 

The functional flowsheet in Figure 4 was 
used to calculate quantities and costs for 
RFETS storage, transportation, and WIPP 
disposal. 

RFETS Ash Bucket inventory information was 
used to partition Ash Bucket materials for 
calculating quantities and costs for the dual 
pathways in Figure 4. Secondary TRU and LLW 
waste quantities and costs were estimated using 
detailed material balance information from the 
Alternative B-Ship as Residue and Alternative C- 
Ship as (cemented) Waste to WIPP cases. 
Disposal cost used for LLW at the Nevada Test 
Site was estimated to be $250/drum. The 



operating period for the Glass Melter and TRU 
Waste modules in Figure 4 was assumed to be 
April 1,1998 to May 31,2002 to coincide with 
DNFSB 94-1 stabilization goals. WIPP start up 
is scheduled for July 1998. WIPP disposal cost 
was based on the proposed TRU waste 2R pipe 
and enhanced TRUPACI’ configuration. Security 
and Safeguards, NRC approval, uncertain waste 
requirements, and stakeholder acceptance are 
major unresolved issues for this TRU disposal 
proposal. If this system is approved, the 
TRUPACT criticality limit increases from 325 
to 2,800 fissile gram equivalent, 
RFETS facility costs for drum storage and 
residue glass shipping, TRU waste shipping and 
disposal, and secondary TRU and LLW cost 
elements were assessed for a range of Pu Cutoff 
Fractions (see Figure 4). The rich portion of 
residue was shipped to SRS in each case 
assessed. RFETS capital costs for the Glass 

Glass Melter 
G h s  7.91 kg/un 

G h s  density 4 gm/cc 
Lording 50% ash * 

Melter and TRU Waste steps in Figure 4 and 
operating costs for storage, handling, Glass 
Melter and TRU Waste modules, and shipping 
activities at RFETS were not assessed. 
Results 

The Ash Bucket splits processed through the 
dual pathways in Figure 4 and resultant shipping 
drums, primary TRU drums, and D W F  canisters 
are summarized in Table 4 for each Pu Cutoff 
Fraction case assessed. Each position in Can-in- 
Canister (Figure 1) contains two residue glass 
cans. The volume of residue glass per position 
was assumed to be 85% of Can-in-Canister Pu 
glass volume to allow for packaging 
inefficiencies. Since the D W F  will process 
more canisters than would be required for residue 
glass, incremental DWPF canisters for each 
residue case will be twenty percent of the canister 
total in Table 4. 

Shipping Drum Loading 
Packaging complies With l tqimllents 

Ship To SRS in SSTs 

of 49 CFR 173 and 10 CFR 71 
c a n s / h  2 

IDC 
372 
419 
420 
422 
428 
368 
378 
310 
3 93 
421 
423 

Table 3. RFETS Ash Bucket Materials Summary 
Descriution Category E Descriution 
Grit Ash 89 Greaseoxide 
UnPulverized Incinerator Ash Ash 601 m g o x i d e  
Pulverized Incinerator Ash Ash 387 Reburned SS&C Sweeps 
soot Ash 390 UnPulverizedSlag 
Incinerator Ash Ash 391 UnPulverized Sand C Crucible 
Magnesia Crucibles Crucible 392 UnPulverized SS&C 
Firebrick Fines Firebrick 394 Sand from Button Break Out 
Graphite Fines Graphite 395 UnPulverized Slag C Crucible 
Sand Slag & Crucible (SS&C) Heel Heels 396 Pulverized Slag 
Ash Heel Heels 398 Pulverized SS&C 
Soot Heels Heels 

Category 
Oxides 
Oxides 
SS&C 
SS&C 
SS&C 
SS&C 
SS&C 
SS&C 
SS&C 
SSCC 

Figure 4. Ash Bucket Functional Flowsheet 
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0.1 
0.16 
NA 

Cost elements for each Pu Cutoff Fraction case 
are summarized in Table 5. The minimum total 
for these cost elements occurred at Pu Cutoff 
Fraction of 0.0225 Pu-gm/Net-gm. Compared to 
WIPP disposal of all the subject residue, the total 
savings for these cost elements would be $113 
million at the optimal Pu Cutoff Fraction. Can- 
in-Canister disposal of the 8,434 residue-glass cans 
transferred to SRS at the optimal Pu Cutoff 
Fraction would use 211 DWPF canisters and 
produce 42 incremental DWPF canisters. Based on 
these quantities and preliminary Fissile Material 
Disposition Program cost data for Vitrification 
Can-in-Canister Alternative, the estimated 
incremental SRS cost for Can-in-Canister 
processing of residue-glass at the optimal Pu 
Cutoff Fraction is approximately $80 million. 

RETS total capital and operating costs and 
SRS residue-glass can receiving and lag storage 
costs were not estimated. If RFETS total capital 
and operating costs were independent of Pu Cutoff 
Fraction, Can-in-Canister for residue-glass would 
economically break even with WIPP disposal if all 
the subject residue when SRS residue-glass can 
receiving and lag storage costs are $33 million. 
The potential to minimize these SRS costs is high 
since consolidated storage may be possible due to 
the claimed inherent critically ever-safe property of 
residueglass. 
Benefits of Concept 

Because this stabilization/disposal method would 
use existing facilities and spread the work out 
among the affected sites, it is likely to be the 
cheapest and fastest way of stabilizing DOE 
plutonium-bearing residues. 

The plutonium-glass in the small cans would 
make a relatively durable package and be critically 
safe, relatively non-dispersible, and chemically 
stable. Material Control and Accountability of the 

10.3% 708 35 89.7% 4,852 
2.8% 194 10 97.2% 6.383 
0.0% 0 0 100.0% 7,355 

plutonium in these forms during storage would be 
relatively simple, essentially a piece count. Since 
the cans of plutonium-glass would be virtually 
identical, regardless of their source, the same 
shipping cask and permit can be used for all 
material. 

The concept is also flexible; the cans could 
accommodate other disposal options - WIPP for 
example - or, if national policy changed, the 
plutonium could be recovered for use by 
pulverizing the glass and dissolving the 
plutonium. 

This concept offers a realistic and potentially 
cost-effective merger of the goals of both affected 
DOE offices - Environmental Management and 
Material Disposition. 
Issues 

Nuclear Regulatory Commission is recommended. 

develop the proposal and initiate studies. 

encapsulation of the cans can begin, several things 
must occur. 

Early involvement by DOE-EH, -RW, and the 

Authorization and funding is needed now to 

Before the hot demonstration of DWPF 

Unambiguous approval of this waste form for 
geologic disposal. It would not be advisable to 
make HLW-glass canisters with no assured way 
of getting rid of them. 
Upgrade security and safeguards at DWPF. The 
DWPF is currently a "Property Protection" 
area, handling no Special Nuclear Material. 
Obtain favorable assessment on acceptability of 
DWPF's Glass Waste Storage Building for 
storage of this new waste form. 
Reassess, and perhaps revise or create addenda 
for DWPF's National Environmental Policy 
Act (NF,PA) documents. 

. I  



Table 5. Estimated Cost Elements (Millons of Fiscal Year 1996 Dollars) 

- Complete modifications and authorizations in 
F-Area to receive and store plutonium-glass 
cans, mount them in frames, place the frames 
in D W F  canisters, and weld on the canister 
top head and nozzle. 

SUMMARY 
This paper describes and p r o m  an integrated 

national approach for early stabilization and 
disposition of the nation's plutonium-bearing 
residues. The proposal is to vitrify residues at 
the major sites where they are now stored into a 
common plutonium glass form in existing 
facilities and with available technology. The 
primary container for the plutonium-glass would 
be a robust, seal-welded stainless steel can. This 
package would be safe, stable, secure, 
monitorable, and easily transportable. This 
program appears capable of satisfying the 
recommendations of DNFSB 94-1. Also, final 
disposition of this material could be achieved in a 
way that meets the criteria and objectives of the 
fissile material disposition (MD) program. 
DISCLAIMER 

This paper 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. 
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