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ABSTRACT 

 
The Department of Energy is responsible for the safe management and cleanup of the DOE complex.  As 
part of the cleanup and closure of the Plutonium Finishing Plant (PFP) located on the Hanford site, the 
nuclear material inventory was reviewed to determine the appropriate disposition path.  Based on the 
nuclear material characteristics, the material was designated for stabilization and packaging for long term 
storage and transfer to the Savannah River Site or, a decision for discard was made.  The discarded 
material was designated as waste material and slated for disposal to the Waste Isolation Pilot Plant 
(WIPP).   
 
Prior to preparing any residue wastes for disposal at the WIPP, several major activities need to be 
completed.  As detailed a processing history as possible of the material including origin of the waste must 
be researched and documented.  A technical basis for termination of safeguards on the material must be 
prepared and approved.  Utilizing process knowledge and processing history, the material must be 
characterized, sampling requirements determined, acceptable knowledge package and waste designation 
completed prior to disposal.  All of these activities involve several organizations including the contractor, 
DOE, state representatives and other regulators such as EPA.  At PFP, a process has been developed for 
meeting the many, varied requirements and successfully used to prepare several residue waste streams 
including Rocky Flats incinerator ash, Hanford incinerator ash and Sand, Slag and Crucible (SS&C) 
material for disposal.  These waste residues are packed into Pipe Overpack Containers for shipment to the 
WIPP. 
 
INTRODUCTION 
 
The Plutonium Finishing Plant (PFP) located at the Hanford Nuclear Reservation site in Eastern 
Washington, served for over fifty years as a cornerstone provider of plutonium feedstocks to the United 
States nuclear defense complex.  It performed a variety of rather complicated chemical processing steps 
for purification of spent fuel rods solution to recover plutonium.  An inventory of nuclear material 
remains at the plant along with a variety of residue forms adhering to equipment, piping, and process 
enclosures.  The total contained materials and wastes involve between four and five metric tons of 
plutonium. 
 
The more concentrated forms are being stabilized and placed into long-term storage packages for 
shipment to the Savannah River site.  The dilute forms are destined for shipment and permanent disposal 
at the Waste Isolation Pilot Plant in New Mexico.  The pathway to the WIPP is intended to accommodate 
several groupings of specific processing residues, and all of the transuranic waste packages that result 
from demolition of the PFP Buildings and their contents. 
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Candidate materials containing plutonium are evaluated using criteria developed by the U.S. Department 
of Energy (Office of ….April, 1994) and evaluated for safeguards termination per DOE Order 474.1-1A.  
In accordance with DOE Order M 474.1-1A, three conditions must be met. 
 
If the material is Special Nuclear Material, it must meet the definition of Attractiveness Level E material.  
The appropriate heads of EM-43 and the Office of Safeguards and Security (SO-2) must concur before 
safeguards on material that meet the definition of Attractiveness Level D or greater can be terminated. 
 
The material is evaluated to determine if it is meets the 12 criteria provided by the Office of Nuclear 
Weapons Management.  Then the material must be written off the Material Control and Accountability 
books and removed from its nuclear processing area to storage or disposal area. 
 
If the materials meet the criteria, a safeguards termination evaluation is performed.  If it is of an 
attractiveness level D, a vulnerability analysis (VA) is performed.  The VA is an evaluation process to 
detect vulnerabilities of a specific location to sabotage and theft.  It describes the methodologies used in 
the analysis and sets forth supporting information used, as well as determining whether the risk is low or 
high.  The VA is classified.   
 
Once a safeguards termination limit (STL) is established, and a VA is prepared as necessary, a request to 
terminate safeguards is sent from the field office to DOE/HQ for approval.   
 
Sometimes, blending the waste with a surrogate waste is required before safeguards can be terminated.  
The conditions for termination of safeguards are listed in the approval letter from HQ. 
 
After the STL approval is received and characterization of the waste is completed, the residue waste 
material is packaged for shipment to WIPP in special containers known as pipe overpack containers.  
 
HANFORD PFP RESIDUE WASTES  
 
The families of process residues at PFP include ashes, alloys, oxides, slag and sludges.  The ashes were 
generated by a special incinerator that burned glove-box wastes generated during the extensive plutonium 
processing and weapons fabrication work performed a the PFP.  The feed for the Hanford incinerator 
included paper, cardboard, rags, and plastics that were contaminated with sufficient plutonium to warrant 
recovery efforts during the Cold War period.  The inventory also includes ashes that were shipped to 
Hanford from a similar incinerator at the Rocky Flats nuclear site.   
 
Another large category of residues consists of the sand, slag, and crucible fragments generated in the 
electric furnaces used to convert high-purity plutonium tetra-fluoride into plutonium metal buttons, the 
precursor form used in the production of plutonium metal weapons components.  This residue is 
composed of calcium fluoride slag, fragments of the magnesium oxide reduction crucibles, and the 
magnesium oxide sand that was used to nest the crucibles in stainless steel reduction vessels.   
 
Two other major groupings of dilute residue wastes consist of plutonium-aluminum alloy pieces and chips 
that were generated during reactor fuel development/preparation experiments, and low purity oxides of 
plutonium.  Additionally, all of the various sludges and other residues presently being removed from 
equipment and enclosures are included in the inventory and require disposal.  The packaged residues will 
contain between one and about two metric tons of plutonium. 
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Packaging of incinerator ash (including waste generated both at Hanford and at Rocky Flats) was 
completed in February 2002.  Packaging of low-grade plutonium/uranium oxides is in progress.  The 
packaged waste is in interim local storage awaiting shipment to the Waste Isolation Pilot Plant. 
 
MDD DECISION EVALUATION FOR PLUTONIUM  
 
In 1994, the office of Nuclear Weapons Management developed new criteria to dispose of plutonium 
bearing wastes.  When demand for plutonium was high, the DOE used a decision methodology that was 
based on the cost of plutonium production.  The Economic Discard Limit (EDL) was used to ensure that 
the cost to the government for recovering plutonium from residues was less that the cost of new 
plutonium production.  With the national surplus of plutonium, the criteria for discard are based on the 
following guidance from the USDOE Office of Nuclear Weapons Management (April, 1994): 
 
Worker Safety: Consider radiological and chemical hazards and their impact to the worker if repackaging, 
treating, stabilizing, storing, shipping or discarding. 
 
Minimizing Environmental Impact: Protection of the environment is of paramount interest. 
 
Regulatory Concerns: Evaluate whether the proposed discard meets all regulatory commitments. 
 
Waste Minimization: Consider the amount of LLW or TRU waste produced as a result of discard or 
continued storage. 
 
Disposal Technical Criteria: The residue must meet disposal criteria and it must be technically suitable 
for disposal. 
 
Technical Risk: Consider the technical risk associated with the disposal pathway.  Risk is considered low 
regarding the shipping of waste in POCs to WIPP. 
 
Stakeholder Interest: Consider whether the action is consistent with stakeholder values and interests. 
 
Risk Assessment: Consider whether the technology or process is within the bounds of acceptable risk 
regarding potential exposure to worker and the public for both radiological and chemical hazards. 
 
Implementation time/Feasibility:  Consider the well-established technologies that could be readily 
implemented. 
 
Proliferation Potential: The proliferation implications of the decisions must be addressed. 
 
Cost: Consider cost of repackaging, stabilizing, treating, processing, storing and discarding. 
 
Interim Storage: Consider whether to store the plutonium bearing waste as is, after stabilization, after 
treatment prior to discard as appropriate. 
 
After the termination of production operations at PFP in 1989, there was left an inventory of plutonium-
bearing residues that had to either be reprocessed or disposed.  With the determination that there is a 
national surplus of plutonium, the decision was made to dispose these residues.  The residues, however, 
must remain under safeguards because their attractiveness level is D.  DOE M 474.1-1A allows for the  
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termination of safeguards for attractiveness level D wastes with the approval from the Office of 
Environmental Management  (EM) and the Office of Safeguards and Security (SO) in conjunction with 
the field office (RL). 
 
The PFP residues were evaluated for discard using the 12 criteria explained previously.  The 
determination supported worker safety because the planned diluting, packaging and overpacking in the 
Pipe Overpack Containers (POC), transferring to Central Waste Complex (CWC) and shipment to the 
WIPP is the most direct disposal method for this waste. This disposal pathway requires the minimal 
amount of handling and monitoring operations and that will maximize worker safety.  In terms of 
minimizing environmental impact, the activities that will be performed on the waste are basically the 
same as the activities that are currently performed on residues being packaged for WIPP disposal.  The 
POC and the TRUPACCT-II are Nuclear Regulatory Commission (NRC) approved packages.  The 
TRUPACT-II underwent extremely vigorous safety testing prior to its certification.  Regulatory concerns 
are being addressed through the appropriate NEPA reviews and negotiations with regulatory authorities.  
The residue has been analyzed for discard and will generate less glovebox waste than by sending it for 
storage and processing at the Savanah River Site.  The waste has been characterized and meets the WIPP 
waste acceptance criteria (WAC) and there is minimal technical risk to the overpacking and  
 
disposal to WIPP approach.  The stakeholders in Washington State have shown a strong interest in having 
the waste disposed at WIPP, as discard to WIPP is considered the most operationally direct approach, 
which reduces risk.  
 
In terms of implementation and time/feasibility, the PFP is currently packaging and has packaged certain 
residue items for disposal to WIPP and the work is proceeding expeditiously.  Adding the other residue 
waste to the packaging operation is technically feasible and implementable. 
 
The wastes, after blending with a surrogate waste ,when necessary, have a low proliferation potential 
because the waste is low-grade process residue requiring multiple recovery operations to convert the 
plutonium into a form suitable for weapons proliferation. 
 
Regarding cost, the disposal at WIPP results in lower costs than the alternative pathway, which is 
disposition at the SRS.  Interim storage at the CWC has been addressed in the CWC VA (classified). 
 
PROCESSING STEPS FOR REPACKAGING THE PU RESIDUES 
 
The Pipe-n-Go process is a method of packaging residue waste characterized as tru-mixed in safe 
containers.  The Pipe-n-Go process is used to repackage residue designated as waste at the PFP.  The 
initial mission of the Pipe-n-Go process was to repackage the Rocky Flats ash inventory.  Other residue 
waste including Hanford ash, Pu/Al alloys, Mixed Oxide fuels are being repackaged via pipe overpack. 
 
Residues being stored at the PFP were generated from Pu production and recovery processes operated 
during the production era.  Residues are considered repackaged retrievably stored waste per Section B-3d 
of the Waste Analysis Plan (WAP), Attachment B of the WIPP Hazardous Waste Permit and the QAPjP.  
As such, residues undergo waste characterization following the newly generated waste requirements.  
Characterization is accomplished using acceptable knowledge (AK). 
 
The residues are being repackaged to produce a final shippable, disposable, and compatible waste form 
that allows for termination of safeguard requirements.  The post-processing packaging provides the 
necessary radiological containment.  A Pipe Overpack Process Flow Diagram is provided as Figure 1.  
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PROCESS INFORMATION 
 
The blend plan provides a detailed list of feed items and factors that will be used for selection of the items 
to be processed.  The blend plan is used in conjunction with other criteria by the Operations Management 
and Cognizant Engineer (or delegate) to specify items to be processed.  The Operations organization 
documents items selected for packaging to provide direction for the process activity. 
 
Residue wastes are obtained from storage vaults and transferred to Room 170 in building 234-5Z.  The 
items are introduced into a glovebox using a seal-in procedure. 
 
After the item is bagged into the glovebox, the item is opened.  Items requiring size reduction are 
transferred to an 8-mesh sieve.  Residue waste larger than 8-mesh is size reduced using a crusher and 
resieved.  If necessary, the waste is blended with either lean waste of the same type or a surrogate waste 
to ensure the final product meets the necessary Pu concentration for discard. 
 
 
Items containing fissile gram equivalent (FGE) in quantities greater than that allowed in the final waste 
package will be split.  The item is split and packaged into multiple billet cans to ensure each can meets 
the allowable FGE limit as defined by procedure.  The filled billet cans are cross-taped and then sealed 
out of the glovebox . NDA is performed and plutonium content and concentration calculated to confirm 
within limits prior to loading in a POC for shipment.  Cans exceeding these limits are bagged into 
HC-46F for additional blending and/or splitting.  The loaded waste POCs are transported to room 192D, 
except for nonhazardous waste, until shipped to the Central Waste Complex (CWC).  The drums are 
stored at the CWC until scheduled for transport to the Waste Isolation Pilot Plant (WIPP). 
 
As the waste is handled and packaged, it is visually examined per the TRU Waste Visual Examination 
Technique.  All noncompliant items, if any, are removed.  The visual examination of the residue is a key 
part of the Pipe-n-Go process because it provides the Acceptable Knowledge (AK) information for the 
WIPP storage/disposal.  Two operators will verify that the physical form of the waste matches the waste 
stream description and the identification code, and that prohibited items have been removed.  Any waste 
discrepancies or inconsistencies discovered during visual verification are handled under the waste 
nonconformance reporting protocol, and documented and analyzed for AK application in support of waste 
characterization, as applicable.  Other data is also collected during the process to support various Site 
needs. 
 
PACKAGING CONFIGURATIONS 
 
The repackaging of the residues is designed to reduce operator radiological exposure and optimize 
shipment quantities in the TRUPACT-II.  The residue is placed into billet cans.  The billet cans are slip 
lid cans that are 5 ½" in diameter and 7" in height. Pewter billet cans which are slip lid cans that are 5 ⅝" 
in diameter and 6 ⅝" in height may be used to reduce dose. The billet cans are bagged out of the 
processing glovebox in a vented polyurethane or PVC port bag.  A second polyethylene bag is placed 
over the vented port bag to provide additional contamination control.  After the billet can has been 
assayed via NDA, the billet cans are placed into 55-gallon drums with 12” Pipe Overpack Containers 
(POC).  The nominal inner dimensions of the POC are 12” in diameter and 24” in height.  The POC is 
centered in the drum by fiberboard.  Both the POC and drum have vent filters to meet WIPP 
requirements. 
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PROCESS CONTROL 
 
Controls are in place to ensure the waste is tracked through the process to ensure safety basis, criticality, 
safeguards, and WIPP requirements and limitations are met.  Inventory data sheets for the waste are 
maintained to ensure limits for criticality and dispersible Pu are not exceeded.  Each container has or is 
given a unique identification number that is used to track it through the Pipe-n-Go process and into the 
final waste package.  Data sheets from the operating procedures are used to document the processing 
information for each item and receiving drum information.  The data sheets are reviewed and signed by 
the appropriate personnel.  Where applicable, a second verification signature is obtained.  These records 
are maintained as part of the Acceptable Knowledge (AK) package for each waste drum. 
Engineering and operations management will review these data sheets daily to assess process 
performance, track charge and product item weights, and calculate process efficiency.  Data obtained 
from the Room 170 logbook is also used in these analyses.  If management directs, a report will be 
prepared to document the process performance and recommend upgrades or other future process 
improvements after completion of processing of the waste stream. 
 
WASTE CHARACTERIZATION 
 
For WIPP characterization purposes, residue is considered homogeneous waste per the WIPP Hazardous 
Waste Permit and WIPP/DOE-069, Waste Acceptance Criteria for the Waste Isolation Pilot Plant.   
The QAPjP requires documented visual verification for newly generated waste or repackaged retrievably 
stored waste.  During the Pipe-n-Go process, the residue will be visually inspected per procedure WMH-
400, Section 7.1.10, TRU Waste Visual Examination Technique. 
 
Sampling and analysis of some of the residue waste streams will be required for shipment to WIPP.  
Randomly selected items will be set aside and sampled once the 222-S Laboratory Facility is certified to 
perform WIPP analysis. 
 
Headspace gas sampling and analysis is described in the QAPjP.  Analysis of headspace gases from each 
drum of waste is performed to quantify the concentrations of hydrogen, methane, and flammable volatile 
organic compounds; to confirm any hazardous waste codes; and to determine the potential flammability 
of TRU waste headspace gases during transport in the TRUPACT-II.  The TRU Project prior to shipment 
to WIPP will perform this Activity. 
 
The NDA method described in ZA-948-345, Assay of Plutonium using Segmented Gamma Scan Assay 
System, will be utilized to provide NDA results conforming to the QA objectives, methods requirements, 
quality controls, instrument testing, inspection requirements, maintenance requirements, calibration 
procedures and frequencies, and data management requirements.  If another NDA method will be utilized, 
the method will be per an approved procedure that provides NDA results conforming to the QA 
objectives, methods requirements, quality controls, instrumentation testing, inspection requirements, 
maintenance requirements, calibration procedures and frequencies and data management requirements. 
Figure 1 presents the repackaging process in a process flow diagram.  Figure 2 is a drawing of the pipe 
over pack configuration, and Figure 3 is a flow diagram for preparation and shipment of TRU/TRM waste 
to WIPP. 
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Figure 2.  Pipe Overpack Configuration Drawing 
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Figure 3: Hanford Material Flow Diagram for Preparation and Shipment of TRU/TRM Waste to WIPP 
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