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Figure 2–1.  Proposed Locations of Surplus Plutonium Disposition Facilities

Chapter 2
Alternatives for Disposition of Surplus Weapons-Usable Plutonium

2.1 ALTERNATIVES ANALYZED IN THIS SPD EIS

This Surplus Plutonium Disposition Environmental Impact Statement (SPD EIS) analyzes the potential
environmental impacts associated with implementing the disassembly of pits (a component of nuclear weapons)
and conversion of the recovered plutonium and clean plutonium metal at four candidate U.S. Department of
Energy (DOE) sites; conversion and immobilization of plutonium from nonpit sources at two candidate
DOE sites; and mixed oxide (MOX) fuel fabrication activities at four candidate DOE sites.  This SPD EIS also
evaluates immobilizing plutonium in ceramic or glass forms, and compares the can-in-canister approach with the
homogenous ceramic immobilization and vitrification approaches that were evaluated in the Storage and
Disposition of Weapons-Usable Fissile Materials Final Programmatic Environmental Impact Statement
(Storage and Disposition PEIS) (DOE 1996a).  As part of the MOX option, this SPD EIS also evaluates the
potential impacts of fabricating MOX fuel lead assemblies (for test irradiation in domestic, commercial nuclear
power reactors) at five candidate DOE sites, subsequent postirradiation examination of the lead assemblies at |
two candidate DOE sites, and addresses the impacts of irradiating MOX fuel in domestic, commercial reactors. |
Figure 2–1 is a map of the United States that identifies the proposed locations of the surplus plutonium
disposition facilities.
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Should the No Action Alternative be chosen, the ROD pursuant to this SPD EIS would also address the movement of the remaining| 1

surplus nonpit plutonium from RFETS in support of its planned closure in 2006. |
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2.1.1 Surplus Plutonium Disposition Facility Alternatives

The alternatives analyzed in this SPD EIS are based on decisions announced in the Record of Decision (ROD)
for the Storage and Disposition PEIS, as summarized in Chapter 1.  Those decisions include:

• Combining the plutonium conversion and immobilization functions into a single facility,

• Pursuing the siting of a pit disassembly and conversion facility (pit conversion facility), a plutonium
conversion and immobilization facility (immobilization facility), and a MOX fuel fabrication facility
(MOX facility), and

• Reducing the number of possible disposition sites to be considered from six to four.

Fifteen surplus plutonium disposition alternatives and the No Action Alternative are shown in Table 2–1 and|
described in detail in Sections 2.5 through 2.16.  The 15 action alternatives are organized  into 11 sets of|
alternatives, reflecting various combinations of facilities and candidate sites, as well as the use of new or existing
buildings.  For example, Alternative 6, which would locate the pit conversion and MOX facilities at the Hanford
Site (Hanford), and the immobilization facility at the Savannah River Site (SRS), has two variations, denoted as|
6A and 6B.  The variations occur because the MOX facility could be in new construction or in the Fuel and|
Materials Examination Facility (FMEF) at Hanford.

Each of the 15 alternatives includes a pit conversion facility, but additional facilities in each alternative vary|
depending on the amount of plutonium to be immobilized.  Alternatives 2 through 10 involve the hybrid approach
of immobilizing 17 t (19 tons) of surplus plutonium and using 33 t (36 tons) for MOX fuel, and therefore, require
all three facilities.  Alternatives 11 and 12 involve immobilizing all 50 t (55 tons), and therefore, only include a
pit conversion facility and an immobilization facility.

Alternative 1, the No Action Alternative, does not involve disposition of surplus weapons-usable plutonium, but
instead addresses continued storage of the plutonium in accordance with the Storage and Disposition PEIS ROD|
(DOE 1997a) and amended ROD (DOE 1998a).   Figures 2–2, 2–3, 2–4, and 2–5 are regional maps of the four| 1

candidate disposition sites: Hanford, Idaho National Engineering and Environmental Laboratory (INEEL), the
Pantex Plant (Pantex), and SRS.

2.1.2 Immobilization Technology Alternatives

The Storage and Disposition PEIS discusses several immobilization technologies, including the homogenous
ceramic and vitrification alternatives that were evaluated in detail, as well as the variants to those alternatives,
which included the ceramic and glass can-in-canister approaches and another homogenous approach using an
adjunct melter (discussed further in Appendix C of this SPD EIS).  The ROD for the Storage and Disposition
PEIS states that DOE would make a determination on the specific technology on the basis of “the follow-on EIS.”
This SPD EIS is that follow-on EIS, and identifies the ceramic can-in-canister approach as the preferred
immobilization technology.

In order to bound the estimate of potential environmental impacts associated with ceramic and glass
immobilization technologies, the Storage and Disposition PEIS analyzes the construction and operation of
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vitrification and ceramic immobilization facilities that use a homogenous approach.  These facilities are based
on generic designs that do not involve the use of existing facilities or specific site locations.  These generic

Table 2–1.  Surplus Plutonium Disposition Facility Alternatives Evaluated in This SPD EIS

Alternative Conversion Immobilization Fabrication (Plutonium)
Pit Disassembly and Plutonium Conversion and MOX Fuel Disposition Amounts

1 No Action

2
Hanford Hanford Hanford 17 t Immobilization/
(FMEF) (FMEF and HLWVF) (New) 33 t MOX

3 |SRS SRS SRS 17 t Immobilization/
(New) (New and DWPF) (New) 33 t MOX

4A
Pantex Hanford Hanford 17 t Immobilization/
(New) (FMEF and HLWVF) (New) 33 t MOX

4B
Pantex Hanford Hanford 17 t Immobilization/
(New) (FMEF and HLWVF) (FMEF) 33 t MOX

5 |Pantex SRS SRS 17 t Immobilization/
(New) (New and DWPF) (New) 33 t MOX

6A
Hanford SRS Hanford 17 t Immobilization/
(FMEF) (New and DWPF) (New) 33 t MOX

6B |Hanford SRS Hanford 17 t Immobilization/
(FMEF) (New and DWPF) (FMEF) 33 t MOX

7 |INEEL SRS INEEL 17 t Immobilization/
(FPF) (New and DWPF) (New) 33 t MOX

8
INEEL Hanford INEEL 17 t Immobilization/
(FPF) (FMEF and HLWVF) (New) 33 t MOX

9 |Pantex SRS Pantex 17 t Immobilization/
(New) (New and DWPF) (New) 33 t MOX

10
Pantex Hanford Pantex 17 t Immobilization/
(New) (FMEF and HLWVF) (New) 33 t MOX

11A NA
Hanford Hanford 50 t Immobilization/
(FMEF) (FMEF and HLWVF) 0 t MOX

11B NA
Pantex Hanford 50 t Immobilization/
(New) (FMEF and HLWVF) 0 t MOX

12A NA
SRS SRS 50 t Immobilization/

(New) (New and DWPF) 0 t MOX

12B |NA
Pantex SRS 50 t Immobilization/
(New) (New and DWPF) 0 t MOX

[Text deleted.] |
Alternatives 3B, 5B, 6C, 6D, 7B, 9B, 12B, and 12D in the SPD Draft EIS have been deleted. |

Alternative 12C has been renumbered as 12B. |a

Section 2.3.2.2 explains the deletion of these alternatives. |a

Key: DWPF, Defense Waste Processing Facility; FMEF, Fuels and Materials Examination Facility; FPF, Fuel Processing Facility; HLWVF,
high-level-waste vitrification facility (planned); NA, not applicable.

designs allow for surplus plutonium to be immobilized in a homogenous form, either within a ceramic matrix and
formed into disks, or vitrified as borosilicate glass logs.

In order to support a decision on the immobilization technology and form, this SPD EIS evaluates the potential
environmental impacts of the ceramic and glass can-in-canister technologies, and compares those impacts with
the impacts of the homogenous facilities evaluated in the Storage and Disposition PEIS.  This comparison is
presented in Section 4.29.
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Figure 2–2.  Hanford, Washington
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Figure 2–3.  INEEL, Idaho
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Figure 2–4.  Pantex, Texas
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Figure 2–5.  SRS, South Carolina
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“216 Process”

DOE’s NEPA Implementing Regulations (10 CFR Part 1021)
include special provisions to enable a source selection official
to consider, as part of the procurement decision, the
environmental impacts of the offerors’ proposals.  As provided
in 10 CFR 1021.216, DOE may require that offerors submit
environmental data and analyses as a discrete part of the
offeror’s proposal.  DOE will then:

C independently evaluate and verify the submitted
information;

C prepare an environmental critique (subject to
confidentiality requirements of the procurement process)
for offers in the competitive range, addressing
environmental issues pertinent to a decision on the
proposals; and

C prepare a publicly available environmental synopsis,
based on the environmental critique, to document
consideration given to environmental factors in the
selection process.

After a selection has been made, the environmental synopsis
shall be filed with EPA, made publicly available, and
incorporated in an EIS prepared for the action.

If the NEPA process is not completed before the award, the|
contracts shall be made contingent on completion of the|
NEPA process.  DOE shall phase subsequent contract work|
to allow the NEPA review process to be completed in advance|
of a go/no-go decision.|

2.1.3 MOX Fuel Fabrication Alternatives

Alternatives that involve the manufacture of MOX fuel include the use of the fuel in existing domestic,
commercial reactors.  The environmental impacts of using MOX fuel in these reactors are evaluated generically|
in the Storage and Disposition PEIS.  When the SPD Draft EIS was published, the specific reactors were not|
known; therefore, that generic analysis was incorporated by reference in the SPD Draft EIS, summarized in|
Section 4.28, and included in the discussion of the integrated impacts of the MOX fuel alternatives presented in
Section 2.18.3.  This was done with the understanding that by the time the SPD Final EIS would be published,|
the specific reactors would have been identified and reactor-specific analyses would replace the generic analysis.|

[Text deleted.] In May 1998, DOE initiated a procurement process to obtain MOX fuel fabrication and irradiation|
services.  The Request for Proposals (RFP) defined limited activities that may be performed prior to issuance of|
the SPD EIS ROD.  These activities include non-site-specific work primarily associated with the development
of the initial conceptual design for the fuel fabrication facility; and plans (paper studies) for outreach, long lead-
time procurements, regulatory management, facility quality assurance, safeguards, security, fuel qualifications,
and deactivation.  In compliance with its National Environmental Policy Act (NEPA) regulations at 10 CFR
1021.216, DOE requested that each offeror provide, as part of its proposal, environmental information specific
to its proposed MOX facility design and the domestic, commercial reactors proposed to be used for irradiation
of the fuel.  That information was analyzed by DOE to identify potential environmental impacts of the proposals
and documented in an Environmental Critique prepared pursuant to 10 CFR 1021.216(g).  That analysis was|
considered by the selection official as part of|
the award decision.|

DOE awarded a contract to the team of Duke|
Engineering & Services, COGEMA Inc., and|
Stone & Webster (DCS) in March 1999 to|
provide the requested services.  These services|
include design, licensing, construction,|
operation, and eventual deactivation of the
MOX facility as well as irradiation of the
MOX fuel in six domestic, commercial|
reactors at three sites.  The reactors proposed|
by DCS are Duke Power Company’s Catawba|
Nuclear Station, Units 1 and 2; McGuire|
Nuclear Station, Units 1 and 2; and Virginia|
Power Company’s North Anna Power Station,|
Units 1 and 2.  No facility construction or|
MOX fuel fabrication or irradiation of MOX
fuel is to occur until the SPD EIS ROD is
issued.  Additionally, no MOX fuel is to be|
irradiated until NRC amends the operating|
license of each selected reactor prior to the|
specific reactor receiving the MOX fuel.  Such|
site-specific activities, and DOE’s exercise of|
contract options to allow those activities,|
would be contingent on decisions in the ROD.|

As provided in 10 CFR 1021.216(h), an|
Environmental Synopsis (Synopsis), based on|
the Environmental Critique, was provided to|
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On June 15, 1999, DOE held a public hearing in Washington, D.C., to solicit comments on the Supplement to the SPD Draft EIS. |2

The potential impacts of fabricating 10 lead assemblies and irradiating 8 of them were analyzed in this SPD EIS.  As discussed in |3

Sections 2.18.2 and 4.27, should fewer lead assemblies than analyzed be fabricated or irradiated, the potential impacts would be lower |
than those described. |
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the U.S. Environmental Protection Agency (EPA), made available to the public,  and incorporated as Appendix |
P to this SPD EIS.  In addition, Section 3.7 was added to describe the affected environment at the three reactor |
sites, Section 4.28 was revised to include the reactor-specific analyses, and the relevant sections of Chapters 2 |
and 4 were revised as necessary to incorporate information provided by DCS about the proposed MOX facility, |
where different from that presented in the SPD Draft EIS.  Sections of this SPD EIS that were revised or added |
to include reactor-specific information, including the new Appendix P presenting the Synopsis, were also |
distributed as the Supplement to the SPD Draft EIS.   A Notice of Availability was published in the Federal |2

Register on May 14, 1999 (EPA 1999), providing a 45-day public comment period on the Supplement.  This |
Supplement was distributed to interested parties in the local communities surrounding the Catawba, McGuire, |
and North Anna reactor sites; stakeholders who received the SPD Draft EIS; and others as requested.  Comments |
are addressed in Volume III, the  Comment Response Document, and, where appropriate, revisions were made |
to this SPD EIS. |

Under the hybrid alternatives, DOE could produce up to 10 MOX fuel assemblies for testing in domestic, |
commercial reactors before commencement of full-scale MOX fuel irradiation, although it is likely that only 2 |
lead assemblies would be needed.   These lead assemblies would be available for irradiation to support U.S. |3

Nuclear Regulatory Commission (NRC) licensing and fuel qualification efforts.  Potential impacts of MOX fuel
lead assembly fabrication are analyzed for three of the candidate sites for MOX fuel fabrication (Hanford,
Argonne National Laboratory–West [ANL–W] at INEEL, and SRS), and two additional sites, Los Alamos
National Laboratory (LANL) in New Mexico, and Lawrence Livermore National Laboratory (LLNL) in
California.  Pantex was not considered for lead assembly fabrication because it does not currently have any
facilities capable of MOX fuel fabrication.  Postirradiation examination of the lead assemblies, if required to
support NRC licensing activities, would be conducted.  Two potential sites for postirradiation examination are |
discussed in this SPD EIS: ANL–W and Oak Ridge National Laboratory (ORNL).  These two sites are currently
the only sites that have the capability to conduct postirradiation examination activities without major
modifications to facility and processing capabilities; only minor modifications for receipt of materials would be
required.  Other potential facilities, either within the DOE complex or in the commercial sector, would require
significant modifications to meet expected requirements.  As discussed in Section 1.6, DOE’s preferred locations |
for lead assembly fabrication and postirradiation examination are LANL and ORNL, respectively. |

2.2 MATERIALS ANALYZED IN THIS SPD EIS

As discussed in the following graphic, there are eight general categories used to describe the 50 t (55 tons) of |
surplus plutonium, which represent the physical and chemical nature of the plutonium.  Two of the
categories—clean metal (including pits) and clean oxide—could either be fabricated into MOX fuel or
immobilized.  The remaining six categories of material—impure metals, plutonium alloys, impure oxides,
uranium/plutonium oxides, alloy reactor fuel, and oxide reactor fuel—would be immobilized.
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DESCRIPTION OF SURPLUS PLUTONIUM BY DISPOSITION FEED CATEGORIES

PLUTONIUM FEED FOR IMMOBILIZATION OR MOX FUEL FABRICATION:

Clean Metal.  Pure plutonium metal generally with less than 100 parts per million (ppm) of any given chemical impurity.  The
metal may have some oxidation or casting residues on the surface.  The only major chemical impurities are gallium and
radioactive decay products such as americium, neptunium, or uranium.  Examples of pure metal items include unalloyed “buttons”
of plutonium metal, billets, ingots, castings or rough machined items, finished machined weapon components such as “pits,” and|
other miscellaneous small metal pieces and parts.

Clean Oxide.  Plutonium oxides with less than 3 percent by weight of impurities.

FEED FOR IMMOBILIZATION:

Impure Metal.  Items with impurities that are more than 100 ppm, but less than 50 percent by weight.

Plutonium Alloys.  Plutonium-containing alloys with impurities that are less than 50 percent by weight.  Examples of plutonium
alloy items include alloyed plutonium “buttons,” casting products, machined product items, and ingots.

Impure Oxide.  Plutonium oxides with at least 3 but less than 50 percent by weight of impurities.  Examples in this category|
include plutonium oxides containing uranium oxides and plutonium oxides containing neptunium, thorium, beryllium, or zirconium.

Uranium/Plutonium Oxide.  Plutonium oxides mixed with enriched uranium oxides.  Examples include powders or pellets that
have been either low-fired (heated at temperatures below 700 EC) or high-fired (heated at temperatures greater than 700 EC).

Alloy Reactor Fuel and Oxide Reactor Fuel.  Plutonium-containing reactor fuel that has been manufactured, but not irradiated
in a reactor.  The plutonium consists of 12 to 26 percent of plutonium 240 with total plutonium compositions being 13 to
27 percent of the material in the fuel.  The fuel can be either alloy reactor fuel or reactor fuel containing plutonium oxide mixed with
uranium oxide.  The majority of alloy reactor fuel in DOE’s plutonium inventory is fuel elements for the Zero Power Physics
Reactor at ANL–W.  Oxide fuels include experimental capsules, elements, and pins.

Source: DOE, Feed Materials Planning Basis for Surplus Weapons-Usable Plutonium Disposition, MD-0009, 1997.

2.3 DEVELOPMENT OF THE ALTERNATIVES

This section describes the development process for those SPD EIS alternatives and technical issues that remained
to be finalized after issuance of the Storage and Disposition PEIS ROD.

2.3.1 Development of Facility Siting Alternatives

In the ROD for the Storage and Disposition PEIS, DOE identified a large number of possible options to locate
three disposition facilities at four sites, and limited the immobilization options to Hanford and SRS.  In addition
to the four different sites for potential facility locations, the options were further increased by considering the use
of either existing or new facilities at the sites, and by considering whether disposition would occur by the hybrid
approach (both MOX fuel and immobilization) or only through immobilization.  The following equally weighted
screening criteria were used to reduce the large number of possible facility and site combinations to the range of
reasonable alternatives:

C Worker and public exposure to radiation.  This criterion was used to exclude the site combinations that
involve large amounts of handling, packaging, and repackaging of the surplus plutonium for either
intersite or intrasite transportation.

C Proliferation concerns due to transportation of materials.  Application of this criterion eliminated
those options that increased the transfers of the surplus plutonium, usually involving three sites.

C Infrastructure.  This criterion was used to exclude the site combinations where a single disposition|
facility was located at a site with no benefit for the program or DOE.  For example, collocation of two
of the three hybrid case disposition facilities at a site would reduce program infrastructure costs such as
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those associated with safeguards and security features, whereas locating each facility at a separate site
would not allow such functions to be shared.

Over 64 options were evaluated, yielding a range of 20 reasonable alternatives that met all the criteria.  Examples |
of options that were eliminated include all those options placing three facilities at three different sites.  In its
Notice of Intent (NOI), DOE proposed to collocate the pit conversion and immobilization facilities for the
immobilization-only alternatives.  However, during the public scoping process, the comment was made that, under
all situations, Pantex should be considered as a candidate site for the pit conversion facility because most of the
surplus pits are currently stored there.  After confirming that they met all the screening criteria, three additional
immobilization-only alternatives, which placed the pit conversion facility at Pantex, were included in the range |
of reasonable alternatives evaluated in the SPD Draft EIS.  The number of reasonable alternatives was reduced |
to 15 in the Supplement when DOE determined, as discussed in Section 2.3.2.2 of this SPD EIS, that Building |
221–F at SRS was no longer a reasonable location for the immobilization facility. |

[Text and table deleted.] |

2.3.2 Alternatives Considered but Eliminated From Detailed Study

Technology alternatives for surplus plutonium disposition that were evaluated in the Storage and Disposition
PEIS, but were not selected in the ROD and, therefore, are not being considered in this SPD EIS are:
(1) deep-borehole direct disposition; (2) deep-borehole immobilized disposition; (3) electrometallurgical
treatment; (4) MOX fuel irradiation in a partially completed light water reactor; and (5) MOX fuel irradiation
in an evolutionary advanced light water reactor.  The reasons why these technologies were not selected are
explained in the ROD for the Storage and Disposition PEIS.

Alternatives considered for inclusion in this SPD EIS but later eliminated from further analysis fall into four
categories: amounts of material to be dispositioned, disposition facility siting, feed preparation methods, and
immobilization technologies.

2.3.2.1 Amounts of Material to Be Dispositioned

In the Storage and Disposition PEIS ROD, DOE committed to immobilizing at least 8 t (9 tons) of surplus,
low-purity, nonpit plutonium.  Since the ROD was issued, however, DOE has determined that because of the level |
of impurities and additional processing that would be required to meet MOX fuel specifications, an additional |
9 t (10 tons) of low-plutonium-content materials would be immobilized. |

2.3.2.2 Disposition Facility Siting Alternatives

In addition to alternatives eliminated by the screening process described earlier, the following facility options
were eliminated from further study.  Several commentors at the public scoping meetings suggested that
DOE consider locating the proposed surplus plutonium disposition facilities at three separate sites.  As discussed
in Section 2.3.1, DOE is striving to minimize worker and public exposure to radiation, minimize proliferation
concerns associated with transportation, and reduce infrastructure cost.  These goals would not be met if DOE
were to build one facility at each of three candidate sites.

Locating all three proposed facilities in FMEF at Hanford was listed as Alternative 2 in Table 1 of the NOI for
preparation of this SPD EIS (DOE 1997b).  After further evaluation of space requirements, DOE concluded that
the available space in FMEF would not be sufficient to accommodate the efficient operation and maintenance of
all three facilities.  Therefore, Alternative 2 was modified to collocate only the pit conversion and immobilization
facilities in FMEF, with the MOX facility in new construction adjacent to FMEF.
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The Storage and Disposition PEIS ROD stated that “to accomplish the plutonium disposition mission, DOE will|
use, to the extent practical, new as well as modified existing buildings and facilities for portions of the disposition|
mission.”  The subsequent NOI for the SPD EIS further stated that “construction of these facilities would be on|
previously disturbed land and could include the modification of existing facilities where practicable, to reduce|
local environmental impacts, reduce costs, and shorten schedules.”  As a result, DOE analyzed immobilization|
alternatives that included Building 221–F at SRS in the SPD Draft EIS.  This building was originally built to|
house operations to chemically separate plutonium from irradiated targets and will be available to support other|
missions after these activities have been completed.  The availability of Building 221–F coincides with the|
schedule for the proposed surplus plutonium disposition activities.|

However, based on revised space requirements for the immobilization facility, the eight alternatives (3B, 5B, 6C,|
6D, 7B, 9B, 12B, and 12D) in the SPD Draft EIS that proposed using a portion of Building 221–F for|
immobilization activities have, as discussed in the Supplement, been removed from consideration.  These|
alternatives are no longer considered reasonable because the amount of new construction required for the|
proposed immobilization facility is now expected to be nearly the same whether the facility were located entirely|
in a new building or built in addition to using the available portion of Building 221–F.  Deletion of the Building|
221–F alternatives does not eliminate SRS from any of the immobilization alternatives under consideration.  DOE|
is still evaluating alternatives that involve construction of a new immobilization facility at SRS.|

As described in Section 2.7.2 of the SPD Draft EIS, an immobilization facility using portions of Building 221–F|
was estimated to require approximately 5,300 m  (57,000 ft ) of space in Building 221–F and an additional 1,400| 2  2

m  (15,000 ft ) of process space in a new annex for a canister-loading facility, for a total of approximately 6,700| 2  2

m  (72,000 ft ) of space.  As discussed in the Supplement, and as shown in Section 2.7.1 of this SPD Final EIS,| 2  2

the immobilization facility is now estimated to require approximately 25,000 m  (269,000 ft ) of space.  Because| 2  2

only 5,300 m  (57,000 ft ) of this space could be accommodated in Building 221–F, there is no longer expected| 2  2

to be any advantage associated with the use of Building 221–F in terms of reducing the local environmental|
impacts, reducing costs, or shortening the construction schedule for this facility.  |

[Text deleted.]|

2.3.2.3 Feed Preparation Methods for Immobilization

The homogenous ceramic immobilization facility evaluated in the Storage and Disposition PEIS was based on
a wet-feed preparation process.  Although the ceramic form of the can-in-canister approach evaluated in this SPD
EIS could also use a wet-feed process, it would require larger quantities of water and generate greater amounts
of waste than would a dry-feed process.  For these reasons, wet-feed preparation processes for the ceramic can-in-
canister approach were not considered to be reasonable and were not considered further in this SPD EIS.

2.3.2.4 Immobilization Technology Alternatives

DOE considered locating an adjunct melter adjacent to the Defense Waste Processing Facility (DWPF) at SRS.
In the adjunct melter, a mixture of  borosilicate glass frit and plutonium would be melted together and added
directly to borosilicate glass containing high-level waste (HLW) from DWPF.  Subsequent evaluations
(UC 1997), however, have indicated that the adjunct melter approach would be less technically viable, would take
longer to implement, and would cost twice that of the can-in-canister approach.  A description of the vitrification
process using the adjunct melter is presented in Appendix C, but this approach is not evaluated as a reasonable
alternative.

The technology variants for the new immobilization facilities discussed in the Storage and Disposition PEIS
considered using either radioactive cesium 137 or HLW as a radiation barrier.  However, the Storage and
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safeguards and security at the domestic, commercial reactors would meet NRC regulations. |
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Disposition PEIS further identified that, in the can-in-canister approach, the use of HLW to produce a radiation
barrier eliminates the need for introducing cesium 137 (from cesium capsules currently in storage at Hanford)
into the immobilization process, which in turn reduces radiation shielding requirements and potential exposures
to workers and the public.  Therefore, this SPD EIS does not include the use of these cesium 137 capsules in the |
can-in-canister analyses as a reasonable alternative.

2.4 OVERVIEW OF PROPOSED SURPLUS PLUTONIUM DISPOSITION FACILITIES AND
TRANSPORTATION

As discussed previously, three facilities are proposed for surplus plutonium disposition: pit conversion,
immobilization, and MOX fuel fabrication.  The three disposition facilities are proposed for locations where the
plutonium would have the levels of protection and control required by applicable DOE safeguards and security
directives.   Safeguards and security programs would be integrated programs of physical protection, information |4

security, nuclear material control and accountability, and personnel assurance.  Security for the facilities would
be implemented commensurate with the usability of the material in a nuclear weapon or improvised nuclear |
device.  Each facility would be located at an existing DOE site that has sitewide security measures in place,
including access control.  In addition to DOE sitewide security services, each facility would have appropriate
security features.  Physical barriers; access control systems; detection and alarm systems; procedures, including
the two-person rule (which requires at least two people to be present when working with special nuclear materials
in the facility); and personnel security measures, including security clearance investigations and access
authorization levels, would be used to ensure that special nuclear materials stored and processed inside are
adequately protected.  Nuclear material control and accountability would be ensured through a system that
monitors storage, processing, and transfers.  Closed-circuit television, intrusion detection, motion detection, and
other automated material monitoring methods would be employed as part of the material control and
accountability program.  At any time, the total amount of special nuclear material in each facility, or in any
material balance area within a specific facility, would be known.  Physical inventories, measurements and
inspections of material both in process and in storage would be used to verify inventory records.  In addition, each
of the three facilities would need to provide space and, to varying degrees, access for international inspection. |

Descriptions of the proposed surplus plutonium disposition facilities and process operations are provided in this
section.  The proposed facility layouts are renderings that show representative equipment layouts that demonstrate
functional, but not final designs.  These designs are subject to modification during the design and construction
process, consistent with any construction project, as may be required to optimize equipment placement and
process flow.  Sections 2.5 through 2.16 describe, individually, each alternative being considered in this SPD EIS.
Because the facilities would be implemented differently at each site and for each alternative, those differences
are identified and described.  Sections 2.4 through 2.16 were developed using data provided by the Regents of
the University of California (UC 1998a–i, 1999a–d).  MOX alternatives have also been developed using data |
provided in the MOX Fuel Fabrication Facility and Nuclear Power Reactor Data Report (DOE 1999a) and by |
ORNL (ORNL 1998, 1999). |

Each of the three disposition facility layouts includes accommodations for international inspection.  However, |
the implementation process for international inspection of U.S. and Russian surplus plutonium is not fully |
defined.  Rather, that process is part of ongoing negotiations being conducted to reach a bilateral plutonium |
disposition agreement between the United States and Russia for their disposition programs in accordance with |
the Joint Statement of Principles for Management and Disposition of Plutonium Designated as No Longer |
Required for Defense Purposes.  This statement was signed by Presidents Clinton and Yeltsin in September 1998 |
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Figure 2–6.  Depiction of a Pit

(see Appendix A).  The agreement could include provisions for bilateral facility inspections or potential|
multilateral inspections.|

Each of the disposition facilities is proposed to operate for about 10 years.  However, the operating life of the
facilities may vary somewhat, depending on facility startup experiences and international negotiations regarding|
the pace of disposition.  Also, the MOX facility could operate for as long as 13 years to accommodate the fuel|
cycles of the reactors in which the MOX fuel would be used.  Slightly more or less material could be processed|
in any given year, potentially extending or shortening the operating period of any of the disposition facilities.
Also, for the hybrid approach, it may be necessary, based on feed material quality, to process slightly more
material by immobilization than currently envisioned.  An analysis of how these adjustments could incrementally
affect the potential impacts evaluated in this SPD EIS is provided in Section 4.30.

Because the disposition facilities would operate for about 10 years and would meet stringent safety and natural
hazard requirements, they could still be used for other programs or activities.  As discussed in Section 4.31, after|
completion of the surplus plutonium disposition mission, equipment would be removed, decontaminated, and
either reused at other DOE facilities or disposed of, and the facilities would be stabilized to a condition suitable|
for reuse.  It is expected that this facility deactivation would take 3 years or less to complete.  During this time,|
DOE would perform engineering evaluations, environmental studies, and further NEPA review to assess the|
consequences of different courses of action with respect to these facilities.|

2.4.1 Pit Disassembly and Conversion

Each surplus plutonium disposition action
alternative requires a pit conversion facility to
produce appropriate plutonium dioxide feed|
material.  That facility would recover plutonium
from pits (see Figure 2–6) and process clean|
plutonium metal (as described in Section 2.2);
convert the plutonium to an unclassified (i.e., no
longer exhibiting any characteristics that are
protected for reasons of national security) oxide;
and then transfer the oxide to either the
immobilization facility or the MOX facility.
This process would include the removal of
gallium, beryllium, or other materials that may|
be considered impurities in plutonium dioxide|
feed for MOX fuel fabrication.  Potential|
impurities include any of the elements listed in|
Table 2–2.  Given the national security|
sensitivity of information on pit materials and
assembly, pit conversion facility operations
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Table 2–2.  Potential Impurities in 
Weapons-Grade Plutonium

Aluminum Magnesium |
Americium |Manganese |

Boron |Nickel |
Beryllium |Neptunium |

Carbon |Silicon |
Calcium |Tantalum |

Cadmium |Tin |
Chromium |Thorium |

Copper |Titanium |
Gallium |Tungsten |

Iron |Uranium |
Lead |Zinc |

would be classified (i.e., access restricted) through the material-processing steps, and possibly through the final |
canning stage.

2.4.1.1 Pit Conversion Facility Description

The pit conversion facility would be designed to process up to 3.5 t (3.8 tons) of plutonium metal into plutonium
dioxide annually.  Facility operations would require a staff of about 400 personnel.  The general layout of the pit
conversion facility, which approximates how the pit conversion process would be implemented, is presented in
Figures 2–7 and 2–8.  The specific layout and design of the facility would vary from site to site depending on a
number of factors, as discussed in Sections 2.6 through 2.16.  

The pit conversion facility would be built in a hardened space of thick-walled concrete that meets all applicable
standards for processing special nuclear material.  One or possibly both levels of the two-story building would
be below grade.  Areas of the facility in which plutonium would be processed or stored would be designed to
survive natural phenomena such as earthquakes, floods, and tornadoes, as well as potential accidents associated
with fissile and radioactive materials.  Ancillary buildings would be required for support activities.

Activities involving radioactive materials or externally contaminated containers of radioactive materials would
be conducted in gloveboxes.  The gloveboxes would be interconnected by a contained conveyor system to move
materials from one process step to the next.  Gloveboxes would remain completely sealed and operate
independently, except during material transfer operations.  Built-in safety features would limit the temperature
and pressure inside the gloveboxes and ensure that operations remained within criticality safety limits.  When
dictated by process needs or safety concerns, an inert atmosphere would be maintained in gloveboxes.  The
exhaust from the gloveboxes would be monitored continuously for radioactive contamination.  The atmosphere
in the gloveboxes would be kept at a lower pressure than that of the surrounding areas so that any leaks of
gaseous or suspended particulate matter would be contained and filtered appropriately.  The building ventilation
system would include high-efficiency particulate air (HEPA) filters and would be designed to maintain
confinement, thus precluding the spread of airborne radioactive particulates or hazardous chemicals within the
facility or to the outside environment.  Both intake and exhaust air would be filtered, and exhaust gases would
be monitored for radioactivity.

Beryllium may be a constituent of some of the pits that would be disassembled in the pit conversion facility. |
Because inhalation of beryllium dust and particles has been proven to cause a chronic and sometimes fatal lung |
disease, beryllium is of special interest from a health effects perspective.  The process operations in the pit |
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Tritium can be used as a boosting fuel in high-energy atomic weapons.  Although the operators of the pit conversion facility would| 5

know which pits contain tritium, the pit types and the number of surplus pits that contain tritium are classified.|
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conversion facility are expected to generate only larger, nonrespirable turnings and pieces of metal, and all work|
would be performed in gloveboxes.  No grinding would be done that could cause small pieces of beryllium to|
become airborne.  The beryllium in solid form would be disposed of as low-level waste (LLW) or transuranic|
(TRU) waste and has been included in the waste estimates presented in Chapter 4.  Therefore, exposure to|
airborne beryllium is not considered a concern for pit disassembly and conversion operations.|

The pit conversion facility would accommodate the following surplus plutonium-processing activities: pit receipt,
storage, and preparation; pit disassembly; plutonium conversion; gallium removal; oxide blending and sampling;
nondestructive assay; product canning; product storage; product inspection and sampling for international|
inspection; product shipping; declassification of parts not made from special nuclear materials; highly enriched|
uranium (HEU) decontamination, packaging, storage, and shipping; tritium capture, packaging, and storage; and
waste packaging, sampling, and certification.  Additional areas for support activities would be needed, including
office space, change rooms, a central control room, a laboratory, mechanical equipment rooms, mechanical shops,
an emergency generator to supply power to critical safety systems in the event of a power outage, a warehouse,
shipping and receiving areas, waste storage, guard stations, entry portals, and parking.  Because these facilities
would not contain or process special nuclear materials, they would not be required to be in hardened space and
thus could be located in other space available at the candidate sites.  Separate truck bays in the hardened facility
would accommodate DOE safe, secure trailer/SafeGuards Transport (SST/SGTs).

2.4.1.2 Pit Disassembly and Conversion Process

The pit disassembly and conversion process is depicted in Figure 2–9.  At the pit conversion facility, the storage
containers would be removed from their overpacks (outer shipping containers), the contents verified, and
information regarding the material entered into the facility’s material accountability system.  Pits and plutonium
metal would be placed in a short-term receiving vault, checked for radiological contamination, and transferred
to the pit storage vault until processing.  Before pits would be fed into the pit disassembly line, they would be|
segregated based on the potential presence of tritium.   Pits without tritium would go into the pit bisector| 5

glovebox, and those containing tritium would start in the Special Recovery Line glovebox.|

In the pit bisector glovebox, any external structures would be cut away from the pit, and the pit would be cut in
half.  Nonbonded pits (pits whose components separate easily) would be separated into plutonium metal, HEU,
classified metal shapes, and classified nuclear material parts.  The plutonium parts would be assayed as part of|
the material accountability program.  HEU would be sent to the HEU-processing station for material|
accountability, electrolytic decontamination, and packaging; the classified metal shapes and metal shavings to|
the declassification furnaces; the nuclear material parts to storage at the pit conversion facility; and the plutonium|
to the hydride-oxidation (HYDOX) station for the next step of the process.  Bonded pits, which cannot be
separated prior to processing, would be sent to the HYDOX station intact.  For these pits, HEU, classified metal|
shapes, and classified nuclear material parts would be separated from the plutonium metal during the HYDOX|
process, then sent to the HEU-processing station, declassification furnaces, and storage at the pit conversion|
facility, respectively.  Recovered HEU would be stored in a vault at the pit conversion facility until shipped to|
the Oak Ridge Reservation (ORR) for declassification, storage, and eventual disposition.  The HEU would meet|
the Y–12 acceptance criteria prior to shipment to ORR.|

Pits with tritium would also be bisected, and the HEU, classified metal shapes, and classified nuclear material|
parts would be separated from the plutonium; this would occur in the Special Recovery Line glovebox.  Under|
normal circumstances, all the tritium associated with a given pit would be captured and recovered during the|
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Gallium removal would not be necessary for material that would be immobilized.| 6
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tritium removal process in the Special Recovery Line.  It is expected that in a small number of pits, the tritium|
will have absorbed into the plutonium.  For these pits, an additional step would occur in the Special Recovery|
Line glovebox: the plutonium would be heated in a vacuum furnace to drive off the tritium as a gas.  The tritium|
would then be captured on a catalyst bed and packaged as LLW for treatment and disposal.  For purposes of|
analysis in this SPD EIS, it has been conservatively estimated that 1,100 Ci of tritium would escape to the|
atmosphere annually through the process building stack.  HEU and classified metal shapes would be|
decontaminated and sent to the HEU-processing station and declassification furnaces, respectively; classified|
nuclear material parts would be placed in storage at the pit conversion facility.  After confirmation that the|
plutonium metal was free of tritium, the plutonium would be assayed as part of the special nuclear
material accountability program and transferred to the HYDOX station.  Recovered HEU would be stored in a|
vault at the pit conversion facility until shipped to the ORR for declassification, storage, and eventual disposition.|
The HEU would meet the Y–12 acceptance criteria prior to shipment to ORR.|

In the HYDOX module, plutonium metal would react with hydrogen, nitrogen, and oxygen at controlled
temperatures and pressures in a pressure vessel to produce plutonium dioxide.  The plutonium metal would first
be reacted with hydrogen gas to form a hydride.  Then the vessel would be purged of the hydrogen and the hydride
reacted with nitrogen gas to form a nitride.  The nitrogen would then be purged and replaced with oxygen for the
final reaction forming plutonium dioxide.  The plutonium dioxide product would be collected and assayed for the
material accountability program to confirm that all the plutonium metal entering the HYDOX process left as an
oxide.

Next in this process would be gallium removal.  Gallium, a metallic element with a low melting point that is
alloyed with plutonium in pits, is considered an impurity in plutonium dioxide feed for MOX fuel fabrication.| 6

As currently proposed and analyzed in this SPD EIS, the pit conversion process includes a gallium removal step
in which heat would be used in a controlled manner to separate and collect (for disposal as LLW or TRU waste)|
gallium oxide from plutonium dioxide.  Following gallium removal, the plutonium dioxide would be subjected|
to a series of tests to verify that it met specifications, sealed in a metal can, and sent to the primary canning
module.

This gallium removal process was evaluated in the SPD Draft EIS as meeting the needs of the surplus plutonium|
disposition program.  However, as explained in the Supplement, based on public comments, and the responses|
to the procurement discussed in Section 2.1.3 of this SPD Final EIS, the plutonium-polishing process for gallium|
removal that was evaluated as a contingency in Appendix N of the SPD Draft EIS has been included in the MOX|
facility evaluated in this SPD Final EIS.  Plutonium polishing consists of a small-scale aqueous process to remove|
gallium (and the other impurities that can affect the use of the plutonium as reactor fuel) to a greater extent than|
the dry, thermal process proposed for the pit conversion facility.  Because the MOX facility would include the|
plutonium-polishing component, it may not be necessary to subject the plutonium dioxide to the thermal gallium|
removal step at the pit conversion facility.  Both the pit conversion and MOX facilities, however, are being|
analyzed with their respective gallium (and other impurity) removal processes.  Should it be determined that the|
thermal process is not needed, the impacts of operating the pit conversion facility, in particular, electrical use and|
waste generation, would be lower than those estimated in this SPD Final EIS.|

In the primary canning module, the cans of plutonium dioxide would be placed into a primary storage can made
of stainless steel.  This can would then be welded shut and leak tested to ensure that the weld was sound.  If the
can were to fail the leak test, it would be reopened and rewelded.  After passing the leak test, the primary can
would be sent to the electrolytic decontamination module.  After decontamination, each can would be rinsed,
dried, and surveyed to verify decontamination, then sent to the secondary canning module.


