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APPLYING MODULAR CONCEPTS TO PROCESS AND
AUTHORIZATION BASIS ISSUES FOR PLUTONIUM RESIDUE STABILIZATION

Abstract: A recent studv camploted for the Rocky Flats Environmental
Technology Site proved that it is feasible to use modular, skid-mounted
processes for disposition of Category | quantities of nuclear materials. This
wauld allow personnel to assemble, test, and authorize the processes outside of
the auclear material management area. Besides having cost and schedule
advantages, this technology reduces the uncertainty and risk in spplicutions
involving disposition of materials and facilitics. This paper explains the
previous research into modular skid-mountcd proccsses and suggests various
future applications of the technology.

BACKGROUND

l.os Alamus National Laboratory (LANL) has developed a strategy to stabilize legacy
rcsiducs that can be independent of local tacilities. "I'he key clemcut of this strategy is to develop
modular processes and suthorization bases that are stand alone. Figure 1 depicty the
technological aspects of three levels of containment for Category | materials and the influencing
(and often loss technical) elements of the authorization basis. The process and authonization
basis iuter{aces must be carctully documented to procisely dovetail with elements ot the haost
facility that can be operated under the existing site’s authorization basis. The “Feasibility Study
on the Modular Treatment System for Plutonium Residue Stabilization”
(LA-CP-95-296) proved that it was leasible to treat Category | (uantities ol legacy residuos with
modular systems. The study temn was composed of Rocky Flaty Enviconmental Tvemmem Sity
(RFETS). Savannah River She (SRS). and LANL personnel.
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FIGURE 1
TECHNOLOGICAL ASPECTS OF THREE LEVELS OF CONTAINMENT FOR
CATEGORY 1 MATERIALS

Decommissioning Category | nuclear fucilitics such as RFETS is comiplex. The regulatocy
environment requires thai maerials be removed belaw Category 1 levels, but the regulation
environment and stabilization and decommissioning requirements contlict. As a result, materials
can not be disposed of. The site lncks suitable staging arcas because potential locations are being
used to store legacy materials, Total resumption of facilfties scheduled tor decommussioning and
disposal is not cconomical.

'revious storage standards were less specitic as o stabilization and types of matcriols that
conld be packaped topether. Logacy residues are stored with other materials in 55-gal. drums.
Many of the contalner have ruptured due to agiog and chemical and radiokogical effects,
Figures 21 and 2b show two examples of failed packagey of legacy residuey. Processing
technologies must identity the broken intermal packages bofore the drums are opencd for sorting.



FIGURE 2a
FAILED PACKAGE OF LEGACY RESIDUES

FIGURE 2b
FAILED PACKAGF, OF LEGACY RESIDUES

At REUTS, stabllization of legacy residucs and facility decommissioning are supposed to
oceur approximately at the sanie tinie. There exlsts an enormaus potential for progrannnatic
gridlock. The technologies that are cutrently used to stabilize process residucy may 1ot be
satistactory for stabilizing fegacy residues. Conllict oxists between {acitity resumption and
tacility remmoval. In addltion, there 15 the luherent inllexibility of contracting procedures ad
performance-based incentives to schedule milestimes. Theve technological, legal, regolatory,
and ecoromic dimensions are causiag the buseline design 0 move forward using some very
optunistic assumptions that wclude puckaging tor interim storage standards, shippaig to WIPIY,
and uot recovering any plutonium,
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Industry uses temporary, flexible. portable. or modular processing systems dus to cconomics.
LANL has built transportable, temporary facilitics for our customers. Figurcs 3a and 3b show a
portable incinerator developed by the Laboratory to burn excess flares and steokes for the Navy,

FIGURE Ja
A PORTABLE INCINERATOR DEVELOPED BY LANL (IN TRANSPORT)

FIGURE b
A PORTADLE INCINERATOR DEVELOFED BY LANL
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The Laboratory has also built portabie equipment to measure and process varions radioactive
matcrials. Figure 4 shows a portable skid used to stabilize uranium chips. Figures Sa and 5b
show a stand-alone module of the glovebox pracess in a skid and a stand-alone module of the
glovebox process in a transportriner, respectively.

FIGURK 4
A PORTABLE SKID USED TO STABILIZE URANTUM CHIPS
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FIGURE Sa FIGURE 5b
STAND-ALONE MODULES Of THE GLOVEBOX PROCESS IN AND SKID (FIG. 5a)
AND IN A TRANSPORTAINER (F1G. 5b)

The following paper describes the [ roccss the team followed to compare solutions to the
tesidue storuge and treatment prablem at RFETS. By defining the problem and looking at
scveral solutions, the team was able to make a recommendation that met all regulations and
requirements. The modular concept was proven feasible.

INITIAL INVITATION TO STUDY THE PROBLEM

At 1the request of the Department of Lnergy/ I'ransition and Management (DOL/LM. 611),
persannel from RFETS, SRS, and | ANL studied the feasibility of usiug modular systems to
swbilize plutonium residucs. The siudy determined that modulur systems were techuically
feasible. can mect the rules and requirements for facilities handling plutonium residues, and have
a cost beuctit over approaches cutrently planncd.

Preconceptual designy for modular systeins developed in the study were based on residues at
RFE1S and treatment schedules competitive with those planned at REETS. This approach
ensured that the nodular systems were realistically sized.

lecommendations were made to apply the modular concept at RFETS, and to consider the
use of gelect modular units that pertorm specifle tunctions at other LYOL sites.

THE PROBLEM

ive <ites in the DOL complex have significont amovnts of plutoniung recidues. These
revidues ure comprised of multiple chemicnl aud physical forms that were left in the plutonium
manufacturing systoms when tho production of nuclear weapons was halted, Some of the
resrducs are In chumical tona that are nat sate for long-torm storogoe or disposal,



The DOE has initiated a program for the stabilization of the above materials, however, the
existing facilities, intrastructure, and technical capacity are inadequate for the task. There is
insufTicient funding to bring all of the facilities up to current standards to treat plutonium
residues. [ndeed, most of the facilitics aceded for the task are destined for decommissioning at
the cnd of the program, and therefore, investment in upgrading existing buildings or constructing
new buildings is discouraged.

PURPOSE OF THE STUDY

The purpose of the study was to determine the feasibility of using modular trcatment systems
lor actinide residue stabilization. Dctermining teasibility means documenting that the modular
approach can meet technical design requireincats: meet the rules and regulations governing
opceration of facilitics handling plutonium: and that there is a cost. schedule, or risk advantage
that justifies the modular approach over other alternatives.

THE MODULAR CONCEPT

A madular system is a system that is brolen into functional units (modules) that are
individually packaged. Connections between modules making up e modular system erc
standardized so that modules can be rcorganized or replaced with modules having other
functions to accommodate changing necds with minimum changes to the systom. 1deally.
mudules arc small enough to be portable, uud thus the entiro system is portable.

In its most cxtremc form. the modular concept provides a stand-alone and tully authorized
capability 1hat can receivo a drum of residue, stabilize the contents, aud package the product and
byproduct waste so that it is certified for long-term storage or final disposition. Changes in
processing goals tor a given residue, or processing of a different residue, are addressed by adding
or changing seloct process modules rather than reconfiguring the entire process line.

The feasibility study considered options for applying the modular concept ranging from
packaging the equipment in transportation containers that, when delivered to the site, scrve as the
aperaling facillty, 10 modularizing the individua! y!oveboxes for installation in an existing
facility.

Advantages

Advratages of the modular concopt are

« minimization or climination of consiruction in & radioactive materialy manegement urea,
lower fabrication cost, and reduccd instaliation schodules:
» flexibility In changing the treatmeut process or treating different materials with inimmal
impact on the averall system,
ubility to cold test and train on the systeny sutvide a rudioactive materisls management ared,
¢ ability to use portions of the modular systemn to handle uther materiais solving different
problems:
portuhility and the ability to reuse inexlnlar systems at different sites, and
ability tor purt or all af the auhwrization basis 10 move with the modular systen,
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APPROACH

The feasibility study was conducted by a Feasibility Team and a Design Team. The
Feasibility Team was composed of representatives from RFETS, SRS, and LANI., and included
consultants with expertisc complementary to the study. The Design Team was composed of
engineering and cost-estimating experts from LANL.

The overall approach used to develop the plan is the approach used in the claxsical solution of
any engineering problem:
define the problem:
determine what is given to work with;
determine a basis for solution; and
solve the problem.

Defiaiag the I'roblem

The problem is to detcrmine if the modular concept 1s fcasible and that there is a cost,
schedule, or risk henofit compared to other options. To be able to compare the modular concepts
developed in the study with the current plans, the modular concepts had to be developed around
real residues using an appropriate treatment process and completing the treatment in a
competitive time,

‘The feasibility study was based on salt and ash residues at RFETS. The Feasibility Team
visited RFITS and gathered information on the salt and ash residue and on treatment plans and
schedules. The information on the residues was documented as residue profile sheets and the
planned activities for treatment are docimented ad fact shoets.

Determiniag What is Given

The givens inctuded all of the conditions arid rules that bound the possible solutions or that
have an impact on the decision making. | hirty-four tact shects were prepared that documented
requirements and conditions which had an impact on the study. Eacli inember of the Feasibility
Team provided quality reviews of the fact sheets generated by the tcam so that overyone on the
team had = common information base on whicli 10 make decisions.

Determiniog a Basis
‘The Feasibility Team prepared a basis document usaig the residue profiles and fact shects that
{iud an impact on the size or contiguration of the modular systemn  The basls document required

the Design Team to develop a modular concept—us stand alone as possible—that relies on a
selected sito for minimum suppont,

Solving the Problem
The De sign Team prepared a preconceptual design and a cost and schedule estimate tor a

stand- alone 1nodular system to treat the residues at aates, and within coustraints, wdentiticd m the
basis document. The stand-alone system is called the base case.
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In addition to the base case, the Feasibility Team identified and rated eight different
approaches tar using the modular concept. The two top-rated options were defined and assigned
to the Design Team for a preconceptual design and a cost and schedule estimate so that the
options could be compared with the base casc.

Issues that must be resolved for the modular concept to be successfully implemented and
options for resolution of those issues were identified and are docunented in the report.

The Feasibility Team compared cost, schedule, and risk for the modular opticns agsinst the
planned residue treatment activitics at RFETS. Based on the analysis, the Feasibility Team
recommends an approach far applying the modular concept and recommends implementation
steps—immediate activities-—needed to implement the modular concept.

OPTIONS COMPARED

The study methodology resulted in three modular options being compared against current
plans for residue stabilization at RFETS. Option numbers used hers are consistent with the
option titles and identification numbers used in the report.

Base Case: The Stand-Aloae System

In the base case. all equipment is mounted in trailers or Department of Transportation (DOT)
Type A containers (transportainers), which are used to move the cquipment. When located and
interconnected. the containers provide the operating space.

The basc casc is a complete nuclear facility that is mobile. The stand-alore modular system
is capable of receiving a drum of residue and

externally assaying the unopened drum:

safely venting the drum;

upening and sorting the contents;

assaying the drum contents;

preparing the residue for trestment;

treating the residue;

repackaging the treated residue in welded cans;

sssaying and documenting the tremied product;

assaying. repackaging, and centitying the byproduct waste gencrated; and
maintaining spccial nucicar maicrial accountability.

The HEPA-filtered ventilution system. backup power, safety systems, chunge roumns, and
support otfices are provided as modulces.

External assay equipment is mounted in trailers. The remainder of the equipment is mounted
in DOT Type A transportainers that are roughly 12 ft wide by 12 ft high by 30-40 ft long.
Approximately S0 modules are needed tor the base case, requiring a pint plau space of 240 ft by
200 ft,
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Option #1: the Modular System ia a New Building Shell

The modules in the base case handling significant quantities of plutonium are located inside a
thick-walled building, enhancing the ability of the system to meet safeguard and security
requircments. Utility and support modules are located outside the building.

The building floor space is roughly 11,000 tt®. “Ihick concicte walls, floors. and ceilings
provide intruder deterront. The ventilation, lighting, and general utilities for the building are
minimal. The HEPA-filtered ventilation system, backup power, and safety systems are provided
by modulcs located outside of the building.

Option £6: Standardized Gloveboxes Installed in an Existing Building.

The external assay equipment is trailer-niounted and operated outside an existing building,
The remaining equipment used to unpack. ussay, process, repackage, and reassay the residue is
mounted in standard gloveboxes located inside an existing building. Support space. personnel
support, and utilities are provided as existing components of the building.

Gloveboxes are “racked” or “skid-mounted™ according to functional groups. Individual
glovebexces are assembled on a supporting frame at the fabrication shop and moved whole into
the operating arca. Standard connections allow 1he gloveboxes and skids to be rearranged for
diffcren purposes.

Based on the worsi case, salt oxidation followed by salt distillation, thie gloveboxes need
5600 & of floor space. The cost estimates tor this option urc based on using cell D or E
(referred 1o as building modules at RFETS) ir Building 707 at RFETS. The size ot eitlier cell
meels the floor space requirements.

Planned Salt Oxidation at RFETS

Based on information gatherec in July 1995, RFETS planned to modify and add to existing
glovcbox linc: in Building 779 for oxidation of pyrochemical salts. Planned processing of
pyrochemical salts did not include external assay or drum venting included in the m ~dular
options and relied on cxlisting assay equipment at the site.

The Feasibilicy Team understands that RFL 'S has discontinued plans to oxidize salts at
Duilding 779 and is now considering using Burlding /07 tor resuduc stabilization. 1y is
consistent with the recommendations resulting from this study. However, the work done around
Building 779 offered tlie most complete inforiuation for ilie basic approach, modifying existing
gloveboxes in existing buildings, against which the modular concept could be compared.

ANALYSIS ON THE NFED FOR MOBILITY

With the size and complexity of the modular system detined by the preconceptusl design, 1he
Ieasibility Team evaluated the need for the completo system to be mobile, Sites storing residucy
were contacted and infimmation was gathered o the abilivy of the sites ta handle on-gie residues
with existing equipment,

’
-es !

v



Recognizing that a major portion of the total residue inventory is at RFETS. and that the
remaining sites have most of the equipment needed in place, a complete mobile system is not
needed. But duplicate modular systcms that provide specific tunctions, such as unpacking, assay,
and repackaging, have potential for use al other sites.

COST COMPARISON

The costs of the four options were compared. The costs presented here are the total of the
tota] estimated cost (TEC) and other project cost (OPC), which combined are the cust of taking &

project from conception io the start of operation.

For planncd stabilization activitics, the cost comparison assumes that each time an =xisting
glovebox line in an existing building is modificd to process residues, the magnitude of the cost
wili be the same. The strength of 2 modular system is that the system can be changed o do
diffesent work with relatively small incremental costs. The rost comparison therefore looks at
the options in terms of treating pyrochemical salts, ash, combustibles, and odds and ends. Odds
and ends are unique problems that will surfacc as RFETS is remediated. The incremental cost
and cumulative cost arc shown in the comparison.

Base Casc

The cost of the base case is comparzd as the total cost for the suh oxidation sysiem with the
additional treatments (e.g., salt distillation. ash stabilization) shown as the differeatial cost for
adding or replacing process moduics.

Option #1

The cast of this option is the same as the base case with a one tune cost oi $9M for the
building shell.

Option #6

The 01 is presented in the sanie manner as for e base case and includes an estimate for
modifications to Building 707 at RIETS. The cost of modifications to Building 07 are based
on information provided by RFETS and an inspection of the building by the Design f'eam cost
cstitnators,

I'lanped Residus Treastmeat in Uuilding 779

The TEC for salt oxidation is hased on a 90% conceptual design report Tor madification and
addition of equipment to Building 779 ot RFETS. ‘The OPC way provided by extimatory at
RFETS. An additional cost has been estimated for the restart of Building 779 buased on
informdtion provided by RFETS. The total comes to about $47M. Details on this ¢stimate ure n
the report. The following table ( lable 1) compares 1he costs of the diffsrem aptions and
treéstments.



TABLE

COMPARED COSTS
Trestment Planped Base Case Option #1 Option 46
ASM Cum. ASM | Cum. | ASM | Cum. ASM Cum.

M M M m
Salt Oxidation 47 47 79 79 83 88 61.5 6l.5
Salt Oxidation not
and Distillation | planned 2.3 88.5 9.3 97.5 10.5 72
Ash
Suabilization 47 94 5 93.5 5 102.5 4.5 76.5
Combustibles 14?7 141 7 100.5 7 109.5 & 82.5
Odd & Lads 17 188 S 105.5 5 114.5 4 R6.5

Direct comparison of the cost of the modular options to the planmed activitics is difficult
because

e 1hie modular options include equipment that provide functions not included in the TEC for
the planncd activities in Building 779. such as external assay and drum venting,

¢ the planned treatment acti+itics rely on support functions located outside of Building 779.
the cost of which is not inctuded; and

¢ the OPC budget for the maodular uptions i3 sigmficamly more generous then tic budget for
the planned activitics.

The hase cuse incurs an operaticnal cost penalty. Additional guards i secure firiug positions
are nceded to meet sateguards and sccurity requirements for intruder delay. The annual operating
cost lor the additional guards is estimated as $1.5M per vear.

Opcrating costs are considered equivalent for all options, excep the base case, ussuming chat
all options provide the same functions and process the residues aver the same time.

Findlogs

‘I'he modular optioas become more economicallv appealing as mere treatment processcs are
used.

There 13 $25 -S30M driver 10 inswwll modular systems in Building 707 over the base cuse.
Option #1 incurs a $9M penalty that provides little long-term value unless the building has a
practical use after the residucs are treated.
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Fundamentally. there is a cost advantage to minimizing the fabrication. asscmbly, and test
work perfarmed insidc a radioactive materials management area. Option #6 provides this
advaniage.

SCHEDULE COMPARISON

The modular options can be fielded, ready for operational testing in three vear:, and
operational on residues within four years. ‘The schedule for modular options does not take
advantage of opportunities to condense the schedulc becausc the validity of opportunities to
reduce the schedule must be determined bused on site-specific conditions and sgreements.

The planned activity for pyrochemical salt oxidation at REETS scheduled treatment to be
completed in 1997. But treatment in Building 779 has becn canceled and new plans for salt
oxidation at Building 707 are in the works. 'There is high probability that oxidation of salts can
not be completed in the original time lrame, which is driven by DNFSB 94-1.

In today's world, schedules are driven by tho NEPA process and authorization basis
requirements, the time requirements for which arc similar for all the options, The
implcmentation plan in this repon includes assignments to identify and document opponunities
to compress the schedule for the recommended option.

COMPARISON OF RISK

The Feasibility Tcam found thai there are no high-risk clements that preclude any of the
options from achicving an acceptable authorization hasis. There is no significant risk sdvantage
{or any of the options at whis stage of desigu.

RECOMMENDATIONS
Bascd on this study, the Feasibility Team recommended the following:

e apply the modular concept at RIFETS using Option #6, rack- or shid-imouated standard
gloveboxes installed in Building 707 at RFETS;

e optimize the use of modular components to maie the best use of equipmen, and best use of
available space in Building 707, Consider parallel treatment of more thau one residue; and

» offer duplicate functions of the modular system to thie other sites.

CONCLUSIONS

The teasibility study showed that modular systems. ranging (rom stand-alone systems to skid-
mounted equipment installed in an cxisting building can meet the rules, roguintions, and
requirements for hdling signiticant quantities of speclal naclear material, and that wodular
systeray cun have cost and scherlulo advantages over inmditions! spprosches o bandling special
nuclear matenal.
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The tollowing are advantages of modular treatment systcms:

« minimization 2r elimination of construction in a radioactive material management area,
which lowers the fabrication cost and reduces the installation schedule;

¢ flexibility in changing the treatment process or treating different materials with minimal
impact on the overall system:

s ability to cold test and train on the system outside a radioactive matcrial management area,

o ahility to use portions of the niodular systein to handle other materials, thus snlving diffcrent
problerns;

e portability and the ability to reuse madular system equipment at different sites:

o ability to solve the problems of handling special nuclear material without new buildings or
restarting aging facilitics; and

e ability for part or all of the authurization basis to move with the modular systcm.

While the feasibility study was directed at actinide residucs, results show that moduler

systcms can handle special nuclear material probiems ranging from waste processing to handling
actinide metals,



