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Executive Summary

The U.S. Department of Energy Office of Nuclear Energy (DOE-NE), Used Nuclear Fuel Storage and
Transportation Research, Development ,and Demonstration Plan (DOE 2012a) outlines the Department of
Energy’s (DOE) approach for conducting research, development, and demonstration (RD&D) to assure
safe and secure storage and transportation of the nation’s used nuclear fuel (UNF) until final disposition is
achieved. Over the past year, the concept of implementing its recommendations at a new “greenfield”
consolidated storage facility (CSF) coupled with a test and validation facility (T&VF) has expanded to a
variety of alternatives including the reuse and/or modification of existing DOE facilities.

The scope of this task was to develop a rough order of magnitude (ROM) cost study for a “greenfield”
T&VF co-located with a CSF in support of DOE-NE’s mission to identify alternatives for managing the
back end of the fuel cycle. The T&VF will benefit other DOE-NE missions by providing facilities that
will have the capability to 1) inspect and examine UNF and/or High Level Waste for commercial utilities,
NRC, and DOE; 2) support R&D for Small Modular Reactors and the front end of the fuel cycle; and 3)
support other fuel cycle research and development activities which require radioactive materials from
commercial power operations.

A team of subject matter experts used Savannah River Site models to develop costs based on the
conceptual design scope described in sections 4.0 and 5.0. Application of these cost models resulted in an
estimated cost of $1.2 Billion.

Other project costs (e.g., project support, design authority, start-up testing, and operations training, etc.)
were not included but are expected to be ~30% of the Total Estimated Cost (TEC). Other project costs
(OPC) will be dependent upon contracting strategy and costing practices associated with the facility
owner and location.

Based on uncertainties associated with constructing a complex, first of a kind, hardened, high radiation
facility, the team assumed a contractor’s contingency range of 20% to 50% and a risk contingency range
of 0% to 25%. Application of the combined contingencies (20% to 75%) resulted in a ROM TEC of
between $1.5 and $2.2 Billion. Establishing a high and low range using the contingency ranges is normal
practice for a ROM case study. Table S-1 summarizes the T& VF ROM TEC.

Table S-1 T&VF Total Estimated Cost

Contingency | Dual Process Lines and
Mock-up Facility
Estimated Cost
($ Millions)
Low | High Low High
Scope Baseline N/A N/A $1,232 $1,232
Contractor Contingency 20% | 50% $246 $616
Risk Contingency 0% | 25% $0 $308
Total Estimated Cost | N/A N/A $1,478 $2,156
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Dual processing lines and a mock-up facility were included in the conceptual design to reduce the risk
associated with operating a complex first of a kind facility for a minimum of 40 years which was assumed
to be the life of the facility. As a sensitivity check on these major cost drivers, the team completed
parametric cost analyses for the two design variations described below and summarized in Table S-2.

Design Variation A: Dual processing lines with-out a mock- up facility - The baseline TEC would
decrease by ~$150 to $220 Million. The consequence of eliminating the mock-up facility would be
reductions in the facility’s ability to adjust to system and/or operating changes in a non -radioactive
environment.

Design Variation B: Single process line with mock-up facility - The baseline TEC would decrease by
~ $530 to $780 Million. The consequence of eliminating one of the dual processing lines would be
the reduction in the ability to continue to operate while major systems, structures, or components are
being maintained, during facility outages, or if process upset conditions occur.

Table S-2 Facility Design Variations TEC

Facility Design Variations Total Estimated Cost
($ Millions)
Low Cost High Cost
Dual Process Lines and Mock-up Facility $1,480 $2,160
(Estimate Baseline Rounded)
Variation A: Dual Process Lines with-out Mock- $1,330 $1,940
up Facility
Variation B:Single Process Line with Mock-up $950 $1,380
Facility
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SA Sample Analysis

SEM w/EDS Scanning Electron Microscope with Energy Dispersive Spectroscopy
SRNL Savannah River National Laboratory

SPMT Self-Propelled Modular Transporter

T&VF Test and Validation Facility

TBD To Be Determined
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TEC Total Estimated Cost

UNF Used Nuclear Fuel

TBD (To Be Determined) and TBV (To Be Verified) are used in this document to identify
information that should be developed and/or clarified. A TBD indicates places where descriptive
information or quantitative values are not yet available. A TBYV is used when descriptive or
quantitative information is provided but requires further development because it:

e s preliminary and unapproved;
Involves an uncertain design feature;
Has insufficient technical justification;
Needs verification; or
Creates a discrepancy or inconsistency.
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1. Mission Need

The U.S. Department of Energy Office of Nuclear Energy (DOE-NE), Used Nuclear Fuel Storage and
Transportation Research, Development ,and Demonstration Plan (DOE 2012a) outlines the Department
of Energy’s (DOE) approach for conducting research, development, and demonstration (RD&D) to assure
safe and secure storage and transportation of the nation’s used nuclear fuel (UNF) until final disposition is
achieved.

The scope and objectives described in the referenced plan may be best summarized by the R&D
recommendations contained in the Nuclear Waste Technology Review Board (NWTRB) report” on the
same topic.

“The recommended research programs investigate the following issues:

e Understanding the ultimate mechanical cladding behavior and fuel-cladding degradation
mechanisms potentially active during extended dry storage, including those that will act
on the materials introduced in the last few years for fabrication of high burn-up fuels

o Understanding and modeling the time-dependent conditions that affect aging and
degradation processes, such as temperature profiles, in situ material stresses, quantity of
residual water, and quantity of helium gas

o Modeling of age-related degradation of metal canisters, casks, and internal components
during extended dry storage

e [nspection and monitoring of fuel and dry-storage systems to verify the actual conditions
and degradation behavior over time, including techniques for ensuring the presence of
helium cover gas

o Verification of the predicted mechanical performance of fuel after extended dry storage
during cask and container handling, normal transportation operations, fuel removal from
casks and containers, off-normal occurrences, and accident events

o Design and demonstration of dry-transfer fuel systems for removing fuel from casks and
canisters following extended dry storage.”

These recommendations apply to the storage and transportation of any type of used fuel. However, the
near-term objective within the R&D scope is to address the existing used fuel discharged from existing
commercial LWRs. Under this objective, there is a high priority to investigate extended storage and
transportation of high burn-up fuels (= 45 GWd/MTHM) since reactor operations are moving to higher
burn-up and there is limited understanding of the impacts of higher burn-ups on long-term storage.

a

“Evaluation of the Technical Basis for Extended Dry Storage and Transportation of Used Nuclear Fuel”
NWTRB report, December 2010.
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2. Document Scope

Over the past year, the concept of implementing DOE’s RD&D plan recommendations at a new
“greenfield” consolidated storage facility (CSF) coupled with a test and validation facility (T&VF) has
expanded to a variety of alternatives including the reuse and/or modification of existing DOE facilities.
However, in support of its mission to identify alternatives for managing the back end of the fuel cycle,
DOE-NE requested Savannah River National Laboratory (SRNL) to develop a rough order of magnitude
(ROM) cost study for a “greenfield” T&VF located with a CSF. This activity fulfills the level 3
milestone (M3FT-12SR0802073) described in Work Package Number FT-12SR080207.

This ROM represents an estimate at one end of the spectrum of alternatives for a complete new stand-
alone facility. This work will be used to support cost estimates for other viable alternatives, as
appropriate. Statements made in this report that refer to specific numbers of components, required
capabilities of the facility, or size of the facility are based on the Used Fuel Research and Development
Tests and Validation Facility Functions and Requirements (DOE 2012b) document that provides the basis
for planning a green field stand-alone facility. However, no decisions have been made with regard to
fielding such a facility.

3. Testing and Validation Overview

For the greenfield alternative, the anticipated data needed to meet the objectives of the DOE-NE RD&D
Program will be obtained by:

1) Dry storage in-situ inspection and monitoring, where storage conditions and the storage
system components will be inspected and monitored; and

ii) Detailed, out-of-cask testing and validation, where non-destructive (NDE) and destructive
examination (DE) methods will be provided to collect data on fuel and storage system
materials’ performance.

The dry storage in-situ inspection and monitoring will be accomplished at a stand-alone CSF.

The detailed, out-of-cask testing and validation using non-destructive (NDE) and destructive examination
(DE) methods will be accomplished at the T&VF. The T&VF will be co-located with the CSF and will
be one of several interrelated modules.

4. Consolidated Storage Facility Description

Based on the functional requirements (DOE 2012b), the CSF will be a UNF dry storage area where the
following components will be examined via in-sifu inspection and monitoring:

e CSF storage pad and/or vault
e Selected dry storage casks and associated canisters
e New instrumented casks loaded with selected UNF

One UNF storage cask pad will be provided for T&VF use at the CSF with space for placement of up to
three instrumented casks and up to six non-instrumented storage casks. The UNF storage cask pad will
measure approximately 3 feet deep, 67 feet long, and 30 feet wide. It will be surrounded by compacted
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aggregate suitable for heavy carrier traffic access. Figure 4-1 provides a representative image of the
instrumented UNF storage cask pad and casks.

Figure 4-1 Representative Image of T&VF Instrumented UNF Storage Cask Pad and Casks

5. Test and Validation Facility Description

Based on the functional requirements (DOE 2012b), below is a description of the T& VF. All dimensions
provided with the figures in this section are not to scale and were provided as input to the facility layout.
The representative facility dimensions and layout (including plan, elevation, and section views) have been
provided in Appendix A.

5.1 Through-put

It is anticipated that six storage casks per year will be the typical annual throughput for the T&VF
resulting in extraction, segmentation and examination of approximately six fuel rods per year from six
fuel assemblies. Included in the six casks per year annual throughput will be up to three instrumented
casks per year.

5.2 Physical and Operating Overview

Fuel cask receipts occur within the Cask Receipt Bay (CRB) of the facility, which is a steel framed, high
bay, metal structure equipped with overhead cranes for cask loading and unloading. The adjacent T& VF
Processing Building (PB) is a hardened concrete, seismically designed, four level building, equipped with
two high bay shielded areas for cask and canister opening, fuel assembly extraction, disassembly, and
examination.

Downstream of the disassembly high bay fuel handling area is a shielded analytical area for fuel
examination. The analytical area includes multiple dedicated and instrumented test stations which are
provided to allow individual UNF segments and their constituents to be examined and analyzed. The
analytical area will include an automated sample conveyor system which will support two parallel and
interconnected central processing lines on the 0’ Elev. processing floor.

The conveyor system is positioned behind shielded observation windows and remotely controlled. It can
be programmed to transfer both sample and analytical material between designated stations along the
main transfer lines or transverse work stations and/or shielded glove boxes connected to each main line.
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The conveyor system can be programmed for permissive travel control based on logical position
conditions along the conveyor system (e.g., interlocking air lock controls along the transfer line, criticality
control proximity conditions, sample traffic or routing control etc.).

Analyzed material and waste will travel to the end of the transfer line within the T& VF PB where it will
be packaged and transferred to an adjacent waste handling staging facility for transfer offsite or waste
staging. Liquid waste from analytical operations will be collected and treated to produce a solidified form
suitable for disposal as low level waste. The adjacent facility will also provide infrastructure for 1)
electrical, mechanical and instrumentation equipment; 2) hot and cold maintenance; 3) dry and liquid cold
processing chemical receipt and storage; and 4) bulk gas storage as needed for processing.

Connected to the T&VF PB is a steel framed T&VF Mock Up (MU) Facility. In order to simulate actual
physical conditions which might be needed for new technology or revised operations configurations over
the life of the facility, the MU Facility will also accommodate up to 10 or more of the 20 work stations
positions which exist in the actual T& VF radioactive operations processing line.

5.3 Systems and Components Description

5.3.1 Cask Receipt Bay

Storage, transfer, and instrumented casks are first received in one of the two cask receipt bays (CRB) on
facility or offsite carriers, where they are rotated from a horizontal position to a vertical position and
readied for lifting from the carrier using one of the two 200 ton overhead bridge cranes serving the receipt
bays. Carrier access to the bays is via a combined rail or truck carrier access line which is configured for
pass through access so that two cask handling lines may be operated.

Two processing lines are provided for the T& VF to provide back up and supporting infrastructure for
such a complex facility and to allow for concurrent receipt and release operations, as needed, considering
the extent of handling operations necessary to receive and unload material and the follow-on operations
needed to repackage & reseal fuel canisters, reload them into casks and release the packages for ongoing
storage. Handling and processing sequences in the following sections will be discussed in terms of
processes occurring in one line, realizing that the parallel processing line performs similar steps.

Upon receipt in the CRB, the cask is lifted from the carrier and placed vertically on a cask transfer shuttle
(CTS) located adjacent to the carrier line and outside of the cask and canister transfer bay (CCTB) within
the T&VF PB. The purpose of the CTS is to move the cask the short distance & into the CCTB along a
direct path from the CRB. The CTS may be a motorized flatbed carrier on rails similar to Figure 5-1, or
could be a Self Propelled Modular Transporter (SPMT) similar to Figure 5-2.
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Figure 5-2 Self Propelled Modular Transporter (SPMT) Carrying a UNF Storage Cask

5.3.2 Cask/Canister Transfer Bay

Once placed on the CTS in the CRB, the cask lid will be prepared for opening, the shield door to the
CCTB will be opened and the CTS will move the cask into the CCTB. The shield door will be closed and
the cask will be positioned for removal of the fuel canister. The CCTB provides a shielded hot cell,
equipped with shielded observation windows, remotely controlled cameras, and cask as well as canister
handling cranes. The CCTB also provides robotic manipulators and associated cask and canister handling
tools to open the casks and canisters with welded or bolted lids, and to reseal them when handling
operations are complete. It is assumed that the fuel will not be received as bundled fuel rods but could be
received bare in transportation casks. Cask and canister gas sampling will be provided in the CCTB.
Infrastructure and equipment will be provided to inert, leak test, and remove moisture from the canister by
vacuum drying it prior to its return to the CSF storage location.

The fuel canister will be lifted from the cask by the 200 ton overhead crane and placed in the canister
workstation on one side of the CCTB. The storage cask will be placed in a cask interim storage position
on one side of the CCTB. The workstation is equipped with pan/tilt zoom color cameras, robotic
manipulators and an overhead hoist on the overhead crane, gas sampling and fill services. Adjacent to the
workstation is a remotely operated automated canister cutting machine (ACCM) and a remotely operated
automated canister welding machine (ACWM). If the canister lid is welded, the ACCM is positioned
over the canister and the canister lid or lids are cut and removed, exposing the fuel assemblies within.
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A number of such ACCM and ACWM systems are available from companies such as TriTool Inc.,
Westinghouse, Moog and Areva Transnuclear Inc. Representative images are included in Figures 5-3 and
5-4 below.

Figure 5-3 Representative Fuel Canister Automated Welding System , Welds & Fuel Canister Cutting
Images

Figure 5-4 Images of Automated Welding System Mounted on Fuel Canister (Reproduced courtesy of Areva
Transnuclear)

Once the canister is opened, a single fuel assembly will be lifted out of the canister and placed vertically
within a metal fuel assembly support can (FASC) on a fuel assembly shuttle (FAS). The remaining fuel
assemblies will remain in the canister pending return of the fuel assembly remnants, packaged in a sealed
fuel assembly support can, which will be inserted in the original fuel assembly canister position or in a
different canister and storage cask depending on direction from facility operations. The FASC is designed
to be a little larger in dimensions than the fuel assembly and provides mechanical support during fuel
assembly handling and vertical to horizontal positioning. The FASC carrying the single fuel assembly and
mounted in the FAS is moved from the CCTB into the disassembly bay (DB).
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5.3.3 Disassembly Bay

The DB provides four workstations with equipment to lift and rotate the FASC to a horizontal position,
remove the assembly, perform visual and gamma scans, and remove the fuel assembly endplate.

Workstations and equipment will also be provided to grip and extract a fuel rod, perform a gamma scan
and preliminary surface examination on a full length fuel rod, monitor and record the fuel rod extraction
force, provide sampling and analysis of the fuel rod fill gas, and segment the fuel rod into small sections.
The fuel segments are loaded into sample containers for transfer to the Sample Analysis bay via an
analytical line transfer conveyor (ALTC). Because of the pyrophoric nature of many fuel cladding
materials (e.g. Zircalloy), the DB is maintained under an argon atmosphere via a recirculating system that
purifies the argon and purges contaminants. Figure 5-5 summarizes the DB work station positions.

DISASSEMBLY CELL
ey for Non-Destructive Seamertation &
and Non Destruction Pin Edraction Examination Rod Consoldation

LT A N U U .

ﬂ.._-_-_-_-

-4~ visuglg Gamma Scan H e ma -
Rod grip Parting tool —» |ap
Gamma Scan Profilcmetry
- F- -~} End plate removal Rod trangfer cradle Edely Gurrent Gas E?mpllrg sk

i -

—

Y . T O I T W L L .

|« 100 »

10 0 10 20 Fest
Figure 5-5 Disassembly Bay Work Station Positions

Fuel samples are placed into sample containers and programmed into the ALTC control system for
transfer to their intended processing and analysis work stations. The ALTC control system automatically
controls source sample and destinations along the ALTC and provides such logical and permissive
controls as airlock access controls, criticality permissive controls, package traffic, ALTC intersection and
directional controls, sample location tracking and sequencing, and data historian data logging with the
Facility computer system. The ALTC runs from the DB longitudinally through each processing line with
intersections at each analytical work station on 0’ Elev. Two ALTC cross-over tunnels are provided
between the two facility processing lines to allow the ALTC to carry samples between the two processing
lines and associated work stations. All facility crossover tunnels are equipped with airlock entries to
support entries for periodic maintenance. The ALTC can be programmed to transfer between locations on
each processing line under control of the operator. The links below provide representative videos of one
ALTC type system. (CTL + Click to follow Links)
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http://www.youtube.com/watch?v=AY Sb6DHy9CY & feature=player embedded
http://www.youtube.com/watch?v=qrFIOECiot0&feature=player detailpage
http://www.youtube.com/watch?v=LWneeoDypxA &feature=player detailpage

Because the fuel samples to be removed from a fuel rod for analysis do not consume the entire fuel rod,
unused remnants of the fuel rod can be segmented and placed in a fuel remnant storage can (FRSC) or
cans, and sealed for subsequent placement in a canister and fuel cask for ongoing storage. As it is not
immediately known if additional fuel samples may subsequently be needed to be removed from the
remnant rod once downstream segment analysis is conducted, the rod remnants are placed in the FRSC
and transferred to an interim FRSC lag storage position within the center of the first crossover tunnel until
fuel segment analysis is completed. When segment analysis is completed the FRSC is released for return
to canister and cask storage at which time the sealed FRSC is transferred back through the DB and into
the CCTB where it can be placed back into the fuel canister, resealed and placed into the source storage
cask for ongoing storage at the CSF or placed into another facility canister and storage cask for ongoing
storage at the CSF.

Along each side of the DB processing lines are shielded observation windows with a set of robotic
manipulators, similar to Figure 5-6, to allow the operators to support disassembly bay operations.

Figure 5-6 Representative Operator Robotic Manipulator Work Stations at Shielded Observation
Windows

Central to the axis of the Facility and between the two DB processing lines is located the disassembly
control room (DCR). There process images and data from both processing lines is presented to the DCR
operators, together with data and images from other T&VF processes, via the T&VF process control
system (PCS) and T&VF central computer system (CCS). As the DCR is placed central to both DB
processing lines, direct observation of the process is also available via the DCR observation windows
along both DB lines. Figure 5-7 shows representative DCR operator control workstations adjacent to the
observation windows. The DCR also contains stairwells which communicate to the T&VF +20° Elev.
and above.


http://www.youtube.com/watch?v=AY5b6DHy9CY&feature=player_embedded
http://www.youtube.com/watch?v=qrFlOECiot0&feature=player_detailpage
http://www.youtube.com/watch?v=LWneeoDypxA&feature=player_detailpage
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Figure 5-7 Representative DCR Operator Workstations Adjacent Observation Windows

5.3.4 Sample Analysis Bay

Downstream of the DB, fuel samples are transferred to the sample analysis (SA) bay analytical work
stations where the samples undergo various physical, metallurgical, radiological and fuel characterization
tests. While some analytical equipment is provided in the SA bay, a major function of the bay equipment
is to extract and prepare samples that can be direct-handled safely in the Process Analysis rooms work
stations located on upper elevations. Figure 5-8 shows a representative sequence of the sixteen work
stations. Shielded glove box extensions may be added transverse to the analytical stations, on 0’
elevation, in cases where radiation levels can be achieved which is supportive of as low as reasonably
achievable (ALARA) hands on work adjacent to the main processing lines. Four representative glove box
extensions are shown on the layout of 0’ elevation.

Samples are extracted from fuel segments and prepared for evaluation of tensile strength, fatigue,
hardness, and other mechanical properties of the cladding. Metallography and microscopy are also
performed to assess surface condition and material performance following irradiation.

The SA bay includes a small voloxidation furnace to separate fuel meat from the cladding. The oxide is
collected and sampled for testing; some is dissolved for wet chemistry analysis to provide composition
and isotopic distribution of radionuclides. The SA bay also includes two small (400 gallon) tanks for
collection of liquid waste from analytical operations, including sample preparation and purification steps.

Each workstation is equipped with an observation window and robotic manipulators to allow operators to
support the handling and analytical process. Sample material can also be transferred to the +20° and + 40’
levels for further processing and analysis. Samples are transferred pneumatically via transfer tube, using

a dumbwaiter, or with a conveyor through the crossover tunnels to a sample receipt station in the Process
Analysis Room (Figure 5-13)
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Figure 5-8 Sample Analysis Bay Analytical Work Stations Sequence

Figure 5-9 reflects an image of a representative shielded window workstation lineup with operators at the
work stations robotic controls.

Figure 5-9 Representative Operators At Sample Analysis Bay Analytical Work Stations

Central to the axis of the Facility and between the two SA processing lines is located the facility main
control room (MCR). There process images and data from all facility processes and both processing lines
is presented to the MCR operators via the T&VF process control system (PCS) and T&VF central
computer system (CCS). As the MCR is placed central to both SA processing lines, direct observation of
the process is also available via the MCR observation windows along both SA lines. Figure 5-10 shows
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representative MCR operator control workstations with operator console PCS displays and overhead
status, process, and annunciator displays.

Figure 5-10 Representative Facility MCR Operator Console, PCS Displays & Overhead Status, Process,
and Annunciator Displays

5.3.5 Returns Bay

When sample analysis is completed, materials are transferred, via the ALTC, to the downstream returns
bay (RB) for packaging, decontamination, and disposal. Eight workstations are provided with shielded
observation windows for treatment (solidification) of liquid waste, packaging, decontamination, final
inspection, rad monitoring and accountability. The last position of the RB line contains an air lock
equipped with a small hoist and robotic manipulators for lifting of packages in and out of shielded
containers, and placement of the container lids, that are brought into the RB airlock for transfers.

Packaged waste can be moved out of the process line via the airlock and transferred via the shielded
transfer cart, to the waste handling building downstream and adjacent to the T&VF PB. Similarly,
analytical instruments can be removed from the process lines via the returns bay and sent to the
neighboring hot maintenance shops for maintenance or repair. The RB airlock station contains a bag in
bag out port for transfer of material that can be contact handled. The RB contains a small returns bay
control room (RBCR) area between the two processing lines, similar to the MCR and DCR control rooms.
On the outer wall of the RBCR is a personnel and equipment elevator that communicates to all levels of
the PB. This elevator can be used for operations transport and used for transfer of equipment between PB
elevations after facility startup.

Material removed from the RB is transferred to the adjoining downstream maintenance and waste
handling building (MWHB) via the shielded transfer cart or direct handling as needed. The MWHB is a
steel framed structure containing hot and cold electrical, mechanical and instrumentation maintenance
shops and a waste staging area for disposition of waste packages.

Waste can be drummed and solidified in the waste staging area in preparation for disposition. UNF debris
that is still UNF can go back upstream to a canister or be packaged in the RB, shielded and reinserted in a
canister through the CCTB. Waste can exit the facility via the RB. The assumed facility waste categories
and how it will be managed are included in Section 5.4.

Adjacent to the MWHB are two liquid cold chemical receipt diked truck pads and chemical transfer
stations together with liquid cold chemical storage tanks. A dry chemical truck unloading dock also serves
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an adjacent dry chemical storage structure next to the MWHB. Process gas storage tanks are provided on
the opposite side of the MWHB.

5.3.6 Process Support Area (+20’ Elevation)

The +20 ELEV of the T&VF PB is primarily devoted to the cranes control room, and process support
functions associated with the analytical operations on the on 0’ Elev. and +40’ Elev. above.

The cranes control room (CCR), located central to the axis of the facility and above the DB, provides
operator control and viewing capability for the cranes in the CRB, the CCTB and the DB. Shielded
observation windows are also provided overlooking the CCTB and the DB operations areas. Operator
control consoles provide color pan/tilt/zoom camera displays of crane operations in each area.

Mechanical equipment servicing the analytical laboratory areas include:
e Radio-hood exhaust fans

e Glove-box exhaust fans with HEPA filtration
e Vacuum blowers
e Air monitor blowers

Two chiller units providing mechanical refrigeration for chilled water supply for instrumentation and
HVAC are also located in this area. Figure 5-11 provides a representative layout of the process support
areas of +20’ Elev.
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Figure 5-11 +20° Elev. Process Support Area Representative Layout
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5.3.7 Chemistry Laboratories (+40’ Elevation)

Hot and cold chemistry laboratories are provided on +40 Elev.to provide reagent preparation and quality
control standards to support sample analyses. These operations are radiologically clean or involve trace
levels of radionuclides, and can be handled in chemical hoods or glove-boxes with minimal radiation
shielding. Figure 5-12 provides a representative layout of the hot and cold chemistry labs reflecting glove-
box and exhaust hood workstations.

Cold Chem Lab Hot Chem Lab
IBC| FH [BC| FH | @ i
sec _*® _
— SSIEW = SSEW
I3 GB o
% Reagent Prep Lab 3 68 | %
(D = GB kel
9 BC|BC|BC|BC D \— -
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%) ‘ N\ ‘ )
9 | T Computer Terminal GB Qc i
2 BC [BC|BC[BC ) Standards Lab |3
Q BC |BC|BC |BC | GB @
B SSIEW SSEW \  [a]
SBC °
T BC| FH IBC FH |> | Computer Terminal ——»

{FH=Fume Hood; BC=Base Cabinet; SC=Storage Cabinet; SBC=Sink Base Cabinet; RH=Radio Hood; A/L=Air Lock}

Figure 5-12 +40’ Elev. Hot and Cold Chemistry Laboratory Representative Layout

5.3.8  Process Analysis Room #1 (+40’ Elevation)

A process analysis area is included on +40’ Elev. with dedicated work stations for sample receipts, un-
packaging and glove box contact handling and sample analysis. Figure 5-13 provides a representative
layout of this analytical area.

Samples are received from the SA bay in a shielded glove-box, where they are unpackaged for
distribution to the individual stations for analysis. Transfer between the Sample Receipt area and the
workstations are made via transfer cart; radiation shielding is provided for the sample, if required.

The workstations are configured to allow off-loading of the transfer cart, introduction of the sample to a
hood or glove-box for additional conditioning, placement of the sample in the instrument. Most
instruments are contained in hood enclosures to allow access to all sides. Work stations for operations
requiring wet chemistry for sample preparation or analysis are provided with drain lines (acidic or basic)
for waste disposal; liquid waste collection tanks are provided in the Sample Analysis bay (Figure 5-8).

Analyses performed in this area include:
e Thermogravimetric-Mass Spectrometry/X-ray Fluorescence

e Titrimetry
e Gravimetry
e Inductively Coupled Plasma Mass Spectometry
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¢ Inductively Coupled Plasma Atomic Emission Spectrometry
e Coulometry

e Chromatography

e Hybrid K-Edge Densitometry

e Scanning Electron Microscopy

e Transmission Elecetron Microscopy

e Isotope Dilutuion Gamma Spectrometry
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Figure 5-13 +40° Elev. Process Analysis Room #1

5.3.9 Process Analysis Room #2 (Count Room, +40’ Elevation)
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Process Analysis Room #2 provides equipment for alpha and gamma spectroscopy, neutron counting, and
calorimetry. Samples are prepared for counting at workstations in Process Analysis Room #1, then
delivered to the Count Room for analysis. Information obtained from these instruments includes uranium
and plutonium content, isotopic distribution, and radionuclide content of fuel materials.

Figure 5-14 provides a schematic layout of the Count Room equipment; a large (1,000 liter) tank is
provided for bulk storage of liquid nitrogen needed for instrument detector cooling.
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Figure 5-14 +40’ Elev. Process Analysis Room #2

5.3.10 Radiological Control Operations (+40’ Elevation)

T&VF PB +40’ Elev. also provides a Rad-con operations area with workstations for radiological testing
and sample analysis, and segregated areas for the facility radiological monitoring systems. These
monitoring systems include area radiation (gamma) and continuous alpha air monitoring, tied to a central
computer room providing historical trending, as well as continuous readout and notification of high
radiation, high rate-of-rise, instrument failure and other conditions in the facility.

5.3.11 Electrical Supply (+60’ Elevation)

T&VF PB +60’ Elev. houses normal power and redundant, segregated electrical power distribution
system equipment and the principal mechanical ventilation system equipment, instrument air and process
gas for the facility. Two trains of safety related electrical distribution switchgear are provided together
with 125 volt DC batteries, chargers and distribution panels and 120 VAC UPS panels and distribution
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gear. Two redundant, segregated emergency power diesel generator buildings are provided adjacent to
the T&VF, on 0’ Elev., together with a normal power diesel generator to provide backup power under loss
of power supplies to the facility.

5.3.12 HVAC (+60’ Elevation)

Two redundant and segregated trains of mechanical ventilation exhaust fans and HEPA filter systems
provide facility exhaust air flow to the facility stack where environmental monitoring is provided on
facility emissions. Facility ventilation is arranged to provide air flow from clean areas to areas of greater
contamination. A Process Vessel Ventilation (PVV) system maintains process lines, glove-boxes, and
process vessels at a slight negative pressure relative to surrounding areas to help control contamination
flow from clean areas to areas of higher potential contamination.

5.3.13 Mockup Facility

Connected to the T&VF PB is a steel framed T&VF Mock Up (MU) Facility which provides the
infrastructure for 1) replicating key systems hardware present along one of the main processing lines
including the fuel cask and canister opening bay; 2) the fuel assembly disassembly bay containing fuel
assembly handling; 3) for fuel rod extraction & examination; 4) rod segmenting and fuel sample segments
handling stations; 4) the transfer conveyor system for delivery to designated analytical work stations. In
order to simulate actual physical conditions which might be needed for new technology or revised
operations configurations over the life of the facility, the MU Facility will also accommodate up to 10 or
more of the 20 work stations positions which exist in the actual T&VF radioactive operations processing
line.

One processing line of the T&VF PB 0’ Elev. and the +20° Elev. is represented in whole or in part on the
first two floors of the MU facility, with the upper two floors (+ 40’ and +60 Elev.) of the MU facility
providing administrative floor and office space for the T& VF including operations, rad-con, security and
technical & facility support staff offices, document rooms, technical library, meeting rooms, break rooms
and rest room space. The axis of the MU facility is aligned parallel to the PB, and connected via a
corridor along its length. The corridor provides access between the PB and the MU facility on all levels,
thus connecting operations areas to support and administrative areas for the facility.

6. Assumptions

Below are the major facility assumptions.

Assumption Assumption
Number
1.0 All safety systems are provided as redundant train systems designed to single

failure criteria and able to withstand natural phenomena hazards commensurate
with their safety function (TBV).

Basis: Facility and SSCs safety functions have not been determined.
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Assumption
Number

Assumption

2.0

ES&H, S&S, and Emergency Protection/Response infrastructure and equipment
will be excluded from the cost of the TV&F. They will be included in the CSF total
estimated cost.

Basis: Program Requirement.

3.0

Fire suppression (protection) safety related elements will be provided with a
redundant fast acting gaseous fire detection and suppression system.

Basis: Facility and SSCs safety functions have not been determined.

4.0

Radiation shielding requirements and the effects on waste emissions shall be
based on a standard fuel burn-up of 60 GWd/MTHM (TBV).

Basis: Burn-up is a primary factor used to determine source terms for shielding
requirements and effects on wastes and emissions

Basis: 60 GWd/MTHM also supports DOE-NE near-term objective within the
R&D scope to address the existing used fuel discharged from existing commercial
LWRs. Under this objective, there is a high priority to investigate extended storage and
transportation of high burn-up fuels (= 45 GWd/MTHM) since reactor operations are
moving to higher burn-ups and there is limited understanding of the impacts of higher
burn-ups on long-term storage.

5.0

LLW will be disposed at one of DOE’s waste disposal facilities or at a commercial
LLW disposal facility (TBV).

Basis: LLW generated by the T&VF Process Support Systems must meet DOE
disposal requirements.

Basis: LLW will be transported offsite per DOT regulations 49 CFR 173.

6.0

GTCC waste packages will be stored at the CSF. No disposal path has been
defined.

Basis: GTCC waste (TBV) may be generated by the T&VF and shall be prepared for
storage at the CSF per 10 CFR 72.

7.0

UNF debris packages will be stored at the CSF. No disposal path has been defined

Basis: UNF debris will be generated by the T&VF and shall be prepared for storage at
the CSF per 10 CFR 72.

8.0

UNF material will not be stored at the T&V Facility

Basis: Any temporary staging of the UNF material either prior to, during, or after
examinations of the assemblies, rods, and segments is considered to be part of the
process.
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7. Major Equipment List

Below is a list of major equipment associated with the T& VF UNF storage cask pad located at the CSF.
This list does not include equipment needed to handle and/or transfer the storage and instrumented casks.
The UNF storage casks are excluded from the list because they will be included with the CSF equipment
list.

o A UNF storage cask pad approximately 3 feet deep, 67 feet long, and 30 feet wide.
o Storage pad monitoring and inspection equipment (TBD)
o 1-3 Instrumented Storage Casks.

Below is a list of equipment associated with the systems and components needed to conduct the testing
and validation processes described in Section 5.3. This list does not include equipment needed to handle
and/or transfer the casks, canisters, assemblies, and rods.

Equipment List
Inert tube furnaces (2, to 400° C)
Indexing feeder/guide system, programmable
Gamma scanner (HPGe)
Profilometer, Collimator, Eddy-current test equipment
Tube puncture/gas analyzer/vacuum system
ICP-MS
Parting tool, feeder, conveyor system
Rod recovery and disposal chamber
Small shielded waste containers
Remote cameras w/monitoring station
Electric Discharge Machining system
Micro-hardness tester
Stereo-microscope
Cutoff saw
Sample mounting equipment
Polisher, automatic
Metallograph
FEG SEM w/EDS (1 table-top, 1 standard)
FEG TEM w/EDS
Focused ion beam instrument for TEM specimen preparation
Laser etching machine
TEM polishing equipment
Tensile testers, screw-driven; 3 w/furnaces, 1 w/autoclave, & all controls
Fatigue test machine
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8. Cost Study

A team of subject matter experts used Savannah River Site models to develop costs based on the
conceptual design scope described in sections 4.0 and 5.0. Application of these cost models resulted in an
estimated cost of $1.2 Billion.

Other project costs (e.g., project support, design authority, start-up testing, and operations training, etc.)
were not included but are expected to be ~30% of the Total Estimated Cost (TEC). Other project costs
(OPC) will be dependent upon contracting strategy and costing practices associated with the facility
owner and location.

Based on uncertainties associated with constructing a complex, first of a kind, hardened, high radiation
facility, the team assumed a contractor’s contingency range of 20% to 50% and a risk contingency range
of 0% to 25%. Application of the combined contingencies (20% to 75%) resulted in a ROM TEC of
between $1.5 and $2.2 Billion. Establishing a high and low range using the contingency ranges is normal
practice for a ROM case study. Table S-1 summarizes the T&VF ROM TEC.

Table 8-1 T&VF Total Estimated Cost

Contingency | Dual Process Lines and
Mock-up Facility
Estimated Cost
($ Millions)
Low | High Low High
Scope Baseline N/A N/A $1,232 $1,232
Contractor Contingency 20% | 50% $246 $616
Risk Contingency 0% | 25% $0 $308
Total Estimated Cost | N/A N/A $1,478 $2,156

Dual processing lines and a mock-up facility were included in the conceptual design to reduce the risk
associated with operating a complex first of a kind facility for a minimum of 40 years which was assumed
to be the life of the facility. As a sensitivity check on these major cost drivers, the team completed
parametric cost analyses for the two design variations described below and summarized in Table S-2.

Design Variation A: Dual processing lines with-out a mock- up facility - The baseline TEC would
decrease by ~$150 to $220 Million. The consequence of eliminating the mock-up facility would be
reductions in the facility’s ability to adjust to system and/or operating changes in a non -radioactive
environment.

Design Variation B: Single process line with mock-up facility - The baseline TEC would decrease by
~ $530 to $780 Million. The consequence of eliminating one of the dual processing lines would be
the reduction in the ability to continue to operate while major systems, structures, or components are
being maintained, during facility outages, or if process upset conditions occur.
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Table 8-2 Facility Design Variations TEC

Facility Design Variations Total Estimated Cost
($ Millions)
Low Cost High Cost
Dual Process Lines and Mock-up Facility $1,480 $2,160
(Estimate Baseline Rounded)
Dual Process Lines with-out Mock-up Facility $1,330 $1,940
Single Process Line with Mock-up Facility $950 $1,380

9. Benefits

The T&VF will benefit other DOE-NE missions by providing facilities that will have the capability to 1)
inspect and examine UNF and/or High Level Waste for commercial utilities, NRC, and DOE; 2) support
R&D for Small Modular Reactors and the front end of the fuel cycle; and 3) support other fuel cycle
research and development activities which require radioactive materials from commercial power

operations.

10. References

1. Used Nuclear Fuel Storage and Transportation Research, Development ,and Demonstration Plan

(DOE 2012a)

2. Used Fuel Research and Development Extended Used Fuel Storage R&D Functions and

Requirements (DOE 2012b).
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11. Appendix A - Facility Lay-out Drawings

| 3 | 4 | 5 | 6 | 7 8 9 | 10 11 | 12 13 14 15 16 17 18 19 20
A 100° 15° w 100 ", 100 " T0° 200
] CASK RECEIPT BAY (CRB) CASK AND CANISTER TRANSFER BAY (CCTBI | g DISASSEMBLY BAY (DB) s SANPLE ANALYSIS BAY 1SAB) s RETURNS BAY (RB) . NAINTENENCE AND WASTE BUILDING |
E E E CHENICAL STORAGE DIKE WALy
]
u u
- g g g S O ~
¢ ‘ | [—— : RN | ' BRlaE BiHo -
EIRHT || TR O \
o— — 3
° ra— S S | —————— e e T T T . b . -
r ‘ J rrl LADIJK D&‘ IAL‘WM _— ‘ﬂi Ly ‘
— = | Jl SELF PROFELLED NOOULR | Jl N COLD INSTR SHOP COLD ELEC SHOP COLD MECH SHOP & SHIELDED [
= 5 | VEREAT] TRANSPORTER (SPMT) | ThANSEER d
E & g | (e | E, N 1
T ! = ! Y BN A A AL S B e o e g e e .
] = i 7 - H [
B \‘ ﬁ I — t < m [=]i]=] oyo Ofoooyo 1 ~ ) )
F . | [ o e asersme _ = o o d
L H H “ CASK STORAGE 524
v _ _ T S22
- _—w W ‘ 23=
G EE L Co——=> - OUTSIDE WASTE
- =} CASC TRANSPORT — A ® = o1 HoT HO
Z +— §§§ b VEHIGLE T — o MRS X RET (q'%;r)m. EM ATNTENANCE ELEG/INSTR MECHANICAL 5|  eulCbrie s:ﬁég;‘{:: © -
- P SN T — N S —— 7
" T | @ 6 ® =2
L CASK STORAGE
— EH] = |l VEREA Pt (o | A —ommen cwe e o —
5 g L “ “ S"‘N[n" X \ — e asomrsums IT — 3y Ny 3y
1 | B [ T - MEI Ewﬁgm H [m=]i{=]m}iim)i{m}i|m]i{e)Y=)i[=] HHolloo/lollo | g
| }‘ i | g [ oy v oo ool ] ¥ 1 M o
‘ I T cnkiren enations station DISASSEMBLY CELL —= \
& I | | FUB. SISTER _ L SAWPLE T NFETRS sumom g
J ‘ L | wrounc Armaric AR HSSORLY PIN oy et o ne ] s | CELL ALR — JceLL COLD MACHINE SHOP MAINTENANCE STORES & CART RAIL
L e STATION (AVS) Starion (acs) | | Lock STAGING EXTRACTION EXANTNATTON #oo consoL10aTIoN | | Lock Yok kw\ "T‘RW e | T ‘W
1y il i - = ——— ——i Ly —| - 2 = L - - = . =
N GAS SANPLING REMOTE CONTROLLED CAMERAS (TYP)
K in E SECURITY IND SUPPLY ROBOTIC NANIPLLATGRS (TYP) SECURITY ofP B dAS STORMGI
— = > _ RVERED ) |
i RN e
L 1
“ k RSEACNEPILPET -/ SAMPLE T
E . ‘ Elmxnim GPERATIONS STATION L & STORAGE = FDl}?YNIANgE STORAGE s
" g ‘ \‘ CRAE | | VOLOXIDATION = POMDER COLLECTION ALTOUOT SAMPLE ACID DRAIN = BASIC DRAIN
Rlg ‘ ‘ “ m FURNACE = SAMPLE STORAGE DISSOLVER STATION MON]TORING AN 2 TANK
] | (. | oty It TR T ol T
— B N [ . — T— —d 5—d —d T —
|| osonse W— =
" i q
| | | MAI DCR MAl MCR NAJ RCR ANALYTICAL I_——I -
— by L e — —y o> A A R e = et = =

Il j" I || I — | | I | I — | |
° T Y

MOCK-UP FACILITY TUBE ELECTRIC  MICRO-HARDNESS STEREO CUT-OFF POLISHER METALLOGRAPH TENSILE FATIGUE
P _ELEV ~135 FURNACE DISCHARGE TESTER MICROSCOPE SAV TESTER TESTER
‘ MACHINING
— + | WASTE — |
‘ SOLIDIFICATION— SCALE: '
2 | AND PACKAGING =
3'D1A = FINAL RAD_NONITOR
STACK ‘ I = DECON INSPECTION STATION AIR LOCK
— | | o o0 o8 T —
R ‘ | L —C L —
K KN | SHIELDED TRANSFER CART
‘ . ELEV -85 ANALYTICAL D _;\E Di‘ﬂxmi‘ﬂxmy H —_—
ELEV -70 (BAVE) a > NE| LINE TRNGFER — — = = —
s ELEV 70 (EAVE) _— ——g—_— — ] MAINT ELEC - MECH - HVAV - HEPA (ALTC) /Dx /D\UVD\UVD\HH E%%'}ETW“W“
OH CRANE AIR LOCK SHIELD DOOR
— ELEV +60 H F— [ —T —h H I
T RETURNS DECON FINAL RAD_NON1TOR AIR LOCK SHIELD DOOR
E CHEN LAB - PROCESS ANALYSIS - INSTR - COMPUTER PACKACING INSPECTION STATION
— U ELEV +40 STATION |
CASK AND| EANISTER A
U SCALE: 4" = 1'-0 EEB
TRANSHER BAY PROCESS SUPPORT
CASK RECEIPT BAY OO0 OoOO ooOo ooao rrrrr QLEY 420 (ENE)
v DISASSEMBLY CELL 1 SAMPLE ANALYSIS CELL RETURNS CELL 1
o000 o000 ooo Oo0oao [mim O 0 0 0O oo o O o o ofjb
— C— —— —— —— 11 I RO 088 0080 m m m [ —
L7
w - " """"""""""-"""eene s ~ -, CATEST
o 10 20 40 60
— et Bt ] 7IVIF) (W) [ol0folol1]] A |-
T - 20 oo
X
AR AP o 10 e ok ol v, E 02 i Fe UNITED STATES DEPARTMENT OF ENERGY
Y SEADOAS e BiafTicte STALL bish O REr 0 THLS ST
REFERENCE DRAVINGS OG- N | STTE CLUARANGE N0+ CESIGN AREA NO-. |Knlm GROUP
m m N/A N/A N/A E —
eros. | REY- REVISION T R Eo e LI LIS, LR prou. | REY REVISION s IeL THLE
o 1F D APRV'D APRV'D APRVD NO. PRPD LEAD ENC CHK'D/VERIF D APRVD APRVD APRVT
DOE-NE USED FUEL DISPOSITION

TEST AND VALIDATION FACILITY
(TVF)

ELEV +0 FLOOR PLAN
SECTIONS AND DETAILS

REFERENCE STANDARDS

(G ) 1 CORTCO4 ZWANZICER LAST CADD REV. BY®
REF FILES ves No LEVELS 12345678901 2: DATE: T/25/12

Figure A-1 Test and Validation Facility Elevation 0 Feet
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Figure A-2 Test and Validation Facility Elevation + 20 Feet

1 2 | 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 | 20
v/N “ON_ONIAVYQ d¥s
A
8 315
c
D T T
— R = —_—= = = == SEQVICE RISERS
— I rorr %
Ve —— RADIOHOOD GLOVEBOX
c L ‘} gvcf;y,fgﬂ\ ‘} gcmrf ; [ EXHAUST FANS EXHAUST FANS
| ! _ ! ﬁ z 2
YT | Il "
F L ‘} I “ “ ‘\
— |
S ——
[
6 . Y
5 Gz
g
M —_— s . m =
I
— Pt
v
1 [ ol g
— \} W [ 5
L
| [
’ il
L . _ _
— - - T w T T W
3 . i i
K = K2
= g8 M
— =
L \ ﬁvwm\ oFC
[ e — M/U PROCESS SUPPORT
— ‘\ | I
M . ‘ %‘* | Luvwm ore
2 | | ‘\ p ( CRANE
(A OFC ELECTRICAL
— [ I AND POVER
L R Y T DISTRIBUTION
N ! L ‘L N (CR) Ig
— St St , T . . . . . .
0 ¥ |
P *
Q
R
H
T
u
v
010 20 40 60
120"
] =] ¥
] [0 viE) @ [olololol2| A |
g
X
— Tie”INFORAT ON"ANG KW 0¥ THERLON NAY NOT GF Uzt IR Tie UNITED STATES DEPARTMENT OF ENERGY
= - SAVANNAH RIVER SITE
REFERENCE DRAVINGS s T i P
— — /4 /| /)
rros. | R REVISION D PN N T o) FRVD TR prov. | R REVISION ) N Ry i ARV ARV i
e S e DOE-NE USED FUEL DISPOSITION
TEST AND VALIDATION FACILITY
(TVF)
ELEV +20 FLOOR PLAN
gl REFERENCE STANDARDS
8
E}
B e d——_——————
A e R Y T T TR TR SR




UFD Research and Development

Test and Validation Facility Cost Study

August 20, 2012

23

Figure A-3 Test and Validation Facility Elevation + 40 Feet
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Figure A-4 Test and Validation Facility Elevation + 60 Feet




