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APPENDIX B1

STUDY 2 - ALTERNATIVE CASK HANDLING METHODS

Alternative 1 - Current Cask Handling Operations (C-OPS)
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Alternative 1 — Current Cask Handling Operations (C-OPS)

B1-1.0 Description of Handling Alternative

Alternative 1 examines the use of typical cask handling methods currently in use today at
operating and decommissioned nuclear plants in the U.S. for application at the Interim
Storage Facility (ISF). Commercial Operations, or C-OPS, is a simple extrapolation of
current industry practices applied directly to the ISF. The methods described are thoroughly
demonstrated and proven, and while small improvements are being developed all the time,
these cask handling approaches are the best-understood of all of the alternatives discussed in
this study.

For this study, all of the spent nuclear fuel (SNF) received at the ISF is packaged in canister-
based systems. Canister-based systems use a dual purpose canister (DPC) which is licensed
for both storage and transportation. The DPC is a welded sealed metal container where the
SNF assemblies are placed. The DPC is placed in different overpacks or casks for transport,
storage or transfer between the transport cask and storage overpack. A typical PWR canister
will hold 24 to 37 PWR SNF assemblies and a typical BWR canister will hold 61 to 89 BWR
SNF assemblies. These systems fall into one of two categories: vertical or horizontal type
systems. These methods for cask handling use existing storage system and nuclear plant
infrastructure to be deployed and therefore offer the opportunity for a “standard” option for
the ISF. This alternative for cask handling uses well-known supporting infrastructure.

There are four companies that provide canister-based dry cask storage systems which are:

e AREVATN
- NUHOMS (horizontal) (Reference B1-1, B1-2 and B1-3)

e EnergySolutions
- Fuel Solutions (vertical) (Reference B1-4 and B1-5)

e Holtec International
- HI-STAR (vertical) (Reference B1-6)
- HI-STORM (vertical) (Reference B1-7 and B1-8)
- HI-STORM UMAX (vertical) (Reference B1-9)

¢ NAC International
- MPC (vertical) (Reference B1-10 and B1-11)
- UMS (vertical) (Reference B1-12)
- MAGNASTOR (vertical) (Reference B1-13)

B1-1
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C-OPS only considers existing licensing configurations for these systems where the original
overpack design is employed to house the DPCs at the ISF. This eliminates any
infrastructure complexities.

For the vertical systems, the study considers the stack-up method used by all vertical systems
for canister transfer. The general steps to unload and transfer a vertical DPC from a transport
cask to a storage overpack are as follows (References B1-4 through B1-13):

1.
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Removing the transport cask from the railcar, up-righting it and placing it on the
floor in a vertical orientation

Placing a transfer cask on top of the transport cask

Lifting the DPC out of the transport cask and up into the transfer cask

Securing the DPC in the transfer cask

Removing the transfer cask from the transport cask

Placing the transfer cask on the storage overpack

Lowering the DPC down into the storage overpack

Removing the transfer cask

Securing the storage overpack lid

. Transporting the storage overpack to the storage location on the pad using a vertical

cask transporter (VCT)
Reconfiguring the transport cask on the railcar for shipment off-site.

For horizontal systems, the study considers the NUHOMS methodology of canister transfer
(Reference B1-1 through B1-3). The general steps to unload and transfer a horizontal DPC
from a transport cask to a storage overpack are as follows:

© o N A~ N

Removing the transport cask from the railcar

Placing the transport cask onto a horizontal cask transporter (HCT)

Transferring the transport cask to a horizontal storage module (overpack) on the pad
Preparing the storage overpack to receive the DPC

Aligning the HCT so that the DPC is will slide smoothly into the storage overpack
Pushing the DPC into the storage overpack using a hydraulic ram

Securing the storage overpack

Returning the empty transport cask to the rail siding

Reconfiguring the transport cask on the railcar for shipment off-site.

Typical canister transfer operations are shown in Figure B1-1 through Figure B1-3.

B1-2
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Figure B1-1
AREVA TN NUHOMS Horizontal Canister Transfer Using a TN Transpor
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Source: NMC Duane Arnold Energy Center

Figure B1-2
NAC International UMS “ Stack-up” Vertical Canister Transfer

Source: Maine Yankee Atomic Power Company

B1-3

t Trailer
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Figure B1-3
Holtec International HI-STORM *“ Stack-up” Vertical Canister Transfer

Source: Holtec International

B1-4
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From Figure B1-1, horizontal canister transfer comprises the transfer cask (or transport
cask), horizontal cask transporter (HCT) with a hydraulic ram to push the DPC out of the
transfer cask into the horizontal storage overpack, concrete pad, horizontal storage overpack,
concrete apron on which the HCT rests, mobile crane to lift door off storage overpack, and
personnel. It should be noted that the transport cask for the NUHOMS system is designed
with a port hole in the bottom so that canister transfer can be performed direct from the
transport cask to the storage overpack.

From Figure B1-2 and Figure B1-3, vertical canister transfer comprises the transfer cask,
storage overpack (or transport cask), transfer adapter (NAC) or mating device (Holtec) that
connects the two casks together and opens to allow transfer between casks, overhead crane to
raise or lower the DPC, suitable concrete floor or pad, seismic struts, slings or structure to
prevent the transfer cask from toppling over in the event of an earthquake, personnel lift to
enable workers to access the top of the transfer cask. Most vertical transfers are performed
with the use of a single-failure-proof overhead crane at the power plant to prevent an
accidental drop of the DPC during the canister transfer. A few plants do not use a single-
failure-proof crane and rely on impact limiters and a drop analysis to show that an accidental
drop of the DPC onto the impact limiters will not harm the DPC.

Table B1-1 provides a comparison of major vertical canister transfer steps between C-OPS,

A-OPS, R-OPS and S-OPS.

Table B1-1

Comparison of Major Vertical DPC Transfer Operational Steps

Major C-OPS steps

Major A-OPS steps

Major R-OPS Steps

Major S-OPS Steps

Transporter removes lid and
moves storage overpack into
transfer cell.

Transporter removes lid and
moves storage overpack into
transfer cell.

Transporter removes lid and
moves storage overpack into
transfer cell.

Transporter removes lid and
moves storage overpack to
rail siding.

Overhead crane places
transport cask into transfer
cell

Overhead crane places
transport cask onto transfer
cart.

Overhead crane places
transport cask onto transfer
cart.

Gantry crane places
transport cask on hard stand

Overhead crane removes
transport cask lid

Jib Crane removes transport
cask lid

Jib Crane removes transport
cask lid

Gantry crane removes
transport cask lid

Transfer Cart moves
transport cask into cell

Transfer Cart moves
transport cask into cell

Transport Cask is secured
seismically to hard stand

Transfer cell doors are
closed

Transfer cell doors are
closed

Transfer cell doors are
closed

Mating adapters are
mounted to top of transport
cask and storage cask.

Mating adapters are
mounted to top of transport
cask and storage cask.

Overhead crane places
transfer cask on transport
cask.

Transfer sleeve is located
over transport cask

Overhead crane places
transfer cask on transport
cask.

B1-5
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Major C-OPS steps

Major A-OPS steps

Major R-OPS Steps

Major S-OPS Steps

Seismic/stack-up struts are
attached to transfer cask.

Seismic/stack-up struts are
attached to transfer cask.

Transfer cask is bolted to
mating adapter.

Transfer cask is bolted to
mating adapter.

Overhead crane raises DPC
from transport cask up into
transfer cask.

Transfer sleeve hoist raises
DPC from transport cask into
transfer sleeve.

Dedicated cell crane raises
DPC from transport cask

Gantry crane raises DPC
from transport cask up into
transfer cask.

Transfer cask is unbolted
from mating adapter.

Transfer cask is unbolted
from mating adapter.

Seismic/stack-up struts are
removed from transfer cask.

Seismic/stack-up struts are
removed from transfer cask.

Overhead crane moves
transfer cask from transport
cask to storage overpack.

Transfer sleeve is moved
from transfer cask position to
storage overpack position.

Gantry crane moves transfer
cask from transport cask to
storage overpack.

Seismic/stack-up struts are
attached to transfer cask.

Seismic/stack-up struts are
attached to transfer cask.

Transfer cask is bolted to the
mating adapter.

Transfer cask is bolted to the
mating adapter.

Overhead crane lowers DPC
from transfer cask to storage
overpack.

Transfer sleeve hoist lowers
DPC from transfer sleeve to
storage overpack.

Dedicated cell crane lowers
DPC into storage overpack.

Gantry crane lowers DPC
from transfer cask to storage
overpack.

Seismic/stack-up struts are
removed from transfer cask.

Seismic/stack-up struts are
removed from transfer cask.

Transfer cask is unbolted
from mating adapter.

Transfer cask is unbolted
from mating adapter.

Transfer cask is removed
and placed back into storage
location.

Transfer cask is removed
and placed back into storage
location.

Mating adapters are
removed from storage and
transport casks.

Mating adapters are
removed from storage and
transport casks.

Outside doors are opened

Outside doors are opened

Outside doors are opened.

VCT drives into transfer cell

Transfer cart moves storage
overpack outdoors.

Transfer cart moves storage
overpack outdoors.

VCT maneuvers onto hard
stand

VCT attaches to storage
overpack

VCT attaches to storage
overpack

VCT attaches to storage
overpack

VCT attaches to storage
overpack

Storage overpack lid is
bolted on.

Storage overpack lid is
bolted on.

Storage overpack lid is
bolted on.

Storage overpack lid is
bolted on.

VCT takes storage overpack
to pad.

VCT takes storage overpack
to pad.

VCT takes storage overpack
to pad.

VCT takes storage overpack
to pad.
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B1-1.1 Cask Handling Building

Currently cask handling operations begin in the reactor building (BWR) or fuel handling
building (PWR) starting from the spent fuel pool. Once the loaded DPC is welded closed
and inerted, a horizontal transfer cask is moved to the HCT for transfer to the ISFSI and a
vertical transfer cask is prepared for DPC transfer to the storage overpack. Almost all
vertical transfer operations are performed within the reactor building or fuel handling
building. A few vertical transfers are performed outdoors at canister transfer facilities
(CTFs) and are discussed in Appendix B4, S-OPS. For the purpose of this study, C-OPS
considers the DPC handling and transfer operations performed within the reactor building or
fuel handling building.

As noted in the previous section, the cask handling and transfer operations are performed
with large overhead bridge cranes within the confines of a large concrete or steel support
structure. The cranes are typically single-failure-proof and the building structures are robust
- designed for radiation shielding and earthquakes, tornadoes and other manmade or natural
hazards. This methodology has a substantial proven track record. Past conceptual models of
various ISF type facilities have incorporated the use of an equivalent arrangement - using a
robust concrete or steel structure housing a high capacity overhead bridge crane. For this
study, a robust facility equivalent to a reactor building or fuel handling building that can
safely handle dry fuel casks is called a cask handling building (CHB).

For the ISF, the purpose of the CHB is threefold; 1) receive SNF shipments (railcar and
transport cask) in an environmentally controlled area; 2) provide the facilities to offload
transport casks from railcars and place them on the horizontal cask transporter for horizontal
systems or 3) offload transport casks to an radiological shielded area and transfer the DPCs
from the transport casks to storage overpacks for vertical systems. Like a reactor building or
fuel handling building, the CHB would be designed to provide physical protection for the
canisters and radiation shielding to the workers.

Previous work on similar proposed CHB facilities was researched including the Transfer
Facility for the Central Interim Storage Facility (CISF) (Reference B1-14), the Canister
Transfer Building for the Private Fuel Storage Facility (PFSF)(Reference B1-15) and The
Cask handling Building in the CB&I Task Order 11 Report (Reference B1-16). These
buildings are constructed of reinforced concrete and provide a solid support structure for the
overhead cranes used to offload and lift casks.

For this report, the Cask Handling Building is laid out based on experience from the
evolution of the previous work as shown in Figure B1-4 and Figure B1-5.

B1-7
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This CHB design concept for alternative C-OPS attempts to incorporate many of the
characteristics of the previous structures with innovations that improve throughput and
operation using typical storage system transfer equipment and methodology. The building
consists of two sets of rail/truck bays and 2 vertical type canister transfer cells. The building
is 274 feet long x 170 feet wide x 72 feet high. Weather enclosures on either side the
rail/truck bays are added for shipment prep work. The CHB has 2 dedicated 200 ton single-
failure-proof overhead bridge cranes that can be used across the entire building but can travel
independently from rail/truck bay to the transfer cells so that two cask handling operations
can be performed at one time. When performing the operations evaluation, it was
determined that a single rail/truck bay and 2 transfer cells could accommodate the required
throughput of 1,500 MTHM. The second rail/truck bay was added for redundancy so that
any one equipment failure would not jeopardize the required throughput. However, this
redundant rail/truck bay would also enable a higher throughput.

Figure B1-4
C-OPS Alternative — Cask Handling Building (Plan View)

For horizontal type systems, either of the rail/truck bays is used for transferring the transport
casks onto a horizontal cask transporter. The design of the CHB with two sets of rail/truck
bays can accommodate a throughput that will enable 5 DPCs to be placed into storage each

B1-8
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week using 1 shift per day. This translates into an annual throughput of 260 DPCs placed
into storage per year (approximately 3,000 MTHM per year) which is double the required
throughput for the Pilot ISF.

Figure B1-5
C-OPS Alternative — Cask Handling Building (Elevation View)

The building also has a laydown area for impact limiters, staging area for transport casks and
office area. The CHB would be a reinforced concrete structure with thick walls to protect all
SNF casks, canisters, overpacks, and cask-handling equipment from the effects of
earthquakes, tornado winds, tornado-generated missiles, fire, and explosions.

The CHB is designed to provide radiological shielding during canister transfer operations.
The vertical type canister transfer cells with reinforced concrete walls shield workers from
dose intensive operations.

B1-2.0 Concept of Operations
B1-2.1 Material Handling Flow Diagram

Figure B1-6 is a representation of the material handling flow for the C-OPS alternative for
the ISF. It describes the three large material flows of the operation. The central flow is the
movement of DPCs containing SNF to the site. But equally important to the operations of
the ISF are the material flows necessary to support the production of suitable storage
overpacks to place the DPCs into after being accepted by the site for storage. The vertical
storage overpacks are prefabricated by the vendors and shipped to the site as steel structures
packaged to protect them during transit. The site crew unpacks these overpacks and
performs a receipt inspection to ensure that there has been no damage during shipping. Then

B1-9
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the Fabrication Crew completes the fabrication and pours the concrete of the structure to
complete the overpack in accordance with the vendor’s specification. Figure B1-7 shows
concrete being poured into the Holtec HI-STORM 100 overpack steel shell. Figure B1-8
shows the reinforced concrete being applied to the outside of the NAC UMS overpack.

Figure B1-6
Canister Handling Material Handling Flow Diagram
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Figure B1-7
Holtec HI-STORM 100 Overpack Fabrication, Concrete Pour into Overpack

Source: Holtec International
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Figure B1-8
NAC UMS Overpack Fabrication, Reinforcement Placement on Overpack

Source: Maine Yankee Atomic Power Company

For horizontal storage systems, the site fabrication crew needs to erect the DPC storage
modules using the vendor’s pre-fabricated modules that are shipped to the ISF. These
modules are large construction packages and must be carried to the pad and erected and
aligned so that the DPCs can be readily placed into storage. Figure B1-9 shows the
NUHOMS components that will make up the horizontal storage module.

All of the overpack fabrication and erection represents a fairly major construction effort.

B1-11
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Figure B1-9
AREVA TN Overpack Fabrication, Module Components Ready for Assembly

Source: CB&l

The largest operations challenge for the C-OPS alternative is controlling the supply chain to
ensure that the proper storage system and its various components are available to match the
DPC being received from the generator. The licensability of the final DPC is based on the
conformance of the storage system with the original licensed dry storage system. Concrete
takes at least 30-days to cure, so the minimum time required before the vertical overpacks
can be placed into service would be month. However, practicalities of such a large material
receipt and fabrication process would suggest that a 60-day period would be a better basis for
planning. The lead time for delivery of these material components and fabrication of the
initial overpacks is estimated to be 6 to 12 months. Therefore, up to a year ahead of the
receipt of the SNF at the site, the supply chain manager needs to place an order for the
necessary storage system components. Well in advance of delivery of specific DPCs from
generator sites, the ISF staff needs to know what vendor-specific components are needed for
the DPC being delivered. The coordination of the supply chain for the Overpack Fabrication
and the SNF storage operations will be the largest management challenge for this design
alternative.

B1-2.2 Operational Sequence

Cask handling operations are a series of heavy lifts and heavy equipment movements that
move the SNF in sealed DPCs from the rail head to the storage pad. The operational

B1-12
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sequence was benchmarked against ISFSI operations at operating nuclear plants. The C-OPS
alternative is an exact reproduction of the approaches used at nuclear facilities so no
extrapolations were required. The only variation to the existing commercial operational
sequence is the limitation of a single 8-hour shift per day, five days a week. SNF movements
at a nuclear plant are typically a significant operation conducted to make room in the fuel
pool for a refueling outage. As such, they are usually performed in a continuous effort,
utilizing multiple crews working 10 or 12-hour shifts to complete the operation as rapidly as
possible.

Figure B1-10 shows the high-level schedule for the two storage concepts in C-OPS
assuming 8-hour shifts. The operational sequence once the transport cask is accepted into
the CHB can be divided into four major steps:

Opening the transport cask

Moving the DPC into the transfer device or system
Placement of the DPC in the storage overpack and
Preparing for the turnaround of the transport cask.

el AN =

It should be noted that this is essentially a three shift exercise regardless of the original
storage concept used. Even though the vertical DPCs take four shifts to complete all of the
steps in the sequence, there is enough time so that the next railcar shipment could begin
processing while the last steps of the sequence for the preceding shipment were completed.

Most of the effort is associated with unpacking the transport cask and reconfiguring the
transport cask for shipment off-site. These activities take two shifts to accomplish whereas
DPC placement takes about one shift. The key to starting the next DPC process is to move
the railcar out of the way to make room for the next shipment. In the case of the vertical DPC
system, the time to recycle the waste package is nearly identical to the horizontal DPC
system even though it takes significantly longer for the vertical DPC to actually be placed
into storage.

The packaging of the transport cask for railcar transporting is performed in the CHB using a
single-failure proof 200 ton overhead crane. The crane is used to remove the transport cask
cover, the impact limiters and tie-down straps. The crane has adequate capacity to lift the
transport cask and to place the cask where needed. In the case of the vertical DPC, the crane
can place the transport cask vertically on the CHB floor in a canister transfer cell. In the case
of the horizontal DPC, the crane is used to upend and remove the transport cask from the
railcar, place it on the HCT and down end it into the horizontal position.

B1-13
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Figure B1-10
High-Level Operational Sequences

Vertical DPCs in Storage Casks on Pad Shift 1 Shift 2 Shift 3 Shift 4

Opening Transport Cask —
Moving Canister to Transfer Device _

Placement of DPC ]

Returning Transport Cask _

Horizontal DPCs in Storage Modules on Pad Shift 1 Shift 2 Shift 3 Shift 4

Opening Transport Cask —

Moving Canister to Transfer Device .

Placement of DPC ]
Returning Transport Cask _

The vertical transport cask is immediately secured by seismic/stack-up restraints or struts
mounted to the CHB structure. The lid is removed and a transfer adapter or mating device is
attached to the upper surface of the transport cask and a lifting fixture is bolted to the top of
the DPC. During these activities, the workers are on platforms approximately 20 feet above
the ground and they are exposed to the top of the DPC. Once the transport cask lid is
removed, radiation streaming up the gap between the DPC and the transport cask makes the
dose rates experienced while performing this work significant. The upper DPC cover is
shielded making the doses on top of the DPC slightly less than the doses near the upper edge
of the transport cask. Most of the work described above takes place in the higher dose rate
area.

The next step in the vertical DPC cask is to mate the transfer cask onto the transfer adapter or
mating device on top of the transport cask. Once the transfer cask is moved into place, the
work crews need to bolt the cask in place on top of the transport cask. After the two casks
are mated, the dose rates in the work area are minimized. Before the crane can release the
cask, seismic restraints or struts need to be secured to the transfer cask. The overhead crane
lowers a grapple that captures the DPC lifting lug and then the crane extracts the DPC out of
the transport cask and raises it into position in the transfer cask. The bottom of the transfer
cask contains a door that is slid under the DPC and the DPC lowered onto the door. Then,
the workers unbolt the transfer cask and remove the seismic restraints. The crane lifts the
transfer cask and moves it over to the storage overpack that has been prepositioned and fitted
with seismic/stack-up restraints or struts and a transfer adapter or mating device. The
workers reposition themselves to the overpack work platform and bolt the transfer cask to the
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transfer adapter or mating device on the overpack and attach the seismic restraints or struts.
These activities take place in a very low or background dose rate.

The overhead crane lifts the DPC so that the transfer cask bottom doors can be opened,
lowers the DPC into the overpack and releases the grapple. At this point, the workers unbolt
the transfer cask, seismic restraints and the crane removes it and places it in its storage
location for the next shipment. The workers remove the lifting lug assembly and the crane
returns to lift it off of the DPC. Once again, the workers here are exposed to the elevated
dose rates at the top of the DPC.

The workers disassemble the transfer adapter or mating device and remove it. Then they
disconnect the seismic/stack-up restraints coordinated with the movement of the VCT to
grapple the overpack. The overpack lid is captured on the VCT hoist and it is lowered into
position and the workers bolt it to the top of the overpack. Once the lid is in place, the dose
rates on the work platform, drop to lower levels.

The overpack is then transported to the pad for placement in the storage array with the VCT.
This is a slow process but the dose rates are extremely low and workers can distance
themselves from the overpack. If the overpack needs to be bolted to the pad due to the
seismic zone of the ISF site, then the workers performing this activity may be exposed to
relatively high dose rates resulting from streaming out of the air inlet at the bottom of the
overpack.

For horizontal DPCs, the processes and radiological doses are quite different. The railcar
packaging is removed in a manner identical to the vertical case. The crane lifts the transport
cask, rotating the cask from a horizontal to vertical orientation. However, the crane sets the
transport cask down directly onto a nearby horizontal cask transporter (HCT), lowering it
into the horizontal orientation on the HCT. The HCT then moves off to the horizontal
storage overpack on the pad.

While the HCT is making the trip, workers at the storage overpack are preparing to accept
the DPC. They check the alignment makers to ensure that there has been no movement.
They then remove the shield cover from the overpack using a mobile crane. When the HCT
approaches the overpack, the mobile crane is used to remove the transport cask cover. Then,
the HCT and overpack crews align the transport cask with the overpack opening and mate
the transport cask to the opening. The alignment must be true and parallel with the internals
of the overpack to avoid damage to the DPC. Some of these movements and alignment
activities take place in a relatively high dose rate.
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Once the transport cask is mated to the overpack and hydraulic ram is engaged and the DPC
is pushed out of the transport cask into the overpack. Once the DPC is in place and the ram
is withdrawn, the HCT moves back from the overpack. Then, a worker reaches inside the
overpack and places a seismic shear pin into a boss (indention) to prevent the DPC from
sliding into the overpack cover. This is accomplished in a high dose rate and needs to be
done rapidly. After the seismic shear pin is installed, the shield cover over the overpack
opening is reinstalled. This is activity is also conducted in a high dose rate.

B1-2.3 Time and Motion Analysis
B1-2.3.1 Methodology

This alternate is to use currently employed SNF DPC cask handling approaches at the ISF.
Accordingly, the time and motion analysis is based on existing experience. These operational
sequences were developed by subject matter experts in SNF handling. Interviews were
conducted with several individuals with real, hands-on operational experience with moving
SNF to achieve a consensus on the completeness, the durations and the staff size necessary to
achieve each of these constituent activities. These were then pieced together to develop a
bottom up estimate of durations and crew sizes for each step. While activities at nuclear
plants routinely take place on a multi-shift 24-hour basis, this analysis will use the single 8-
hour shift for a 40-hour week. Since the durations and crew sizes already include time for
mobilization and for breaks, those issues are not explicitly described.

Additional steps were added to recognize the practice of having a “Plan of the Day” meeting
and a safety meeting at the start of each shift. Also, steps not envisioned by the subject
matter experts because they are part of the support systems at operating nuclear plants such
as health physics (HP) coverage, record keeping, QA/QC oversight were included. Also,
since operations stop at the end of each shift, steps were added to secure the DPCs during the
off shifts periods.

B1-2.3.2 Conclusion

It is determined that the C-OPS can process an average of five horizontal DPCs placed into
storage every week. This assumes that there are two railbays, with two OTB cranes and four
operating HCTs. However, the vertical DPCs can only average half of that number per
week. This is because the OTB crane is required for most of the steps associated with the
stackup process. Therefore, it cannot be freed up to enable the unpacking of the next
Transport Cask. The attractiveness of this concept is that it is linear. Two heavy lift cranes
in the CHB coupled with two cask transporters of each type result in 5 DPCs every week.

The disadvantage of this approach is that it is labor intensive. In addition, it increases the
radiation exposure necessary for each activity slightly over the more remote techniques. In
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addition, one crane is tied-up because the vertical DPCs are limited to a series operation so
that the crane is required for the DPC transfer processes.

The horizontal DPCs would appear to have an advantage because the crane is available to
unpackage the next transport cask while the HCT is delivering the DPC to the overpack on
the pad. However, a problem arises when HCT returns with the empty transport cask. The
transport cask on the railcar will be completely unpacked but will need to be positioned so
that the crane can pick the emptied transport cask off of the HCT and place it on its railcar.
So, a conservative sequence does not try to take advantage of the down time of the crane by
staggering the processing of two railcars at the same time.

Figure B1-11 below shows the detail schedules for the vertical and for the horizontal
commercial operations alternative.

The activities on the Y-axis are the steps necessary to process the DPCs from when they
enter the CHB until the emptied transport cask is reloaded and the transport packaging has
been reinstalled. The time across the top of the schedule is in hours. The red bars are critical
path activities; the blue are near critical path activities. It has been assumed that it will take
24-hours of observations of the DPC once stored to accept the package. This activity is
shown as a green dashed line on this chart but is not part of the Canister Handling Crew’s
responsibility. It is the hand-off to ISF Operations for long-term surveillance and safeguards.
It will consist of a series of temperature, air flow and radiation measurements over the initial
24-hour period to validate that the expected performance has been achieved.
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B1-3.0 Performance of Structures, Systems and Components
B1-3.1 Facility Layout and Equipment Evaluation

Figure B1-12 shows the layout of the site using the C-OPS cask handling approach. It
shows the location of the CHB in relation to the storage pads and the HCT and VCT haul
routes.

Figure B1-12
Pilot ISF Cask Handling Building in Relation to Storage Area

This approach requires the CHB which is a fairly large structure housing the cranes, rail
bays, canister transfer cells, and VCT and HCT bays.

B1-3.2 Structural and Seismic Evaluation

The seismic stability of the pads and storage overpacks is addressed in Appendix Al. For
Alternative B1, the primary structure affected by a seismic event is the CHB. The CHB is a
fairly large structure. For the 0.25G earthquake, the capacity of the CHB, which is
constructed of reinforced concrete, to resist seismic forces is significant.

For the 0.75G earthquake, the acceleration demands at the top of the CHB are significant
especially when both overhead cranes are carrying large loads. Design consideration must be
considered in relation to the height of the building, placement of the overhead crane rails,
and smallest width of the building. The actual maximum seismic capacity of the CHB will
be dependent on the structure design and material design limits to mitigate the 0.75G
earthquake demands. Additional structures may need to be employed to stabilize the top of
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the structure. In addition, the foundation may need to be thickened to resist overturning
moments applied across the minor axis. The seismic/stack-up restraints or struts will also
need to be considered in the buildings ability to resist seismic loads.

B1-3.3 Radiological Evaluation

The exposures to radiation for the workers at the ISF were based on the time and motion
study and the assumed average dose rates from the DPCs stored at the site. Once installed in
their storage locations, the doses to workers and to the public are quite small. However,
during canister handling operations, workers need to work on top of DPCs and near the
transport cask and the transfer casks. In addition, plant security officers need to visually
inspect the inside of the transport cask for contraband as soon as it is opened and will sustain
some doses. Workers on vertical cask storage units need to bolt a lifting lug directly onto the
DPC and after it has been transferred to the storage overpack.

Most of the activities are conducted well away from the DPC and behind shielding. But
some of the activities require hands-on contact to the DPC or working near the open end of
shield casks or overpacks.

The radiation doses associated with dry storage concepts are well understood and readily
available from the literature regarding ISFSI operations at the generators’ sites. Most of the
radiation doses at operating plant sites are associated with the loading of the storage canisters
in the fuel pool and the subsequent passivation steps of drying, inerting and welding closed
the storage canisters. Once the canisters are loaded into their storage overpack, there are few
remaining issues.

Vertical storage casks have radiation streaming at the bottom of the cask where the cool air
inlets are. Also, when working around the top of the canister in either the transport cask or
the storage cask, the dose rate streaming up the annular gap between the canister and the
shield when the lid is removed is significant to the workers. So care needs to be exercised
with securing the shield cask lid to the top of the cask and with securing the seismic hold
downs for the cask on the pad.

Horizontal storage systems expose workers to higher radiological doses when preparing the
module to receive the used nuclear fuel canister. The shielded cover needs to be removed
from the storage module for the new storage location. However, the storage module is not
well shielded from the neighboring module so that the area around the opening is a high
radiation area. Once the HCT has docked with the storage module, the dose rates are quite
low and remain so during the entire transfer operation. However, in order to secure the
canister seismically, a worker needs to reach into the module and insert a shear pin in the
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module that precludes the canister shifting toward the cover plate during a seismic event.
This is a high radiation evolution that needs to be addressed by the final ISF design. Design
modifications could be developed to eliminate the need to have workers routinely reaching
into a storage module to attach a seismic restraint.

Table B1-2 shows typical dose rates near waste packages of interest for this study. These
values are for a predicted average SNF and were developed using a calculated percentage of
the doses emitted from design base SNF from the vendor FSARs (Reference B1-1 through
B1-13) based on typical nuclear plant experience.

Table B1-2

Typical Dose Rates Near Casks (mrem/hr)

Component Top Top Side Side Bottom
Transport Cask 15.0 31.8 34.0 15.0
Vertical Storage Cask Open 254.0 150.0 44.0 111.0
Vertical Storage Cask Sealed 18.4 20.0 44.0 111.0
Horizontal Storage Module Near Opening 7.1 Inside 163.2

General Area CHB < 0.5 mrem/hr

Section 6.4 of the Report, “Occupational Dose/ALARA Analysis of Storage Alternatives”
shows cask handling operations for R-OPS and their respective doses which are shown in
Table B1-3.

Table B1-3
Duration and Radiation Doses for C-OPS Cask Handling Operations

. Radiation Dose per Transfer
Alternative Storage Duration of Transfer (mrem)
Configuration Operation (hours) (Entire Operations Staff Dose)
C-OPS, Current Typical Vertical 29 391
Canister Transfer Horizontal 24 203
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B1-3.4 Equipment Maintenance Evaluation

This approach relies on proven and demonstrated equipment. Single failure proof overhead
cranes, transfer casks, HCTs, VCTs, mobile cranes and the miscellaneous tools and
equipment necessary for this approach are all proven demonstrated and available
commercially. The cranes and most of the equipment are highly reliable and require only
minimal routine maintenance.

The HCTs and VCTs are extremely complex machines and are designed for episodic
operation. Used continuously, it is reasonable to expect a great deal of maintenance to be
necessary. For that reason, spare transporters should be added to the ISF’s inventory to
ensure availability.

B1-3.5 Licensing Evaluation

This handling alternative is based on existing approaches that have already been reviewed
and approved by the NRC. Therefore, the licensing issues would focus on the repeated
transport cask offload, canister transfer and transporter travel issues. The site specific Safety
Analysis Report will need to detail the CHB structure design and margins, all operations,
work areas within the CHB, radiation doses, and address a suite of manmade and natural
accidents or off-normal events to show that there are no unsafe operations of the ISF.
NUREG-1567 (Reference B1-17) contains detailed guidance that can be followed to ensure
all aspects of this alternative are adequately addressed. The onsite worker doses and offsite
dose to the public will need to be calculated at strategic locations around the ISF to ensure
ALARA.

In addition, the Environmental Report will need to address all facility components and
operational steps to ensure that environmental regulations are adhered to. The ramifications
of the Environmental Report also affect off-site conditions that could be adversely altered
due to traffic from worker numbers, noise, solid waste, liquid waste, sewage water, etc. All
site activities will need to be addressed because this will be the basis for the NRC
Environmental Impact Statement.

B1-3.6 Modular Concepts Evaluation

Modularization of this alternative is not necessary. Once the CHB is constructed it can
provide the storage and throughput needs of the Pilot ISF, Expanded ISF and larger ISF. If
higher throughput rates are desired additional shifts can be added to meet the demands rather
than construct additional cask handling facilities. The approach appears to be essentially
linear. Doubling the shifts and staffing will double the throughput.
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B1-4.0 Summary

C-OPS is the typical means of cask handling at commercial nuclear plants and therefore an
extremely predictable alternative that would serve the ISF well.

This alternative can process a vertical DPC in 4 shifts and a horizontal DPC in 3 shifts.
C-OPS can process an average of five horizontal DPCs placed into storage every week
resulting in an overall throughput of approximately 3,000 MTHM per year. This throughput
can be attained providing the CHB has two rail/truck bays and two overhead cranes. A
higher throughput can be established by utilizing more shifts per day.

The average overall dose to workers is 391 mrem processing a vertical DPC and 203 mrem
processing a horizontal DPC.

In summary, the pros and cons to this alternative, listed from the highest most significant
impact to the lowest least significant impact are as follows:

In summary, the pros and cons to this alternative, listed from the highest most significant
impact to the lowest least significant impact are as follows:

Pros

e The C-OPS process is used at most of nuclear power plants and therefore very
predictable. A wealth of operation procedures are available that have evolved over
25 years to address almost every conceivable issue using the equipment in this
alternative.

e All of the operation steps in C-OPS and transfer casks and ancillary equipment have
been reviewed by the NRC and licensed. Normal, off-normal and accident scenarios
are well understood. The Pilot ISF Site Specific license under 10CFR72 (Reference
B1-18) can utilize all the existing operational information which will streamline the
licensing process.

O
o
>
7]

C-OPS uses a cask handling building to perform transport cask offloading and
vertical canister transfer operations. This facility is a large structure that increases the
cost of this alternative.

e C-OPS relies on a number of manual steps that increases transfer time and personnel
radiation dose.

e There are 13 different systems that need to be accommodated. Currently, each system
has been designed to use its own specific equipment. The C-OPS alternative would
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likely use transfer casks and ancillary equipment designed and licensed for all 13
storage systems. Processing multiple systems will require space to store all the
equipment, multiple procedures, and a variety of equipment that can introduce the
potential for errors. Employing 13 sets of equipment to lift and offload a transport
cask, transfer the DPC from the transport cask to a storage overpack could be
burdensome. The creation of equipment that could be used for multiple systems
would improve the process.
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APPENDIX B2

STUDY 2 - ALTERNATIVE CASK HANDLING METHODS

Alternative 2 — Automated Cask Handling Operations (A-OPS)
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Alternative 2 — Automated Cask Handling Operations
(A-OPS)

B2-1.0 Description of Handling Alternative

Alternative 2 evaluates the impact of improving the cask handling operations by increasing
the automation of the dual purpose canister (DPC) transfer operations. In the current cask
handling operations study, C-OPS in Appendix B1, the cask handling operations are
impacted by several labor intensive steps that slow the overall throughput process and add
radiation doses to workers. .These impacts affect horizontal DSC transfer operation to some
degree and vertical DSC transfer operations to a larger degree. Horizontal DSC transfers are
already automated by the operation of the horizontal cask transporters (HCTs) but there is
room for improvements, some of which are already being implemented in the industry.

Vertical DPC transfers traditionally have been nuclear plant dependent where equipment and
space are limited. In addition, few power plants are designed similarly so the vertical
transfer process is more of an adaptive arrangement tailored to suit plant conditions.

For this study, all of the spent nuclear fuel (SNF) received at the ISF is packaged in canister-
based systems. Canister-based systems use a dual purpose canister (DPC) which is licensed
for both storage and transportation. The DPC is a welded sealed metal container where the
SNF assemblies are placed. The DPC is placed in different overpacks or casks for transport,
storage or transfer between the transport cask and storage overpack. A typical PWR canister
will hold 24 to 37 PWR SNF assemblies and a typical BWR canister will hold 61 to 89 BWR
SNF assemblies. These systems fall into one of two categories: vertical or horizontal type
systems. These methods for cask handling use existing storage system and nuclear plant
infrastructure to be deployed and therefore offer the opportunity for a “standard” option for
the ISF. This alternative for cask handling uses well-known supporting infrastructure.

There are four companies that provide canister-based dry cask storage systems which are:
e AREVATN
- NUHOMS (horizontal) (Reference B2-1, B2-2 and B2-3)

e EnergySolutions
- Fuel Solutions (vertical) (Reference B2-4 and B2-5)

e Holtec International
- HI-STAR (vertical) (Reference B2-6)
- HI-STORM (vertical) (Reference B2-7 and B2-8)
- HI-STORM UMAX (vertical) (Reference B2-9)
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NAC International

- MPC (vertical) (Reference B2-10 and B2-11)
- UMS (vertical) (Reference B2-12)

- MAGNASTOR (vertical) (Reference B2-13)

This alternative considers the canister transfer operations at the horizontal storage module for
horizontal systems and the cask stack-up process used by all vertical systems. These
methods use manual operations and other unsophisticated means of achieving the transfers.
A-OPS will examine the benefits of automating these processes as follows:

Horizontal systems

Reduce overall canister transfer duration

Reduce overall worker radiation dose

Streamline alignment process of the HCT to the storage module
Replace tractor trailer with self-propelled HCT that is easier to position
Add shielding to the transport cask once on the HCT

Install fixtures on the HCT or on mobile equipment that can enhance the transfer
process

Add manipulators at the railbay to assist in trunnion removal of the horizontal
transport cask

Vertical systems

Reduce overall canister transfer duration
Reduce overall worker radiation dose

Replace all DPC system’s transfer casks with a track mounted shielded transfer
sleeve to automate canister transfer, eliminate crane time to perform canister transfer
and standardize the transfer cask for all vertical storage systems

Add cask transfer carts that can move transport casks and storage overpacks in and
out of the canister transfer cells to a set location

Install jib cranes at canister transfer cell entrances to remove transport cask lids for
improved cask preparation time and reduced overhead crane time

Add horizontal canister transfer fixture and hydraulic cask upend fixture to place
horizontal DPC in lifting cage for storage alternatives that use vertical only storage
(C-STD - all vertical storage, C-UGS, C-BGV and C-AGV)
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Figure B2-1 shows a fairly new innovative HCT by Wheelift that employs the first four
improvements listed above for horizontal systems. The Wheelift HCT is self-propelled and
can move in any direction including forward-backward, lateral, diagonal, and rotational.
This enables the unit to move laterally down a narrow apron between rows of NUHOMS
modules and directly in front of a storage module. Current tractor-trailer HCTs require 50’
to 70” of apron width to facilitate the backup movements necessary to place the trailer in
front of a module. In addition, the unit is remotely operated eliminating the need for a
worker to sit for long hauls in close proximity to the transport cask receiving radiation doses.

The Wheelift HCT also incorporates lasers on either side of the machine to enable hydraulic
positioning unit to align to the proper location and elevation required for smooth transfer of
the DPC to the storage module. Typically, conventional methods employ survey equipment
to perform the alignment. The Wheelift HCT also contains a fixture to store the transport
cask lid. These improvements decrease setup time required to position the transport cask to
the storage module and therefore decrease worker doses.

Figure B2-1
Wheelift Horizontal Cask Transporter for AREVA TN Systems

Source: Doerfor Companies
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Figure B2-2 shows an existing innovation used at some nuclear power plants aimed at
reducing large radiation doses caused by the use of low weight horizontal transfer casks.
Low weight transfer casks are used at plants where the overhead crane capacity is lower than
125 tons. The weight is lessened by removing cask wall thickness which removes shielding.
This same principle can be used on horizontal transport casks once they are loaded on the
HCT to lower radiation doses to workers throughout the transport and canister transfer
process.

Figure B2-2
Removal Radiation Shielding on an AREVA TN Transfer Cask

Source: Omaha Public Power District

Improvements can be made during the horizontal canister operation. Some of the highest
dose operations occur when the transport cask lid is removed before the HCT has docked up
to the storage module and before the storage module lid is installed once the DPC has been
transferred into the storage module and the HCT has moved away from the module.
Currently a mobile stick crane is used to lift these lids so that workers can position the lids to
the transfer cask or storage module. This process can be made more automated with fixtures
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hug by the mobile stick crane so that allow the lids to be swung back into place with minimal
worker involvement.

Lastly, installing one or more manipulators at the railbay to assist in removal/attachment of
trunnions on the horizontal transport casks. The NUHOMS transport casks require removal
of their trunnions for shipment in order to stay within rail clearance requirements. The
trunnions are secured to the cask with large bolts. This operation consumes some time and
can add a significant dose to workers. Since the ISF will experience several shipments every
year, it is necessary to institute ALARA measures to reduce doses so that each cask handling
operation does not contribute significantly to the overall facility doses. The manipulators
could be fitted with stud tensioners and grapples that lifted the heavy trunnions out of the
way rather than using the overhead crane.

Figure B2-3 shows a conceptual 3D cutaway view of the canister transfer cell inside the
CHB and transfer sleeve. Vertical canister transfers must be performed every week,
therefore adding a track mounted shielded transfer sleeve and cask transfer carts will
automate the entire canister transfer process and enhance safety, reduce operation time, and
reduce radiation doses. For vertical-type systems, processing several different DPC systems
would be cumbersome at best. Rather than employ several individual transfer casks, lifting
yokes, and associated handling equipment from each system, the shielded transfer sleeve
would perform the canister transfer operation for all storage systems processed through the
CHB.

Since the overhead crane would not be used for canister transfer operations, it frees the
overhead crane for offloading impact limiters, placing the incoming transport casks onto the
cask transfer carts, and transferring horizontal transport casks onto the HCT.

The shielded transfer sleeve, which is open on top and bottom, would be positioned on a
floor above the transfer cell on tracks and designed to be positioned over an opening located
directly above the transport cask and storage overpack. The transfer sleeve would be rail-
guided and operate remotely. It would be constructed with a steel and lead gamma shield
and neutron shield, like any other transfer cask, so as not to preclude personnel from being
near it when it contains a DPC. But it could operate remotely to vastly reduce radiation
doses to workers during canister transfer operations. Since the ISF would be performing
canister transfers every week, it is essential that the canister transfer radiation doses are
mitigated to the maximum extent possible.

To prevent radiation streaming as the DPC is passing up or down through the floor opening,
shielding could be placed around the openings or a shielding collar could be used to fit each
cask.
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The use of the transfer sleeve would eliminate the cask “stack-up” configuration, in which
the transfer cask is placed on top of a storage or transport cask to facilitate canister transfer
between the casks. In addition, stacked cask stability during a seismic event is eliminated
with use of a transfer sleeve. The installation of seismic struts to prevent a tip-over event,
which take time to install or remove and subject workers to radiation doses, is eliminated. A
single-failure-proof hoist would be mounted to the top of the shielded transfer sleeve to raise
and lower the DPCs removing any need for overhead crane time.

Figure B2-3
3D Conceptual Cutaway View of the Canister Transfer Cell and Transfer Sleeve

Another innovation is the use of cask transfer carts that would be used to move both the
transport cask and storage overpack in and out of the canister transfer cell. After the
overhead crane unloads the transport cask, it would place the cask onto a transfer cart. The
transfer cart would move the transport cask to a set position, directly under and fully aligned
with the floor opening below the transfer sleeve. Likewise, a vertical cask transporter (VCT)
would place a storage overpack onto a second transfer cart. This cart would move the
storage overpack to a set position under a second floor opening. Once in place the transfer
sleeve could retrieve the DPC from the transport cask, roll into position above the storage
overpack and lower the DPC into the overpack. The transfer carts enable the canister
transfer cell to be closed during the transfer to limit radiation dose exposure yet allow
workers to enter the cell if there is a problem.
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A third innovation is the use of a wall-mounted jib crane to enable removal of the transport
cask lid prior to entry into the canister transfer cell. Figure B2-4 shows the jib cranes in
relation to the canister transfer cell door. The figure also shows the transport cask on a
transfer cart. The jib crane would be sized for the lid weight. Once the lid was unbolted and
secured by the jib crane, the lid could be swung out of way and then back again for
reinstalling after the transport is returned from the canister transfer cell. The storage
overpack lid would be removed and supported by the VCT that brought the overpack to the
CHB. This is an innovation that came out of the dry cask industry and has proven to be a
time saver. Removing both lids keeps the canister transfer cell free from lids, which
consume valuable floor space.

Figure B2-4
3D Conceptual View of Jib Cranes for Securing the Transport Cask Lids

Lastly, the CHB could be designed with bays to facilitate a horizontal canister transfer
fixture and hydraulic cask upend fixture. The fixtures would only be necessary for storage
alternatives that use vertical only storage (C-STD-all vertical storage, C-UGS, C-BGV and
C-AGV).
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The horizontal transport canister would be offloaded from the railcar and placed on a HCT.
The HCT would then move to this bay, align with the horizontal canister transfer fixture and
the DPC pushed from the transport cask into the horizontal canister transfer fixture (See
Figure B2-5). After the DPC is transferred, the horizontal canister transfer fixture would be
upended using the hydraulic cask upend fixture. Once in the vertical position, the lifting
cage with horizontal DPC cage would either be hoisted up into the transfer sleeve, moved
over a standardized storage overpack (C-STD) or picked up by the VCT and transported to
the underground storage system (C-UGS) or to a vault (C-BGV or C-AGV).

Figure B2-5

3D Conceptual View of Horizontal Canister Transfer Fixture

Table B2-1 provides a comparison of major vertical canister transfer steps between C-OPS,
A-OPS, R-OPS and S-OPS.

Table B2-1

Comparison of Major Vertical DPC Transfer Operational Steps

Major C-OPS steps

Major A-OPS steps

Major R-OPS Steps

Major S-OPS Steps

Transporter removes lid and
moves storage overpack into
transfer cell.

Transporter removes lid and
moves storage overpack into
transfer cell.

Transporter removes lid and
moves storage overpack into
transfer cell.

Transporter removes lid and
moves storage overpack to
rail siding.

Overhead crane places
transport cask into transfer
cell

Overhead crane places
transport cask onto transfer
cart.

Overhead crane places
transport cask onto transfer
cart.

Gantry crane places
transport cask on hard stand

Overhead crane removes
transport cask lid

Jib Crane removes transport
cask lid

Jib Crane removes transport
cask lid

Gantry crane removes
transport cask lid
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Major C-OPS steps

Major A-OPS steps

Major R-OPS Steps

Major S-OPS Steps

Transfer Cart moves
transport cask into cell

Transfer Cart moves
transport cask into cell

Transport Cask is secured
seismically to hard stand

Transfer cell doors are
closed

Transfer cell doors are
closed

Transfer cell doors are
closed

Mating adapters are
mounted to top of transport
cask and storage cask.

Mating adapters are
mounted to top of transport
cask and storage cask.

Overhead crane places
transfer cask on transport
cask.

Transfer sleeve is located
over transport cask

Overhead crane places
transfer cask on transport
cask.

Seismic/stack-up struts are
attached to transfer cask.

Seismic/stack-up struts are
attached to transfer cask.

Transfer cask is bolted to
mating adapter.

Transfer cask is bolted to
mating adapter.

Overhead crane raises DPC
from transport cask up into
transfer cask.

Transfer sleeve hoist raises
DPC from transport cask into
transfer sleeve.

Dedicated cell crane raises
DPC from transport cask

Gantry crane raises DPC
from transport cask up into
transfer cask.

Transfer cask is unbolted
from mating adapter.

Transfer cask is unbolted
from mating adapter.

Seismic/stack-up struts are
removed from transfer cask.

Seismic/stack-up struts are
removed from transfer cask.

Overhead crane moves
transfer cask from transport
cask to storage overpack.

Transfer sleeve is moved
from transfer cask position to
storage overpack position.

Gantry crane moves transfer
cask from transport cask to
storage overpack.

Seismic/stack-up struts are
attached to transfer cask.

Seismic/stack-up struts are
attached to transfer cask.

Transfer cask is bolted to the
mating adapter.

Transfer cask is bolted to the
mating adapter.

Overhead crane lowers DPC
from transfer cask to storage
overpack.

Transfer sleeve hoist lowers
DPC from transfer sleeve to
storage overpack.

Dedicated cell crane lowers
DPC into storage overpack.

Gantry crane lowers DPC
from transfer cask to storage
overpack.

Seismic/stack-up struts are
removed from transfer cask.

Seismic/stack-up struts are
removed from transfer cask.

Transfer cask is unbolted
from mating adapter.

Transfer cask is unbolted
from mating adapter.

Transfer cask is removed
and placed back into storage
location.

Transfer cask is removed
and placed back into storage
location.

Mating adapters are
removed from storage and
transport casks.

Mating adapters are
removed from storage and
transport casks.

Outside doors are opened

Outside doors are opened

Outside doors are opened.

B2-9

ADYANT dVITONN 40 FI1440 — ADHANT 40 LNFNLHVHIA FHL 73N YVITONN Ad3ISN 40 FOVHOLS AHA JO4 SIAILYNYILTV NOIS3A DIHINID — 9T "ON d3AHO MSVL



CB&I FEDERAL SERVICES LLC

Major C-OPS steps

Major A-OPS steps

Major R-OPS Steps

Major S-OPS Steps

VCT drives into transfer cell

Transfer cart moves storage
overpack outdoors.

Transfer cart moves storage
overpack outdoors.

VCT maneuvers onto hard
stand

VCT attaches to storage
overpack

VCT attaches to storage
overpack

VCT attaches to storage
overpack

VCT attaches to storage
overpack

Storage overpack lid is
bolted on.

Storage overpack lid is
bolted on.

Storage overpack lid is
bolted on.

Storage overpack lid is
bolted on.

VCT takes storage overpack
to pad.

VCT takes storage overpack
to pad.

VCT takes storage overpack
to pad.

VCT takes storage overpack
to pad.

B2-1.1 Cask Handling Building

The A-OPS ISF would utilize a cask handling building (CHB). The purpose of the CHB is
threefold; 1) receive SNF shipments (railcar and transport cask) in an environmentally
controlled area; 2) provide the facilities to offload transport casks from railcars and place
them on the horizontal cask transporter for horizontal systems or 3) offload transport casks to
an radiological shielded area and transfer the DPCs from the transport casks to storage
overpacks for vertical systems. A fourth purpose could be added in order to place a
horizontal DPC into a lifting cage and upended if this alternative were used for placement
into a storage overpack (C-STD-all vertical storage), underground storage system (C-UGS)
or vault storage (C-BGV or C-AGV) alternatives.

The building would be designed to provide physical protection for the canisters and radiation
shielding to the workers. For this alternative, the Cask Handling Building is laid out with all
the features discussed above as shown in Figure B2-6 and Figure B2-7.

The CHB for alternative A-OPS incorporates all of the automation features to improve
throughput and operation as well as reduce worker doses. The building consists of two sets
of a rail bay and truck bay servicing 2 vertical type canister transfer cells. This floor plan
also includes two bays for moving a horizontal DPC into a lifting cage which is required for
storage alternatives without horizontal storage since the horizontal DPCs have not means for
vertical lifting.

The CHB has two dedicated 200 ton single-failure-proof overhead bridge cranes that can be
used across the entire building but can travel independently from rail/truck bay to the transfer
cells so that two cask handling operations can be performed at one time. When performing
the operations evaluation, it was determined that a single rail/truck bay and 2 transfer cells
would accommodate the required throughput of 1,500 MTU. The second half of the building
is added for redundancy so that any one equipment failure will not jeopardize the required
throughput. However, this redundant set of cells and bays would also enable a higher
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throughput. This design of the CHB can accommodate a throughput that will enable 5 DPCs
to be placed into storage each week using 1 shift per day. This translates into an annual
throughput of 260 DPCs placed into storage per year (approximately 3,000 MTHM per year)
which is double the required throughput for the Pilot ISF.

Figure B2-6
A-OPS Alternative — Cask Handling Building (Plan View)

The building also has a laydown area for impact limiters, staging area for transport casks and
office area. The CHB would be a reinforced concrete structure with thick walls to protect all
SNF casks, canisters, overpacks, and cask-handling equipment from the effects of
earthquakes, tornado winds, tornado-generated missiles, fire, and explosions.

The CHB is designed to provide radiological shielding during canister transfer operations.
Four vertical type canister transfer cells with reinforced concrete walls shield workers from
dose intensive operations.
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Figure B2-7
A-OPS Alternative — Cask Handling Building (Elevation View)

B2-2.0 Concept of Operations

B2-2.1 Material Handling Flow Diagram

A-OPS evaluates labor-saving automated systems to improve the transfer of the DPC from
the transport cask into the storage overpack. Instead of using riggers as spotters and a local
crane operator to conduct the transfers, the A-OPS alternative uses remote sensors, and
automated transfer carts and shielded transfer sleeves. The DPC transfer requires a canister
transfer cell in the CHB to simplify DPC canister transfer operations. The transport cask is
unpacked and placed vertically in a transfer cart. The transport cask lid is removed and a
lifting lug assembly is bolted onto the top of the DPC. The cart then moves into the
unloading side of the canister transfer cell and the shield door is closed. An automated
shielded transfer sleeve mounted on rails above the transfer cell self-positions itself over the
DPC lifting lug.

A hoist in the transfer sleeve lowers a grapple that engages the lifting lug and lifts the DPC
up into the transfer sleeve. The transfer sleeve then rolls over to the receiving side of the
transfer cell and aligns itself over the storage overpack that is prepositioned in the receiving
side of the cell. The DPC is lowered into the storage overpack and the grapple is disengaged
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and withdrawn back into its uppermost position in the transfer sleeve. The storage overpack
for this alternative is assumed to be the same as the original storage system used for this DPC
at the SNF generator’s site. The storage method will continue to be employed here at this
version of the Interim Storage Facility (ISF).

Figure B2-8 is a representation of the material handling flow for the A-OPS alternative for
the ISF. It describes the three large material flows of the operation. The central flow is the
movement of DPCs containing SNF to the site. But equally important to the operations of
the ISF are the material flows necessary to support the production of suitable storage
overpacks to place the DPCs into after being accepted by the site for storage. The vertical
storage overpacks are prefabricated by the vendors and shipped to the site as steel structures
packaged to protect them during transit. The site crew needs to accept these packages as
undamaged and then complete the fabrication and place the concrete necessary to complete
the shield cask in accordance with the vendor’s specification.

For horizontal storage systems, the site fabrication crew needs to fabricate and erect multi
DPC storage modules using the vendor’s design and components from the vendors. These
modules are larger and more complex construction packages than the vertical overpacks and
take longer to construct and to align to ensure that the DPCs can be readily placed into
storage. Horizontal overpacks contain multiple DPCs so the lead time issues are exacerbated.
The horizontal overpack represents a fairly major construction effort.

Figure B2-8
Canister Handling Material Handling Flow Diagram*
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The largest operations challenge for the A-OPS alternative is controlling the supply chain to
ensure that the proper storage system and its various components are available to match the
DPC being received from the generator. The licensability of the final DPC is based on the
conformance of the storage system with the original licensed dry storage system. The
preparation time for an overpack is at least a month after receipt of the hardware from the
storage system vendor. The lead time for this shipment could be six to twelve months.
Therefore, up to a year ahead of the receipt of the SNF at the site, the supply chain manager
needs to place an order for the necessary storage system components. Well in advance of
delivery of specific DPCs from the generator sites, the ISF staff needs to know what vendor-
specific components are needed for the DPC being delivered. The coordination of the supply
chain for the Overpack Fabrication and the SNF storage operations will be the largest
management challenge for this design alternative. The correct DPC overpack needs to be
staged in the receiving cell of the canister transfer cell or horizontal storage area prior to the
beginning of the transfer process.

B2-2.2 Operations Sequence

Cask handling operations are a series of heavy lifts and heavy equipment movements that
move the SNF in sealed DPCs from the rail head to the storage pad. The process sequence
was benchmarked against ISFSI operations at operating nuclear plants. Although no one has
actually performed all of the operations at an ISF, each operation has a precedent established
in the nuclear industry. The crew sizes and the durations necessary to perform each activity
therefore has basis.  This benchmarking provides the underpinning supporting this
operational sequence and the Time and Motion analysis in the following Section B2-2.3.

Table B2-2 lists all of the steps in the vertical DPC cask handling sequences. It shows the
crew sizes and the durations for both the Base Case C-OPS process sequence and from the
improved A-OPS sequence. As can be seen, the A-OPS approach reduces the duration of the
cask transfer operations in C-OPS from the Base Case primarily by reducing the number of
steps required. Whereas C-OPS takes four shifts to complete the cycle, the A-OPS takes
only 2% shifts. This reduction is achieved by simplifying and automating certain of the
heavy lift activities associated with the positioning of the shielded casks and lifting and
lowering the DPC with an automated process. These automated transfer systems not only
reduce the time spent aligning the position of the heavy awkward casks relative to each
other; it also reduces the crew sizes needed for the operations. This impact has the added
benefit of reducing the radiation exposures to the workers for each DPC moved into storage.
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Figure B2-9 shows the high-level schedule for the two storage concepts in C-OPS assuming
8-hour shifts. The vertical DPC shows the impact of the A-OPS improvements while the
horizontal DPC schedule is presented for comparison. The operational sequence once the
transport cask is accepted into the CHB can be divided into four large blocks:

1. Opening the Transport Cask

2. Moving the DPC into the Transfer device or system

3. Placement of the DPC in the Storage Overpack and

4. Preparing for the turnaround of the Transport Cask.
Table B2-2

Impact of Automated Canister Transfer Operation

C-OPS A-OPS
Process Steps A-OPS for Vertical DPCs | Total | Duration | Total | Duration | Basis
Staff (hrs) Staff (hrs)
0) Plan of the Day and Safety Meeting 14 0.5 11 0.5 SDt;rflgrird Duration - Staffing
Receive transport cask on railcar at Cask
1) Handling Building 1 L 1 L No Change
2) Remove impact limiters and place in 8 3 8 3 No Change
temporary storage
Upend and lift transport cask off of railcar No Change
3) - 4 2 4 2
and place on unloading cell
3a) | Remove railcar from Railbay 5 1 5 1 No Change
4) Secure Seismic restraints to Transport Cask 10 2 Not Required
Stage Empty Storage Cask into Receiving 50% reduction due to automated
5) - 6 1 6 0.5 -
Cell using VCT positioning system
Unbolt empty storage cask lid and hoist on 25% reduction due to specialized
6) 7 1 6 0.75 .
VCT detorgue machines
7 Retract VCT from receiving cell and close 4 05 4 05 No Change - Manual Process
shield doors
75% reduction due to automated
8) Secure Seismic Restraints to Storage Cask 6 1 3 0.25 self-powered cart and preinstalled
restraints
9) Mount adapter plates to Storage Cask 9 0.5 Not Required
9a) Plan of the Day and Safety Meeting 12 0.5 10 0.5 SD:tif}rffrz;rd Duration - Staffing
10) ynbolt and remove transport cask lid using 9 1 9 1 No Change - Manual Process
jib crane
11) | Attach lifting lug to top of DPC 9 1 9 1 No Change - Manual Process
12) | Mount adapter plates to Transport Cask 14 1 Not Required
Install the Transfer Cask on Transport Cask .
13) using the OTB Crane ! L Not Required
14) El(;ltte Transfer Cask to Transport Cask adapter 12 1 Not Required
Raise DPC from Transport Cask up into 25% Reduction due to automated
15) 7 1 4 0.75 g
Transfer Cask positioning sys.
15a) | Plan of the Day and Safety Meeting 11 0.5 10 0.5 SDtii?grird Duration - Staffing
16) Unbolt Transfer cask from the adapter plate 13 1 Not Required
Move Transfer Cask to the Storage Cask 50% reduction due to automated
17) - 5 1 3 0.5
using OTB crane self-powered transfer cart
18) :)BI(;ItL Transfer Cask to Storage Cask adapter 9 1 Not Required
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C-OPS A-OPS
Process Steps A-OPS for Vertical DPCs | Total | Duration | Total | Duration | Basis
Staff (hrs) Staff (hrs)
19) Lower canister