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1.0 INTRODUCTION

The scope of the Spent Nuclear Fuel Project includes retrieval of all spent nuclear tirel at the K
Basins for packaging and transportation to interim storage (Womack 1996). The configuration of
systems selected for K Basin fuel retrieval and storage was based on evaluations of alternative
strategies that resulted in defining a group of systems for placing the fiel in dry storage (l?ulton
1994 and Gerber 1996). A two step drying process was selected from the alternative evaluated to
expedite the schedule for removrd of fuel tlom the K Basins. Further fuel characterization and
analysis provided a basis for eliminating the high temperature drying step (Rasin 1997).

Cask Loadout represents the steps required, after fuel retrieval, to move spent nuclear tlrel (SNF)
tlom the K Basins to the Cold Vacuum Drying Facility (CVDF). As shown in Figure 1, fiel is
cleaned and repacked into fiel baskets by the Fuel Retrieval System (l?RS) at the K Basins. The
Cask Loadout process places loaded fhel baskets from the FRS into a Multi-Canister Overpack
(MCO) and places the loaded MCO on a conveyance in preparation for the move to the CVDF.

The scope of this document is to describe the technical bases for the Cask Loadout process,
equipment and equipment performance used in the process. The document is intended for use as
a reference for personnel responsible for startup and operation of the Cask Loadout processes.

Figure 1- Generalized Description of MCO Loading and Cask Loadout
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2.0 PROCESS SUMMARY

The Cask Loadout process encompasses the steps required to prepare cleaned and packed spent
nuclear fiel for transfer from the K Basins to the Cold Vacuum Drying Facility. The firel, in
baskets, is received flom the fuel retrieval system following cleaning. The fuel baskets are loaded
into an MCO/Cask while underwater in the K Basins. The MCO/Cask is then removed tlom the
basin, and placed on a conveyance for transfer to the Cold Vacuum Drying Facility for free water
removal.

During basket loading, special attention is given to the number and position of baskets of scrap
placed in each MCO/Cask. A maximum of two scrap baskets shall be loaded into each MCO.
These baskets shall only, be placed in the top or bottom tier loading positions. These
corrtiguration restrictions are required to keep thermal and gas generation within the approved
SARP analyses,

The MCO/Cask is configured for shipping prior to placement on the conveyance for transfer.
Con@n-ing the MCO/Cask for transfer involves venting the MCO to the cask cavity, sealing the
cask, and backfilling the MCO/Cask with helium. This configuration precludes the presence of
flammable gas mixtures by lowering the oxygen content and allows for gas expansion.

The resulting MCO/Cask is then ready for transfer to the CVDF for free water removal. The
MCO/Cask can be placed on the conveyance, and safely transported to the CVDF. In this
configuration the MCO/Caak shipping window is defined as 24 hours.

2- I



HNF-2169, Rev, O

3.0 PROCESS DESCRIPTION

The Cask Loadout process takes spent nuclear iirel (SNF) repackaged during fiel retrieval
through the steps required to prepare it for transfer to the Cold Vacuum Drying Facility (CVDF)
for processing. These activities occur in the lOOK Area at the KE and KW Basins. Figure 2
provides a summary level schematic of the Cask Loadout process. The process begins with K
Basin receipt of an empty MCO/Cask from the Canister Storage Building (CSB). The MCO/Cask
is removed from the conveyance and placed in an immersion pail, the pail is filled with water, the
MCO is flooded, and the pail is lowered into the basin south loadout pit. Once in the pit, the
MCO/Cask is loaded with fuel baskets staged in the fiel retrieval queue. When till, the shield
plug assembly is installed and the MCO/Cask and immersion pail are raised to the top of the pit
where the MCO/Cask is sealed and backfilled with helium. The MCO/Cask is then removed from
the pail, and placed on the transfer conveyance. Once the MCO/Cask is placed on the conveyance
and secured, it is ready for transfer to the CVDF for free water removal.

The Cask Loadout activities are supported by the CSB, the Fuel Retrieval System, the Integrated
Water Treatment System (IWTS), the K Basin Utilities, the K Basin Crane Utilities, and the K
Basin Warehouse. The CSB provides the empty MCO/Cask into which fnel baskets are loaded.
The Fuel Retrieval System cleans and loads SNF into baskets, providing the main feed for cask
loadout. The K Basin Utilities provide air, water, electrical, and hydraulics for MCO loading and
tooling. The K Basin Crane Utilities provides the hydraulics, air, and electrical supply for the
crane. The K Basin Warehouse provides an area for staging the shield plug assemblies, long
process tubes, and associated components prior to assembly, The IWTS provides demineralized
(tlesh makeup) water to till the immersion pail and to decontaminate the MCO/Cask following
immersion, and deionized water to till the MCO and “flush” the South Loadout Ph. Excess flush
and decontamination water is also returned to the IWTS.

The following sections provide an expanded description of the process supporting completion of
cask Ioadout.

3.1 Process Feed (Goldmarm 1998a and Pajunen 1997b)

The Cask Loadout process receives several inputs or feeds from other SNF Project systems.
These feeds include both the SNF and the equipment required to overpack and transfer the SNF
to the CVDF for free water removal. Fuel inputs to the process include loaded fiel and scrap
baskets from the fuel retrieval system. Equipment feeds arriving at the basin include the
MCO/Cask (loaded on the transport trailer and containing the locking ring), long. process tube,
and shield plug assembly. Essential material feeds include compressed air, basin water, heliurq
and electricity.

3-1
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F@re 3 shows an assembly drawing of the transport trailer loaded with the MCO/Cask. The
trailer has a design payload of 60,000 pounds, an overall length of 40 feet, and an overall width of
10 feet. The ground clearance is 12 inches, and the goose neck clearance is 96 inches to the
tractor. The loaded deck height is 36 inches at the tlont end, and the loaded fitlh wheel height (at
the back) is 44 inches, The tri-rcde semi trailer is equipped with air brakes and air ride
suspension. Hydraulic-powered legs are provided to facilitate tractor coupling and uncoupling.
Attachment points for seismic restraints have been included in the trailer design; however, seismic
restraints will not be used in the K Basins.

The tie down system for the cask/MCO assembly is a fixed system that is an integrrd part of the
conveyance system. Approximately 118 inches above the deck of the trailer, the cask is secured
by a cask tie down device mounted onto a fixed frame of constructed of structural tube members
and braced to the trailer deck with four structural tube members. The tie down system is
constructed of rectangular structural steel tubing frame, which is welded to the transport trailer
bed. The cask tie down device is designed as a hinged clamshell ring where each half section
pivots about a fixed 1.5-inch hinge pin and secured with three 1.5-inch hex head bolts. The inside
diameter of the clamping ring is constructed of 606 I-T6 aluminum and equipped with a Neoprene
gasket which forms a tight fit with the cask. Attached to the clamping ring are four cask hold-
down brackets, equally spaced around the circumference, which restrain vertical movement of the
cask. While witbin the cask tie down device, the cask rests in a vertical position with the bottom
of the cask recessed in a section of the main deck.

The transport cask assembly drawing is shown in F@re 4. The cask is a vertical, cylindrical,
stainless steel vessel with an outside dkmneter of approximately 40 inches, and a height of

approximately 170 inches. The overall packaging assembly, including the lifdng device,has an
outside diameter of approximately 44 inches and an overall height of 190 inches. The cask cavity
has an inside diameter of 25 inches and is 160 inches tall. The cask consists of a forged 7 inch
(approximately) tbic~ 170 inch long stainless steel cylinder with an integrally welded stainless
steel bottom head that is 6 inches thick (Edwards 1997).

The cask lid, also shown in Figure 4, is a stainless steel forging with a 3.5 inch thick top and 3
inch sides, an outer diameter of 35.5 inches, an inner diameter of 25.5. inches, and a height of 11
inches. The lid has a 4 inch tall, 4 inch wide flange at its base, making the lid diameter 40 inches
at the flange. The base of the lid has a dovetail groove whose inner diameter is 4 inches from the
base exterior. The interior of the lid base also has a 2 inch wide, 1 inch tall notch that mates with
a similar-sized extension in the cask shell. The lid is bolted to the cask body with Welve 1.5-inch
diameter bolts, which are arranged on a circle with a 36 inch diameter. A single Butyl rubber o-
ring seal (trademark of Dewitt Products) forms the containment boundary between the cask body
and lid. Lld installation is guided by two alignment pins that are integral to the cask body
(Edwards 1997). Two lifting brackets are welded to the cask lid for lifting the cask and the lid.
The brackets protrude 20 inches ffom the lid surface, and a 4 inch diameter trurmion is welded to
each bracket.

3-7
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The cask, with lid installed, has two vent ports and one drain port. The centers of the vent ports
are located 5 inches from the exterior rim of the cask lid, while the drain port is positioned in the
side of the cask body, 4 inches ffom the bottom. The drain port is closed with quick-disconnect
couplings having an inside dkrneter of 0.63 inches. The drain port is covered by a 6 inch
diameter, 0.75 inch thick cover that is bolted onto the cask with four 0.5 inch bolts. An alternate
drain cover may also be used. The alternate drain port cover is also 0.75 inch thick and uses four
0.5 inch bolts, but has a 3 inch long, % inch thick “snout” that projects into the drain port cavity
to ease installation. One vent port is closed with a quick-disconnect coupling approximately 0.5
inch in diameter, which is covered by a 6 inch diameter, 3Ainch thick cover that is bolted to the lid
with four’% inch bolts. The other vent port is closed with a brass socket head cap screw, ‘%inch
in diameter, and is covered by a 3Ainch thick cover that is threaded into the lid with a 0.5 inch
deep “snout”. All ports or their cover plates utilize Butyl rubber o-ring seals as the containment
boundary (Edwards 1997).

As shown in Figure 5, the MCO is a vertical, cylindrical stainless steel container used to retain
spent fuel. The overall dimensions of the MCO are 24 inches in diameter by 160 inches tall. The
wall thickness is 0.5 inch. The shell is welded to a stainless steel bottom forging 24 inches in
diameter. The bottom plate is 2 inches thick with a center area approximately 0.88 inch thick,
forming a deep pocket that minimizes residual water after draining. A 10.5 inch shielding
thickness shield plug (overall height approximately 16 inches) is inserted into the top of the MCO.
The shield plug has a 4 inch wide, 7 inch tall annular section cut out of the top, for MCO locking
and liflhrg ring placement. The locking and lifthg ring is threaded on the outside, mating with
threads on the intenor of the MCO shell collar. Eighteen 1-1/2 inch jack bolts penetrate the
locking and lifting ring to forther compress the MCO serd. The top of the shield plug has four
penetrations which connect to appliances and plug valve actuators that are used for fiel drying
inside the MCO and other purposes. The ports are described on Note 10 of H-2-828045, Sheet 1.
For shielding purposes, all four penetrations have double bends as they penetrate the shield plug
(Edwards 1997).

The MCO Shield Plug, seen in F@rre 6, is a multi tlmctional component of the MCO, providing
corriinement, containment, and axial shielding during various stages of the SNF condhiorring
process. The shield plug also retains the main MCO seal. The shield plug has a maximum
diameter of 24 inches, and a shielding thickness of 12 inches of steel. The process ports are 5.5
inches in diameter, The ports, shown in F@rre 5, fimction as follows (Goldmarm 1998a):

1. Port One is a multifunction port which utilizes a threaded connection that will be plugged.
It connects with a one inch penetration to the internal HEPA filter bank. The port cover
plate has a four bolt pattern.

2. Port Two connects with a one inch penetration to the internal HEPA filter bank with a
process plug valve. The shield port cover has a four bolt pattern. This port is primarily
for vacuum process exhaust. The port cover plate has a four bolt pattern.

3-1o
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3. Port Three connects with a 0.54 inch diameter axial process tube, and has a process plug
valve. The flange cover has a five bolt cover flange and sealing surface that mates with
the operator tool. This port is primarily for bulk water removrd and is 2 mm screened.

4. Port Four connects to a 2 mm screened short process tube through a one inch diameter
connection. The process plug for this port has a one inch rupture disk built into the upper
portion. The rupture disk is replaceable by changing the process plug. The rupture disk is
sandwiched between the top and bottom of the plug. This assembly is welded together
such that the rupture dkk is also welded to the bottom of the plug. The cover flange has a
four hole pattern that can contain either a blind flange for sealing or a flange with a 1 inch
or 1/4 inch orifice. This port also serves as a backup to Port #2 as an unfiltered process
exit port.

Ports 2-4 have a hollow, cross-drilled, threaded plug that seals when filly engaged, but allows
flow when the plug is turned out until the cross-drilled holes are exposed and the seal disengaged,
the metal serd can reseal over 10 times (verified through testing, guaranteed for 5 times) when the
plug is torqued into place. All the cover plates have capture bolts which allow for remote removal
and installation of the covers. The cover plates use a metal C-seal that requires a relatively low
sealing pressure and has a slightly eccentric shape which snaps to the cover plate, facilitating
remote handling.

The primary seal for the MCO seals the MCO shell to the shield plug. The primary seal is a
Helicoflex seal comprised of a high strength alloy spring covered with a 300 series stainless steel
jacket encompassed by a silver outer jacket. The seal is held in place with four stainless steel clips
that are secured to the shield plug. This seal, when properly preloaded (recommended minimum
value of 1700 pounds per inch of seal), will maintain a leak tight condition. The seal is similar to
the standard mechanical seals approved by the NRC for dry flrel storage.

The preload on the seal is maintained using a locking ring and jacking bolt arrangement. The
locking ring is a stainless steel forging that is threaded into the buttress threads on the MCO collar
after the MCO is removed from the pool. This ring provides a grapple interface for MCO
handling and support for the jacking bolts that preload the shield plug and the seal. Eighteen SA-
193 B8S 1-1/2 inch set screws are threaded into the locking ring. The screws serve as jacking
bolts to preload the seal and were sized to maintain the appropriate preload throughout the
operating temperature range while not allowing the joint components to yield. An integral
compression limiter in the shield plug sets the strain on the seal.

The baskets of fuel and scrap received from the fiel retrieval system have slightly different designs
based on enrichment of the fuel which they contain. Two series of storage baskets exist: the Mark
1A higher errrichment storage baskets, and the Mark IV storage baskets. Each series is comprised
of a fiel basket and a scrap basket. The Mark 1A storage baskets are designed to accommodate
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tiel assemblies that are 20.91 inches long and 2.40 inches in diamete~ Mark IV storage baskets
accommodate feel assemblies 26.1 inches long and 2.42 inches in diameter.

The Mark 1A storage baskets, Figure 7, consist of a center six inch pipe welded to a bottom
support plate with six support rods at the periphery of the plate. The center pipe and six support
rods (parallel to the center pipe) makeup the main basket structural members. The basket also
has a sheet metal shroud enveloping the six support rods and an aluminum fiel rack plate in the
bottom to help position the fiel during handling the rack plate has 48 holes to receive the fiel.
Between the bottom plate and the rack plate is a layer of expanded metal to keep the fiel ffom
resting directly on the plate effecting draining and circulation. The expanded metal layer prevents
gas flow blockage through the % inch diameter holes in the bottom support plate. Neither the
expanded metal nor the spacer plate are connected to the support plate, n&imizing the bending
moment couple loading to the bottom plate during a side drop accident. The six support rods on
the periphery of the plate are trapezoidal in shape and the length is tolerance so that they share
the load with the center tube during ~al loa&g. This is done to ensure that the bottom plate is
not deformed significantly and can still support the center pipe during a horizontal drop following
a vertical drop. All of the structural members of the Mark 1A basket are designed to meet ASME
Section 11 Subsection NG requirements, supplemented by criticality control deformation limits
from the Performance Specification (Goldmann 1998b).

The Mark 1A scrap basket, shown in F@rre 8, is similar to the Mark 1A storage basket in design,
criticality control, and ASME code requirements. The major difference is that the copper shroud
extends the fill length of the support rods, and there is no aluminum positioning plate or
expanded metal on the support plate. In addhion, the shroud is copper for heat transfer purposes,
rather than stainless steel. There are also six dividers that create compartments in the basket
cavity. Flow restrictors are provided to dkect adequate gas flow.

The Mark IV storage basket is designed to holdup to 54 intact Mark IV fuel assemblies and are
made of 304L stainless steel. The Mark IV, however, has no deformation limits for criticality
control, and no resultant requirements except self support and lifting requirements of ANSI
N14.6. The basket has a 2.75 inch diameter center tube that is connected to a spacer platq the
spacer plate consists of a plate with 54 holes for the fuel, and 3/8 x 1/4 inch bars to support the
fiel at the bottom of the plate. The basket is supported by the center tube and six 1-1/4 inch
diameter round bars, and has an 11 inch high non-structural shroud to help in handling fiel. The
basket is lifted by a groove on the interior of the center tub% the center tube extends above the
support rods and up into the basket above. This coupling aids in the basket stability and the
insertion of the process tube through the center of the basket.

The Mark IV scrap basket is designed to handle damaged Mark IV fuel. The scrap basket design
includes a 2.75 inch diameter center tube that comects to a 1 1/4 inch thick plate perforated with
1%inch diameter holes. The basket has a fill height copper shroud connected to six divider plates.
The shroud and divider plate provide some support to the baskets above as well as to the bottom
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plate, although it is not needed. Ail structural components are welded together and are fabricated
from 304L material. The scrap basket also has flow restrictors on the exterior of the shroud to
direct processing gas flow through the bottom plate.

The storage and scrap baskets are supported by a.spider on the bottom of the MCO that keeps
the baskets approximately 1 inch away from the bottom plate. This plenum aids in removal of
water using the long process tube and the distribution of process gasses. The baskets are centered
by a process tube guide cone in the center of the spider. The one inch NPS process tube is
inserted down the center of the baskets to remove the water and circulate process gases. The
process tube provides some centering support for the baskets during non-axial load conditions.

As part of the shield plug/guard plate assembly, a MCO basket Stabilizer Extension mates with
the center tube extensions for both storage basket designs, providing a locking mechanism to
stabilize the baskets during non-axial loadings. The stabilizer is made of 304L stainless steel, and
can accommodate six Mark 1A or five Mark IV series. baskets, maintaining a minimum of 1 inch
spacing, and maintaining basket and MCO coupling in the worst tolerance undersize condhion.

3.2 Product Criteria

Edwards (1997) defines MCO conditions that were evaluated to analyze the transportation
envelope. The following process related safety items are required for safe transport of the MCO
and MCO Cask (Edwards 1997),

1. The MCO, with shield plug installed and vented to the Cask interior, will be backfilled
with 3 psig of helium to ensure that flammable gas mixtures are not present during
shipment.

2. The loaded MCO will contain either five or six tiel baskets (depending on ti.rel type), of
which a maximum of two can contain fuel scrap, and may only be placed in the top or
bottom tier loading positions to ensure that the approved thermal and gas generation
analyses in the SARP are not exceeded.

The shipment between K Basins and the CVDF is a wet transfer. The MCO and MCO Cask
armulus are filled with water to a height approximately 4 inches below the bottom of the MCO
shield plug main body. At the time of loading, the void space remaining within the cask and MCO
is filed with helium gas to an internal pressure of 3 psig; the MCO is vented to the cask cavity,
and the cask is sealed for transfer. This contlguration allows gases in the MCO to expand into the
cask interior void space. Under these [normal] condhions tbe shipping window is defined as 24
hours for a worst-case loading at 15 “C (Edwards 1997).
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3.3 MCO/Cask Preparation for MCO Loading

MCO/Cask preparation activities, as shown in FQure 2, begin when a conveyance from the CSB,

carrying an emPty MCO loaded in a transport caskj arrives outside the roll-up door wind break
structure to the KE or KW Basin Transfer Bay Area, The transfer bay door is opened and the
tractor positions the trailer carrying the MCO/Cask in the transfer bay. Exhaust trunks are
connected to the tractor as required by Industrial Safety.

Once the trailer is positioned in the transfer bay, the trailer jacks are lowered, and the trailer is
disconnected from the tractor. The exhaust trunks are removed and the tractor is moved outside
the transfer bay to an area clear of the wind break. The trailer is connected to the building
compressed air system using a glad hand connection, and the trailer is leveled using the landing
gear. The transfer bay door is then lowered. A radiation survey of the MCO/Cask is completed
to ensure contamination levels are witbin acceptable limits.

The four quick release locking bolts from the cask hold down device are removed, freeing the
cask for vertical movement (See F@rre 3 for Cask Transportation System). The hooks for the 32
ton crane are ahgned and engaged with the cask Iifdng tr-urmiony the crane hoist is raised to apply
a slight load on the crane. The cask clamps are swung open, freeing the cask for lateral
movement. The clamp bolts are placed in the storage positions provided on the work platform.
The work platform is then removed from the working side of the trailer. The working side of the
platform floor is then swung open, removing any barriers to cask movement. Using the crane, the
cask is litled to clear the trailer/tie down device and moved out over the safe load path to a
position over the South Loadout Ph.

As shown in Figure 2, two other processes occur in parallel with cask receipt at the K Basins.
The first set of activities involves inspection of the immersion pail lid, immersion pail, and pail set
down area in preparation for moving the MCO/Cask from the trailer into the immersion pail.
Fkst, the seal surface of the pail lid is inspected for damage, scars, or other gouges that might
affect the inflatable seal. The inflatable seal is also inspected for wear (including cracking and
feathering) and, if necessary, the seal is replaced. Next, installation of the pail lid fasteners in their
captive position is visurdly verified. The lift sling maybe installed at this time on the three pail lid
lift lugs, one sling leg per lug. When these steps are completed, the pail lid is ready for installation
on the pail.

The second process begins with inspection of the immersion pail for proper position in the
support structure, and correct pail lock position. The pail should be in the upper position, locked
in place. Addhionally, the inside of the immersion pail is visually inspected to ensure that it is
free of foreign material or debris. The pail is cleared as necessary. The pail sealing surface is also
inspected for nicks, scars or gouges that might affect the inflatable seal. The immersion pail water
level is then checked to verifi that water in the pail has reached the correct level. If the water
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level is too low, demineralized (i.e. tlesh makeup) water is added until the appropriate level is
reached. At this point, the pail is ready to receive the MCO/Cask.

Prior to lowering the MCO/Cask into the immersion pail, the cask position over the loadout pit is
verified relative to the immersion pail, and the steadiness of the load is checke& swinging or
oscillation is not allowable as it could damage the cask, the pail, or other equipment. The cask is
lowered toward the pail opening and slowly lowered into the immersion pail, using the 32 ton
crane. Lowering continues until the cask is resting on the bottom of the immersion pail and the
weight of the cask is removed from the crane hooks. The 32 ton crane hooks are disconnected
and removed tlom the cask. The cask torquing tool is instakid using the auxiliary hoist and the
cask lid bolts are loosened using the sequence shown in Figure 9 (as specified in the SARP). The
cask torquing tool loosens two bolts at the same time, e.g. 1 and 2, then 3 and 4, etc. When it is
certain that the bolts captive on the lid have disengaged from the cask the torquing tool is
removed and stored. The 32 ton crane hooks are then reconnected to the cask lid and slowly
hoisted to remove the cask lid. The cask lid is positioned on the cask lid storage tool where the
o-ring is visually inspected for wear, The 32 ton crane hooks are disconnected from the cask lid.

The Ml ding is now connected to the immersion pail lid, if not already done, The sling is then
connected to the 32 ton crane hooks. The immersion pail lid is retrieved from storage and
carefidly lowered into place using guide pins to ensure correct positioning. The four pail lid
retention fasteners are engaged, and the immersion pail lid serds are inflated to 45 psi maximum
using the building compressed air. The pail lid fasteners are tightened hand tight. The vent hose
is attached to the Pail Lld Vent connector. The Immersion Pail /Cask hrmlar region is filled with
deminer~lzed water (i.e., flesh makeup) and, when water is seen exiting the Pail Lld vent line, the
water is turned off and the vent line is disconnected. Once the vent line is disconnected, the
demineralized water supply is reestablished. It is crucial to maintain the Pail/Cask Annular space
water at a slightly higher pressure than what the casks is exposed to in the Load Out Ph (for
contamination purposes). The pit is continuously flushed with clean water to move contamination
into the Basin pools proper.

Before preparations for basket loading can continue, the locking ring must be removed; this is
done using the locking ring tool. The locking ring tool is calibration tested and then installed
using the auxiliary hoist, When the locking ring tool is positioned, the grapple attaches to the rim
of the locking ring. The hydraufic jacks are actuated by manually rotating the 40 inch wheel on
the locking ring tool. The locking ring is captured in the locking ring tool when it is removed.
The locking ring tool and the locking ring are removed using the auxiliary hoist. The locking ring
and tool are then surveyed for contamination, and placed in a non-contaminated storage area.
Approximately 40 gallons of deionized water discharged from the IWTS are then added to the
MCO cavity to offset the buoyant effect of water in the cask amular region, without mixing with
the cask annular region demineralized water and prior to being submerged in the load out pit.

3-19



,,! ..1,

Oz-$

Ulqs’(s
o “Aa~

,., ,,, ,,, . ,,, ., ... .,!!.,,! J, , J !!- J, ,u~,.,.,J,.) ! -: .J, 1’ ,,!,,1.,, ,$,!..!
4U > 15~H> ‘-

,., ,,, ,,, .,!,,. ,, ~.,,,. L ,lj, lJ, ..! !/, :>.*I!:I!4,. .:, , ,

38

. . . .
.. . .-

“0 ““ma LZLZ!%-XdS-WN ‘ON Wk!O 3SVHWld OHM

. .

;

$7338–1-H “ON ‘OMQ3HM + ‘~”f’””
96S0-S-OHM ‘ON NOllVW33dS OHM

& S:d H33PI
~ ‘ON IWl

an
IIWSAS NOllQIHOdSNVW u

, ,Iv,,a,,J w
“ ‘,

‘3NNIVPI NO11VW1NJ3
lN3NVWWd 1801 (IOHIY ‘H31H ,,0S” 3ZIS 1X31 “9

“S3303 dWHS llV WW3
ONV M311VldS 013M %’ SW% llV 3AOW3d “$

.$ -/+ :STKINV

,’010 -/+ :sww3a 3Wld s

,(ZL -/+ :S1V!L1330 lIVld Z

:W!14133dS3SlM H10SS31Nfl’33NVW701’Z
P[uo!Jv$.IodsuuJ~ -6%m !M

91Z-=HS ‘!-S’20! “3M033S AIWISSV XSV3 LIOJ “1 :S~-

5,,,=.
Oz

‘<200 -/+(<1s1’

C9 ~
G 31ON 33S
S3Wld b
8

SWNM03 dWHS 01
,<olo-/+@L

,,010” -/+
,<

* 133HS ‘C–!K02 “9MO!40W

Hld30 W3&!Hl

az-llNnoz

‘(lOT
d33a ,<20;,0s”

s

b 133HS’2–GCOC ‘9MOIYOW

wa ,,009 vla ,,foz(09 3MOac2
3W7d 1 n8Hl vla ,(sO; 9G wa H 71v13a

-Ioaa ,,0c9*I-(7718a NOII08 1v74)
j330 ,,8S’ X ldN ti/$

JOT* ,

0081

J20 T(’90 “L13LI,c~z’r
I

.06 OLZ

9 V!311
“dAl ‘WHNVH3

S3KYdld Z ,(90 x ‘,90

9 ION 33S

T

VZ-4Nf10Z-,(SLSt’r “OW
NITEIS 9NIN31HW 1708

43N ,(GZ”

SLVW SSOWV .

.0
,,889 X3H

o mma ,qs -’d9w13a

,,ooo-

8 NM ‘,*LO+’SLO

w

‘dA1’LEWWH3

F

8(,s20

“’u” “’”o

,,90 x ,,90
n~Hl wa ,Csoz

S’8~8 ISNV Wd

9NllV7d H31jV
av3H 13WOS ,(OT r

MEIWS 37 ,,S[ X 3NnS1–,,Og
vla ‘“]~;,,ti9r+E

ON



HNF-2169, Rev. O

Prior to lowering the pail, the MCO Basket @lde is installed in the mouth of the MCO/Cask.
Fashioned as a large stainless steel firnnel, the basket guide protects the internal shield plug
retainer threads and sealing surface as baskets are inserted. The basket guide also serves to align
the baskets during the loading process. The MCO basket guide is about 10 inches long, with
outer diameters of 27 inches at the top and 24 inches at the bottom, and protrudes approximately
3 inches above the MCO/Cask when installed. The MCO basket guide weighs approximately
32 pounds, and is equipped with a lifting bale. A hand-held pole or rope hook is attached to
litlng bale and the MCO basket guide is manually moved over the loadout pit. The basket guide
is then lowered into the MCO opening.

The Immersion Pd/Cask&fCO is lowered into the pit using the 32 ton crane. The Immersion
Pail L]tl Beam is attached to the hooks on the 32 ton crane, and the lift beam is positioned over
the Immersion Psi\ the lift beam is set at an elevation that facilitates attachment of the Immersion
Pail Lhl Slings. The hook end of each sling is attached to the Lft Beam master links. The Lift
Beam is raised and the lift slings are carefilly fed out. The Llfi Beam is slowly raised until there is
tension in the sling> all connections are verified and checked for uneven loading. The Pail is
slowly raised until the red ahgnment lines on the IMng lugs are exposed at the lock pin housings.
The lock pin gates are lifted and the lock pins are pulled out until the pin gates can be closed in
the pin disengaged position; this ensures fill retraction.

The Immersion Pail is lowered approximately 2 feet and held in that position while the Immersion
Pail Lld Seal Area is checked for leaks. To corrfmn the Immersion Pail Lld Seal integrity, the
reservoir water level and Ioadout pit water are observed for level changes or air bubbles that
would indicate leaks in the seal. Lowering of the Pail is resumed until the pail is resting on the
support structure bottom plate. The lift beam is then lowered for removal of sling hooks from the
master links and the hooks are secured to the sling storage boxes; this ensures that the slings are
pulled toward the sides of the pit, leaving the pail lid clear. The Immersion Pail Lft Beam is
removed from the pit area and discormected from the crane hooks.

3.4 MCO Loading

MCO loading encompasses those activities required to receive a fill basket from the fiel retrieval
storage queue (FRS has the tool that places the basket on the shuttle), place it within the
submerged MCO/Cask, and prepare the MCO/Cask for seahng. Repositioning of the baskets for
loading from the FRS queue is described in Fuel Basket Repositioning, Section 3.7.1 of this
document. MCO loading is accomplished in the K-Basin while the MCO/Cask is submerged.
Existing and specially developed equipment are used to complete the process. The MCO Loading
System and Immersion Pail are shown in Figure 10.

Prior to loading fiel or scrap baskets into the MCO, the payload is visually gauged to ensure that
no elements or scrap protrude above the basket rim. The axial void of the baskets are also
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Figure 10- MCO Loading System

m
I

ELEvAnON
MCO LOADING SYSTEM Al

FUEL BASKET IN5ER710N
POSITION... ..

3-22



HNF-2169, Rev. O

verified as clean and free of thel bits and debris. This ensures that fuel and scrap baskets will
“nest” when placed in the MCO.

The gantry mast and grapple assembly (@we 11) is used to liit the tkel basket from the MCO
Loading System (MIS) shuttle, support the basket as the gantry traverses to a position located
over the center of the MCO/Cask, and to lower the basket to a predefine position within the
MCO/Cask. The single axis bridge gantry is a linear motion device mounted on facility structural
steel; the structural steel extends from the mezzanine support columns parallel to the loadout pit
transfer channel. The gantry travel is approximately four feet axially along the canal center~me.

The drive motion is provided by a rack and pinion gear, linear-bearing arrangement. The gantry
motion control is provided by a % HP motor with a 8:1 gear reducer and redundant limit switch
control stops.

The mast is a linear guided ball screw drive device which picks the loaded basket from the shuttle
unload position and places it into the MCO/Cask. The ball screw is driven by a 2.5 HP servo
motor, controller, and a 40:1 gear reducer. Position feedback monitoring of the mast load is
provided by a Lhear Variable DhTerential Transducer (LVDT). Receiving a signaJ which
indicates a system loading outside the normal limits will stop all mast motion. The mast
incorporates a Grapple Extension Compliance Mechanism (GECM) device connected to a
LVDT, The GECM provides compensation to the extending mast by allowing the column to
retract up to two inches before the assembly will be exposed to compressive loadlng.

The grapple is pneumatically operated by a cylinder mounted in the GECM. A video camera
mounted at the base of the mast focuses on the grapple. The video camera provides monitoring
of all grapple operations and a Ml view of the basket. In addition to the grapple locked load
design, a Grapple Anti-Release Mechanism (GARM) limits grapple operations to operator
directed action, The mast descends 1% inches beyond the initial no load signrd to release the
GARM.

The fuel basket is lifted by extending the mast to the basket on the shuttle, and energizing the
grapple cylinder. The grapple anti-release mechanism locks automatically. The loaded basket is
then retracted approximately 1 inch, and the load cell readout is used to veri~ that the load is
within the appropriate predetermined weight range for the specific firel basket type. The basket is
lifted to the minus 8 foot 6 inch level (reference grating is at the O foot O inch level). The shuttle,
now empty, is actuated and the cart returns to the “load” position next to the firel queue. The
basket is then moved laterally to a position over the MCO/Cask, and lowered to a preset position
determined for specific basket type and loading positions.

The mast descends an additional 1% inches alter the no load signal is received and the grapple
anti-release mechanism begins to dkengage. The mast descends an additional Y4 inch to
completely disengage the mechanism. The operator reviews the console display to verifi no load
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on the load cell, correct height position on the controls, and correct grapple motion pin position
for release. Following successful verification, the grapple is opened and the basket is released.
The mast is retracted 2 inches and the load cell readout is monitored to verify a “dead load”
consisting of mast weight only. Following successful verification, the mast and the gantry are
returned to the shuttle unload position. The MCO loading process described above is repeated
until the MCO is fill. When the MCO is fill, the MLS shuttle cart is returned to the unload
position next to the immersion pail. The basket guide is removed from the MCO/Cask using a
pole or rope hook and stored in the Transfer Bay.

3.5 Shield Plug Installation

The shield plug and o-ring are assembled near the load out pit, as described in Section 3.7.2, and
then transferred to the basin. Following MCO loadhrg, the shield plug sealing area is prepared for
shield plug installation. The shield plug sealing area is cleaned underwater using a tool to clean the
sealing surface to remove debris or foreign material. The shield plug assembly with the shield
plug handling fixture attached, is then positioned over the MCO and lowered into the MCO using
the auxiliary hoist. Shield plug rotational positioning is done using visual markers on the shield
plug handling fixtur~ observational techniques are in development.

The shield plug is checked to ensure proper seating. Correct shield plug installation depth and
alignment of the shield plug ports are verified; the techniques used to verifi correct installation are
in development, and will be included in the next revision of this document. If the shield plug
installation is correct, the Ml rig is released and the auxiliary hoist is moved out of the wax the lifi
rig is then removed from the auxiliary hook. While still over the loadout pit, the auxiliary hoist is
decontaminated as necessary.

The Immersion Pail Lifi Beam is reattached to the hooks of the 32 ton crane, and the lift beam is
positioned over the Immersion Pail; the lift beam is set at an elevation that facilitates attachment
of the Immersion Pail LM Slings. The hook end of each sling is attached to the Lft Beam master
links. The Lifi Beam is slowly raised until there is tension in the slingy all connections are
verified and checked for uneven loadhg.

The pail is then slowly raised to water level, where the Pail Lld and Shield Plug Handling Ftiure
surface are rinsed thoroughly with demineralized (fresh makeup) wate~ the Shield Plug Handling
Fixture top is surveyed for contamination. Following the survey, the pail continues to be raised
and rinsed until the red Immersion Pail Llfl Lug fllgnment lines are visible over the Lock Pin
housings. The Lock Pin gates are then litled, and the lock pins are extended until the gates can
close, the pail is lowered until its weight rests on the pins. This ensures full extension and secures
the Immersion Pail in the upper position. The slings are disconnected and the ends are fed into
the sling storage box. The sling hooks are discormected and attached to the side of the Ioadout pit
grating structure. The Immersion Pail Lift Beam is removed and stored.
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The shield phrg handling fixture is released from the shield plug. It is then raised from the MCO,
cleaned and surveyed, and removed from the loadout pit are% and placed in a staging rack for
reuse with later shield plugs using the auxiliary hoist.

After the shield plug handling fixture is removed, the locking ring is installed; this ring functions
to secure the shield plug for transportation. The locking ring tool is installed using the auxiliary
hoist. When the locking ring tool is positioned, the locking ring is then rotated until seated.
When the locking ring is seated, the hydraulic wrenches on the locking ring tool are actuated;
simultaneously, each of the 18 wrenches applies the appropriate torque to each of the
corresponding 18 jacking bolts. The locking ring tool is ungrappled from the locking ring, and
removed using the auxiliary hoist. The locking ring tool is then cahbration tested, surveyed for
contamination, and placed in a storage area. The MCO can then be prepared for transfer to the
CVDF.

3.6 MCO/Cask Loadout and Preparation for Transfer

With the water reservoir permanently attached to the Immersion Pail clean water volume, the
pressure to the MCO seal is broken, allowing clean water to flush the seal annulu$ flushing
occurs at about 3 psi. The water reservoir is isolated. The Pail Lid and surrounding area are
rinsed thoroughly with demineralized water.

The Immersion Pail LR Sling is attached to the crane hook, the crane is positioned so that the
sling can be attached to the Aux Hoist, and the sling legs are attached to the Pail Lid. The four
pail lid bolts are loosened and captively engaged in the lid The pressure to the PaillI_id Seals is
then broken. The lid is then slowly raised from the pail and placed in storage. The pail lid slkrg is
removed from the crane and placed in storage. The cask water level is then adjusted using a
specially designed suction tool. The crane hooks are positioned over the cask lid, and then
attached to the cask lid using the trunnions. The Cask Lld is lifted and positioned over the cask,
the alignment with the Cask Guide Pins is verified. The lid is slowly lowered onto the cask, the
load removed from the crane hoist, and the crane hooks are disconnected from the lid.

The lid is fastened to the cask using the cask lid torquing tool. The torquing tool is placed on the
cask lid using the auxiliary hoist, and the bolts are tightened to 40 tt-lb using the torquing pattern
in Figure 9. The cask torquing tool tightens two bolts at the same time, e.g. 1 and 2, then 3 and
4, etc. The torquing pattern is repeated, tightening the bolts to 300 R-1b. A second pass of final
torque at 300 ft-lb is applied. The torquing tool is removed and stored for later use.

The cask secondary vent port cover is removed in preparation for gas addition. Inert gas is added
uiing a specially designed gas addkion apparatus. When the appropriate gas composition is
reached the MCO/Cask meets safety requirements for shipping. The process and equipment used
for gas additionlcomposition adjustment are in development. The gas adjustment equipment is
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removed and the dust cover is replaced. The 24-hour shipping window begins when the vent port
is sealed.

Using the 32 ton crane, the cask is raised from the immersion pail until it is high enough to clear
the pit wall. Excess water is wiped tlom the cask as it is removed from the pail. A
contamination survey is also completed, and the cask is decontaminated if necessary, The cask is
then moved ffom the Ioadout pit to the trailer area. The cask is carefidly aligned and lowered into
the trailer support device, Just prior to contacting the trailer deck cask lowering is halted, and
the cask tie-down devices are closed. One clamp bolt is installed hand tight on each side.
Lowering the cask is then completed, and any safety chains, handrails or platforms removed
during operations are reinstalled at this time.

The crane hooks are dkconnected and the crane is removed from the trailer area. The vertical tie-
downs are connected to the cask. The trailer jacks are raised to allow the tractor to pass under
the front of the trailer. The truck bay roll-up door is opened, disconnected from the building
compressed air, exhaust trunks are connected, and the tractor is positioned in front of the trailer.
The trailer is connected to the tractor and then a final release survey is conducted, and the cask is
transferred to the CVDF,

3.7 Support Activities

3.7.1 Fuel Basket Repositioning

The Fuel Basket Repositioning activities move thel baskets from a location above the fhel
retrieval queue to a position where the baskets can be loaded into the MCO/Cask. The MLS is
used to complete these activities. The MLS shuttle is an underwater linear motion device which
provides approximately 11.5 feet of horizontal travel. The shuttle “loading’’position is directly
over the FRS basket queue; the shuttle “unloading” position is located next to the immersion pail
structure. The shuttle is comprised of a cart with corrosion resistant linear motion rollers riding
on parallel rails. The rails are suspended from a structural steel framework anchored to the K
Basin operations floor. Shock absorbers and “hard stops” (fixed tier installation) control the
shuttle unloading position. The shuttle is operated from a control station located in Corridor 7.

The MLS shuttle drive system consists of a fixed length cable connected to a pneumatic cylinder
on each end of the shuttle carriage. The shuttle cart is attached to the cable at the center of
system travel. The pneumatic cylinders are located external to the pool with only cylinder rods
exposed to the basin water. The cable, pulleys, and shuttle frame and cart system equipment are
permanently located beneath the water surface. Upon activation, one cylinder retracts, the

opposite cylinder extends, and the carriage is pulled by the cable to the end of the shuttle rail
against a “hard stop.” To minimize the potential for airborne contamination, the cylinder rods are
immediately sleeved by the cylinders as they are raised from the pool surface.
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Loaded fuel/scrap baskets from the fuel retrieval queue are placed on the ~S shuttle cart using
the perimeter monorail (Flexible Transfer Crane) and the FRS grappling tool; the tool is used to
move loaded baskets to and from the queue. When the basket has been loaded into the shuttle
cart, an underwater camera is used to verify that fiel does not extend above the top of the basket.
This ensures that the next basket loaded will seat properly. Following successfirl verification, the
shuttle system is actuated at the MLS control statio% and the basket is moved to the unloading
position next to the immersion pail structure, In this position, the fuel basket is correctly located
to facilitate MCO loading.

3,7.2 Shield Plug Staging and Assembly

MCO Shield Plug Staging and Assembly activities begin when the MCO shield plug is shipped to
the 190 KE warehouse, independent of other MCO loading and cask loadout activities. Shipping,
staging, inspection and assembly occur in parallel with the MCO/Cask preparation and MCO
loading activities. The shield plug and associated components are provided by the MCO
subproject.

The MCO shield plug is shipped from the manufacturer to the 190 KE warehouse with the
rupture dkk, process valves and port covers installed. The 24” diameter Helicoflex metallic o-
ring and the axial dip tube (process tube) are shipped separately to the warehouse. The plug, seal,
dip tube and associated components are staged in the warehouse until needed. Inspections will
occur at the 190 KE warehouse.

The shield plug port plugs and any storage material are removed as required to allow inspection
of shield plug condition and cleanliness. The plug is then reassembled using appropriate torquing
of valves, port covers and other components as required. The o-ring is also unpacked amd
inspected. The o-ring seating surfaces are inspected to ensure a good sealing surface, and that the
seal is installed. When needed, the shield plug, along with the process tube and o-ring, are
transferred from the warehouse to a staging area in the K Basins. The shield plug with o-ring
installed, and a long process tube are transferred separately to the basin.

At the basin, the shield plug handling fixture seal is inspected and attached to the shield plug using
four 3/4 inch bolts and seal washers. This handling fixture allows the shield plug to be litled with
a crane, keeps the shield plug top contamination free during underwater insertion into the MCO,
and provides a means to decontaminate and dry the area between the fixture and the MCO
threads. The lift rig is attached to the shield plug handling fixture, and the lift rig is connected to
the auxiliary hook on the overhead crane. The shield plug assembly is lifted vertically to
mezzanine height, placed in the shield plug support stand, and oriented for process tube assembly
the shield plug support stand is a fixture that is attached to the mezzanine and tlmctions to reduce
shield plug movement during process tube installation. The process tube is then moved to the
same location.
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The process tube is instrdled in the shield plug using the mezzanine for access. A mezzanine deck
height of 12’-6” allows the required access to Iifi the 12’-3” long process tube. The process tube
handling tool is used to Ml, position and tighten the 45 lb. axial process tube into position during
installation.

Following process tube installation, the connection is leak tested to ensure a good seal between
the process tube and shield plug. A pressure decay testis used to satisfi this requirement. A tinal
inspection of the shield plug is completed to ensure cleardkress and condhion. When needed, the
shield plug is removed from the shield plug support stand and transferred to the loadout pit for
insertion into the MCO, as described in Section 3.5 of this document.
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4.0 PROCESS TECHNOLOGY

Cask Loading involves primarily mechanical operations with loading of the fbel and scrap baskets
into the IvfCO. These a~itities dlowdefitition ofwater inm MCOtith installation of the Sfield
Plug. Theyalso define thevoid volume atthetop of the MCOforgas accumulation. Thekey
parameters inthecask loading process, then, are MCOloading, water volume inthe MCO, and
thevoidvolume atthetop of the MCOforgas accumulation. These parameters arediscussedin
the following sections.

4.1 Fuel and Scrap Basket Characteristics

A MK IV fiel basket contains up to 54 assemblies while a MK 1A fiel basket contains up to 48
assemblies (Goldmam1998b). Theaverage mass ofasingle MKIVfuel assembly is24.34kg
with amrrximum mass of25,12 kg. Theaverage mass ofasingle MKIAfuel assembly is 17.74
kgwitha maximum massof18.01 kg(WNis1998). Thecriticalhyl irnitse stablishedi nthef%el
Removal System Criticality Safety Evaluation Report (Kessler and Peck 1998), for a MK IV and
MKIAscrap baskets are980kg and575kg, respectively. Table 4.1-l shows thevarious
weights of fiel baskets to be loaded into the MCO,

Table 4.1-1: Fuel and Scrap Basket Masses

Fuel Type Type Empty Loaded Basket

MK m Fuel Basket 90 kg 1,404-1,446 kg’

Scrap Basket 202 kg 1>133 k~

MK 1A Fuel Basket 180 kg 1,032-1,044 kgl

Scrap Basket 249 kg 795 kgz

Notes:
(1) Basket mass ranges due to difference in calculation using average mass fuel

assembly to maximum mass fiel assembly.
(2) Scrap baskets are assumed to be loaded to %~. of the critically mass limit

for each fuel type.

4.2 Loaded MCO Characteristics

The mass of materials contained by a MCO is dependent on the N Reactor fuel type loaded (Mk
IV or Mk 1A) due to the different basket design required for criticality control. Each fuel type
includes assemblies fabricated to a variety of lengths (see Table 3.1 of Willis 1998). The
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condition of some feel assemblies is projected to be degraded to the extent that the fuel will not fit
in a tiel basket array and fiel cleaning at the basin will result in some breakage. Degraded fuel
and broken prices are placed in a scrap basket. AH SPR fiel will be placed in MK 1A scrap
baskets. The quantity of scrap generated during retrieval cannot be predicted with certainty prior
to operation. Each of these factors contribute to variability in estimates for the mass of material
loaded in a MCO.

4.2.1 Loading Alternatives

Table 4.2.1-1 summarizes estimates for the mass of materials contained in an MCO upon loading
based on alternative loading assumptions. A MCO primarily contains structural materials, fuel
assemblies, tiel scrap, residual fiel particulate corrosion products, and water. Water volumes are
based on a 4 inch gas void at the top of a MCO and the mass of water is based on displacement by
the various fiel loadings. A maximum fiel mass, characterized by the mass of uranium tiel and
Zkcaloy cladding in fuel assemblies, is achieved in an MCO loaded only with tiel baskets
containing the maximum length firel assembly. Scrap basket masses are limited by criticahty
constraints for basket loading in the basin or the packing density of variable sized pieces achieved
during loading. The scrap basket weight is also limited to be no greater than the maximum weight
of a fiel basket. This is due to limits of the lifthg crane.
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Table 4.2.1-1: Alternative Loaded Masses per MCO
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4.2.2 MCO Void Space Volume

The void volume of a MCO, based on alternative loadings and equipment dimensions, is
calculated and summarized in Table 4.2.2-1 following. The MCO void volume is based on the
MCO cavity volume minus the displacement from the fiel and cladding and the displacement from
the fuel baskets.

Table 4.2.2-1: Summary of Void Volume Estimates for Alternative MCO Loadings

Fuel Type Mk IV Mk 1A

Loading Maximum Maximum Nominal Maximum Maximum Nominal

DescriptionFuel Particulate Loading
Loading

Fuel Particulate Loading
Loadhg Loading Loading

No. Fuel 5 4 3 4 6 5 4 5
Baskets

No. Scrap o 1 2 1 0 1 2 1
Baskets

Basis 270 E 216E 162E Average 2SSM 240M 192M
Length Length Length

Aversge
of Length 2-w3th Length of

AssembliesAssembliesA&sembliesAssembly AssembliesAssembliesAssembliesAwmbly

L

Lengths Lengths

Void 499 519 538 527 524 543 563 548
Volllme fl .)

4.2.2.1 Calculations

The MCO Void Volume = MCO Cavity Volume - Fuel Displacement - Fuel Basket
Displacement - Scrap Fuel Displacement - Scrap Basket
Dkplacement

NfCO Ca tv Vovi Iumq The cavity volume is V~co = (rr/4)D2L

where: D = MCO internal dkunetcr (23 in., H-2-828041, Rev. O,Sh. 1), and
L= MCO internal length (140 in., H-2-828041, Rev. O,Sh. 1)

Mm= (7r/4) (23 in x 2.54 cmAn)2 (140 in x 2.54 cm/ii)v
vMm=953,000 cm3 x (1L / 1000 cm3) = 953 L

Fuel Dkolacement Volume The fiel displacement volume (per assembly) is:
VfiCJ@ = (7r/4) (D20,0- D’LO+ D20,,- D’i) L
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scrarr D@lacement Volume The scrap fbel displacement volume is:
V=wti, = Wdm x Vti .,

Where W*W = Weight of uranium in scrap (see following equation)
V&pW1= Fuel displacement volume per M’fU (67 L~U, WIlfiS 1998)

The weight of uranium in a scrap basket is derived from the tirel weight limit as follows:
Fuel weight = Cladding weight+ Uranium weight

OR F=C+U

Divide equation by U FA%=CAJ+l
Then m?= (cm + l)-’
and U= F(C/U+l~’

The ratio C/U is provided in WMis (1998) as a weighted average ratio of Zircaloy-
2 to uranium for N Fuel (e.g. Mk IV is 70.3 kgMfU, or 0.0703 kgkgu).
This number is then multiplied by the scrap fuel weight (F) to obtain the kg U.

4,2.2.2 Maximum Mk IV Fuel Loading Case

This calculation considers the case where an MCO is loaded with 270 E length Mk IV
assemblies, with O scrap baskets, and 5 Mk IV tirel baskets. An alternate maximum tirel
load case considers an MCO loaded with 216 E length Mk IV assemblies with 1 scrap
basket (tilled with 931 kg scrap) and 4 Mk IV fiel baskets, or 162 E length Mk IV
assemblies with 2 scrap baskets and 3 Mk IV ftrel baskets. The MCO void volume, then, is
calculated as follows:

MCO Void Volume= MCO Cavity Volume - Fuel Dkplacement - Fuel Basket
Dkplacement - Scrap Fuel Displacement - Scrap Basket
Dkplacement

Where the tiel characteristics are (WNis and Praga 1998):
For a maximum length Mk IV fuel assembly
DO,O= 6.15 cm, DiO= 4.32 cm, DO,i= 3.25 cm, Dti = 1.22 cm, L = 66.3 cm

~ei~ = (rT/4)[(6. 15cm)2 - (4.32cm)2 + (3.25cm)2 - (1.22cm)2](66.3 cm)v
= 1,470 cm3 x (1 L/1000 cm3) = 1.47 L / assembly

The MCO cavity volume (previously calculated) is 953 L
The fiel basket displacement is 11.43 L (from Smith 1998)
The scrap basket displacement is 12.90 L (from Smith 1998)
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The scrap fhel displacement is .=pfi,, = Wtim x Vtiwlv
where Wdm= weight of uranium in scrap,

U = F (C/U+ 1)-’
and U =931 kg (0,0703 +1)-1 = 87o kg U

Vti,vo, = 67 L/MTU ~llk 1998)

v*CI-8*ml = (870 kg W X 67 LMKJ) = 58.29 L
1000 kgU/lMTU

For 5 Mk IV fiel baskets loaded with 270 E length assemblies
MCO VOID VOLUME= 953 L - 270(1.47 L/assembly) - 5(11,43 L) = 499 L

For 4 Mk IV fuel baskets loaded with 216 E length assemblies & 1 scrap basket:
MCO VOID VOLUME= 953 L - 216(1.47 L/assembly) - 4(11.43 L) -58.29 L

- 12,90 L=519L

For 3 Mk IV fiel baskets loaded with 162 E length assemblies & 2 scrap baskets:
MCO VOID VOLUME= 953 L - 162(1.47 L/assembly) - 3(11.43 L) - 2(58.29

L) - 2(12.90L) = 538 L

4.2.2.3 Nominal Mk IV Fuel Loading Case

Thiscalculation considers the case where anMCOisloadedwith216 average length Mk
IV tirel assemblies in 4 fiel baskets and one scrap basket filled with 931 kg of scrap. The
MCO void volume is thus calculated as follows:

Where the fuel characteristics are (WMis and Praga 1998):
For an average length Mk IV fuel assembly
DO,O= 6.15 cm, DiO = 4.32 cm, DO,i= 3.25 cm, Dii = 1.22 cm, L = 64.3 cm

~,t~ = (m/4)[(6.15cm)2 - (4.32cm)2 + (3.25cm)2 - (1.22cm)2](64.3 cm)v
= 1,426 cm’ x (1 L/1000 cm3) = 1.43 L / assembly

The MCO cavity volume (previously calculated) is 953 L
The fael basket displacement is 11.43 L (from Smith 1998)
The scrap basket displacement is 12.90 L (from Smith 1998)
The scrap tie] displacement (previously calculated in Section 4.2.2.2) is 58.29 L

MCO VOID VOLUME= 953 L - 216(1.43 L/assembly) - 4(11.43 L) -58.29 L
-12.90 L = 527 L
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4.2.2.4 Maximum Mk 1A Fuel Loading Case

This calculation considers the case where an MCO is loaded with 288 M length Mk 1A
assemblies, with O scrap baskets, and 6 Mk 1A fhel baskets. An alternate maximum fuel
load case considers an MCO loaded with 240 M length Mk 1A assemblies with 1 scrap
basket (filled with 546 kg scrap) and 5 Mk 1A tlrel baskets, or 192 M length Mk 1A
assemblies with 2 scrap baskets and 4 Mk 1A tlrel baskets. The MCO void volume, the%
is calculated as follows:

MCO Void Volume= MCO Cavity Volume - Fuel Dkplacement - Fuel Basket
Displacement - Scrap Fuel Displacement - Scrap Basket
Displacement

Where the fuel characteristics are (WMs and Praga 1998):
For a maximum length IvklA fuel assembly
DO,O=6.10 cm, DLO=4.50 cm, DO,i= 3.18 cm, Dii= 1.11 cm, L=53.1 cm
VfiOL@= (n/4)[(6. 10cm)2 - (4.50cm)2 + (3. 18cm)2 - (1. 1lcm)2](53, 1 cm)

– 1,078 cm3 x (1 L/1000 cm3) = 1.08 L / assembly.

The MCO cavity volume (previously calculated) is 953 L
The fiel basket displacement is 19.67 L (from Smith 1998)
The scrap basket displacement is 18.28 L (from Smith 1998)

The scrap fiel displacement is ymp flul= Wll,-aimx vdiw.ot

where W&m= weight of urarnum in scrap,
U = F (C/U+ 1)”’

and U = 546 kg (0.0857+1 )-1= 503 kg U
Vtipvo, = 67 L/MTU ~llk 1998)

vscrapfuel = f503 kg U) X 67 L/MTQ = 33.70 L
1000 kgU/lMTU

For 6 Mk 1A fuel baskets loaded with 288 M length assemblies:
MCO VOID VOLUME= 953 L - 288(1.08 L/assembly) - 6(19.67 L) = 524 L

For 5 Mk 1A fiel baskets loaded with 240 M length assemblies& 1 scrap basket:
MCO VOID VOLUME= 953 L - 240(1.08 L/assembly) - 5(19.67 L) -33.70 L

- 18.28L= 543 L

For 4 Mk 1A firel baskets loaded with 192 M length assemblies&2 scrap baskets
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MCO VOID VOLUME= 953 L - 192(1.08 L/assembly) - 4(19.67 L) - 2(33.70
L) - 2(18.28 L) = 563 L

4.2.2.5 Nominal Mk 1A Fuel Loading Case

This calculation considers the case where an MCO is loaded with 240 average length Mk
1A fuel assemblies in 5 fiel baskets and one scrap basket filled with 546 kg of scrap. The
MCO void volume is thus calculated as follows

Where the fuel characteristics are (WNis and Praga 1998):
For an average length Mk 1A fiel assembly
D0,0=6.10 cm, DiO=4,50cm, D0,i=3.18 cwDLi= 1.11 cm, L=52.3 cm
VfiC~_ = (rr/4)[(6. 10cm)2 - (4.50cm)2 + (3. 18cm)2 - (1.1 lcm)2](52.3 cm)

= 1,061 cm3 x (1 L/1000 cm3) = 1.06 L / assembly

The MCO cavity volume (previously calculated) is 953 L
The fuel basket displacement is 19.67 L (from Smith 1998)
The scrap basket displacement is 18,28 L (from Smith 1998)
The scrap fiel displacement (previously calculated in Section 4.2.2.4) is 33.70 L

MCO VOID VOLUME= 953 L - 240(1.06 L/assembly) - 5(19.67 L) -33.70 L
- 18.28 L=548L

4.2.3 Water Volume

The nominal water volume in the MCO is estimated from the total void volume minus the nominal
gas void space at the top of the MCO (see Section 4.2.4, following). The nominal water volume
is then estimated to be (527 - 21) 506 L in a Mk IV MCO and (548 - 21) 527 L in a Mk 1A
MCO. The minimum volume of water in a MCO is estimated at 478 L, while the maximum
depends on the firel loading of the baskets contained by a MCO.

4.2.4 Gas Void Space

The mass of gas contained in the void space is relatively small, based on a nominal void volume of
the top 4 inches of the MCO. Edwards (1997) estimates a gas void volume of 15 L in the cask
cavity. The dimensions shown in F@rre 5 results in the following nominal void volume estimate.

VWid= MCO void + cask void
= Tr/4 (20.52 -42 inz) (4 in)+ 15 L
= l,270in3+ 15 L=20.8L+ 15 L=35.8L

4-8



HNF-2169, Rev. O

4.2.3.1 Hydrogen Generation

Uranium metal firel will react with water and other oxidants. Uranium metal is exposed to
reactants when claddlng defects exist, which allows the uranium to corrode. The corrosion of
uranium metal by water vapor produces hydrogen according to the following stoic~ometry.

From this stoicbiometry, the hydrogen generation can be converted to mg wt gain

(“%)(’”’:)(=)’’’>m=
The reaction rate constant is based on Reilly (1998), which indicates:

For liquid water with T <373 K (02 free) ‘
Log K = 7.634- (3016/T) where K is mg wt gain/ hr -cmz

K = 1() (7.634 - 301&I) and T is temperature, in Kelvin

Since the reaction rate relationships were developed for unirradiated uranium samples, an
adjustment factor is required to account for the increased surface area and reactivity of the N
Reactor fiel due to corrosion and irradiation (Edwards 1997). An Enhancement Factor of 3
(design basis) is shown in Reilly (1998) to account for these effects.

The hydrogen generation rate can be found tlom combining the above equations to:

Hydrogen Generation Rate =
[React ion Rate (mgw gainhr-cm’)1x [Fuel Surface Area [cmz)lx Enhancement Factor]

16,000 (mgwtgain/gmol HJ

As part of the Spent Nuclear Fuel Evaluations Phase II Characterization, spent nuclear fiel and
flrel canister shrdge was sampled from sealed canisters in the 105-K West Basin. These samples
were stored in KW for short periods of time before transport to the 327 Building facility. While
stored, the total volume of gas (assumed to be hydrogen) released from a particular sample
container was collected over a known period of time (Briggs and Roe 1997). The gas captured in
the monitors was not sampled and thus no definitive characterizations were possible as to what
gas was collected. It was noted that some fiel samples exhibited a measurable “dead time” prior
to gas generation. These results seemed to indicate a dormant period before gas generation
occurred. Table 4.2.3.1-1 presents the generation rates recorded as the entire gas volume (ml) for
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the entire monitoring evolution (hr). In comparison, Figure 12 presents hydrogen generation rates
for various loading alternatives based on the modeling equations previously presented.

Conclusions made as a result of the comparison between observed gas generation and the
modeling equations are as follows:

1) The rates varied tlom 2.6x 10-s to 3,1 x 105 gmol Hzlhq which for 270 outer elements,
corresponds to 7 x 10+ to 8 x 10-3gmol H@, and is about the same as the modeling
equations. This shows that the measured reaction rates of the samples in the basin prior to
shipping match predicted vahres fkom modeling equations.

2) The enhancement factor calculated from the sample shipping experience varies from 0.45
to 5.9 and therefore corresponds well to the design basis number provided in Reilly
(1998).

3) An induction period can be expected before hydrogen generation begins if the water is

oxygenated. This is a likely explanation for the sample shipping experience. The
calculations do not take credh for this as it would be difficult to predtct. This effect has
been observed in studies of the effect of oxygen and other gases on the uranium-water
reaction, Baker, et. al. (1966) found that, in this reaction, some hydrogen was formed in
the early stages, but the concentration showed a barely perceptible upward trend in this
period. The water vapor pressure remained constant and the oxygen pressure fell linearly.
When the oxygen pressure became zero there was an immediate rise in hydrogen
concentration and a fall of water vapor pressure. The resulting plot is shown in F@rre 13,
taken fkom Baker et. al. (1966).
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Table 4.2.3.1-1: Reaction Rate Comparison Based on Shipping Gas Generation

12-96-1 30ml/96hr 69 20.6

12-96-2 5ml/l16hr 71 21.7

12-96-9 60ml/l16hr 71 21.7

112-96-3 40rrd/96hr 69 20,6

12-96-5 20rnl/’ll6hr 71 21.7

1 1 I

12-96-7 5ml/l16hr 71 21,7

H,
Generation
(gmolihr)(’)

6.2 X 10<

1,9X 10-5

2.6 X 10<

3.1 x 10-5

2.5 X 10-s

1.0 x 105

2.6 X 104

Picture / Estimated
Reaction Area

Fig.# Area ‘2)

4 1/2 of 1/2”

+ 12.3 cmz

6 5“ * 245 cm2

12 No Estimate

14 10” ==490 cmz

5 No Estimate

11 1/2 of 1/2”

+ 12.3 cm2

13 No Estimate

Apparent Wt Gain
(mg wtgainlhr-cm’)(’)

8.0 X 103

1.2X 10-3

..

1.0 x 103

-.

1.3 x 102

-.

(mh)bd
(1) H, generation measured based on pressure of 15 ft H20, gage and Basin temp, n =

(S206)T

Enhancement
Factor ‘4)

3.6

0.54

.-

0.45

--

5.9

.-

(2) Areas based on an outer element outside surface area Area/L= n D = rr (6. 15 cm) = 19.3 cm2/cm
(3) H, generation converted to mg wt gain / hr by stoichiometry U + 2H20 - U02 + 2H2

(4) Compared to expected rate at 20”C, Predicted Rate= 10[7’3’-““’”n] = 2.2 x 103 mg wt gain / hr-cm’
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Figure 12- Hydrogen Generation Rates
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4.2.3.2 Gas Space Inerting

There is a 4-inch void head space at the top of the MCO. An inert gas is required to fill the head
space in order to preclude flammable mixtures from developing. If the head space is not filled
with inert gas, it has been shown that the MCO could exceed its 4 VOlo/O~ limit in as little as one
hour (using the bounding surface area).

There are two alternatives to establish an inert atmosphere in the Cask/MCO:

1) Pressurize with helium and bleed off.

2) Evacuate and backtill.

The helium pressurize and bleed alternative was selected to minimize equipment installation in the
basins.

Each alternative has a wide range available for selecting operating pressures and the number of
cycles. F@rre 14 shows how repeating cycles of pressurizkg and bleeding can reduce the oxygen
concentration in the MCO/Cask to below acceptable concentrations. This figure also shows that
the MCO will be the limiting factor when determining the optimum number of cycles as its

oxygen concentration consistently remains higher than that of the Cask for all pressure-bleed
cycles.

Assuming that it is desirable to have a final oxygen concentration of less than 2.0 volume percent
(mole fraction .02), a conservative conclusion can be drawn that 5 pressurize and bleed cycles
with a minimum charge pressure of 24 psig or 4 cycles with a minimum charge pressure of 30 psig
could be needed to provide an appropriately oxygen deficient atmosphere. Figure 15, then shows
the variation of charge pressure with number of pressurize and bleed cycles required to obtain a
final oxygen concentration in”the MCO of 2.0 volume percent.
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Figure 14- Variation of Oxygen Concentration in Cask and MCO Void Volumes During
Pressure-Bleed Cycles with an Inert Gas
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Figure 15- Variation in Charge Pressure with Number of Pressure-Bleed Cycles to Secure
MCO Oxygen Concentration at 2.0 Volume Percent
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PROCESS CONTROL

The following process control features come from Pajunen and Sederburg(l998). Please seethat
document for explanation of the basis for each specification.

MCO Sealing

MCOsedting cleafllness iscontrolled bydesign ofabasket loa&ng Wide. Cleanhnessis
administratively controlled by speci~hg that the basket guide must be in place during basket
loa&ngactitities andcleafing theseal areaptiorto sMeld pluginstallation. After the basket
~idesweremoved, theseal ledge sutiace isclemed toremove aypatiicles utingaquafified tool
and procedure.

MCO Cask Package Backtill Gas

Helium inerting will be performed through the shield plug filter trap prior to Ioadout to CVD.
Inerting will thereby be performed through the cask lid by over pressurizing and then bleeding off
the MCO and Cask (i.e., MCO communicates directly with the cask cavity through an internal
MCO High Efficiency Particulate Air [HEPA] filter). The objective of inerting the MCO and cask
void spaces with helium is to establish an atmosphere that remains a non-flammable gas mixture as
hydrogen is generated within the MCO.

MCO Cask Package Pressure

This will be administratively controlled to less than 3 psig as measured after backfill.

Cask Water Fill Level

The MCO port number 3 is not used at the load out pity therefore, the water in the MCO will
never drain to a level below the top of the fuel for shipping operations. The cask water level is
dictated by the MCO/Cask seal location. Any drainage needed to accommodate thermal
expansion is also accounted for.
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6.0 OFF-STANDARD CONDITIONS

Off-standard or off-normal conditions can occur at various stages of the MCO loading and cask
Ioadout process. Recovery actions are then required to remedy the situation. Following are some
off-normal condhions and recovery actions. References to Figure 2 (Operational Sequence Block
F1OWDiagram) are made for purposes of finding where the off-normal situations may occur in the
process. This list is not all-inclusive and additional items maybe added in the future.

●

✎

●

✎

●

Replacement of the Pail Lld Seal

In Block 3-1 (F@rre 2), the pail lid is inspected for damage prior to use in the Loadout
Ph. If the inflatable seals are found to be worn, then the seals will require replacement
before use. An estimate of two hours is required to replace the seals, and this would
impact the MCO loadbrg time (if no other pail lids were available to use).

Debris Present in Pail

In Block 4-1 (llgure 2), the pail is inspected in order to determine that it is clear of debris
prior to placement in the Loadout Pit. If there is debris present in the pail, then an
addhional 60 minutes (estimate) is required to rid the pail of the debris.

Water Level in Pail and Vent Port Closure Unsatisfactory

In Block 7-1 (@we 2), the pail is filled with demineralized water. In Block 7-2, the
water level is checked to verifi the correct levelholume is present in the pail. In addition,
the pail lid has been installed (previously) and the vent port closure is also verified closed
in this step. If repair is needed, up to an addhional four hours (estimate) could be required
for this task.

Replace Shield Plug

The shield plug is received and staged at the K Warehouse (Block 9-1 through 9-3, Figure
2). There it is unpacked, the port plugs are removed, and then it is inspected to determine
that the plug configuration is correct. If it is not, then the shield plug requires replacement
or reconfiguration.

Shield Plug Assembly Leak Check

In Block 9-12 (T@rre 2), the shield plug assembly is leak checked prior to installation on
the MCO. If the assembly does not pass the leak check test, then the process tube must be
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removed from the assembly and the assembly disassembled in order to determine the cause
of the failure.

. Shield Plug Installation

In Block 10-1 (FQure 2), the shield plug is installed on the MCO. Three attempts are
allowed to install the shield plug correctly. If the third try is unsuccessfid, then recovery
actions are required. The shield plug is removed in order to determine the cause of the
failure, and repair and/or replacement of the assembly is completed, as necessary (Blocks
IO-2A through 1O-2D). If replacement of the shield plug is required, then additional
actions to obtain a new shield plug will require addhional time and effort.

. Decontaminate MCO Top and Pail Lid

As the immersion pail is lifted from the Loadout Pit, the top of the MCO and the pail lid is
surveyed to determine the level of contamination, if any (Block 10-8, Pigure 2). If
contamination is detected, then up to an additional 30 minutes maybe required for
decontamination.

● Decontaminate Shield Plug Handling Fixture

As the M beam is removed tlom the top of the MCO, any excess water that is trapped
between the Shield Plug Handling Fkture and the MCO is removed, and the top of the
MCO and the handling fixture is decontaminated (Block 10-12, Figure 2). In additio~
afler the auxiliary hoist is removed from the handling fixture, then the underside of the
handling fixture can be surveyed and decontaminated as necessary (Mock 10-16,
Figure 2).

. Post-Torque Calibration Test

In Block 10-22 (Figure 2), a post-torque calibration testis conducted to veri~ that the
shield plug locking ring has been correctly tightened to lock the Shield Plug onto the
MCO. If the post-torque calibration test fails, then a recovery plan is needed to determine
the cause of the failure and the necessary steps required to correct the situation. These
steps are yet to be determined.

. Decontaminate Cask

As the cask is removed from the immersion pail, it must be dried and then surveyed (Mock
12-5, Figure 2). Any contamination found will be removed prior to moving the cask to
the trailer (Block 12-6). Decontamination is expected to take up to 60 minutes, if
necessary.
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7.1 105 K Basin Description

The 105 K East (ICE) and 105 K West @w) Basins are located in the 100 K Area of the Hanford
Site. The KE Basin is adjacent to and north of the 105 KE Reactor building; the KW Basin is
adjacent to and north of the 105 KW Reactor building. The basic structural features of the 105
KE and 105 KW fuel storage basins are illustrated in Figure 16.

The below-grade reinforced concrete fuel storage basins are basically rectangular, approximately
125 feet long and 67 feet wide. The floor elevation is at a ground elevation of 465 feet above sea
level, The water retention walls are 20 feet 9 inches high with a normal operating water depth of
16 feet. The basin floor is a 2 foot thick reinforced concrete mat. The normal operating depth is
16 feet 10 inches in KE (due to dose reduction activities) and 16 feet in KW. A discharge pickup
chute is connected to the south side of the basins, directly behind the reacto~ the chute was
originally used to discharge fiel elements from the reactor, but is no longer in operation. The
discharge chute is isolated from the main basin by barrier doors that were installed for that
purpose. The building exterior walls are steel with corrugated asbestos cement panels.

The KE and KW fiel storage basins are identical except for retaining wall thickness and the metal
roof over the KW fbel storage basin roof The KE fbel storage basin has a constant wall thickness
of 27 inches. Whh the exception of the west wall, the KW fuel storage basin walls are tapered
from a 27-inch base to an 18 inch top. The 20 feet-9 inch high basin walls are cantilevered from
the floor mat. The reinforcing steel sizes are identical, which means the KE fuel storage basin
section strengths are consistently as high .or higher than the KW fiel storage basin walls.

The system descriptions and design criteria for the facilities are discussed in Technical Manual-
Sjwterns Descriptions (Frier 1996). The resulting design bases require that safety class systems be
designed to survive the natural phenomena detailed in Table 7.1-1 below. Design requirements
for non-safety class structures are provided in Table 7. 1-2; non-safety class structures are
identified in the Safety Equipment List for K Basins (l%er 1998).

7-1



.,.

HNF-2169, Rev. O
:

Figure 16- North-South Cross. Section of 105-K Reactor Building and Basin
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Table 7.1-1- K Basin Safetv Class Structures Natural Phenomena
Haza;d Design Criteria

Safety Class Structures
I

Phenomena Design Requirement
I

Seismic event - 0.2g horizontal
- 0.13g vertical

Straight wind I -90 mph

Snow* I -20 lb/fl’ mormd load

*NoteCriteria foraddiionallive,deadandseknricloadsaredetailedinWHC-SD-SNT-SDD-002

Table 7.1-2- K Basin Non-Safetv Class Structures Natural Phenomena
Hazard Design Criteria

Non- Safety Class Structures

Phenomena Design Requirement

Seismic event - 0.09g to O.12g horizontal
- vertical not used

Straight wind -70 mph
I

I Snow* -20 lb/ft2 ground load

*NOW Criteria foraddkionallive,deadandsekmicloadsaredetailedinWHC-SD-SNF-SDD-002.

‘7.2 Facility/Process System Interfaces

Figore 17 provides a summary of the facility and process system interfaces. Supply interfaces
consist of the empty MCO/Cask delivered to the K Basins from the CSB, fresh water to support
cask loading, and treated water to support cask loading, compressed air, helium, and electrical
supplies. The MCO/Cask loadout process produces loaded MCO/Casks for transport to the
CVDF for vacuum drying. The process also produces decontamination waste which is sent to KE
or KW Basin Solid Waste Handling, and flush water which is sent to the KE or KW Basin Water
Systems for processing. Additional detail, quanti~hrg the process interfaces, can be found on the
mass balance tables in Section 11.
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Figure 17- Summary of Interfaces
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8.0 EQUIPMENT DESCRIPTION

Several tools specific to the SNF project are in development. Of those in development, the tools
required to complete MCO loading and cask loadout are identified in Table 8.0-1, following. The
tool description and associated process block number (shown in F@re 2) is also provided below.

Table 8.0-1- Required Tool Equipment List
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ProcessBlockNo. ToolorToolPurpose
11-9 ToolstoRemove-3 iu.ofWaterfromCaskAmmlus

12-1 CaskSecondWY VentPotiDustCapRemovalTed
12-2 CaskSecondsryVentPortAccessTuol
12-2 Cask/ MCO’InertingTools
12-4 Toolto Wl~eCaskas it is RemovedfromthePail
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9.0 SAFETY (TBD)
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10.0 ESSENTIAL MATERIALS

A summary of the materials which must be purchased for basket loading and cask loadout are
provided in Table 10.0-1 below. This information has been taken from the SNF Project
Cask/Transportation Level 1 material balance (l?@re 18), and was compiled by performing a
material take-off.

Note: IfperA4C0 quantities are desirec$ each of the quantities below shotdd be diviakd by 398,
as there are 398 MCOS.

Table 10.0-1- Summary of MCO Loading and Cask Loadout Purchased Essential
Materials

Essential Materials
t I

Interface Number Material System Quantity

TE-2 Decontamination Materirds 3.90E+02 kg

TW-2 Decontamination Materials 4.06E+02 kg

A summary of the materials supplied by other subprojects to complete basket loading and cask
loadout is provided in Table 10.0-2 below. This information has been taken from the SNF Project
Cask/Transportation Level 1 material balance (Rgure 18), and was compiled by performing a
material take-off.

Table 10.0-2- Essential Materials Supplied by Other Snbprojects.

Essential Materials II
Responsible Interface Material System

Subproject Number Quantity

IWTS IC-045 Treated Water Cask Flush 2.21E+08 L

IWTS IC-046 Treated Water Cask Flush 2.3 1E+08 L

lWTS IC-178 Fresh Water to KE Cask Loadout 1.11E+08 L

IwTs IC-179 Fresh Water to KW Cask Loadout I 1.15E+08 L I
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11.0 FLOW DIAGRAMS AND MATERIAL BALANCE TABLES

Drawing H-l-8 1168 (Sheets 1 through 4) presents the process flow diagram and material balance
tables for the SNF Cask/Transportation Subproject. The activities for MCO Loading and Cask
Loadout are represented on this figure (F@re 18 in this document). The material balances are
presented on a subproject basis, representing the quantity of material projected in the system
interface.
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