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1 .O INTRODUCTION 

The process for removal of Spent Nuclear Fuel (SNF) from the K Basins has been divided into 
major sub-systems. The Fuel Retrieval System (FRS) removes -fuel from the existing storage 
canisters, cleans it, and places it into baskets. The Multi-Canister Overpack (MCO) loading 
system places the baskets into an MCO that has been pre-loaded in a cask. The cask, containing 
a loaded MCO, is then transferred to the Cold Vacuum Drying (CVD) Facility. After drying at 
the CVD Facility, the cask, and MCO, is transferred to the Canister Storage Building (CSB), 
where the MCO is removed from the cask, staged, inspected, sealed (by welding), and stored 
until a suitable permanent disposal option is implemented. 

The purpose of this document is to specify the process related characteristics of an MCO at the 
interface bctwecn major proccss systcnis. The charactci-istics arc dcrivcd fiioni the primary 
technical documents that form the basis for safety analysis and design calculations. This 
document translates the cahlation assumptions into iniplenieiitation requirements and describes 
the method of verifying that the requircnicnt is achievcd. Thcse requiremciits arc uscd to define 
validation test requirements and describe requirements that influence multiple sub-project safety 
analysis reports. 

This product specification establishes limits and controls for each significant process parameter 
at interfaces between major sub-systems that potentially affect the overall safety andor quality 

product specifications in this document cover the SNF packaged in MCOs to be transported 
throughout the SNF Project. 

I 
of the Spent Nuclear Fuel packaged for processing, transport, and interim dry storage. The I 

I 
The description of the product specifications are organized in the document as follows: 

. . Section 2.0 - Summary  listing of product specifications at each major sub-system interface. 
Section 3.0 - Summary description providing guidance as to how specifications are complied 
With by equipment design or processing within a major sub-system. 
Section 4.0 - Specific technical basis description for each product specification. . 

The scope of this product specification does not include data collection requirements to supporl 
accountability or environnieiital compliance activities. I 
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2.0 SPECIFICATIONS 

Product specifications for the Spent Nuclear Fuel (SNF), Multi-Canister Overpack (MCO), and 
cask are provided to ensure that packages leaving a sub-system satisfy the requirements of all 
subsequent process sub-systems such that the final MCO can be produced erliciently and stored 
for a 40 yr time period. The specifications in this document are intended to provide requirements 
for individual sub-project performance specifications. Tablc 2-1 provides a summary of the 
process requirements and method of achieving the specified product. 
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3.0 REQUIREMENTS GUIDE 

The following discussion provides an overview of activities performed within a process step 
implementing the specifications of Section 2.0 to assist with specification interpretation. 

3.1 Fuel Retrieval and Cleaning 

3.1.1 Fuel Cleaning 

Fuel cleaning is performed by retrieving a canister of fuel from the basin storage racks and 
processing it in the Primary Clcaning Machine (PCM). This operation provides the primary 
separation of fuel from corrosion products, reducing the quantity of material containing hydrated 
water loaded in a MCO. Performance of this cleaning step is based on identifying a set of 
operating conditions (e.g., time, rotation speed, water flowrates) that produce fuel that satisfy the 
canister cleaning criteria. Once a set of conditions is established, a process validation procedure 
is performed to demonstrate that the cleaning criteria are satisfied at a confidence level consistent 

operating conditions and process validation activity will be performed during startup activities. 
Therefore, the operating conditions can not be specified at this time. However, the criteria used 
to relate performance to the bounding particulate analysis are described in Section 4.1 .l.  
Ultimately, cleaning is defined by processing all fuel through a properly operating PCM after 
validation has been established in accordance with Sloughter (1999). 

3.1.1.1 Films and Adhering Particulate 

I 

with bounding particulate inventory analyses in Sloughter (1999). The actual set of PCM I 

I 
The PCM is expected to remove some of films or adhering particulate during processing. 
However, the development of a conservative MCO particulate inventory, and resultant hydrate 
water inventory after drying, assumes no credit for removal of these materials from fuel elements 
in the bounding analysis by Sloughter (1999) due to the difficulty in quantifying the residual film 
and adhering particulate on a production basis (see Section 4.1.1.1). 

3.1.1.2 Canister Particulate Removal 

The fuel cleaning criteria are based on separation of canister particulate (loose particulate 
collected between elements in the bottom of the canister) from fuel elements and scrap prior to 
loading these materials in baskets (see Section 4.1.1.2 for the criteria description). All fuel 
bearing materials loaded in either type of basket must be processed by the PCM in order for the 
analysis determining the MCO bounding particulate inventory to be valid. I 
3.1.2 Scrap Basket Loading 

Scrap consists of all fuel bearing material that IS not allowed to be loaded in a fuel basket. 
Therefore, scrap can consist of material with a maximum dimension as small as !4 inch, but can 
also consist of pieces as large as entire fuel elements which do not fit in bottom plate sockets of 
the fuel basket. 

12 



HNF-SD-SNF-OCD-001, Rev. 4 

3.1.2.1 Coarse Scrap Basket Sector Loading 

Scrap with niaximum dimension greater than I inch will be placed primarily in the coarse scrap 
sectors of a scrap basket. Scrap pieces larger than 1 inch can also be placed in the scrap basket 
fines sector (center compartment) if necded during operations. However, use of the fines sector 
for coarse scrap should be limited until operational experience indicates the quantity of fine scrap 
generated as compared to coarse scrap quantities. 

Loading ofmaterial that has a maxinitmi dimension less than 1 inch in coarse sector ofthe scrap 
basket is controlled by the loading procedure. Scrap pieces with dimensions greater than 
3 inchcs can be placed directly into the scrap basket coarse scc.tors using the manipulator. The 
manipulator end-effector jaws (3 inch width) can be used as the visual guide Tor determining that 
a scrap piece is suitable for direct loading i n  the coarse scrap basket sector. Significant 
uncertainty is acccptablc in the visual comparison of scrap size with the manipulator end-cffector 
jaw since the visual guide is 3 times larger than the actual coarse scrap size criterion. It should 
be noted that all sc.rap pieces that include a complete outside circumference ring (inner or outer 
element) will also haw maximum dimension greater than I inch. 

All material snialler than 3 inches, with inconiplete outside circ.umferences, will be sized in a 
sizing device, operated at conditions determined during validation tests. Equipment designs and 
the validation tests will demonstrate that the specified operating conditions produce material 
suitable for loading in the scrap basket c.oarse sector ( i c ,  the surface area per unit volume 
occupied by scrap is no more than 5% greater than that calculated for the coarse sectors of a 
bounding scrap basket in Ball and Duncan, 1998). 

The potential for fuel surface area increase from breakage of scrap pieces when dropped in a 
coarse sector ofthe scrap basket aRer sizing is accommodated by the bounding surface area 
calculation. 

3.1.2.2 Fine Scrap Basket Sector Loading 

Scrap material with maximum dimension between %inch and 1 inch must be loaded in the fines 
sector of a scrap basket. Loading material with niauiniimm dimension greater than I inch is 
allowed, limited only by the fines sector physical dimensions. However, operational 
considerations may detemiine that placing larger scrap pieces in the fines sector should be 
minimized in order to reserve space in the scrap baskets for fine scrap. 

Loading of material that has a inaximum dimension of less than %inch in a MCO is controlled 
by specifying that no scrap is loaded in the fines sector of scrap baskets without being sized in a 
device designed to size fine scrap, operated at the proper conditions deteiinined during validation 
tests. Equipment designs to support this size classification of inateiials and validation tests will 
demonstrate that the specified operating conditions produce material suitable for loading in the 
scrap basket fines sector (i.e., the surface arca per unit volume occupied by scrap is no more than 
I O %  greater than that calculated for the fines sector o f a  bounding scrap basket). 



HNF-SD-SNF-OCD-001, Rev. 4 

3.1.3 Fuel Basket Loading 

Material that is generally described as pairs of fuel elements are loaded in a fuel basket. No 
more than 54 fuel asseniblies shall be loaded in a Mk IV fuel basket and no more than 48 fuel 
assernblics shall be loaded in a Mk 1A fucl basket. 

Fuel bearing matenal is suitable for loading in a fuel basket if it can be loaded to form fuel 
clement pairs, at least one end of the outer element fits within the hole machined in the plate of 
the fuel basket. and the inner element fits within the outer element. Both elements must seat 
within the fuel basket holes such that the top of either element does not exceed the fuel basket 
height. Fuel element segments may be stacked (outer segments on intact inner or inner segments 
in intact outer) to form element pairs in a fuel basket position. The height of stacked segments 
can not exceed [he length of intact elenienl supporting the segment stack 

Inspection of fuel baskets prior to transport to the loading queue will indicate that fuel elements 
are properly positioned in the fuel basket. Inspection is to ensure that no material is wedged 
between the fuel assemblies, splaying out the upper ends of assemblies. 

3.1.4 Organic Material Loading 

The quantity of organic material loaded in fuel and scrap baskets will be minimized to minimize 
potential sources of radiolytic gas sourccs in the MCO. Paintcd identification numbers on MCO 
baskets do not provide a significant radiolytic gas source. Organic material which can be 
removed from the fuel by the manipulator may not be loaded in the MCO baskets. Removing 
this organic material will maintain the potential MCO organic inventory within allowable 
estimates indicated in  Section 4.1.4. 

3.1.5 Fuel and Scrap Basket Queuing 

Fuel and scrap basket durations in the basket queue (Le. time that baskets are in the queue) must 
be administratively tracked to show that the particulate inventory generated during basket 
queuing is less than or equal to 11.9 kg (as UOz). The basket queuing time starts at the time 
material destined for a basket leaves the cleaning machine. The earliest time of all the material 
loaded in a basket is used to characterize the start of queuing time for all material in a basket. 
The basket queuing time ends when the void space of a loaded MCOicask has been purged with 
helium. Appendix B describes the generated particulate tracking proc.edurc. A conservative 
guideline, based on two scrap baskets in an MCO, is that the particulate generation criterion will 
be met if all baskets have been stored less than 30 days at water temperatures less than or equal 
to 10°C. Alteiiiative guidelines for other MCO loadings are provided in Appendix B. 

3.2 MCO Loading System 

3.2.1 Number of Scrap Baskets in MCO 

Administratively controlled to no more than 2 scrap baskets per MCO through procedures. 

14 
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3.2.2 Position of Scrap Baskets 

Administratively controlled to the top, or top and bottom position, through procedures. I 
3.2.3 MCO Seal 

The MCO seal ring cleanliness is controlled by design of a basket loading guide. Cleanliness is 
administratively controlled by specifying that the basket guide must be in place during basket 
loading activities and cleaning the seal area prior to shield plug installation. After the basket 
guides are removed, the seal ledge is to be flushed with a water wand tool to remove any 
particles that may interfere with proper sealing. Inspection of the sealing face will be performed 
by camera prior to seating the shield plug. 

3.2.4 MCO Water Fill Level 

The MCO fill level is controlled by equipment design to a height approximately 4 inches below 
the MCO shield plug main body. The cavity formed inside the shield plug assembly provides the 
appropriate water fill level. 

3.3 

3.3.1 MCO/Cask Package Backfill 

Cask Loading and Transport System 

The MCO is vented to the cask during the transfer between the basin and CVD facility. An 
inerting procedure is performed after installing the cask lid to preclude development of a 
flammable gas mixture in the MCO/cask void space as hydrogen is generated within the MCO. 

3.3.1.1 Added Gas 

Helium is used as the inert gas added to the MCOicask void space. Maintaining a positive gauge 
pressure in the piping supply system and MCOIcask void space throughout the inerting 
procedure eliniinates the potential for adding significant quantities of impwities (air) which are 
not incorporated in the inerting procedure basis. 

3.3.1.2 Package Void Space Gas Composition 

After cask lid installation, the package void space gas composition is equivalent to air. A series 
of pressure-bleed cycles, introducing helium into the closed cask, is used to reduce the oxygen 
concentration of the MCOIcask void space. The number of cycles to achieve 1.6% oxygen 
depends on the operating pressure selected (e.g., 5 cycles to 27 psig achieves 1.6% oxygen in the 
package void space, Pajunen and Klimper, 1998). 

3.3.2 MCO Cask Package Pressure 

This will be administratively controlled to between 2 psig and 3 psig, as measured after backfill. I 

15 

. . ~ 
- - .~ 



HNF-SD-SNF-OCD-001, Rev. 4 

3.3.3 Cask Water Fill Level 

The MCO cask annulus space is filled with water to a height equal to the water level within the 
MCO. The cask water level is dictated by the cquipniciit dcsign. Water level adjustments, using 
specifically designed tools, are allowed to accommodate thermal expansion of water during 
transfers. 

3.3.4 Cask Temperature 

The cask temperature is controlled to less than or equal to 15°C at the completion of the helium 
purge to the MCO void space by equilibrating the cask to basin water leniperatures. The cask 
tenipcraturc essentially equilibrates w2ith thc basin water tempcraturc S hrs after iinniersion in the 
cask loadout pit. 

3.3.5 Time Limit for K Basins to CVDF Transfer 

The transport time between the K Basins and the CVDF will be administratively controlled to 
less than 24 hours. If transport times approach the time limit, mitigation actions defined in Smith 
(1999) must be initiated. The transport time window starts when the procedure for adjusting the 
cask backfill gas composition in the K Basins is completed. The transport time window ends 
\bhen the cask has been vented to less than 0.5 psig in the CVDF. 

3.4 Cold Vacuum Drying 

This section provides guidance to interpreting the CVD product specifications based on an MCO 
that has completed the drying process. 

3.4.1 MCO Free Water Inventory 

A bound for the residual free water inventory after CVD processing will be established based on 
the procedure described in Pajunen (1998a). This procedure consists of holding the MCO at a 
temperature greater than 4OoC and pressure less than 12 torr for a pre-determined time period 
(holding time calculations are dependent on the number of scrap baskets in the MCO, ranging 
from 8 hr for no scrap baskets, to 20 hr for one scrap basket, to 28 hr for two scrap baskets). 

3.4.2 MCO Backfill 

3.4.2.1 Added Gas 

Helium is used as the inert gas added to the MCO void space during the drying process and as a 
backfill gas afier drying is complete. The pluity of gas added to the MCO is controlled to 
2 99.5% helium by maintaining the supply distribution system at a positive gauge pressure. leak 
testing MCO process connections, and vendor gas composition certification. 

I 
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3.4.2.2 MCO Void Gas Composition 

MCO backfill gas is the same as the added gas composition. The MCO undergoes a series of 
process steps that evacuate and flow helium through the MCO. Therefore, the resulting void gas 
composition is not significantly different from the added gas and the controls to maintain backfill 
gas purity are the same as identified in Section 3.4.2.1. 

3.4.2.3 MCO Void Gas Temperature 

I 

I 
Since tcmpcratarc affccts the mass of backfill helium addcd to an MCO, the backfill gas pressure 
must be measured after the cask/MCO assembly tempeiature has been adjusted to the backfill 
gas temperature criterion. Sherrell (1999b) detemiined that the MCO backfill gas temperature is 
within the required temperature range of 0°C to 5OoC after drylng if the MCO is cooled for at 
least 5 hrs with tempered water flowrate ofat least 15 gpm and inaxinnun tempered water chiller 
discharge temperature of 15°C * 0.5"C. 

3.4.2.4 MCO Void Gas Pressure 

The MCO void gas backfill pressure is adjusted to within the pressure range of 9.5 psig to 
12.5 psig afrer performing the backfill gas temperature adjustment described in Section 3.4.2.3. I 
3.4.3 MCO Integrated Leakage Rate 

Leakage testing of MCOs shall be performed to demonstrate that the total integrated reference air 
leakage rate is less than or equal to IxlO-' std cni'/scc air, per ANSI N14.5-1987, prior to 
shipment from the CVD Facility to the CSB.' 

3.4.4 Cask Backfill 

3.4.4.1 Cask Void Gas Composition I 
An instrument air purge will be used to dry the cask annulus after draining the water. Upon I 
completion of water drainage and air purge, no more than 0.5 vol% water vapor is permitted in 
the cask. 

3.4.4.2 Cask Void Gas Temperature 

No gas temperature measurements are required (ambient temperature). 

3.4.4.3 Cask Void Gas Pressure 

No backfill pressure measurements are required (ambient pressure). 
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3.4.5 Cask Shipping Temperature 

The initial cask shipping temperature, the temperature of the cask at CVDF when the MCO port 
plugs are closed, will be assured by the same cooling proccdure uscd to adjust the backfill gas 
temperature in Section 3.4.2.3. 

3.4.6 Halogenated and/or Organic Compounds 

CVD equipment and system designs preclude process addition of oils, other organics, andor 
halogen containing materials that will not be removed at CVD operating conditions. 

3.4.7 Process Water Effluent 

The process water conditioning (PWC) systcni will be uscd during the transfer of all process 
water from an MCO to a transport. All process water effluent will be processed in the CVDF 
PWC system prior to transport loading. 

3.5 Cask Transport from the CVDF to the CSB 

The transport time from CVD to CSB will be controlled administratively to comply with a 
maxiniuni shipping time limit of 234 hrs. If shipping times approach the time limit, mitigation 
actions defined in Smith (1999) must be initiated. The transport time start is defined as when 
water is drained from the cask annulus at the CVDF. The end ofthe transport time is defined as 
when the cask lid is removed aRer receipt in the CSB. 

3.6 Canister Storage Building Systems 

3.6.1 

The time a mechanically sealed MCO is stored in the CSB will be controlled administratively. 

3.6.2 MCO Leakage Rate After Welded Cover Cap Installation 

Mechanically Sealed MCO Storage at CSB 

Leakage testing of MCOs shall be performed with CSB systems to meet the requirements of 
Goldinann (1998) and ANSI N14.5-1987 prior to placement in long term storage at the CSB. 

3.6.3 MCO Interim Storage Condition 

3.6.3.1 MCO Maximum Internal Design Pressure 

The maximum internal pressure of an MCO, with welded cover cap installed, that has been 
loaded with cleaned fuel which was dried and backfilled in compliance with the criteria 
described in Section 3.1 through 3.6.2 will not exceed the MCO design pressure of 450 psig 
during interim storage. 
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3.6.3.2 MCO Wall Temperature 

The maximum MCO wall temperature is limited to less than 132°C by proper function of the 
CSB vault cooling system and conformance to the processing criteria described in Sections 3.1 
through 3.4. 

3.6.3.3 MCO Water and Gas Inventory 

The MCO water and gas inventory is limitcd to the allocations sliown in Table 4-2 by 
conformance to the processing criteria described in Sections 3.1 through 3.4. 

3.7 MCO Interim Storage Time 

Some type of action to remove fuel from interim storage, or extend the storage system design 
life, must be defined and completed prior to the end of the CSB and MCO design life of 40 yrs 
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4.0 TECHNICAL BASES 

This section describes the technical bases for each process specification listed in Section 2.0, 

4.1 Fuel Retrieval and Cleaning 

The Fuel Retrieval System (FRS) is responsible for retrieving fuel from storage locations, 
cleaning it and placing it in fuel and scrap baskets. The fuel cleaning and basket loading 
activities performed by the FRS establish process parameters for all subsequent process systems. 
Fuel cleaning separates corrosion products from the fuel bearing materials loaded in fuel and 
scrap baskets. The criteria for this separation is consistent with the analysis of a bounding 
particulate inventory in an MCO which supports quantifying the inventory of material at risk for 
dispersion during accidents and the inventory of material containing hydration water. Basket 

MCO, while basket queuing specifications are consistent with analyses of particulate generation 
on fuel in baskets after cleaning. 

4.1.1 Fuel Cleaning 

Fuel cleaning performance is based on the bounding particulate analysis in Sloughter (1999). 
The analysis quantifies the bounding particulate inventory in a MCO by considering potential 
locations for residual particulate based on fuel characterization observations. These observations 
resulted in characterizing the components of residual particulate associated with fuel assemblies 
and scrap as: cladding films (composed of either uranium or aluminum compounds), an oxide 
film on exposed uranium surfaces, adhering particulate trapped in cracks within elements, and 
canister particulate (corrosion products accumulating in canisters that may collect in element 
flow channels). 

4.1 .l. 1 Films and Adhering Particulate 

I 
loading specifications are consistent with analyses bounding the reacting surface area in an I 

I 

The bounding particulate inventory analysis in Sloughter (1999) and Wyman (1999) is based on 
bounding quantities of films and adhering particulate as found in the basin with no intentional 
cleaning. The bounding particulate inventory forms thc basis for the hydratc water inventory in 
an MCO alter drying described in Duncan and Plys (1 99s). The bounding particulate inventory, 
and resultant hydrate water inventory, is dependent on the number of fuel and scrap baskets 
loaded in a particular MCO. Sincc bounding estimates of hydrates wcre used to evaluate MCO 
interim storage, the FRS Primary Cleaning Machine (PCM) is not required to remove films or 
adhering particulate. 

Duncan and Plys (1998) develops the basis Cor water mass fraction in the different films and 
adhering particulate to determine that the hydrated water mass in an MCO is bounded by 

4.05 kg water per MCO containing 5 fitel baskets, 
4.25 !ig water per MCO containing 4 fuel baskets, and 
4.41 kg watcr per MCO containing 3 fucl baskets. 
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Duncan and Plys (1998) does not address a six fuel basket MCO. However, applying the film 
and particulate water content from Duncan and Plys (1998) to the bounding particulate inventory 
in Wynian (1999) yields a bounding hydrate water mass of 3.52 kg water per MCO containing 
6 fuel baskets. 

4.1.1.2 Canister Particulate Removal 

The bounding particulate inventory analysis in Sloughter (1999) is based on satisfying cleaning 
criteria for separating canister particulate from fuel elements in the PCM. The overall approach 
is based on process validation, where the process performance is demonstrated for a set of PCM 
operating parameters during startup testing. Sloughter (1999) includes an allocation for the 
residual canister particulate in a MCO that defines the process validation cleaning criteria. 

The assembly cleaning criterion is based on defining the quantity of canister particulate observed I 
in flow channels that cause an assembly to be considered inadequately cleaned. The definition of 
an assembly that fails the cleaning criteria is as follows: 

I 

I 

An assembly fails the cleaning criterion if, when removing the inner element from the 
outer element, a quantity of corrosion product is observed to fall out of the assembly 

I 
exceeds 1.3 cm3. I 

This criterion is actually applied only to elements that are being separated during the process 
validation test. A traincd review panel, familiar with the cleaned fuel description in 
Sloughter (1 999) will provide the final determination that assembly cleaning conforms to the 
bounding analysis. A qualified process approach to operation of the PCM for loading fuel and 
scrap baskets can not begin until the process validation test is successfully completed. However, 
basket loading could continue based on inspection of each assembly prior to loading. 

The allocation for residual canister particulate in the bounding particulate inventory in Sloughter 
(1999) is based on providing a 99% confidence that: 

3 Mk IV fuel baskets in an MCO contain no more than 0.96 kg canister particulate. 

4 M.k 1V fuel baskets in an MCO contain no more than 1.28 kg canister particulate, and 

5 Mk 1V fuel baskets in an MCO contain no more than 1.6 kg canister particulate. 

Wyinan (1999) duplicated the calculations in Sloughtcr (1999) for Mk 1A MCOs and indicates 
that total fuel particulate inventories of Mk IV MCO loadings bound the 6 basket con.figurations 
of a Mk 1 A hlC0. However, the canister particulate component of the total particulate 
inventory is bounded by 1.86 kg in an MCO containing 6 IvIk 1A fuel baskets. 
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Applying the water content of canister particulate (1 5 wt% hydration water) from Duncan and 
Plys (1998) to the bounding particulate inventories yields bounds for the hydration water from 
canister particulate of: 

e 

0.28 kg water in an MCO containing 6 Mk 1A h e 1  baskets, 
0.24 kg water in an MCO containing 5 fuel baskets, 
0.19 kg water in  an MCO containing 4 firel baskets, and 
0.14 kg water in an MCO containing 3 fuel baskets. 

A process validation test lot consists of 29 canisters containing 406 asseniblies. If more than one 
of the 406 assemblies in the validation test lot fails the assembly cleaning criterion, the cleaning 
process fails to meet the validation criteria for canister particulate removal (Sloughter, 1999). If 
the validation test fails, the PCM operating parameters are adjusted and the validation test is 
repeated, or thc process validation approach to cleaning control rcconsidcrcd. 

After initiating routine operations, the canister cleaning is periodically verified to confinn that 
the cleaning criterion is being satisfied. The verification period will be sclccted by dividing the 
fuel into process lots. The validation test will be perfoimed on a canister at the beginning and 
end of each lot. The size of a fuel lot is selected based on operational considerations (e.g., past 
expcrience, and implications of responding to an obsenlcd cleaning failure). If an individual 
assembly from the canister in this periodic confimiation test is determined to fail the cleaning 
requirements. cleaning performance confirnmation actions must be initiated. 

4.1.2 Scrap Basket Loading 

A 10% total uncertainty in ac.hieving the bounding scrap basket SllrfaCe area was allowed in the 
loading criteria for scrap piece size classification activities. The surface area estimate developed 
in Ball and Duncan ( I  998) is based on a probability analysis that predicts 99.9% of the bounding 
scrap basket reactive area distribution lies between 40,000 cm2 and 49,000 cm2 with a mean of 
45,300 cm'. Therefore, a 10% uncertainty in achieving the mean bounding surface area is within 
the range predicted by (he probability aualysis. 

4.1.2.1 Coarse Scrap Basket Sector Loading 

Scrap loading by the FRS must minimize the loading of scrap with maximum dimension smaller 
than 1 inch in coarse scrap basket sectors to produce loadings consistent with analysis of the 
bounding reacting surface area developed in Ball and Duncan (1998). The only limitation 
imposed on loading scrap pieces larger than 1 inch is that the scrap is physically placed within 
spaced formed by the scrap basket walls and the total scrap mass does not exceed criticality 
limits. This produces coarsc scrap sector loadings consistent with the bounding reacting surface 
area developed in Ball and Duncan (1998). The procedure described in Section 3.1.2.1, with 
manipulator loading of pieces larger than 3 inches and siiing of pieces less than 3 inches, 
provides a conscwativc method of ensuring that thc quantity of scrap smaller than 1 inch in 
coarse sectors does not significantly impact the bounding surface area. 

A total uncertainty of 10% is allowed in achieving the bounding surface area within coarse 
sectors of a scrap basket to accommodate potential events that could result in loading some scrap 
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Uranium Geometric Area, cni2 

Coarse Scrap 
Fine Scrap 
Total Scrap 
Piece Count Characterization 

Total Equivalent Assemblies 
Number of Intact h e r s  
Nuniber o f  Partial lnuers 
Nuniber of Partial Outers 
Nuinher of Coarse Scrap Pieces 
Nuiiiber o f  Fine Scrap Pieces 
Total Fuel Mass, ka 

pieces smaller than 1 inch in coarse sectors. The uncertainty allowance for coarse scrap was 
partitioned to address two factors that may result in loading fuel pieces smaller than 1 inch in a 
coarse scrap scctor: 

scrap sizing device inefficiency, and 
breakage of large scrap pieccs when dropped into the coarse scctor. 

To achieve a total c.oarse sector fiiel surface area that is within 10% of the bounding surlBce area, 
each of these factors is required to result in fuel loadings that arc within 5% of the bounding 
surface arca. Thcrcforc, the coarse scrap sizing device is rcquired to produce matcrial such that 
the surface area of fitel pieces with niasiniuni dimension less than 1 inch do not add more than 
5% of the bounding surface area to the coarse sectors of the scrap basket. 

Heat transfer analyses of MCO drying utilize the scrap surface area per unit volume occupied by 
scrap as a basic input parameter. The bounding surface area of a scrap basket is achieved when 
the scrap basket is full. However, heat loss primarily occurs radially from the MCO. The radial 
heat loss path results in similar scrap basket thennal gradients when the basket sector is partially, 
or entirely tilled with scrap. Since partial scrap basket loadings may he encountered during 
processing, thc coarse scrap sizing reqnircn~cnt must be applied using a basis of scrap surface 
area per unit volume occupied by the scrap. 

The implications of coarse scrap brcaliage is considered based on the description of a bounding 
scrap inventory shown i n  Table 4-1 for a Mk IV scrap basket (Ball and Duncan, 1998). The 
Mk IV scrap basket capacity bounds the Mk 1A scrap basket capacity. 

Bounding Scrap Baskct 

25.400 
19.900 
45.300 

36.6 
28.2 

8.14 
16S3 
980 

Table 4-1. Bounding Scrap Description 
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The implication of coarse scrap breakage during handling is evaluated assuming minor breakage 
results in splitting off a small fuel piece when each scrap piece is dropped in a scrap basket. If 
this is characterized as a % inch (0.635 cm) diameter sphere, the additional fuel area added to a 
scrap basket coarse sector is approximately 1.27 cm2/scrap piece (A = x 0.635'). Based on the 
bounding scrap basket coarse scrap description in Table 4-1, this type of breakage would 
increase the coarse scrap surface area by approximately 1,060 cm' (834~1.27), which is an 
increase of approximately 4%. The same surface area impact would he observed for more pieces 
of smaller diameter hrokcn off (e.g., the sanic surface area increase would he observed if four 
l /8  inch diameter pieces per scrap piece break off a coarse scrap piece during loading): This 
surface area increase estimate is within the 5% requirement allowed for coarse scrap breakage. It 
should also bc noted that, since the estimate is evaluated on a per scrap piece basis, it is 
equivalent to the area increase per unit volume occupied by scrap. 

Physically breaking each piece in half when picking up coarse scrap with the manipulator can 
not be shown to be bounded by the current surface area calculation. This could he characterized 
as creating a !h inch diameter scrap piece when handling each coarse scrap piece which would he 
estimated to increase the coarse scrap surface area by 4,200 cm2, or 17%. Therefore, if the 
manipulator physically breaks the coarse scrap when it is picked up, the pieces must he dropped 
and each piece re-evaluated as coarse scrap. 

4.1.2.2 Fine Scrap Basket Sector Loading 

Scrap sized from 1/4 inch to 1 inch is to he loaded only in the fine scrap region of the basket to 
produce loadings consistent with the bounding reacting surface area developed in Ball and 

estimated in thermal calculations for subsequent process steps are maintained during operations. 
The tines sector fuel surface area is limited by the volume of the basket which can be loaded 
with small scrap pieces and size segregation of fuel pieces. The total scrap basket volume used 
for small scrap loading has been limited by creation of a separate basket sector for fine scrap that 
limits the maximum distance between small scrap pieces and a highly conductive fin in the scrap 
basket. 

A total uncertainty of 10% is allowed in achieving the bounding surface area within the scrap 
basket fines sector to accommodate the potential for loading some fucl pieces smaller than 
5$ inch within the fines sector. This represents the required efficiency of the fine scrap sizing 
device. The heat transfer path discussion described above for coarse sectors also applies to the 
fine sector. Therefore, the fines sizing devices is required to produce material such that the 
surface area of fuel picccs with ma?timum dimension less than 5$ inch do not add more than 10% 
of the bounding surface area to the fines sector of a scrap basket using a basis of surface area per 
unit volume occupied by scrap. 

Loading material larger than 1 inch in a fines sector does not increase fuel surface area (shown 
below). Therefore, loading of fuel pieces with maximum dimension larger than 1 inch in a fines 
sector is constraincd only by the physical dimensions of the scrap basket. 

Duncan (1998). Limiting the total scrap basket surface area ensures that the safety margin I 
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The impact of loading larger scrap pieces in a fines sector on surface area can be estimated by 
assuming scrap pieces are represented by spheres. The fines sector area is evaluated in Ball and 
Duncan, 1998 by modeling the fines sector as a porous bed of solids with fixed total volume. 
The number of fL1el pieces in a fines sector that fill the fixed volume is estimated as follows: 

N v  V=- 
(1 - +) 

where: V = basket fines sector volume, cm3 
N = number of fuel fine pieces loaded in the fines sector 
v = volumc of an individual fuel piece, cni3 
4 = void fraction of porous bed formed by the fuel pieces 

Assuming spherical particles, the nuniber of fuel pieces in the fines sector becomes, 

where: D = the equivalenl fuel piece diameter, cin 

For a bed of fixed total volume, with the bed void fraction approximately constant, the number of 
fuel pieces clianges with the equivalent diameter. 

The total area of fuel pieces is also based on the number of fuel pieces and estimated assuming 
spherical particles. 

A = N ~ D ~  

wherc: A = total area of fuel pieces in thc basket fines scctor, cm2 

Therefore. the change in Lotal area with a change in fuel size is, 

N , D ?  

or 
A,=--, DI 

D2 

This indicates that thc fuel area in a fines sector decreases as the particle equivalent diameter is 
increased and results from a decrease in the number of fuel pieces that fit in the fixed volume of 
basket fines sector. Therefore, there is no limit on the number of fiiel pieces with maximum 
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dimension larger than 1 inch loaded in the scrap basket fines sector. Linutiug the loading of fuel 
pieces larger than 1 inch becomes an operational consideration that I S  practically limited by the 
size of fuel that can physically fit in the scrap basket fincs sector and the necd to reservc space in 
the scrap basket formaterial unsuitable for loading in coarse sectors. While dependent on the 
actual geometry of the fuel pieces, physical dimensions limit the maximimi size of material 
placed in the fincs sector to cross section dinicnsions of approxiniatcly 1.125 inch to 1.378 inch 
for the Mk 1 A scrap basket and 2.0s inch to 2.18 inch for the Mk IV scrap basket. 

4.1.3 Fuel Basket Loading 

Fuel baskets are designed to produce an array of fuel assemblies standing on end when loaded in 
the MCO. All safety analyses and designs have been completed based on fuel basket arrays 
containing a maximum of 54 intact Mk IV fuel assemblies in the Mk IV fuel basket and 48 intact 
Mk 1A fuel assemblies in the Mk 1A fuel basket. These values represent bounds on the number 
of assemblies that can be loaded in a particular basket type. Criticality analyses have been 
performed to show that partial basket loadings (including empty positions and/or loading lone 
outer or inner elements in assembly positions) can be accepted in both Mk 1V and Mk 1A fuel 
baskets (Lorenz, et al. 1999). Therefore, only the niaximuni assembly count represents a 
constraint on fuel basket loading. 

Bounding surface area calculations for a fiiel basket are based on loading material with the 
geometry of intact fuel assemblies, or stacked fuel pieces to form a stack of similar dimension to 
an assembly. The bounding surface area allocation in a fucl basket of 7,900 cm2, based on the 
equivalent of 20 assemblies composed of 3 inch long outer element segments stacked over an 
intact inner elements and 20 assemblies composed of 3 inch long inner element segments stacked 
inside intact outer elements. The bounding surface area assumption allows the file1 basket to be 
composed essentially of stacked fx l  pieces. However, the fuel element piece geometry must be 
of a cylindrical shape to conform with the surface area calculation. Therefore, elements and 
element segments loaded in the fucl basket must contain an intact circular cross-section for a 
portion of the element length. 

Due to the conservatism of the bounding fuel basket surface area assumptions (40 of 
54 assemblies contain stac.ked 3 inch pieces), no constraint is placed on the number of elements 
that can be loaded in the fuel basket as stacked segments. However, the length of stacked 
segments can not exceed the length of intact clement associated with the segnient stack. The 
3 inch element segment is used as a guide for fuel basket loading that is consistent with fuel 
basket surface area calculations. 

The MCO fuel basket design is based on positioning fuel assemblies on end in sockets formed in 
the basket bottom plate. This orientation facilitates efficient packing of assemblies in baskets 
and promotes water drainage from the center and annular void region of each assembly. In 
addition, fuel drying during helium flow conditions is promoted by the alignment of assembly 
void regions with openings in the positioning socket. The positioning sockets also provide a 
guide for limiting the number of assemblies loaded in a fuel basket and ensure that seated fuel 
assemblies are properly loaded within the basket cavity (ends do not extend above the basket 
supports). 
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Loading fuel material between assemblies is to be precluded based on operational considerations. 
Fuel pieces wedged between elements can potentially splay out the top ends of assemblies. This 
configuration could make it difficult to remove a fuel basket from a storage queue position or 
MCO (basket removal from an MCO may be required during basket loading if a basket does not 
seat properly). The FRS will load fuel such as not to preclude normal loading of baskets into the 
MCO. 

4.1.4 Organic Material Loading 

Appendix A provides an assessment of the potcntial cffects of organic matcrials on MCO interim 
storage. Epoxy resin is used as a model of organics potentially loaded in an MCO. While epoxy 
resin was generally found to be stable at total integrated doses for inaterials in an MCO stored 
for 40 years, the assessment assumes complctc dcconiposition of thc organic matcnaI. The 
assessment concludes that organic material loadings of less than 450 g would not significantly 
impact the pressure and gas composition characteristics of an MCO during interim storage. 

Identification number will be indicated on each MCO basket using an enamel paint. The 
markings are projected to cover approximately 3 in’, 5 mils thick. Assuniiiig a maximum MCO 
loading of 6 baskets and organic density of 1.5 g/cm7, marking will add the following quantity of 
organics to an MCO. 

(6 baskets/MCO)(3 inzr0.005in/basket)(2.54cm/in)’ (1.5 g/cm’) = 2.2g/MCO 

Therefore, identification markings will not significantly impact the organic inventoiy of an 
MCO. 

An MCO containing 450 g of organic material at an assumed density of 1.5 g/cm’ would contain 
300 cm3 of organic pieces. Small pieces of organic material will be the most difficult material to 
visually separatc from fiicl. This material would be loaded in the fines sector of a scrap basket. 
Assuming two scrap baskets are allowed per MCO and a loading void fiaction or40%, an MCO 
could approach the 450 g limit for organics if scrap baskets contained 250 cm’ interspersed with 
fuel fragmcnts. 

The scrap basket fines sector total capacity is approximately 17,000 cm3. Organic material must 
represent approximately 1.5% of the total volume of material added lo each scrap basket fines 
sector for an MCO, containing two scrap baskets, to approach an organic loading of 450 g. 
Visual segregation of organic material with the manipulator is considered sufficient to assure the 
organic loading limit is achieved. 
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4.1.5 Fuel and Scrap Basket Queuing 

Cleaned fuel in baskets queued underwater for loading in an MCO will continue to react with 
basin water and generate additional particulate. The bounding particulate inventory in an MCO 
allows for 11.9 kg of corrosion products (as UO2) to be generated during basket queuing in the 
basin (Sherrell, 1999a). Conservative guidelines for the queuing time limit, varying with MCO 
baskct loading and basin water tempcrature, arc shown in Appendix B. 

The start of basket queuing time is defined as the e.arliest time that material loaded in a basket 
has left the cleaning machine. This provides a consetmtivc estimate of the start time for all 
material placed in a particular basket. The end of queuing is defined as the time when the void 
space of a loaded MCO/cask is purged with helium, eskhlisliing the initial conditions of the 
shipping window. The analysis in Sherrcll (19994 addresses particulate generated after the 
basket is loaded in an MCO as part of other processing activities. 

Particulate generation during basket queue storage is a small contributor to the MCO hydration 
water inventory due to the slow rate of hydrating uranium corrosion products at basin storage 
temperatures. Experimental data presented by Duncan and Plys (1 998) indicate approximately 
10 mole % of a UO2 corrosion product would be converted to a hydrate if stored for 30 days at 
60°C in 80% humidity air. Storage underwater at basin temperatures is not projected to 
significantly impact the bounding particulate or water inventory of an MCO. 

4.2 MCO Loading System 

The MCO Loading System will take the loaded fuel and scrap baskets from the basket queue and 
load them into MCOs. 

4.2.1 Number of Baskets of Scrap 

The bounding surface area analysis in Ball and Duncan (1998) and thermal analyses of I 
subsequent process steps limits the MCO loading to two scrap baskets. 

4.2.2 Position of Basket of Scrap 

Criticality analyses ( Kessler 1999) are based on loading configurations where scrap baskets are 
located in either the top, the bottom, or in  both positions of an MCO. Themial analyses of 
process steps are docuinented in Plys and Duncan (1998a) based on configurations where scrap 
baskets are located in either the top, or top and bottom positions of ai MCO. Undocumented 
(hernial analyses have been perfomied for an MCO containing only a scrap basket in the bottom 
position. However, until these theiinal analyses are fornially rclcdsed, the allowed scrap basket 
configurations are limited to either the top, or top and bottom positions of an MCO. 
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4.2.3 MCO Seal 

A seal leak will prevent completion of the CVD process or MCO leak check at CVD and could 
lead to returning the MCO to K Basins to establish the seal. Basket loading procedures include 
the use of a guide to minimize the potential for particulate accumulations on MCO sealing 
surfaces. Prior to shield plug installation, a cleaning step is performed on the collar sealing 
surface to hrther reduce the potential for observing an inadequate seal. 

4.2.4 MCO Water Fill Level 

The MCO minimum void space volumes are established by the equipment design. The MCO is 
filled with water during loading activities and reinains filled with water during transport from thc 
K Basins to the CVD Facility in the 100 K Area. The water in the MCO is slightly contaminated 
water from the K Basins The water level inside the MCO is to be approximately 10 cm 
(4 inches) below the bottom of the shield plug main body to provide a void voltune of 
approximately 0.96 ft3, consistent with transport window calculations in Smith (1999). The 
shield plug design (chamber protecting HEPA filters) produces the required MCO water fill 
level. Thc MCO is vcnted through a HEPA filter to the cask cavity during this transfer to 
provide a larger volume for the gas generated from corrosion (Smith 1999). 

4.3 

The package loaded on a semi-trailer for transport to the CVD Facility consists of the loaded and 
vented MCO inside of a sealed cask. During the package preparation, air in the void space at the 
top of the MCO and cask must be replaced by inert gas to preclude developing of a flammable 
gas mixture. Furthermore, the shipping window is based on the generation rate of gases such as 
hydrogen to preclude over pressurization of the cask. 

4.3.1 MCO/Cask Package Backfill 

4.3.1.1 Added Gas 

Cask Loading and Transport System 

I 
Helium was selected as the MCO/cask inerting gas consistent with the gas used throughout the 
CVD process. The helium introduced into the MCO is expected to be maintained at least 99.5% 
pure, which takes into account impurities added to the system during supply change-over, MCO 
connection opcrations, or maintenancc activities. Sherrcll and Pajunen (1999) identifies the 
types and quantities of impurities that may be present within helium that is introduced into the 
MCO by the CVD process and assesses their impacts on the entire SNF process. 

4.3.1.2 Package Void Space Gas Composition 

The uranium fuel will react with water in the MCO to generate hydrogen during transport to 
CVD. The MCO cover gas needs to be inert to prevent the accumulation of flammable mixtures 
of hydrogen and oxygen kom forming while the MCO is in transport between the K Basins and 
the CVDF. Flammable gas mixtures of helium, hydrogen, and oxygen are precluded by reducing 1 
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the void space oxygen concentration to less than 4 ~01%.  A maximum oxygen of I .6 vol% is 
established in Cooley and Hagmann ( I  999) to comply with National Fixe Protection Association 
standards in shipping and receiving areas. This provides an oxygen concentration within the gas 
composition requirements (<2.5 vol% oxygen) specified by the SARP (Smith 1999). As 
hydrogen accumulates in the cask void space, the initial oxygen concentration decreases and the 
gas mixture remains in a non-flammable regime. 

The SNF is to be transferred from the K Basins to the CVD Facility in a flooded condition. This 
means that water will be present in the MCO and cask to within 10 cm (4 inches) ofthe bottom 
of the MCO shield plug main body. Furthermore, the MCO is vented to the void space at the top 
of the cask during transfer. This combined MCO and cask void space will be filled with helium 
to ensure that accumulation of flammable gas concentrations will be precluded during shipment 
and receiving (Smith 1999 and Cooley and Hagniann 1999). 

Pajuncn and Klimper (1998) providc calculations detcrmining the gas coinposition of the two 
void spaces during pressurization and purge cycles. While many combinations can be used to 
achieve 1.6 vol% oxygen in the void volume, the calculation indicates that both the MCO and 
cask void volumes will be less than 1.6 vol% after pressurizing to 2 27 psig and purging to 
I 3 p i g ,  5 times. A minimum pressure of 1 psig is specified for the purge cycle to prevent ai1 
in-leakage during the pressure/purge cycles. 

4.3.2 MCO Cask Package Pressure 

During the flooded transfer conditions from the K Basins to the CVD Facility the MCO and cask 
cavities are backfilled with helium gas that is relatively oxygen free to a pressure sufficient to 
ensure that any leakage would be from the package to the environment while keeping the initial 
pressure low to allow for additional pressurization due to hydrogen gas generation (Smith 1999). 
A maximum pressure of 3 psig is specified in Smith (1999). 

4.3.3 Cask Water Fill Level 

1 
I 

The SARP analysis of pressurization rates during transportation, activities are based on a void 
space volume of 0.54 ft3, which is established by the equipment design (Smith, 1999). The 
cavity between the MCO and the MCO cask is filled with water during transportation from the 
K Basins to the CVD Facility in the 100 K Area. The water in the cask cavity is fresh 
demineraliied water. The water level in the cask cavity is approximately the same as the water 
level in the MCO. The MCO is vented through a HEPA filter to the cask cavity during this 
transfer to provide a larger volume for the gas generated from corrosion (Smith 1999). 

4.3.4 Cask Tcinpcraturc 

The S A R P  (Smith 1999) limits the tempcrature of the cask to less than or equal to 15°C at the 
completion of the helium purge to the air space within the MCO, which is the start of the 
shipping window. The temperature limit is imposed to provide consistency with heat transfer 
calculations that form the basis for transport time limit between the basin and the CVDF. 

30 
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The cask cooling time to equilibrate with the basin water temperature is based on simple natural 
convection heat transfer from the cask to the water. The cask wall is modeled as a thick plane 
with halfthickness equal to the cask wall thickness (7.31 inches). Welty, et al. (1969) describes 
a correlation for convective heat transfer froni a vertical plane. For material properties at (50°F 
(Welty, et al., 1969) and cask dimensions (Smith, 1999), 

Pr = water Prandtl Number = 8.07 
v = water kinematic viscosity = 1 . 2 2 ~  10.' ft2/sec 
k =water thermal conductivity = 0.34 BTU/hr-ft-"F 
k,, = staiiilcss steel thermal conductivity = 9.4 RTU/hr-ft-"F 
a,, = stainless steel thcrnial diffusivity = 0.17 ft'ihr 
L =cask height = 14 ft 
6 = cask wall thickness = 7.3 1 inches = 0.609 ft 

(he convective heat transfer coefficient at the cask wall can be estimated based on the Grashof 
Number, Gr. 

where: g = 32.2 ftlsec' 
T, :=- thc cask widl tcmpcrature, O R  
T, = the basin water temperalure, "R 

For Gr1,Pr > loy, Wclty, ,et al. (1969) recommends a heat transfer coefficient correlation 
equivalent to the following. 

k 
L 

h = -(0.021)(Gr~ Pr)% 

where: h = the convective hear transfer coefficient. BTUhr-fl'-DF 

For (T,-T,) = 1"R and TI = G O O F  = 520"R, 

which indicates the correlation applies when the cask temperature is at least 1°F greater than the 
water. Therefore. the convectivc heat transfcr cocfficicnt is at least 

when the cask temperature is at least 1°F greater than the water temperature. 

Rohsenow and Hartnett (1973) present tcmperature response curves for a thick plate with 
insulated rear face after sudden exposure to a unifomi convective environment (see Figure 22 in 
Section 3 of reference). Based on the response curves after 8 hr of cooling, or 
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hSk,, = (78)(0.609)/(9.4) = 5 and a,,(cooling time)/&' = (0.17)(8 hr)/(0.609)' = 3.7, the 
dimensionless temperature at the rear face (equivalent to the inner surface ofthe cask wall) is 

(T-T 
(TI -To) 
2 = 0 9 9 5  

whcrc 7 = thc tenipcraturc at the rear facc 
To= the in i t i d  cnsk tempeidore 

Based on the temperature response curve, if the initial cask temperature were to he an extreme 
value of 212°F (672'R) immediately before immersion in the cask loading pit, with the basin 
water temperature at 58°F (5 18"R), a point on the inside cask wall would reach 58.8'F after 
S hrs. This satisfies the requirement that thc cask be less than 15°C (59°F) prior to shipping. 
Shorter cooling times andor lower cask temperatures would be obtained for lower basin water 
lemperatures. 

4.3.5 Time Limit for K Basins to CVDF Transfer 

The SARP (Smith 1999) limits the transfer time between the K Basins and the CVDF to 
24 hours. Mitigation actions specified in Smith (1 999) must be implemented if transfer times 
exceed this limit. 

4.4 Cold Vacuum Drying 

The CVD Facility removes free water from the MCO allowing transport to the CSB and storage 
there for up to 40 years. The CVD criteria bases, applicable to the MCO, represent the 
characteristics ofthe facility product after drying is complete. 

4.4.1 MCO Free Water Inventory 

The inventory of free water in an MCO after drying (200 g) has been allocated based on the 
feasibility of identifying tests or procedures that confirm compliance with the specified limit 
(Pajunen 1998a). This allocation has been used as the basis for evaluating MCO pressurization 
and gas compositions during storage. Therefore, any future modification of this limit requires re- 

Section 4.6.3.3.7 describes the overall basis for allocating water to different constituents that 
may exist in an MCO during storage. 

4.4.2 MCO Backfill Gas 

4.4.2.1 Added Gas 

Helium is to be used as the MCO backfill gas based on thermal property performance. Heard 
(1996) compared MCO fuel temperatures during final storage in the CSB assuming helium, 
nitrogen, and argon as the backfill gas. Helium significantly reduced the peak fuel temperature. 

have been used as the basis for gas temperature defining the molar gas inventory during storage 

analysis of the stored MCO pressure and gas composition (see Plys and Duncan 199%). I 

I 

Subsequent thermal analyses (Plys and Duncan 1998a), which assume a helium backfill gas, I 
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(see Section 4.6.3.2). Therefore, helium must be used as a backfill gas for this analysis to be 
applicable. 

Helium will be the only inert gas utilized at the CVD Facility and will be controlled to Office of 
Civilian Radioactive Waste Management (OCRWM) requirements per Irwin (1 999). Sherrell 
and Pajuncn ( I  999) evaluates the inipact of helium impurities on gas thermal propcrties, 
particulate generation, heat generation, and hydrogen generation during CVD operation. This 
analysis concludes that a gas composition of 99.5% helium added lo the MCO will support 
process safety and design assuniptions. 

4.4.2.2 MCO Void Gas Composition 

The MCO void space gas composition oxygen content must be less than 2.5% to satisfy 
transportation criteria specified in Smith (1999). However, this criterion is not limiting. 

Hydrogen can be generated in a stored MCO after drying by residual water radiolysis or 
corrosion of uranium metal. Therefore, control of the MCO void space oxygen concentration 
was selected to preclude development of a flammable gas mixture in a MCO. Analyses of the 
MCO internal gas composition, investigating the transient oxygen composition of gas in MCO 
over a range of characteristics are performed Plys and Duncan (199%). This analysis, 
demonstrating that formation of a flammable gas mixture is precluded over the 40 yr storage 
period in the CSB, is based on an initial backfill gas that is essentially pure helium. Sherrell and 
Pajunen (1999) determined that an initial backfill gas composition of 99.5% helium would not 
impact the results and coiiclusions of Plys and Duncan (1 998b). Therefore, the MCO void space 
gas con~position is specified as greater than or equal to 99.5% helium. 

4.4.2.3 MCO Void Gas Temperature 

The MCO temperature during backfill operation impacts the molar quantity of added gas. The 
basis for maximum pressure during storage assumes backfill gas quantities are specified at 0°C. 
Backfilling the MCO at a lower temperature, to the same backfill pressure range, would result in 
adding a molar quantity of gas that exceeds the contribution allocated in Table 4-2. Therefore, 
the backfill gas temperature must be greater than or equal to 0°C when measuring the backfill 
pressure. 

The maximum backfill gas temperature impacts the minimum molar quantity of helium added to 
an MCO. The MCO gas temperature of 50°C at the minimum backfill pressure specified in 
Section 4.4.2.4 results in a minimum helium inventory consistent with that used to evaluate leak 
rate criteria in Sherrell(1999b). 

4.4.2.4 MCO Void Gas Pressure 

The MCO void gas backfill pressure after drying is based on establishing a positive internal gas 
pressure within the MCO with respect to atmospheric conditions to preclude air in leakage 
during transport and storage. A minimum backfill pressure of 9.5 psig supports maintaining a 
positive internal gauge gas pressure at MCO temperatures as low as -31 "C (Sherrell 1999b). The 
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calculations in Sherrell (1 999b) also demonstrate that the minimum backfill pressure, combined 
with satisfying the leak rate criterion in Section 4.4.2.4, will inainlain a positive gauge pressure 
in the MCO for over 40 years. The maximum backfill pressure of 12.5 psig is based on the total 
pressure allocation to backfill gas specified in Section 4.6.3.3.3. 

4.4.3 MCO Integrated Leakage Rate 

Goldmann (1998) specifies a total integrated helium leak test criterion of 1 xl0-' std cc/sec for 
mechanically sealed MCOs. This gaseous leakage rate is based on a clean seal and a clean 
sealing surface at the final mechanical closure boundary. The mechanical seal leakage rate is 
evaluated in Sherrell (1999b) based on a total reference air integrated leak rate of 
lxlO-'std cin'/sec air as measured per ANSI N14.5-1987. The leak rate criterion is defined as 
IxlO-' cm'iscc of dry air, corrected to an absolute pressure of 1 atin and 2 5 T ,  that will flow 
through a leak path rroni an upstreani cavity with absolute pressure of 1 atin into a downstream 
cavity that has been evacuated lo less than or equal to 0.01 atm. The specified leak rate 
precludes development of flammable gas mixtures during transport and CSB storage prior to seal 
welding, as indicated in Section 4.5 and Section 4.6.2. 

Flammable gas mixturcs are controlled during CVD processing by CVD systems. Therefore, 
this leakage rate criterion does not apply during processing in the CVD. During transport the 
cask provides the containment for the MCO. 

4.4.4 Cask Backfill 

4.4.4.1 Cask Void Gas Composition 

I 

Based on a sealed MCO, air provides a suitable environment for the MCO during transport and 
storage. The annulus region (between cask and MCO) is used for controlled heating and cooling 
with tempered water during processing at the CVD Facility. The annular region is dried prior to 
transporting an MCO to the CSB. The dew point of a 0.5 vol% water vapor-gas mixture is 
approximately -2°C. Smith (1999) evaluates minimum component temperatures for a normal 
14 hr transfer assuming no solar, radiolytic or chemical heat during worst case low environment 
temperatures of -33OC (-27 O F ) .  Under these conditions, the MCO exterior and cask interior 
surface temperatures range kom -2°C to 44°C. Therefore, limiting the water vapor content of 
the annular space to less than 0.5 vol% precludes the presence of liquid water on the MCO 
exteri.or and cask internal surfaces if the cask temperature does not decrease below -2°C (28°F) 
during transport. 

4.4.4.2 Cask Void Gas Temperature 

No special considerations are associated with the molar quantity of air in a cask prior to 
shipping. Therefore, ambient temperature is specified for the cask backfill temperature. 

I 

I 

I 
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4.4.4.3 Cask Void Gas Pressure I 
No special considerations are associated with the molar quantity of air in a cask prior to 
shipping. Therefore, ambient pressure is specified for the cask backfill pressure. 

4.4.5 Cask Shipping Temperature 

Thermal analyses indicate that the cask lid temperature on receipt at the CSB, after a normal 
transfer time period under hot day conditions, will be bounded at 40°C (104°F) for an initial 
shipping temperature of 25°C (77°F) [refer to Figure B8-10 of Smith (199Y)J. This temperature 
is considered low enough for operator handling activities in the CSB receiving area and 
represents the basis for specifying a cask temperature of less than 25°C prior to shipping. Actual 
cask lid temperatures are dependent on the transport time period and may exceed 40 "C if the 
transport were delayed on the road for an extended time period. 

4.4.6 Halogenated andor Organic Compounds 

I 
1 

Goldmann (1998) describes the corrosion conditions used as a basis for design ofthe MCO. I 
When flooded with water, the MCO design corrosion considerations are based on water with 
chloride ion concentrations less than 1 ppm and fluoride ion concentrations less than 0.25 ppm. 
Once drained, the MCO design corrosion considerations are based on preventing the generation 
of a moist halide gas within the MCO. Halogenated compounds have the potential to produce a 
halide gas by radiolysis. Therefore, introduction of halogenated compounds into the MCO must 
be prevented to comply with design assumptions. 

Oils and other organic compounds have the potential to produce complex radiolysis products that 
are not addressed in the analysis of MCO pressurization and gas composition during storage. 
Thercforc, the introduction of halogenated or organics into an MCO shall be precluded 
throughout the life cycle of the MCO as states the OCRWM requirement for the CVD Facility 
per Irwin (1999). 

4.4.7 Process Water Effluent 

Irwin (1999) describes a Process Water Conditioning (PWC) system for conditioning water from 
the MCOs prior to transport out of the facility. Irwin (1999), Appendix D, lists the low specific 
activity radionuclide concentrations allowing conditioned water transport. The PWC will also be 
operated to ensure that no TRU waste materials are produce (Irwin 1999). 

4.5 

Upon completion of cold vacuum drying, the MCO and cask are prepared for transport to the 
CSB. Smith (1999) evaluates hydrogen leakage from an MCO assuming the MCO mechanical 
seal leak rate is established to be < 1 ~ 1 0 . ~  std cc/sec as specified in Section 4.4.3. Based on the 
analysis in Smith (1999), the most restrictive time limit (< 234 hr) results from the requirement 

Cask Transport from the CVDF to the CSB 
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to maintain the cask void gas hydrogen concentration around a bounding MCO below 2.5 ~01%. 
Mitigation actions must be implemented if transfer times exceed 234 hr (9.75 days). 

The transport time start is defined as when water is drained from the cask since this creates a 
thermal configuration similar to the transport analysis initial conditions. The transport window 
end point is based on the point whcrc hydrogcn can no longcr accumulate in the cask (lid 
removed). 

4.6 Canister Storage Building Systems 

After arrival at the CSB (and possibly some amount of lag storage time), the MCOs are to be 
welded for long term storage. Process requirements to be imposed on the final package closure 
are specified in this section. 

4.6.1 Mechanically Sealed MCO Storage at CSB 

The mechanically sealed MCO storage time limit is based on: 

maintaining a positive pressure in the MCO while in a CSB storage tube that contains an air 
atmosphere, and 

prccluding hydrogen conccntrations above 1 vol% within any vented CSB storage tube 
containing up to two mechanically sealed MCOs. 

’ 

The positive pressure precludes oxygen leakage into the MCO. Sherrell(1999b) evaluates 
helium leak rates from an MCO assuming the MCO mechanical seal has satisfied the 
lxIO-’ std cc/sec leak test acceptance criterion, as specified in Section 4.4.3. Based on the 
analysis in Sherrell ( 1  999b) and the minimum helium backfill addition specified iu Section 
4.4.2.4, a positive pressure is maintained in mechanically sealed MCOs for over 40 years 
without replcnishing the helium gas. Shcrrell (1 999b) also indicates that two mechanically 
sealed MCOs may be stored indefinitely in a CSB storage tube, that is continuously vented to 
the atmosphere, without exceeding a steady stale hydrogen concentration of 1 ~01%.  Therefore, 
the time limit for storing mechanically scaled MCOs in a vcnted storage tube is greater than 
40 years. 

The analysis in Shcrrell(1999b) also evaluates a sealed CSB storage tube. Based on the sealed 
storage tube analysis, the storage tube hydrogen concentration would exceed 1 vol% after 
3.4 years if the tube contained one MCO. The time to reach 1 vol% hydrogen in the storage 
tube is reduced to 10 months if the tube contains two MCOs. 

The mechanically sealed MCO design pressure is 150 psig, while the design pressure after 
installation of a welded cover cap increases to 450 psig (Goldmann, 1998). Plys and Duncan 
(1998b) indicates that a maximum internal MCO pressure of 61.7 psig is anticipated over a 40 y 
storage time period, based on a transient analysis of radiolytic gas generation, fuel corrosion, 
dehydration of fuel corrosion products, and oxygen gettering. Therefore, while the mechanically 
sealed MCO is suitable for containing the projected pressure buildup, the welded cover cap 
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provides a significant increase in the safety margin between the anticipated internal pressure and 
the MCO design pressure. 

The time limit for storage of a mechanically sealed MCO in the CSB becomes a judgement on 
when the increased safely margin is required. The transient calculations in Plys and Duncan 
(1998b) indicate that 70% of the maximum pressure for a worst casc MCO occurs 10 y r s  after 
the start of storage in the CSB. Therefore, a niaximum time of 10 yrs was selected for 
niechanically sealed MCOs based on increasing the design pressure safety margin for the interim 
storagc time when an MCO is projcctcd to approach the maximum prcssurc. 

4.6.2 MCO Leakage Rate After Welded Cover Cap lnslallation 

The MCO, when sealed by welding at the CSB weld station, shall be capable of meeting a 
maximum total integrated leak test acceptance criterion of 1x10’ std cc/sec (Goldmann 1998). 
Flammable gas management evaluations in Sherrell(l999b) indicate that multiple (“dozens”) 
weld penetrations, each with a leakage rate of ~ x I O - ~  std cc/sec as measured per ANSI N14.5- 
19S7, can be accepted while maintaining control of the flammable gas concentrations in a 
storage tube. Individual MCO components are tested against the leakage rate specifications of 

specified based on each of the following components satisfying the leak rate test: (1) MCO shell 
assembly, (2) MCO cover cap assembly, and (3) joining seal weld. The leak rate criterion basis 
is the sanic as that defined in Section 4.4.3. 

4.6.3 MCO Interim Storage Condition 

4.6.3.1 MCO Maximum Internal Design Pressure 

1 ~ 1 0 . ~  std cc/sec. Therefore, a composite package leak rate of less than 3 ~ 1 0 . ~  std cc/sec is I 

The MCO maximum internal design pressure, with welded cover cap installed, is limited to 450 psig, 
or 465 psia (3.2 Mpa), consistent with the design pressure in Goldmann (1998). 

4.6.3.2 MCO Wall Temperature 

The CSB design is based on limiting the MCO wall temperature, with bounding heat load, to 
270°F (132°C) during storage (Swenson 1996). Plys and Duncan (1 998a) found that the 
bounding MCO wall temperature (1 32°C) is approached when an MCO remains in the MCO 
Handling Machine for 5 days without cooling or ventilation. Simulation of storage in the CSB 
storage tube predicts a bounding MCO wall temperature of approximately 10SOC. Therefore, the 
maximum gas temperalure, consistent with CSB storage tube conditions, was estimated to be 
125’C (Reilly 1998). 

4.6.3.3 MCO Water and Gas Inventory in MCO 

The total water inventory after drying determines the worst case projected internal pressure 
within the MCO. The maximum water inventory during storage is derived from a combination 
of bounding analyses defining the hydration water inventory and the free water removal criteria 
described in Section 4.4.1. Other identified gas generation mechanisms in an MCO are evaluated I 

37 

~~. ~ __ ~~~~~ . l__.__-.l____l- 



HNF-SD-SNF-OCD-001, Rev. 4 

and the sum of gases compared to the total gas inventory defined by the maximum pressure and 
temperature. The difference between identified sources and total gas limit represents the MCO 
design conservatism. Table 4-2 summarizes the total gas and contributors identified by other 
mechanisms. The following sections describe the basis for gas quantities associated with each 
contributor shown in Table 4-2. 

4.6.3.3.1 Total Gas Limit in MCO 

The limiting molar quantity of gas in an MCO is based on the maximum allowable gas pressure 
in the minimum projected MCO void volume at the maximum projected storage temperature 
after sealing. The ideal gas law is used to convert these parameters into a limiting molar quantity 
of gas. Total gas pressure and temperature are based on Sections 4.6.3.1 and 4.6.3.2. 

The limiting molar quantity of gas is based on a 500 L free-gas volume of a MCO loaded with 
270 E Length Mk IV fuel assemblies (6.34 MTU of Mk IV fuel). The free volume is based on an 
MCO internal volume of 953 L derived from internal dimensions shown on drawing H-2- 
828041, Rev. 3. Mk IV fuel basket displacement volumes are based on a basket mass of 228 lb, 
as indicated on drawing H-2-828070, Rev. 1, and the density of stainless steel (8 g/cm3) yielding 
a displacement volume of 12.9 L per basket. Fuel assembly displacement volumes for E length 
fuel elements are derived from dimensions in Packer (1 999) resulting in a displacement volume 
of 1.47 Uassembly. These factors result in a minimum free volume estimate of 500 L 
(953 -5x 12.9 - 270~1.47). Other fuel loadings, including a scrap basket or variety ofMK IA 
fuel loadings, result in larger calculated void volumes. 

Based on the limiting pressure, temperature, and minimum volume, the limiting molar quantity 
of gas is found as follows. 

I 

I 

= 485 gmol 
) (500 L) P v (,4.7psidam 

465 pria 

RT (O.O82-@&)(273+125K) 
Gas quantity = - = 
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Table 4-2. Allowable Amounts of Gas in the Sealed Multi-Canister Overpack. 

Constituent 

Total gas 

Backfill gas 

Noble gases (Kr, Xe) 

He 

Oxygen 

Total water and 
hydrogen 

Unallocated 

3as in multi-canistei 
overpack, p o l  

485 

41.3 

< 0.2 

< 0.1 

13.7 

301 

129 

Explanation 

Maximum pressure of 465 psia (450 psig) 
at 125 "C gas temperature with a 500 L 
gas volume. 

The MCO will be initially filled with 
helium to a positive gage pressure not to 
exceed 27.2 psia (12.5 psig) at 0°C. 

Fission product noble gases released as a 
result of corrosion of the fuel, based on a 
water inventory of 5,000 g in a sealed 
MCO. 

Helium is released from alpha decay of 
transuranics combined with fuel 
corrosion. 

Oxygen concentration not to exceed 
4 vol% to preclude flammable gas 
mixtures. 

See Section 4.6.3.3.7 

Difference between total allowable gas 
and sum of identified constituents. 
Currently identified constituents result in 
MCO approaching within 75% of the 
465 psia design pressure. 
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4.6.3.3.2 Unallocated Gas Inventory 

The unallocated gas inventory represents the margin available accommodate uncertainties in the 
addition of trace materials not specifically considered as a contributor to MCO pressure. Trace 
quantities of materials, as small pieces of debris that can not be distinguished from scrap, 
represent the primary loading uncertainty. Gaseous products produced by [race material 
radiolysis or dehydration can add to the internal pressure of the MCO. 

I 

Table 4-2 indicates the unallocated gas inventory in a MCO is approximately 129 gmol, 
assuming bounding values from other constituents. The unallocated gas inventory represents a 
25% margin between the bounding estimates for identified constituents and the vessel design 
pressure. 

4.6.3.3.3 MCO Backfill Gas 

The pressure inside the MCO upon sealing is established at a positive pressure with respect to 
atmospheric conditions to preclude air in leakage. The allocation of total gas inventory to the 
backfill gas is limited by a selected set of conditions in excess of the minimum backfill 
requirements. Increasing the quantity of backfill gas added, decreases the margin between 
bounding and design pressures within an MCO. The maximum backfill conditions selected are 
based on backfilling to 12.5 psig (27.2 psia) at 0°C. The maximum backfill gas pressure was 
selected to provide a practical control range above the minimum backfill pressure of 9.5 psig 
(24.2 psia) required in Section 4.4.2.4. The minimum backfill pressure results in an allocation of 
at least 31 gmol of gas added to an MCO with minimum void volume and 50°C gas temperature. 
The actual molar quantity of backfill gas added will vary with the MCO void volume when the 
addition is based on temperature and pressure. However, since the other contributors are fixed 
molar quantities, the effect of other contributors on MCO pressure is reduced as the MCO void 
volume increases. Therefore, if the molar quantity of backfill gas exceeds the allocation in Table 
4-2 due to a larger MCO void volume, the total margin available between bounding and design 
pressure is maintained. 

4.6.3.3.4 Noble Gas Release 

Noble gas release is estimated based on an assumed water inventory corroding uranium metal 

radionuclide content estimated for Mk IV fuel irradiated to produce 16% 2”opu that is cooled 
10 years ( a conservative amount of time) in Schwarz (1997) (see pg. V2.545). Based on these 
estimates, the fuel krypton content is 45.45 g/MTU and xenon content is 628.6 g/MTU. The fuel 
corrosion is approximated for a total water content of 5,000 g (278 gmol). Note that the water 
content estimate is refined in Section 4.6.3.3.7. The following simplified corrosion 
stoichiometry results in 1 gmol of uranium corroded per 2 gmol of water reacted. 

fuel to release xenon and krypton. A maximum estimate of noble gas release is based on the I 
I 

U +2H,O -+ UO, + H, 
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Therefore, the quantity of uranium corroded by 278 gmol of water is approximately 139 gmol U, 
or 33 kg uranium reacted. Based on molecular weights of 85 g/gmol for krypton and 131 dgmol 
for xenon, the fuel noble gas content is 5x  IO4 gmol Krkg U and 5 ~ 1 0 . ~  gmol Xekg U. The 
noble gas release by metal corrosion is then estimated at 0.18 gmol Kr + Xe, or less than 0.2 
gmol gas. 

4.6.3.3.5 Helium Decay Product 

Helium gas release is estimated based on an assumed water inventory corroding uranium metal 
fuel. A maximum estimate of helium gas release is based on the radionuclide content estimated 
for Mark IV fuel irradiated to produce 16% 24@Pu that is cooled 60 years (conservative value) in 
Schwarz (1997) (see pg. V2.533). Based on these estimates, the fuel helium content is 
0.29 g/MTU. 

The fuel corrosion is approximated as in Section 4.6.3.3.4 at 33 kg of uranium reacted. Based on 
a molecular weight of 4 g/gmol for helium, the helium gas release by metal corrosion is then 
estimated at 0.002 gmol He, or less than the 0.1 gmol of He gas allowed for in Table 4-2. 

4.6.3.3.6 Oxygen 

Oxygen is generated as a decomposition product of water through radiolysis. The oxygen 
concentration in an MCO is limited to 4 vol% to prevent developing a flammable gas mixture 
during interim storage (Plys and Duncan 1998b). Oxygen gettering by uranium metal is 
projected to maintain oxygen concentrations at less than 4 vol% in an MCO for all potential 
combinations of MCO loadings and decay heat. An allocation of 4% of the backfill gas plus 
hydrogen is included as a contribution from oxygen to allow for the build up of a driving force 
for oxygen consumption reactions during the storage period. This results in allocating 
(O.O4x[301 + 41.31) 13.7 gmol of gas for oxygen. 

4.6.3.3.7 Water and Hydrogen 

As indicated above, water reacts with uranium metal to form uranium oxide and release 
hydrogen gas. In addition, radiolytic decomposition of water can also occur, producing 
hydrogen and oxygen gases. As the temperature in the MCO increases, volatilization of water 
also will increase. The MCO water inventory must be controlled to limit the total gas pressure 
observed during intcrim storage. 

Duncan and Plys (1998) summarize maximum estimates for the bound water content of.solids 
(fuel particulate and fuel coatings) in an MCO. While free water removal is expected to be 
complete, configurations can by hypothesized where water is trapped in fuel pockets or cracks. 
An allocation of 200 g free water has been included in the consideration of total water inventory 
based on satisfying the criterion in Section 4.4.1. Therefore, the MCO water inventory after 
drying is not directly measured, but derived from a combination of analyses and process 
nrocedures that allow one to conclude the water inventorv is bounded. The following list r - -  

I 
I 
I 

1 
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summarizes maximum estimates for the MCO bound and free water inventory from Duncan and 
Plys (1998). 

- Water in cladding film 

- Water in adhering particulate 
- Water in canister particulate 
- Water in generated particulate 

- Water in oxide film, scrap 

Total water in particulate 

Total water in MCO 
- Residual free water after drying 

3.315 kg 
0.063 kg 
1.036 kg 
0.144 kg 
0.083 kg 

0.200 kg 
4.641 kg 

4.841 kg 

The water inventory above is based on a MCO containing two scrap baskets. This represents the 
maximum total water inventory estimated for a MCO. 

Water and hydrogen produce comparable MCO pressurization due to the equimolar 
stoichiometry of the uranium metal corrosion reaction. Therefore, one mole of hydrogen is 
produced per mole of water reacted with uranium metal. Radiolytic water decomposition also 
produces up to one mole of hydrogen per mole of water (oxygen generated from water radiolysis 
is addressed in Section 4.6.3.3.6). Water can potentially react with uranium hydride to produce 
hydrogen based on the following stoichiometry. 

l JH,+2H20+U0,+3.5H2 

This results in producing 1.75 moles of hydrogen per mole of water reacted 

Pajunen (1998b) provides a bounding estimate of 5.13 kg U H 3  after drying for a MCO 
containing two scrap baskets. This corresponds to an inventory of 21.3 gmol U H 3  (5 1301241) 
which can react with water by the above stoichiometry to form 74.5 gmol H2 while consuming 
42.6 gmol water. The total water inventoy is bounded by 269 gmol (4841/18) listed above. 
Therefore, the maximum hydrogen production, independent of rate considerations can be found 
by assuming all uranium hydride reacts to form water and the remaining water reacts with 
uranium metal. This results in a hydrogen production estimate of 301 gmol(269 - 42.6 + 74.5). 

4.7 MCO Interim Storage Time 

The MCO structure and components, as well as CSB systems, are designed for a 40 year life 
(Goldmann 1998 and Swenson 1996) based on storing two sealed MCOs per vented storage tube. 
Prior to expiration of that time period, the SNF will require further processing, an alternate 
storage system, or evaluations that indicate the MCO and CSB desigii lives can be extended 
without jeopardizing safety. 

I 
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APPENDlX A. Assessment of the Effects of Organics on MCO Storage 

Based on the following assessment i t  was found that organic polymer materials, modeled as 
epoxy resins, arc relatively stable under gainma irradiation. Only mechanical and optical 
property changes are reported to occur at total integrated doses comparable to that predicted for 
inaterial in an MCO over a 40 yr interim storage time period. I t  is difficult to attribute these 
changes to large clianges in the molecular structure composition. If it wcre possible.for an epoxy 
resin to undergo complete radiolytic decomposition during interim storage, then a liinit of 450 g 
of organic would avoid increasing the MCO void space oxygen concentration to a flammable 
mixture. Total pressure increases from complete dccoinposition would not be significant as 
compared to the MCO design pressure. 

Epoxy resin was used to model organics that may be inadvertently addcd to an MCO. Epoxy 
resin was selected because in-pool fuel handling equipment is coated with an epoxy phenolic 
with Ihe trade name Amercoat-90HS and small quantities of the coating could end up in MCOs 
from scraping coatings during basket handling. 

A. 1 Epoxy Resin Gamma Irradiation Stability 

Radiation fields are projected to produce gamma dose rates to materials within an MCO of less 
than 1000 rad/hr at temperatures on the order of 100°C for a time period of 40 yr. This results in 
a total integrated dose to the contents of an MCO that is bounded by 1 0’ rad. 

The effects of irradiation on polymer properties were extensively studied in the 1950’s and 
1960’s. West and Watson (1 965) evaluated irradiation of protective coatings. Epoxy resin 
materials were found to bc highly resistant to damage from ganima irradiation. The testing 
involved gamma intensities of lo6 radilu at temperatures between 40°C and 80°C. The coatings 
survived integrated doses in excess of 10* rad. 

West and Watson (1965) found that most protective coatings develop a discoloration ofthe 
surface during gamma irradiation. The depth of discoloration increases with exposure. The 
white-pigmented epoxies and modified phenolics start to turn yellow at 1x10’ to 5x108 rad and 
progressively darken to brown-toast color at IO’ rad. The color changes may be caused by 
nitrogen grotips in the curing agents which cause a color shift during oxidation, radiation- 
enhanced aging via chemical changes, and heating. 

Coating failures at doses greater than 1 O9 rad resulted from film deterioration (embrittlement and 
chalking), loss of adhesion, and decrease in impact resistance. Some coatings were tested in 
deionized water. Extreme chalking, erosion, and softness was evident on most of the coatings. 
Some of these failures were attributed to lack ofresistance to deionized water and chemical 
attack from the decomposition of water to hydrogen peroxide. C.oating breakdown in both air 
and deionized water may originate from the ionizing effect of radiation and major chemical 
changes such as cross linking. Chemical effects associated with ozone production were also 
possible. Finally, while one material investigated by West and Watson (1965) liquefied after a 
dose of approxiniately 1 O%d, there were no reports of any polymer being vaporized. 
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A.2 Gas Production from Organic Radiolysis 

The potential for radiolysis of organic materials, producing an source of gaseous constituents, is 
the primary reason for restricting the addition of organics to an MCO. The gaseous radiolysis 
products potcntially impact the evaluation of total pressure in an MCO during storage and the 
oxygen concentration of gases contained by the MCO during storage. The implications of gas 
production fi-om organic. inaterial radiolysis were evaluated by assuming the organic inaterial is 
rcprcsentcd by an epoxy resin that conipletely disassociatcs into constituent molccules (hydrogen 
and oxygen). The epoxy resin Bisphenol A (CkjHt602). with molecular weight of 
228.28 g/gniol, is used as a specific. description of the organic material for this evaluation. 
However, it is possible for a widc variety of tracc organic materials, including organics of 
biological origin, to be loaded in an MCO. 

The study of cpoxy resins described above indicatcs that minimal dcconiposition of organic 
materials, as a fraction of its initial mass, will be expected during the storage time of all MCO. 
However, the maximtun pressure increase possible from the addition of organic materials to an 
MCO can be conservatively estimated by assuming coinplete dcconiposition. Complete 
decoinposition of Bisphenol A is described by the following stoichiometry. 

Y 
ClSHl 602 4 5 C+ 8 H2 + O2 

Noting that the disassociation stoichiornctry predicts a total of 9 inolcs of gas generated for every 
mole of resin decomposed, the total pressure increase from the organic material is estimated as 
follows. 

whcrc: in, = mass of resin decomposed. g 

T = gas trmprrafurr, K 
MM', = 
V = 

K ii gas Consfdnt, 0.081 nttn-L/piol-K 

molecular wight of resin, 228.28 &no1 
MCO void volume, I_ 

This implies that complete decomposition of 500 g resin over the storage life of an MCO would 
increase the total pressure in an MCO by 15 psi. The maximum internal pressure of an MCO is 
indicated in Reilly (1998) to be 76.4 psia (61.7 psig). as compared to a mechanically sealed 
MCO design pressure or 150 psig and a welded MCO design pressure of450 psig. Therefore, 
the total pressure increase possible from organic additions on the order of 500 g will not result in 
overpressurizing an MCO. 

The impact ororganics on flaniniable gas compositions was evaluated by limiting ihe quantity of 
resin that could conipletely decompose to produce an oxygen concentration of 4 vol% in a MCO. 
This criterion was selected as a conservative basis for the following rcasons: 
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Plys and Duncan (1998) indicates that oxygen concentrations in an MCO approach 4 vol% 
only whcn a unique con~bination of characteristics, including high decay power, maximum 
aluminum hydroxide coating, and no exposed uraniuin to getter oxygen. The probability that 
an MCO would contain this unique combination of characteristics in addition to an inventory 
of organics was considcred remote. 

The following calculations assume complete decomposition of the organic material. The 
observations of West and Watson (1965), as compared to the total integrated dose to 
materials in an MCO over a 40 yr storage period, indicate that complete decomposition is 
unlikely. 

The combined observations listed above led to evaluating the impact of trace quantities of 
organic material on flammable gas compositions that was independent from the evaluation of 
radiolytic gas generated by inorganic materials expected in an MCO. 

The quantity of resin that could completely decompose to yield a 4 vol% oxygen concentration 
in an MCO was found as follows: 

Oxygen is not generally observed as a product of organic material radiolysis 

where: yo: = mole fraction of oxygen in MCO void spacc 
nH. = . moles helium in MCO void space. gmol 
nlf2 = moles hydrogen in MCO void space, Lmiol 
no2 = moles oxygen i n  MCO void space. gmol 
n, = moles of resin reacted, gin01 

This can be rearranged to the following. 
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The initial helium iiivcntoiy is estimated based on a backfill prcssurc of 9.5 psig and 42°C with 
99.5% helium at the CVDF. This results in the rollowing helium inventory estimate. 

( ~ a m ) ( s O O L )  

(0.082&)(273+ 42K) 
nHe = -(0.995) P V  = (0.995)= 31.9gmolHe 

mol-K 
R T  

The mass of resin reacted resulting in 4 vol% oxygen in the MCO void space becomes: 

m, = (0'04)(31'7)(228'28) = 452 g, or approximately 450 g 
(1 -9[0.04]) 

Based on the above calculations, it is concluded that trace organic material additions to an MCO 
on the order of 450 g will not significantly impact the tola1 pressure or approach to a flammable 
gas composition during interim storage. 

A.3 References for Appendix A 

Duncan, D. R., and M.G. Plys, 199S, MCO Intertlal Gas Composition and Presswe 
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West, G. A,, and C. D. Watson, 1965, Garnnia Radiation Damage andDccontatni)~ation 
Evaluation ofProtective Contings and Other Materidsfor Hot Lahoratoiy and Fuel 
Processing Facilities, ORNL-3589, Oak Ridge National Laboratov, Oak 'Ridge, 
Tennessee. 
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APPENDIX B. FUEL QUEUING LlMIT 

B. 1 Backgoujid/Purpose 

A fuel and scrap basket queue, or lag storage capability, has been installed in the K Basins as 
part of the fuel retrieval systcni. The basket queue provides a buffer between fuel retrieval and 
MCO loadingicask loading operations to minimize the potential for short tenn operating delays 
in one system inipacting the other. The queue has capacity to store baskets to fill tw'o MCOs. If 
opcrations perform at overall average design rates of about 2 MCOs per week from a basin, fuel 
for an MCO could reside in the queue on the order of !4 to 1 week. 

A queuing timc limit in the basin was specified to support safety evaluations of the CVDF and 
CSB. ARer cleaning. uranium surfaces exposed to water or water vapor are asstinled to continue 
to corrode. The particulate generated by uranium corrosion adds to the residual particulate 
remaining after cleaning. The generated particulate creates an inventory of dispersible material 
that is at risk for accident scenarios. 

The MCO particulate inventory bound includes 11.9 kg (as UOz) generated by corrosion o f  fuel 
during basket queuing. This limit was originally derived by allowing all baskets in an MCO 
containing two scrap baskets to be queued up to 30 days in basin water at 10°C. Actual 
implementation is based on tracking particulate generated in each basket during the queuing 
period, assuming bounding fuel surface areas exist in each basket, and ensuring the particulate 
generated during queuing is less than or equal to 11.9 kg (as UOz) per MCO. 

The purpose of this appendis is to describe the procedure for tracking basket particulate 
generation during queuing and conservative guidelines for queuing times that may be useful 
during operation. 

B.2 Summary 

The attached appendix suinniarizes the basis for limiting basket queuing times in the basin water 
after queuing. The total particulate generated after cleaning is limited to 11 %9 kg (as UOz) for 
consistency with design assumptions. This generation rate is conservatively achieved by limiting 
basket storage to less than 30 days while holding the basin water lemperature at 10°C (50'F). 
Queuing time guidelines have been developed to assist in operation planning that reflect the 
potential for varying basin water temperature and MCO loadings. A tracking procedure is 
described to formally monitor and define the generated particulate loaded in a particular MCO 
for comparison with the 11.9 kg particulate limit. 
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B.3 Particulate Generation Basis 

Figure B-1 shows the cuinulativc generation ofparticulate in an MCO assuming bounding fuel 
and scrap basket characteristics (surface area and uranium hydride inventory after cleaning). 
Values for an MCO containing two scrap baskets come directly from estimates in Sherrell(l998) 
and Sherrell(1999). Estimates for MCOs containing no scrap baskets and one scrap basket were 
derived using the same method described in Sherrell (1998) and Sherrell (1999). Since the 
bounding surface area of an MCO is dominated by the scrap basket, MCOs with fewer than hvo 
scrap baskcts will contain less generated particulate than the bound used 111 evaluating accident 
conditions 

Figure B-1. Cuinulativc Particulate in an MCO based on Bounding Snrface Areas 
(Assumes Basket Queuing Limited to 30 days at 10°C) 
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Number of Scrap Baskets in MCO 
0 
1 
2 

B.4 Queuing Time Guidelines 

Queuing Time Guideline* 
130 days 
52 days 
30 days 

The queuing time guidelines are based on maintaining the basin water at 1 o"C, or less, 
throughout the storage time. The queuing t h e  is temperature dependent. Figure B-3 provides 
an adjustment factor for thc queuing timc guidelme to adjust for basin water temperature. As 
indicated on Figure B-3, the time limit decreases as the basin water temperature increases. For 
example, if the basin water reaches a maximum teniperature of 14°C (57'F) at some point during 
the basket queuing period for an MCO, the queuing time adjustment factor from Figure B-3 is 
0.7. The baskcts for an MCO containing one scrap basket will approach the particulate 
generation limit after queuing for 36 days (0.7~52). Note that the actual tracking procedure 
adjusts particulate generation based on daily basin water temperature readings such that 
additional time beyond the guideline time will be available. 



HNF-SD-SNF-OCD-001, Rev. 4 

Figure B-2. Cimiulative Particulate Generated in MCOs 
with Common Queuing Generation at 10°C 
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Figure B-3. Basket Queuing Time Guideline Temperature Adjustment Factor 
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B.5 Basket Particulate Generation Tracking 

The procedure for tracking particulate generation in a basket during queuing duplicates the 
bounding particulate generation calculation in each basket in Sherrell (1999) on a daily basis and 
sums the generated particulate in an MCO, depending on the baskets loaded. Basic bounding 
input data for the calculation and the data source is shown as follows. 

Basket Type Scrap Fuel Referciicc 
Rcacting Surface Area 45,000 cm' 7.900 cm2 Reilly (1998), Table 4-1 
IJranium Hydride Inventory 1.56 ks 0.324 kg Pajunen (1998), Table 6-2 

Reaction Rate Constant, k (oxygen free water): 

B-2 lists vi 

3016 
Log,,k = 1.634 - - 

T 
mg (wfgain) 

hr-cm'  
T Kelvin (K) 

k -  

ies for the rate constant at various 

Reilly (1998), Table 4-4 

asin w; r temperatures in 
0.5"F increments between 45°F and 61.5'F. 

Reaction Rate Enhancement Factor: 

5 = 22, when uranium hydride is present 
10, otheiwise 

The reaction is assumed to coiisunic 50% uranium hydride and 50% uranium 
metal while hydride is present, consistent with Sherrell (1999). Therefore, the 
reaction rate enhancement factor is 22 until the cumulative particulate generated 
is 3.495 kg (as UO2) in a scrap baskct or 0.726 kg (as UOz) in a fuel basket. Thc 
reaction rate enhancement factor is then reduced to 10. 

Reilly (1998), Table 4-2 
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Table B-2. Corrosion Rate Constants for Calculating Queuing Particulate Generation 

'rem 

45.0 
42.5 
4i,.l) 
46.5 
47.0 
47.5 
4R.I) 
48.5 

49.5 
5ll.ll 
511.5 
51.0 
51.5 
52.0 
52.5 
52.0 
53.5 
54.0 
54.5 

55.5 
56.0 
5b.S 
57.11 
57.5 
5S.0 
5H.5 
5W) 
59.5 

60.5 
01.0 
61.5 

49.0 

55.0 

60.0 

- 

,l"TC 

0 
2 ~ 0 . 7  
2811.4 

280.Y 
28 I .2 
18 I .5 
2SI.8 
2R2.O 
282.3 
1S2.6 
282.9 
283.2 
283.4 
28J.7 
2s4.n 
2s1.3 
284.5 
284.8 
285.1 
285.4 
285.7 
285.9 
280.2 
2S6.5 
286.8 
287.0 
287.3 
287.6 
ZR7.Y 
283.2 
288.4 
288.7 
2S9.0 
289.1 
289.5 
__. 

The particulate generation rate is calculated as follows. 

This reduces to 

For Scrap Basket R = 0.380.6.k (kg U O 2 h )  
For Fuel Basket R = 0.067.6.k (kg UO2Air) 

The tracking procedure is demonstrated by an example calculation. The following analysis 
examines a scenario to detemiine the aniount of particulate loaded into an MCO containing Mark 
IV fuel. Figure B-4 indicates an example of daily basin water temperature readings over a 
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25 day period. Table B-3 suinmarizes assumed fuel cleaning finish times and the cask helium 
backfill time for this example. 

Figure B-4. Tracking Example -Basin Temperature During Queuing 

a 55 

F 
- 
$ 50 
B 
L 

5 45 

B 
B 
X 40 

112 113 114 115 116 1/7 118 119 1/10 1/11 1112 1113 1114 1115 1116 1117 1118 1/19 1/20 1121 1/22 1123 1124 1125 1126 1127 

Date 

Table B-3. Tracking Example - Fuel and Scrap Basket Queuing Times , 

Table B-4 indicates an example tracking form for the scrap baskct. The queuing start time is 
determined from the finish time of the first fuel cleaned. 

The average water temperature for the first time increment of particulate generation is 50.5"F 
and the time increment is 1 hr between the start of queuing and the first water temperature 
measurement. From Table B-2, the reaction rate at 50.5"F is 0.0098 nig(wt gain)/hr-cm2. The 
initial cumulative particulate generated is 0 kg UO2, so the reaction rate enhancement factor 
is 22. The rate and enhancement factor are used in Equation (B-I) for a scrap basket to yield a 
reaction rate yielding 0.0082 kg U 0 & -  (0.380~22~0.00098). Thc particulate generated over thc 
first time incrcnient is 0.0082 kg U 0 2  (0.0082 k g h  x 1 hr). This calculation is continued on a 
daily basis until the loaded MCO/cask is purgcd with helium, or the hydride generation boundary 
of 3.495 kg UO2 has been accumulated in the scrap basket. Once the cumulative particulate 
generated in a scrap basket reaches this boundary, the reaction rate enhancement factor used in 
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the particulate generation calculation is reduced to 10. This is sliown'on 1/21 in the example 
calculation shown on Table B-4. 

Similar tracking calculations are perfomied for fuel baskets using Equation (B-2) to calculate the 
particulate generation rate. Tables B-5, B-6, B-7, and B-8 show the basket tracking sheet 
calculations for fucl baskets in the example. 

Once a loaded MCO/cask has been backfilled with helium, a final suminaiy particulate 
generation form can be completed as shown on Tablc B-9. This sunmarizes the particulate 
generated in each basket and compares the total to the particulate generation limit specified in 
Section 2.1.5. For this example, the lotal MCO generated particulate inventory is 7.45 kg U 0 2  
after baskct queuing tinics that range from 20 to 24 days. Note that the inaxinnun water 
temperature is this example is SYF (13°C.). Table B-I, combined with Figure B-3, provides a 
queuing time guideline of 39 days (0.75 x 52 days), which is an indication of the time when the 
basket queuing time approaches the particulate generatian limit of 11.9 kg U 0 2 .  

Blank basket aud MCO particulate generation tracking sheets are provided by Table B-10 and 
Table B-11. 
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Table B-4. Tracking Example - Particulate Generated During Scrap Basket Queuing 

50.5 
51.0 
50.5 
50.5 
51.0 
50.5 
50.5 
51.5 

Basket Number: XXXX Surface Area: 45000 Cm' 
Basket Type: s c r a p  Hydride Generalion Boundary: 3.495 

283~4 
283.7 
283.4 
2834 
283~7 
2834 
283 4 
284.0 

Cleaning Complele Dale 112IXX Time oaoo 
Cask Helium Backfill Complete Date 1126iXX Time 1500 

52.5 

54.5 
55.0 

53.5 

54.5 

Particulat 

113IXX 
1I4IXX 
II5IXX 
116IXX 

118IXX 
1 1 9 l U  
1llOlXX 
1/11/xx 
1112IXX 
1 I1 3iXX 
II14IXX 
1 I1 51XX 
l I I6IXX 
1117IXX 
1118IXX 
1119/xx 

112OIXX 
1121IXX 
1122ixx 
1123lXX 
1124lXX 
1125iXX 
11261XX 
1126IXX 

284.5 

285.7 
285.9 

285.1 

285.7 

eneratio 

Time 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
1500 

- 
oaoo 

54.5 
54.0 
53.5 
53.0 
53.0 

51.0 
51.5 

51.5 
52.0 
53.0 
53.5 
53.5 
54.0 

l a l e i  Temi 

50 
51 
51 
50 
51 
51 
50 
51 
52 
53 
54 
55 
55 
54 
55 
53 
54 
52 
52 
51 
51 
52 
52 
54 
53 
54 
54 

("F) 

2 8 5 , ~  
285.4 
285.1 
284.8 
284 a 

283.7 
284.0 

284.0 
284.3 
284.8 
285.1 
285.1 
285.4 

A Time 

.. 
15 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

10.7 
13.3 
24 
24 
24 
24 
24 
24 
24 
15 

ye. Temp Ave. Temi 
("F) I (K) 
.. .. 

Total Particulale from Scrar, Basket Loaded into MCO 4.302 kg 

5 8  

Rate 
constant 
& - .. 
0.00098 
0.001oi 
0.00098 
0.00098 
0.001oi 
0.00098 
0.00098 
0.00103 
0.00108 
0.00114 
0,001 19 
0,00122 
0.00119 
0.001 19 
0.001 18 
0.00114 
0.00111 
0.00111 
0.00103 
0.00101 
0.00103 
0.00108 
0.001 11 
0,00114 
0.00114 
0.00118 

Lnhance 
Factor 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
10 
10 
10 
10 
10 
10 
10 
10 
10 

- .. 

Rate a - 
.. 

0.0082 
0.0084 
0.0082 
0.0082 
0.0084 
0.0082 
0.0082 
0.0086 
0.0090 
0.0095 
0.0099 
0.0102 
0.0099 
0.0099 
0.0097 
0.0095 
0.0093 
0.0042 
0.0039 
0.0038 
0.0039 
0.0040 
0.0042 
0.0043 
0.0043 
0.0044 

'art. G e n  

.. 
0.1315 
0.2020 
0.1972 
0.1972 
0.2020 
0.1972 
0.1972 
0.2069 
0.2170 
0.2276 
0.2386 
0.2443 
0.2386 

0.2330 
0.2276 
0.0990 
0.0580 
0.0940 

0.0940 
0.0983 
0.1010 
0.1034 
0.1034 
0.0662 

0.2388 

o.0918 

umulativt 
&art. G s n  

.. 
0.1315 
0.3335 
0.5306 
0.7278 
.0.9298 
1.1270 
1.3242 
1.5311 

1.9757 
2.2143 

2.6972 
2.9358 
3.1688 
3.3954 
3.4954 
3.5514 
3.6455 
3.7373 

1.7481 

2.4586 

3.8313 
3 9278 
4.0286 
4.1321 
4.2355 
4.3017 
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1151xx 
116IXX 
ll71XX 
t ia ixx 

Table B-5. Tracking Example - Particulate Generated During Fuel Basket 1 Queuing 

Baskel Number XXXY surface AM 7900 cm' 
Basket Type Fuel Hydride Generation Boundary 0 726 

0000 
0000 
0000 
0000 

Cleaning Complete: Date 112IXX Time 0800 
Cask Helium Backfill Complete: Dale 1126lXX Time 1500 

24 
24 
24 
24 
24 

113IXX 0000 I 114IXX I 0000 

50.5 
51.0 
50.5 
50.5 
51.5 

0.0355 
0.0346 
0.0346 
0.0363 
0.0381 

0.1632 
0.1979 
0.2325 
0.2688 
0.3069 

119Ixx 
1I1OIXX 
1111IXX 
1IlZIXX 
11131XX 
1114lXX 
11151XX 
1116IXX 
l I l7 lXX 
1116IxY 

vale, Temi 

50 
51 
51 
50 
51 
51 
50 
51 
52 
53 
54 
55 
55 
54 
55 
53 
54 
52 
51 
51 
52 
52 
52 
54 
53 
54 
54 

('F) 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

z< Time Ave. Teml 
(hr) I ( ~ F )  

51.0 
50.5 

24 
.24 
24 
24 
24 

54.5 
55.0 
54.5 
54.5 
54.0 

24 24 I :::E 
0.0419 
0.0419 
0.0409 
0.0400 
0.0390 

0.4735 
0.5154 
0.5563 , 
0.5963 
0.6353 

0.0363 
0.0355 

0.0079 
o.oiag 

o.oi69 
0.0177 
o.oia2 
o.oia2 
0.0116 

Total Pailiculate from Fuel Basks1 #1 Loaded into MCO 

0.6716 
0.7070 

0.7339 
0.7260 

0.7508 
0.7685 
0.7867 
0.8048 
0.8165 

ye. Temi 

0 
283.4 
283.7 
283.4 
283.4 
283.7 
283.4 

284.5 

285.7 
285.9 
285.7 
285.7 
285.4 
285.1 
284.8 
284.0 
283.7 
284.0 
284.0 
284.3 
284.8 

285.1 
285.4 

.. 

283.4 
284.0 

285.1 

285.1 

24 
12 5 
11  5 
24 
24 

0.816 kg 

51 0 
51 5 
51 5 
52 0 
53 0 

Rate 
Constant 
ngihr-cm' ___ ___ .. 
o.ooog8 

o.ooo98 
o.ooo98 

o.ooo98 
o.ooo98 

o.ooio8 

0.00101 

0.00 10 1 

0.00103 

0.00114 
0.00119 
0.00122 
0.00119 
0.001 19 
0,00116 
0.00114 
0.00111 
0.00103 
0.00101 
0.00103 
0.00103 

0.001 11  
0.001 14 
0.00114 
0.001 16 

o.ooioa lI23IXX 
11241xx 
1125lXX 
1126lXX 
1126lXX 

Iohance 
Factor 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
10 
10 
10 
10 
10 
10 

- .. 

0000 
0000 
0000 
0000 
1500 

Rafe 

- - 
0.0014 
0.0015 
0.0014 
0.0014 
0.0015 
0.0014 
0.0014 
0.0015 
0.0016 
0.0017 
0.0017 

0.0017 
0.0017 
0.0017 
0.0017 
0.0016 
0.0015 
0.0015 
0.0015 
0.0007 
0.0007 
0.0007 
0.0006 

0.0018 

o.ooo8 
o.ooo8 

0.0231 
0.0355 I !diib I 
0.0346 
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51.0 
50.5 
50.5 
51.5 

Table B-6. Tracking Example - Particulate Generated During Fuel Basket 2 Queuing 

Basket Number XXXZ Surface Area 7900 cm2 
Basket Type Fuel Hydnde Generation Boundary 0 726 

283.7 
283.4 
283.4 
284.0 

Cleaning Complete: Date 113IXX Time 1300 
Cask Helium Backfill Camolete: Date 11261XX Time 1500 

0.0355 
0.0346 
0.0346 
0.0363 

Particulat 

114MX 
lI5IXX 
lI6IXX 
1I7IXX 
l I8 Ixx 
119IXX 
1llOIXX 
lI11IXX 
1112IXX 

1114IXX 
1115lxx 
1II6IXX 
1117IXX 

1I19IXX 
1IZOIxx 
1121/xx 
11221xx 

iiiaixx 

1124ixx 

112filXX 
1126IXX 

0.1210 
0.1556 
0.1902 
0.2265 

eneratic 

Time 
1300 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

0000 
0000 
0000 
1500 

~ - 

54.5 
55.0 
54.5 
54.5 
54.0 

Vater remi 

51 
51 
50 
51 
51 
50 
51 
52 
53 
54 
55 
55 
54 
55 
53 
54 
52 
51 
51 
52 
52 
52 
54 
53 
54 
54 

("F) 

285.7 
285.9 
285.7 
285.7 
265.4 

A Time 

.. 
11 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

16.1 
7.9 
24 
24 
24 
15 

0.0419 
0.0429 
0.0419 
0.0419 
0.0409 

ye. Temp Ave. Temi 
[ ~ F )  I (K) 

0.3464 
0.3893 
0.4312 
0.4731 
0.5140 

51.5 
51.0 
51.5 

52.0 
52.0 

52.5 284.5 
53.5 I 285.1 

264.0 
283.7 
284.0 

284.3 
264.3 

0.0363 

0.0363 
0.0249 
0.0056 

0.0355 

53.5 265.1 
53.0 I 284.8 

0.6293 

0.7011 
0.7260 
0.7316 1 

0.6848 

53.0 284.8 
53.5 I 285.1 

Total Particulale from Fuel Basket #2 Loaded into MCO 0.797 kg 

Rate 
Constant 
nglhi-cm' 

0.00101 
0.00098 
0.00098 
0.00101 
0.00098 
0.00098 
0.00103 

0.00114 
0.00119 
0.00122 
0.00119 
0.00119 
0.00116 
0.00114 
0.00111 
0.00103 
0.00101 
0.00103 
0.00106 
0.00106 
0.001 11 
0.00114 
0.00114 
0.00116 

- ___ .. 

o.ooio8 

inhanct 
Factor 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
10 
10 
10 
10 
10 

- .. 

Rate 
(kgihr) - .. 
0.0015 
0.0014 
0.0014 
0.0015 
0.0014 
0.0014 
0.0015 
0.001fi 
0.0017 
0.0017 
0.0016 
0.0017 
0.0017 
0.0017 
0.0017 
0.0016 
0.0015 
0.0015 
0.0015 
0.0015 
0.0007 
0.0007 
0.0008 
0.0008 
0.0008 

0.0361 
0.0400 I 0.3046 

0.0400 0.0390 I 0s540 0.5930 I 

0.0177 0.0182 I 0.7493 0.7675 I 
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Table B-7. Tracking Example - Particulate Generated Dining Fuel Basket 3 Queuing 

Baskel Number: XXYX Surface Area: 7900 cm2 
Baskel Type: F"d Hydride Generation Boundaly: 0.726 

Clean ng Conp'fie Dale 114'hX Time 1700 
Car& r,e..n Baed corno€le DAW 1'26 xx Time 1530 

'anitulali 

Dale 
1 I4IXX 
115lXX 
115IXX 
IRMX 
lI81XX 
II9IXX 

IIIOIXX 
IIlIIXX 
1IIZIXX 
1113lM 
1II4lXX 
11151XX 
1II8IXX 
1117lXX 
III8IXX 
1II9MX 
II2OIXX 
II211xX 
112zXX 
11231XX 
11241xx 

11251xX 
1IZ6IXX 
1128MX 

- 

enerati0 

Time 
1700 
0000 
0001 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

0000 
0000 
1500 

- 
50 
51 
51 
50 
51 
52 
53 
54 
55 
55 
54 
55 
53 
54 
52 
51 
51 
52 
52 
54 
54 
53 
54 
54 

later Temp A Time t .. 7 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

17.5 
6 

24 
24 
15 

ye. Tern 

a 
.. 

50.5 
50.5 
51.0 
50.5 
50.5 
51.5 
52.5 
53.5 
54.5 
55.0 
54.5 
54.5 
54.0 
53.5 
53.0 
51.5 
51.0 
51.5 
52.0 
53.0 
53.0 
53.5 
53.5 
54.0 

Total Paniculale from Fuel Baskel #3 Loaded inlo MCO 

,ye. Tern, 

A .. 
283.4 
283.4 
283.7 
283.4 
283.4 
284.0 
284.5 
285.1 
285.7 
285.9 
285.7 
285.7 
285.4 
285.1 
284.8 
284.0 
283.7 
284.0 
284.3 
284.8 
284.8 
285.1 
285.1 
285.4 

0.779 kg 

Rate 
C 0 n s I ant 
ngihr-cm' - 

.. 
0.00098 
0.00098 
0.00101 
0.00098 
0.00098 
0.00103 
0.00108 
0.00114 
0.00119 
0.00122 
0.00119 
0.00119 
0.00116 
0.00114 
0.00111 
0.00103 
0.00101 
0.00103 
0.00 106 
0.001 11 
0.00111 
0.00114 
0.00114 
0.00118 

Enhance 
Factor 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
IO 
10 
10 
10 

___ 
.. 

Rate 

~ .. 
0.0014 
0.0014 
0.0015 
0.0014 
0.0014 
0.0015 
0.0015 
0.0017 
0.0017 
0.0018 
0.0017 
0.0017 
0.0017 
0.0017 
0.0016 
0.0015 
0.0015 
0.0015 
0.0015 
0.0016 
0.0007 
0.0008 
0.0008 
0.0008 

?art. Gen 

&sL .. 
0.0101 
0.0346 
0.0355 
0.0346 
0.0346 
0.0363 
0.0381 
0.0400 
0.0419 
0.0429 
0.0419 
0.0419 
0.0409 
0.0400 
0.0390 
0.0363 
0.0355 
0.9363 
0.0372 
0.0285 
0.0048 
0.0182 
0.0182 
0.01 16 

umulaliv 
'art. Ger 

__ - 
0.0101 
0.0447 
0,0802 
0.1148 
0.1494 
0.1857 
0.2238 
0.2638 
0.3057 
0.3486 
0.3904 
0.4323 
0.4732 
0.5132 
0.5522 
0.5885 
0.6240 
0.6603 
0.6975 
0.7260 
0.7308 
0.7489 
0.7671 
0.7787 
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4 
24 
24 
24 
24 

B-8. Trackin 

25.5 
51.0 
50.5 
50.5 
51.5 
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Example - Particulate Generated During Fuel Basket 4 Queuing 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

Surface Area: 7900 cm2 Basket Number: XXYY 
Basket Type: Fuel Hydride Generation Boundaiy: 0.726 

52.5 
53 5 
54.5 
55.0 
54.5 
54.5 
54.0 
53.5 
53.0 
51.5 

Cleaning Complete: Dale 115IXX Time 2000 
Cask Helium Backfill Complete: Dale II26IXX Time 1500 

24 
24 
24 
24 

19.5 

Particulatf 

lI6IXX 
Ir7lXX 
lI81XX 
lI9IXX 
1110IXX 
1 I l l I x x  
11121xx 
1 I t31xx 
11141XX 
1 1 1 5 1 ~  
1 11 6IXX 
II17IXX 
I I l 8 I x x  
1I19IXy 
1IZOIxx 
11211xx 
1122ixx 
1123lXX 
1124IXy 
1125lxx 

11261XX 

51.0 
51.5 
52.0 
53.0 
53.5 

merafio 

Time 
2000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

0000 
1500 

- 
later Tern[ 

('F) 

51 
51 
50 
51 
52 
53 
54 
55 
55 
54 
55 
53 
54 
52 
51 
51 
52 
52 
54 
53 
53 
54 
54 

A Time Ave. Temi 
(hr)  I ( ' F )  
.. .. 

Total Particulate from Fuel Basket #4 Loaded info MCO 

ye. Tem 

A .. 
269.5 
283.7 
263.4 
283.4 
284.0 
284.5 
285.1 
285.7 
285.9 
285.7 
285.7 
285.4 
285.1 
284.8 
284.0 
283.7 
284.0 
284.3 
284.8 
285.1 

285.1 
285.4 

285.1 

0.759 kg 

Rate 

ngihr-cm' 

0.00028 
0.00101 
0 00098 
0.00098 
0.00103 
0.00 108 
0.00114 
0.00119 
0.00 122 
0.00119 
0.00119 
0.00116 
0.00114 
0.001 11 
0.00103 
0.00101 
0.00103 
0.00106 
0.00111 
0.00114 
0.00114 
0.00114 
0.00116 

Consfant, 

7 
1 

inhancs 

- 
.. 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
10 
10 
10 

Rate 

- .. 
0.0004 
0.0015 
0.0014 
0.0014 
0.0015 
0.0016 
0.0017 
0.0017 
0.0018 
0.0017 
0.0017 
0.0017 
0.0017 
0.0016 
0.0015 
0.0015 
0.0015 
0.0015 
0.0016 
0.0017 
0.0008 
0.0008 
0.0008 

'art. Gen 

=&gL .. 
0.0016 
0.0355 
0.0346 
0.0346 
0.0363 
0.0381 
0.0400 
0.0419 
0.0429 
0.0419 
0.0419 
0.0409 
0.0400 
0.0390 
0.0363 
0.0355 
0.0363 
0.0372 
0.0390 
0.0325 
0.0034 
0.0182 
0.0116 

urnulatiw 
'art. Geo 

ASL .. 
0.0016 
0.0371 
0.0717 
0.1063 
0.1426 
0.1807 
0.2207 
0.2626 
0.3055 
0.3474 
0.3893 
0.4302 
0.4701 
0.5091 
0.5454 
0.5809 
0.6172 
0.6544 
0.6934 
0.7260 
0.7293 
0.7475 
0.7591 

Table B-9: Tracking Example - Queuing Generated Particulate Loaded in MCO 

Cumulative Particulate Contained within MCO 

Basket 
Number 

Cumulative 

0.8165 
Fuel 0.7972 

I XXYX I Fuel I 0.7787 I 
xxw I Fuel I 0.7591 
Total I 7.4533 

(Cumulative Particulate Generation Limit 5 11.9 kg) 
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Table B-10. Basket Queuing Particulate Generation Tracking Sheet 

Basket Number: 
Basket Type: 

Surface Area: cmz (45000 cmz - scrap) 
(7900 cm2 -fuel) 

Hydride Generation Boundary: kg (3.495 kg - scrap] 
(0.726 kg - fuel) 

Cleaning Complete: Date Time 
Cask Helium Backfill Complete: Date Time 

Particulate Generation: 

Total Particulate from Scrap Basket Loaded into MCO kg 
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Basket 
Number 

Table B-11. MCO Basket Queue Storage Particulate Generation Tracking Sheet 

Cumulative 
Basket Part. Gen. 
Type (kg) 

MCO Number: 

Number of Fuel Baskets: 
Number of Scrap Baskets: 

- 

~ Total 

(Cumulative Particulate Generation Limit 5 11.9 kg) 
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Reilly, M. A,, 1998, Sjient Nuclear Firel Project Technical Dntabook, HNF-SD-SNF-TI-015, 
Rev 6, DE&S Hanford, Richland, Washington. 

Sherrell, D. L., 1998, .Post Fitel-Clecrniirg Corrosioir of Urunitrtti Within A4CO Paylords, 
HNF-3048, Rev 0, DE&S Hanford, Richland, Washington. 

Sherrell, D. L., 1999, Spent Nuclear Fuel Inveiitoiy in Bulk MCO Water at the Cold 
Vncirum Dtyiing Facilify, HNF-SD-W411-CN-001, Rcv 3, DEgLS Hanford, Richland, 
Washington. 
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APPENDIX C. Technical Check 
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REVIEW CHECKLIST 

locument Reviewed: 
HNF-SD-SNF-OCD-001, Rev. 4 - Spent Nuclear Fuel Project Product Specification 

Scope of Review: 
This review encompassed only calculations included within the document. ' 

y l 3 s N o N J  

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  

0 0 0  

0 0 0  
0 0 0  
0 0 0  

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  

0 0 0  

* Previous reviews complete and cover analysis, up to scope of this review, with no gaps. 

Problem completely defined. 

Accident scenarios developed in a clear and logical manner 

Necessary assumptions explicitly stated and supported. 

Computer codes and data files documented. 

Data used in calculations explicitly stated in document 

Data checked for consistency with original source information as applicable. 

Mathematical derivation checked including dimensional consistency of results. 

Models appropriate and used within range of validity or use outside range of established 
validity justified. 
Hand calculations checked for errors. Spreadsheet results should be treated exactly the 
same as hand calculations. 
Software input correct and consistent with document reviewed. 

Software output consistent with input and with results reported in document reviewed. 

Limitslcriterialguidelines applied to analysis results are appropriate and referenced. 
Limitslcriterialguidelines checked against references. 
Safety margins consistent with good engineering practices. 

Conclusions consistent with analytical results and applicable limits. 

Results and conclusions address all points required in the problem statement. 

Format consistent with appropriate NRC Regulatory Guide or other standards. 

Review calculations, comments, andlor notes are attached. 

Document approved. 

1 / 1 8 / 0 0  
Date 

Heather Boles &.- 
Reviewer (Printed Name and Signature) 

'Any calculations, comments. or notes generated as part of this review should be signed, dated and attached to this checklist. 
Such material should be labeled and recorded in such a manner as to be intelligible to a technically qualified third party. 
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