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1.0 GENERAL IbESCRIPTION 

1.1 INTRODUCTION 

In February 1995, the U.S. Dep oved the Spent Nuclear Fuel 
safety and environmental (SNF) Project's "Path Forward" recommendati 

concerns associated with the deteriorating 
(Hansen 1995). The recommendation included 
construct, and operate systems and facilities to p 
conditionin& and interim storage of the K Basins 
Drying Facility (CVDF) in the 100 K Area of the 

overpacks (MCOs), removed &om the K 
The MCOs would then be moved to the 
(about 40 years). 

Hanford Site's K Basins 
series of projects to deaiga, 

e safe retrieval, packaging, transport, 
The facilities are the Cold Vacuum 

rd Site and the Canister Storage Building 
(CSB) in the 200 JW Area. The K Basins' SNF repackaged i n d t i d e r  

to the CVDF for initial dqmg. 
scoe 1996) for interim storage 

Path Forward activities is the development 

common thread that was 
cture exists for the specific purpose of 
an extensive amount of MCO-related treating or storing the MCO and its contents. 

documentation would be generated for each o 

. Therefore, this topical report has 
twill be common to the faciltics. The 
ation by reference to this topical report. 

on in a single document, repetition, 
es are made to the MCO, the 

ssible for the facility safety 

Ube of topid reports is not new to the n u c l e  industry. The US. Nuclear Regulatory 
Commission (NRC) has historiicaly used a Topical eport Program, primarily for the review and 
approval of hardware, methodology, or analyses 
industry. The topiCa report was developed to pro $ 'de a detailed discussion of designs and 
analyses with sufecimt detail to enable the regulat ry agency to make a determination that such 
designs and an&sw were acceptable and could be pplied generically to different facilities 
provided that facitityspecitk evaluation be perf0 ed and approved by design and approval 
authoritias at that facility. The topical report appr 4 ch is a methodology that significantly reduces 
repetkkhrr review and provides a significant cost s bngs The approach is simply a onetime 
MSC review ad approval, with plant-specific appl 1 ation by utilities after evaluation of the 
topical. The topical is incorporated into the utilitieS documentation by reference thereafter. Such 
an application can represent significant savings in tHe preparation of the SNF Project safety 

t are proposed for use. throughout the 
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documentation. In accordance with the above, this MCO Topical Report has been prepared to 
provide a description of MCO design aspects and dpplicable analyses and evaluations. 

There is limited substantive guidance the design or fabrication of the primary 
storage container in Title 10, Code of Part 72, "Licensing Requirements for 
the Independent Storage of Spent Nuclear Fuel an1 High-Level Radioactive Waste" (10 CFR 72), 
or in NRC Regulatory Guide 3 48, S t h d  F o r y t  and Content for the Safe@ Anabsis Report 
for an Independent S'nt Fuel Storage Instalhtio or Monitored Reirievable Storage 
I d W m  (Drystorage) (NRC 1989b). Howev& NRC Regulatory Guide 3.61, Stmdard 
Format and Content for a Topical Safe rtfor a Spent Fuel Dry Storage Cask 
(NRC 1989a), contains a significant am that is appropriate for the MCO. 
Regulatory Guide 3.61 (NRC 1989a) used for guidance in developing the 
format and content of this MCO Top irect applicability to the MCO did not 
exist in all weas, several modificatio made to address the differences 
between the MCO and a storage cask Regulatoq, Guide 3 61 (NRC 1989a) addresses a dry 
storage cask design that is essentially a complete sflf-contained system. The MCO, however, 
does not b c t i o n  independently, as it is 
features. Despite the differences, this 
guidance. applicable to the MCO. 
and incorporating pertinent information that 
can be readily referenced in 

this direct guidance, 

1.2 GENERAL DESCRIPTION OF TEE MUbTI-CANISTER OVERPACK 

The SNF MCO is a single-uae sists of a cylindrical shell, five or six fuel 
r maintaining the structural integrity of the and design features news 

& t i d t y  control and ability. The MCO design and 
426, Per$ormance Specification for Spent 
OOOb) implements the functional 

r e g u i i e m e n t s ~ d s e d  -SNF-FRD-016, S p n t  Nuclear Fuel 
Multi-Canister O w p k  Technical 
MCO, and thus establishea the minimum essential requirements that the MCO design must meet 

The MCO provides confinement of SNF an4 maintains the SNF in a critically safe 
con6guration. NRC requirements (NRC 1996) fot a 10 CFR 72 licensed facility would allow for 
application of either S u b d o n  NE or NC, 3.N.  4 b( I)@) of the Boiler and Pressure Vessel 
C d  (ASME 1998). The MCO's structural desi 
Boilsr aad Preerwe Vwwl Code (ASME 1998), $ ection 111, "Rules for Construction of Nuclear 
Power Plant Components," Subsection NB Deviations from these rules in the structural design 
or analyses are documented and justified 

irements (Goldmann 1996a), defines the 

has been developed in accordance with the 
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1.2.1 Shell 

The MCO shell is a stainless steel (304L) cytndrical vessel with access at the top end that is 
closed with a stainless steel shield plug The shell i s  fabricated from 24-in - diameter, schedule 
80s pipe with a wall thickness of 0.5 in. (Figure 1-2), and an overall length of 160 in,  without the 
cover cap, when assembled with the shield plug asaembly (Figure 1-1) The MCO cavity is 
approximately 23 in in diameter and 140 in long The MCO has a machined bottom plate that 
has a consfnnt thicl;aeee of 2.0 in. except in the ce te r  region, where it is 1 13 in thick 
(Figure 1-3). The MCO'S bottom plate and bask* support plates allow free water to move to the 
long process tube picirUp point for removal. The *I holds the fuel, fuel fragments, fuel 
baskets, and incidental equipment. Incidental eqyment  includes criticality prevention features 
such as the center post tube nesting featare on the,sheld plug and bottom plate, shield plug 
process ports, intemal Htm, and d n g  features The design of the MCO vessel meets service 
level A requirements for n o d  operating loads G d  service level D requirements for accident 
conditions under the Boiler and Pressure Vessel Code, Section 111, Subsection NB (ASME 1998) 

1.2.2 FudB~kets  

AU baskets ere annular open-top containers with a nominal outer dimension of 22 6 in. All 
baskets will support the fuef at 1 .O g for tempera res up to 132 "C (270 OF). AU basket designs 

tube. 
incorporate a center post tube for axial support a 'ng lifting and for protection of a long process 

Each batkst h loaded, in the upright positiop, by the Ibel retrieval system equipment in the 
K Basin pool; cltorsd, upright, in a loading queue; d loaded into the MCO by the MCO loading 
system. TIte loaded baskets can be easily and saf y handled in the basin water, reliably loaded 
and nested into the cask-MCO assembly in the K r asin load-out pits, and engaged with the shield 
plug guard plate and axial stabilizer. 

The bardate stack inside the MCO with the paskets' centerlines coincident with the MCO's 
centerline. While stacked inside the MCO, the bqkets provide for insertion of a long process 
tube down the MCO centerline for water drainingland gas transport, as needed The baskets can 
drain freely and will not capture or retain excessivb water during bulk water removal at the 
CVDF. 

Basket design accounts for differential themal expansion when subjected to elevated 
temperature8 inside the MCO. The baskets supp$ heat transfer into and out of the fuel while in 
the gaseous and vacuum environments inside the w C 0  The primary heat transfer modes are 
radiation and conduction during the static (storagthonitoring) state 

Thsb&?k& are designed to provide pathways for the gas flows needed to properly dry 
intact &el enb swap M Cturieg cold vacuum dryibg. The baskets are compatible with the fuel 
and MCO materials during the expected temperatures, pressures, and atmospheres inside the 
MCO during handling, drying, shipping, and storage 
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The MCO fuel baskets are categorized into two major types: intact fuel element baskets 
and scrap fuel (fragment) baskets Figures 1-4 through 1-7). The Mark IA fuel and scrap baskets 
are designed in accordance with the Boiler and Pressure Vessel Code, Section 111, Subsection NG 
(ASME 1998) under the component safety group as guided by NLJREGKR 3854, Fabrication 
Criteria for Shipping Containers (NRC 1984). Mark IA fuel has a higher 235U enrichment than 
Mark IV fuel. Structural integrity is required of the Mark 1A basket for criticality control whereas 
structural integrity for criticality control is not required for the Mark IV fuel basket. Therefore, 
the more stringent Section 111, Subsection NG requirements (ASME 1998) are applied to the 
construction of the Mark IA fuel and scrap baskets. 

As specified, the Mark IV fuel and scrap baskets are not required to be designed to the 
Boiler and Pressure Vessel Code (ASME 1998) because the Mark IV fbel has a lower ='U 
enrichment than Mark IA fuel. The Mark IV baskets are designed and fabricated using stress 
allowables &om the Boiler and Pressure Vessel Code, Section 111, Subsection NG. Safety factors 
of three for material yield and five for material failure are applied, as t h i s  is the common industry 
standard for rigging and lifting operations around personnel. These requirement8 were based 
upon good engineering practices and judgement. Although not imposed on the project, 
ANSI N14.6-1986, For Radioactive Materials - ,Special Lijting Devices for Shipping 
Containers Weighing 10,000 Pounh (4500 kg) or More (ANSI 1986), is the source of the three 
and five requirement. Only applicable portions of ANSI N14.6-1986 have been used. Analyses 
indicate that the Mark IV fuel cannot achieve criticality in an MCO under normal operating 
conditions or accident scenarios. It follows that the basket's structural integrity is not required for 
Mark IV criticality control. Design allowables per the American Society of Mechanical Engineers 
(AShlE) Boil= and Pressure Vessel Code (ASME 1998) and safety factors described below were 
utilized. Howcveq during accident conditions the baskets designed for Mark IA fuel and for 
Mark IA &el scrap shttt mahtain the criticality control features in accordance with Chapter 6.0 
For handling of both loaded and unloaded Mark IA and Mark IV baskets, the designs meet .safety 
factors of three on material yield and five on material failure. 

The Mark IV and Mark IA &el and scrap basket structural portions are made of 304L 
stainless steel. Scrap basket d a l e  also include copper for added thermal conductivity. The 
baskets maintain their cltnrctural integrity during expected internal MCO environmental 
conditiom, normal. MCO handling situations, and after accidents (Mark IA baskets only). The 
basketa are s u & i d y  strong to preserve their integrity during bulk water removal and vacuum 
drying under n o d  MCO handling conditions, for various internal MCO environments, and after 
MCO design basis accidents (Mark IA baskets only). 

The baskets do not have gas-producing materials that significantly increase the pressure in 
the MCO during storage. The baskets also do not have materials that appreciably accelerate 
corrosion or significantly alter the properties of the MCO confinement boundary. 

The screws used in the outer posts are safety class for Mark 1A baskets. The spring pin 
used for the centerpost to baseplate thread is general service because it is only a backup to 
prevent loosening of the centerpost. Similarly, the flow restrictors, even if eliminated, would have 
only a minor effect on scrap temperatures. 
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1.2.3 Shield Plug 

The MCO shield plug is made of 304L stainless steel and is designed to mate with the open 
end of the MCO shell (Figure 1-8). The shield plug protects workers from photons and neutrons 
emanating from the inside of the MCO This shielding design maintains an average dose rate 
across the top of the shield plug of 2 m r e h  on contact (2 in ) for the average MCO fuel 
inventory. The average 2 mremh dose rate includes radiation streaming between the MCO shield 
plug and MCO shell and streaming around penetrations, radiation streaming between the MCO 
and cask is not included. For the worst-case MCO, the average dose rate across the top of the 
shield plug on contact (2 in.) does not exceed 8 mredh. Actual doses are much lower, as 
indicated in Chapter 5.0. 

The shield plug is closed using a mechanical closure assembly. The mechanical closure 
assembly holds the shield plug in place using a threaded locking ring that is put into the MCO 
collar after the shield plug is inserted. Once assembled, the 18 set screws in the locking ring are 
tightened down into the shield plug's back side to compress the silver-plated seal between the 
MCO shell and the shield plug. The MCO shield plug assembly also mates with the end effector 
on the top SNF fie1 basket. The MCO has a minimum height of approximately 1 0 in of free 
space between the top of the SNF materials and the bottom of the guard plate on the shield plug 
at room temperature. This gap is not safety related but simply a design feature 

The shield plug provides access to the interior of the MCO via four penetrations 
(Figure 1-9). The penetrations accommodate two process ports integral to the shield plug 
(ports 2 and 3), a safety-class rupture disk port (pqrt 4), which also serves as a backup port for 
vacuum drying at the CVDF, and a spare, pluggedport (port 1). The two process ports have 
valve mechanisms to acco 
process PO 
long, 1-in. 
process path (port 2) (1 to internal filters mounted on the shield plug's 
underside. A third path er) extends from the rupture disk to the space 
between the bottom ofthe shield plug and the top of the guard plate. The long, 1-in schedule 
X X S  proms  pipe has a 260111 debris screen around the end (Figure 1-9). The connections 
leading to the two process tubes are designed to be easily differentiated by a worker looking at 
either the top or bottom of the shield plug. The design of the penetrations, ports, and valve 
mechanism implements the foliowing operational and performance criteria. 

Provisions for pressurizing the MCO interior with an inert gas 

connections to external equipment (Figure 1 - 10) These 
two process paths. One process path (port 3) connects to a 
extends down @e MCO's axis to the bottom, and the second 

0 

0 

0 

Provisions for purging gases from the MCO interior 

Provisions for leak rate testing, where applicable 

Provisions for making or breaking all connections while continuing to maintain SNF 
contheineat with minimal spread of contamination 

Connections designed to facilitate their decontamination 0 
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Ports and connections accessible to the operator from the top face of the MCO 

Penetrations and connections that do mot appreciably reduce or impair MCO 
shielding 

Provisions for removal or reinstallation of sealing mechanisms as required to cover 
process connections (these sealing mechanisms, including fasteners, cannot extend 
above the top of the shield plug [Figure 1 - 1 I]). The Helicoflex' seals can be replaced 
at the K Basins if necessary. 

Provisions for controlled bleed down of internal MCO pressure into the process 
piping 

Penetrations and connections designed to facilitate remote operation via long-handled 
tools and via a manipulator if needed. 

The shield plug features an integrally machined axisymmetric lifting ring with a 12-ton 
lifting capacity when gripped with six equally spaced grippers. The ring facilitates handling of the 
MCO package with the MCO handling machine (h4HM). Design of the MHM lifting rim area of 
the MCO locking and lifting ring must include a safety factor of three on material yield and five on 
material ultimate strength. As previously noted, safety factors of three for material yield and five 
for material failure are applied, as this is the common industry standard for rigging and lifting 
operations around personnel. These requirements were based upon good engineering practices 
and judgement. Although not imposed on the project, ANSI N14.6-1986 (ANSI 1986), is the 
source of the three and five requirement. Only applicable portions of ANSI N14.6-1986 have 
been used. 

1.2.4 Additional Features 

The MCO hu intemal filters to support the vacuum drying outflows from the MCO 
(Figure 1-12). These 6Itm are installed between the shield plug bottom and the guard plate The 
intemd high-efticiency particulste air (HEPA) filters are present primarily for process reasons and 
g c n d  faoility deatltiness. The filters also provtde the benefit of reducing potential contamnation 
even though 110 credit is taken for such a hnction These internal filters are HEPA filters and 
adequate flow Capacity i s  achieved through the filter bank to support operating needs These 
filters do not meet the provisions of DOE Order 6430 14 General Design Criteria, because their 
&CienCy 0.11[Lot be tested after the shield plug is installed The filters are not relied upon to 
psrform a safety function and are present for process purposes only No credit has been taken for 
the presence or function of these filters in the accident analyses associated with any of the 
facilities. Port number 4 serves as an unfiltered backup process port at the C W F  

'Helicoflex is a trademark of Helicoflex Corporation. 
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To summarize the key features, the MCO is a stainless steel Container that is mechanically 
sealed to a stainless steel shield plug. On top of the shield plug are four ports The ports access 
four penetrations, two ofwhich are used for processing (ports 2 and 3). The long tube (port 3) 
allows water pickup and gas transport as needed. Port 4 doubles as the location for the safety- 
class pressure relief device (rupture disk) and as an unfiltered backup process port. 

The remaining two ports (ports 1 and 2) are connected to a bank of four internal HEPA 
p r o m  filters. Port 2 is a filtered process port us$ during vacuum drying operations and port 1 
is a plugged port with potential to be used during MCO monitoring activities or future gas 
sampling activities. The ports are all capable of bdng sealed using bolted cover plates. 
Chapter 8.0 provides a detailed discussion of the YCO port configurations. Eight screened holes 
(2-mm metel msah) in the guard plate functionally expands the blowdown surface area available to 
the rupture disk by approximately a factor of eight, making plugging of the disk substantially less 
likely than without the screen. 

The ASME Boiler and Pressure Vessel Code states that the operating area (surface area) of 
the pressure relief device may not be reduced The screened holes in effect increase the surface 
area to receive raw flow 

1.2.5 Human Facton Ddgn  Conaiderations 

The for interface with opdators at various stages of assembly and 
operation. s considerations have b% incorporated into the MC6 dekgn and are 
manifestsd ia the o w d l  intsgrated handling, asseMbly, and use of the MCO components. All 
movable and replaceable components are located the outside of the MCO and are accessible 
fiom the outside. These axtsmal components are T esigned to support the fuel loading, sealing, 
transporting, processing, aml sampling operations Planned for the MCO. 

Ma(crbis arc "tracked" during fabrication of all MCO pieces. When MCO components are 
numbexkg is applied toithe discreet unit. Serial numbers are placed on 
oollar, shell wall, and bottom cap), the shield plug assembly, the 

locking aad liftlag ring, tha cover cap, and the indi$idual baskets. The labeling plan has been 
agreed to in advance by operations personnel and has been found to be suitable and appropriate 
for the fimction of the unit. 

The fuei baskets are designed so operators can see the individual pockets in the baskets 
during fid rsttisvel operations. The pockets are located in a fuel rack plate, and whole fuel 
elements are placed into these pockets. The design allows an operator to easily recognize which 
pockets are filled and which are open. 

Tiia &kld plug Gfting fixture is designed to minimize operator strain during the handling 
andpkuueat oftbe sbietd fig. The assembly eqpipment used to insert and tighten the long 
axial process tube includes a weight-balancing cup to minimize operator strain and wrench flats on 
the tube to positively assist in manual tightening of the long axial process tube. The design of the 
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locking and lifting ring also considered the handliy machine interface and allowed features for a 
counter-balanced gripper design. The handling *chine for the ring allows for threading the 
locking and lifting ring into the collar with minimal force supplied by the operator 

Much of the interface with the assembled MCO occurs on the operating face of the shield 
plug. Features such as cross-drilled appliances allpw for the bleed down of pressure without 
removal of the appliance. All appliances include 1,3 125411 standard hexagonal interfaces for 
c o d t y .  The interface with the shield plug $0 allows for the use of remote tools and 
operaton, ifnesded. Conehead bolts are used onithe cover plates to allow easy placement of the 
socket tools whether the operator is working directly or remotely The ports have also been 
numbered to avoid any confusion on the part of operators 

Finally, the placement and welding of the cover cap is operator friendly. The cover cap has 
an integral centuing-backing ring built into the cap design, so the placement and centering of the 
cover cap on the MCO collar at the CSB work stations is easy The MCO cover cap design also 
allows for easy placement, setup, and alignment of'the welding machine for the cap-to-collar 
attachment weld as the machine is indexed from the cover cap 

1.3 MULTI-CANISTER OVERPACK CHARACTERISTICS 

1.3.1 Design and Fabrication 

The MCO components will be designed, fabpicated, inspected, and examined in accordance 
with the Boiler and Pressure Vessel Code (ASME 1998), Section III, Subsection NB, except for 
the Mark IA spent he1 bask& assemblies, which mpst meet Subsection NG. All MCO welds 
performed by the offsite fabricator will be completed and examined in accordance with the Boiler 
and Pressure Vessel Code (ASME 1998), Section 91, Subsection NB, as well as the final cover 
cap weld. Exceptions to NB and other subsectionq if any, are discussed in the final design report 
(GoldmaM 2OOOa). 

The following structural materials are used ta fabricate the MCO: 

0 

0 

0 

ASME SA-182, type 304N stainless steel for the locking and lifting ring 

ASME SA-182, dual certified F304E304L stainless steel for the MCO collar 

ASME SA-312, type 304L stainless steel for the MCO shell and shield plug 

ASME SA-182, type 304L stainless steel for the bottom baseplate assembly 

ASME SA-193, grade B8S or B8SA stainless steel set screws 

Silver-plated stainless steel for Helicoflex closure seal 
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The mechanical properties of the MCO’s stnpctural materials are presented in Section 3.2. 
The listed properties are Boiler and Pressure Vessel Code (ASME 1998) minimums and in some 
instances higher property usage may be justified. The expected weights and centers of gravity of 
the MCO, its contents, and ancillary equipment after drying also are presented in Section 3.2. 
The operational features of the MCO will be limit+ to the lifting attachments, closure design, 
pressure relief connections, access connections, ankl the internal bank of four HEPA filters located 
on the underside of the shield plug. 

1.3.2 Confinement Boundary 

The MCO is to be the interim storage container for the spent fuel and is relied upon as the 
primary confinement boundary (see Section 1.2). The MCO confinement boundary consists of the 
following items (Figure 1-1): 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

Shield plug 

MCO collar 

MCO shell 

MCO bottom baseplate 

Weld connecting shell to bottom and to collar 

Shell longitudinal weld 

Shield plug to shell mechanical closure and Helicoflex seal (before cover cap 
welding) 

Four port cover flanges and C-seals (before cover cap welding) 

Port cover closure bolts (before cover cap welding) 

MCO cover cap (when the MCO is sed welded as shown on Figure 1-1) 

Rupture disk in shield plug port number 4 (not always active); port is covered with 
flange before transporting to CSB). 

The MCO shield plug assembly will be mecbnically sealed to maintain a low leakage rate. 
Figure 1-1 providss the details of the mechanical dosure assembly A containment weld will be 
made to dtt.ch ths MCO shell to the MCO bottoq baseplate assembly and collar Welds will be 
made in contbrmance with the Boiler and Pressurq Vessel Code (ASME 1998), Section 111, 
Subsection NB All welds are examined in accordance with the Boiler and Pressure Vessel Code 
(ASME 1998), Section 111, Subsection NB-5300 Details of the MCO locking and lifting ring as 
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well as the MCO cover cap are provided in Figure 1 - 13. Each port may be covered by a blind 
flange port cover that can maintain a leaktight seal 

The MCO cover caps are installed in the CSB work stations. The MCO is sampled, if 
necessary, and the port appliances and covers are checked to ensure they are properly configured 
for MCO interim storage at the CSB. All MCO mechanical seals are leakage tested at the CVDF 
before shipping. Leakage rates are specified in Section 9.1.1.2. Optional testing is used only 
when leakage is suggested as a consequence of some damage occurring to the MCO. The weld 
preparation areas of the collar are cleaned and inspected to make sure the area is clean and free of 
deleterious conditions or contamination that may affect the weld's properties. A cover cap is 
positioned on the MCO collar. 

The weld machine is brought in, and the inert weld backer gas tube is introduced 
underneath the cover cap through the penetration. The purge of air begins from the newly created 
chamber with the introduction of the inert backer gas. Welding begins with a root pass. The 
completed root pass is manually dye penetrant examined and then more passes of weld are laid 
down. Another dye penetrant examination may be performed at the halhay point for the weld. 
The futel weld passes are made, and the weld machine is removed, with the inert purge continuing 
and the inerting of the chamber preserved. The weld is leakage rate tested and dye penetrant 
exBmined for the last time in accordance with ASME Code Case 595. The penetration plug is 
tightened and leakage rate tested. The penetration is eventually permanently closed with the 
2.25-in.-dimeter cover plate disk that is welded into the cover cap penetration hole. 

When the cover cap is on the MCO, the cover cap penetration allows helium to be put 
under the cover cap so the attachment weld may be leakage rate tested using a test collar on the 
outside and the flow pumped to a helium mass spectrometer (this is an essential function of the 
cover cap penetration) 

The cover cap penetration also has the following potential uses: 

1. Putting the welding backer gas under the cover cap during welding attachment to the 
collar; this reduces oxidation of the molten weld and surrounding heat-affected 
metals 

2. With helium below the shield plug, testing the leakage rate in the MCO Helicoflex 
main seal by vacuum pumping on the cover cap cavity and sending the flow to a 
helium mass spectrometer 

Pressure load testing the cover cap after welding installation of the cover cap onto 
the collar; this would be done by pressurization of the cavity created by the cover cap 
installation 

3. 

4. Allowing accesa through the cover cap penetration to operate thenumber 2 port 
appliance in the shield plug for gas sampling, pressure adjustment, and/or exchange 
inside the MCO. 
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1.4 MULTI-CANISTER OVERPACK CONTENTS 

The fuel to be stored in the MCOs is located in the K Basins storage pools. The 
105 K East fuel storage basin contains 51,073 fuel assemblies (some are not intact), elements, or 
pieces. The 105 K West fuel storage basin contains 53,964 fuel assemblies, elements, or pieces. 
The total mass of the e e l  elements at the 105 K East fuel storage basin is approximately 
1,233 metric ton (t); the total mass of the fuel elements in the 105 K West fuel storage basin is 
approximately 1,038 t. This total includes approximately 1,143,600 kg ofuranium and 2,155 kg 
of plutonium in the 105 K East fuel storage basin and approximately 951,900 kg of uranium and 
1,875 kg of plutonium in the 105 K West fuel storage basin. 

The cladding on a significant amount of the %el, due to normal handling, was damaged 
during discharge from the N Reactor or during subsequent fie1 handling. Video imaging indicates 
that the outer elements as well as the inner elements have breached or missing sections of 
cladding. As a result, the uranium in some elements was exposed to water and has oxidized 
during storage. This oxidation causes the fuel elements to swell, leading to further cladding 
damage, which exposes fresh uranium to the basin water and further oxidation. The loss of 
cladding integrity and the oxidation of the uranium allows soluble and gaseous fission products to 
dissolve into the basin and canister water. 

The h l  assemblies and scrap (pieces greater than 0.25 in. in all dimensions) will be 
contained in five or six baskets (depending on fuel type), placed one on top of another, in the 
vertical MCO. The baskets will have an optimum carrying capacity in terms of weight as well as 
criticality considerations. More information regarding basket structural design and analyses is 
presented in Section 3.0 of this report. 

1.5 IDENTIFICATION OF AGENTS AND CONTRACTORS 

For purposes of this report, the Owner is the DOE and the Buyer is Fluor Hanford, Inc. 
0. 

Agents and contractors responsible for the design and fabrication of the MCO and the 
baskets are as follow: 

Responsibility: FH is responsible for the overall management and execution of the 
MCO subproject. This includes development of the subproject functions and 
requirements, performance specification, safety documentation, design review and 
approval, quality assurance, procurement, budget, schedule, and coordination with 
interfacing subprojects. 
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Parsons Inftastructure and Technology Group, Inc. 

Responsibility: Parsons Infrastructure and Technology Group, Inc., was the original 
design agent for the MCO subproject and was tasked with development of the MCO 
design in accordance with the performance specification. Parsons was responsible for 
the professional quality, technical accuracy, quality assurance, and cost-effectiveness 
of the design media to be used for fabrication of the MCOs. 

Responsibility for design administration, including changes to the design, now rests 
with FH. 

Joseph Oat Corporation 

Responsibiity: Joseph Oat Corporation is responsible for materials, fabrication, 
welding, examination, shop testing, quality assurance, documentation, ASME code 
stamping, packaging, and shipping for the empty MCOs in accordance with the 
requirements of the fabrication specification. This includes development of a 
manufacturing plan, schedule, fabrication drawings, material certificates, fabrication 
and welding procedures, examination reports, and test reports to verify that the 
materials and completed work conform to the fabrication specifications 

F!A, with support Born DynCorp Tri-Cities Services, Inc 

Responsibility: FH, with support from DynCorp Tri-Cities Services, Inc., is 
responsible for materials, fabrication, welding, examination, shop testing, quality 
assurance, documentation, packaging, and shipping for the MCO baskets in 
accordance with the requirements of the fabrication specification This includes 
development of a manufacturing plan, schedule, fabrication drawings, material 
certificates, fabrication and welding procedures, examination reports, and test reports 
to veri@ that the materials and completed work conform to the fabrication 
specifications. 

1.6 U.S. NUCLEAR REGULATORY COMMISSION EQUIVALENCY 

In K Baains Spent Nuclear Fuel Project - Regulatory Policy, dated August 4, 1995 
(Sellers 1995), the POE established the requirement for new SNF Project facilities to achieve 
"nuclear SaEety equivalency" to comparable NRC-licensed facilities. Given this policy, the SNF 
Projest performed a review and evaluation of Title 10 of the Code of Federal Regulatiuns and 
relevant NRC guidance against the existing DOE requirements for new SNF Project facilities. 
The purpose of the review and evaluation was to identify any additional actions, beyond the 
exist@ DOE requirements, that were necessary to demonstrate nuclear safety equivalence. The 
result ofthismvi& WM tbs ideatitication of several NRC requirements that were necessary to 
achieve nuclear safety equivalency. These requirements could be met by the MCO or by the 
facilities in which the MCO resides. These requirements are documented in 
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HNF-SD-SNF-DB-005, S p n t  Nuclear Fuel Project Multi-Canister Overpack, Additional NRC 
Requirements (Garvin 1998). Appendix 1A contains an assessment matrix listing the NRC 
requirements for the MCO and corresponding compliance statements. 
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Figure 1-1 .  Multi-Canister Overpack 
(sheet 2 of 7) 

CANISTER COLLAR 7 

SHELL, 24’ OD \ 

FINAL > y d  

SARR-005.01F 

- 025.3’- + 
I 

I 

I 
- P2.3” ID - 

I 

I 
I 
I 

I 

(624) 

P u r €  
‘SHELL B f l l l O M  

F1-2 

COVER 

FINAL 

March 2000 



HNF-SD-SNF-SARR-005 REV 2 

Figure 1-1. Multi-Canister Overpack 
(sheet 3 of 7) 
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Figure 1-1 .  Multi-Canister Overpack 
(sheet 4 of 7) 

SHIELD PLUG ASSY 

BASKET STABILIZER 

PROCESS TUBE 01 3” 

W BASKET STABILIZER EXTENSION 
PROCESS TUBE A S 3  

GUARD PLATE AND GUARD PlATE 
RING NOT SHOWN THIS 

VIEW FOR CLARITY 

SARR-005.01F 

,, 

F1-4 March 2000 



"IF-SD-SNF-SARR-005 REV 2 

Figure 1-1. Multi-Canister Overpack 
(sheet 5 of 7) 
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F i w e  1-1. Multi-Canister Overpack. 
(sheet 6 of 7) 
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Figure 1-1. Multi-Canister Overpack. 
(sheet 7 of 7) 
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Figure 1-2. Multi-Canister Overpack Shell. 
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Figure 1-3. Multi-Canister Overpack Shell Bottom Plate Subassembly. 
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Figure 1-4. Mark IV Spent Fuel Storage Basket. (sheet 1 of 4) 
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Figure 1-4. Mark IV Spent Fuel Storage Basket. (sheet 2 of 4) 
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Figure 1-4. Mark IV Spent Fuel Storage Basket. (sheet 3 of 4) 
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Figure 1-4. Mark IV Spent Fuel Storage Basket. (sheet 4 of 4) 
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Figure 1-5. Mark IA Spent Fuel Storage Basket. (sheet 1 of 5 )  
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Figure 1-5. Mark IA Spent Fuel Storage Basket. (sheet 2 of 5 )  
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Figure 1-5. Mark IA Spent Fuel Storage Basket. (sheet 3 of 5) 
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Figure 1-5. Mark IA Spent Fuel Storage Basket. (sheet 4 of 5) 
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Figure 1-6. Mark IV Spent Fui  Scrap Basket (sheet 1 of 5 )  
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Figure 1-6. Mark IV Spent Fuel Scrap Basket. (sheet 2 of 5) 
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Figure 1-6. Mark N Spent Fuel Scrap Basket. (sheet 3 of 5 )  
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Figure 1-6. Mark IV Spent Fuel Scrap Basket. (sheet 4 of 5) 
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Figure 1-6. Mark IV Spent Fuel Scrap Basket. (sheet 5 of 5) 
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Figure 1-7. Mark IA Spent Fud Scrap Basket. (sheet 1 of 6 )  
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Figure 1-7. Mark IA Spent Fuel Scrap Basket. (sheet 2 of 6 )  
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Figure 1-7. Mark IA Spent Fuel Scrap Basket. (sheet 3 of 6)  a 06.6’’ 
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Figure 1-7. Mark IA Spent Fuel Scrap Basket. (sheet 4 of 6 )  
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Figure 1-7. Mark IA Spent Fuel Scrap Basket. (sheet 5 of 6)  
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Figure 1-7. Mark IA Spent Fuel Scrap Basket. (sheet 6 of 6) 
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Figure 1-8. Multi-Canister Overpack Mechanical Closure Shield Plug. 
(sheet 1 of 3) 
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Figure 1-8. Multi-Canister Overpack Mechanical Closure Shield Plug. 
(sheet 2 of 3) 
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Figure 1-8. Multi-Canister Overpack Mechanical Closure Shield Plug. 
(sheet 3 of 3) 
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Figure 1-9. Schematic Diagram of Multi-Canister Overpack Passages. 
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Figure 1-10, Multi-Canister Overpack Process Valves. 
(sheet 1 of 2) 
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Figure 1-10, Multi-Canister Overpack Process Valves. 
(sheet 2 of 2 )  
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Figure 1-1 1. Multi-Canister Overpack Process Port Cover Plates. 
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Figure 1-12. Multi-Canister Overpack Integrated Filter Assembly. 
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Figure 1 - 13. Multi-Canister Overpack Cover Cap and Locking and Lifting Ring. 
(sheet 1 of 2) 
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Figure 1 - 13. Multi-Canister Overpack Caver Cap and Locking and Lifting Ring. 
(sheet 2 of 2) 
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APPENDIX 1A 
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2.0 PRINCIPAL DESIGN CRITERIA 

2.1 SPENT FUEL TO BE STORED 

Chapter 1 .O of this Topical Report provided background information related to the multi- 
canister overpack (MCO) and a description of the MCO and its general characteristics. When 
fully loaded, each MCO will house five or six baskets, each basket containing prescribed amounts 
of spent nuclear fuel (SNF) and incidental fuel corrosion products that have been physically or 
chemically bound to the fuel and retrieved with the fuel from the K Basins. The following fuel 
element materials will be contained in any one of those baskets at any given time. A description 
of the fuel types and characteristics will enable the reader to view health and safety concerns in 
the proper perspective as additional details pertaining to the MCO are presented in this report. 
The following paragraphs and tables contain physical descriptions of the fuel currently in the 
K Basins, give a fuel burnup summary, and provide details of the chemical and radionuclide 
inventories of SNF. The information presented also is useful in supporting the chapters in this 
report that discuss radiological protection, shielding, and criticality. 

N Reactor fuel assemblies consist of two concentric tubes made of uranium metal 
coextruded into Zircaloy-2 cladding. The two basic types of fuel assemblies are differentiated by 
their uranium enrichment. Mark IV fuel assemblies have a pre-irradiation enrichment of 0.947% 
z35U in both tubes and an average uranium weight of 22.7 kg. The Mark IV assemblies have an 
outside diameter of 6.15 cm (2.42 in.) and lengths of 44.2 cm, 58.9 cm, 62.5 cm, or 66.3 cm 
(17.4, 23.2, 24.6, or 26.1 in.). A small amount of fuel with 0.71 wt% u5U enrichment was 
designated as Mark IVB fuel. The Mark IVB fuel has the same dimensions and weights as the 
66.3-cm- (26:1-in.-) long Mark IV fuel. Table 2-1 contains a detailed physical description of the 
fuel. 

Mark IA fuel assemblies have a pre-irradiation enrichment of 1.25% ='U in the outer tube 
and 0.947% B5U in the inner tube. The Mark IA assemblies have an average uranium weight of 
16.3 kg. Mark IA fuel assemblies have an outside diameter of 6.10 cm (2.40 in.) and lengths of 
37.8 cm, 49.8 cm, 53.1 cm, or 66.3 cm (14.9, 19 4 20 9, or 26 1 in.). The long Mark IA 
assemblies (26.1 in.) will be loaded m a Mark IV basket Bounding analyses for criticality (using 
two wrap baskets) have been performed and have yielded acceptable results (see Chapter 6.0) 

Throughout the MCO Topical Report, there are references to the "fuel" that is contained 
within the MCO. In almost all c89es, the fuel being referred to is the N Reactor fuel and is either 
Mark IA or Mark IV fuel. There is, however, a small amount of single pass reactor (SPR) fuel 
currently in the K Basins. The SPR fuel consists of a machined uranium core that was sealed 
within, and metauUrgicaUy bonded, to an aluminum can There were three basic designs for SPR 
fuel dements: solid core cylinders, hollow core cylinders, and tubes. SPR fuel will be loaded into 
a single MCO containing Mark IA fuel and scrap baskets The fuel baskets will be modified to 
contain an insert te pc9mit iBs SPR &el to be stacked 2-3 elements high to ensure efEcient 
packing densities and permit all the fuel to fit into one MCO The fuel will be processed using the 
currently designed fuel retrieval system equipment. including the cleaning machine. The single 
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1. outerofoutsr 

Table 2-1. 105-N Reactor Fuel Assembly Description 

I Mark IV I Mark IA 

6 I5 6 10 

I E S A C  I E M T F  

2. InncrofOuter 4.32 4.50 

3. outaofinas 3 25 

4. Imwrofinas 122 
I 3 18 

1 I I  

1. Outcrelement 1.09 1.04 0.99 0.79 1.07 0.88 0 83 0.66 

I I. 0.947%”’U I 16.0 15.0 14.1 10.5 I 

2. Innuelement 0.55 052  050 040 I 066 054 051 040  

70.0 70.8 71.6 77.1 I 83.8 85.5 86.3 90.4 I Ratio of ziroaloy-2 to uranium 
( k m  

2. 1.25%”’U 

Mass of uranium in irmn element 
(kg) 0.947% 2’’U 

Weighted average of uranium in 
element (kg) 

13.8 11.1 10.4 7.85 

7.48 7.03 662 4.94 6.84 5.49 5.12 3.90 

22.7 16.3 

I- I 61 I 67 

Weighted average f&MlW) 

%of mal ehuw 

%of lu@h typr o l d  fucl 

Zsaa wder dii%mtkta the Merent lengths of the Mnrk IV or Mark IA fuel elements (e g , a type “ E  element 

%mmarsollly 12ofthe66.3~MarkIAassembltes 
Tsrccnt bescd m the total element count 

M”nJ = lmddo ton ofuranium 

Is 66.3 cdll 100s). 

70 3 85 7 

63 37 

78 IO 7 5 003b 87 10 3 
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MCO will be initially loaded with the fuel in the K East Basin and then transferred to the K West 
Basin to complete the loading process. The MCO will then be processed using the currently 
designed cold vacuum drying equipment Following processing at the Cold Vacuum Drying 
Facility (CVDF), it will be transferred to the Canister Storage Building (CSB) for interim storage 

The SPR fuel has not been documented as extensively as the N Reactor fuel, making it very 
difficult to treat the fuels similarly in the report It is apparent that the SPR fuel is bounded by the 
N Reactor fuel that is discussed (Praga 1998a) Although most of the SPR fuel (approximately 
3 metric ton of uranium [MTU] of the 3.38 MTU at the Hanford Site) was irradiated to a higher 
*%J fraction (26%), the highest bumup N Reactor he1 has a higher concentration of plutonium, 
americium, and other radionuclides that dominate dose consequences in a release In addition, the 
SPR fuel has experienced a much longer decay period than the N Reactor fuel, so the N Reactor 
fuel has a larger concentration of gamma-emitting isotopes, therefore shielding requirements are 
set by N Reactor fuel 

The condition of the fuel also is a consideration Although photographs of the SPR fuel 
indicate the presence of a large amount of debris and sludge, the uranium corrosion that is evident 
in some of the N Reactor fuel is not observed for the SPR fuel As a final comparison, an MCO 
fully loaded with the longest length Mark IV  N Reactor fuel would contain over 6 MTU of fuel, 
while the entire inventory of all SPR fuel is only 3 38 MTU The SPR fuel will not be loaded into 
MCOs with N Reactor fuel but will, instead, be in its own MCO These factors form the basis for 
the belief that the MCO containing the SPR fuel is bounded by the MCOs containing the 
N Reactor fuel. The N Reactor fuel also is bounding for criticality as discussed in Chapter 6 0 
Because of the above, no special or separate consideration is given to the SPR he1 in the MCO 
Topical Report. 

Exposure level, or fuel burnup, and time since discharge determine the radionuclide content 
of a fuel assembly or group of assemblies. The K gasin inventory of N Reactor fuel is composed 
of elements that experienced a range of exposure levels and were discharged from the reactor 
between January 1971 and April 1987. The exposure levels ranged from unburned fuel (0 MW) 
to approximately 6,000 MWd per h4TT-J. Bumup is related to the weight fraction of the isotope 
q u  that exists within the total quantity of plutonium in a particular fuel element The 2'opu 
content is commody used to indicate fuel bumup and ranges from approximately 0 wt% ""Pu up 
to 16.72 wt% % for the N Reactor fuel in inventory 

Accoutlltabilitp recorda have been used as the basis for estimating the radionuclide content of 
N Reactor bel. The lIccountability record run dat4 dated November 17, 1994, includes discharge 
date, fuel type, u$u content, and other information for 497 groups of fuel elements (the groups 
are also known as keys). Each group, or key, includes elements of the same type, with the same 
burnup, that were discharged from the reactor at the same time The mass of uranium associated 
with each key variee from 2.37 x lo3 MTU to 67 4 MTU The accountability database that forms 
the inventory basis, and which takes precedence over this Topical Report in fuel inventory 
matters, is shown in Appendix A of HNF-SD-SNF-TI-009, IO5-K Basin Material Design Basis 
Feed Descriptionfor Spent Nuclear FueiProject fkrcilities (Praga 1998a). Tables 2-2 and 2-3 
present summaries of the fuel burnup listed in the accountability database for Mark IV and 
Mark IA fie1 
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Percent ' ' O h  (range) Mass WTU) 

< 5  16694 

Percent of total uranium 
mass 

11.35 

>5 - 7 

I > 9 -  1 1  I 62.9[88 I 4.28 I 

125b5 8.51 

> 7 - 9  I 0.05kJ61 

Table 2-3. N Reactor Mark iA Fuel Burnup Summary. 

0.00 

I Percent of total uranium 
maSS 

I Pe.rcent%(range) I Mass(MTU) I 

Total 

I S 5  I 36. i i4  I 5.75 I 

1471.1 100 

> 5 - 7  

2 7 - 9  

*- 11 

3.3329 0.54 

0: 0.00 

68.Cb8 10.83 

I Total I 627.98 I 100 I 

> 1 1 -  13 

>13 - 15 

>IS 

~ 

MlW = metric ton of uranium. 

11839 18.88 

401.b8 ' 64.00 

0~ 0.00 
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The chemical content of the fuel on a pre-irradiation basis is derived by applying the 
reported pre-irradiation concentration range to the total uranium (2,100,000 kg), zirconium 
(145,000 kg), and brazing filling (3,000 kg) in N Reactor fuel. In the post-irradiation fuel, a small 
percentage of the uranium will have been fissioned or converted to plutonium, and some of the 
other constituents will have been activated by neutron bombardment; this is particularly true for 
the boron and hafnium, which have relatively high thermal neutron capture cross sections. 
Table 2-4 lists the chemical inventory (kg) of N Reactor fuel currently stored in the K Basins 
(Praga 1998a) 

Tables 2-5,2-6, and 2-7 contain the radionuclide inventory of the N Reactor he1 in storage 
at the K Basins. Table 2-5 contains an inventory estimate for the combined total for both basins. 
Table 2-6 contains the shielding basis inventory per metric ton of uranium, and Table 2-7 contains 
the safety radiological inventory and decay power per metric ton of uranium (Praga 1998a) . The 
0 5 K r  data provided in each table assumes this gaseous nuclide has not been released from the fiiel. 

2.2 DESIGN CRITERIA FOR ENVIRONMENTAL CONDITIONS 
AND NATURAL PHENOMENA HAZARDS 

Natural phenomena hazard (NPH) loads applicable to the MCOs are specified in this 
section. The U.S. Department of Energy (DOE) NPH requirements are based on DOE 
Order 5480.28, Natural Phenomena Hazara!s Mitigation; and supporting standards, 
DOE-STD- 1020-94, Natural Phenomena Hazards Design and Evaluation Criteria for 
Department of Energy Facilities; DOE-STD- 1022-94, Natural Phenomena Hazards 
Characterization Criteria; and DOE-STD- 1023-95, Natural Phenomena Hmarak Assessment 
Criteria. DOE regulatory policy for SNF Project activities also requires a level of nuclear safety 
comparable to that of U.S. Nuclear Regulatory Commission (NRC)-licensed facilities 
(Grumbly 1995). The NRC NF" requirements are based on Title 10, Code of Fe&ral 
Regulaiions, Part 72, "Licensing Requirements for the Independent Storage of Spent Nuclear 
Fuel and High-Level Radioactive Waste" (10 CFR 72). Shipping will be prohibited during severe 
weather conditions that could place the cask-MCO at risk. 

DOE Order 5480.28 requires that each structure, system, and component (SSC) be assigned 
to one of h e  performance categories based on safety class and hazard category. Each 
performnuce catcgory has au associated NPH goal that serves as a measure of the level of 
protection against potmtid natural phenomena. The CSB has been given an interim designation 
as a hazard category 2 facility (Kummerer 1995; Sellers 1996). The CVDF is also designated as a 
hazard category 2 facility. With these classifications, safety-class SSCs within these facilities will 
be designated performance category 3 SSCs. 
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Element 

Al 

Table 2-4. Chemical Inventory ofN Reactor Fuel Currentlv Stored in the K Basins. 
Uranium allay 601 Zircaloy-2 cladding Brazing tiller Totals 

1,480 - 1,900 11.1 0.411 1.700 
&& kd &!3) &Lo* 

B 
Be 
C 

Cd 
c o  
c r  
c u  

Fe 
H 
Hf 
M g  
Mn 
Mo 
N 
NE 

0.530 0.074 0.00142 0.605 
21.0 __ 142 163 

769 - 1,550 40.7 1.42 1,200 

0.530 0.074 0.00142 0.605 
- 1.48 0.0567 1.54 

137 74 - 222 1.42 - 4.26 288 
158 7.40 0.170 166 

632 - 843 104 ~ 296 1.70 - 5.96 94 1 
4.22 3.70 0.142 8.06 -_ 29.6 0.567 30.2 
52.7 2.96 0.170 55.8 

52.7 7.40 0.170 60.3 __ 7.40 0.142 7.54 
158 11.8 0.567 170 
-- 2.96 0.0567 3.02 

Ni 
0 
Pb 
Si 

Sn . 
Ti 
V 
W 
zr 

U 

Pu 
NP 

Am 
Cm 

Fission prcducts 

21 1 44.4 - 1 I8 0.851 - 2.27 294 
_ _  6.53 6.53 __ 14.8 0.369 15.2 

26 1 14.8 0.709 277 

__ 1,780 - 2,520 32.3 - 48.2 2,190 __ 7.40 0.142 7.54 
-- 7.40 0.142 7.54 - 7.40 0.284 7.68 

-_ 

. 753 145.000 2,780 148,000 

Actinides 

2,100,000 0.518 0.0113 2,100,000 __ 81.1 81.1 _- 
4,120 __ __ 4,120 __ 109 109 _- 

-_ 0.018 0.018. __ 

n. 1 

46.1 
CS 4.65 
Pm 0.50 
Sm 176 
xs 1.040 

__ __ _- 
-_ 
-_ __ 
-- __ 

__ 
__ 
__ __ 
_ _  __ 

__ __ 
__ 
-_ 

_ _  _ _  
*For the vulues with e range, 

imbumup and postbumup values). 

12.0 
152 
170 
133 
77.1 

46.1 
4.65 
0.50 
176 

1,040 
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Heat 
generation 
0 

Table 2-5. Radionuclide Inventon, of the Combined K Basins. (2 sheets) 
Heat 

generation Mass Activity 

0 (Ci) (.kg1 
Isotope 

2-93 
2 -95  

Nb-93m 
Nb-95 

Fission and activation products 

4.00ei-02 1.59etO2 
1.69e- 12 7 . 8 5 2 0  

2.47e+O2 8.74e-04 
3.74e-12 9.5%-20 

H-3 3.66e+O4 3.79e-03 
C-14 6.93eW2 1.55e-01 
Fe-55 1.84eW3 7.36e-04 
C0-60 3.96&03 3.50e-03 

4.61e-02 
8.49e-15 
4.42e-02 
1.79e-14 

Ni-63 

Sr-89 
Sr-90 
Y-90 
Y-91 

1-129 6.37eW0 
Cs-134 1.59etO4 
Cs-135 7.75eWl 
Cs-137 1.32eW7 

0.00 

3.61&1 
1.23e-02 

6.73e+O1 
1.52eW2 

5.42e-08 
5.50eW0 4.78e-02 
1.73-25 4.01e-20 
3.24e-02 

2.6 le-07 3.96e-0 1 
1.99e-09 2.00eW0 
3.11e-18 3.98e-14 
4.54e-04 6.89eWO 

2.99e-03 
1.62eW2 
2.59e-02 
1.33eW4 

3.60.5-1 6 1.28e-09 
1.03e-13 4.81e-10 

0.00 0.00 
0.00 0.00 

Nb-95m 
To-99 
Ru-103 
Ru-106 

1.25e-14 3.29e-23 
2.88eto3 1.7Oei-02 

0.00 0.00 
1 . 8 2 d 3  5.44e-04 

1.6%-17 
1.44etOO 

000 
1.08e-01 

Ha-137m 125e+O7 
Ce-141 0 00 
Ce-144 9 1 4 d 2  
PI-143 0.00 

~ 

2.32e-05 
0.00 

2 .8644  
0.00 

4.89eW4 
0.00 

6.04e-01 
0.00 

Rh-103m 0.00 
Rh-106 1.82eM3 

0.00 0.00 Pr-144 9.03ei-02 1.20e-08 6.62eW0 
5.11e-10 1.74e+OI 1’1-144m l.IOe+Ol 6.06e-I1 3.69e-03 

Cd-113m 

In-113m 

3.90eW0 

Eu-154 

4.98e-01 

6.69eWO 2.06effll 
5.46e-03 4.28efflO 
3.96e-0 1 9.64eW2 

Sn-113 2.14047 2.13-14 
Sa-11% I 2.97e-01 1 6.6Ze-08 
Sn-12lm 7.%&1 1.35c-03 

3.55e-11 Eu-I55 2.2leto4 4.75e-02 1.60eWI 
1.53e-04 1 Gd-153 1 1.28e-04 1 3.63e-11 1 1.15e-07 
8.36e-02 Tb-160 2.77e-15 2.4%-22 2.218-17 

Fission end aotivstion mcduct totals I 4.74eW7 I 7.07eW2 I 1.32eW5 
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Table 2-5. Radionuclide Inventom ofthe Combined K Basins. (2 sheets) 

U-234 
U-235 
U-236 
U-238 

Np-237 
Pu-238 
Pu-239 
Pu-240 

Ac! uaes 
c_ 

PU-241 
Pu-242 
Am-241 
fun-242 
L 

Am-242 
m 

Am-243 
Cm-242 
Cm-244 

1.60eHx) 
1.23e-i-04 

2.99e-01 
3 . 8 1 4  
5 . 8 6 4  
4 . 9 5 4 1  

I Actinide totals 7.51- 2.09- 2 . W 4  

Note: 06/02/97 RADNUCZA run for combined 4 Basins, with resuits decayed to 05/31/98. Total 
fuel mass in the combined basins, 2.10eW3 MU. Total fuel activity in the combined basins, 5.50eW7 Ci. 
Total fuel heat generation in the combined basins, 1.61e-W W. Plutonium-239 end plutonium-240 have 
been adjusted to ensure consistency with data previously reported by Safeguards. 

MTU =metric ton of uranium 
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H-3 4.03eH)l 1.36e-03 
C-14 5.27e-01 1.54e-04 
Fe-55 5.23eiO0 1.75e-04 
co-60 6.27eH)O 9.64e-02 

Table 2-6. Shielding Design Basis (Based on Mark IV Fuel at 
16 Percent Plutonium-240 Aged 13.5 Years). (2 sheets) 

Sn-123 4.08e-09 1.26e-ll 
Sn-126 1.22e-01 3.75e-05 
Sb-124 0.00 0.00 
Sh-125 0.00 0.00 

Activity Isotope 

Ni-59 
Ni-63 
Se-79 
Kr-85 

Heat 

(wm 

Actwity Heat 

w m  
generation I Isotope I 1 generntion 

( C i W  

3.03e-02 
3.53etO0 
6.23e-02 
6 . 2 3 d 2  

1.21e-06 
3.57e-04 
1.93e-05 
9.33e-01 

Sb-126 1.71e-02 3.10e-04 
Sh- 126111 1.22e-01 1 S7e-03 
Te-123111 1.19e- I3 1.72e-16 
Te-125m 0.00 0.00 

SI-89 
Sr-90 
Y-90 
Y-91 

0.00 
8.19&3 
8.19eH)3 

0.00 

0.00 
9.50eiOO 
4.53e4-01 

0.00 

2.83e-01 
4.20e-18 

Nb-93m 1.38e-01 
Nb-95 9.33e-18 

lib-95m 3.12e-20 
Tc-99 2.0Be+oo 
Ru-103 
Ru-106 

Rh-103m 
Rh-106 9.38e+oo 
Pd-107 1.44e-02 
Ag-1 10 4.15e-06 

Te-127 1.16e-10 1.57e-13 
Te- 127m 1.19e-10 5.88e-14 
Te-129 0.00 0.00 
Te-129m 0.00 0.00 

3.25e-05 
2.12e-20 
2.47e-05 
4.48e-20 

4.12e-23 
1.05e-03 

0.00 
5.59e-04 

0.00 
8.97e-02 
7.94e-07 
3.lle-ll 

1-129 4.88e-03 2.29e-06 
Cs-134 1.07etO2 1.10e+O0 
Cs-135 5.77e-02 1.93e-05 
(3-137 I .  13eW4 1.14effl1 

Ba- I37m 1.07etO4 4.18eWl 
Ce-141 0.00 0.00 
Ce-144 1.75etO0 1.15e-03 
Pr-143 0.00 0.00 

Pr-144 1.73effl0 1.26e-02 
Pr-144m 2.10e-02 7.05e-06 
Pm-147 1.06e+03 3.88e-0 1 
Pm-148 0.00 0.00 

Ag-llom 
Cd-lI3m 
Cd-l15m 
h-113m 

3.12e-04 
3.96ei-00 

0.00 
. 2.590-11 

SARR-005.02 

5.18e-06 
4.35e-03 

0.00 
5.98e-14 

2-9 

Pm-148m 0.00 0.00 
Sm-151 1.08ei-32 1.26e-02 
Eu-152 1.22eW0 5.50e-03 
Eu-154 2.02eHJ2 1.81e+O0 

March 2000 

sn-113 
Sn-11% 
Sn-121m 

2.59s-11 4.30e-15 Eu-155 3.42eMI 2.48e-02 
0.00 0.00 Gd-153 3.92e-06 3.53e-09 
0.00 0.00 Tb-160 2.22e-19 1.78e-21 

Fission and activation product totals 4.05eHJ4 1.12eW2 
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Heat 
generation Activity 

(CI/MTU) w m  
Isotope 

Table 2-6. Shielding Design Basis (Based on Mark IV Fuel at 
16 Percent Plutonium-240 Aged 13.5 Years). (2 sheets) 

Heat 
generation 
w m  

Activity 
(CI/MTU) 

Isotope 

U-234 
U-235 
U-236 
U-238 

I Actinides I 
3.92e-01 1.1 le-02 Pu-24 1 9.42e+O3 2.92e-01 
1.3 le42  3.54e-04 Pu-242 7.46c-02 2.16e-03 
7.12e-02 1.89e-03 Am-241 2 .92H2  9.57e+oO 
3.35-01 8.35e-03 Am-242 3.19e-01 2.66e-03 

Np237 
Pu-238 
Pu-239 
Pu-240 

4.42e-02 1.27e-03 Am-242111 3.21e-01 4.91e-04 
1.28effl2 4.16eH)O Am-243 2.22e-01 7.02e-03 
1.68effl2 5 . 1 4 4 0  Crn-242 2.65e-01 9.59e-03 
1 . 2 8 4 2  3 . 9 0 4 0  Crn-244 4.62etOO 1 S9e-0 1 

SARR-OOS.02 

Actinide totals 

2-10 

1.01eH14 2.33eH)I 

March 2000 



HNF-SD-SNF-SAM-005 REV 2 

H-3 2.61&1 8.77e-04 
C-14 5.53e-01 1.62e-04 
Fe-55 5.41e-01 1.80e-05 
Cn-60 2 . 0 9 m  3.23e-02 

Ni-59 3. l8e-02 1.26e-06 
Ni-63 3 . 4 7 m  3.51 e-04 
Se-79 6.54e-02 2.02e-05 
Kr-85 3.70&2 5.53e-01 

Table 2-7. Safety/Regulatory Assessment Design Basis (Based on Mark IV Fuel 
at 16.72 Percent Plutonium-240). (2 sheets) 

Sn-123 1.72e-16 
Sn-126 1.29e-01 
Sb-124 0.00 
Sb-125 0.00 

Sb-126 1 . E  le-02 
Sb-126m 1.29e-01 
Te-123111 1.50e-21 
Te-125m 0.00 

Isotope Activity Isotope Activity 
(Cih4Tu) 

0.00 
8.03effl0 
3.84etO 1 

0.00 

Heat 
Generntion 
0 

Te-127 2.12e-19 
Te-127111 2.16e-19 
Te-129 0.00 
Te-129m 0.00 

3.40e-05 
0.00 

3.45e-05 
0.00 

0.00 
1.lOe-03 

0.00 
1.52e-06 

0.00 
2.45e-04 
8.56e-07 
5.38e-15 

Sr-89 
SI-90 
Y-90 
Y-91 

zr-93 
zr-95 

Nb-93m 
Nb-95 

1-129 5.16e-03 
cs-134 6.47eM0 
0-135 6.04e-02 
Cs-137 9.66eiQ3 

Bn-137m 9.14e+03 
Ce-141 0.00 
Ce-144 7.91e-04 
Pr-143 0.00 

PI-144 7.82e-04 
PI-144m 9.48e-06 
Pm-147 1.09effl2 
Pm-148 0.00 

Nb-95m 
Tc-99 
Ru-103 
Ru-106 

&-I 1om 
Cd-113111 
Cd-115m 
In-113m 

Rh-103m 
Rh-106 
Pd-107 
Ag-110 

5.39e-08 8.94e- 10 Pm-148m 0.00 
2 . 7 w  3.06e-03 Sm-151 1.02eW2 

0.00 0.00 Eu-152 8.45e-01 
1.36e-19 3.13el22 Eu-154 1.13eW2 

0.00 
6.93&3 
6.93&3 

0.00 

Sn-113 
Sn-119m 
Sn-1Zlm 

2.95e-01 
0.00 

1.93e-01 
0.00 

1.36s-19 2.26e-23 Eu-155 I .06e+0 1 
6.140-08 3.16e-ll Gd-153 5.19e-10 
6.27e-02 6.59e-05 Tb-160 0.00 

0.00 
2.19eHx) 

0.00 

Fission and activation product totals 

~~ 

2.56e-02 

3.34eW4 

0.00 
2.56e-02 
1.56e-02 
7.17e-10 

5.35e-I 9 
3.97e-05 

0.00 
0.00 

3.28e-04 
1.668-03 
2.18e-24 

0.00 

2.85e-22 
1.07e-22 

0.00 
0.00 

2.4 le-06 
6.59e-02 
2.02e-05 
9.78eMO 

3.59&1 
0.00 

5.23e-07 
0.00 

5.73e-06 
3.18e-09 
4.02e-02 

0.00 

0.00 
1.19e-02 
3.81e-03 
1.01 eW0 

7.65e-03 
4.67e-13 

0.00 

9.38eWl 
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Isotope Activity Heat Isotope Activity Heat 
(Cl/h.rru) Generation ( C W  Generation 
0 (WflVlTu) 

U-234 
U-235 
U-236 
U-238 

Np-237 
h-238 
Pu-239 
h-240 

Note: 06/02/97 RADNUC2A run for the safety basis (Mark 1V fuel at 16.72% *‘%I). Results decayed to 
0513 1/98. Total mass of the fuel in this m, 1.16e+01 MTU Total activity of the fuel in this run, 4 . 7 7 4 5  Ci. 
Total heat generation of the fuel in this m, 1.42effl3 W 

h4TU = metric ton of uranium. 

~ 

3.84e-0 1 1.09e-02 Pu-241 6.82&03 2.11eQl 
1.27e-02 3.44e-04 Pu-242 8.71e-02 2.55e-03 
7.16e-02 1.91e-03 Am-241 4.34eN2 1.42eWl 
3.31e-01 8 .2343  Am-242 3.71e-01 3.08e-03 

4.66e-02 1.34e-03 Am-242m 3.72e-0 1 5.71e-04 
1.33etO2 4.34eHJO Am-243 2.78e-01 8.82e-03 
1.73&02 5.28eK)O Cm-242 3.08e-01 1 lle-02 
1 . 3 7 d 2  4.19&0 Cm-244 4 . 4 7 m  1.54e-01 

SARR-OO5.02 

Actinide totals 

2-12 

7 . 7 0 d 3  2.85eNl 
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An MCO must maintain its structural integrity so as to perform the following functions for 
all credible events: 

Limit the release path for particulate material to the penetrations associated with the 
rupture disk and vent path (facility specific) (see Section 2.3.2) 

Limit the path for oxygen ingress to these same two paths (common to all facilities 
[see Chapter 11 .O]) 

Maintain the geometry and physical controls assumed in the criticality safety 
evaluation report (common to all facilities, see Chapter 6.0) 

Prevent water ingress (see Chapter 11 .O) 

Prevent gaseous release (see Chapter 1 1 0) 

The MCOs will perform the above-listed functions at the CVDF, to be located in the 
100 K Area, and at the CSB, to be located in the 200 East Area. The facility's SSCs required to 
ensure these MCO functions are maintained must be designed to performance category 3 
requirements. The following discussions address the NF" loadings at both of these locations on 
the Hanford Site. 

2.2.1 Tornado and Wind Loadings 

According to the DOE requirements and guidance provided in DOE Order 5480.28 and 
DOE-STD-1020-94, the Hanford Site does not have a design basis tornado. However, to 
implement NRC nuclear safety equivalency as identified in HNF-SD-SNF-DB-003, Spent Nuclear 
Fuel Project Path Fmmard, AcMtional NRC Requirements (Gamin 1997b), a design basis 
tomado must bcidsntifed and included in the designs for the CVDF and the CSB. Tornado 
protection for the MCO will be provided by the facilities in which it resides. Tornado protection 
for the MCO while it is in the K Basins is not required as this aspect of NRC nuclear safety 
equivalency wan not Gxtsadsd by HNF-SD-SNF-DB-003 ( W n  199%) to K Basins activities. 
The three selected equivalency issues applied to K Basins activities relate to two quality assurance 
considerations and criticality control (Garvin 1997b). 

2.2.1.1 Forrer on Structures. While the MCO is located within the CVDF and CSB, the 
associated stnrcture will shield the MCO such that it will not experience an extreme wind or 
tornado wind loading or impact from extreme wind-driven missiles. 

2.2.1.2 Tornado-Generated Missiles. Protecting the MCO from tomado-generated missiles is 
facility specific. The following options may be applied: 

Provide a structure or barrier that does not allow for missile penetration that would 
put the MCO at risk 
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Show by analysis that none of the credible or NRC-postulated missiles will penetrate 
the MCO or the shipping cask-MCO combination 

Show that the risk of a significant radiological release caused by missile impact is 
acceptably low (acceptance criteria for 51.0 x lod eventdyr using conservative 
methods with a dose acceptance criterion of 5 rem (Tallman 1996a, 1996b) (see 
Section 3.1.3). 

For the first and second options, the load combinations must be in accordance with 
NUREG-0800, StandadReview Plan, Section 3.3.2, "Tornado Loading" (NRC 1981). It is the 
third option that has been applied to the CVDF and the CSB. 

If extreme fog, ice, or adverse snow conditions exist, the cask and MCO shall not be 
transported. Ifthe ambient air temperature is 4 "C (40 OF) or less (as determined by the Hanford 
Site weather station), personnel shall drive the shiking route to ensure there is no appreciable ice 
or snow on the road immediately prior to shipment If it is determined that adequate traction 
exists, the shipment may be made. If visibility is less than 200 m (0.125 mi) because of fog, the 
shipment shall not be made. Driving the route between the K Basins and the CVDF will not be 
required. 

2.2.2 Design Basis Flood 

Within the CVDF and the CSB, the MCO will always be protected against the design basis 
runoff flood level for the probable maximum precipitation (PMP) This will be accomplished 
through facility design and by providing sufficient runoff capacity The MCO will be protected 
from the river probable maximum flood (PMF) by locating the CVDF and the CSB above the 
PMF level. Specific performance category 3 values for the PMP and PMF are provided for the 
CSB in WHC-SD-SNF-DB-009, Canister Storage Building Natural Phenomena Hmmh 
(Tallman 1996a), and for the CVDF in WHC-SD-gNF-DB-010, Cold Vacuum Dying System 
Natural Phenomena Huzur& (Tallman 1996b) Ttese performance category 3 NPH values are 
applied to the dety-class MCO and to those SSCa that h c t i o n  to protect the MCO With this 
protection provided for the MCO by the facilities, bere is no need to perform analyses of the 
loading that the PMF' or PMF might have on an MCO The flood protection provided by each 
facility is described in the facility-specific safety analysis report (SAR) 

2.2.3 Seismic-System Analyses 

The CSB seismic design criteria is 0 35 g for horizontal and 0 23 g for vertical accelerations 
The design basis for the MCO includes 100 g for a side drop and 35 g for an end drop The CSB 
seismic design criterion is less than one one-hundredth of the MCOs designed acceleration force 
capacity. To approach the design basis accident (UBA) allowable forces on an MCO during an 
earthquake the magnitude of the seismic design criterion, the CSB facility would, at a minimum, 
have to multiply the earthquake acceleration forces by a factor of 100 It is reasonable to assume 
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that the CSB is not capable of putting a multiplier of 100 on the MCOs payload. The MCO 
design basis drop accelerations conservatively bound any CSB imposed accelerations caused by 
an earthquake (see Section 3.1.3). 

2.2.4 Snow and Ice Loadings 

In the CVDF and the CSB, the MCO will always be protected against snow and ice loadings 
by facility designs that ensure that neither will make contact with the MCO. As such, snow and 
ice will not stress the MCO either by temperature transients or extremes, or by dead weight 
loading. During transport, the cask and cask lid will protect the MCO. 

2.2.5 Combined Load Criteria 

The conthement features of the MCOs are designed and fabricated to meet the load 
combination criteria in the Boiler andpressure Vessel Code (ASME 1998), Section 111, 
Subsection NB (see Sections 3.1 and 3.2). . 

2.2.6 Baseline Load Criteria 

This section describes the criteria selected to provide the baseline loadings, including 
temperatures, which when met will ensure the mechanical and structural integrity of the MCO. 
The loadings and criteria are taken from HNF-S-0426, Perjbrmunce Specificution for the Spent 
Nuclear FuelMulti-Canister Overpuck (Goldmann 2000b), and are presented in the following 
paragraphs. 

The purpose of the MCO is to confine, contain, and maintain SNF in a critically safe array. 
Use of a criticality control exclusion void is discussed in Chapters 3.0 and 6.0. 

2.2.6.1 Perfohance Criteria Loadings. The MCO consists of a shell, a shield plug, a 
baseplate with lower radiaf support plates, a center insert criticality or basket support tube, a full 
complement ofbaskets designed to hold particular specified hels, process tubes, and incidental 
equipment. These components, as an assembly, are subjected to the following performance 
criteria loadings. 

The MCO shall maintain fuel elements or fragments thereof in a critically safe array 
throughout its 40-year design life and during and after being subjected to DBAs. 

The MCO, when fitted with an active rupture disk, shall relieve internal pressure in 
excess of 150 Ib/inz gauge. 

MCO handling features and equipment shall be capable of holding the maximum fully 
loaded weight of the component in question. In the case of the total MCO package, 
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this includes the heaviest loaded fuel arrangement, plus water, plus margin, bringing 
the total handling load to 10,900 kg. 

The MCO shall be capable of performing its function when exposed to atmospheric 
temperatures ranging from -33 "C to 46 "C (-27 "F to 11 5 OF) and relative humidity 
ranging from 5% to 100%. 

2.2.6.2 Design Loadings. The following loadings apply to the MCO design. 

0 The thermal source term internal to the MCO from the confined SNF is an average of 
403 W and a maximum of 776 W. 

0 The radioactive source term for worst-case shielding and dose consequences consists 
of 270 Mark IV fuel elements of 0.95% '"U irradiated to 16% '%. Activity for 
these fuels is found in Tables 2-6 and 2-7 and are taken from HNF-SD-SNF-TI-009 
(Praga 1998a). Radiation effects have been considered for polymers to ensure seals 
can withstand radiation exposure (see Section 5.2). 

The internal design pressure is 150 Ib/in' gauge before the cover cap is in place and 
450 Iblin' gauge after the cover cap is installed. 

The design temperature is 132 "C (270 OF). For design features requiring 
temperatures at the various MCO life cycle stages, the following MCO shell 
temperatures are appropriate: 

- 
- 
- 

K Basin loading, 6 "C to 38 "C (43 "F to 100 "F) 
Cold vacuum drying, 10 "C to SO "C (50 "F to 122 OF) 
Transportation, -17 "C to 73 "C (2 "F to 163 OF) 

0 

Fuel temperature during staging and storage may be up to 157 "C (3 15 OF). 

The design temperature differential between any portions of the MCO 
confinement boundary materials (Le,, the shell and shield plug) is 100 "C (180 OF) 

In addition to the design load limits, certain fuel and MCO shell limitations are 
associated with facility management. 

0 

- During MCO handling machine (MHM) handling, staging, and storage, the 
MCO temperatures are allowed to go to 132 "C (270 "F). The facility may 
limit temperatures further if they choose. The fuel temperature may be up to 
157 "C (315 OF) during normal steady-state conditions. 

2.2.6.2.1 Design T e m p t w e .  The MCO design basis is at 132 "C and at 150 Ibhn' 
using the mechanical closure and 450 Ib/in' using the welded cover cap configuration. The design 
basis acceleration levels used for MCO drop analyses are 35 g for an end drop and 101 g for a 
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side drop. The design bases were arrived at in conjunction with the decision to code stamp the 
MCO. During processing and storage, the MCO may experience unplanned transients during 
which the temperatures of some components may exceed the 132 "C. Increasing the 
temperatures on the stainless steels decreases the ASME Boiter and Pressure Vessel Code stress 
intensity allowables (ASME 1998). For example, increasing the temperature to 375 "C from 
132 "C on 304 or 304L stainless steel material decreases the stress allowable by approximately 
20% (ASME 1995). The loss in code stress allowables because of elevated temperatures begins 
at 149 "C. So at 149 "C the material is as good as the material when at the 132 "C design 
temperature and may be treated as the same. ASME Boiler and Pressure Vessel Code stress 
allowables are less than the actual material properties. The use of the MCO stainless steel 
materials at temperatures up to 427 "C is acceptable from a material degradation standpoint. The 
continuous operation of MCOs in air at this temperature will certainly discolor the air contacted 
surface areas but will not appreciably affect the bulk material properties. In normal service, the 
MCOs shell and basket materials are well below the 132 "C design basis. 

Table 4-1 summarizes analytical results for extraordinary conditions in which the 
temperature of the MCOs is maximized. The design basis for the MCO is 132 "C, and the MCO 
is not expected to go beyond that temperature in normal service. However, if the MCO 
components are allowed to heat up beyond 132 "C, an evaluation will have to be made. The 
MCO is quite capable of satisfactory service beyond 149 "C. 

Table 4-1 includes various extreme temperature scenarios that the MCO components could 
possibly experience in their lifetimes. In Table 4-1, the maximum steady state temperature of the 
MCO in CSB storage is 131 "C for the fuel, 122 "C for the MCO internal gas, and 108 "C for the 
pressure boundary materials @e., MCO wall). The basket material temperature will range from a 
peak of approximately 126 "C, or about 5 "C below the peak fuel temperature, to 119 "C, or 
about the &el tempsrature at the outer edge of the basket. The bulk average basket material 
temperature will be approxhtely equal to that of the bulk gas temperature, or 122 "C. This 
scenario is based on'steady-state design day ambient temperature, which is an incredible situation. 

Table 4-1 also indicates that for an MCO in the MHM it takes 125 to 167 hours (depending 
on the assumed starthg conditions) for a maximum radiolytical decay heat powered MCO shell to 
reach 132 "C with the h 4 " s  forced (MHM extract fan) convection off. By the end of the 
transient in thia hypothetical acenario, the MCO basket components will average 142 "C, or equal 
to the MCO internal gas temperature, The hottest fuel temperature will be 153 "C when the 
MCO shell reaches 132 'C. The MCO component temperatures for the above scenarios 
demonstrate the typical thermal gradient that will be established inside the MCO under steady- 
state conditions. The level of decay and chemical heat generated within the he1 and the thermal 
resistance between the center of the basket and the MCO shell determines the delta temperature, 
which will be established under steady-state conditions. Except in the transient condition that 
would exist when an MCO is initially exposed to an environment that is hotter than itself, the 
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driving force represented by the decay and chemical heat will eventually force the fuel at the 
center of the basket to be the hottest component within the MCO. 

Temperature conditions of the scenarios above are neither normal nor expected. However, 
if they should occur and create component temperatures near and possibly beyond the design 
basis, mitigation of the event may be needed and is discussed below. 

CSB storage tube 

Temperatures of the MCO's pressure shell and baskets in the CSB storage tubes will 
not exceed 132 "C in the long term. This conclusion is based on the above discussion 
of Table 4-1. Getting the MCO material temperatures above 132 "C will require more 
MCO driving heat for removal or severely restricting the CSB vault's ambient cooling 
air flow. 

Long-term breakdown of MHM extract fan 

Loss of the MHM extract fan when an MCO IS in transit will be noticed because the 
MHM has indicators that show the fan is down In the event the MCO components 
were allowed to go beyond the 132 "C design temperature with a broken MHM fan 
system, the MCO shell and basket materials normally would be first cooled to 132 "C 
or less before the MHM is further moved or the MCO handled. Before moving an 
MCO with component temperatures higher than 132 "C, an evaluation would have be 
made that would include the actual materials' properties at the temperature above 
132 "C, payload weight, potential drops, and expected results as related to material 
deformation. As most of the design analysis was done using code stress allowables, 
the actual properties of the MCO components will be available when the MCO 
pressure boundaries and baskets are put into service. The code allowables are always 
less than the actual properties. If the basket and MCO shell temperatures are less than 
149 "C, the MCO is still adequate using code allowables for the 132 "C design basis 
At temperatures beyond 149 "C, the above-mentioned evaluation will have to be 
made. 

The hottest fiel is at 153 "C and, with the known delta T of 5 "C, the basket material 
maximum temperature is about 148 "C. As the basket material temperature is not beyond 
149 'C, the structural adequacy of the basket is assured At temperatures above 149 "C, an 
evaluation will have to be made as previously mentioned 

During possible events in which the MCOs cooling has been intempted or the ambient 
cooling conditions artificially constrained, the baskets inside the MCO will experience the higher 
temperatures. These accidents will most likely occur when the MCO is stationary or in process 
The safety-class baskets are designed to accommodate the forces generated from the minimum 
35 g drop at the design temperature of 132 "C. This excess strength capability is more than 
adequate to offset the reduction in material properties due to the material's temperature possibly 
extending beyond 149 "C. 
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Seals used in the MCO are designed for use #t temperatures greatly exceeding the 132 "C 
design temperatures for the MCO. The Helicofle; seal is constructed of silver, stainless steel, and 
alloy metal materials. The manufacturer rates the Helicoflex seal at a 370 "C continuous 
temperature. The port cover plate and appliance seals are made of Inconel' and are plated with 
silver or gold. These noble metal-plated port seals are M y  capable to favorably withstand 
temperatures ofup to 375 "C. Relatively speakin$, these seals are more capable than the stainless 
steel materials of the baskets and the pressure boundary shield plug and shell. 

2.2.6.2.2 Design Pressure. The discussion in this section considers the MCO without the 
welded cover cap installed and is based on MCO qminal design dimensions and material 
properties taken from certified material test reports of testing and training MCOs recently 
fabricated by Oregon Iron Works in Klackamas, Oregon. Joints created by welding are assumed 
to match base metal properties. 

The MCO, without a welded cover cap attached, consists of the shell assembly with the 
mechanical closure assembly installed in the shell avsembly's collar. The shell assembly includes 
the collar, shell wall, and the bottom cap. This weMed assembly is hydrostatically pressure tested 
at the fabrication shop to 450 Ib/in2 x 1.25 or 562.5 lb/in'. During this hydrostatic test, the collar's 
buttress threads carry the internally generated axial pressure loading of the hydrostatic test. 

The shell assembly has various zones of stfess. These zones are broken out by type of stress 
and section thickness and are each discussed individually here. 

1. Above the Helicoflex seal face at the buttress thread root 

Above the seal face in the collar, the w e e s t  point is the thread relief root. This area 
is considered to be 0.380 in. in thicknee. The collar material's yield is 38,000 Ib/in2 
with an ultimate of 81,500 lb/in2. As 4 s  area is above the seal face, with no cover cap 
this section is only loaded axially, so ap roximately 1,130,000 lb of pull is needed to 
put the antire aection into tension yield Q t an average 38,000 lb/in' loading of the 
section. This corresponds to an intern4 pressure of approximately 2,680 Ib/inz on the 
pressure area of the threaded plug. The capability of the plug to retain the pressure at 
the seal face is assumed in this case. 

2. Just below the seal face in the collar 

Below the seal face on the collar the seqtion is 1.155 in. thick. This section is in axial 
and circumfsrential (hoop) stress loading. To produce a uniform 38,000 Ib/inz stress in 
the section and begin yielding, the intental pressure would have to be approximately 
3,415 lb/in2. 

'Inconel is a trademark of INCO Alloys International, Incorporated. 
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The collar material has an ultimate of 8 1,500 Ib/inz, which is more than double the 
initial yield value of 38,000 lb/inz, so there is additional conservatism available. 

The 0.5-in. plate shell wall 

The OS-in.-thick shell wall section of the shell assembly has a 46,000 lb/inz yield and 
87,400 Ib/in2 ultimate. At approximately 1,790 lb/inz internal pressure, the shell would 
reach the point of yield and start stretching. 

3. 

4. The bottom plate 

The bottom plate is 2 in. thick except for the center sump, which is 2.5 in. in diameter 
and the bottom plate thickness is 1.13 in. 

The mechanical closure assembly is the same as the previously analyzed 450 Ib/ii2 design. 
New calculations have derated the assembly components to the 150 lb/inz level because of the 
change of the shell assembly's collar material from FXM-19 (Nitronic 50) to 304/304L dual- 
certified stainless steel. The 18 set screws roughly match the section area of the thread root 
section and are of higher property material. The lifting and locking ring properties are also higher 
than those of the collar material. Any limiting deformation in the closure area due to MCO 
internal pressure will occur in the collar buttress thread area and not in the mechanical closure 
assembly, excluding the port appliances and cover plates. 

The existing 150 Ib/in2 design for the assembled mechanical closure MCO has a safety factor 
such that using the actual material properties and the ASME Boiler and Pressure Vessel Code 
calculations (ASME 1998) would allow a rating of 225 Ib/inz. Using primary stress, actual 
material properties, and yield, the design is good up to 340 Ib/inz with no permanent deformation. 
So the MCO with the mechanical closure is stable at an internal loading of 340 Ib/in2. When the 
internal pressure increases, the thread root becomes more stressed and more of the thread root 
area is brought into higher tension stress conditions Thus, going beyond the 340 Ib/ii2 pressure 
range, the thread root of the collar will start to yield in tension at the inner surface of the collar. 
The offset force loading on the buttress threads creates a bending moment at the thread root, 
which initiates the yielding. Then, at a much higher pressure, the whole section thickness of 
0.38 in. will be at or beyond initial yield. 

As a aide note, a proposed vendor for the production MCO built and pressure tested a 
prototype MCO with 304/304L dual-certified collar material. The MCO was pressure tested to 
562.5 Ib/in2 (450 Ib/ii2 x 1.25) and neither main seal leaking nor permanent deformation of the 
MCO collar was found. This activity will be repeated with the actual MCO production fabrication 
vendor as part of the fabrication contract. 

Because of the previous experience in pressure testing and because of stress allowables and 
criteria used &om subsection NB of ASME Boiler and Pressure Vessel Code, Section 111 
(ASME 1998), in the MCO design, the MCO has an embedded safety factor of 3 to 4. With the 
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design pressure of the shield plug mechanical closure system at 1.50 Ib/in2, there remains adequate 
margin in the event of accidental 155 Ib/in2 combustion pressure. 

After the initial compression of sealing, the Welicoflex seal is capable of elastically 
rebounding about 0.012 in. while still maintaining the seal To get the Helicoflex seal to begin to 
leak, the collar thread root portion of the section must be stretched to something less than the 
0.012 in. needed for complete seal relaxation Estimating that the stretch actually occurs in a 
0.25 in. along the MCO axis, a 4% stretch of the collar would be needed. As stated, the pressure 
has to reach approximately 2,680 lb/inz to put the whole 0 38-in -thick collar section into yield 
Before the pressure reaches the 2,680 Ib/in2 level, the shell would begin to stretch at 
approximately 1,790 lb/in2. The expectation is that a leak will begin at the Helicoflex seal as the 
pressure increases above 340 lb/in2. Where the actual "stretch" or deformation in the materials of 
the mechanical closure system occurs in order to produce a "leak" past the Helicoflex has not 
been determined. 

2.2.6.3 Design Basis Accident Loadings. The following DBA loadings are required. They 
must meet the Service Level D requirements of the Boiler and Pressure Vessel Code 
(ASME 1998), Section 111, Subsection NB, for safety-class items or lower class items required to 
prevent failure of the safety-class items. 

0 The MCO shall withstand a DBA fire on the outside of a closed cask. This fire will 
reach a temperature of 800 "C (1,472 O F )  with an emissivity coefficient of at least 0.9 
for not less than 30 minutes. The fire will raise the MCO shell temperature to 122 "C 
(252 OF) for 180 minutes after the fire (see Section 3.1.3). 

While at the CSB, the MCO shall maintain confinement and subcriticality during a 
design basis earthquake having a zero period, 5% damped, horizontal ground 
acceleration of 0.35 g. Response spectra for other damping values are provided in 
WHC-SD-W236A-TI-002, Probabilistic Seismic Hazard Analysis, DOE Hanford 
Site, Washington (Geomatrix 1996) (see Section 3.1.3). 

While at the CVDF, the MCO shall maintain confinement and subcriticality during a 
design basis earthquake having a zero period, 5% damped, horizontal ground 
acceleration of 0.26g. Response spectra for other damping values are provided in 
WHC-SD-W236A-TI-002 (Geomatrix 1996) (see Section 3.1.3). 

The MCO shall survive accelerations created or bounded by the drops analyzed in 
Chaptef 3.0 and described in HNF-S-0426 (Goldmann 2000b) while maintaining 
confinement and subcriticality (the temperature range for the drops is 25 "C to 132 "C 
[75 "F to 270 "F] and the pressure range is 0.0 to 450 Ib/in2 gauge). Additional detail 
on the drop analyses is presented in Chapter 3.0. 

0 

0 

0 

A loaded basket subject to criticality controls required in HNF-SD-SNF-CSER-005, 
Criticality Safety Evaluation Report for Spent Nuclear Fuel Processing and Storage Facilifies 
(Kessler 2000), such as the Mark 1.4, must not have or be subjected to stress levels higher than 
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the applicable service level requirements allowed in the Boiler and Pressure Vessel Code 
(ASME 1998), Subsection NG; any exceptions to this will be noted and defined; handling loads 
for both loaded and unloaded baskets will include a safety factor of three on material yield and 
five on material ultimate strength of the baskets. 

2.3 SAFETY PROTECTION SYSTEMS 

2.3.1 General 

The activities associated with the MCO and its contents have been reviewed from initial 
loading of the MCO through interim storage. The following sections discuss the protection 
afforded the MCO throughout its 40-year life cycle. The various forms of protection range from 
the physical structures housing the MCO to instrumentation associated with the various facilities. 

2.3.2 Protection by Confinement Barriers and Systems 

Within the shipping cask, CVDF, and CSB, an MCO is not the sole barrier against 
radiological release. This is different from most facilities licensed under 10 CFR 72. In those 
facilities, the cask (the MCO equivalent but with integral shielding) is the only radionuclide barrier 
beyond the fuel cladding. 

For the SNF Project, radionuclide releases from an MCO are analyzed by considering 
facility-specific mitigation features, siting considerations affecting atmospheric dispersion, and the 
location of the onsite and offsite receptors. Credible oxygen ingress and vent paths are by design 
limited to those discussed in Sections 2.2 and 11.3,2. As a radionuclide barrier, the MCO must 
not fail under any credible condition. However, maintaining this feature has the following 
facilit y-specific considerations. 

Within the CSB, impact absorbers must be provided in the storage tubes as required to 
prevent failure of a dropped MCO and underlying MCO (see Section 2.2.6.3, fourth 
bullet). 

Within the CSB, safety-class features must be provided to prevent the MHM from 
shearing an MCO by moving while the MCO is in an intermediate position in a tube 
(Garvin 1997a). 

In the CSB, the structural integrity of the tube system, inclusive of the upper floor 
penetration and lower base plate support, is taken credit for as a safety-class item to 
prevent common mode failure of the MCOs and to maintain configuration for 
criticality prevention. 

0 
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0 Maintaining the MCO in a thermally safe situation for prevention of fuel fire is also a 
safety function. 

The following are MCO-specific features designed to achieve the lowest practical level of 
radioactive release from an MCO to the facility during normal and off-normal conditions. 

The MCO is provided with an internal bank of four high-efficiency particulate air 
(HEPA) filters. As these process filters cannot be tested after MCO assembly, no 
credit is taken for their presence in accident analyses. 

The MCO is designed to remain intact for all credible events (see Chapter 11 .O). 

Prior to CSB transport, the MCO is provided with an active rupture disk designed to 
relieve at 150 Ib/in2 gauge. With this protection, should the MCO overpressurize 
(caused, for example, by water heatup), the radionuclide release will be limited by 
relief through the rupture disk passage. 

During shipment from the K Basins to the CVDF, the MCO filtered process port 
must be open, allowing the MCO to vent into the cask. During shipment to the 
CSB, the MCO is sealed and the rupture disk is inactive. 

0 

The means by which the MCO is protected against off-normal operations and external 
loadings are transport cask and facility-specific coqsiderations and are addressed in the S A R  for 
packaging (Smith 2000) and each facility's S A R  (&in 1997% Pili-Vincens 1998, WHC 1997). 
Each facility will be responsible for providing operators and equipment to address such 
considerations. 

2.3.3 Protection by Equipment and Instrumentation Selection 

2.3.3.1 PreMure Relief Equipment. When filled with water, the MCO is provided with a 
safety-class rupture disk to relieve internal pressures in excess of the normal operating pressure 
(Goldmann 1996a). The rupture disk meets the following design criteria (Goldmann 2000b ). 

The rupture disk must relieve MCO internal pressures at a pressure greater than 
lSOlb/iiz inthetemperature range of 10 "C to 132 "C (50 "F to 270 "F). The 
rupture disk will operate at 32 "F. The rupture disk is required to operate in 
accordance with the ASME Boiler and Pressure Vessel Code (ASME 1998), 
Sections NB-7611 and NB-7612(a) and (b)2. The range for determining the burst 
pressure versus temperature curve is 32 "F to 270 "F. The specified burst 
temperature is 270 "F with the burst range being 150 lb/in2 &5% in accordance with 
the applicable section of the ASME Boiler and Pressure Vessel Code (ASME 1998). 
The disks will therefore rupture between 142.5 lblin' and 157.5 lblin'. The ASME 
Boiler and Pressure Vessel Code includes margin to accommodate a burst below the 
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157.7 Ib/in2 level. The actual pressure variation of 2 5 %  does not significantly affect 
the release calculation in the event of rupture disk burst 

The rupture disk must perform the above functions after being subject to the DBAs 

The rupture disk must perform the above functions in a humid environment (up to 
100% humidity for short-term only) and a corrosive atmosphere. 

The rupture disk must perform the above functions without preventive maintenance 

The rupture disk must be designed for Contact assembly and replacement, if necessary, 
using appropriate handling equipment as required for working on the MCO. Design 
consideration shall be given to DOE Order 6430 14 General Design Criteria 

The exposed surfaces shall be such as to facilitate their decontamination 

2.3.3.2 High-Efficiency Particulate Air Filter. The MCO is provided with an internal bank of 
four HEPA filters. The fhction of the HEPA filters is to retain particulate inside the MCO 
during drying (Goldmann 1996a). 

2.3.3.3 Instrumentation. Currently, no instrumentation is provided with the MCO. However, 
addition of a pressurereadout system for monitoring purposes is likely. Details of the monitoring 
instrumentation will be included in future updates of this Topical Report. 

For operating systems requiring pressure indication, necessary instrumentation will be 
attached to the process ports of the shield plug. Ifnecessary for the function being performed, the 
systems also provide temperature, flow, and constituent measurements. Measurement of the 
MCO environment for operational and safety purposes shall be conducted and recorded by the 
instrumentation connected to the process ports. As a minimum, the following fbnctions will be 
monitored, as required, in succession: 

Gas purge system at the K Basins (includes cask) 
Water drain, vacuum drying, and gas purge systems at the CVDF 
Sampling, purge systems at the CSB. 

2.3.4 Nuclear Criticality Safety 

The criticality safety evaluation and controls used for design of the MCO and its 
components and systems that are important to safety are detailed in Chapter 6 0 of this report. 
The analyses performed consider both the intact fuel and the scrap basket contents. The criticality 
analyses show acceptable results with zero, one, or two baskets of scrap when loaded as 
described in Chapter 6.0. 
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2.3.5 Radiological Protection 

The MCO design in combination with other equipment and facilities, incorporates shielding 
features to reduce radiation dose levels from nuclear material confinement, handling, and storage. 
Internal filters are provided to retain radioactive particulates inside the MCO and reduce potential 
for contamination. Stainless steel material is used and irregular surfaces or shapes are minimized 
to the extent possible to enhance surface decontamination. Hardware and connections are 
designed for ease of use to minimize "hands-on" exposure time for normal packaging and handling 
activities. 

Handling of the MCO and operations involving the MCO will be done in accordance with 
facility-specific procedures developed to ensure safe operations and as-low-as-reasonably- 
achievable (ALARA) radiation exposure. Facility-specific operations will address the 
requirements in Project Hanford radiation protection policies and procedures and applicable 
portions of NRC Regulatory Guide 8.8, Information Relevant to Ensuring that Occupational 
Radiation Eqmmres ai Nuclear Power Stations will be as Low as is Reasonably Achievable 
(NRC 1978). Facility proceduies implement requirements of Title 10, Code of Federal 
Regukztions, Part 835, "Occupational Radiation Protection" (10 CFR 835), and are consistent 
with the elements of an acceptable occupational ALARA program as established in 
Implementation Guide G-10 CFR 835/B2, Revision 2, "Occupational ALARA Program." 
Appropriate measures for radiological protection and control will be based on the nature of work 
activities, operatidm, aad.bmards present at each qpecific facility. The aforementioned Project 
Hanford radiation protection policies and procedures and NRC Regulatory Guide 8.8 
(NRC 1978) provide a comprehensive list of measures for managing and controlling radiation 
exposure to employees at levels that are ALARA Radiological protection and ALARA programs 
will be an integral part ofwork planning, operations, and maintenance activities (see also 
Chapter 10.0). 

2.3.6 Hydrogen Combustion Protection 

Many of the conditions contributing to the hydrogen combustion scenarios are specific to 
the various facilities and operations to which the MCO and its contents will be subjected. 
Accordingly, details regarding the handling of these issues will be contained in the facility-specific 
S A R  chapters. 

2.4 DECOMMISSIONING CONSIDERATIONS 

At some time, the MCOs stored in the CSB will have to be dispositioned It is not now 
apparent exactly how the MCOs will be handled or what requirements will be in place in the 
fitwe. It is logical to assume that either the MCO will be determined to be transportable in some 
manner and theFefOr0 be shipped to an alternate storage location or repository, or it will be 
determined that the MCO should be opened and the contents repackaged for transport or onsite 
dispositioning. If the MCO is opened and the fuel removed, the MCO itself would be ' 
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decontaminated to the appropriate level and disposed of or recycled. This activity will probably 
fall under the responsibility of the CSB, the facility most likely to be opening the MCO. 

The MCO design lends itself to decontamination. The outer shell is generally smooth, 
allowing surface decontamination efforts to proceed readily. The cover cap also provides the 
capability for sampling the MCO to ensure internal environments are acceptable before opening 
the MCO. Similarly, if the MCO is to be opened and repackaged, the mechanical closure will 
enable such activities to take place without the need for extensive weld removal or unacceptable 
worker exposure. The internals of the MCO also provide readily accessible individual containers 
of fuel or scrap that will facilitate the dispositioning processes. All of these features will assist in 
the decontamination and decommissioning of the MCO. 

Hydride ignition concerns are not presently analyzed for as they pertain to decontamination 
and decommissioning activity and are therefore not authorized by this Topical Report. Also, 
removal of the cover cap for decontamination and decommissioning is not authorized after the 
MCO is put into interim storage. 
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3.0 STRUCTURAL EVALUATION OF THE MULTI-CANISTER OVERPACK 

3.1 STRUCTURAL DESIGN 

The structural evaluation of the multi-canister overpack (MCO) reflects the MCO's dual 
design pressure. The design pressure is 450 Ib/in2 for an MCO with a welded cover cap in place, 
whereas the design pressure is 150 Ib/inz for an MCO with the shield plug sealed to the shell but 
without the cover cap welded in place. 

3.1.1 Multi-Canister Overpack 

The MCO is a stainless steel vessel used to stabilize and store the spent nuclear he1 (SNF) 
currently stored in the Hanf0rd.K Basins. The SNF will be placed in an appropriate fuel basket 
and stacked inside the MCO. The fuel stabilization process includes (1) transporting the loaded 
MCO to the Cold Vacuum Drying Facility (CVDF), (2) cold vacuum drying the fuel within the 
MCO, (3) transporting the MCO loaded with dried fuel to the Canister Storage Building (CSB), 
(4) welding an additional pressure boundary cap on the MCO, and (5) placing the MCO inside a 
storage tube for 40 years of storage. 

"F-S-0426, Pevormance Specification for Spent Nuclear Fuel Multi-Canister Overpack 
(Goldmsan 2OOOb), requirea that the MCO be designed in accordance with the American Society 
of Mcobanicat Engineens (ASME) Boiler and Pressure Vessel Code, Section 111, Subsection NB 
(ASME 1998). The design loadings for pressure, temperature, and mechanical loads must meet 
the stress btensity limits for the stress categories noted in Design Condition Figure NB-3221-1 of 
the Boilex and Pressure Vessel Code (ASME 1998). In addition, the limits for design loadings 
shall meet the requirements of the appropriate subsections of Section NCA-2142.4 (ASME 1998). 

The Design Agent, Parsons Infrastructure and Technology, Richland, Washington, was 
responsible for analysis and design that meets the requirements of the MCO Performance 
Specification (Goldmann 2000b). 

3.1.2 Code Requirements 

The MCO is designed in accordance with applicable sections of DOE Order 6430.1 A, 
General Design Criteria. Safety-class and safety-significant components providing fuel 
codemant and criticality control have been designed and will be constructed in accordance with 
the ASME Boiler and Pressure Vessel Code, Section 111, Subsection NB, "Rules for Construction 
ofNuaear Power Plant Components" (ASME 1998), under the component safety group as 
guided by the " R E G K R  3854, Fabrication Criteriafor Shipping Containers (NRC 1984). 
The US. Nudtar Rssulntory Commission (NRC) positions on ASME Code Section III cases, as 
provided in Regulatory Guide 1.84, Design and Fabrication Code Case Acceptabilify, ASME 
Section III, Division I (NRC 1993a), and Regulatory Guide 1.85, Materials Code Case 
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Acceptability, ASME Section ZIZ, Division I (NRC 1993b), were reviewed for their applicability 
to the MCO design. 

3.1.3 Multi-Canister Overpack Design Criteria 

The MCO has been designed to meet the following criteria under normal operating 
conditions (Gddmann 1998): 

a ASME Section 111 Code stamp required 

a 

a 

Design pressure for shell assembly and cover cap 450 Ib/in2 at 132 "C (270 OF) 

Design pressure for shield plug closure assembly 150 lb/in2 gauge at 132 "C 
(270 OF) 

a Process operating pressure 

- Full vacuum internal, with 60 lb/inz gauge external pressure, at 75 "C (167 OF) 

Full vacuum internal, with 0 0 lb/in2 gauge external pressure, up to 132 "C 
(270 OF) 

75 lb/ina gauge internal, with 0 0 lb/in2 gauge external pressure, up to 132 "C 
(270 OF) 

- 

- 

LWercntial thermal expansion. 0 65 in in axial direction between the basket stack 
and the MCO shell, maintaining basket nesting and engagement of the top basket 
with the shield plug 

Maximum design radial temperature gradient. 100 "C (180 OF) between the outside 
of the MCO shell and the center of the MCO shield plug and 5 "C (9 OF) within the 
MCO shell wall. 

a 

The 100 'C differential temperature selected as the design basis temperature was agreed to 
by all users of the MCO in advance of the design The differential temperature applies in both 
directions (i.e., the exterior of the MCO may be hotter or cooler) The hotter exterior, as 
analyzed in the design report, is the most conservative of the two heat flow cases, so the analysis 
was performed that way. A hotter exterior will result in a tendency for the collar to move radially 
away Born the shield plug. An analysis was conducted with the maximum differential temperature 
set at 100 "C to determine the temperature distribution Results showed that under the 
differeatirl temperatures sst for design basis conditions, the gradient in the shell was about 5 "C. 
In n o d  service, tlts MCO pressure boundary will never experience differential temperature 
conditions beyond the 100 "C differential in the design criteria Axial gradients may occur 
because MCOs may contact non-heat producing structures that transmit heat away from the ends 
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of the MCOs However, no credit was taken for tbs  heat transfer, and the structural effects are 
bounded by the radially oriented thermal analysis of the MCO. 

All safety-class items shall maintain SNF confinement and subcriticality during and after the 
design basis accidents (DBAs) listed below. All s#ety-significant items whose failure could result 
in the failure of such safety-class items also shall be designed to withstand the DBAs listed below 
The following DBA loadings are required to meet the service level D requirements of the ASME 
Boiler and Pressure Vessel Code, Section 111, Subsection NB (ASME 1998), for these items 

Design basis fire (temperatures resulting from exposure to a design basis accidental 
fire on the outside of the transportation cask [from 10 CFR 71 73 (3)3 This design 
basis fire shall result in exposure of the outside of the transportation cask to a heat 
flux not less than that of a radiation environment of 800 "C (1,472 OF) with an 
emissivity coefficient of at least 0 9 fpr not less than 30 minutes. For purposes of 
calculation, the surface absorptivity must be either that value the shipping cask may 
be expected to possess if exposed to 8 fire or 0 8, whchever is grate. (This fire will 
raise the MCO shell temperature to 122 "C [252 "F] for 180 minutes after the fire 
The 132 "C [270 OF] design temperature bounds the temperature associated with this 
fire.) 

Design basis earthquake. The horizontal ground acceleration for the design basis 
earthquake at the CSB is 0 35 g. Although this will be amplified because of the 
position of the MCOs within the facaty, the DBA drop accelerations bound any 
imposed earthquake accelerations from the K Basins, CSB, or CVDF 

Design basis tornado, The CSB and FVDF incorporate features that prevent or 
mitigate radionuclide releases fiom QCOs caused by tornadoes or wind-driven 
missiles (as determined necessary by probabilistic risk assessments) 

Design basis hydrogen deflagration The MCO shall maintain confinement during a 
design basis hydrogen deflagration event (ASME service level D event) beginning at 
atmospheric pressure inside the MCO at 75 "C (167 OF) 

Design basis drops. The design basig drops have been determined to create 
accelerations that the MCO must survive while maintaining confinement and 
subcritidty. Accelerations to be used for the design basis are listed in Table 3-1. 
The temperature range for these drops is 25 "C to 132 "C (77 "F to 270 OF) and the 
pressure range is 0.0 to 450 lb/in2 gauge 

0 

0 

0 

0 

- A 2-ft vertical drop of a loaded and sealed MCO onto flat reinforced concrete 
- The MCO lands on the bottom end and there is no credible possibility of a 
side-slap-down secondary impact of the MCO 
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- A drop (worst-case orientation) of the MCO inside the sealed transportation 
cask - For an end-drop scenario, a secondary side-slap-down impact shall be 
considered. The MCO is physically constrained by the cask walls and remains 
in the cask. Note that for all drops when the MCO is in the cask, the MCO 
does not need to maintain a leaktight seal. The MCO shall be able to retain all 
particulate 2 mm in size or greater after any deformation occurs. 

A vertical drop of the MCO into the transport cask. Drop heights are not to 
exceed 21.5 ft. "Piston effect" shall be included. 

Vertical drops of the MCO into a CSB storage tube with and without another 
MCO already within the tube The tubes will contain impact absorbers as 
required to reduce impact acceleration on the MCO and its internals. Each 
MCO acceleration is limited to 75 g within the CSB tubes. 

- 

- 

Service level D allowable stresses may be exceeded for horizontal and comer drops while 
the MCO is in the cask. However, the criticality control measures in Section 4.19.3 of the MCO 
Performance Specification (Goldmann 2000b) shall be maintained. Exceeding service level D 
allowables while in the cask is justified for the following reasons. 

When the MCO is within the cask, the confinement is supplied by the cask and the 
MCO can be considered "out of servic e" as related to an ASME coded pressure 
vessel 

The most severe comer drops due to large offsets have been addressed. These drops 
are facility-specific to the CSB and hrther detail can be found in HNF-3553, Spent 
Nuclear Fuel Projeci Final Safety Anabsis Repori, Annex A, "Canister Storage 
Building Final Safety Analysis Report" (HNF 1999). 

Table 3-1 has been prepared to indicate the various acceleration forces associated with the 
accidents discussed in this section and with other events. (The acceleration forces are expressed 
in "g"'s, with 1 g being equivalent to the gravitational force of an object on the surface of the 
earth.) Table 3-1 lists the acceleration forces allowable for different payload MCOs, during 
different drop scenarios, for different drop heights The acceleration values presented are a 
combination of design criteria and analytical results of the drops applied to the baskets unless 
otherwise stated. In some cases, categories are further broken down into horizontal, vertical, and 
comer drops for the MCO inside the cask and for the MCO without a cask. Presentation of the 
acceleration values in Table 3-1 is supplemented in some cases with 2-R drop heights that quantify 
the total energy available for structural material deformation. The table presents two bounding 
situations, one is related to force and the other related to total energy available for material 
deformation. 

The limitation on aceeleration without regard to drop height bounds the high-energy drops 
in which the drop is attenuated with an impact absorber. The maximum acceleration level 
correlates with the maximum force on the individual components, and survival is not related to the 
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total energy of the drop. MCO survival is assured as long as the impact absorber does its task by 
absorbing the drop's excess forces (in the form of mechanical work and the crushing of the 
absorber). The impact absorbers provided by the CSB are designed to limit the applied force on 
the MCOs to less than 680,000 Ibf The 680,000 Ibf roughly corresponds to a 35-g acceleration. 
An impact limiter is provided for the bottom of the CSB storage tube and in between the MCOs 
in the CSB storage tubes. 

The actual proposed design of the intermediate impact absorber (between the MCOs in the 
CSB storage tubes) indicates that the nominal crush forces are between 552,000 Ib and 567,000 Ib 
with a new maximum at about 624,000 lbf Assuming these values, there will be less force to 
contend with on the overhead drops (Le,, down from the 680,000 Ibf design value). 

The actual full-scale testing of the impact absorbers was completed in late August 1999. 
The test results showed the resultant limiting forces to be less than 680,000 Ib. The resultant 
limiting force of less than 680,000 Ib will be applied to the bottom of the striking MCO and to the 
shield plug or cover cap of the stricken (bottom) MCO. Using the impact absorbers, the 
assumptions also may include no energy being absorbed in the MCOs. Acceptance criteria for the 
MCO shield plug area after these drops are in accordance with Sections 3.1.3.2 and 3.1.3.3 
(material acceptance criteria) and include the following. 

Leakage rate increases of less than loo%, based on the original allowable leakage 
rate of the MCO at the affected area, are acceptable. 

The MCOs are both recoverable after the event. 

The acceleration values associated with the 2-ft drop exceed the 35.g criterion, but the 
resulting damage is minimal because of the limited total energy available. Applying the energy to 
the MCO, the reacting systems material arrangement, mechanical advantage, and material 
properties are sufficient to survive the event without significant permanent deformation of the 
components. In general, not enough energy is available to filly load the structures to the point of 
significant deformation before the event is over. The acceleration forces resulting from this drop 
were analytically determined to be 54 g in  the baskets. 

For all accelerations and design basis stresses, the SNF has been modeled with the 
properties of stainless steel except for the scrap baskets, which have been modeled as having 
hydrostatic properties when externally loaded. In cases in which one component is dropped onto 
another (e.g., an MCO onto an MCO in the storage tube). The eccentricity of the drop is 
negligible and does not require consideration. 

The loads resulting from the accelerations listed in Table 3-1 that are applied to the 
confinement boundary and have acceptance criteria originating from Subsection NES 
(ASME 1998) are evaluated in Section 3.2 2. There is a high probability of localized denting of 
the MCO shell if it interacts with the positioning ring inside the cask as a result of a horizontal 
drop accident. The localized denting expected in the MCO when it is subjected to a side drop 
while contained in the shipping cask has not been predicted by a detailed analysis because while 
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the MCO is within the cask, confinement is suppliefl by the cask and the MCO does not have to 
provide coded service during this time. The MCO pan be considered "out of service" as related to 
an ASME coded pressure vessel. However, beca 
material and the limited amount of distortion (thic ess of the ring), no breach of MCO 
confinement will occur. Because this is an inward T , enting, the circumference criterion for the 
criticality control contingency is not violated. For @I other design load conditions noted in 
Table 3-1, the criteria of Subsection NB (ASME 1998) are met. The shell also has been evaluated 
to demonstrate that the circumference restriction fir  criticality control purposes is not violated for 
any load condition. 

of the high elongation capability of the 

The accelerations in Table 3-1 that ap 
Section 3.2.3. In addition to the criteria of 
maintaining geometry for criticality control 
then the horizontal andlor comer loading, was 
(ASME 1998) and the criterion for criticality 
conditions. The evaluations demonstrate that 
2 in. It also has been demonstrated that th 
uncoupled and allow fkel particles bigger t 
although particles smaller than 0.25 in. in diametefishould be uncommon. The Mark IV baskets 
are not evaluated in the same detail as the Mark 14 baskets because the baskets provide no 
criticality control positioning structure. However,jrefer to Section 3.2.3.3 for the stress analysis. 
Refer to Chapter 6.0 for the discussion regarding GritiCdity control for Mark IA and Mark IV 
fkel. 

3.1.3.1 Transportation-Related Drop Analyses, The acceleration data given in Table 3-1 were 
obtained by comparing results from three sources,ias noted below. The data reflect d y t i c a l  
experience that has evolved over the course of the/ SNF Project. The MCO design was initially 
set using maximum accelerations of 100 g for the esse1 pressure boundary and 35 g to 50 g for 
the internal baskets with the variance due to the d erent MCO fuel payloads. These values were 
selected based on predicted drop energies over th transport route for the loaded MCO 
containers. To evaluate these initial specification 1 cceleration limits, calculations were conducted 
by the following groups: 

ark IA baskets are evaluated in 
G (ASME 1998), the criterion of 
oadings, first the vertical loading and 

ed. Both the criteria for Subsection NG ' 

are met for all design base load 
r tube does not move radially more than 

ect sufficiently to become 
to enter into the center void, 

if 

Design agent for the cask and transport package 

Transport and packaging organizatiola responsible for the safety analysis report for 
packaging 

SNF CasWTransportation subproject, for purposes of oversight, 

As might be expected with intricate nonlinear analyses, the results vary based on assumptions 
used in the packaging and impact medium modeli+g. The analyses confirmed the bounding nature 
of the original specification values but also sugge+ed that those original values were high for the 
possible impacts during transportation of the MCO (Marlow and Shiraga 1997). The impact 
prediction methodology concentrated on accepted impact prediction processes. 
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Design Agent for the Cask and TransportiPackage. The design agent for the transport 
package evaluated transport-dictated drops for the effects of a hypothetical drop of the cask onto 
a concrete slab 

A 30 0-ft end drop 
A 30 0-ft side drop 
A 30 0-ft center-of-gravity-over-comqr drop 
A 30 0-ft shallow angle impact (slap dbwn) 

The impact analysis was based on methodol gy of the Electric Power Research Institute 
(EPRI) NP-4830, The Eflecis of Tmget Hardness n the Struciural Desgn of Concrete Storage 
Pa& for Spent-Fuel Casks (EPFU 1986), and EP NP-7551, Structural Design of Concrete 
Storage Pa& for Spnf-Fuel Casks (EPRI 1991). he impact analysis considered the mass and 
geometry of the cask but assumed it to be rigid co pared to the concrete slab The concrete slab 
properties and the caalr geometry were used to d rmine the pad hardness parameter. Scale 
model drop testing at Sandia National Laboratofi i and full-scale cask drop testing in England 
have been performed in an attempt to "benchmark the EPRI methodology The preliminary 
results of the tests (end drops) show excellent co rlL lation with the predicted results 

The EPRI reports provide force (applied cask) versus deformation (of the target) 
target hardness is defined as a set of 

area usually depends on the 
curves for different magnitudes of target 
parameters times the area of the impact 
deformation The following procedure maximum deceleration of the cask 
and deformation of the target. 

1 .  

2. 

3. 

4. 

5. 

6 .  

7. 

A small target deformation is assumed. 

The geometry of the cask relative to the target is used to compute the impact area for 
the given deformation. 

The target hardness is computed for this target area. 

The data in the EPRI reports is used to determine the force associated with the 
deformation. 

The energy absorbed in the increments in deformation is evaluated as the area under 
the force-versus-deformation curve f6r the increment in deformation. 

The deformation is increased and steps 2 through 5 repeated. 

This process is continued until the aborbed energy equals the weight times drop 
height This is the final resulting solkion for the force and deformation. 
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I v, 

Concrete runway 44 fVS 480 

66 fvs 900 

88 fvs 1,000 

Concrete highway 44 fVs 350 

66 fVs _- 
88 fvs 7,500 

The following technical data define the cask, concrete slab, and soil: 

Maximum weight of loaded cask = 60,000 Ib 
Concrete elastic modulus = 3.6 x lo6 Ib/in2 
Ultimate concrete strength = 4,000 Ib/in* 
Poisson's ratio of concrete = 0.17 
Concrete pad thickness = 8 in. 
Rebar yield strength = 60,000 lb/in2 
Subsoil modulus = 28,000 lb/inz 
Poisson's ratio of soil = 0.49. 

The concrete slab was assumed to contain 0.875-in. diameter rebar (#7) on 12-in. spacing 
top and bottom, two-way, with 2-in. coverage. 

0.25 

4 

8 

4 

4 

19 

Transport and Packaging Organization sponsible for the Safety Analysis Report 
for Packaging. The Hanford Site transport pack T ing organization determined the drop accident 
impact accelerations, deformation, and stresses of the total package. Drop stresses and 
deformation of the cask were analyzed using the +AQUS/Explicit Finite Element Analysis 
program' (ABAQUS 1995a). Data for benchmar ng of the analytical impact models were 
obtained from cask drop tests onto various concre e and soil surfaces, which were conducted by 
Sandia National Laboratory in 1986 Actual cask 4 mpact test data are summarized in a Sandia 
National Laboratory report (Gonzales 1987), and pertinent data are shown in Table 3-2. 

Table 3-2. Sandia National Laboratory Target Hardness Test Results. 

Test 
Maximum recorded 

acceleration 
(A 

Penetration 
(in.) 

'ABAQUS is a trademark of Hibbitt, Karlsson, and Sorensen, Incorporated 
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Impact 
velocity 
(fils) 
44.0 

The test data were used to develop and benchmark realistic two-dimensional and 
three-dimensional models simulating cask impacts onto concrete surfaces with the 
ABAQUSExplicit finite element analysis program (ABAQUS 1995a). The resulting computer 
simulations were used to determine concrete and soil target behavior and simulation parameters. 

Comparisons between three, two-dimensional, calibrated simulations and test data are 
shown in Table 3-3 to demonstrate the validity of the ABAQUSExplicit finite element analysis 
modeling methods for cask impact evaluation (ABAQUS 1995a). The two-dimensional model 
used both the runway concrete and highway concrete cask-impact test data to study material 
behavior and develop simulation parameters for target models. In the two-dimensional model, the 
concrete is modeled as a uniform isotropic material and the soil as nonlinear spring elements. 

Calculated Measured Calculated Measured 
Target peak load peak load penetration penetration 

k) k) (in.) (in.) 
Concrete 583 350 3.1 4.0 
highway 

Table 3-3. Two-Dimensional Model Comparison of Highway 
and Runway Concrete Impact. 

44.0) 

88.0) 

Concrete 814 480 0.3 0.25 
runway 

Concrete 1,128 1,000 5.3 8.0 
runway 

Results comparing three-dimensional, calibrated simulations with actual test data are shown 
in Table 3-4 to demonstrate the accuracy and realistic representation of the ABAQUSExplicit 
finite element analysis modeling methods used in the evaluation of casks (ABAQUS 1995a). The 
three-dimensional model differs from the two-dimensional model in that the soil and concrete are 
represented by eight-node brick elements. These changes were made for a more a m a t e  
representation of the concrete and soil behavior Comparison of the two-dimensional and 
three-dimensional modeling results with actual test data demonstrates the three-dimensional 
model substantially improves simulation accuracy of cask impacts onto concrete surfaces. 

The ABAQUS/Explicit finite element analysis computer code (ABAQUS 1995a) evaluates 
impact by modeling two parts, a projectile and target. The ABAQUSExplicit computer code is a 
dynamic finite element analysis program that can be used for elastic, plastic, and inelastic analysis 
of structural members. The primary feature of ABAQUSExplicit is that it has the ability to solve 
impact problems. The projectile was defined as the cask body, closure lid, closure lid bolts, and 
contents (MCO and SNF). The target surface was defined as the reinforced concrete pad and 
soil. In each case, the contact force is calculated from these two impacting parts. 
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Impact velocity 
(ft/s) 

Table 3-4. Three-Dimensional Model Comparison of Runway Concrete Impact. 

Calculated peak Measured peak Calculated Measured 
load load penetration penetration 
k) 0 (in.) (in.) 

66.0 

88.0 

894 900 4.7 4.0 

1,343 1,000 8.7 8.0 

The projectile is the loaded cask defined as basically a hollow right circular cylinder with an 
outer diameter of 40.57 in. and length of 170.25 in. The contents cavity is 25.19 in. in diameter 
and 160.5 in. in length. Nominal wall thickness of the cylindrical portion of the cask body is 
7.3 1 in., which provides both structural integrity and shielding. At the top end of the cask body 
are 12, equally spaced, 1.5-in.-6 unified national course thread bolt holes, which mate to the 
hat-shaped closure lid. As an integral part of the cask, the body is fitted with a 2.25-in.-thick, 
I-in.-tall shear ring on the top end radial surface. (See Figure 3-1 for a sketch of the cask-MCO 
package.) 

The gross weight of the loaded cask without water is 58,430 Ib, with the center of gravity 
of the package located 83.6 in. from the bottom. Empty weight of the cask is 38,960 Ib, with the 
center of gravity located 81.82 in. from the bottom of the package. Weights of the individual 
components are shown in Table 3-5. 

Cask body shell 
Cask bodv bottom 

Table 3-5. Component Weights. 

\*-, 

34,300 
2,270 

Component 

Closure lid 
Lifting attachment 
Dry weight of loaded multi-canister overpack 
Gross weieht of cask (without water) 

I Weight I (th\ 

1,890 
500 

19,470 
58.430 

The concretesoil target is 8 in. thick with reinforcing steel bars. For the analysis, the 
reinforcing steel bars are smeared into the concrete elements with the ABAQUS *REBAR 
command (ABAQUS 1995a). Depth of the soil region is 100 in. The soil constitutive model is a 
Drucker-Prager plasticity model developed originally for analysis of underground tanks. 
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A package impact in the orientation expected to cause maximum damage envelops the 
effects of Hanford Site drop accident transport conditions. The scenarios are free drops from a 
height of 30 ft with a dry MCO and 21 ft with a water-filled MCO onto an 8-in.-thick reinforced 
concrete surface with concrete strength of 4,000 Ib/inz, soil modulus of 28,000 Ib/in2, and No. 7 
rebar concrete reinforcement with a yield strength of 60,000 Ib/inz, spaced 12 in. apart with 2-in. 
cover. 

The structural adequacy of the transport package was demonstrated by showing the stress 
in the confinement boundary did not exceed the limits specified for Level D service limits in the 
ASME Boiler and Pressure Vessel Code, Section 111, Subsection NB, Class 1 nuclear components 
(ASME 1998). The stresses due to accident conditions were determined using the 
ABAQUSExplicit finite element analysis computer code (ABAQUS 1995a). Although peak 
accelerations were determined, they are not used in evaluation of the stresses. As determined 
from British Nuclear Fuels Limited impact tests on concrete (Stokley and Williamson 1996), the 
use of peak acceleration for quasi-static evaluations is overly conservative. 

To illustrate the overall cask response during impact, the deceleration is determined by two 
methods. The most conservative method is to divide the total reaction force of impact by the 
total cask assembly weight and define the peak deceleration as a function of time. The other 
method is based on the change in velocity over the estimated time to rebound. This time- 
averaged deceleration over the impact period more accurately reflects the actual cask global 
behavior by accounting for the cask response time during the impact. These decelerations are 
proirided only for quasi-static evaluations. Dynamic evaluations of the cask-MCO loadings, such 
as stress and strain determinations, are performed directly by the ABAQUSlExplicit (ABAQUS 
1995a and 1995b) finite element analysis computer code. 

As with an actual cask test, the simulated cask impacts result in noise from high-frequency 
strain wavesi, dmilnr to those recorded during instrumented cask drop tests. The frequency 
magnitude of these strain waves is such that the structure is not capable of reacting to them. In 
recognition of this behavior, International Atomic Energy Agency Safety Series 37 (MEA 1990) 
recommends fitteriag out frequencies higher than 100 Hz to 200 Hz for a heavy package drop 
test. In this analysis, the deceleration time histories are processed through a two-stage filtration 
p r o w  uSiag a &-pole sine-Butterworth filter. The first filtration process filters out numerical 
induced noise by filtering frequencies above 1,259 Hz. The second filtration process uses a cutoff 
'fkequency recommended in Safety Series 37 (IAEA 1990). For the approximately 60,000-lb 
weight of this cask, the cutoff frequency is 150 to 300 Hz. For conservatism, all of the 
deceleration time histories are filtered with a cutoff frequency of 500 Hz. In some cases a sharp 
spike, resembling a high-frequency noise, appears at time zero. This is a result of interaction 
among the residual forces from the myriad number of contact surfaces. Consequently, these are 
computational anomalies that do not represent the actual cask response. Filtering of higher 
frequencies eliminates these numerical anomalies. 

SNF CasluTranrportatfon Subproject. The SNF Project conducted oversight drop 
accident analyses to verify that the accelerations predicted by the organizations above were valid. 
The SNF Project also analyzed many other drop accident conditions dealing with the SNF Project 
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facilities. The analysis methodology was similar to that used by the packaging organization but 
was conducted independently and with different soil parameters. As stated earlier, later 
comparison of soil stiffness data to that used and benchmarked with Sandia National Laboratory 
test data showed the oversight analyses were conservative as the soil stiffness was high. 

Based on results from acceleration analyses performed by the packaging organization using 
the ABAQUS computer program and the casWtrqsportation design agents using EPRI data, 
which showed similar acceleration values from imnact, the earlier design basis acceleration values 
were changed to those shown in Table 3-1. The values in Table 3-1 are lower than those 
predicted by the project oversight analyses but are justified based on analyses showing the 
oversight calculations used an overly conservative soil stiffness under the concrete &pact 
medium. The oversight calculations produced accelerations that were conservative, as confirmed 
by a study on the effects of soil constitutive propesties on impact-induced accelerations (Marlow 
and Shiraga 1997). The soil effects were checked by the cask transportation organization in 
conjunction with the packaging organization. This resulted in the agreement that the packaging 
dynamic models with soil parameters were more closely related to actual soil effects. This 
agreement was confirmed by Marlow and Shiraga (1 997) as follows. 

"The soil constitutive model recommended by Dr. Marlow (Packaging) is sound and 
based upon yielding surface impact tests and studies from SANDIA (Gonzales, 
1987), BNFL (Stokley, et al, 1996), and LLNL (LLNL, 1987). This recommended 
model is derived from material impact behavior studies conducted for calibrations of 
the ABAQUSExplicit (HKSa, 1995) impact models developed for evaluation of the 
MCO cask. The models and representations of material impact behavior developed 
were verified from impact test data for small casks by SANDIA, large casks by 
BNFL, and yielding surface impact studies by LLNL." 

3.1.3.2 Facility-Specific Drop Analyses. Accidents involving the mishandling of the loaded 
MCO or MCO and cask package have been analyzed for the complete handling cycle. The cycle 
consists of activities from cask lifts at the K Basiq to placement of the MCO into the storage 
tubes at the CSB. These h a n d l i  accidents can b+ basically divided into two categories: the 
handling of the cask in transpott configuration (applies to all portions of the MCO life cycle 
before final removal from the shipping cask), and @e handling of the MCO by the MCO handling 
machine (MHM) in the CSB. The approaches to analyzing the drop scenarios at the facilities 
have matured over the life of the SNF Project and have evolved with the MCO design. 

In the early stages of the SNF Project, every effort was made to anticipate the normal 
operational and accident conditions that the MCO might encounter. Credible and appropriate 
scenarios were developed early to allow the design of the MCO to proceed and be evaluated. By 
predicting the drops that could occur, the MCO ceuld be designed to be capable of withstanding 
quantified levels of stress. The most basic means of quantifying the drops was to identify the 
accelerations experienced by the MCO and its components as the result of the drops. Table 3-1 
of this report was prepared to provide the allowal$e accelerations for different MCO payioads 
under different scenarios. The acceleration values presented in Table 3-1 are a combination of 
design criteria and analytical results. Section 3.1.3 of this report also discusses the acceptability 
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of exceeding the allowable values provided in Tab19 3-1. Rationale for accepting higher 
accelerations includes factors such as maintaining aonfinement, not violating criteria associated 
with the criticality control contingencies, and the f&t that ifthe MCO is in the cask it can be 
considered to be "out of service" as related to an ASME-coded pressure vessel. 

The following paragraphs summarize the 
scenarios against the allowable accelerations an 
mitigation. The supplemental analyses approa 
summarized to complete discussion of the drops. 

proach used in evaluating the drop 
cation of the need for prevention or 
modified acceptance criteria are than 

Initial Drop Analyses. 
computer program (ABAQUS 
Laboratory test data to verify 
The results of the drop analp 
estimates and prudent design values. 
the control of those facilities were stu 
values. In all but three 
previously predicted 
the established des 
associated with t sk. These conditions 
required either riteria. The following 
drop groups were sub s specified in the MCO 
Performance Specification (Goldmann 2000b). 

ed by use of the ABAQUS 
ed with Sandia National 
gn values were met. 

es were reasonable 
t are facility-specific and under 
ns with established design 

values bounded any 
accelerations in excess of 
occur in the CSB and are 

Group 1 - Cask-MCO drops onto the CSB receiving area floor 

Analysis of the cask-MCO drops ontb the CSB receiving area floor is documented in 
HNF-SD-SNF-DP-010, Cask andMq0 Drop onto the Transport Trailer Edge with 
Subsequent Horizontal S h p  Down o o the CSB Receiving Area Floor 
(Moore 1997a), HNF-SD-SNF-DP-0 7, Multi-Canister OverpacWCask Drop 
Anabsis File Documentation, Appe ix G, "Cask and Multi-Canister Overpack 
Drop Simulation at Canister Storage uilding Load Out Area" (Chenault 1997a), 
"F-3  158, DelailedSirnulation of and Multi-Canister Overpack Drop onto 
the Transporr Trailer Edge with Sub k pen t  Horizontal Slap Down onto the 
Canister Storage Building Receivinglrea Floor (Moore 1998a), and HNF-3243, 
Detailed Simulation of Cask and Mutti-Canister Overpack Vertical Drop onto the 
Canisier Sforage Building ReceivingArea Floor (Moore 1998b). 

Group 2 - MCO drops (a) into the cask and (b) onto the cask chamfer 

Analysis of MCO drops into the cask and onto the cask chamfer is documented in 
HNF-SD-SNF-DP-007, Appendix C; "Multi-Canister Overpack Drops into the Cask 
and onto the Cask Chamfer" (Chenault 1997a). The result of the concentric drop 
into the cask is quite severe. 

0 
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Group 3 - Cask-MCO drop into CSB transfer pit 

Analysis of the cask-MCO drop into &e CSB transfer pit is documented in 
HNF-SD-SNF-DP-007, Appendix 0, Task  Drop Simulation into Canister Storage 
Building Transfer Pit” (Chenault 1997~). 

These three drop groups previously would %ve required some type of mitigation features 
to meet the then current acceptance criteria. One brop at the K Basins also was identified as 
exceeding the 35 g/lOO g limit of the Performance $pecification (Table 3-1 of this report). 
However, that drop occurred while the MCO was Cn the cask and therefore out of service relative 
to the service level D requirements of the ASME eode (ASME 1998). Nevertheless, the drop 
was analyzed (M&D 2000) to ensure that criticality was not an issue. 

Group 1 drops are addressed in the “Supple&ental Drop Analyses and Modified 
Acceptance Criteria” section. 

The Group 2b drop listed above is now mitisated by revisions to the MHM that reduce the 
k entrance to guide the MCO. The concentric 

p back into the cask (Group 2a) exceed the 

amount of eccentricity and place a funnel in the 
drop into the cask remains unmitigated. Analysis 9 as been conducted that shows the accelerations 
resulting from the unmitigated concentric MCO 
current specification allowable (Goldmann 2000b T but do not cause breach of the pressure 
confinement boundary. Since this condition satis+s the confinement requirement of 
ANSYANS-57.9- 1992, Design Criieria for Indepkndeni S p n i  Fuel Storage Insiallaiion (Dry 
Type) (ANSYANS 1992), this drop condition is aeptable. ANSYANS-57.9-1992 allows a 
category IV drop such as this be acceptable when ne confinement boundary beyond the MCO 
exists if an MCO is dropped and breached. The oup 3 drop is mitigated by an impact limiter 

on these specific accidents and mitigation features, 
placed in the bottom ofthe transfer pit. Refer to f ~ e facility safety analysis reports for more detail 

Two independent sets of analyses show that for select vertical and side drops resulting in 
higher accelerations than allowed in Table 3-1, cr$icality control features will remain within 
allowable deformation limits. The conclusion draw from analyses documented in 
RFSW-9754340 (Marlow and Shiraga 1997) is p t  higher accelerations, up to 300 g for a 
vertically oriented MCO, do not result in a violation of criticality control deformation limitations. 
Additional analyses documented in HNF-I 896, AkO Baskei Deformation and Damage During a 
Horizontal Slap Down onto ihe CSB Receiving Fbor (Moore 1997b), show that horizontally 
oriented MCOs, when dropped, do not cause crithality deformation limit violations up to 440 g .  
Analyses have been completed (Moore 1998a, 19b8b) that show the MCO or cask will not lose 
the ability to maintain confinement. 

The present MCO design has been demonstrated to meet ASME Code criteria 
(ASME 1998) for drops resulting in accelerationg shown in Table 3-1. If a drop produces 
accelerations equal to or leas than those shown, e MCO package can be handled 89 suitable for 
service and continue through the storage steps. ? I a drop were to exceed those accelerations, the 
SNF Project, before moving the MCO, would review the need for corrective actions to allow for 
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continued processing. All facilities having the potential for drops exceeding those addressed in 
the MCO Performance Specification (Goldmann 2000b) must have designed into the facility 
mitigating features that will hold the accelerations to the MCO Performance Specification 
acceleration limits or meet criticality requirements.' 

Supplemental Drop Analyses and Modified Acceptance Criteria. Cask and MCO 
handling at the CSB presents special challenges. The floor over which the cask and MCO are 
handled is constructed of very high strength concrete and is 5 ft thick. This hard, strong surface 
means that drops at the CSB have the potential to impose on the cask and MCO conditions more 
extreme than drops at other points of the cycle. As a result, considerable attention has been given 
to these events and additional analyses have been performed. The lifting yoke used to unload the 
cask is designed to limit the lift height to 60 in. This in turn limits the maximum drop onto the 
floor to 60 in. A spectrum of drops including corner drops and slap downs has been analyzed, 
and the analyses have demonstrated that the cask survives and retains its confinement and 
pressure boundary functions for all drops of 60 in. or less. Preservation of these functions 
prevents release and retains a barrier to ingress of moderator into the cask-MCO system. 

Longer drops can he postulated at the CSB pits. A safety-significant impact absorber 
mitigates drops into the service pit. Design features and administrative controls are employed to 
reduce the potential for drops into the other pits. 

Handling of the MCO in the MHM includes lifting the MCO out of the cask, transporting 
the MCO through the CSB, and lowering the MCO into the weld station'and the storage tube. 
Drop accidents can be postulated at each step in the handling cycle. Long drops are possible 
during cask unloading and at the samplinglweld station and storage tubes. At the samplinglweld 
station and the storage tubes, the safety-significant impact absorbers reduce deceleration to ensure 
the MCO is not damaged. For the drop back into the cask, analysis has shown that the 
confinement and pressure boundary hnctions of the MCO survive the drop. For an eccentric 
drop into the storage tube in which the MCO impacts the tube flange, analysis has shown that the 
MCO survives this impact. For eccentric drops at the cask unloading station and sampliig/weld 
station, lead-ins on shield blocks have been designed to minimize damage to the MCO. The 
potential exists for one or more of these drops to exceed the allowable accelerations shown in 
Table 3-1. Therefore an alternative approach, including modified acceptance criteria, was needed 
for evaluating the CSB potential drop scenarios. 

Drops that exceed the allowable accelerations may be evaluated using the failure criteria 
provided in the Expert Panel Report attachment to SNF-5204, Analysisfor Eccentric Multi- 
Canister Overpack Drops at the Canister Storage Building (Tu and Hollenbeck 1999). The 
report states the failure criteria as follows: 

'Criticality is controlled by MCO deformation limits as described in the MCO Performance 
Specification (Goldmann 2000b). When deformations are limited to less than the control limits, 
criticality control contingencies remain and thus criticality is not a concern. 
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“Failure Criteria, Conservative failure strain levels were predicted for both welds 
and parent 304L stainless steel material, accounting for scatter in properties and 
multi-axial stresses and strains, and using methods in Attachment 1. For a triaxiality 
factor of 1 0 (uniaxial tension), the above values are 21% for weld metal and 40% 
base metal. For a triaxiality factor of 2.0 (maximum value for biaxial tension at 
surface) the above values are 10% and 20%. For negative values of triaxiality factor 
(significant compressive stress) that are characteristic of the major portion of the 
strain accumulation in the drop, the values are 42% and 8O%, again for weld metal 
and base metal respectively.” 

The failure criteria statement above references Attachment 1 ,  which is a paper titled 
“Prediction of Failure Strain,” and includes eight reference citings. The paper describes the 
rationale for varying failure strains under differing triaxial conditions using the Manjoine 
correlation. Both the Expert Panel Report and Attachment 1 are included in SNF-5204 (Tu and 
Hollenbeck 1999). 

The acceptability of the predicted strain levels for the various drop events is based on the 
comparisons of the predicted multiaxial principal strains and the associated maximum plastic 
effective strain levels to conservative failure criterion. This failure criterion employs lower bound 
failure strains that account for the material parent and weld minimum tensile elongation (mean 
minus two standard deviations), the stress and strain triaxiality, the metal temperature, the strain 
rate, and reasonable margins. 

The variability of ductility caused by the triaxiality is accounted for by using the Manjoine 
correlation. The computer analysis uses and reports “true” strain values, so further reductions for 
this, as well as adjustments for temperature, strain rate, and triaxiality are applied to the above 
conservative failure strain levels. 

The predicted maximum strain levels are examined for their local nature and for the temile 
or compressive nature of associated principal stresses and strains. Through-wall cracking is less 
likely with local and compressive states of stress and strain. 

Generally, margins of 20% or more between predicted strain levels and their associated 
local tension cracking failure strain levels are considered acceptable and reasonable. In the 
application of the above failure. criteria to a beyond design basis accident, the accident’s 
probability of occurrence and its radioactive release consequence may be considered. After 
establishment of the risk profile, alternate criteria may be used after development of appropriate 
technical justification and acceptance by the owner. 

The potential drops that may occur at the CSB have been carefully evaluated and in many 
cases additional analysis performed andmodified criteria applied. Because these drops are of a 
vary facility-specific nature, no attempt is made in this report to provide details of the analyses. 
Furthermore, facility-specific analyses of drops at the CSB have demonstrated that the frequency 
of a drop is in the unlikely Frequency range. The c.alculated consequences for an unlikely drop at 
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the CSB satisfy the evaluation guidelines. Additional information is contained in Chapter A3.0 of 
HNF-3553, Annex A (HNF 1999). 

3.1.3.3 Bounding Drop Accident. A review of the cask-MCO lift and transfer paths was 
completed for the K Basins and for the CSB (FDH 1999). This review identifies the maximum lift 
heights and the impact media located at the lift locations. Analysis (Chenault 1999) conducted 
using the information above initially showed that the bounding drop (Le., the drop producing the 
most severe acceleration of the package for all SNF cask-MCO lifts) occurs at the CSB. This 
drop location was initially found to be the transfer path from the cask trailer to the receiving pit, 
and the drop was a 40-in. drop of the MCO in the cask onto 5-ft-thick reinforced concrete that 
had a compressive strength of 9,000 Ib/in2. The resulting decelerations were a vertical end-on 
drop of 210 g and a horizontal slap down drop of 440 g .  Subsequent analysis has analyzed this 
same drop location from a height of 60 in. and demonstrated that cask confinement is maintained. 
In addition, a drop of the MCO back into the cask at the CSB has shown even higher 
accelerations than evidenced in the 60411. drop. However, this drop into the cask also showed 
that the MCO maintained confinement using the failure criteria discussed above. 

This drop of the MCO into the cask (Group 2) with no mitigation results in accelerations 
greater than any credible drop onto the reinforced concrete at CSB and is therefore now 
considered to be the bounding drop at CSB. The accelerations resulting from this drop also 
exceed those calculated for any drop at the K Basins. However, because of the different 
acceptance criteria used in the CSB and K Basins, n bounding drop for the K Basins is also 
identified. That drop is the dropof the MCO while in the cask at the K Basins. Following the 
results of Marlow and Shkaga (1997), Moore (1997b, 1998a, 1998b), and M&D (2000), this 
bounding K Basins drop does not violate criticality control features; confinement will be 
maintained; and the drop is therefore acceptable. The drop will not, nor does it have to, meet the 
ASME Code allowables (ASME 1998) because the coded pressure vessel (the MCO) is out of 
code service while enclosed within the transportation cask. No drops are considered to be 
credible for the CVDF because the cask and MCO do not leave the transport trailer. 

3.1.4 Multi-Canister Overpack Weights 

Five baskets loaded with Mark IV fuel assemblies, which are approximately 26.1 in. long, 
or six baskets loaded with Mark IA fuel assemblies, which are approximately 20.9 in. long, can be 
stacked within the MCO. Fuel fragments greater than 0.25 in. in cross section are loaded into the 
MCO using scrap baskets. HNF-SD-SNF-CSER-005, Criticality Safety Evaluation Report for 
Spent Nuclear Fuel Processing andstorage Facilities (Kessler 2000), allows up to two scrap 
baskets, one at each end of the MCO. The limits on scrap basket loading are defined in 
HNF-SD-SNF-CSER-010, Criticality Safely Evaluation Report for the K Basin Fuel Retrieval 
Subproject (Kessler and Peck 2000) In addition, no scrap basket can be loaded to a weight 
exceeding that of a maximum weight fuel basket. 
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Detailed weight calculations for each compwent of the h4CO are provided in 
HNF-SD-SNF-DR-003, Multi-Cunister Overpack pesign Repori (Goldmann 2000a). Table 3-6 
presents a summary of the nominal and maximum 
load conditions. The MCO center of gravity for 
The measurements are in inches from the 

calculations for the MCO under different 
is shown in Table 3-7. 

3.1.5 Multi-Canister Overpack Dimensions 

' The maximum height of the MCO with the qover cap absent is nominally 160 in. and 
166.3 in. with the cover cap in place. In no case, ibcluding post-accident conditions, is the MCO 
inside circumference below the bottom of the shiel! plug allowed to exceed 73.04 in. (23.25 in. n) 
(Goldmann 2000b). The MCO shell is allowed a 215.3 1 in. maximum as-built outer diameter 
above the 148 in. elevation measured from the MdO bottom. The MCO Design Report 
(Goldmann 20004 Appendix 5 and Appendix 11) y d  Section 3.2.2 of this report show that the 
inside circumference below the bottom of the shie plug is maintained at less than 73.04 in., even 
following the DBA events defined in the MCO P ormance Specification (Goldmann 2000b). 
The only event that has the potential for any si 2 ant distortion of the circumference of the shell 
is the side drop in the cask, and the distortion in t+t case is localized in the area of the collar in 
the cask. The distortion would be inward (localizeid denting) and hence the circumference 
requirement would not be violated. 

3.1.6 Multi-Canister Overpack Shell and Closlrre Design 

The MCO shell assembly consists of a bottcm baseplate with a low point in the center for 
facilitating the removal of water, a cylindrical 0 5-jn -thick shell, and a forged collar at the top that 
mates with the shield plug and locking nng The fbrged collar permits f i l l  access to the inside 
cavity for stacking the ke l  baskets At the bottoq of the cavity, six pie-shaped basket support 
plates support the bottom basket and maintain a 1,2441 nominal distance between the basket and 
the bottom surface. The empty shell can be loade into the transportation cask by installing the 
lockmg and lifting ring in place and grappling thb ft ring on the locking ring in a manner similar 
to that uesd in h d l h g  the loaded MCOs. The 0 may be turned upright with standard 
rim (e.& dings) although a turning fixture ma # facilitate the operation The MCO should not 
be handled or W without the lifting ring in placf The use of other fixtures to lift the MCO 
increases the potential for damaging and misshapidg the collar area so that insertion of the locking 
ring may be di5cult. 

The MCO shield plug assembly rests on a sqal ledge on the inside of the MCO collar The 
shield plug has a groove in the ledge mating surfaF that holds the main seal and prevents 
excessive ddormation of the seal The shield plug IS held in place by the locking ring assembly, 
which threads into the collar with a double lead bdttress thread Once the locking ring is in place, 
eighteen 1.5-in.-diameter set screws are torqued, tenerating a force between the shield plug and 
the locking ring The force seats the metal main seal and maintains a minimum sealing load on the 
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MCO component 

Table 3-6. Multi-Canister Overpack Weight Summary for Various 
Components and Conditions. (2 sheets) 

Weight Maximum weight 
Ob) (lb) 

Shell 1.472 1.517 

I Bottom plate I 256 I 260 I 
Collar 197 I 205 

I Basket stabilizer ext I 25 I 26 I 

Support plate 
Guide cone 

Shield plug 
Locking ring and set screws 

I Internal filters I 17 I 50 I 

10.4 11.2 

3.5 3.6 
78 1 788 

403 417 

I 80 I 88 Guard ring 

Guard plate 

Process tube 
Port cover dates 

159 164 

45 47 
27 29 

I Valve port 2 I 1.7 I 1.78 I 

Valve and rupture disk assembly 

Canister cover (cap) 
Mark IA fuel baskeb'fuel' 

1 Valveport3 I 1.7 I 1.78 I 
1.55 1.63 
509 521 

472/1.906.08 NA 

Mark I A  scrap basket 625 NA 

1 Mark IV fuel baskdfuel 1 228/2,990.52 I NA I 
Mark IV scrap basket 432 

Mark I A  water 
Mark IV water 

Emotv Mark I M a r k  IV no fuel, condition 2 

891 + 1 3 8 Without plug 
902 +I37 Without plug 

3.478 3,608 

Mark IA condition 1, loaded and H,O 
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17,237 17,296 

Mark IV condition 1, loaded and H,O I 19,071 19,129 

Mark IA/Mark IV condition 1, empty 

Mark I A  condition 2, loaded and H,O 

1,940 1,999 

18,637 +130 
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Mark IA condition 2, loaded and dry 
Mark IV condition 2, loaded and H,O 
Mark IV condition 2, loaded and drv 

Table 3-6. Multi-Canister Overpar# Weight Summary for Various 
Components and Codditions. (2 sheets) 

17,746 17,876 
20,471 20,602 
19,569 19,700 

MCO component 

Mark IA condition 2, dry with cap 18,255 I 

I 1 Maximum weight 
(Ibl 

18,397 

MCO loaded with Mark IA fuel 

MCO loaded with Mark IV fuel 

I MarkIA condition 3, loaded and H,O 1 18,206 I 18,320 I 

79 2 1 81.5 2 1 

19 ? 1 81.2k 1 

Mark IV condition 3, loaded and H20 20,040 20,154 I I 

MCO cover cap 

20,079 I 20,220 Mark IV condition 2, dry with cap 1 

NA 163.5 I 

Table 3-7. Loaded, Dry Multi-Cdster Overpack Center of Gravity. 

I 1 Centeriof gravity without Center of gravity with 
cover can cover caD MCO configuration 

The center of gravity of the baskets is assumed at one-half of the basket height. 
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sed during all loading conditions. The evaluation of the set screws and their required torquing is 
discussed in Section 3.2.4. Sealing details can be found in Appendix 13 of the MCO Design 
Report (Goldmann 2000a). 

The MCO shall relieve internal pressure in excess of 150 Ib/in2 gauge while it is flooded 
with water. A safety-class rupture disk embedded in the shield plug provides overpressurization 
protection with a minimum I-in.-diameter flow area to accommodate pressure relief The rupture 
disk is covered with a removable 1-in. minimum thickness orifice plate to protect the disk from 
potential overhead strikes (e.g, from dropped tools, gauges, equipment). Once bulk water is 
removed from the MCO and the cold vacuum drying process is completed, the rupture disk orifice 
plate is replaced with a blind cover plate, and the disk becomes inactive and remains inactive 
during cover cap welding and interim storage at the CSB. 

The MCO is designed to incorporate a final welded cover cap over the shield plug. The 
cover cap is a 304L stainless steel forging that mates with the MCO collar. The cap is welded to 
the MCO shell assembly, and the weld is designed and performed in accordance with ASME 
Boiler and Pressure Vessel Code criteria (ASME 1998). Weld examination will include a liquid 
penetrant inspection of the root and final passes as a minimum. The lifting ring on the cover cap 
is the same diameter and thickness as the lifting ring on the locking ring. The MCO is capable of 
being lifted by the lifting ring on the cap when engaged by the grapple on the MHM 
(Goldmann 1998). The cap is capable of withstanding the pressure rating of 450 Ib/in2 gauge at 
132 "C (270 OF) and meeting the drop criteria for the drop into the CSB tubes in accordance with 
Table 3-1, The cover cap is fitted with a recessed threaded plug for helium leakage rate test and 
other purposes. Discussion of the weld and of the lifting ring that is attached to the cover cap is 
found in Section 3.2.4. 

3.1.7 Multi-Canister Overpack Fuel Basket Design 

The MCO fuel baskets are categorized into two major configurations: baskets for intact 
fuel element sections and baskets for scrap fuel (fragments). Baskets must maintain criticality 
control for the more highly enriched Mark IA fuel. These basic requirements lead to four 
different basket types. 

0 Type 1 holds 48 intact Mark IA (higher enrichment) fuel elements and has a criticality 
control contingency exclusion void (center post) built into the basket (see 
Section 4.19.3 of HNF-S-0426 [Goldmann 2000bl). 

Type 2 holds 54 intact Mark IV fuel elements and does not need the exclusion void 

Type 3 holds Mark IA (higher enrichment) scrap fuel (fragments) and has a criticality 
control contingency exclusion void built into the basket (see Section 4.19.3 of 
HNF-S-0426 [Goldmann 2000bl). 

Type 4 holds Mark IV scrap fuel (fragments) and does not need the exclusion void 

0 

0 

0 
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Single-pass reactor (SPR) fuel will be loaded into a Mark IA criticality control basket that 
has been fitted with an SPR fuel rack instead of the Mark IA fuel rack. 

Loaded baskets can be easily and safely handled in the basin water. Lead-ins and alignment 
mechanisms allow the baskets to be loaded and nested in the MCO in the K Basins. All baskets 
have a central support tube for axial support during lifting and for process tube protection. The 
baskets stack inside the MCO with the basket centerlines coincident with the MCO centerline. 
While stacked inside the MCO, the baskets allow for insertion of the long axial process tube down 
the MCO centerline. The long process tube is used for water draining and gas transport, as 
needed. The shield plug assembly has an axial stabilizer that engages the top basket and allows 
for differential thermal expansion conditions. The baskets are compatible with the MCO materials 
relied on for confinement and with the fuel during the expected temperatures, pressures, and 
atmospheres inside the MCO during handling, shipping, drying, and storage. 

The Mark IV and Mark IA storage and scrap baskets are constructed of 304L stainless steel 
and aluminum. Other scrap basket materials include copper for thermal conductivity as described 
in Section 4.12.6 of the MCO Performance Specification (Goldmann 2000b). All baskets are 
annular open-top containers with a maximum outer diameter of 22.625 in. at 25 "C (77 OF). All 
baskets support the fuel at 1 .O g while at 132 "C (270 OF). The basket grapple interface for all 
baskets is a 0.13-in. deep by 1-in. long radial groove beginning 1.84 in. from the top end ofthe 
basket center tube. Basket sizing accommodates a 0.3 in. nominal clearance between the top of 
the fuel elements and the bottom plate of the basket above. 

Mark IA fuel has a higher U,,, enrichment than Mark IV fuel. The structural integrity of 
the Mark IA basket is required for criticality control contingency whereas structural integrity for 
criticality purposes is not required for the Mark IV fuel basket. Therefore, the Mark IA he1 
storage and scrap baskets have been designed to the ASME Boiler and Pressure Vessel Code, 
Section 111, Subsection NG (ASME 1998), under the component safety group as guided by 
NUREG/CR 3854 (NRC 1984). The designs meet service level A requirements for normal 
operating loads and service level D requirements for accident conditions under the ASME Boiler 
and Pressure Vessel Code, Section 111, Subsection NG (ASME 1998). During accident 
conditions the baskets designed for Mark IA fuel and Mark I A  fuel fragments and scrap maintain 
the criticality control contingency features defined in Section 4.19.3 of the MCO Performance 
Specification (Goldmann 2000b). 

Evaluation of the baskets for the load conditions defined in the MCO Performance 
Specification (Goldmann 2000b) is found in Section 3.2.3. The combined requirement of 
sequential loading from the vertical and horizontal drop events is addressed by conforming to both 
the ASME Boiler and Pressure Vessel Code service level D requirements (ASME 1998) and the 
MCO Performance Specification criticality requirements (Goldmann 2000b). This is necessary to 
ensure that the basket center tubes do not move more than 2 in. radially and that basket axial 
deformations are small enough to prevent the baskets from becoming disconnected from one 
another, an event that possibly would permit fine fuel particles to enter the basket center tube 
exclusion void. 
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For consistency with the Mark IA structural evaluations, the Mark IV baskets have been 
evaluated to ASME Code, Section 111, Subsection NG, criteria for the service level A loadings. 
No service level D loadings have been considered for the Mark IV baskets. 

For the handling of both loaded and unloaded Mark IA and Mark IV baskets, the design 
meets the safety factors required by the MCO Performance Specification (Goldmann 2000b). 
Design and qualification of the basket grapple interface was performed by testing conducted by 
the DE&S Hanford, Incorporated, Cask/Transportation subproject, and the test results verified 
the adequacy of the MCO grapple and interface design The testing was conducted to the 1995 
requirements of ANSI N14.6. The 1995 ANSI N14.6 safety factors apply from 5 "C through 
100 "C (41 "F through 212 O F ) .  Both the Mark 1A and the Mark IV baskets have been evaluated 
for lifting in accordance with equivalent criteria as outlined in the MCO Performance 
Specification (Goldmann 2000b). 

3.1.8 Multi-Canister Overpack Shield Plug Design 

The shield plug is a multi-functional component of the MCO. It provides a mechanical 
confinement boundary until the cover cap is welded in place. It also provides for axial shielding 
to allow personnel access to the top of the MCO for securing the mechanical closure as well as 
for performing the drying and process functions. The shield plug also retains the main seal, which 
seals against the MCO collar. The MCO shield plug assembly is designed to mate with the open 
end of the MCO shell, with the end effector on the top SNF fuel basket, and the cone (via the 
long process tube) at the MCO bottom. The shield plug assembly features an integrally machined, 
axisymmetric lifting ring with a 12-ton lifting capacity when gripped with six equally spaced 
grippers (1.97411. tangential length by 0.66-in. radial contact length). The lifting ring will facilitate 
handling of the MCO package when it is unloaded from the transport cask, CSB storage tubes, 
and CSB weld stations with the MHM. Demonstration of the 12-ton capacity is discussed in 
Section 3.2.4 and in Appendix 6 of the MCO Design Report (Goldmann 2000a). The MCO 
lifting rim area of the lifting ring design meets the criterion described by the MCO Performance 
Specification (Goldmann 2000b). This criterion requires that any handling or lift features shall be 
capable of demonstrating a safety factor of three on material yield and five on material ultimate 
strength. 

The shield plug assembly, which consists of the shield plug, guard plate, internal filters, 
process valves, and rupture disk, has a basket stabilizer extension that centers the top basket. The 
assembly has a mitiimum of 0.65 in. clearance above the fuel or fuel fragments at 22 "C (72 OF). 
The shield plug'is held in place with a locking ring that has the aforementioned integrally 
machined, 12-ton capacity lifting ring. 

The rupture disk was sized to allow a two-phase flow resulting from a worst case 
"runaway" corrosion event. An extensive analysis (Thurgood and Duncan 1997) was performed 
to ensure the I-in. diameter relief passage and features are adequate. The cylindrical screens, 
which are under the shield plug and in the guard plate, have approximately 6 in2 of open area. 
These screens are the beginning of the relief path from the MCO and have approximately eight 
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times the flow area of the 1-in. diameter passageway. The screens have 2-mm openings that, if 
fouled, would require particles greater than 2 mm to foul the screen. In a corrosion runaway 
event, the flow below the shield plug is not of sufficient velocity to sweep up heavy metal 
particles or solid corrosion products of significant size to blind the screen. But, if some particles 
were swept up to the screen, the finer materials would go through the screen and exit the MCO 
and the coarser materials would reside on and foul the screen. Without giving any credit to the 
flow through a potential built-up particle bed itself, the screen would have to be approximately 
85% fouled to begin to impair the needed flow capacity. The rupture disk is capable of actuation 
with a fouled screen. 

Internal process high-efficiency particulate air (HEPA) filters installed between the shield 
plug bottom and the guard plate support the vacuum drying outflows from the MCO. These 
filters meet the requirements of HNF-S-0556, Speczjcution for MCO Internal Filter 
(McCracken 1997). The MCO Design Report (Goldmann 2000a, Appendix 10) verifies that the 
structural attachment will support a filter assembly weighing up to 50 Ib for the maximum loading 
given in Table 3-1. The internal process filters and passage to the rupture disk are protected by 
the guard plate, which is capable of withstanding the drop accelerations in Table 3-1 
(Goldmann 2000a, Appendix 1 and Appendix 5 ) .  The guard plate provides an air pocket that 
keeps the filters dry when the shield plug is inserted into the MCO under water and protects the 
filters from damage in a top down drop. The internal HEPA filters are put into the MCO for 
process reasons. The filter assembly requirements include flow rates, filtering efficiency, size, 
corrosion resistance, and other appropriate needs and features. Testing has been performed on 
these filters during prototype testing work for the CVDF and found adequate. 

A full description of the filter specification is provided in HNF-S-0556 (McCracken 1997). 
The minimum filtering efficiency is set at 99.97% for a particle size of 0.3 x IO" m. The minimum 
flow is set at 100 standard fi3/min at 11.5 in. of water column pressure loss. The entire filter 
assembly is made of 3 16L stainless steel, which is very corrosion resistant under the expected 
environmental conditions of the MCO. 

The process valves and rupture disk, located on top of the shield plug, are protected by port 
covers. The port covers have been assessed for the impact of a cask lid dropped in the worst 
orientation to show that the covers will protect the port-installed appliances. This analysis is 
discussed in Section 3.3.2 and in MECH007.97, Simulation of SNF Transportation Cask Lid 
Drop onto MCO Process Port Cover Plate (Abatt 1997). 

3.1.9 Cover Cap 

The MCO cover cap is an SA-182 304L stainless steel forging that is placed on top of the 
MCO after the completion of cold vacuum drying. The purpose of the cover cap is to provide a 
welded closure that is capable of meeting the confinement leakage rate criteria. The closure weld 
is a fill-penetration weld located just below the top of the locking ring on the collar of the MCO 
shell This weld is a field weld that cannot be radiographically inspected because of the 
configuration and contents of the MCO. The exterior of the cover cap is machined to have the 
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same lifting ring configuration as the locking ring so the containers can be handled after 
installation of the cover cap. The cover cap has one mechanically sealed penetration that will be 
aligned over port 2 on the shield plug to permit operation of that plug port after cover cap 
installation. The penetration is a plug with a mechanical seal that will allow venting of the cover 
cap, sampling of the atmosphere within the cover cap, as well as access for operation of the shield 
plug ports. The penetration is finally covered with a plate and welded to the cover cap. 

3.1.10 Other Design Features 

3.1.10.1 Materials The shield plug assembly is fabricated out of 304L stainless steel, and the 
locking ring is made of 304N stainless steel to ensure compatibility. The MCO shell and collar are 
fabricated out of 304/304L dual-certified material to provide added strength and weldability The 
process plugs are fabricated out of Nitronic 60 stainless steel. No ferritic materials are used in the 
design. All materials are specified as either ASME (SA) or ASTM (A) materials. Metal-to-metal 
galling is minimized by allowing the use of lubricants on threaded surfaces and on other closely 
fitting surfaces where operationally they would be pehitted, such as between the radial surfaces 
of the locking ring and the shield plug collar Harder materials such as Nitronic 60 are used for 
the threaded fasteners. 

3.1.10.2 Welded Joints All MCO pressure boundary welds are designed and produced to the 
ASME Boiler and Pressure Vessel Code, Section 111, Division 1, Subsection NB (ASME 1998), 
except the field closure weld, whch is a full-thickmss weld that cannot be 100Y0 radiographically 
examined. It is designed for 100% ultrasonic examination This weld provides closure to a 
stabilized system, and the quality is ensured by welding qualification, by liquid penetrant 
inspection, and by leakage rate testing the attachment weld The margins of safety for the weld 
are provided in Section 3 2 4 2 and the MCO Design Report (Goldmann 2000% Appendices 5 
and 11) 

All MCO pressure boundary welds by the fabncator are in accordance with ASME Boiler 
and Pressure Vessel Code, Section 111, Division 1, NB-3350 (ASME 1998) All welds are 
sufficiently smooth to enable easy decontamination Butt welds are ground flush to within 
0.03 in. &Bass d. Weld joint designs avoid potential contamination traps to the greatest 
extent practicable. All MCO pressure boundary welds and welds bearing the weight of the hlly 
loaded MCO will be nondestructively examined in accordance with ASME requirements 

The field weld joining the cover cap to the MCO shell is designed to permit a 100% 
ultrasonic exnmination. Flat surfaces behind the weld, a minimum of 1 10 in below and 1 325 in 
above the weld centerline, are required to facilitate this examination In addition, a 30" half angle 
is required on the weld preparations for a 60" weld 

ASME code case N-595 will be used to certify the closure weld The N-595 code case has 
been though ths MME committee approval process and has paseed. The code case describes 
the conditions for a closure of a canister such as the MCO. This code case is appropriate to the 
MCO The MCO's NRC equivalency document, HNF-SD-SNF-DB-005, Spent Nuclear Fuel 
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Project Multi-Canister Overpack, Addirional NRC Requirements (Garvin 1998) allows use of this 
code case under certain situations, if the MCO project so chooses. 

The N-595 code case determines the require$ dye penetrant and leakage rate testing of the 
welds as applied to the MCO. The code case's exqnation requirements will be strictly followed. 
The welds are de-rated according to the examination requirements path chosen by the project. 

into the design. Hence, the capability to examine tx" e completed weld is in the design of the MCO. 
However, with the application of Code Case N-595, this weld will be dye penetrant examined and 
leakage rate tested in accordance with the N-595 case. Should a need be identified in the future 
to volumetrically examine this weld, the weld conRguration can accommodate ultrasonic 
examination 

Early in 1998, the capability to examine the ver cap weld by ultrasonic testing was put 

The cover cap attachment welds are pressure-retaining joints that eventually will bear the 
weight of the MCO. The cover cap attachment wild for each MCO is examined,in accordance 
with the fabrication drawings and the fabrication specifications for the field weld. The MCO 
Performance Specification requires the cover cap qttachment weld to be "examinable" by 
ultrasonic testing (Goldmann 2000b). However, the ultrasonic inspection of the joint is not a 
requirement and is not planned. The cover cap attfichment weld is a field weld, which is 
performed at the CSB. The radiographic test requirement is applied to the fabrication welds of 
the MCO performed in the fabricator's shop. 

The cover cap weld is performed in accordapce with ASME code case N-595. The root 
pass is dye-penetrant tested, and each subsequent,:approximately 0.25 in., lift is dye-penetrant 
tested. After the last welding pass is laid down, the weld is leakage-rate tested in accordance with 
ANSI 14.5-1987, For Radioactive Maierials - Leakage Tests on Packages for Shipment 
(ANSI 1987). Helium is put into the newly create$ cavity under the cover cap through the test 
plug penetration. After the cavity is filled with he$um, the test plug, with seal, is installed and 
tightened. Then the 25.3 l-in.-diameter girth weldis leakage-rate tested. The leakage-rate 
acceptance requirement from ASME code case N '595 is 1 x lo4 standard cm3/s-atm. However, 
the SNF Project has set the leakage rate acceptan requirement for this weld at 1 x lW' standard 
cm3/s-atm. The last exposed lifts of the girth we1 k are dye-penetrant tested. The penetration test 
plug is leakage rate tested with the acceptance re+irement also set at 1 x IW' standard 
cm3/s-atm. The order of the previous two tests isbot important. The cover plate for the test 
plug's penetration is installed and welded, with dyb-penetrant testing performed after the root pass 
and subsequent, approximately 0.25 in., lifts. 

3.1.10.3 Safety Requirements and Classificatien. The various components of the MCO are 
classified into safety classes in agreement with Se&tion 3.1.2 and HNF-PRO-704, Hazurd and 
Accident Anabsis Process, as shown in Table 3-6. In addition, code requirements for pressure 
boundaries maintaining confinement are also considered. MCO safety structure and component 
designations are derived from.the results of the aaalysis of the DBAs (Chapter 11 .O) and criticality 
contingency (Chapter 6.0). 
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System or component 

Shell assembly, 
including collar, 
shell, and bottom 

Table 3-8. Safety Functions and Failure Consequences of Multi-Canister Overpack 
Structures, Systems, and Components. (2 sheets) 

Safety 
designation 

sc 

Function Failure consequences 

Criticality control, contain and 
protect SNF, protect MCO 
pressure boundary 

Release of radioactive contents that could 
exceed offsite exposure limits; loss of 
contingency protection against nuclear 
criticality amident 

Shield plug 

Rupture disk 

Locking and lifting 
ring and bolts 

Criticality control, contain SNF, 
protect personnel 

Criticality control, protect MCO 
pressure boundary 

Maintain pressure on main seal, 
allow for lift of loaded MCO 

sc Release of rndioactiw contents that could 
ex& offsite exposure limits 

Damage or expansion of MCO boundaq SC 

sc Release of radioactive oontents that could 
exceed offsite emsure l i t s  

I Release of radioactive contsnts that could 
exceed offsite exposure limits 

Seal MCO I cover cap I 
Mark IA baskets 

Mark IV baskets 

Maintain Mark IA SNF elements 
and scrap in a safe configuration 
(criticality control) 

Hold Mark IV SNF elements and (is No release consequences 
scrap 

SC Loss of double-contingency protection against 
nuclear criticality accident 

Mark IA and IV 
scrap basket copper 

subassembly 

Plug valves Accommodate gas flows through SS Inability to process the MCO, release of 

Hold scrap and dissipate 
internally generated heat within 

SS No release consequences, copper is not a 
stmotural component and is used for thermal 

shroud, copper the basket COndUCtiVity 

process ports in support of MCO 
processing exccede exposure limits 

radioactive materials into the environment that 

Internal process filter Maintain most radioactive solid ss Release of radioactive materials from the 
materials within the MCO MCO, pressure buildup witbin the MCO, loss 

of defense-in-depth protection for release of 
radioactivematerials I 

Long 
tube 

axial process 

Screened process exit 
Do* 

Allow bulk water removal, 
intrcduction of gases during 
processing, and refloodig, if 
necessary a safe configuration 

Connect to rupture disk as vent 
path, serve as backup process 
exit 

SS Inability to m o v e  water from MCQ inability 
to introduoe gases to process MCO inability 
to perform p r m s i n g  that puts the MCO into 

ss Failure of rupture disk to relieve internal 
MCO pressure 

~ 

2-mm process tube 
and guard plate 
screens 

SARR-OO5.03 

Keep particles >2 mm in 
diameter in the MCO MCO 

Cis Patbcles larger than 2 mm may leave the 
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Seal 

0 25-in. orifice cover 
plates 

Cover or orifice plate 
bolts 

Table 3-8. Safety Functions and Failure Consequences of Multi-Canister Overpack 
Structures, Systems, and Components. (2 sheets) 

Seal MCO shield plug to shell ss Release of radioactive materials from the 
MCO, pressure buildup within the MCO, loss 
of defense-in-depth probtion for release of 
radioactive materials 

Valve with rupture disk becomes Regulate gas flow from the 
MCO nonoperationsl, causing possible release 

Maintain seal pressure sc Loss of double cnntingency protection against 

SS 

leakage 

I System or component I 

Guard plate on shield 
Plug 

Port valve/plug and 
cover date seals 

Function 

Protect internal MCO process 
filter, and screens, provide basket 
centering 

To seal appliances to shield plug 

SC Potential damage to filter, short process tube, 
and screen; provide center to top basket 

Loss of pressure; potential release GS 

Failure consequences 

I 
~~~~~ 

Cover plates 1 ; z z ; k t i g h t  seal. protect Loss of double contingency protection against 

GS =general sernce 
MCO = mulbcamster overpack 
SC = safety class 
SNF = spent nuclear fuel 
SS = safety sigmficant. 
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Safety class 

- Criticality (Section 6.1) - MCO baskets, including features required for 
criticality control and structural integrity 

Thermal runaway reaction (Section 11.3.3) - MCO pressure boundaries 
including penetrations, seals, and plugs 

- 

Safety significant 

- Hydrogen explosion within an MCO (Section 11.3.2) - MCO pressure 
boundaries including penetrations, seals, and plugs 

MCO internal pressurization (Section 11.3.3) - MCO pressure boundaries 
including penetrations, seals, and plugs. 

- 

The confinement boundary components are designed and fabricated to the ASME Boiler 
and Pressure Vessel Code, Section 111, Division l,.Subsection NB (ASME 1998), and the 
Mark IA baskets are designed and fabricated to Subsection NG. 

The safety designations "SC," "SS," and"GS" in Table 3-8 are equivalent to NRC 
classification categories A, B, and C, respectively.: Quality assurance programs appropriate to the 
designations in Table 3-8 are implemented in the abrication specifications for the MCOs and the 
baskets 

3.1.10.4 Nuclear Criticality Safety. The MCO pesign is to achieve and maintain a critically safe 
array throughout the MCO design life. A criticali9 safety value of 0.95 for &is used for the 
MCO design, functions, and related activities (-in 1998). According to criticality analyses 
(Kessler 2000), this will be satisfied for MCOs co taining Mark IA fuel by ensuring a nominal 
6.625-in.-diameter steel insert (center post) at the t ~ ongitudinal centerline of the MCO. This insert 
i s  a stainless steel bar with a 6 . 6 2 5 4 ~  outer and 1 i75-in. inner diameter. It precludes intrusion of 
fuel into the central region of the basket. The i n s b  centerline does not deviate more than 2 in. 
from the MCO centerline. The MCO maintains t+se conditions during and after being subjected 
to drop accidents. MCOs containing Mark IV fua do not require this insert. In addition, the 
MCO (for all fuel types) is capable of withstandin4 the effects of drop accidents with the 
maximum inside circumference not exceeding the limits allowed in Chapter 6.0 of this report and 
originating in Section 14.9.5 of "F-S-0426 (Goidmann 2000b). 

As stated above, the MCO and its contents have been evaluated for all loadings specified in 
Table 3-1. The evaluation shows that the k, limit is met. 

3.1.10.5 Summary of Compliance with Requiltements. The design ofthe MCO and fuel 
baskets is in full compliance with the requirementi of the MCO Performance Specification 
(Goldmann 2000b). The compliance is demonstrdted in the design drawings and in the evaluation 
of the design to the specified requirements as summarized in the following sections of this chapter 
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Appendix referenced 

1 

and as detailed in the MCO Design Report (Goldmann 2000a, Appendixes 2 through 17). 
Table 3-9 provides a list of the appendixes in the MCO Design Report and the correlated sections 
in this chapter. 

This report section 

MCO drawings 

2 

3 

4 

3.2.5 

3.1.4 

3.2.4 

5 

6 

7 

3.2.2 

3 2.4 

3.2.3 

9 

I 
3.2.3 

8 

12 

13 . 

I 

Not included* (see Goldmann 2000a) 

Not included* (see Goldmann 2000a) 

3.2.3 

I5 Not included* (see Goldmann 2000a) 

11 3.2.1 

I 14 I Not included* (see Goldmann 2000a) I 

I 17 I Not included* (see Goldmann 2000a) I 
Note: Appendixes cited are found in G d d m a ~ ,  L. H., 2000a,Muiti-Cmisfer 

Overpack De8ign Repor:, Book11 - Calculafions, HNF-SD-SNF-DR-003, Rev 3 ,  Fluor 
W o r d .  Incorporated, Richland, Washington. 

'In general, the appendices not included in this table do not contain structural data 
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3.2 STRUCTURAL ANALYSES 

The structural analyses for the normal operating loads arid the accident conditions described 
in the MCO Performance Specification (Goldm&2000b) have been conducted by the design 
agent, Parsons Infrastructure and Technology Groip, Inc. Supplemental work on the effects of 
drops has been conducted by Hanford Site core orbanizations The stress analyses for the MCO 
are described in the following subsections. 

The materials used for the MCO pressure 
However, all materials are purchased as 

(e.g., 304L) will have the higher properties of 
properties and stress ratios sometimes reflect 
dual-certified properties and is thereby a 

ndary are different grades of 304 stainless 
This means that all grades used 

In the attached analyses the 
This does not reflect the 

steel 

3.2.1 Multi-Canister Overpack Pressure Boundary Stress 
and Thermal Analyses 

This section addresses only the pressure bowdary vessel Other components that form 
portions ofthe boundary are addressed in Section .2  4 The MCO assembly is a single-purpose 
SNF container that is capable of maintaining subc ticality at all times and of maintaining SNF 
confinement after being closed and sealed. The M i 0 assembly consists of a shell, bottom 
baseplate, shield plug, locking ring, jacking screws, and cover cap. 

The MCO shell is fabricated of type 304L stainless steel with the minimum tensile and yield 
strengths of type 304 stainless steel (dual-certified 304/304L stainless steel). For the analysis, 
values for material properties and allowable stress /values were taken from Section 11, Part D, of 
the ASME Code (ASME 1998) (see Table 3-10). The canister cover is fabricated from SA-182 
F304L stainless steel, the shield plug with SA-182 F304L stainless steel, the locking ring with 
SA-I82 P304N stainless steel, jacking screws wi t l  ASME SA-193 grade B8S stainless steel, the 
collar with SA-I82 dual certified 304/304L stain& steel, and the cover cap with SA-I82 F304L 
stainless steel. 

Thc calculations performed by the design apnt  considered thermal, liftii ,  and pressure 
loads (Goidmann 20004 Appendix 11). The d o  able stress intensities are those specified by 
Section III, Subsection NE3-3220, of the ASME C '% de (ASME 1998). For normal condition 
loadiag, the MCO was analyzed according to service level A stress intensity limits (ASME 1998) 
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E (Ib/in2) 

S, (Iblin') 

S, (Ib/in21 

Table 3-10 Material Properties Defined in the American Society of Mechanical Engineers 
Boiler and Pressure Ve&el Code. (2 sheets) 

70 "F 200 i F  300 "F 270 "F 

28.3 x lo6 27.6 xi lo6 27.0 x lo6 27.18 x lo6 
20,000 20,060 20,000 20,000 

30.000 25.ObO 22.500 23.250 

SA-I82 F304L Austenitic Stainleks Steel Forging (Shield Plug) 1 

I I I 300 "F 70 "F 250 O F  

cr-in/in/"F 8.46 x lo6 8.90 x lo6 9.00 x lo6 

SA-182 P304 Stainless Sdel Forging (Shell Collar) I 

270 "F 

8.94 x lo6 

S,, (lblin') I 75.000 I 71.0b0 I 66.000 I 67.500 I 
I Mean Coefficient of Thermal Expans& from 70" to TemD. - in/in/"F x 10" I 
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70 "F 

Table 3-10. Material Properties Defined in the American Society of Mechanical Engineers 
Boiler and Pressure Vessel Code. (2 sheets) 

I SA-193 Grade B8S or B8SA (Boltine) I 
200 "F 300 "F I 270 "F 

E (lb/in2) 

S, (Ib/in2) 

S, (Ib/in2) 

S, (Ib/in2) 

27.0 x lo6 27.18 x IO6 28.3 x IO6 27.6 x IO6 
16,700 13,000 1 1,000 11,600 
50,000 -- -- -- 
95,000 -_ -- -- 

'Values are interpolated from ASME Code values (ASME 1998). 

E = elastic modulus. 
S ,  = code allowable stress. 
S, =material ultimate stress. 
S, = material yield stress. 
psi =pounds per square inch. 
cr-in/in/"F =thermal coefficient of expansion. 

70 "F 

3.2.1.1 Shell Design The MCO shell and bottom baseplate have been analyzed for internal 
pressure using classical methods (Goldmann 2000a, Appendix 11). The allowable external 
pressure for the shell has been calculated in accordance with the rules of the ASME Boiler and 
Pressure Vessel Code, Section III, Division I, Sub$ection NB, Paragraph NB-3 133.2 
(ASME 1998) The design internal pressure of the MCO is 150 Ib/in2 gauge with the mechanical 
closure alone With the cover cap welded in place, the design internal pressure is 450 Ib/in2 
gauge Pressure on the bottom of the MCO has an added component due to the weight of the 
fuel, approximately 16,000 Ib (see Table 3-6) 

The he1 is conservatively assumed to act as a fluid, resulting in lateral pressure against the 
shell walls. The added pressure is taken as that pressure on the bottom baseplate due to fie1 
weight and has been calculated to be 39 Ib/in2, the total internal pressure used in the analysis is 
189 lb/in2. 

The inside diameter of the MCO shell used in the analysis is 23 00 in. and the outer 
diameter is 24 00 in. The wall thickness is therefore 0 5 in The stress through the shell due to 
the pressure load was calculated to be 4,442 Ib/in2 

250 "F 300 "F 270 "F 

SARR-OO5.03 
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During process operating conditions, the MCO is subjected to a full internal vacuum with a 
25 Ib/in* gauge external pressure; this is equivalent to external pressures of 14.7 Ib/in2 + 25 Ib/in2, 
or approximately 40 Ib/in2, at 75 "C (167 OF). 

The allowable external pressure was calculated to be 181 Ib/in2. This value is greater than 
the 40 Ib/in2 maximum equivalent external pressure, therefore the cylindrical portion of the shell is 
adequate for external pressure. 

3.2.1.2 Stress and Thermal Analysis. The stress analysis of the MCO assembly has been 
performed using the computer analysis program ANSYS5 (Swanson 1992). The ANSYS model is 
built using two-dimensional axisymmetric elements. To model the threads between the shell and 
locking ring, coincident nodes are coupled. Coupled nodes also are used to model the threads 
between the locking ring and the jacking screw. Symmetry boundary conditions are applied to all 
nodes along the centerline. The axisymmetric model used in this analysis is shown in Figures 3-2, 
3-3, and 3-4. 

Five process operating conditions have been analyzed for thermal and pressure loads on the 
MCO pressure vessel boundary: 

1, Full internal vacuum with 60 Ib/in2 gauge external pressure; equivalent to external 
pressures of approximately 60 Ib/in2, at 75 "C uniform temperature (all stresses for 
this load case are classified as primary stresses [PM or P, + P,]) 

Full internal vacuum with 0.0 Ib/in2 gauge external pressure; equivalent to external 
pressure of 14.7 Ib/in2, or approximately 15 Ib/in2, at 132 "C uniform temperature (all 
stresses for this load case are classified as primary stresses) 

Internal pressure of 189 Ib/in2 at 132 "C uniform temperature, which represents 
150 Ib/in2 for the internal pressure and 39 Ib/in* for the fuel weight (all stresses for 
this load case are classified as primary stresses) 

Lifting the MCO with 450 Ib/in2 internal pressure and 39 Ib/in* for the he1 weight at 
132 "C uniform temperature (all stresses for this load case are classified as primary 
stresses). 

Differential temperature, shell at 132 "C and shield plug at 32 "C, at 189 Ib/in2 
internal pressure (all stresses for this load case are classified as primary plus 
secondary [P, + P, + Q ]  because thermal stresses are secondary stresses [Q] ;  the 
primary stresses for this load case are the same as for load case 1). 

2. 

3 .  

4. 

5. 

5ANSYS is a trademarked proprietary code, but a users license is commercially available from 
Swanson Analysis Systems, Inc., Houston, Pennsylvania. 
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A summary of the maximum stress intensities is presented in Tables 3-1 1 through 3-15. For 
load cases 1, 2, 3, and 4 (internal and external pressures), the primary membrane stress, P, is 
compared to the allowable membrane stress, S,; the membrane plus bending stress, PL + PB, is 
compared to 1.5 S,. For load case 5 (differential temperature), the total stress, PL + PB + Q, is 
compared to 3 S,. The results show that for all load cases, the computed stress intensities are 
lower than the allowable stress intensities. 

3.2.2 Multi-Canister Overpack Buckling and Drop-Related Analyses 

This section discusses the design agent's evaluation of the MCO assembly under different 
drop loads. The evaluation is based on criteria in the ASME Boiler and Pressure Vessel Code 
(ASME 1998). The following assumptions have been used in the evaluation. 

Pressure is applied uniformly 

e The maximum weight of a fully loaded Mark IV basket is 3,218.52 Ib. The analysis is 
conservative, using 3,225 Ib for each basket. 

Maximum shell diameter at the collar increases from 25.27 to 25.3 1 in. Calculations 
performed in this analysis are based on 25.27 in. and, therefore, are conservative. 

Other assumptions are applied as noted. This section considers only drop loads. The 
evaluated drop loads must meet Section 111, Subsection NB, of the ASME! Boiler and 
Pressure Vessel Code, with Appendix F (ASME 1998), and Section 4.9.5 of the 
MCO Perforinance Specification (Goldmann 2OOOb). One of the acceptance criteria 
in Appendix F (F-133 1.1) of the ASME Code (ASME 1998) states that when an 
elastic analysis is used "the general primary membrane stress intensity P, shall not 
exceed the lesser of 2.4 S, and 0.7 S, for materials included in Section II, Part D, 
Subpart I, Tables 2A and 2B for austenitic and high alloy steels, or 0.7 S, for femtic 
materials included in Table ZA," and "the local primary membrane stress intensity P, 
shall not exceed 150% of the limit for general primary membrane stress intensity Pw " 
Section 4.9.5 of the MCO Performance Specification (Goldmann 2000b) states that 
"In no case, including post accident conditions, is the MCO inside circumference 
below the bottom of the shield plug allowed to exceed 73.04 inches (23.25 inches x 
x)." Ultimately the MCO shell inside diameter is not to exceed 23.25 in. 

The collar thread relief thickness is conservatively modeled at 0.354 in 

e 

e 
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Component 

Bottom date 

Table 3-1 1. Summary of Maximum Stress Intensities for Load Case 1 
(Full Internal Vacuum with External Pressure of 60 Ib/in2 at 75 "C). 

'L + stress ratio (ksi) Stress ratio S M  P M  

(ksi) (hi)  
Material 

304L 16.7 0.35 0.02 0.96 0.04 

*Dual certified 304/304L. 

Lower shell 
Middle shell 
Upper shell. 
Shield plug 
Locking ring 

pL + pB with S, at 75 "C (167 OF). P M  
Sm 1.5 SM 

N O T E :  S - ~ J Z ~  = - or 

304* 20.0 0.38 0.02 0.71 0.02 

304* 20.0 0.38 0.02 0.39 0.01 
304* 20.0 5.61 0.28 .8.87 0.30 
304L 16.7 7.2 0.38 7.05 0.28 

304N 22.74 1.14 0.05 1.62 0.04 

S, = allowable membrane stress. 
P, =primary membrane stress. 
P, + P, = membrane plus bending stress 

Table 3-12. Summary of Maximum Stress Intensities for Load Case 2 
(Full Internal Vacuum with External Pressure of 0.0 lb/in* at 132 "C). 

'Dual certified 304/304L 

'' + pB with S, at 132 "C (270 OF). NOTE: Stress ratio = - or P M  
Sm 1.5s, 

S ,  = allowable membrane stress. 
P, = primary membrane stress. 
P, + P, = membrane plus bending stress. 
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Component 

Bottom plate I 304L I 16.7 I 2.84 I 0.17 I 9.35 I 0.37 
Lower shell I 304* I 20.0 I 4.6 0.23 I 10.72 0.36 

I PL+PB I stressratio Stress ratio (ksi) 
PM 

(ksi) 
s, 

(ksi) Material 

I I 

Component 

Middle shell I 304* I 20.0 I 4.64 I 0.23 I 4.71 I 0.16 
~ D D a ~ e l l  . I  304* 1 20.0 I 5.04 0.25 8.4 0.28 

Stress PL + Pe Stress 
ratio (ksi) ratio 

s, 
(ksi) M a e  

ILockimring I 304N I 22.74 I 1.37 I 0.06 I 1.93 I 0.06 I 
'Dual catitied 304m04. 

NOTE: Stress ratio = - PM or PL + ?€I with S, at 132 "C (270 O F ) .  

Sm 1 3 ,  

S, = allowable membrans strars. 
P, =primary membrane e m R ~  
P, + P, = membrane plus bcmding stress. 

Table 3-14. Summaty ofMaximum $tress Intensities for Load Case 4 
(Liffiner with internal P r e s 4  of 450 Ibli' at 132 T ) .  

7 

Bottom plate I 304% 1 16.7 I 7.11 I 0.44 I 24.76 I 0.98 
Lower then I 304' 1 20.0 I l i b 2  I 0.60 I 18.2 I 0.61 

-ringat I 304N I 22.74 I 1.62 I 0.07 I 3.02 I 0.09 1 I 150 Ibh' m w e  
*Dual Ocrtitied 304U304. 

with S, at 132 "C (270 OF). 
PM PL. + P B  NOTE: Stress ratio = - or 
Sm 1.5SM 

S, = allowable membram dress. 
P, = primaty membrane stress. 
P, + P, =membrane, plus bending stress. 
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Lower shell 

Middle shell 

Upper shell 

Shield plug 

Locking ring 

Table 3-15. Summary of Maximum Stress Intensities for Load Case 5 
(Differential Temperature - Internal Pressure of 189 lb/inz 

304* 20.0 9.65 0.16 

304* 20.0 4.81 0.08 

304* 20.0 8.99 0.15 

304L 16.7 14.2 0.28 

304N 22.74 2.54 * 0.04 

with Shell at 132 "C and Shield Plug at 32 "C). 
Differential temperature 

Component I Material 1 (2) 
Pr + P , + Q  I Stress ratio I 

Bottom plate I 304L I 16.7 I 26.66 I 0.53 I 

S, =allowable membrane stress. 
P, + P, + Q = total stress. 

3.2.2.1 Filter Guard Plate and Support Ring. The guard plate on the MCO shield plug has 
been evaluated for its ability to protect the in t e r4  filters in a top-down drop. The guard plate 
and its support ring are fabricated from SA-240 t v e  304L stainless steel. The support ring is a 
1-in.-thick ring, 4.25 in. high, with a 22.50-in. ou r diameter. The guard plate must withstand a 
28 g load of the entire payload of the MCO, inclu 7 ing baskets, without deflecting more than 1 in. 
A load level of 28 g bounds the loading case of 234  g (lid down) in Table 3 of the MCO 
Performance Specification (Goldmann ZOOOb). TO be conservative, no credit is taken for the 
baskets supporting any of the fuel. Service level D allowable stresses are used for the acceptance 
criteria. 

HNF-SD-SNF-DR-003, Appendix 5 (Gold- ZOOOa), provides calculations to assess the 
buckling of the guard plate support ring and to si= the weld between the support ring and the 
shield plug and the weld between the guard plate p d  the support ring The assumptions used in 
the calculations are that the fuel loads the plate udformly, the baskets provide structural capacity 
to distribute the fuel load, the temperature at impqct is 132 "C, and the maximum weight results 
from five Mark IV baskets (each basket weighs a maximum of 3,225 lb) 

The load for the buckling check of the supprt ring is an acceleration of the fuel at 28 g. 
For the welds, an acceleration of 101 g is used as Lt provides a worst-case acceleration for a side 
load 
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Service level D stress limits' 
Material SM (ksi) 

(ksi) p, PL P, (or PJ + P, 
(2.4SM) (1.5PJ (1.SPJ 

Type 304 20.0 47.25 (0.7s") 67.5 67.5 

Type 304L 16.7 40.08 60.12 60.12 
- 

Analysis of the support ring shows the stress is well below allowable levels and that 
buckling is not a concern. The stress in the support ring when assuming that the ring supports the 
entire load is 6,685 lblin', which is well below the service level D allowable levels shown in 
Table 3-16. The deflection was calculated to be 0.001 in., which is well below the 1 .O in. 
allowed. 

Table 3-16. Service Level D Allowable Stresses for Elastic Analysis 
at a Temperature of 132 "C. 

'Senice level D stress limits are taken from Appendix F, Paragraph F-133 1, of the 1998 edition of the American 
Society of Mechnnical Engineers Boiler and Pressure Vessel Code. 

Welding the support ring to the shield plug and the guard plate to the support ring requires 
the use of structural welds. The minimum weld size required, from calculations in 
"F-SD-SNF-DR-003 (Goldmann 2000a, Appendix 5) is 

0 Throat weld = 0.016 in. 
Base weld = 0.028 in. 

However, the minimum allowed weld for joining plate material of this thickness is 0.3125 in. 
(AISC 1989, Table 1.17.2a). The stress ratio in the welds at 0.3125 in. arevery low. 

3.2.2.2 Leakage of the Closure Seal. The possibility that the closure seal could leak after a 
DBA drop has been reviewed. This DBA drop scenario assumes that the MCO at the bottom of 
the CSB storage tube has not had a cover cap welded in place over the shield phlg and that no 
intermediate impact absorber has been put in place before the top MCO is loaded into the tube. 
A drop of one MCO onto another MCO inside the CSB tube is defined by the MCO Performance 
Specification as a 28 g load (Goldmann 2000b). This acceleration was determined and recorded 
in HNF-SD-SNF-DP-007 (Chenault 1997a, Appendix D) for the drop of an MCO onto another 
without an intermediate impact absorber. 

This drop load impacts the top of the bottom MCO shield plug, which, in turn, reacts 
through the closure seal-seal stop at the bottom of the shield plug. "F-SD-SNF-DR-003, 
Appendix 5 (Goldmann ZOOOa), states that the seal stop does not exceed the yield for this case 
when the MCO has 150 Ib/in2 gauge internal pressure. The design agent has shown that the seal 
stop strain exceeds yield for the worst case of zero pressure during a drop accident. Calculations 
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performed by the design agent show that the seal deformation is within the allowable compression 
and that the seal will still maintain a leaktight seal (given as 0.012 in. beyond normal 
compression). In addition, the likelihood of dropping an MCO without the cover cap is small, as 
is the likelihood of dropping an MCO without an intermediate impact absorber in place. 

3.2.2.3 Multi-Canister Overpack Assembly. The MCO assembly has been evaluated for the 
following drops: 

54 g bottom end drop, 450 Ib/in2 internal pressure, 132 "C 
28 g drop of a filly loaded MCO onto another MCO without cover cap 
28 g drop of a filly loaded MCO onto another MCO with cover cap. 

These drops have been analyzed by both engineering mechanics and finite element methods. 
The results of the finite element methods are described in the following sections. The finite 
element evaluation of the MCO assembly was performed using the axisymmetric 
(two-dimensional) model shown in Figures 3-5 and 3-6. The model was developed using the 
ANSYS computer code (Swanson 1992). Symmetry boundary conditions are applied at the edges 
of the model. Nodes between the set screws (called "jacking bolts" in the figures) and the locking 
ring, and nodes between locking ring threads and shell threads are coupled (see Figure 3-3). The 
gap elements between the shield plug and the bottoms of the set screws have a very small positive 
interference to represent the preload on the screws. 

3.2.2.3.1 Bottom End Drop. HNF-SD-SNF-DR-003, Appendix 5, Section 9.0, "MCO 
Structural Drop Analysis" (Goldmann 2000a), provides an evaluation for a bottom end drop. The 
MCO shell and its contents have been evaluated for a 2 4  54 g, vertical drop onto a flat 
reinforced concrete surface. The MCO lands on the bottom end and there is no credible 
possibility of a side-slap-down secondary impact of the MCO. 

The analysis assumes the drop occurs when the MCO is at 132 "C with an internal pressure 
of 450 Ib/in2. It also is assumed that the MCO is Mly  loaded with five Mark IV baskets, two of 
which are scrap baskets. The fuel is modeled  with^ the properties of stainless steel except for the 
scrap baskets, which have hydrostatic properties when externally loaded. No credit is taken for 
the baskets' ability to support the fuel. Upon impact it is assumed that the bottom basket is 
crushed. The pressure acting on the top of the bottom basket is equivalent to the weight of the 
four baskets above it and is calculated to be 503 Win2 for an MCO internal area of 415.48 in2. 

The fuel exerts a horizontal pressure equal to the vertical pressure against the wall of the 
shell. At any level, the vertical pressure equals the weight of a 1-R' column of fuel above that 
level. The horizontal pressure was calculated, a triangular distribution assumed, resulting in 
additional pressure. The maximum pressure at the base of the triangular distribution would be 
1,05 1 lb/in2. This pressure is in addition to the internal 450 Ib/in2 stated above. 

According to Section 4.9.5 of the MCO Per€orrnance Specification (Goldmann 20OOb), the 
shell's maximum circumference is not to exceed 73.04 in. (23.25 in. x n), At 23.25 in., the 
maximum radial displacement allowed is 0.25 in. diametrically, or 0.125 in. radially. The radial 
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displacement at a point above the inside bottom baseplate of the MCO was calculated using 
examples from Equutionsfor Stress andStrain (Roark 1989, Table 28) for deformation in a 
thin-walled pressure vessel with a uniform radial pressure and an additional, varying, linearly 
radial pressure. A combination of Case lb  and Case Id  from Roark (1989) was used. The 
calculation results in a total radial displacement for a bottom end drop of 0.0044 in., which is well 
below the maximum of 0.125 in. allowed. 

3.2.2.3.2 Multi-Canister Overpack onto Multi-Canister Overpack Drop. A 28 g 
vertical drop of one MCO onto another MCO in the storage tube at the CSB is analyzed in 
HNF-SD-SNF-DR-003 (Goldmann 2000a). The top of the lower MCO being impacted receives a 
28 g vertical load and is evaluated with and without the cover cap welded in place. 

The drop is assumed to occur with the MCO at 132 “C (270 OF) with an internal pressure 
of 450 lbhn’. In the analysis, it is assumed that the MCO impacting the lower MCO is filly 
loaded with five Mark IV baskets. The lower MCO is restrained by the CSB storage tube. The 
effect on the lower MCO is a concern because the shell is subject to buckling. The top of the 
MCO being impacted receives the equivalent of a 28 g load from the upper MCO landing on the 
shield plug or the cover cap of the lower MCO, depending on the evaluation. 

The equivalent pressure received by the top of the lower MCO shield plug is calculated by 
taking the weight of a filly loaded, dry MCO, multiplied by the grahtational acceleration and 
divided by the area of the shield plug or the cover cap. 

If the MCO being impacted does not have the lifting cap, it is assumed that all the weight 
hits the shield plug first and not the locking ring as the shield plug extends 0.125 in. above the top 
of the locking ring. From Table 3-6, the weight of a dry MCO containing the upper shield plug 
and five loaded Mark IV baskets is 19,576 lb. The area computed for the shield plug is 39.54 in’. 
The calculation results in a stress of nearly 13,700 Ib/in2. 

If the MCO being impacted has the cover cap welded in place, it is assumed that all the 
weight is distributed evenly. That distribution is rtpresented as an equivalent pressure acting on 
top of the cover cap with a computed area of 316.6 in’. The calculation results in a stress of 
15,172 Ib/in2. Buckling of the shell is evaluated using the ANSYS program. 

3.2.2.3.3 Finite Element Analysis for Dreps. An evaluation of the MCO assembly has 
been performed using a finite element model. The model is axisymmetric (two-dimensional) and 
was developed with elements having 2 degrees of freedom at each node. 

Symmetry boundary conditions are applied at the edges of the model. Nodes between the 
jacking bolts and the locking ring, and nodes between locking ring threads and shell threads, are 
coupled. The gap elements between the shield plug and the bottom of the jacking bolts have a 
very small positive interference to represent the preload on the bolts. 

In the bottom end drop (54 g load), gap elements are used at the bottom of the model in 
order to anchor the model. In the MCO onto MCO drop (28 g equivalent), the load is applied at 
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the top of the shield plug or at the top of the lifting cap, and gap elements at the bottom of the 
model are also restrained in both X and Y directions. 

Bottom End Drops. Two load cases were used to analyze bottom end drops. One load 
case analyzed the 54 g bottom end drop of an MCO with 150 Ib/in2 internal pressure and without 
the lifting cap. The second load case used the same model to analyze the 54 g bottom end drop of 
an MCO with 450 Ib/in2 internal pressure and with the lifting cap. The lifting cap was not 
explicitly modeled for the second case. The load from the weight of the cap was applied to the 
top of the canister collar. 

The bottom drop analysis was performed with hydrostatic pressure in addition to the design 
pressures (1 50 lb/in2 and 450 Ib/inz). The load applied by the payload was modeled as a pressure 
exerted on the bottom plate of the MCO equivalent to the weight of five loaded Mark IV baskets 
distributed over the area of the plate: 

A, = MCO bottom plate area = rr x (23'00)2 = 415.48 inch2 
4 

W, = Maximum weight of a Mark IV basket = 3,218 Ib 

' The geometry of the MCO, storage tube, and MHM is being designed to prevent large off- 
center loading or dropping. Analyses have been conducted ("F-SD-SNF-DP-007, Appendix C) 
that show small offsets are acceptable when strikidg an edge. This shows the weight distribution 
assumption was reasonable. Further analyses are being conducted with the &el weight distributed 
as actually configured and with larger offsets; preliminary results are showing the imposed strains 
are acceptable. 

The hydrostatic pressure described in Section 3.2.2.3.1 is applied, except that the applied 
hydrostatic pressure is based on the earlier maximum basket weight of 3,200 lb rather than a 
bounding weight of 3,225 Ib. Although not conservative, the payloads applied to the finite 
element analyses are based on 3,200 Ib. The difference is less than 1%, and considering the low 
stress ratios, the effect is negligible. 

Symmetry boundary conditions are applied at the edges of the model. Nodes between the 
jacking bolts and the locking ring, and nodes between locking ring threads and shell threads are 
coupled. The gap elements between the shield plug and the bottom of the jacking bolts have a 
very small positive interference to represent the preload on the bolts. Gap elements are used at 
the bottom of the model in order to simulate contact between the bottom plate and ground while 
allowing for bending and/or axial distortion of the bottom plate. 

A summary of the maximum stress intensities and stress ratios for both load cases is 
provided in Table 3-17. 
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Membrane stress intensities 

Maximum 
(Ib/in2) 

Component 
Stress ratio 

Table 3-17. Summary of Maximum Stress Intensities for 
Bottom End Drop (54 g). 

Membrane + bending stress 
intensities 

Maximum 
(Ib/in2) Stress ratio 

Bottom plate 3,344 0.07 7,161 0.11 

Lower shell 

Middle shell 

Upper shell and collar 

I Shield plug I 7,322 I 0.18 I 9,016 I 0.15 I 

19,930 0.42 22,3 10 0.33 

5,735 0.12 5,815 0.09 

4,604 0.10 7,239 0.11 

Guard date 312.9 0.01 I 700.2 1 0.01 

I Load case at 450 lb/in2 internal pressure with lifting cap I 
Locking ring 1,727 I 0.04 2,229 0.03 

~~ 

Bottom plate 

Lower shell 

3,933 0 08 8,441 0.13 

25,060 0 53 28,440 0.42 

SARR-005.03 

Middle shell 

Upper shell and collar 

Shield plug 

Guard plate 

3-44 

10,710 0.23 10,950 0.16 

10,660 0.33 11,160 0.24 

5,749 0.14 8,296 0.14 

585 0.01 1,057 0.02 

March 2000 
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Multi-Canister Overpack onto MultCCa ster Overpack Drops Two drops were 
analyzed: one with the cover cap welded in place d the other without Both drops were at 
132 "C. The drop at 150 Iblin'intemal pressure k without the c6ver cap, and the drop at 
450 lb/inz gauge was with the cover cap. 

Analyses show that ASME Code allowablesi(Subsection NB and Appendix F) are not 
violated. The radial displacements due to the loadpases and the pressure distribution are well 
within the allowables given by the MCO Performaace Specification (Goldmann 2000b). 

The results are summarized in Tables 3-18 Wough 3-21 The stress ratios in Tables 3-19 
stress intensity to the allowed stress for that 

type of stress intensity. From Table 3-18, that the maximum internal deformed shell 
and 3-20 are calculated as the ratio of the 

circumference will not exceed the allowed 
Specification (Goldmann 2000b). 

checked according to Paragraph 
(ASME 1998). From the analyses using the 
axial stress in the MCO shell occumng 
occurs during the drop of one MCO 
internal pressure. According to 

in specified in the MCO Performance 

3.2.2.3.4 End Drop Buckling. The m compressive membrane stress has been 
Pressure Vessel Code 

end drop models, the maximum compressive 
drops is 15,620 lbhn'. This result 

CSB, with the end cap and zero 
1998), parameter A is 

0.125 A = -  
% - 
T 

where 

& = the inside radius of the MCO shell = 11.50 in. 
T = the minimum thickness of the MCO sh& = 0.485 in. 

A =  0'125 = 0.0052 . 

The corresponding value of B, obtained Eo& the ASME Boiler and Pressure Vessel Code, 

essure Vessel Code, qaragraph F-1331 5,  the allowable compressive 
S& II, HA-1 (MME 1998), at 132 "C (270 p) is 11,300 Ib/iiz (interpolated value). 

or 16,950 lb/inz. s value is greater than the computed 
, the MCO shell meets the bu citerim for an end drop. Although 

Table 3-17 reports maximum stress intensities grater than 16,950 lb/inz, none of the compressive 
axial stresses exceed this value. 
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Table 3-18. Maximum Shell Radial Displacement and Circumference Change. 

I Component 

Maximum radial 
displacement 

I 

~ a x i m u m  I Stress ratio I Maximum Stress ratio (lb/in? (lb/in2’, 

Undeformed shell 
diameter 

Bottom plate I 8,522 

Maximum deformed 
shell diameter 

Maximum calculated 
circumference 

Allowed 
circumference 

0.18 I 12,030 I 0.18 

54 g bottom 
end drop 

without lifting 
cap 

Lower shell 

Middle shell 

Upper shell and collar 

0.0292 in. 

16,930 0.36 19,730 0.29 

16,450 0.35 16,520 0.24 

16,630 0.35 17,760 0.26 

23.00 in 

Shield plug 

Guard plate 

23.0584 in. 

19,040 0.48 21,740 0.36 

5,776 0.14 9,496 0.16 

72.44 in 

Locking ring 977 I 

54 g bottom 
end drop with 

lifting cap 

0.02 1,013 0.02 I I I 

0.0320 in. 

23.00 in, 

23.0640 in 

72.46 in 

73.04 in 

28 g drop of 
one MCO onto 

another 
without lifting 

cap 
0.0250 in. 

23.00 in. 

23.0500 in. 

72.41 in. 

73.04 in. 

w 

28 g drop of 
one MCO onto 

another with 
l i n g  cap 

0.0481 in. 

23.00 in. 

23.0962 in. 

72.56 in. 

73.04 in, 

MCO = multi-canister overpack. 

Table 3-19. Summary of Maximum Stress Intensities for Multi-Canister Overpack onto 
Multi-Canister Overpack Drop wi@hout Cover Cap in Place (28 g). 

I 

I Membrane + bending stress I intensities I Membrane stress intensities 
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Membrane stress intensities 

Maximum Stress ratio (lb/in*) 

Component 

Table 3-20. Summary of Maximum Stress Intensities for Multi-Canister Overpack onto 
Multi-Canister Overpack Drop with Cover Cap in Place (28 g). 

Membrane + bending stress 
intensities 

Maximum Stress ratio (lb/in*) 

Bottom plate 

Lower shell 

11,850 0.25 19,040 0.28 

21,170 0.45 22,890 0.34 

I Middle shell I 20,640 I 0.44 I 20,850 I 0.31 I 
Upper shell and collar 

Shield plug 

29,270 0.92 39,080 0.86 

1,477 0.04 3,230 0.05 

I Guard plate I 1,799 I 0.04 I 2,277 I 0.04 I 
Locking ring 

Lifting cap 

8,373 0.21 12,990 0.22 

27,880 0.70 33,180 0.55 

Load case 
54 g bottom end drop, without cover cap 
54 P bottom end droo. with cover cao 

Maximum plate deflection 
0.008 
0.008 

I 28 e droo into CSB tube with cover cao I 0.008 I 
28 g drop into CSB tube without cover cap 

CSB =Canister Storage Building 

0.007 

3.2.3 Multi-Canister Overpack Fuel Storage Basket Analyses 

The following sections summarize the design agent's evaluation of the Mark IA and 
Mark IV storage and scrap baskets for lifting and deadweight loading. The Mark IA storage and 
scrap baskets also have been evaluated for drop accident loading. The structural adequacy 
evaluation is based on meeting the safety factors of three on yield and five on ultimate strength as 
listed in the MCO Performance Specification (GoMmann 2000b) for lifting and loading and on the 
ASME Boiler and Pressure Vessel Code, Section III, Subsection NG (ASME 1998), for the 
deadweight stacking and drop load conditions. 
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3.2.3.1 Stress Analysis of the Mark JA Fuel and Scrap Baskets. This section summarizes the 
design agent's evaluation of the Mark IA fuel and scrap baskets for lifting, deadweight, and drop 
accident loading (Goldmann 2000a, Appendix 7). The structural components of the Mark IA fuel 
and scrap baskets are identical. 

The following assumptions were used in the evaluation. 

For the vertical drop loading when the baskets are stacked within the MCO, it is 
conservatively assumed that the basket support rods are in alignment, with the 
exception of the bottom basket, which is assumed to be rotated 30" relative to the 
baskets above. This configuration produces the maximum bending in the basket 
bottom plate. 

Because the MCO Performance Specification (Goldmann 2000b) does not specify the 
density of the scrap material in a loaded scrap basket, density is calculated based 
upon the assumption that the total basket scrap weight is equal to the total fuel 
weight (48 fuel rods) in a loaded Mark IA storage basket. 

For the horizontal drop evaluation, the top end support for the center pipe, which 
interfaces with either the basket above or the bottom of the shield plug assembly, 
must be maintained throughout the drop. 

Other assumptions are as noted within the calculation documentation. 

The geometry of the Mark IA fuel and scrap baskets is defined in Figures 1-5 and 1-7, 
respectively. The primary structural components h r  both basket designs (bottom plate, support 
rods, and center pipe) are identical. The primary structural components and other significant 
components of the fuel basket are identified in Figure 3-7. The scrap basket has additional 
components in the form of six 60" shroud segments. Each segment is fabricated from copper 
plate. When all six segments are fastened together they provide a fines area around the center 
pipe and stiffener plates between the outer shroud and the fines area. The shrouds provide no 
structural function except to position the scrap material during initial loading. 

A summary of the function of each structural component is provided in Table 3-22. The 
bottom plate has a thickness of 1.2 in. with 0.5-in. flow holes, except in the center, where the 
bottom plate is attached to the center post, the thickness is 1.5 in. to accommodate the threaded 
connection. The center post is fabricated from 6.625-in.-outer-diameter bar stock and fastened to 
the bottom plate using 5-in.-diameter, 4-pitch acme stub threads. The top of the center post 
features a center coupling that interfaces with the lifting grapple and also provides stability by 
interfacing with a mating provision in the basket above when the baskets are stacked within the 
MCO. The coupling on the uppermost basket interfaces with the shield plug assembly. The 
approximately trapezoidal geometry of the support rods provides the maximum cross section for 
the available space. A thick aluminum fuel-positioning plate, or fitel rack (storage basket only), 
rests on the bottom plate. The fuel rack serves a locational function and was not subjected to a 
structural evaluation. 
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normal operations and during vertical drop accidents 

(2) Maintains the position of the center pipe during drop accidents 
Bottom plate (1) Supports the fuel during normal operations 

- 

Table 3-22. Mark IA  Fuel Basket Structural Components. 

I Componentname I Structural functions 

Center pipe 

Center coupling 

Support rod 

(1) Primary load-carrying component during lifting operations 
(2) Provides support to baskets above when stacked inside the MCO 
(3) Provides "void space" boundary for criticality safety, which must 

be maintained during normal operations and following drop 
accidents" 

(1) Primary load-bearing component during lifting operations 
(2) Shear support for the center pipe during a horizontal drop 

accident 

, Provides support to baskets above when stacked inside the MCO for 
I 

Both the storage and scrap basket designs include a shroud located on the outside 
circumference ofthe baskets. The storage basket shroud is fabricated out of 18-gauge sheet 
metal and is half-height. The scrap basket shroud is fabricated out of copper and is full-height. 
The use of copper for the scrap basket shroud increases dissipation of the heat produced by the 
fuel and is a modification from the original design Since the he1 rack in the storage basket 
prevents significant loading to the shroud, the storage basket shroud is considered to be 
nonstructural. The scrap basket shroud is fabricated out of copper, so it is not classified as a 
structural component. However, since the scrap basket shroud is subjected to a relatively low 
pressure loading from the scrap pieces bearing against it, an evaluation has been performed to 
demonstrate copper's behavior under pressure and elevated temperature. 

The SPR %el basket is a modified version of the Mark IA fuel basket. A nonstructural 
loading j i  replaws the aluminum fuel rack. The fuel elements are stacked two to three high in 
each losdiag w o n .  The combined weight of the jig and the SPR fuel in the Mark IA fuel 
basket is lasa than the weight of the Mark IA  fuel Therefore all analyses for the Mark IA basket 
are bounded by the Mark IA fuel load. 

The bottm plate and center post are fabricated from 304L stainless steel, and the support 

fuel rack for the storage basket and the copper shroud segments for the 
rods nrc fnbricatsd from dual-certified 304L/304 stainless steel. Other materials include the 

For this analysis, the only mechanical properties of interest are the elastic moddus, 
ultimate strength, and ASME stress allowable. At 132 "C, the yield strength of the 

copper shroud material is 7,650 Ib/in2 and ultimate strength is 30,000 Ib/inz 
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3.2.3.1.1 Lifting Loads. According to Section 4 12 3 of the MCO Performance 
Specification (Goldmann 2000b), the Mark IA baskets shall meet the safety factors of three on 
yield and five on ultimate material strength The sofety factors apply from 5 "C to 100 "C (41 "F 
to 212 OF). These safety factors are to ensure the Following 

"The load bearing members of a special W n 4  device shall be capable of lifting three 
times the combined weight of the shipping co tainer with which it will be used, plus the 
weight of intervening components of the spe al lifting device, without generating a 
combined shear stress or maximum tensile s t i  ss at any point in the device in excess of 
the corresponding minimum tensile yield strefigth of their materials of construction 
They shall also be capable of lifting five times that weight without exceeding the 
ultimate tensile strength of the materials " 

The design criteria are to ensure that the shear stress shall be taken as an average value over 
the cross section and that the tensile stress may be due to direct or bending loads. The bending 
stress is de6ned as being linear over the cross section These are the guidelines for which the 
baskets were designed The "load bearing membets of a special lifting device" are interpreted to 
apply to all components of the storage baskets in the load path between the lifting grapple and 
fuel 

3.2.3.1.2 Deadweight Loads According t e  Section 4 12 1 of the MCO Performance 
Specification (Goldmann 2000b), the Mark IA baskets are to be designed in accordance with the 
ASME Boiler and Pressure Vessel Code, Section VI, Subsecuon NG (ASME 1998) The 
deadweight stacking basket configuration is identid to the vertical drop accident configuration 
Because the loading differences far exceed the allawable differences, the vertical drop accident 
condition obviously bounds the deadweight condition 

3.2.3.1.3 Drop Loading Conditions. The boundmg vertical drop loading is 35 g and the 
horizontal drop loading is 101 g (see Table 3-1). The only potential sequential drop (vertical 
followed by horizontal) in the MCO Performance Specification (Goldmann 2000b) is the 
"Dropped with Cask" case, which specifies a 33.5 g vertical (comer) drop followed by a 101 g 
horizontal drop. In this report, the sequential drop is conservatively evaluated as a 35 g/lOl g 
combination. A n d m u  drop temperature of 13;L "C (270 OF) is specified in the MCO 
Performance S@cation (Goldmann 2OOOb). The design agent's analyses were performed using 
a maximum drop temperature of 200 "C (392 OF). Because the analyses are conservative, they 
have not all bemi readyzed using a 132 "C (270 OF) temperature. The decrease in drop 
temperature has a si@cant influence on the allowable limits, particularly for allowable limits that 
are a function of the ultimate strength. For senti* level D events, the acceptance criteria are 
specified in Appendix F, Paragraph F-1440, which refers to Paragraph F-1300, of the ASME 
Boiler and Pressure Vessel Code (ASME 1998) with some specified exceptions 

In addition to the allowable stress limits, Section 4 19 3 of the MCO Performance 
Specification (Oofdmann 2000b) stipulates a nuclgar cnticality safety requirement that a nominal 
void, 6 625 in in diameter, be maintained at the basket centerline For all load conditions, 
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including the drop accidents, this centerline void cannot deviate from the MCO centerline by more 
than 2 in. 

According to the MCO Performance Specification (Goldmann 2000b), the shroud segment 
to bottom plate weld criterion is taken as 

"the copper subassembly of the scrap basket shall be designed to withstand a distributed 
load in tension on the outside shroud of 10,350 pounds before yielding and 17,250 
pounds before failure. This provides a safety factor of three to yield and five to failure 
during loading of the basket into the MCO." 

This evaluation is shown in the MCO Design Report (Goldmann 2000% Appendix 7). 

3.2.3.1.4 Stress Analysis Calculations. The Mark IA storage baskets have been evaluated 
using both hand calculations and ANSYS finite element calculations. The finite element 
calculations were limited to stress predictions for the support rods and the relatively complex 
bottom plate. 

Center Post. The center post and its connection to the bottom plate was evaluated for 
lifting and for both a 35 g vertical drop and a 101 g horizontal drop. For the vertical drop, the 
controlling limit is axial compression (column buckling), and for the horizontal drop, the threaded 
joint controls. 

Lifting loads are canied by the center coupling and by the acme threaded connection 
between the center post and the bottom plate. The threads are seated with a torque of 340 to 
400 ft-lb and fitted with a coiled spring pin to prevent loosening of the threaded connection. 
Since this torque is very small compared to the size of the threads, no further consideration of the 
torque is necessary. The preload of the center post thread is computed to equal the weight of the 
loaded basket times two to account for suddenly applied loads. 

T o 4 u e  = (0'17)(2)(2,400)(5'0) = 340 fi-lb (therefore use 340 to 400 A-lb). 
(12) 

The shear area of the acme threads is 4 = 7.977 in2 for an effective length of thread 
engagement of 1 in., or (0.9)(7.977) = 7.179 in2 for an effective thread length of 0.9 in. 
Conservatively assuming that the load on the joint is the entire weight of the basket, 2,400 Ib, the 
shear stress in the threads is 

Ib 2 400 
7.179 in * 

-. 334 - . T = L -  
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The allowable stress in lifting is 7,010 Ib/in2. The stress ratio on thread shear for the acme 
threads is therefore 

Ratio = 334 = 0.079 
7,010 (0.6) 

where the factor of 0.6 modifies the allowable for shear stress. The minimum diameter in the 
thread relief (d,) is 4.60 in. With the bushing bore diameter (db) of 2.71 in., the tensile stress area 
is 

7 r z  
4 

A, = -(deE - d:,) = 10.85 in2 . 

The tensile stress is 

lb 
A, in 

2400 - 221 - 

and the stress ratio is 

Ratio = ~ 221 - - 0.032 
7,010 

Therefore, the center post attachment to the bottom plate is acceptable for the lifting condition 

For the vertical drop loftding condition, the center post is loaded in compression. The lowest 
of the six baskets is subjedsd to the greatest load. The Mark IA basket weight is bounded by the 
weight of the storage basket at 2,400 Ib The buckling capacity of the center post was checked 
using the ASME Boiler and Pressure Vessel Code, Appendix F, Subsection F-1334.3@) 
(ASME 1998) and the following input parameters Material temperature is 132 "C. 

E = 27.2 x lo6 Ib/in2 

S, = 19.8 ksi 

304L stainless steel modulus 

304L stainless steel yield strength 

I$ = 0.8 

L, = 22 in. 

Center post effective length factor, conservatively assumed 
pinned at top (Table C-C2.1 [AISC 19891) 

Length of center post, from threaded joint to flat top 
(bounding) 

R =  6.62512 = 3.313 in. Outside radius of center post 
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& = 1.75/2 = 0.875 in. Inside radius of center post 

Cross sectional area of center post Ap = n(R' - &') = 32.08 in' 

A=-- - _  KpLp e - 0 . 8 8 8  
'P n From F-1334.3 (ASME 1998). 

Since the center post is a heavy shape, F-1334.3@)(2) applies. 

F o r A < l  

P, = S&) = 63.52 x lo4 Ib 

A= I - -  
P, = 53.64 x lo4 Ib . 4 P =  

1 . 1 1  +0.75A +0.83A2 -@81A3 

I 
The axial buckling load on the center post of the ldwest of the six baskets is 

Pq = 5(35)(2,400] = 42.0 x 10, Ib 

and the ratio of load to capacity is 

P 
Ratio = 3 = 0.783 

P 

Thw, the bottom bwket center post capacity is 
load. 3eciuwe of dsflecton of the bottom plate $ er load, the load is shared between the center 
post and thc support rods, and the center post do& not cany the entire load. Therefore, buckling 
of the center post is not of concern 

uate to support the entire 35 g vertical drop 

drop, the center post is lo ed in beam bending Since the post is r Fbthe- 
attached essentially rigktiyto the bottom plate an is simply supported at the top coupling, it may 
be modeled as a propped cantilever. The loading consists of a uniform loading of eight he1 
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elements (60" section), plus the center post weight, using 101 g. The total weight of the center 
post is bounded by 220 Ib, and the length of the center post is bounded by 22 in. Each fuel 
element weighs 39.7 Ib. The horizontal loading (1 g) is therefore 

220 + 8 39.7) 
22 

W, = 2- = 24.4 Ibhn 

The moment in a propped cantilever is maximum at the wall (i.e., at the joint to the bottom 
plate), which is the location of the threaded joint and of the minimum moment-resisting cross 
section. The maximum moment is 

(101) :: 149,096 in-lb W&,' Mp = - 
8 

The center post is attached to the bottom plate using a single stub acme thread having a 5-in. 
diameter and 2-pitch. From the Machinery Handbook (Green and McCauley 1996), the stress 
area, 4, and thread shear area, A,, of the threaded portion are 

A, = n( "']' = 17.507 in2 

A, = zK,, 0.5 + -tm(14,5FS - K,,I = 7.977 in2/in 1 :  
where 

E, = 4.7973 in. 
K, = 4.6454 in. 
I$, = 4.7250 in 

Although the boss thickness of the bottom plate is 1.5 in., the minimum thread engaged length is 
0.922 in. because of the thread reliefgroove. Conservatively, 0.9 in. is assumed in analysis. 

The shear stress in the threads from the applied moment at the joint, Y, is found as follows. 
The moment is opposed by a couple having a force F along the post axis, with a pivot point a 
distance, R, of 3.3 13 in. away at the outer diameter of the post. The force is 

M 
R 

F = -.E = 45,003 Ib 
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Conservatively assuming that only the threads on the side of the post far from the pivot are 
active in resisting the load (Le., half of the thread area), the shear area is 

ASa = (0.910.5)Aq = 3.590 in2 

where the factor of 0.9 is the effective length of the threads, and the factor of 0.5 accounts for 
only a half-circumference ofthread. The shear stress in the threads is 

F Ib 
A* in 

T = - = 11,536 - . 

The allowable average primary shear stress for the drop condition is 26.3 ksi. The stress 
ratio on center post attachment thread shear is 

T Ratio = - = 0.477 
26,300 

The threaded portion also is subject to bending stress on the cross section. The moment of 
inertia of the threaded portion is 

i T 4  I = -(deB - d;) = 19.33 in4 
64 

where the minimum diameter of the thread relief, deE, is 4.60 in., and the bushing bore diameter, 
d,, is 2.71 in. The c-distance is d, divided by two, or 2.3 in. The bending stress is 

M c  Ib 
I in 

o = P =  17,740 - . 

The allowable stress for primary membrane plus bending is 60.1 ksi (elastic analysis). The 
stress ratio is 

0 Ratio = - = 0.295 
60,100 

Therefore, the center post and its attachment to the bottom plate are acceptable 
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Center Coupling The center coupling is 
adjacent baskets and the MCO &eld plug. It i 
drop. During deadweight staclln& the center 
dimensioned to prevent loading of the center c 
the lirting grapple interface, which has an outer 
2.00 in. The net section was checked for tensi 

on of the center post that interfws with 
lifting and during a horizontal 

with the center bushing is 
section of the coupling is 

ar (horizontal drop 
er of 2.66 in. and an inner diameter of 

loading). 

AMN = [2.66)2 - (200)'F = 2.416 in2 
4 

- 2,400 lb 
AMlN in 

om - - = 993 - 

Ratio = - = 0.142 . 

3 
SY - 

Thus, the center coupling is adequate for the Iiffini load condition. 

For tb horizontal drop, the minimum sectionkas checked for average shear adequacy. 
Conservavatively ignoriag bending resistance of bottdm plate connection (top end reaction = !4 of 
101 g loading of eight 39.7-Ib fuel pins) 

Ib 
, = 6.64 x I d  - 8(39.7lbx101&$ 

2(AhfIN) in =DROP = 

S, = 62,500 Ib/in2 

T 
Ratio = = 0.253 . 

0.42s" 

Therefore, the center coupling also is adequate for the horizontal drop 101 g loading. 

98ppapu M. The latiat toad canying cap=@ of the support rods is determined using the 
approach outlined in the ASh4E Boiler and Press Vessel Code, Appendix F, 
Subsection F-1334.3(a)(l) (ASME 1998). Accord T ng to this methodology, the allowable capacity 

S M - 0 0 5 . 0 3  3-56 March 2Mx) 



HNF-SD-SNF-SM-005 REV 2 

of the support rods is two-thirds of the maximum qapacity determined by a nonlinear buckling 
finite element analysis, taking account of material lasticity and load eccentricity. The support 
rod is 21.967 in. long and is bolted securely to the, ll aseplate. The material is type 304L stainless 
steel, certified as having the mechanical properties :of type 304. 

The ANSYS 5.4 finite element analysis mod of the rod is shown in Figure 3-8. The rod is 
conservatively given a length of 22 in. Part of the hell is included to model the lateral' support 
provided by the shell as the support rod's deform shape moves outward. The rod is constmcted 
of SOLID45 elements, and the MCO shell of SHE i L43 elements, both capable of large 
deflections and nonlinear material behavior. The potential contact between the rod and the shell is 
modeled using CONTACT52 gap elements. Conskrvatively, the maximum gap (considering 
fabrication tolerances) of 0.265 in. is used, 

Since there are six support rods, a one-sixth (60") symmetry model was used. The bottom 
of the support rod is considered fixed to the bottok plate of the lowest basket. The MCO shell is 
0.5 in. thick and is joined to the bottom plate oft$ canister at essentially the same elevation as 
the lower end of the support rod. The upper end df the shell segment is located 22 in. 
(approximately one basket length) above the top cf the support rod. Since the support rod forces 
are very localized, this length is adequate. The ci+umferential edges of the shell are corntrained 
in a manner consistent with symmetry, the bottom'of the shell is fixed, and the top is free. 

The load is applied to the support rod as a d ned displacement in the axial direction and is 
applied at a node located 0.25 in. radially inward om the centroid of the rod. This offset 
provides the initial buckling eccentricity and is de ved from the chamfer located on the lower 
surface of the bottom plate. Based on the radius f the chamfer (1 1.063 h.) and the radial 
location of the rod (outer edge at a radius of 11.2 1 6 in.), the radial distance of the top face of the 
rod that is not loaded by the bottom plate is (1 1.2 6 - 1 1.063) = 0.163 in. However, a load offset 
equal to the entire 0.25-in. chamfer is conservativ y used. This radially inward bias of the load 
also ensures that the initial buckling of the rod wi be in the outward direction, resulting in lateral 
support f?om the MCO shell. In addition, the rad' E displacement of the loaded node at the upper 
end of the rod is constrained to be zero, consist with a pinned end. This requires that adequate 
fiction be present between the bottom plate of th basket above and the support rod. As is 
demonstrated, the resulting radial reaction load 1 is asily obtained with a conservative, lower 
bound friction cwfficient. The design agent deterhined that the lowest dynamic, dry coefficient 
of friction for steel on steel is 0.42. However, a h u e  of 0.1 may be conservatively assumed, 
which is adequate to pin the upper end of the sup$ort rod. The material properties of the support 
rad and MCO shell are based on a bilinear stress Qrain curve for type 304 material, using the yield 
strength of 23,250 Ib/in2 at 270 "F.and a tangent modulus of 160,000 Ib/in2. 

The resulting forcedeflection curve for a single support rod is shown in Figure 3-9. The 
choice of 0.25 ia. for the displacement of the top f the rod is arbitrary and ensures that the 
mcvcinnun Capacity of the rod is developed. The rst, lower peak is the initial bikcation point as 
the rod begiwrri..tAlckle. ~ The lowest pint is r 4 ed just before the rod first contacts the MCO 
shell, at which point the buckling capacity increases steeply. The curve levels off as an inward 
deformation of the lower part of the rod begins ta occur. The stress in the shell remains elastic 
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throughout The maximum load-carrying capacitypf a single support rod is 65,625 lb at an axial 
deformation of 0 2 in. The radial reaction of the tdp of the rod is 6,400 Ib, and to keep it in place, 
a minimum coefficient of friction of 6,400/65,625 * 0 098 is needed, which is below the lower 
bound coefficient discussed above. Therefore, the inned assumption of the upper end of the rod 
is valid. The deformed shape of the rod at an upp tk displacement of 0 2 in is shown in 
Figure 3-10 

Since there are six support ro 
rods in the lowest basket is 6 x 65 
0.030 in., but since the force-deflec 
the effect of length variation of this 
Boiler and Pressure Vessel Code, 
allowable capacity is two-thirds of this value, or 

tal load canying capacity of the support 
he length of the rods may vary by 

ely flat in the region of maximum capacity, 
is negligible. According to the ASME 
on 1334 3(a)(l) (ASME 1998), the 

Pa = (2/3)(393,750) = 262,500 lb 

The load applied to the support rods is basedpn the load distribution between the center 
post and the rods and is a function of the stiffness bf the bottom plate. The Figure 3-1 1 ANSYS 
model was used to determine the load distribution1 The fuel pressure was applied to the plate, 
and the support rod and center post reactio 5,209 Ib and 3,778 lb, respectively, for a total 
load of 8,987 Ib. The load-sharing ratios are re 3,778/8,987 = 0.42 for the center post, and 
5,209/8,987 = 0.58 for the support rods. This s assumed simultaneous contact at all six 
rods and the center post. As stated above, the of the rods and the center post could 
individually vary by 0.030 in. However, since port rods retain essentially their maximum 
capacity up to and beyond a displacement of 0.2 $., the height variation of 0.03 in has no effect 
on the load distribution. The load the support rods must carry is 

P = (5)(2,4OOx35xOY8) = 243,600 Ib 

which is equivalent to 58% of the weight of five Mark IA storage baskets weighing 2,400 lb each 
under a 35 g impact. The stress ratio is 

P Ratio = - = 0.928 , 

pa 

Note that at the maximum applied load of 24 ,600 lb (40,600 lb/rod), the axial displacement 
of each rod is only 0.014 in., and thus, the rods 4 e still not reached the fist, lower bhca t ion  
point. "kcfore, the margin of safety is substanti . Two other comervatisms in the analysis are 
wort$t &-. Fi, the datively large flat surf ce on the top of the support rod leads to a 
d e g r S o W q  as shown in Figure 3-12 r The rotation of the top of the support rod 
under eccentric loading has the effect of moving t$e load application point outward, thus reducing 
the eccentricity In the model, by contrast, the eccentricity was not only upper bounded, but held 
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constant. Second, Paragraph F-1322.30 of the ASME Boiler and Pressure Vessel Code 
(ASME 1998) permits an adjustment of the stress-strain properties to account for strain rate 
effects The increase in the yield strength for the drop accident load cases was conservatively 
ignored Therefore, buckling of the support rods in an end drop is not of concern. 

The support rods are attached to the base plate with 5/8 -1 1 flat head screws. Torque is 
applied to the limits of the ASME Boiler and Pressure Vessel Code, Subsection NG-3232.2 
(ASME 1998), the preload stress being limited to (1.2)O.9Sy For SA-193 material at 270 "F 

S, = 3(S& = 3(11,600) = 34,800 Ib/in2 . 

The stress limit is therefore 

(1.2)(0.9)(34,800) = 37,584 Ib/in2 , 

The maximum allowed preload force is therefore 

F = oAs = 8,494 lb 

The stripping of the thread in the support rod was checked for this loading: 

A SJNTERNAL 1 

L E  
= ' 'SMlN[% + 0.57735pSMlN - '.MU)] 

where 

D,,, = minimum major diameter of external thread = 0.61 13 in. 

& = maximum pitch diameter of internal thread = 0.5732 in. 

LE = length of engagement 
= 2.50 (length of bolt) - 1.25 (maximum thickness of base plate) 
= 1.25 in. 

in 
L E  1 in 

PLS,mTERNAL = +0.57735(0.6113 -0.5732) = 1.425 - 

A,,ma= 1.425 (1.25) = 1.781 in2 

The allowable stress is 

0.6 S, = 0.6(16,700) = 10,020 Ib/in2. 
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The stripping load is 

(1.781)(10,020) = 17,848 lb > 8,494 Ib preload 

Therefore stripping of the threads is not a concern 

The thread friction coefficient, k, is 0.2. The calculated torque with d = 0.625 in. is 

T = Fkdll2 = 88 lb-ft 

With an uncertainty of 3O%, the torque should be limited to 68 lb-ft. The recommended 
torque is 60 f 8 lb-A. 

The use of a clamped condition for the attachment of the support rod to the base plate is 
substantiated by investigating the worst-case bending moment occurring during buckling to 
determine the bolt load induced by the resulting moment around the attachment interface of the 
rod to base plate. This load is then compared with the colinear axial force acting at the same time 
(see Figure 3-13. Using the parameters provided in Table 3-23 

I = XIo +XAY -EA(Y)' = 0.0083 +O. 1141 - (0.6952)(0.3327)' = 0.0454 in4 

For the worst-case moment point (at the end of the analysis, maximum deflection, where the 
rod has the greatest curvature, and the axial load is starting to fall), the fixed end moment is 
14,922 in-lb. 

The bolt load is 

PBoLT = MdI (&) = (14,922)(0.682 - 0.3327)/(0.0454)(0.226) = 25,918 Ib 

where c is the distance from bolt centerline to neutral axis 

The colinear axial force directly downward on the base plate at this time step is 64,698 lb. 
Since this is much more than the bolt force, it is clear that the bolt is not necessary to keep the 
base of the rod "fixed." The axial buckling load of 64,698 Ib against the flat bottom is more than 
enough to do that. A check of the axial reaction loads of all 40 of the nodes on the bottom face 
of the rod shows all except three (located on the radial outside of the rod) are pressing down onto 
the base plate. Therefore, the rod bolt is locationd only, and no stress analysis in connection with 
the buckling analysis is required. 
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Section 

1 

2 

Table 3-23. Support Rod Geometric Properties 

Area Y AY AY1 Io 
0.4027 0.1664 0.0670 0.01 11 0.0037 

0.0762 0.2218 0.0169 0.0037 0.0005 

3 

4 

E- 

-0.0097 0.3196 -0.0031 -0.0010 neg 

0.226 0.6820 0.1541 0.1051 0.0041 

0.6952 -- 0.2313 0.1141 0.0083 

Bottom Plate. The Mark IA bottom plate was evaluated for normal operation and drop 
accident conditions. As indicated in the following paragraphs, the bottom plate design is 
controlled by the vertical drop load event 

As indicated in Appendix A of the MCO Performance Specification (Goldmann 2000b), a 
loaded MCO consists of six Mark IA baskets The basket bottom plate stresses would be 
relatively low ifthe basket support rods were all aligned However, since the baskets are not 
indexed to ensure support rod alignment, rotational offsets are expected The maximum bottom 
plate bending occurs when the support rods are midway between the above basket rods (30" 
offset). The critical bottom plate is the next-to-the-bottom basket with the bottom basket rotated 
30" from the basket above. For this condition, the critical bottom plate rods react to the loading 
from the top four baskets. This support rod offset produces significant bending stresses in the 
bottom plate, as demonstrated below. 

The bounding drop loads for the bottom plate are a vertical drop of 35 g and a horizontal 
drop of 101 g. As indicated below, the critical drop for the bottom plate is the 35 g vertical drop. 
Sice the drop load stresses are much greater than the normal operation stresses within the MCO, 
the drop load condition controls the bottom plate design However, since the boundary 
conditions and acceptance criteria of the single basket lift condition are much different than those 
for the drop condition, the lifting condition also is addressed to confirm adequacy for this load 
condition. 

Two ANSYS models were developed for evaluating the bottom plates of the Mark IA 
basket. The first model generated was a 60" sector model complete with holes, as shown in 
Figure 3-1 1. The meah refinement necessary to properly define the holes resulted in a relatively 
large number of elements that ran relatively slowly The second model generated was a 180" 
model without holes (Figure 3-14) and with three support rods, one every 60". Note that in both 
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models, shell elements (SHELL43 and SHELL63) were used to model the center post6 and 
bottom plate, while solid elements (SOLID45) were used to model the support rod 

Symmetry boundary conditions (no rotation about a radius line nor displacement in the 
tangential direction) were used at the zero and 60" edges of the first model For the stacking load 
condition within the MCO, it was assumed that the supporting basket below was rotated 30", 
resulting in the support rods beneath being centered on the edges of the model The precise 
bottom-plate-to-support-rod contact locations we= not known To address this contact issue, 
gap elements were placed at the bottom plate-support rod interface 

A 180" degree symmetry model, shown in Figure 3-14, was developed for the horizontal 
drop evaluation. The primary purpose of this model was to demonstrate conformance to the 2-in 
distortion limit on the center post (Goldmann 200Clb, Section 4 9 3) The bottom plate and center 
post were modeled using ANSYS SHELL43 elements The support rods were modeled with 
beam elements (BEAM4). Note that beam elements also were used at the support rod-bottom 
plate connection locations to spread the support rad moments over the outlined area of the rod 
Although structural adequacy of the support rods IS not an issue for the horizontal drop, the 
support rods were modeled to introduce the support rod inertia loads (moments) to the bottom 
plate. Gap elements (CONTAC52) were used at the drop-side interface with the MCO in order 
to achieve a reasonable interface load distribubon Since the horizontal drop can be preceded by a 
vertical drop, rigid l i s  (BEAM4) were used to account for a potential mal reaction offset in the 
bottom plate occurring during the vertical drop (an offset of 0 5 in. was used) 

Usmg a no-hole model, an initial estimate of &e 35 g vertical drop stresses was generated 
The loading and boundary conditions corresponded to a next-to-thebottom basket, with four 
Mark IA baskets above. Before the vertical drop $as analyzed, a run was made to estimate the 
fuel load distribution betwem the center post and $upport rods by applying a uniform pressure to 
the bottom plate to simulate the fuel inertia loading that was reacted through the center post and 
support rod. As diecussed in the support rod sectien, under elastic conditions, 58% of the fuel 
loading is reacted through the support rods, and 42% of the fuel loading is reacted through the 
center post. This support rod-center post load distribution provides a reasonable, and likely 
conservative, estimate of the support rod loading the elastic vertical drop analysis described 
below 

6The model was built assuming a center post made from 6-in., XXS pipe. The actual center 
post is made from d i d  bar with a 1.75411 -diameter hole. In the vertical drop analysis, the center 
post plays ody a negligible role because the stresses in the bottom plate do not depend on the 
center post um5gudon .  In the horizontal drop analysis, the use of a pipe in the finite element 
model is conservative. This is because the actual center post, since it is much stiffer than the pipe, 
will impart a a d e r  out-of-plane rotation to the bbttom plate, thus reducing the stress in the 
bottom plate. For these reasons, the use of a center pipe configuration in the models is 
conservative. 
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Subsequent Mark IA basket design changes b v e  increased the basket weight. The change 
fiom a center pipe to a center post added approxhptely 80 lb more, but all of the added weight is 
carried directly by the relatively stiff center post itgelf, and does not affect stresses in the bottom 
plate. Therefore, although the weight has been sp$fied as bounded by 2,400 Ib, a weight of 
2,300 Ib can be used for this analysis without sig cant loss of accuracy. Using this weight and 
35 g, the four basket loading is 

(35)(2,300)(4) = 322,000 Ib , 

For an elastic drop analysis, it is reasonable to assume that the support rods equally share the 
. support rod portion (58%) of the 322,000 drop load, resulting in a support rod loading for the 

next-to-the-bottom basket of 

F, = (0.58)(322,000)/6 = 3 1,127 Ib , 

The center post load estimate for a 60” sector is 

Fop = (0.42)(322,000)/6 = 22,540 lb , 

These loads were imposed on the model in Figure 3-8 in the form of pressures on top of the 
support rod (10,83 1 Ib/in2) and center post (8,647 Iblin’). Vertical constraints were introduced at 
the bottom of the center post and at the interface qith the bottom basket support rods. Fuel 
inertia loading on the bottom plate was input as an equivalent pressure, using 39.7 lb/hel rod 
(Goldmann 2000b, Appendix A): 

F,= 48(39.7)(35) = 66,696 Ib 
A,,= [(22.625)’ - (6,625)’ - 102(0.51)’](~/4) = 346.93 inz 
A, = 2.874(6) = 17.24 inz 
Pressure = FA(A,, - A,) = 202.30 Ib/inz (Equivalent &el pressure, plate with 102 0.5-in 

holes). 

The elastic analysis results are summarized in the Figure 3-15 stress intensity contour plots 
Note that for the e4aatic andysis, the peak stress it&nsities are adjacent to the flow holes. These 
peak stresses arc considered very localized, and thq maximum is 68.6 ksi. Comparing the 
maximum plate bending stress of 68.6 ksi with the ASME Boiler and Pressure Vessel Code, 
Section El, Subsection NG, Level D allowable stress intensity of 60 12 ksi (1 5 x 2.4SM at 
132 “C) indicates a small overstress for the elastic analysis limits This elastic overstress was 
resolved by performing the dastidplastic analysis described below 

Using the Figure 3-1 1 model, an elastic/plastie analysis of the 35 g drop was performed, 
as- biliiear plasticity. The method for develQping the bilinear stress-strain curve was 
obtained from Pugh (1972), adapted from 304 staidess steel data Pugh (1972) indicates the 
strain hardening coefficient is relatively independeqt of temperature. A value of 0.16 x IO6 Ib/inz 
was obtained from Table B 1 of Pugh (1972), for a conservative maximum strain of 5% Since 
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Middle 

TOP 
Bottom 
Middle 

TOP 
Bottom 

304 stainless steel and 304L stainless steel are nearly identical materials, it is reasonable to use the 
same strain hardening coefficient and the 17.8% yield increase. 

Maximum stress intensities of 71.5 ksi (top fiber) and 78.5 ksi (bottom fiber) at the hole 
adjacent to the support rod were reported (see Figure 3-16). The ASME Boiler and Pressure 
Vessel Code, Section 111, Subsection NG, Paragraph NG-3213.10 (ASME 1998), classifies a peak 
stress as a stress "...that does not cause any noticeable distortion ...," is 'I. . .at a local structural 
discontinuity...," and is "...highly localized ..." The stresses reported (71.5 ksi and 78.5 ksi) are at 
a local discontinuity (flow hole), highly localized, and do not cause any noticeable distortion. 
Node 495 reports a displacement of 0.0202 in. (node 495 is at the "base" of the localized stress). 
Nodes 33 18, 5622, and 9232, away from the discontinuity, have reported displacements of 
0.0183 in., 0.0184 in., and 0.0196 in., respectively. Therefore, since the displacements listed are 
very similar, the reported stresses (71.5 ksi and 78 5 ksi) are classified as peak stresses. Results 
listed in Table 3-24 for the top and bottom fiber of the bottom plate reflect stresses away from the 
discontinuity (away means about 1 or 2 radius lengths from the hole). 

Pm (0.7SJ 14.1 43.8 0.32 

Pm + Pb (0.9s") 33.4 56.3 0.59 

Pm + Pb (0.9s") 36.7 56.3 0.65 

Pm (0.7SJ 13.5 43.8 0.3 1 

Pm+ Pb (0.9s") 30.5 56.3 0.54 

Pm + Pb (0.9SJ 16.1 56.3 0.29 

Table 3-24. Vertical Drop Stress Intensity Results Summary. 

I Stress intensities @si) 
Stress category I Maximum Allowable 

component 

Bottom plate 

PM = priaary membrane strcss. 
Ps = bending stress. 

The vertical drop stress intensity contours are shown in Figure 3-15. A tabular summary of 
the membrane and membrane plus bending results are provided in Table 3-24. Note that all 
predicted stress intensity ratios are less than one, indicating that the results are within ASME 
Boiler and Pressure Vessel Code allowables. 

The plastic strain contours are shown in Figure 3-17. Note that a maximum plastic strain of 
0.1% was predicted, which is well below the 5% assumed for the strain hardening coefficient 
selection W e .  Also, note that a maximum displacement of 0.033 in. was predicted. This 
maximum displacement occurs in the vertical direction and occurs in the plate below the support 
rod. The bottom plate distortion is of interest because ofthe potential for a horizontal drop 
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following a vertical drop. As indicated in the bottom plate section, this maximum plate distortion 
was considered in the horizontal drop evaluation. 

Using the 180" model shown in Figure 3-14, an elastic/plastic analysis was performed for the 
101 g horizontal drop load condition. The plastic analysis option was selected for two reasons: 
(1) an initial elastic analysis predicted local stresses that exceeded the elastic allowables, and (2) 
total transverse distortion (elastic plus plastic) predictions were needed to demonstrate 
conformance to the MCO Performance Specification (Goldmann 2000b, Section 4.19.3) nuclear 
criticality safety requirement that the "void space centerline shall not deviate more than two inches 
from the MCO centerline." 

As indicated by the small elements on the right side (impact side) of the model shown in 
Figure 3-14, line elements were used to account for the potential offset associated with bottom 
plate plastic distortions occurring during a preceding vertical drop. Note from Figure 3- 18 that 
offset from the bottom plate centerline can also be affected by the bottom plate edge contact. 
Although the vertical drop distortion was less than 0.1 in., an offset of 0.5 in. was conservatively 
assumed. Although the actual offset would be limited to a small area (near a support rod), a 
uniform offset was conservatively assumed. 

The acceleration loading was increased to 1.5 times the specified drop loading of 101 g to 
ensure that the ASh4E Boiler and Pressure Vessel Code, Level D buckling requirements were met 
(ASME 1998, Paragraph F-1331.5(a), loading less than two-thirds buckling capacity). An earlier 
elastic buckling analysis, with no bottom plate offset, indicated that the elastic buckling strength 
was in excess of 1,000 g (stress > yield), which indicates that the actual buckling failure mode is 
inelastic. 

The nonlinear results for the horizontal drop evaluation are summarized in Figure 3-19. 
Note in Figure 3-19 that a maximum stress intensity of 32.1 ksi was predicted for the top side of 
the bottom plate. The corresponding maximums for the shell middle and bottom surfaces are 18.6 
and 3 1.1 ksi, respectively. Since the maximum surface stress intensity is more than 50% higher 
than the midsurface results, membrane plus bending stress intensity is the critical value for the 
horizontal drop. The allowable membrane plus bending stress intensity (plastic analysis) is 
56.3 ksi, resulting in a ratio of 

Ratio = 32.1/56 3 = 0.570 , 

Aa indicated, a loading 1.5 times the 101 g drop loading (15 1.5 g) does not result in an unstable 
response. Thus, the ASME Boiler and Pressure Vessel Code, Level D requirement (load less than 
two-thirds buckling strength) is met. 

A criticality control limit in Section 4.19.3 of the Performance Specification 
(Goldmann 2000b), specifies that the center post cannot deviate from the MCO centerline by 
more than 2.00 m. From Figure 3-19, a maximum horizontal drop displacement of 0.51 in. is 
indicated in the figure legend (101 g loading). This maximum displacement occurs at the top of a 
support rod, which has no criticality concern. From Figure 3-19, the maximum displacement in 
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the bottom plate is only 0 08 in for a 101 g loa-. Combining this value with the 0.1875-in 
radial displacement caused by the difference between the basket outer diameter and the MCO 
inner diameter results in a deviation of 0.268 in. The resulting allowable ratio is 

Ratio = 0.268/2,00 = 0.134 

Scrap Buket Shroud. The scrap basket sbr~ud extends the 1 1 1  height of the basket and is 
used to contain the scrap pieces. The scrap pieces vary in size and shape, and resulting pressure 
varies M C U r t t y .  A reasonable estimate of the wrap pressure can be obtained by considering 
wall pr#unues associated with angular rock (e.g , limestone, iron ore) The scrap pressure during 
drop tooding ww not considered bccause it is assueed that the drop loading scrap pressure is 
carried by the MCO wall. An evaluation of the w d  pressure and corresponding structural 
evaluation of the shroud was performed, which r&aled the maximum membrane pressure stress 
in the shroud (lifting load condition). 

P, = 155 Ib/in* 

Pm 

S.. 
Ratio = - = 0.061 , 

Therefbe ell hoop connections (welding, brazing, r mechanical) performed on the shroud must 
have a minimum streqth equivalent to that of the t p  alculated maximum membrane pressure stress 
calculated above. 

The mppw subawmbly of the scrap basket ' designed to withstand a distributed load in 
tension 011 the outside shroud of 10,350 Ib before $ 'elding and 17,250 Ib before failure. This 
provides a safety factor of three to yield and five td failure during loading of the basket into the 
MCO. 

Thc maximum allowable stress is 5.2 ksi at 240 "F and 5.1 ksi at 300 O F  (ASME 1998). 
Us@ limrr intapOtati04 the maximum allowableistress at 270 "F is 5.13 ksi. Using this in 
relation to the allowable stress of 6.70 ksi at roomhemperature, with the yield criteria governing, 
the yield stress at room temperature is 10 ksi. Thekefore, the yield stress at 270 "F is as follows: 

5.13 
6.70 

S, = -(lo) = 7.65 ksi , 

The Bcrew specifled is a self-tapping flat h- number 10, Type AB (square drive, 18-8 
stainless steel material). The minimum head diameter is 0.389 in at the end of the head and 
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0.172 in. at the inside of the shroud (i.e., at 0.125 from the flat surface of the screw head). The 
average head diameter bearing in the copper shroud is calculated as follows: 

0.389 + 0.172 = o,281 in Average head diameter = 
2 

Limiting the bearing stress in the copper to yield, the allowable load when yielding occurs is 
calculated: 

P-G = (F&4re+mo) = (7,650)(0.281)(0.125) = 269 lb/screw 

Checking the shear-out failure along sections at 40" from the loading direction results in 

PmaW = (shear allowable stress)f2T)[edge margin - @/2)Cos40°)] 

at an edge margin of 0 50 in 

P w a m  = (0.6)(7,650)(2)(0 125)[0.5 - (0.389/2)0 7661 
= 403 Ib/screw at 0.50 in. edge margin 

Therefore, shear-out will not occur 

The shear failure of the screw also was checked The diameter of the screw is 
0.164/0 157 in. The minimum allowable stress fos 18-8 bolting according to the ASME Boiler 
and Pressure Vessel Code (ASME 1998) is 7 74 ksi at 270 "F 

Shear allowable of screw = 0 .6 (2S&har  ea) 
= 0.6(2)(7, % 0)(~/4)(0.157)~ = 180 lb/screw . 

Therefore, the shear stress in the screw governs 9 strength of the attachment screws. With IO 
screws per segamt, the stress ratio is calculated as follows. 

Ratio = 10,3M/6 = 0.96 , 

IO (1 80) 

Thermal Expansion. As stated above, the @roud, divider plates and fines divider tube are 
fabricated out of copper, and the bottom plate is fabricated out of type 304L stainless steel. Since 
copper has a higher coefficient of thermal expansibn than stainless steel, a thermal expansion 
analysin was performed. The evaluation was perf4rmed for a temperature difference of 200 "F 
(go* from 70 O F  to 270 OF). This thermal expasion analysis was provided for informational 
and operational reasons because the copper compbnents are nonstructurd items. 
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Vertical expansion for the stainless steel plate was calculated as follows. 

a, = 8.94 x 10" in/in/"F 

AT = 200 "F 

L, = 1.25 in 

A L, = a, L,AT = 0.002 in. 

Stainless steel coefficient of thermal expansion 

Temperature differential 

Bottom plate height 

Verticil expansion of bottom plate 

Vertical expansion for the copper shroud was calcalated as follows: 

a, = 10.0 x 10" in/in/"F 

AT = 200 "F 

L, = 21 5 in. 

A L, = a, L,AT = 0.043 in. 

Therefore, the total vertical thermal expansiod for the stainless steel and the copper at the 

Copper coefficient of thermal expansion 

Tempkature differential 

Shrouh height 

Vertical expansion of copper shroud. 

circumference of the basket is 

A L =  A L,+A C, = 0.045 in. 

The vertical thermal growth of the stainless skel post is calculated as follows: 

Lop = 23.2 in. 
A L, = a- LEp AT = 0.041 in. 

One can conclude that there is no significant differential expansion between the center post 
and the shroud. Therefore, the 1-in. vertical gap l& for the center post expansion is adequate to 
ensure no interference fit between the shroud and &e bottom plates of the adjacent baskets. 

Radial expansion for the stainless steel plate is calculated as follows, 

a, = 8.94 x lo4 in/in/"F 

AT = 200 "F 

R+= 11.31 in. 

A L, = am DpLlo AT = 0.020 in. 

Stainless steel coefficient of thermal expansion 

Temperature differential 

Bottom plate outside radius 

Radiakexpansion of bottom plate 
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Radial expansion for the copper shroud is calculated as follows. 

a, = 10.0 x lod in/in/"F 

AT = 200°F Temperature differential 

R,,-,= 11 31 in 

A L,= a m L A T  = 0 023 in 

The copper shroud is expected to expand radially 0 023 in while the stainless steel MCO 
shell and basket bottom plate are expected to expapd by approximately 0 020 in. As these values 
are very comparable, the fabrication gaps will r e d n  open and no undetermined loads will be 
applied to the MCO shell fiom unexpected basket expansion loads. 

Coppex coefficient of thermal expansion 

Shroud outside radius 

Radial expansion of copper shroud. 

Summary. A summary of the component s tms  analysis results is provided in Table 3-25 
Note that the predicted maximums are below allowables for all components and conditions. 

3.2.3.1.5 Basket-Multi-Canister Overpack Interface Components. An important issue 
in the horizontal drop evaluation in Section 3.2.3, I 4 is the assumption that the top end of each 
Mark IA basket (center post) remains inside (i.e. werlaps) the mating component during the drop. 
This assumption is vital to the horizontal drop calqulations because the finite element analysis 

deviate by more than 2 in. &om the MCO centerli E . This section provides justification for the 
assumption that the Mark IA baskets will not come apart at the interfaces 

port for the top end of t  center post. Also, Section 4.19.3 of the 
(Goldmann 2000b) (cri 'cality control) requires that the center post not 

The bnskct-WO interfaces were designed t6 ensure that, during normal operations, the 
center coupling would maintain at least a 1-in. ovTlap with the shield plug assembly. If the MCO 
basket support pint- were to collapse during a ve#tical drop, the center coupling overlap might be 
lost. Theref'ore, the basket support plates were evpluated to ensure that the ASME Boiler and 
Pressure Vessel Code, Level D axial compression limits (ASME 1998) were met for a vertical 
drop. 
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Critical load 
wndition Component 

Table 3-25. Summary ofMark IA Storage Basket Stress Results. 

Allowable Ratio Stress Predicted 
category maximum 

Center post capacity 

caaapost-bottom 
plate thmdd couplmg 

3341b/in’ I 7,9;lO) I 0.079 I Shear I L i h g  I Center post-bodom 
plate threaded w u p l i  

35 g vertical drop Buckling 420,000 Ib 536,400 Ib 0.783 

101 g horizontal Shear 12,536 IWin’ 26.300 1Win’ 0.477 
h P  

Center post-bttom 
plate threaded coupling 

centsr coupling 

center coupling 

support rod 

Bottom plate 

101 g horizontal Pm + Pb 17,740 Ib/ii* 60,100 IWh’ 0.295 

101 g horizontal Shear 6,640 Ih/i2 26,250 Ib/inz 0.253 

&OP 

drop 

LlRUlg Pm 993 lhlin’ 7,010 IWin’ 0.142 

35 g vertical dmp Buckling 243,600 lb 262.500 Ib 0.928 

3SndcaldrOp Pm 14,100 lb/inz 43,800 lb/id 0.322 
I - I I I 

Bottom plate I IOlghmizcotd I Pm+Ph 1 32,100 Ib/ii’ I 56,3001Wh’ I 0.570 

center post criticality 
wntrol 

drop 
sequcntial35g Plastic 0.268 in. radial 2.00 in. 0.134 

deal and 101 g distortion and displacement 
horhataal dmps potential 

instability 

s u p  plate 

Support plate weld 

13,180 Ibh’ 16,230 Ib/id 0.812 Sequmtd27g Buckling 
d c a l  and 101 g 
horizontaldrops 

Sequrmtial27g Pm 
d c a l a o d  101 g 
horizoofel- 

SARR-OO5.03 

. _. 

Pm=primarymembstress. 
Pb =bending stress. 
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Assuming the following plate dimensions (six radial spokes at 60" intervals) 

t, = 0.50 in. Support plate width 
1, = 9.83 in. Support plate length 
h,= 1.49in. Support plate height 

Per inch length of plate 

r = j q g -  I - 0.144 in 

K=2 .1  Effective length, fixdfkee 

S, = 19,800 Ibh' 

E = 27.2 x IO6 Ib/in2 

The axial compression evaluation (ASME 1998, Paragraph F-1334 3) is as follows 

304L yield stress at maximum drop temperature of 132 "C 

304L modulds at 132°C 

0 < 1 < 1, then first equation applies 

AZ 1 - -  
lb = 16.23(103) - 
in ' 

4 
(JALLOW = CSJ 

1.11 + 0.501 + 0. 171-2 - 0.2813 

The maximum vertical acceleration level for a sequential drop is 27 g 

W, = 2,400 Ib Basket weight 

Ib = 13.18(10') - 
V P  in ' 

6Wd27) a =  

Ratio = ' = 0.812 . 
(JALLOW 
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Since the safety margin is small, it is noted that the results are conservative in that no credit 
istaken for either the vertical weld on the inside end of the plate or the lateral resistance for 
friction. 

The support plate welds have been evaluated as follows: 

Fp = o 6 = 6.59 x 10’ Ib/in2 Support plate drop loadindinch 

Assuming a maximum load offset of half the plate thickness 

t 
2 

Mp = F,A = 1.65(103)n-lb/in . 

The 0,375-in. weld stress in the throat is calculated as follows: 

- MP Ib 
t &? in 
p 2  8 

ow - - = 12.45(103) - , 

The allowable weld stress is based on the base metal allowable: 

2.45, = 40.1 ksi. 

From Table NG-3352 (ASME 1998), the weld quality factor for a double fillet weld is 0.4, so the 
weld allowable is as follows: 

4, = (40.1)(0.4) = 16.04 ksi . 

The stress ratio is calculated as follows: 

OW Ratio = ~ = 0.776 
16,040 

Thus, the badret support plates and attachment welds meet the ASME Boiler and Pressure Vessel 
Code, Level D compression load requirements (ASME 1998), and the overlapping (telescoping) 
of the baskets is not jeopardized. 

At the top end of the basket stack, the basket interfaces with the bottom of the shield plug 
a s d l y  ( s p d i d y ,  the basket stabilizer, shield ring, and shield plate [see Figure 1-11), For a 
top end drop, the basket loading would be reacted by the I-in.-thick shield ring (area = 67.5 in2) 
and the baeLeA stabilizer. The shield rhg area aloqe is more than double the bottom basket 
interface support plate area. Thus, the top axial support is adequate by comparison with the 
bottom basket interface. 
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Center pipe 

Bottom plate 

shroud 

support posts 

Fines dividw tube 

Shroud segments (stiffenex plates) 

Bottomscran 

Shroud to bottom plate Cormection 

For a horizontal drop, the top basket relies upon the shield plate for transverse support. For 
normal conditions, the shield plate position is maintained through a weld connection to the shield 
ring, which in turn is welded to the shield plug. If either or both of these welds should fail during 
a horizontal drop, the shield plate would be captured between the top basket and shield plug and 
would continue to support the top end of the basket. Therefore, the maximum center post 
movement would be the 0.25411. difference between the inside radius of the MCO and the outside 
radius of the shield ring, which is well below the 2-in. limit in the MCO Performance Specification 
(Goldmann 2000b, Section 4.19.3). 

3.2.3.2 Stress Anas i s  of the Mark IV Scrap Basket. The following sections summarize the 
design agent's evaluation of the Mark IV scrap basket for lifting and deadweight loads. The 
structural adequacy evaluation is based on the criteria of the ASME Boiler and Pressure Vessel 
Code (ASME 1998). A combination of hand calculations and ANSYS analysis have been used. 

The primary components of the Mark IV scrap basket are listed in Table 3-26. 

Table 3-26. Mark IV Scrap Basket Geometry. 

~~~~ 

Tubular section with outside diameter of 2.84 in. and a no&~wdl 
thickness of 0.50 in. Pipe is attached to bottom plate with a 3.00-8 
class 2 thread. 
The bottom plate is a 1.20-in.-thick plate with 0.5-in.-diiuneter 
holes. 
The shroud is 0.125-in.-thickcopper. The outside diameter of the 
shroud is 22.625 in. and it is 26.40 in. high. 
Six support posts are located 60' apart around the periphery of the 
bottom plate. The posts are stainless steel and have a minimum 
diameterof 1.31 in. 
The fmes divider tube is rolled copper plate. It is 26.25 in high and 
is 0.125 in. thick. 
Six copper radial stiffenex plates connecting the fmes divider tube to 
the shroud. The stiffener plates are 0.25 in. thick copper and 
26.25 in. high. 

The bottom screea is stainless steel and is sandwiched between the 
bottom plate and the stiffener plates. 
The shroud is fastened to the bottom plate by means of a screw 
similar to the shroud attachment in the Mark IA scrao basket 

comment I Descriution 
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The Mark IV scrap basket structural components are fabricated fiom type 304L and 
type 304 stainless steel. Only type 304L material properties are used in the evaluation to preserve 
conservatism. The nonstructural shroud section assembly is fabricated from copper to enhance 
the heat transfer properties of the basket. 

3.2.3.2.1 Lifting Loads. According to Section 4.12.3 of the MCO Performance 
Specification (Goldmann 2000b), the basket design "shall meet the safety factors of three on yield 
and five on ultimate material strength. The safety factors apply from 5 "C to 100 "C." 

3.2.3.2.2 Deadweight Loads. According to Section 4.12.3 of the MCO Performance 
Specification (Goldmann ZOOOb), all baskets must be able to support the fuel at 1.0 g while at 
132 "C (270 OF). The specification does not provide criteria for the Mark IV baskets under these 
loads, thus the normal condition (service level A) criteria of the ASME Boiler and Pressure Vessel 
Code, Section 111, Subsection NG (ASME 1998) are used. As described in the following 
paragraphs, the criteria of Subsection NG are supplemented by the criteria of Subsection NF 
(ASME 1998) for the center pipe. 

The Mark IV scrap baskets have been evaluated for two load cases: 

1. Lifting the basket and contents while at 100 "C - This loading has been evaluated 
using criteria based on the safety factors incorporated in Section 4.12.3 of the MCO 
Performance Specification (Goldmann 2000b). 

2. Deadweight ofthe basket and contents while at 132 "C - The basket inside the 
MCO is considered the limiting case. The basket may be at the top of the MCO (and 
thus be required to support only its own weight) or at the bottom of the MCO (where 
it is required to support the dead load of four additional baskets). 

Section 4.12.2 of the MCO Performance Specification (Goldmann 2000b) exempts the 
Mark IV baskets from consideration of drop or other accident loads. 

3.2.3.2.3 Stress Analysis Calculations. The Mark IV scrap basket is evaluated using the 
results of the evaluation of the Mark IV storage basket in Section 3.2.3.3. 

Center Pipe, Sapport Rods, Bottom Plate, Center-to-Bottom-Plate Attachment. The 
structural portion of the Mark IV scrap basket is identical to the Mark IV storage basket. The 
weight of the Mark IV scrap basket is less than the weight of the Mark IV storage basket, 
therefore the stresses in the Mark IV scrap basket are bounded by the analysis results of the 
Mark IV storage basket as evaluated in Section 3.2.3.3, and no further analysis is required. 

Basket Subassembly. Since the basket subassembly, shroud, and dividers are fabricated 
from copper (non-ASME Code material), and their connecting welds are not structural welds, no 
analysis is required. Welds shall be inspected using surface visual examination. 
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Shroud-to-Bottom-Plate Connection. The shroud is fastened to the bottom plate by 
screws in a pattern identical to that in the Mark IA scrap basket. This attachment was evaluated 
in the section on the Mark IA scrap basket, and no further analysis is required. 

Thermal Expansion. As stated above, the shroud, divider plates, and fines divider tube are 
fabricated out of copper, and the bottom plate is fabricated out of type 304L stainless steel. Since 
copper has a higher coefficient of thermal expansion than stainless steel, a thermal expansion 
analysis was performed. The evaluation was performed for a temperature difference of 200 "F 
(going &om 70 "F to 270 OF). The thermal analysis was provided for informational and 
operational reasons because the copper components are non-structural items. 

Vertical expansion for the stainless steel plate was evaluated as follows: 

a,, = 9.70 x lo4 in/in/"F 

AT = 200 "F 

L, = 1.20 in. 

A L,, = a, L,AT = 0.002 in. 

Stainless steel coefficient of thermal expansion 

Temperature differential 

Bottom plate height 

Vertical expansion of bottom plate. 

Vertical expansion for the copper shroud was evaluated as follows: 

a, = 10.0 x lo4 in/in/"F 

AT = 200 "F 

L, = 26.4 in. 

A L, = a, L,AT = 0.053 in. 

Copper coefficient of thermal expansion 

Temperature differential 

Shroud height 

Vertical expansion of copper shroud 

Therefore, the total vertical t h d  expansion for the stainless steel plate and copper shroud at 
the circumference of the basket is calculated as follows: 

A L = A  L,, + A L, = 0.055 in 

The vertical thermal growth of the stainless steel post was evaluated as follows: 

L, = 27.8 in. 

A L, = a, L, AT = 0.054 in. 

One can conclude that there is no differential expansion between the center post and the 
shroud. Therefore, the 0.5-in. vertical gap left for the center post expansion is adequate to ensure 
no interference fit between the shroud and the bottom plates of the adjacent baskets. 
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Radial expansion for the stainless steel plate was evaluated as follows: 

CY= = 9.70 x in/in/"F 

AT = 200 "F 

&= 11.31 in. 

A L, = a, be AT = 0.022 in. 

Stainless steel coefficient of thermal expansion 

Temperature differential 

Bottom plate outside radius 

Radial expansion of bottom plate. 

Radial expansion for the copper shroud was evaluated as follows: 

CY, = 10.0 x 10" in/in/"F 

AT = 200 "F 

L= 11.31 in. 

A L, = a, & AT = 0.023 in. 

Copper coefficient of thermal expansion 

Temperature differential 

Shroud outside radius 

Radial expansion of copper shroud. 

The copper shroud is expected to expand radially 0.023 in. while the stainless steel MCO shell and 
basket bottom plate are expected to expand by approximately 0.022 in. As these values are very 
comparable, the fabrication gaps will remain open and no undetermined loads will be applied to 
the MCO shell from unexpected basket expansion loads. 

3.2.3.3 Strear An&y& d t b e  Mark iV Fuel Basket. The following section summarizes the 
design agent's evaluation of the Mark IV fuel basket for lifting and deadweight loading. 
Section 4.1 1 ofthe MCO Pdonnance Specification (Goldmann 2000b) exempts the Mark IV 
basket from drop accidsnt loading. The structural adequacy evaluation is based on the MCO 
Performance Speciffcation criteria (Goldmann 2000b) for lifting loading and Section I11 of the 
ASME Boiler and Pressure Vessel Code (ASME 1998) for deadweight loading. 

The following assumption was used in the evaluation. 

0 In evaluating the basket center tube for deadweight loading, it is conservatively 
assumed for that the center tube carries the weight of the baskets above; in evaluating 
the support rods for deadweight loading, it is conservatively assumed that the 
support rods cany the full weight of the baskets above. 

Other assumptions are as noted within the documentation. 

The Mark IV fuel basket geometry is defined in Figure 1-4. The fuel basket's primary 
structud components are identified in the 60" sector shown in Figure 3-20. The sector shown in 
Figure 3-20 is repeated every 60", including the support rod. Holes in the bottom plate are 
designed to allow drainage from the fuel rods. Each storage basket has a capacity of 54 fuel 
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Bottom plate r 

assemblies. The components of the Mark IV fuel basket that have been subjected to a structural 
evaluation are listed in Table 3-27. 

~ ____ 

(1) Provide mounting base for center pipe and support rods 
(2) Maintain position of spent fuel assemblies after the assemblies 

are inserted into the basket 

Table 3-27. Mark IV Fuel Basket Structural Components. 

I componentname I Component function 

Center tube (1) Provide support to baskets above when stacked inside the MCO 
(2) Provide process tube access to the bottom of the MCO 
(3) Provide lifting grapple interface 

I Support rod I Provide support to baskets above when stacked inside the MCO I 

The support rods are constructed from 1.3 125-in. round bar that is bolted into the bottom 
plate. The center tube is a hollow bar with a 2.84-in. outer diameter and a 1.75-in. inner 
diameter. The bar is attached to the bottom plate with a 3.00-8 class 2 thread. The baskets are 
designed to be stacked within the MCO such that the center tube and six support rods share the 
weight of the baskets stacked above. 

Also present is a 0.05-in.-thick, 1 1.0-in.-high sheet metal shroud at the basket outer diameter 
immediately above the bottom plate. The shroud is considered nonstructural. 

The material specified for the Mark IV fuel basket components is 304L or 304 stainless steel. 
For this analysis, the only mechanical properties of interest are the elastic modulus, yield strength, 
ultimate strength, and allowable stress. The appropriate values were extracted fiom the ASME 
Boiler and Pressure Vessel Code, Section 11, Part D (ASME 1998). Properties of 304L stainless 
steel are used. 

3.2.3.3.1 Lifting Lords. For lifting loads, the criterion in the MCO Performance 
Specification (Goldmann 2000b) applies. 

3.2.3.3.2 Deadweight Loads. According to Section 4.12.3 of the MCO Performance 
Specification (Goldmann 2000b), the "baskets will be able to support the fuel at 1.0 g while at 
132 "C." The MCO Performance Specification does not specify the acceptance for this loading. 
For consistency with the Mark IA basket criteria, the ASME Boiler and Pressure Vessel Code, 
Section In, Subsection NG (ASME 1998), was assumed. For membrane and membrane plus 
bending stresses, the dowable stresses shown in Table 3-28 have been applied. 
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Temperature 

"F "C 
212 100 
270 132 

Table 3-28. Allowable Stresses - Deadweight 
Designkevel A stress limits 

P, +P, (1.5 S,) SM 
p, (ShJ 

16.7 ksi 16.7 ksi 25.1 ksi 

16.7 ksi 16.7 ksi 25.1 ksi 

The bottom basket center pipe and support rods are subjected to compression loading, with 
the potential for column buckling. Since Subsection NG (ASME 1998) does not address column 
buckling, SubsectionNG was supplemented by SubsectionNF (ASME 1998). For the center 
pipe, the more restrictive of NG-3133.6 (shell buckling) or NF-3322.1(~)(2) was used. For the 
support rods, the Subsection NF criteria were used 

3.23.3.3 St,reas Analysis Calculations. As previously mentioned, the Mark IV storage 
baskets were evaluated for two load cases: lifting of the basket and contents with a maximum 
temperature of 100 "C, and deadweight stacking of the baskets inside the MCO at the design 
temperature of 132 'C. A fldl stack consists of five baskets, resulting in the bottom basket 
supporting the four baskets above it. No other loads were considered. Note that Section 4.1 1 of 
the MCO Performance Specification exempts the Mark IV baskets from drop accident loading 
(Goldmann 2000b). 

The Mark IV storage baskets were evaluated using both hand calculations (Mathcad) and 
finite element calculations (ANSYS). The finite element calculations were limited to stress 
predictions in the relatively complex bottom plate. The following input parameters were used: 

d,= 1.31 in. 

1 = 26.687 in. 

S, = 19,800 Ib/in* 

E = 27.2 x lo6 lbf/inz 

Support rod diameter 

Support rod length extending above bottom plate 

304L yield strength at design temperature (132 "C) 

304L Young's modulus at design temperature 
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Do = 2.75 in. 

Di = 1.75 in. 

b = 30.467 in. 

Ip = 2.347 in' 

r 
p 4  

Center pipe outer diameter 

Center pipe inner diameter 

Center pipe, overall length 

Center pipe area (away from grapple interface) 

Center pipe moment of inertia 

Center pipe radius of gyration 

rp = 0.815 

W, = 3,218 lb 

D,j 3 .OO - 8 

Mark IV loaded basket weight 

Thread attacbent, center post to bottom plate 3.0 in. 
diameter at eight threads per inch. 

The following allowable stresses were established for the lifting load condition: 

Criteria 

- 
- Temperature, 100 "C 

Limit stress to one-third material yield or one-fifth ultimate strength 

Basic tension allowable (304L material) 

- S,,,m = 65,600 Ib/in2 
- S,& = 13,120 lb/inz 

Base material lifting allowable controlled by yield strength 

- slim = 21,000 Ib/in2 
- -- 7,000 lb/inz . 
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The following allowable stresses were established for the deadweight load condition: 

Assume ASME Boiler and Pressure Vessel Code, Section 111, Subsection NG, 
allowables 

S,,,, = 16,700 Ib/in2 

S,,,, = 19,800 Ib/in2 

Design temperature, 132 "C (270 OF) 

Center Pipe. The following calculations w re performed to determine membrane stress on 
the center pipe under the deadweight stacking loa 1 condition. 

Apm = minimum center post area at grapple interface 

x = - [(2.375 - 0.005)l - (2.030 + O.OOS)l] = 1.196 in2 . 
4 

Conservatively assuming all four baskets above the bottom basket are carried by the center 
Pipe 

p m  

Sm132 
Ratio = - = 0.64 , 

Therefore, membrane stress is satisfactory. 

Buckling was checked in accordance with ti@ ASME Boiler and Pressure Vessel Code, 
Section 111, Subsection NG, Paragraph NG-3 133.6 (ASME 1998): 

T = 0.5-1 

Do R =  - - T = 0.875 *i  
2 
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From the ASME Boiler and Pressure Vessel Code, Section 11, Figure HA-3 (ASME 1998), 
B > 10,000 Ib/in2. The stress through the center portion of post equals 

The calculated ratio is 

- -  pm - 0.36 . 
B 

Therefore, the axial compressive stress limit is in accordance with the ASME Boiler and 
Pressure Vessel Code, Section 111, Subsection NG (ASME 1998). 

Column buckling was checked in accordance with the ASME Boiler and Pressure Vessel 
Code, Section 111, Subsection NF, Paragraph NF-3322.1 (ASME 1998): 

E = 2.72 x lo7 Ib/in* 

4 = 2.347*in4 

K,, = 0.0 (effective length factor, pinned at top) 

4 = 30.467 in. 

r,, = 0.815 in. 

K1 
3 = 29.91 < 120 
5 

Fa = S,,,3j0.47 - z] = 7,972inz lb < B 

pnl 
F. 

Ratio = - = 0.46 < 1.0 

Therefore, the limits in the ASME Boiler and Pressure Vessel Code, Section 111, 
Subsection NF are met. 
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The shear area through the conical lip is taken at a point midway between the outside 
diameter of the thread and the outside maximum diameter of the conical lip. 

At this point the lip is 0.180 + tan30" = 0.28 in. thick, resulting in a 

shear area of 

& = x(3.17)(0.28) = 2.74 in2 . 

ConsmratiVely taking all five baskets (only the base plate and payload weight is carried by 
the lower basket), the shear stress is 

The a p p W  load due to deadweight stacking COL.- - 3 carried by the threaded portion of the 
center gipbto-lrairs attachment if the thread were loose The threaded attachment is a 3 00 - 8 
clam 2A &read with a nominal engagement of one-half the base plate thickness. Mowing for a 
thread raliefat the end of the thread and a chamfer at the top of the base plate, three threads are 
assumed to cany the load. The shear areas of the external and internal threads are as follows 

where 

L=, = length of engagement (three threads = 0 375 in.) 
n = threads per inch (8) 
K- = maximum minor diameter of internal thread (2.890 in.) 

= h u m  pitch diameter of external thread (2.9077 in.) 

= 7t (812.890) + 0.57735(2.9077 - 2.890) = 5.282 
L, 1 In 
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where 

D,, = minimum major diameter of external thread (2.9824 in.) 
= maximum pitch diameter of internal thread (2.9299 in.) 

= n (8)(2.9824) + 0.57735(2.9824 - 2.9299) = 6 . 9 5 7 g  LE 1 m 

Therefore, the external thread governs the strength of the connection. 

= (5.282)(0.375) = 1.981 in' 

Conservatively taking all five baskets (only the base plate and payload weight is carried by 
the lower basket), the total deadweight stacking load is 

5(Wb) = 5(3,218) = 16,090 lb . 

The thread shear stress is 

16 090 Ib 
1.981 in ' = L = 8,122 - PI4 F, = 

= 0.81 . pM - - 8,122 
0.6 Sm, 0.6( 16,700) 

Ratio = 

The l i  load condition was evaluated as follows: 

0 Section through grapple interface 

bh., = 1.196 in2 

Ib 
1.196 in 

- 2,691 - pmawhy)=---- wt - 3,218 
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Section through conical lip 

Ib - 1,174 -- 
* t ie  2.74 in2 

p , = A  w = L 3218 - 

Ratio = p,, - - = 0.28 
0.6( -$) 0.6(7,000) 

Shear stress in threaded attachment 

= 0.39 . PST = 1,624 
0.6( +y) 0.6(7,000) 

Ratio = 

Support Rod. The support rods are loaded in compression by the deadweight stacking 
load: 

d,= 1.31 in. 

7w4 I, = - = 0.145 in‘ 
64 

k’2.1 

1, = 26.687 

d 
4 

r, = 2 = 0.33 in. 

&=1.348in2.  

Effective length factor, fvted-free 
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Using ASME Boiler and Pressure Vessel Code, Section 111, Subsection NF, Paragraph 
NF-3322.1(~)(2) (ASME 1998) 

- -  ''I - 169.8 > 120 

Fa = S,,,, [0.40 - g] = 2,315 - Ib . 

in 

Conservatively assuming the bottom basket support rods carry the full weight of the four baskets 
above 

Ib F, = !.!?!d = 1,591 - 
6('9 i n 2  

F 
Ratio = 2 = 0.69 . 

F. 

The ratio is lsar then 1 .O, therdore the requirements of the ASME Boiler and Pressure 
Vessel Code, SeCtian III, Subsection NF, are met for the support rods. 

are attaohed to the base plate with ,625-1 1 flat head screws Torque is 
with the limits of the Boiler and Pressure Vessel Code, Subsection 

NG-3232.2 (ASME 1998), the preload stress being limited to (1.2)O.g Sy. For SA-193 material 
at 270" F 

&= 3 ( Q  = 3(11,6CQ) = 34,800 lb/in2 . 

The Btress limit is therefore 

(1.2)(0.9)(34,800) = 37,584 Ib/in2 

The maximum allowed preload force is therefore 

F = 0% = 8,494 lb 

The stripping of the thread in the support rod is checked for this loading as follows: 
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where 

D,, = minimum major diameter of externd thread = 0.61 13 in. 

& = maximum pitch diameter of internal thread = 0 5732 in 

L, = length of engagement 
= 2.50 (length of bolt) - 1.20 (maximum khickness of base plate) 
= 1.30 in. 

in2 + 0.57735 (0.6113 - 0.5732) = 1.4125 - 1 in 
- TC (11) AsDmRNAL - 

LE 

= (1.425) (1.30) = 1.85 in2 . 
 he abwabie str#le is 

0.6 S, = 0.6(16,700) = 10,020 Ib/in2 . 

The etrippirts load is 
i 

Therefore strippii of the threads is not a concern. 

(l.W)(10,020) = 18,500 lb > 8,494 lb preload 

Wrth a thnd ftictioo coefficient of k = 0.2, the calculated torque for d = 0.625 in. is 
Ib-8. With an uncertainty of 3O%, the torque should be limited to 68 Ib-R. The 

WMIIC&~ 60 f 8 Ib-ft. 

'#wu# clamped condition for the atta ent of the support rod to the base plate is 
tha load at which the ro buckles to the extreme edge of the rod and 
bolt is higher than the r 1 ad induced by the resulting moment around 

the at€adnnent interface of the rod to base plate ( d e  Figure 3-21). Using the information in 
Table 3-29 

ZAY 0.1&16 
EA 0.4577 

Y = - = -c = 0.3966 in 

I ZAY2 + 2 A 0 2  = 0.0963 - (0.4577)(0.3966)2 = 0.0243 in4 
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Section Area 

1 0.3447 

2 -0.1 130 

3 0.226 

z- 0.4577 

Y AY AY2 

0.233 1 0.0803 0.0187 

0.4135 -0.0467 -0.0193 

0.6550 0.1480 0.0969 

-- 0.1816 0.0963 

The moment at the support rod to base plate interface with the applied load equal tQ the 
buckling load is 

M = (buckling stress) x (rod area) x (edge of rod to neutral axis) 
=2,315 x 1.348 x 0.3966 
= 1,238 in-lb , 

The applied load to the bolt is 

where 

c = distance from bolt centerline to neutral axis 

PBoLT = [1,238 (0.655 - 0.3966) I0.02431 (0.226) = 2,975 Ib . 

The minimum preload in the bolt is determined using the minimum applied torque and a 
30% uncertainty factor: 

Minimum preload = [(60 - 8)(12) / (0.2)(0.625)] (1 - 30%) 
= 3,840 lb > 2,975 applied load. 

The connection satisfies the analytic assumption of a fixed end. 

Bottom Plate. The bottom plate was evaluated for both the deadweight stacking condition 
inside the MCO and the lifting condition. These load conditions are evaluated in the subsections 
that follow. 

The critical bottom plate for the deadweight stacking load condition is the second basket 
from the bottom with the bottom basket support rods rotated 30' relative to the support rods for 
the basket immediately above. It was conservatively assumed that the weight of the top three 

, baskets is carried entirely by the support rods of the fourth basket. This configuration develops 

SARR-005.03 3-87 March 2000 



HNF-SD-SNF-SARR-005 REV 2 

the maximum bending stress in the bottom plate. For this load condition, the fourth basket 
support rods would each cany one-sixth of the weight of the top three baskets (single basket 
weight is 3,212 Ib [Goldmann 2000bl): 

F, = (3 x 3,212) / 6 = 806 Ib , 

The force is applied as an equivalent pressure over the area of the support rod in contact 
with the plate. The contact area and pressure are as follows 

Area= 1/4[(1.313)2-(0.502)2] x =  1.16in-'. 
Pressure = 806/area = 695 lb/inz . 

In addition to the loading on the support rods, the bottom plate also carries the weight of 
the he1 rods in the basket. The fuel rod weight was applied as an equivalent pressure (single rod 
weight is 55.4 Ib [Goldmann 2000bl): 

Area 114 [(22.625)2 - (3.00)2]~ - 1/4(0.51)2(108~) - 1/4(1.313)* (67~) 
= 364.8 in2 

Pressure = 54(55.4)/area = 8.20 lb/in2. 

The equivalent pressure approach was judged to be conservative because it moves the 
center of loading radially outward, relative to the actual fuel support locations, resulting in higher 
bending moments at the maximum stress locations (outer ligaments). Because of the 30" 
symmetry, only onetwelfth of the basket was modeled. 

For the d-eight stacking load condition, the loading comprised a 695 lb/in2 downward 
vertical preswuc on the area of the plate in contact with the support rod, an 8.20 Ib/in2 downward 
pressure on the remainder of the bottom plate, and a 1 .O g deadweight acceleration. The model 
was constrained vertically at the bottom outer corners of the support rod bolt hole (adjacent 
basket, below, support rod locations, 30" rotation). 

The deadweight stacking load case results show the maximum stress intensity is 
19,180 lb1m2. The higher stress intensity values occur near the support rod bolt hole on the top of 
the plate. The allowable primary membrane plus bending stress intensity is 25,100 Ib/in2, resulting 
in the following stress ratio for the deadweight stacking load case: 

19,180/25,100=0.76, 

The m e  ANSYS model was used for the lifting load case, but with boundary condition 
changes. Ths only WMtraiUt was a vertical constraint inside radius of the bottom plate (where 
the cslltsr pipe is threaded to the plate). The loading included 1 .O g gravity loading and the 
8.20 lbh@ dow6fltcad pressun representing the Brivity loading from the fuel. A maximum stress 
intensity of about 3,529 lb/in2 occurred on the top of the plate at the inside radius of the plate. 
This maximum ligament stress is essentially all primary bending stress and is less than the 
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allowable lifting stress of 7,013 ksi. The stress ratio for the lifting load case is 
3,529/7,013 = 0.50. 

Load Distribution and Basket Interface Considerations. When the baskets are stacked 
inside the MCO, the center pipe and support rod load distribution is very sensitive to the interface 
geometry. Reasonable fabrication tolerances will result in an imperfect fit, which will likely result 
in a three-point contact at the basket interface (three rods or two rods and the center pipe). There 
is also the possibility that the center pipe will carry the entire load. 

Even for the case of a perfect fit, the stack loading will not be evenly shared between the 
center pipe and rods. Using the ANSYS model, the perfect fit load distribution was calculated by 
applying the fuel deadweight pressure to the bottom plate and obtaining the reactions at the 
support rod and center pipe. From the ANSYS output, the support rod and center pipe reactions 
were 397 lb and 137 Ib, respectively (534 lb total). The center pipe load ratio is 137/534 = 0.26. 
However, for the imperfect fit, the center pipe load ratio could range from zero to one. 

In order to establish reasonable tolerances on the basket interface dimensions, capacity 
force/deflection response predictions were made for both a support rod and the center pipe. By 
knowing the force/deflection response, the effect of component length differences on the 
component load sharing can be evaluated. The capacity force/deflection response was obtained 
using the ANSYS plastic beam element (BEAh423), with large deflectionshtrain enabled. 
Buckling was initiated by assuming a 0.25-in. offset of the vertical load. 

Assuming that three support rods are supporting four baskets above, the force per rod is 
4(3,177)/3 = 4,236 Ib. A deflection of about 0.070 in. is achieved in a support rod before the load . 
capacity drops below 4,236 Ib. A less conservative force/deflection rod response was obtained by 
using a gap/friction element on top of the rod to account for lateral constraint due to friction. 
Using a conservative friction coefficient of 0.1, a much higher capacity and deformation was 
obtained when rod frictional constraint was considered. 

Assuming that the bottom center pipe carries the full load from the four baskets above, the 
center pipe loading is 4(3,177) = 12,710 Ib. The center pipe capacity is well in excess of the 
loading. Also note that with a 0.125-in. center pipe deflection, the plastic buckling mode has not 
been reached. 

The above foruddeflection results indicate that tight basket interface tolerances are not 
necessary. Conservatively using half of the 4,236 Ib deflection of 0.070 in., fabrication height 
differences of 0.035 in., or smaller, are acceptable It appears that the interface fabrication 
tolerance issue may be controlled by functional, rather than structural, considerations. For 
example, a 0.035-in. height difference between the center pipe and support rods results in a 
horizontal tipping distance of about 0.10 in. 

Component Stress Reaults Summary. From the calculations above, a summary of the 
component stress analysis results was compiled and is presented in Table 3-30 Note that the 
predicted stresses are below allowables for all components. 
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Table 3-30. Summary of Mark IV Basket Structural Evaluation 

Pb = b* stress. 
h = primary membrane stress. 

3.2.4 Multi-Canbter Overpack Shield Plug Interface Components, 
Canister Collar, Locking Ring, and Cover Cap 

This section summarizes the design agent's evaluation of the MCO shield plug interface 
components for preload torquing of the cover plate bolts and process valve bodies, design 
pressure, and drop loading, and the evaluation of the canister cover and cover cap for lifting and 
pressure loading. 

3.2.4.1 Shield Plug Interface Components. This section summarizes the design agent's 
evaluation of the MCO process port cover plates, wver plate bolts, process valves (including the 
rupture disk), and the process filter attachment we1 s The structural adequacy evaluation is 

(ASME 1998). Component loading includes preload from torquing of bolts and process valve 
bodies, design pressure, and drop loading. 

based upon Subsection NB of Section III of the A &E Boiler and Pressure Vessel Code 

The following assumptions were used in the evaluation 

Preloads from torquing the cover plate bolts and process valves are accurate to 
within +30% and -35%. This range is assumed to include the standard 
preloadhorque uncertainties, including operator and tool inaccuracies 

The maximum temperature during torque application (insertion and removal) is the 
design temperature of 132 "C It is assumed that the nut factors are not affected by 
temperature (Bickford 1990) The adequacy of the uncertainty range and the mean 
nut factor for the cover plate bolts and process valves must be verified by test 
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0 The threaded process valve bodies can be appropriately evaluated as bolts, relative 
to the ASME Boiler and Pressure Vessel Code design stress limits. 

The torquing tool used for inserting and preloading the rupture disk process plug 
will extend beyond the holes in the hex head. That is, the hex head minimum cross 
section, at the vent holes, will not experience the full torque during torquing 
operations. 

0 

Other assumptions are noted within the calculation documentation, 

Some of the dimensions of the rupture disk valve (e.g., rupture disk outside diameter) are 
based upon dimensions provided by a specific rupture disk manufacturer. Since the dimensions 
are vendor-dependent, some of the calculations may need to be modified, depending on the final 
rupture disk manufacturer selected. 

The geometry of the shield plug interface components is defined on the.assembly drawing 
(Figure 1-1), the shield plug drawing (Figure 1-8), the process plug valve drawing (Figure 1-10), 
the cover plate and bolts drawing (Figure 1-1 l), and the process filter drawing (Figure 1-12). 
The structural components are identified in Figure 3-22. There are three process ports and one 
plugged port in the shield plug. The structural components of the port closures are identical, 
except that three cover plates on each MCO have four bolts and one has five. Only the weaker 
four-bolt configurations have been evaluated. The purpose of the cover plates is to provide 
secondary containment for the process valve seals, and to protect the valves during handing 
operations. 

Each process valve body has a hex head used for torquing the threaded valve bodies into 
the four shield plug port holes. Sealing for both the process valves and the cover plates is 
achieved using a C-seal requiring a minimum seating load of 300 Ib/in. The plugged port has a 
threaded portion (1-1116 12 thread) that is smaller than the 1.875-in. process valve threads. 

The process filter is welded to the bottom of the shield plug.. Only the 0.125-in. welds 
attaching the filter to the shield plug have been evaluated by the design agent (Goldmann 2000a). 
A bounding filter assembly weight of 50 Ib is specified by the MCO Performance Specification 
(Goldmann 2000b). 

The mat& included in the shield plug interface components are listed in Table 3-3 1. The 
structural properties of interest for F304L stainless steel are provided in Table 3-32 and properties 
for type 304L stainless steel are provided in Table 3-33. The cover plate bolt and process valve 
material properties at the MCO design temperature of 132 "C are listed in Table 3-34. 

The process valves are constructed from SA-193, grade BSS or BBSA. Since the valve 
bodies hct ion much like a. bolt (external threads, hex head, provide preload to seal), they have 
been &at& usinn ASME rules for bolts. The urocess filters will be welded to the 304L shield 
plugs. Therefore, t i e  304L base material allowable limits, Table 3-33, have been applied to the 
attachment welds. 
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Table 3-3 1 ,  Material Listing for S$eld Plug Interface Components. 

IO 
100 

Component Material 1 ASME Spec No. 

-_ 28.3 E+06 1 4 6  ksi 25.0 ksi 65.0 ksi 

-- __ I d 6  ksi 25.0 ksi 65.0 ksi 

1 Shield plug, process port cover plate I 304L I SA- 182 1 

200 

212 

270 

Cover plate bolts I 18Cr-8Ni-4Si-N 1 SA-19388S or B8SA 

- 27.6 E+06 146 ksi 21.3 ksi 61.5 ksi 

100 27.5 E+06 166 ksi 21.0 ksi 60.9 ksi 

132 27.2 E+06 16i6 ksi 19.8 ksi 58.0 ksi 

I Process valves I 18b-8Ni-4Si-N I SA-193-BSS or B8SA I 

I "F I "C I TableTM-1, I Tadle2A I TableY-1, I TableU. I 
Group G I p d e 3 2 2  I page524 I page441 I 

I 300 I - I 27.0E+06 I 166ksi I 19.1 ksi I 56.5 ksi I 
I , I I I 1 I 

Nots. U ~ l i a e d v a l u e s h a v e ~  
taken from Seotion II, Part D of the ASME 

E matai.l modulus of elastmty 
S, = matepial dlowsble stress 

S, = mated yleld strength 
t = material thlokness 

, all other values have been 

s, 3 matcnal ultunatc strength 
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Table 3-33. Material Properties for Type 304L Stainless Steel 
(SA-240 or SA-479). 

Note: Underlied values have been determined by linear interpolation. all 0th- values have been 
taken from Section II, Part D of the ASME Boiler and Pressure Vessel Code. 

E = material modulus of elasticity. 
S, =material allowable stress. 
S ,  = material ultimate strength. 
S ,  = material yield strength. 

Table 3-34. Material Properties for Cover Plate Bolts and Process Valves at 
Multi-Canister Overpack Design Temperature. 

Elastic modulus, Ib/in* S ,  lb/inz 1 (270 "F) 1 (270 OF) 1 Material 

I 11,600 I I 27.2E+06 SA 193 Grade B8S or I BSSA(Bo1tinn) 
1 -. I I I 

Notcs: All d u e s  are based on Sechon 11, Part D, of the ASME Boiler and Pressure Vessel 
Code. For F304L. 304L. SA193 Grade B8S or B8SA materials, the mean coefficient of thermal 
"psnrim h m  70 "F to 270 "F is 8.94 x 10-6 idid"F (ASME Boiler and Pressure Vessel Code, 
Table "E-1). 

The requirements in the ASME Boiler and Pressure Vessel Code, Section 111, 
Subsection NE (ASME 1998), are used as the acceptance criteria for the shield plug interface 
components. AH of the interface components are part of the MCO pressure boundary with the 
exception of the process filter attachment welds For the process filter attachment welds, it is 
assumed that the inspection will be limited to a visual examination and appropriate weld quality 
factor8 &om the ASME Boiltr snd Pressure Vessel Code, Section 111, Subsection NG 
(ASME 1998), are applied. The full design temperature allowable limits are conservatively 
applied to the attachment weld evaluation 
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A rupture disk is included in one of the process valve designs, which results in a two-piece 
design assembled with a seal weld at the edge of the disk and a structural weld connection. The 
structural weld is subjected to both torque loading and the design pressure. The weld is 
performed using an electron beam process weld. The Subsection NG weld quality factors 
(ASME 1998) are applied to the rupture disk valve structural weld, assuming a surface-only dye 
penetrant examination. The resulting design margin is large. 

It is expected that the initial attachment of the process valves and cover plates to the shield 
plug will be conducted at room temperature. For later processing operations, torquing of both 
the cover plate bolts and process valves may occur at higher temperatures. To cover the 
possibility of torquing operations at higher temperatures, it has conservatively been assumed that 
torquing could occur at the Ml  design temperature of 132 "C. Another conservative assumption 
is that the maximum torque to the process valves could occur simultaneously with the full design 
pressure (e.g., when the breakaway torque is applied during valve opening). 

The critical loading for the process valves and cover plate bolts is the torquing preload 
combined with the design pressure and temperature. Because of the relative sizes of these 
components, the vertical drop inertia loading is less than the pressure loading. For the more 
severe horizontal drop, the parts bear against the sides of shield plug holes (i.e,, the cover plate 
sits in a recess). Appendix F of the ASME Boiler and Pressure Vessel Code (ASME 1998) does 
not limit bearing stresses. Thus, only the filter.attachment welds are evaluated for the drop 
loading. 

Table 3-35 provides a summary of the evaluation results. See the MCO Design Report, 
Appendix 10 (Goldmann ZOOOa), for further detail on the structural evaluation of the shield plug 
interface components. 

3.2.4.2 Canister Collar and Cover Cap. This section summarizes the design agent's evaluation 
of the cover cap and canister coUM~wder lifting and pressure loads (Goldmann 2000% 
Appendix 6). The drop load evaluation is summarized in Section 3.2.2. This section also 
documents the evaluation of the weld at the cover cap-canister collar interface. The evaluations 
have been p d o m e d  based on the criteria in the ASME Boiler and Pressure Vessel Code 
(ASME 1998). A combination of hand calculations and ANSYS analysis has been used for 
preparing the evaluation. 

The canister collar is welded to the shell to provide a sealing surface for the shield plug 
seal. The d s t e r  collar has a double lead buttress thread for positioning the locking ring. 
After cold vacuum drying of the MCO is completed and before the MCO is placed into interim 
storage, a cap is placed over the shield plug and wdded to the canister collar. This cover cap is 
designed to accommodate a lifting grapple with six gripping shoes. The cap includes a plug and 
welded cover plate at its center for leak testing and helium backfilling. 
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23,200 

Table 3-35. Summary of Structural Evaluation of Shield Plug Interface Components. 

I 0.268 I 

critical load 
condition Item 

I Pressure and In-service 
preload 

Torque and In-service 
in-service 

Hex head torque In-service 

Rupture disk process Torque and In-senrite 

I 

- 

1 valve i n - S a i C e  shear 

Pressure and 
preload 

preload 

Process cover plate 
bolts 

PrcH%ss filter 
attachment welds 

I cover plate I Pressure 

101 g horizontal Level D shear 3,133 3,507 0.893 

Maximum 
stress 
(lb/in2) 

stress 
cate$ory 

In-service 20,720 

Appendix E of 
ASME Code 

Bolt allow 

Required 
area = 
0.674 in* 

6,278 
I 

Bending 12,665 

Allowable 
stress 
(Ibhn?) 

37,584 

Actual area 
= 0.756 in2 

11,880 

24,900 

Ratio 

0.106 

Process valve plug Pressure and 
preload 

Appendix E of 
ASME Code 

Required 
area = 
0.284 in* 
6,230 

7,404 

18,890 

4.394 

Actual area 
= 0.981 in2 

0.29 

23,200 

23.200 

5.570 
Zl 0.79 

The cover cap is fabricated from SA-182 F304L stainless steel, and the canister collar is 
fabricated from SA-182 (dual certified) type F304LR304 stainless steel. Material properties are 
taken from'Section 11, Part D, of the ASME Boiler and Pressure Vessel Code (ASME 1998) and 
are listed in Table 3-36. 

According to Section 4.11 of the MCO Performance Specification (Goldmann 2000b), the 
cover cap design "shall be capabldconfigured for lifting the MCO with the same equipment 
described in Section 4.13." Section 4.13 of the MCO Performance Specification 
(Goldmaon 2000b) describes such equipment as a "lifting ring with a 12 ton lifting capacity." 
Therefore the cover cap shall have a lifting capacity of 12 ton. Furthermore "the lifting ring 
design and cover cap lifting rim area must exhibit a safety factor of three on material yield and five 
on material ultimate strength" as instructed in the MCO Performance Specification 
(Goldmann 2000b). 
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E - psi 

S, - psi 

Sy psi 
Srr psi 

Table 3-36. Material Properties for Cover Cap and Canister Collar. 

70 "F 200 "F 300 "F 270 "F 
28.3 E+06 27.6 E+06 27.0 E+06 27.18 E+06 

16,700 16,700 16,700 16,700 
25,000 21,300 19,100 19,760 

70,000 66,200 61,500 62,910 

I SA-182 F304L stainless steel forging I 

a-in/in/"F 

70 "F 250 "F 300 "F 270 "F 

8.46 E+06 8.90 E+06 9.00 E+06 8.94 E+06 

I Mean coefficient of thermal expansion from 70" to temperature indicated - in/in/"F x 10" I 

I 70 "F I 200 "F 300 "F I 270 "F 
I E - psi I 28.3 E+06 I 27.6 E+06 I 27.0E+06 I 27.18 E+06 I 

S, - psi 20,000 20,000 20,000 20,000 

S,.- psi 30,000 25,000 22,500 23,250 

s, Psi I 75,000 

Note: Values haw been taken h W o n  11, Part D, of the ASh4E Boiler and Pressure Vessel Code 

E = m a t e d  modulus of elastioily. 
S, = material ailowable stress. 

S, = material yield strength. 
s, = material ultimate Stmgth. 

71,000 66,000 67,500 

The MCO Performance Specification requires that "the cap shall be capable of 
withstanding the pressure rating of 450 Ib/in2 gauge at 132 "C" (Goldmann 2000b, Section 4.11). 
The MCO Performance Specification'(Go1dmann 2000b) does not provide criteria for the cover 
cap and canister collar under these loads, thus the normal (service level A) condition criteria of 
Subsection NB of Section 111 of the ASME Boiler and Pressure Vessel Code (ASME 1998) have 
been used. 

100 "F 200 "F 

According to Section 4.17 of the MCO Performance Specification (Goldmann 2000b), "All 
MCO pressure boundary welds and welds bearing the fully loaded MCO must be designed for and 
pass 100% volumetric examination (x-rays or ultrasonic) per ASME requirements" and "All MCO 

300 "F 270 "F 
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fabricator pressure boundary welds shall be made in accordance with ASME Section 111, 
Division I, NB-3350." Therefore the stress limits for a hll-penetration groove weld shall not 
exceed the stress values for the base metal being joined. 

The cover cap must support the total weight of the MCO and contents for lifting, which 
equates to a conservative total lifting capacity of 12 ton. A lifting grapple with six gripping shoes 
will be used to lift the MCO and its contents by the cover cap. Figure 3-23 displays the gripping 
shoe configuration for the lifting grapplecover cap interface. The stress through the MCO shell 
due to the lifting load is 615 Ib/in2. The thinnest point in the shell is located at the thread relief in 
the canister collar. Since it will also see the lifting load through its section, the thread relief was 
analyzed and found to have a stress of 786 Ib/inz. 

The cover cap must be able to withstand an internal pressure of 450 lb/ii2 gauge. The 
MCO shell has a thickness of 0.5 in. and its inside diameter is 23 .OO in. The stress through the 
shell due to the pressure load was found to be 10,575 Ib/inz. The stress for the thinnest section 
through the canister collar buttress thread (0.373 in thick) is 15,024 Ib/inz. 

When both lifting and pressure loads are applied together, the stress through the thinned 
portion of the cover cap shell due to these loads then becomes 

Axial stress = 22,687 Ib/in2 

Axial stress ratio = 0.97. 

Hoop stress = 4,673 Ib/in2 

Hoop stress ratio = 0.2, 

The cover cap and canister collar also were evaluated using finite element methods. A 
180" section of the cover cap and canister collar was modeled using ANSYS finite element 
analysis. Symmetric boundary conditions were applied at the edges of the models. The bottom 
edge was &ed in the vertical direction to approximate the lifting configuration. Two loads were 
applied to the models: one to develop the stresses associated with pressure, and the other to 
develop the stresses associated with l i g .  The 450 Ib/in2 gauge design pressure was applied 
uniformly to the inside of the model. In order to apply the lifting load properly, the model was 
built using a series of slices of Werent thicknesses and refined mesh in the appropriate areas. 
The intent ofthis was to apply the lifting load on the few elements that represent the area of a 
gripping shoe. According to Section 4.13 of the MCO Performance Specification 
(Goldmann 2000b), the MCO will be l i e d  by 'I. . .six equally spaced 1.97 inch tangential length 
by 0.66 inch radial contact length grippers." The area of the gripper was approximated to be 
1.3 inz (1.97 in. x 0.66 in.). The finite elements used for this analysis report stresses at the 
location, of the gripping shoe, at the canister collar-lifting cap weld, and at the rupture disk 
location. 

. 

' 
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Stress 

SL. 

Table 3-37 compares the calculated results of hand calculations to the ANSYS analysis 
results. Stress results for several locations on the aksembly are summarized and ratioed to the 
allowable limits in Table 3-38. 

Stress Hand, calculation ANSYS results 
category re&, (Ib/in*) (Ib/inz) 

PM 615 762 

~Iioo* 

SL+P 

PM 10,575 10,060 

PM 5,903 5,460 

Table 3-38. ANSYS Resultslfor Pressure Plus Lifting. 

1 Stress intensities I 
Location 

Lifting ear 

Lifting cap mid-radius 

Weld 

Bottom of collar* 

*Although it is not Oonservntive to include pressure, the effect is small. 

Criteria : Maximum Allowed Ratio 
PM + PB 

(ksi) (ksi) 

Goldmann1998 9.95 19.76 0.5 

Goldmann 1998 13.45 19.76 0.68 

ASMESectianNG i 10.27 25.1 0.41 * 

ASMESedonNG 6.9 34.9 0.20 

The locking ring thread design involves buttrbs threads with a specified pitch of 0 25 in. 
and an engagement length of 2.770 in. The buttrest thread design details are shown in 
Figure 3-24 and are in conformance with ANSI B I,?-1 973, Buttress Inch Screw n r e d  - 
7 Y45 *Form with 0.6 Pitch Basic Height of Thread Engagement (ANSI 1973) Because of the 
importance of the buttress closure threads in providng and maintaining the MCO seal loading, a 
detailed analysis of the threads and other closure hwdware has been performed by the design 
agent (Goldmann ZOOOa). The detailed analysis apgroach, results, and conclusions follow 

As an initial check on thread adequacy for the bolt loading, thread stripping (thread shear) 
calculations were performed on the locking ring threads ANSI B1 9-1973 (ANSI 1973) does not 
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specifi a formula for external thread stripping area, so a conservative approximation from 
Muchinev Hundbook (Green and McCauley 1996) was used. A selected strippingkhear area, 
per inch of engagement, resulted in a stripping area of 105.16 in2 (Green and McCauley 1996, 
page 1718). 

The locking ring is made of type 304N stainless steel. At a maximum design temperature of 
132 "C, the maximum bolt in-service loading is 200,000 Ib. The thread shear stress results are as 
follow (allowable thread stress is 0.6S, [ASME 1998, NB-3227.21): 

Shear stress = 1,902 Ib/in2 
Allowable stress = 0.6S,,,2 = 13,644 
Stress ratio = 0.139 . 

Thus, the thread stripping area is adequate for the maximum set screw loading 

The following paragraphs address the stress analysis of the worst-case lifting condition for 
the MCO. It is assumed that the MCO is at its maximum temperature, the set screw and seal 
loads are still applied, the MCO is full of water so it is at its maximum weight, and the maximum 
internal pressure of 450 lb/in2 gauge has leaked past the seal and is applied to the cover cap. It is 
required that the resulting membrane stress be less than S, for the materials involved. 

The lifting load path proceeds from the cover cap, down through the collar to the shell. 
The most highly stressed portion of the load path is at the thread relief area in the collar where the 
wall is a minimum of 0.373 in. thick. The applied loads are as follow: 

Temperature = 270 "F 
MCO weight = 24,000 Ib 

Internal pressure = 450 Ib/in2 
Jack bolt load = 200,000 Ib. 

The pressure load of 207,839 Ib is applied over the internal diameter of the cap just above 
the collar threads. 

Thus the total axial load is 

24,000 Ib + 207,839 Ib + 200,000 Ib = 431,839 Ib 

The resulting membrane stress from this load is 14,784 Iblin'. 

For a collar material of SA-I82 type F304LiF304 stainless steel at 270 "F, the allowable 
stress is 3 1,940 Ib/in2. Thus the thread relief area of the collar meets the requirement that the 
membrane stress, 14,784 Ib/in*, be less than the allowable stress. 
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3.2.5 Materials Selection and Corrosion Resist 

3.2.5.1 Materials Selection Austenitic stainless 
components Aluminum and copper alloys will be ;sed for some MCO components 

will be used for the majority of the MCO . 

3.2.5.1.1 Austenitic Stainless Steel 
rather than ferritic steel are austenitic steel's 
and fabrication, and the availability of material 
is compatible with the 304L stainless steel MC 
advantages of using austenitic stainless steel are th4 reduced maintenance required (especially 
during storage prior to handling) and fewer corrosibn protection requirements for threaded and 
seal surfaces compared with femtic materials 

reasons for selecting austenitic steel 
istance, lower costs for material testing 

uitable properties. Austenitic stainless steel 
1 and fuel baskets. Other significant 

The disadvantage of austenitic stanless steeljs reduced strength The lower allowable 
strength of the material results in a lower margin b&ond that inherent in the allowable stresses 
TASME 1998). However, austenitic stainless steel are inherently tough and plastically deform, 
absorbing a great deal of energy before catastrophi failure Also, all of the construction materials 
should be of the same basic type to preclude differ ~ tial thermal expansion and challenges to the 
sealing system. Galling of bolted connections, whidh could result in excessively high torque 
values and/or insufficient preload, is not expected 

Designs of bolted connections in which c materials are used typically include a 
minimum difFerential hardness This may be ac 
subjected to during fabrication or by specifyi t materials that have inherently differing 
hardnesses. The locking ring is fabricated out of 344N or 304H stainless steel, reducing the 
galling potential for both the set screws and the m& buttress threads The process valves, set 
screws, and cover plate bolts are fabncated from Nltronic 60 (UNS S21800) stainless steel to 
provide harder surfaces that further minimize the potential for galling. GaUing also can be 
prevented by using smoother surface textures, comer threads, slower wrenching speeds, and, 
most importantly, good thread lubrication (Bickforf 1990) There are few restrictions on the use 
of IubricauU on any ofthe threaded fasteners used n the MCO because none of the fasteners are 
in the pool at any time. Also, all of the fasteners pt the process port valves are outside the 

'onal and not offgas after being heated to a 
minimum of 132 "C (270 OF) With this in mind, ~ h quality, nuclear grade lubricants, such as 
pressure boundary. The lubricants must still be 

Nickel Never Seize' or Fel-Pro' Nickel 5000 Nevel Seize, may be used on threaded surfaces If 
some components are placed in the pool, lubricantqsuch as NeoLube' (graphite based) may be 
used. If continued lubricity is needed after contact bith the pool water, it is recommended that 
the components be suitably relubricated 

varying the cold work that the parts are 

'Never-Seize is a trademark of USM Corporatien 
*Fel-Pro is a trademark of Fel-Pro Incorporated. 
gNeoLube is a trademark of Huron Industries. 
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3.2.5.1.2 Other Materials. Aluminum and copper are the only other major materials used 
other than the various grades of stainless steel in the MCO and fuel baskets. Aluminum-based 
alloys are used for the fuel rack insert and spacer on the fuel baskets to provide a positioning grid 
during the fuel loading. The major requirement is that the material not interfere with the 
processing of the fuel and that it not lose sufficient strength such that it will block any of the gas 
flow passages in the baskets. A detailed evaluation of the initial cast alloy chosen, ASTM B26 
356.0-T6, can be found in HNF-SD-SNF-ER-018, Evaluation of Casi Carbon Steeland 
Aluminum for Rack Insert in MCO Mark IA Fuel Basket (Graves 1997a). The current design 
calls for fabrication of the spacer from 5005H-34 plate and the rack insert from either 6061-T6 or 
A03560-T6 plate. The greater thermal expansion rate of aluminum (compared to stainless steel) 
is considered in the component tolerances. Upon expansion, the aluminum he1 rack insert would 
deform before any significant deformation of the basket shroud occurred. However, after the fuel 
is loaded, neither the basket shroud nor the fuel rack insert has any significant role in the safety or 
storage of the fuel. 

A wrought copper alloy (C12200) is employed for the divider (shroud) subassembly in the 
Mark IA and Mark IV scrap baskets because it increases the amount of heat conduction from the 
fuel fines area, thus increasing safety margin during cold vacuum drying. Copper's thermal 
expansion coefficient is only about 5% to 10% larger than that of stainless steel, therefore uneven 
expansion at elevated temperatures is not a concern. The copper subassembly is not needed for 
criticality control. For more details on the selection of the copper alloy, see 
HNF-SD-SNE-ER-019, Evaluation of Copper for Divider Subassembly in MCO Mark IA and 
Mark IVScrap Fuel Baskets (Graves 1997b). 

Other metals that are used in smaller amounts are the soft metal coatings used on the 
Inconel and stainless steel seals (Le., inert metals such as silver that will have no adverse reactions 
with the stainless steel during the life of the MCO). 

3.2.5.2 Material Corrosion Resistance. This assessment of chemical and galvanic reactions 
between the MCO and its environments is divided into three subsections that correspond to the 
three stages or time periods of operation. The first stage occurs when the MCO is submerged in 
the K Basins or afterward when it still contains liquid water. The second stage covers the process 
of water removal and cold vacuum drying. The third stage, without liquid, extends through long- 
term interim storage. 

Assessments of chemical reactions with the environments internal and external to the MCO 
are predicated on effective control of cleanness during fabrication, handling, and storage of MCO 
components before and during use. Standards such as ASTM A 380-96, Cleaning, Descaling, 
and Passivation of Stainless Sieel Paris, Equipment, and Sysiems (ASTM 1996a), and 
ASME NQA- 1, Quality Assurance Requirements for Nuclear Facility Applications 
(ASME 1994), are followed for cleanness control. 

The MCO is fabricated using welded constntction without post-welding heat treatment, so 
residual stresses in and adjacent to the welds may reach yield strength levels. In an aggressive 
environment, the MCO could be susceptible to stress corrosion cracking near the welds. The 
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selection of a low carbon stainless steel was made to minimize the potential for stress corrosion 
cracking. Other conditions that also minimize the potential for stress corrosion cracking are 
discussed below. 

3.2.5.2.1 Multi-Canister Overpack Containing Liquid Water. The MCO is immersed 
in or filled with liquid water for less than 2 days, which is too short for significant corrosion in 
benign environments. 

A properly fabricated and cleaned 304L stainless steel MCO rapidly develops a passive 
corrosion protective oxide film in air. For submerged service, the film needs oxygen for damage 
repair. However, this protection is typically retained in natural waters, whether hot or cold, even 
those with relatively high pollution levels (Butler and Ison 1966). According to the MCO 
Performance Specification (Goldmann 2000b), the conductivity of water in the K Basins ranges 
from 1 pS/cm to 5 pS/cm, which is only slightly higher than that of good quality distilled water 
but sigdicantly lower than that of excellent quality raw water (ASTM 1996b). 

The protective oxide film ensures a low rate of corrosion that precludes any damage to the 
MCO for many years. Common sources of corrosion resistance information do not list typical 
values for this low uniform corrosion rate. WHC-SD-W236A-TFW-001, Multi-Function. Waste 
Tank Faciliiy Corrosion Test Report (Phase I )  (Carlos 1993), reports one example of a low 
corrosion rate in 304L stainless steel such that the predicted corrosion in 75 years would be 
0.038 mm (1.5 x l o 3  in.). A design corrosion allowance is not required at this level of corrosion. 
The Nitronic 60 alloy, also an austenitic stainless steel, is expected to exhibit corrosion resistance 
similar to that of 304L stainless steel 

The MCO is susceptible to localized corrosion processes (e.g., pitting, crevice corrosion, or 
stress corrosion cracking) under certain water conditions. The most damaging condition for 
stainless steels is high concentration of the chloride ion. Chloride ion content in the K  bas^ is 
below the detection limit (Goldmann 1998), which is 0.083 p/M by weight, and well below that 
needed for protection against attack in fully submerged service. The fluoride ion is typically of 
concern for localized corrosion. The fluoride ion mntent of K Basin water is 0.248 p/M 
(Goldmann 1998). Highquality water typically used for mixing cleaning solutions, rinsing, and 
flushing of nuclear components would contain less than 1 p/M fluoride ion (ASME 1994). 
Therefore, the tluoride ion will not cause localized corrosion during the water-containing stage. 
High temperature water containing dissolved oxygen can cause stress corrosion cracking of 
sensitized stainless steel (Sedricks 1992); however the low water temperature precludes this stress 
corrosion cracking. 

Low levels of polychlorinated biphenyls (PCBs) associated with fuel and sludge corrosion 
products have been identified in sludge samples from the K East Basin, and their detection raises a 
concern for thermal or radiolytic decomposition that might contaminate the water in the MCO 
with chlorine and thereby produce corrosion damage. The corrosion rate of 3 16 stainless steel in 
water saturated with chlorine at room temperature% 0.008 d y r  (ASM 1987, 
pages 1170-1 174), a value that would be .acceptable for the short duration of submerged service. 
A specific corrosion rate for 304L stainless steel is not available; however, it is not expected to be 
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significantly different than that for 3 16 stainless steel. In addition, PCBs decompose slowly, 
levels are low, and they are not expected because the fuel is cleaned before it is loaded into the 
MCO. 

Iodine is a fission product generated during the irradiation of N Reactor fuel; each MCO 
will contain about 180 g (0.4 lb) of iodine (Praga 1998a). The iodine in light-water-reactor oxide 
fuel combines with cesium as cesium iodide (Kohli 1982). This compound can vaporize in oxide 
fuel and migrate to the fuel-cladding gap by vapor transport along pellet-to-pellet interfaces; 
however, this behavior is unlikely in N Reactor SNF, which has no fuel pellets or fuel-cladding 
gap. Iodine (or CsI) could be released as the SNF corrodes. Assuming that the iodine would be 
distributed uniformly, that the cladding does not exist, that the total uranium surface of the 
original fuel is exposed to corrosion for 48 hours, and that the corrosion rate of uranium in water 
is0.57 x lo3 g/cmz2/h (ASM 1987, p 814) results in an upper bound estimate of 0.7 p/M 
maximum iodine content in the 500 L (130 gal) of water in the MCO: The corrosion literature 
does not identify iodine or the iodide ion as a major corrosion contributor for stainless steel; 
however, the low level determined for iodine would be acceptable even for the more corrosive 
chloride ion. Therefore, iodine contamination is not a corrosion concern. 

C e s i  is a fission product in N Reactor SNF, and each MCO will contain about 1.2 kg 
(2.6 lb) of cesium (Praga 1998a). Experience at the K Basins shows that cesium is the major 
source of radioactivity. Using the same corrosion rate, surface area, and time for uranium 
corrosion as applied above for iodine, an estimate of maximum cesium content in the MCO water 
after 48 hours of corrosion is about 4 p/M. There is no evidence in the literature or in K Basin 
operational experience that cesium is detrimental to the corrosion resistance of stainless steel. 

Other fission products present in N Reactor SNF in very small quantities (Praga 1998a) are 
dissolved in the water and do not enhance corrosion of stainless steel. 

Aluminum is highly resistant to high-purity water (distilled or demineralized) at ambient 
temperatures, with any slight reaction initially occurring ceasing almost completely within a few 
days &er development of a protective oxide film. After this protective film conditioning period, 
the amount of metal dissolved by the water becomes negligible (Hollingsworth and 
Hunsicker 1987). Measured corrosion rates in the K East Basin for either a 5086 or 6061 
wrought aluminum are less than 0.5 bdyr (0.02 mils/yr); similar corrosion rates are expected for 
the cast aluminum alloy. 

Minerals in water combine with dissolved CO, and oxygen and react with copper to form a 
protective film. In distilled or very soft water, protective films are less likely to form; the 
corrosion rate may vary from less than 2.5 p d y r  to 125 p d y r  (0.1 miVyr to 5 miVyr) or more, 
depending on oxygen and CO, content (Polan 1987). Even at the higher corrosion rate, impact to 
the divider subassembly would be minimal because of the relatively short (far less than 1 year) 
exposure times. 

Water is an electrolytic conductor, so the potential for galvanic corrosion has been 
examined for several dissimilar metal contact scenarios. 
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1. Contact between stainless steel and the aluminum fuel rack - In many 
environments, including freshwater, aluminum can be used in contact with stainless 
steels with slight acceleration of corrosion. Stainless steels are easily polarized 
cathodically in mild environments, so the corrosion current is small (Hollingsworth 
and Hunsicker 1987). The ratio of stainless steel to aluminum is very large, yet even 
with an assumed thousand-fold corrosion rate increase, accelerated corrosion of the 
aluminum would only be 0.5 d y r  (20 mivyr). 

Contact between stainless steel and the copper divider subassembly -Both copper 
and stainless steel exhibit protective passive oxide layers on their surfaces with 
passive stainless steel more noble (corrosion-resistant) than copper in the sea water 
galvanic series." This results in accelerated galvanic corrosion of the copper. Only 
one scrap basket is loaded into each MCO, so the area ratio of stainless steel to 
copper is very large, increasing the copper corrosion rate." The driving force for 
this galvanic corrosion will be appreciably reduced by the much lower conductivity 
of the K Basin water (versus sea water) and the relatively small spread between 
copper and stainless steel in the galvanic series. 

Contact with Zircaloy-2 fuel cladding - The zirconium-based cladding and the 
stainless steel alloys each exhibit passive oxide layers on their surfaces. Both exhibit 
similar galvanic corrosion potentials in seawater (ASM 1987, p 717-718), thus there 
should be no accelerated galvanic corrosion for this alloy combination. The 
cladding's passive oxide film is much more noble than either the aluminum or the 
copper oxide a m .  Therefore, any accelerated galvanic corrosion is expected to be 
of aluminum and copper. 

Contact with aluminum SPR fuel cladding'* - Accelerated corrosion of the 
aluminum fuel cladding with stainless steel would be small (see item 1). The 
protective oxide coating on the aluminum is less noble than the copper oxide 
coating. In this case, accelerated corrosion of the aluminum cladding would occur 

2. 

3. 

4. 

5 .  Contact with uranium fuel - The uranium is actively corroding with a nonprotective 
oxide layer resulting in no accelerated corrosion of either the stainless steel or 
copper. A previous galvanic couple test (Weirick 1987) of uranium with aluminum 

locopper can accelerate corrosion of active stainless steel, particularly in highly chlorinated 
water. However, as chloride levels of the K Basin water are very low and stainless steel is easily 
passivated, this scenario is not expected. 

"Filling an MCO with more than one scrap basket would reduce the stainless steel-to-copper 
area ratio, thus reducing the magnitude of the copper corrosion rate increase. 

'*8001 aluminum alloy, which has the following chemical additions: 0.9 to 1.3% nickel, 0.45 
to 0.7% iron, 0.17% silicon and 0.15% copper (ASM 1990, p. 1456). 
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in 100% relative humidity showed only a slight corrosive attack for both the 
aluminum and the uranium. 

6 .  Contact between stainless steel and silver - Silver is only slightly more cathodic 
than stainless steel, thus galvanic attack of the steel will be negligible. 

Even with accelerated galvanic corrosion, the short duration of MCO immersion in water is 
insufficient for significant corrosion of the construction materials. 

3.2.5.2.2 Multi-Canister Overpack during Removal of Liquid Water. Less than 
48 hours is needed to remove water from the MCO and establish a low internal water vapor 
pressure (Goldmann 1998). This period is too short for significant corrosion of stainless steel, 
aluminum, or copper in the benign environment. 

The vacuum drying operation includes monitoring of pressure increases near the end of the 
process to ensure that acceptable water vapor partial pressure has been established. The water 
vapor pressure (<0.5 torr) prevents condensation inside the MCO. The single wddry  cycle 
precludes significant buildup of chloride ions to levels that would cause localized corrosion. Once 
the liquid water is removed and condensation is precluded, liquid (galvanic) corrosion processes 
cease. 

If liquid water is trapped in locations such as cracks or crevices in the he1 elements, a 
complex flow path might produce slow evaporation kinetics that could allow water to remain 
after dryrng and sealing of the MCO. This liquid would slowly evaporate into the gas space 
during the staging period. If enough water vapor were produced to exceed the saturation 
pressure, condensation on the slightly cooler wall of the MCO could occur. The question then 
becomes whether this condensate could dissolve sufficient chloride ion from the previously dried 
walls to exceed the threshold for pitting or crevice corrosion of 304L stainless steel. Evaporation 
of the low-chloride K Basin water should not create a chloride concentration problem that would 
enhance pitting or stress corrosion cracking under dry or Mly immersed conditions. However, 
the situation with a relatively small mount of condensate is unclear (Blackbum 1995). 
Long-term test programs did not reveal significant pitting of 304L in 15-year exposures in a 
marine environment with much higher chloride concentrations (Davison et al. 1987, 
Southwell et al. 1976). 

Water also is removed from the annulus between the shipping cask and the MCO. Any 
moisture remaining in the annulus will not produce corrosion damage on the exterior of the MCO 
during the short time required for shipment to the CSB and removal from the shipping cask. 

3.2.5.2.3 Multi-Canister Overpack after Removal of Liquid Water. Following cold 
vacuum drying, four gases may exist within the MCO in addition to inert gases: 

Hydrogen gas generated by reactions of the uranium fuel with water vapor or 
radiolysis of chemically bound water 
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Chlorine gas produced by thermal or radiolytic decomposition of PCBs, detected in 
low levels in K Basin sludge samples 

Iodine gas that could be present because of the thermal environment and fuel 
corrosion 

Oxygen gas generated by the radiolysis of water 

Hydrogen will not reduce the chromium oxide passive layer on the stainless steel although it 
may reduce the iron oxide that may co-exist in mixed oxide layers (Adams 1983). Effects of 
gaseous hydrogen on the mechanical properties of 304L stainless steel are discussed in detail in 
the next section. Aluminum is considered to be resistant to hydrogen at temperatures 
approaching aluminum's melting point of 660 "C (1,220 OF) (Berry 1971). Dry hydrogen gas is 
not detrimental to aluminum alloys; however, with the addition of water vapor, subcritical crack 
growth increases dramatically. It is more common to form a multitude of near-surface voids that 
coalesce to produce a large blister (Craig 1987). A common form of hydrogen damage in copper 
is known as steam embrittlement and is observed only when copper contains oxygen. Deoxidized 
coppers with high residual deoxidizer contents (such as the (212200 used in the scrap baskets) are 
not considered susceptible to hydrogen embrittlement because the oxygen is tied up in complex 
oxides that do not react appreciably with hydrogen (Polan 1987). 

Dry chlorine is compatible with stainless steels at normal pressures, but chlorine gas 
saturated with water vapor at ambient temperature IS extremely corrosive to these alloys 
(Brown et al. 1947). In chlorine gas, aluminum is usable up to 120 "C (250 OF), and moisture at 
room temperature increases attack. A maximum-use temperature of 205 "C (400 OF) is 
suggested for copper in dry chlorine (Liening 1987), water vapor at room temperature accelerates 
attack of copper. However, PCBs in the K Basin canister sludge are identified at low levels, so 
they should not be present within the MCO at any measurable level. This, coupled with cleaning 
of the fuel before MCO loading and gas purging before storage, further reduces the possibility of 
chlorine gas corrosion problems. 

Ifthe total 180 g (0.4 lb) of iodine contained in the fuel in an MCO (Praga 1998a) were 
released, the iodine partial pressure would be 26 torr at atmospheric temperature. In actuality, 
only a small fraction of the iodine would be expected to be released Assuming the iodine partial 
pressure to be about the m e  as that for chlorine, the fact that iodine is less aggressive means that 
corrosion damage of the stainless steel, aluminum, or copper is very unlikely 

The passive film on 304L stainless steel that protects against liquid corrosion also protects 
against gaseous oxidation by impurities (e g , oxygen or water vapor) in the inert gas environment 
established in the MCO ( A h  1983) Oxidation of stainless steel only becomes obvious at 
temperaturas above about 400 'C (750 "F) (ASM 1987, pages 35 1-353) Oxygen gas has no 
dect oil auminWn as it aids in the formation of a protective oxide coating (Chawla and 
Gupta 1993). When copper is used at high temperatures in oxygen, scaling results Below 
100 "C (212 OF), the oxide film increases in thckness logarithcally with time (Polan 1987) At 
medium temperatures, the scaling rate increases following the parabolic law 
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With the liquid removed from the MCO, galvanic corrosion is no longer possible. 
However, direct contact between the fUel and baskets could lead to liquid metal embrittlement of 
the stainless steel, aluminum, or copper alloys by fission products or actinides (such as 
plutonium). Cesium and tin are the low melting point (<205 "C [<400 OF]) fission products 
generated in the greatest amounts. However, the tin and cesium levels in the fuel elements are 
small, so the content in a contact area would be far too small for significant damage to occur to 
either the stainless steel, aluminum, or copper alloys. Solid metal embrittlement has been 
observed only in those metal couples in which liquid metal embrittlement occurs (ASM 1987, 
page 185). A literature search did not reveal any data on solid metal embrittlement of stainless 
steel by cesium, tin, or any of the actinide metals. 

Ifeutectic liquid could form because localized fuel reactions produced small regions of very 
high temperature, attack on stainless steel could be severe. Estimates of the lowest temperatures 
required for liquid eutectic formations obtained from binary-phase diagrams are 646 "C 
(1,195 OF) for aluminum-uranium and 725 "C (1,336 OF) for iron-uranium. In addition, the 
melting point of aluminum is 660 "C (1,220 OF) (ASM 1973). Other eutectic temperatures for 
the binary systems of interest among uranium, zirconium, and copper are higher. Calculations for 
temperatures within the MCO during interim storage have resulted in a maximum value of 153 "C 
(307 OF) (Reilly 1998). 

The environment at the exterior of the MCO will contain both water vapor and oxygen 
(either as air or as an impurity in inert gas). ,The passive oxide layer on the stainless steel will 
prevent significant reaction with these gases. Internal heat generation in the MCO acts to prevent 
moisture condensation on the exterior of the MCO. The following engineered and administrative 
features protect against accidental intrusion of water into the storage tubes at the CSB: 

a 

a 
a 

A dry roof that does not collect water 
Absence of sprinklers for fire protection 
Prohibition against washing the deck 
Seals on the CSB storage tube plugs. 

3.2.5.2.4, Hydrogen Effects on the Mechanical Properties of Stainless Steel. Hydrogen 
gas is a principal contributor to the internal pressure in the MCO. The allowable gas amounts 
defined in "F-SD-SNF-OCD-001, Spent Nuclear Fuel Project Product Specijication 
(Pajuncn ZOOO), show the sum of the total water and hydrogen plus the contingency put an upper 
l i t  on the hydrogen pressure of 124 lb/inz absolute at a temperature of 200 "C (392 OF). An 
extensive compilation of the effects of hydrogen on the mechanical properties of 304L stainless 
steel is provided in DP-1643, Hydrogen CompatibiMy Handbook for Stainless Steels (Caskey 
1983). Much of the experimental information was obtained for a pressure of 10,000 Ib/in*, either 
as an exMnal hydrogen environment during the test or as a pressure for charging hydrogen 
internally into the steel at elevated temperatures. Only in the case of tensile ductility are sufficient 
data available at lower pressures to determine effects at the MCO pressure. 

Following Sievert's Law, the concentration of hydrogen just inside the alloy surface is 
directly proportional to the square root of the hydrogen pressure (Caskey 1985, page 830). The 
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MCO pressures will be much less than those employed in Caskey's tests (1983), hence, so will the 
hydrogen concentrations. The extent of hydrogen diffusion into the steel for two MCO CSB 
conditions and two Caskey hydrogen charging conditions was calculated by combining Fick's 
second law and the diffusivity temperature-dependant Arrhenius equation (ASM 1985, pages 
28-65 and 28-66) to yield 

x = {Dot [exp(-QiRT)]}" 

where 

x =hydrogen diffusion distance (cm) 

Do = diffusivity constant (2 x 

t =time (s) 

Q =activation energy (50 kJ/mol for 304L [Caskey 1985, page 8281) 

R = universal gas constant (8.3 14 J/moleK) 

T = temperature (degrees kelvin [K = "C + 2731). 

The Caskey conditions calculated were (1) 11)7 "C for 1,449 days (Caskey 1983, page 81) 
and (2) 347 "C for 3 weeks (Caskey 1983, page 83) For both of these conditions, the diffusion 
distance was equal to or greater than the original diameter of the tensile specimen, thus full 
penetration of the hydrogen was achieved. The MCO conditions calculated were (1) 132 "C 
(maximum MCO shell temperature in CSB) for 40 years and (2) 46 "C (maximum air temperature 
within CSB storage tubes) for 50 years. The calculated diffusion distances for the MCO 
conditions were 0.373 in. and 0.056 in., respectively These distances correspond to 75% and 
11% of the MCO shell wall thickness, thus limiting the hydrogen to the inner surface of the MCO. 
Consequently, experimental results from Caskey's hydrogen effect tests (Caskey 1983) 
conservatively bound effects for the MCO. Based upon these calculations, thinner components, 
less than 0.35 in. thick, within the MCO (Le., the rupture disk) will achieve full hydrogen 
penetration. 

cm2/s for 304L [Caskey 1985, page 8281) 

The following summary of information from DP-1643 (Caskey 1983) contains parenthetical 
reference to specific figures or pages of that document. 

Ductility 

The most commonly used index of hydrogen damage in stainless steels has been the 
change in reduction-of-area as measured for a fractured tensile specimen. The 
reduction-of-area is a measure of plasticity calculated from the original 
cross-sectional area (AJ and the final cross-sectional area at the fracture (AJ 
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FL4 = 100 (A,, - AJ/& 

Another measure of ductility that is used extensively in DP-1643 (Caskey 1983) is 
plastic strain to failure (Ef). 

Ef = In (Ad&). 

High hydrogen pressure can reduce reduction-of-area from a starting value of about 
80% to a value of about 22% at a temperature of about -53 "C (-63 OF), which 
corresponds to a minimum in reduction-of-area (these values were calculated by 
converting Caskey's E, values (Caskey 1983) to reduction-of-area values using the 
previous equations). However, for a hydrogen pressure of about 450 Ib/in2, the 
reduction-of-area would only be reduced to about 61% at about 22 "C (72 OF). 
This level of reduction-of-area is typically more than adequate to ensure ductile 
structural behavior in engineering components. At a service temperature of 200 "C 
(392 OF), the reduction-of-area value would be even higher than 61% (Caskey 1983, 
Figures 12 and 13, pages 81,83, 86). 

0 Yield strength 

High-pressure hydrogen produces small increases of about 0% to 28% in the yield 
strength of304L stainless steel (Caskey 1983, pages 24,31, 81, 82, 83). 

Tensile strength 

High-pressure hydrogen typically produces small decreases of about 10% to 15% in 
the tensile strength (Caskey 1983, pages 3 1, 81, 82). These small reductions do not 
influence design allowable stress intensity because this parameter is governed by 
yield strength for conditions applicable to MCO storage. 

0 Notchstrength 

Stainless steels l i e  304L in conventional tensile tests are typically strengthened by 
notches in the absence of hydrogen (the opposite behavior indicates susceptibility to 
brittle fracture at stress concentrations). High-pressure hydrogen produces a 
reduction of less than 20% in the notch strength (Caskey 1983, pages 47, 88, 89). 

0 Elastidplastic fracture toughness 

High-pressure hydrogen produces reduction in the J-integral at maximum load of 
about 3Oy0 and in the tearing modulus of about 20% (Caskey 1983, pages 84, 85). 
These changes are much too small to be of practical engineering significance for the 
MCO. 
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Static crack growth 

Slow crack growth under static loads did not occur in fracture mechanics tests of 
thin specimens of 304L stainless steel, Crack growth did occur in notched 
specimens loaded to 85% of the notch tensile strength (Caskey 1983, pages 50, 51, 
52). As the MCO design does not allbw loads to reach this critical level, static crack 
growth is of no concern. 

Impact energy 

Impact tests of a dynamic tear test specimen showed only a small decrease in 
absorbed energy for tests in hydrogen at room temperature. Even at -196 "C 
(-321 OF), absorbed energy values did not indicate brittle fracture (Caskey 1983, 
pages 81, 83). 

Stress state 

Burst testing of disks produces a biaxial stress state in the test specimen. Tests using 
hydrogen as the pressurizing gas show little change in burst pressure relative to 
helium tests for solution-annealed 304 stainless steel, but a reduction of about 45% 
in burst pressure for samples that were sensitized or welded (Caskey 1983, page 46, 
Fidelle et al 1974). 

With the exception of yield and tensile strength, the material properties discussed above are 
not design parameters. The strength vdues used dqring the critical analyses are conservative 
values as required by the applicable codes and take@nto account slight property variations. The 
hydrogen effects on those material properties not ubed in the design calculations (i.e., notch 
toughness) show no significant loss in strength, duqlity, or resistance to crack propagation that 
would adversely affect the design, analysis, or strudtural performance of the MCO 

Hfiogen CSntpntibiii?y Handbook for StaiMess Steels (Caskey 1983) was used as a 
source because it is more definitive than any other @urces found in the original literature search 
The Hsndbook is a compilation of 15 years of r e q c h  at the Savannah River Laboratories, 
supplemented by other available data. A later literahe search did not yield any additional data on 
hydrogen embrittlement at low pressures (-1 MPa), Data found were similar to Caskey's data and 
for pressures greater than 30 MPa. 

3.2.6 Lifting Devices 

Various devices will be used on the MCO and its components during loading, &el 
conditioning, and placement into storage. A general description of these follows. 

Device to move and place the empty MCO canister - A pipe tong device has been 
selected. 
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a Device to place the MCO shield plug - Design is underway, and device will attach 
to set screw holes in the plug upper surface. 

Device to place and install the MCO lifting and locking ring - Design is under way, 
and device will both lift the ring onto the MCO canister and torque the set screws. 

Device for lifting the fuel baskets - The device is a grapple that attaches to a 
groove internal to the basket's center pipe uses three balls locked in a radial position 
providing the axial load path (together with the pipe groove) for lifting the baskets. 
This device has been designed, analyzed, and tested to the limits stated in 
ANSI N14.6-1993, For Radioactive Materials - Special Lifting Devices for 
Shipping Containers Weighing 10,000 Poundr (4500 kgl or More (ANSI 1993), to 
show acceptance for these lifts. 

Device for lifting and moving the loaded MCO - The MHh4 has been designed 
under the direction of the CSB subproject. The MHh4 uses the collar or cover cap 
lifting ring for attachment. 

3.2.7 Fuel Elements 

At no time during retrieval, packaging, transportation, or conditioning is the fuel cladding 
relied upon for confinement of radionuclides. Fuel movements in the k e l  segregation campaign, 
and more recently during the fuel characterization work, have shown that even the most visibly 
damaged fuel can be moved and handled. For criticality analyses, it is assumed that the cladding 
remains mixed with the fuel. 

3.3 SUPPLEMENTAL DATA 

3.3.1 Deflagration 

The effects of a deilagration occurring at atmospheric pressure either inside or outside of 
the MCO prs%sure boundary have been addressed (Shrivastava 1996, Shrivastava 1997). The 
analyses show that the MCO will meet the ASME Boiler and Pressure Vessel Code, serfice 
level D requirements (ASME 1998) for internal pressures expected from a hydrogen deflagration 
event starting at atmospheric pressure. The maximum possible deflagration pressure occurs from 
a hydrogen-oxygen stoichiometric mix initially at 1 atm pressure with a reflected shock wave 
of 37. This shock wave could produce a pressure of 544 Ib/in2 This shock wave pressure has 
been predicted to be more realistically limited to a value of 13 atm. This would yield a pressure 
wave of 190 lb/ii2, which is a factor of 2 4 below the MCO design pressure of 450 Ib/in2 with 
cover cap attached. 
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The MCO pressure boundary vessel, when exposed to an internal deflagration, has been 
shown to meet the service level D service limits of the ASME Boiler and Pressure Vessel Code 
(ASME 1998) with pressures up to 935 Ib/in2. This is ample margin on a veIy conservatively 
predicted deflagration pressure. 

The MCO pressure boundary vessel, when conservatively addressed for an external 
deflagration event acting on a vessel not supported internally, shows a pressure l i t  of 354 Ib/in2. 
Should one consider the internal vessel supports of the basket bottom plates, the allowable 
pressures could be shown to be much higher. 

3.3.2 Multi-Canister Overpack Cover Plates 

Analyses (Abatt 1997) of the cover plates when impacted by the cask lid, ifit were 
accidentally dropped at heights up to 5 A above the MCO, show the plates adequately protect the 
port appliances. The cover plates limit displacements toward the appliances to 0.34 in. 
(Abatt 1997). The appliances are designed with at least this much clearance, so they will suffer no 
impact or resultant forces. 

3.4 COMPUTER CODES 

The SNF primary confinement boundary structure, the MCO, was analyzed for structural 
strength and dynamic characteristics using the finite element codes described in the following 
paragraphs. The computer codes are those commonly used in the nuclear industry and 
particularly at the Hanford Site. The codes all have been validated and inputs verified for quality 
answers by user groups onsite and by the design agent 

ANSYS 5.0A (Swanson 1992) is a finite element program that has acceptance as a linear 
elastic design tool for mechanical and civil engineers It is known for its early development and 
use as a robust pre- aad postprocessor. ANSYS IS being expanded to nonlinear analysis, but it is 
still viewed as a standard for linear elastic structural analysis in the nuclear industry ANSYS has 
been used extensively in the structural static analyses of the MCO and its components. The code 
has the ability to develop stresses related to thermal growths and restraints in structures 

For dynamic solutions, in particular the cask-MCO drop scenarios, the K Basin 
transportation cask, MCO, and baskets were analyzed and modeled with a second generation, 
nonlinear, finite element program called ABAQUS (ABAQUS 1995b) ABAQUS uses finite 
element formulation for the stress and strain domrun and finite difference formulations for the 
dynamic t h e  domain. There are two versions of ABAQUS ABAQUSIStandard, the implicit 
formulrtion, which is best for static nonlinear solutions, and ABAQUSExplicit, which is best for 
dynamic probleme. In particular, ABAQUSlExplicit 5 4 was used for this analysis effort 
(ABAQUS i995a). ABAQUSkpIicit 5.4 uses a iumped-mass formulation with explicit central 
difference integration for the time domain solution of displacements, velocities, and accelerations 
Each degree of freedom is idealized as an independent lumped mass with an initial position and 
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velocity. External forces are applied to generate accelerations. Employing very small time steps 
(typically 0.5 microsecond), new positions and velocities are calculated, then finite element 
reaction forces are calculated for each individual element, and contact surface conditions are 
checked. The new updated forces produce new accelerations and the process repeats. ABAQUS 
also allows nonlinear modeling of materials and material failure. The nonlinear material properties 
are defined versus strain. The ABAQUS finite element formulation uses numerical integration to 
construct element stiffness matrices that relate internal element reaction forces produced by 
element boundary displacements. The repeated numerical integration allows the material 
properties to be updated based on the strain history at each element integration point through the 
element volume. 
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Figure 3-1. Multi-Canister Overpnck and Cask Package Sketch. 
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Figure 3-2. Axisymmetric Model with Boundary Conditions, Upper Section. 
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Figure 3-3. Axisymmetric Model with Coupled Nodes. 
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Figure 3-4. kvisymmetric Model with Boundary Conditions, Lower Section. 
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Figure 3-5. Multi-Canister Overpack Half-Symmetry 
Assembly Without Cover Cap. 
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Figure 3-6. Multi-Canister Overpack Half-Symmetry 
Assembly With Modified Cover Cap. 
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Figure 3-7. One Hundred Eighty Degree Sector of' Mark IA Fuel Basket Structural Components. 
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Figure 3-8. Support Rod Finite Element Model 
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Figure 3-9. Support Rod Force Deflection Curve (Single Rod). 
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Figure 3-10. Support Rod Deformed Shape. 
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Figure 3-1 1 .  Sixty Degree Sector Model of Mark IA Basket with Holes. 
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Figure 3-12. Illustration of Support Rod Load Eccentricity 
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Figure 3- 13. Mark IA Support Rod Cross Section 
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Figure 3-14. One Hundred Eighty Degree Model of 
Mark IA Basket Used for Horizontal Drop Analyses. 
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Figure 3-15. Elastic Stress Intensity Contours, 35 g Drop Loading, 
Detailed Hole Model. 
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Figure 3-16. Elastifllastic Stress Intensity Contours, 
35 g Vertical Drop. 
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Figure 3-17. Plastic Strain Contours, 35  g Vertical Drop. 
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Figure 3-18. Bottom Plate Distortion Illustration for 
Horizontal Drop Modeling. 
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Figure 3-19. 101 g Horizontal Drop Stress Intensity Contours, 
Inelastic Analysis 
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Figure 3-20. Sixty Degree Sector Finite Element Model 
of the Mark IV Storage Basket. 
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Figure 3-21. Mark IV Support Rod Cross Section. 
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Figure 3-22. Shield Plug Interface Component Geometry. 
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Figure 3-23. Cover Cap With Gripping Shoe Configuration. 
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Figure 3-24. Thread Detail Geometry. 
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4.0 THERMAL EVALUATION 

This chapter presents the thermal-hydraulic evaluations used to establish the safety basis for 
the multi-canister overpack (MCO) and its spent nqclear &el (SNF) payloads under normal 
conditions of operation. The safety basis for off-ngrmgl and accident conditions is addressed by 
the various facility safety analysis reports and by safety analysis report for packaging for the 
transportation cask. This division in reporting co 3 lies with the format guidance of U.S. Nuclear 
Regulatory Commission Regulatory Guide 3.6 1, S F d  Format and Content for a Topical 
Sz$ev AnaIysis Report for a Spent Fuel Dry Storafe Cask (NRC 1989a), wherein the thermal 
evaluation for a topical report presents the normal Conditions of storage. 

rting data. Chapter 1 .O presents the 
IA fuel baskets, the Mark IV and 

assembly drawings. The material and 

Other chapters of this topical report p 
general dcwiiptim of the MCO, the Mark IV and 
Mark IA scrap baskets, ind the associated desi 
dimensional data provided in Chapter 1 .O are u e thermal models of the MCO assembly. 
Chapter 2.0 provides the physical, chemical, and gical description of the SNF he1 types to 
be handled, the design loadings for the MCO, the fhvironmental design Conditions, and the safety 

the MCO design. These data are used as an aid in establishing 
of the SNF he1 tylles, the boundary conditions for the thermal 

thrmd loading for the MCO. Chapter 8.0 defines the MCO 
fw cach procsclsing step. This info 

rmdym. FWly, Chapter 12.0 
specific tahttiad Satitty rquhue-nts to ensure 

is used in setting boundary conditions 
parameters used as sources for facility- 

These data support the 
determination of the thermal acceptance criteria. 

4.1 DISCUSSION AND RESULTS SUMMARY 

Front loadiag nt the K Basins to placement 4 interim storage, the interior of the MCO sees 
three &tisot thermai-hydrdc conditions: flood+ with water, vacuum or near vacuum 
conditions, and dried and bacmed with helium g While combinationS of these three distinct 
condkkm exkt as sll MCO passea from one proc 2 s step to the next, the safety basis of the MCO 
is principaUY eatabliahed wing its steady-state and kransient thermal performance under each of 
these distinct operating conditions. 

W&er-flooded tbmd conditions exist duripg loading at the K Basins, transportation 
between the K Baains and the Cold Vacuum Dryi+ Facility (CVDF), and during the initial 
processing steps at the CVDF. The safety analysiq under water-flooded conditions consists 
primarily of ensuing the aystem will contain any htential pressure buildup because temperature 
excursions are virtually impossible so long as the dNF assemblies remain covered with water 

of%wWr-flooded, vacuum, a d  dry thermal oonditions exist during the 
various phases of the cold vacuum drying process. The safety analysis for cold vacuum drying 
consists of two parts. The first part addresses the cold vacuum drying process steps to ensure 
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that the SNF temperatures remain within the safety limits when exposed to the elevated 
temperatures, water vapor, and reduced heat transfer environment inherent with the vacuum 
drying process. The second part of the cold vacuum drying safety evaluation addresses the 
process steps required to ensure that the water and other reactants remaining within the MCO 
following cold vacuum drying are below set maximum quantities. Ensuring that the reactant 
quantities are limited will prevent excessive temperature and pressure excursions within a sealed 
MCO during the subsequent dry transportation and interim storage periods. 

Dry thermal conditions within the MCO exist following completion of the cold vacuum 
drying process steps, during transportation between the CVDF and the Canister Storage Building 
(CSB), and during handling and interim storage at the CSB. Because it is recognized that a finite 
amount of water may exist following the cold vacuum drying process as either free or chemidy 
bound water, the terminology 'dry' is used to refer to the prevalent environmental condition within 
the MCO. The safety analysis under these conditions consists of establishing the maximum 
temperatures and pressures that may occur within the MCO during transportation to the CSB, 
handling within the MCO handling machine (W), and during interim storage in the CSB given 
the amounts of reactants still remaining within the MCO. 

Table 4-1 summarizes the results of the thermal-hydraulic safety analysis for the MCO 
assembly. The table addresses the type of analysis used to establish the safety basis, provides a 
comparison of key MCO thermal parameters with gcceptance criteria, and indicates whether a 
technical safety requirement is necessary to ensure the safety basis. The key t h d  parameters 
are selected to provide a means of tracking the ovqall thermal performance of the system. The 
'allowable' temperature represents the maximum tetnperature permitted for that component, based 
on a code or manufacturer's restrictiOn, while the 'design' temperature represents the temperature 
used for design purposes by nonthermal analyses. 

As seen from the table, the specific thermal parameters that are tracked for the MCO are 
the MCO wall temperature, the temperature difference between the shield plug and the MCO 
wall, the maximum SNF temperature, and the MCO gas pressure. The thermal-hydraulic analyses 
presented herein demonstrate that all SNF processing steps comply with the thermal acceptance 
criteria for these thermal parameters and that substantial thermal margins exist. 

4.1.1 General Analysis and Key Parameter List 

Generally, a safety basis analysis would address the range of expected environmental and 
process conditions and demonstrate a safe, stable, and secure operation under all processing steps 
This demonstration would involve maintaining a passive energy balance wherein the energy gains 
to the system equal the energy losses from the system without reliance on active systems or 
operator intervention. However, the potential worst-case composition of the MCO's SNF 
payload, the exponential relationship between temperature and chemical corrosion heat, and the 
thermal environment imposed by some of the proccss steps 
unstable operating conditions Therefore, in some cases the thermal evaluations for the MCO had 
to address the transient thermal behavior of the system to establish the safety basis 

combine to create inherently 
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For the purposes of this work, a safe, stable, pnd secure operating condition is defined as 
either (1) an energy-balanced, steady-state conditia wherein the energy gains to the system equal 
the energy losses from the system and the system iqwithin its temperature and pressure limits, or 
(2) a transient operating condition wherein energy &ins may temporarily exceed energy losses, 
but for which administrative controls are implemented to ensure the system can be placed into a 
stable, steady-state condition before the system temperature and pressure limits are exceeded 

of bounding assumptions for the radiolytic and ch & 'cal heat generation, conservative heat 
transfer assumptions, and application of technical scfety requirements governing the loading of the 
MCO, allowable time to accomplish individual p r w s  steps, process performance criteria that 
must be met before subsequent process steps can started, and specified recovery steps to be 
taken should off-normal conditions arise The co 3 ination of all of these elements ensures that 
the MCO assembly and its payload will be maintained in a safe, stable, and secure operating 
condition under the various process steps 

The thermal-hydraulic safety analyses presen ed in this chapter are based on a combination 

The thermal evaluation for safety presented within this chapter addresses the following 
elements: 

A description of the thermally sigmficqnt aspects associated with each process step, 
from initial fuel retrieval to final placehent of sealed MCOs at the CSB facility 

A summary of the project-approved p ameters for the critical engineering and 
physical aspects of the MCO's design % d the design of the ke l  baskets 

The recommended thermal properties 
used in the fabrication of the MCO an h its fie1 baskets and for the SNF payload 

The technical specifications for the veddor-supplied components 

Definition of the potential payloads 
computing the radiolytic decay and chbmical corrosion heat 

The basis for the water content before and after cold vacuum drylng 

The basis for computing the pressure rise within the MCO due to hydrogen gas 
generation and thermal effects 

The predicted thermal results for normal operations at each process step which 
demonstrate the safety basis for the system 

d material specifications for the materials 

the recommended thermal source terms for 
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The key parameters (and their bases) used to assess the thermal-hydraulic safety of the 
MCO are as follows 

MCO wall - A maximum permissible,temperature of 427 "C is set by the ASME 
Boiler and Pressure Vessel Code (Sec,tion HI, Subsection NB) for type 304L 
stainless steel (ASME 1998). Howevq, the hnctional maximum temperature of 
149 "C is set by the temperature assqption used in the structural analyses for the 
design stresses While MCO wall temperatures in excess of 149 "C could be 
tolerated, the necessary documented d e t y  analysis associated with a higher 
temperature does not exist 

In addition to a maxlmum allowable d l  temperature, the MCO wall is limited to an 
allowable through-wall temperature wdient of 5 "C This temperature gradient limit 
is the value used in the structural analjses and was origmally established to limit the 
stresses during the heating and cooli 
Although this process step has been 7 e minated, the allowable wall gradient of 5 "C is 
maintained as a bounding des remaining MCO process steps even 
though none of the gradients in se steps ever challenge the l i t .  In 
fact, based on the maximum de at expected and assuming that all the 
dissipated heat flows radially 0 wall, the expected wail gradient 
would be less than 0 1 "C 

Shield plug - Again, a maximu 
ASME Boiler and Pressure Vessel 
maximum temperature of 149 "C is 
the structural analyses. The 100 "C 
shield plug and the MCO wall w 
expansion and preserve the integri 
heating process for hot conditioni 
temperature differential limit was 
elimination of the hot conditioning 
Table 4-1, this limit is never appro 

Rupture disk - The temperature of 132 "C and pressure of 150 Ib/ii2 gauge for the 
rupture disk are set by the MCO design 

SNF fuel - The maximum fuel tempwature limit of 600 "C is set by the lowest fuel 
eutectic formation temperature (see Section 12.2.1 for additional discussion) 

cycles of the hot conditioning process step. 

perature of 427 "C is set by the 
SME 1998), while the functional 

et by the temperature assuraption used in 
the temperature differential between the 
created to Limit differential thermal 

MCO seal during the nrtanal 
it was only under tbis step that the 
e limit was retained after the 

s a structural design basis. As seen &om 
r any of the remaining process steps 

0 

0 

The various design inputs required for establishing the thermal-hydraulic safety basis for the 
MCO are extracted from a variety of project do-entation The design inputs that are 
considered to be critical to the safety basis analysis are listed in Table 4-2, together with their 
respective sources The table also presents the location within this topical report where these 
cntical parameter values are discussed. W e  t@e values are replicated wthin this report for the 
reader's convenience, the project-approved reference points for these critical parameters remain 
with the underlying referenced documents as presented in the table 
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Design parameter 

MCO dimensions and 

Table 4-2. Critical Parameters for Multi-Canister Overpack Thermal Analysis. (2 sheets) 

Reference within 
Topical Report Source document 

HNF-SD-SNF-DR-003, Multi-Canister Sections 1.2 and4.1.4 

HNF-SD-SNF-T1-009,105-K Basin Material 
Design Basis Feed Description for Spent I Nuclear Fuel Project Facilities, Rev. 2 

SNF dimensions and 
weights (design basis) 

I and Tables 3-6 1 nnrl d-5 
I Overpack Design Report, Rev. 2 I 

Table 2-1 

Fuel and scrap basket 
dimaapionsandwcights 
N u m k  and position of 
fuelandscrapbaskets 
within MCO 

Mass limit for Mark lV and 
Mark IA scrap baskets 

HNF-SD-SNF-DR-003, Multi-Canister 

Evaluation Report for Spent Nuclear Fuel 
Processing and Storage Facilities, Rev. 3 

HNF-SD-SNF-CSER-0 IO, Criticality Safety 
Evaluation Report for the K Basin Fuel 
Retrieval Subproject, Rev, 0 

Section 6.2.3 and 
Table 4-5 

sections 1.2.2 and I 4.1.4 and Table 4-5 

Reummmd fuel reaction HNF-SDSNF-TI-015, Spent Nuclear Fuel Section 4.2.2.2 
ratcsandcnhancancnt Project Technical Datahook, Rev. 6 
factors 
CaniSta particulate mass HNF-SD-SNF-TI-015, Spent Nuclear Fuel 

Lndwaurcontent Proiect Technical Datahook. Rev. 6 
Tables 4-4 and 4-5 

Section 6.2.3 and 
Table 4-5 

F’roccss steps for transport 

I Void volumes in MCO I HNF-SD-SNF-DR-003. Multi-Canister I Table 4-5 I 

HNF-SD-TP-SAW-017, Safe@ Analysis Sections4.1.3.1 and 
Report for Packaging, Onsite Multi-Canister 
Overpack Cask. Rev. 2 

4.1.3.3 
and Table 4-3 

Overpack Design Report, Rev. 2 

Process steps within CVDF HNF-2356, Spent Nuclrar Fuel Project Cold 
Vacuum Dtying Facility Operations Manual, 
Rev. 1 

Section 4.1.3.2 

I SNF wndition following HNF-SD-SNF-OCD-00 1, Spent Nuclear Fuel .Tables 4-4 and 4-5 I retrieval and cleaning I Project Product Specification, Rev. 4 I 

I Fucl sutfacc area pa MCO HNF-SD-SNF-TI-0 15, Spent Nuclear Fuel Table 4-7 I andwblrsLcs 1 Project Technical Databook, Rev. 6 I 

I I HNF-SD-SNF-TI-015, Spent Nuclear Fuel 4-6 I Proiect Technical Databook, Rev. 6 

I HNF-SD-SNF-OCD-001, Spent Nuclear Fuel Section 4.1.3.1 I K BaPins I Project Product Specification, Rev. 4 I proctssstepswithin 
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Table 4-2. Critical Parameters for Multi-Canister Overpack Thermal Analysis. (2 sheets) 

Process steps within CSB 
I Design parameter I 
HNF-SD-SNF-OCD-001, Spent Nuclear Fuel 
Project Product Specification, Rev. 4, and 
Drawing H-2-123400, Operational Sequence 
Block Flow Diagram 

Section 4.1.3.4 

Source document Refereme within I TopicalReport 

Generally, the analyses presented herein are based on full compliance with the data from the 
latest revision of each document listed in Table 4-2 One notable exception is that for Revision 6 
of HNF-SD-SNF-TI-015, Spent Nuclear Fuel Project Technical Databook (R&y 1998). Some 
of the minor changes made as part of Revision 6 were not incorporated into all of the HANSF 
analytical models because the impact of the changes did not warrant rerunning the analyses. The 
specific changes that are not consistently addressed are the particulate loading and its attendant 
water content. While the latest changes to these parameters have resulted in an increase in the 
total water content within the design and safety basis MCO, the associated effects on the analyses 
presented herein are only marginal. This results from the limited decomposition of the aluminum 
hydroxide and the hydrates under all conditions except interim storage. Thus, the slight increase 
in overall water content brought about by the Revision 6 changes to HNF-SD-SNF-TI-015 
(Reilly 1998) will not be the driving factor in any process step, except interim storage. The 
calculations for the long-term pressure rise during interim storage are based on the latest data in 
HNF-SD-SNF-TI-015 (Reilly 1998). 

4.1.2 Assumed Condition for Fuel and Scrap 

Before the SNF assemblies are placed in the fuel baskets, they are mechanically cleaned 
within their existing storage canisters to remove as much of the accumulated fuel corrosion 
product as possible. The mechanical loads placed on the assemblies during the cleaning process 
also aid in assessing the structural integrity of the assemblies before their placement in the intact 
fuel baskets. 

The assumed condition of the fuel assemblies and scrap is principally defined in 
HNF-SD-SNF-TI-015 (Reilly 1998), HNF-SD-SNF-TI-009,105-K Basin Material Design Basis 
Feed Description for Spent Nuclear Fuel Project Facilities, Volume I ,  Fuel (Praga 1998a), and 
HNF-SD-SNF-OCD-00 1, Spent Nuclear Fuel Projeci Product SpecrBcation (Pajunen 2000). 
Documents referenced in HNF-SD-SNF-TI-015 (Reilly 1998) provide additional detail as to the 
condition of the fuel assemblies and scrap. The critical design basis assumed by the thermal 
analyses is as follows. 
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SNF dimensions and weights - The design basis for the fuel assemblies is 
documented in HNF-SD-SNF-TI-009 (Praga 1998a). Table 2-1 summarizes the key 
dimensions and weights used in the thermal analyses. 

Adhering particulate and films -While the cleaning accomplished under the initial 
process step is important for reducing the uncertainty in the makeup of the basket 
contents, no credit is taken in the safety basis analysis for the expected level of 
cleaning. This approach avoids the quality assurance requirements that would attend 
to a specific cleaning requirement. Instead, any cleaning accomplished will serve to 
increase the safety margin above that predicted by the thermal-hydraulic safety 
analysis by reducing the amount of particulate adhering to the assemblies and, thus, 
the amount of chemically bound water 

HNF-I 527, Estimates of Particulate Mass in Multi-Canisier Overpacks 
(Sloughter 1998), and HNF-3247, Statistical Analysis of Aluminum Trihydioxide 
Thickness Data (Jensen 1999), provide the basis for the assumed adhering particulate 
mass reported in HNF-SD-SNF-TI-015 (Reilly 1998) and for the bounding film 
thicknesses on the intact fuel assemblies. According to HNF-1527 (Sloughter 1998), 
a bounding uranium surface oxide thickness of 0.4 mils is to be assumed. This film 
thickness is three times the nominal amount measured in the laboratory on K Basin 
fuel samples. The thickness of the aluminum trihydroxide film found on some fuel 
assemblies stored in the K West Basin was measured using eddy current techniques. 
The instrumentation was calibrated to an accuracy of 20.5 mils. HNF-3247 
(Jensen 1999) presents the findings of these measurements and provides a statistical 
analysis for mean and bounding values. Based on HNF-3247 (Jensen 1999), a 
bounding film thickness of 2 mils is assumed. Assuming a conservatively low film 
conductivity of 2 W/m-K (for uranium dioxide), a maximum decay heat of 2.87 W 
per assembly, and an external surface area of 1,28 1 cm’, a 2-mil film thickness would 
impose virtually no thermal resistance to the radial flow of the decay heat. Given this 
extremely low thermal resistance, neither an increase in heat flux from chemical 
corrosion nor a localized thickening of the film will add a substantial temperature 
increase. 

Following cleaning, the assemblies are placed on a sorting table and segregated according 
to condition and size. The sorting and segregation process is subjectively controlled by the 
operators according to the following general guidelines. 

Only those portions of a combined fuel assembly (Le., an outer and an inner element) 
that will fit in the baseplate socket of a fuel basket are loaded into that type of fuel 
basket. 

Solo outer or inner elements are either combined to make up a complete fuel 
assembly (for criticality reasons) or placed in one of the scrap baskets. Mark IA he1 
assemblies and Mark IV fuel assemblies will not be mixed in the same MCO. 
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0 Those portions of the fuel assemblies that are greater than 0 25 in. in size but less 
than approximately 3 in. in length, or are too broken up to stand upright in the intact 
fuel basket, or will not fit in the baseplate socket because of damage or swelling 
caused by corrosion, are placed in one of the scrap baskets. 

The scrap basket designs incorporate a fines container at the center of the basket into 
which the smaller particles of he1 scrap are placed. The volume of the fines 
container is intentionally set to limit the amount of fine particles allowed within any 
one scrap basket. A fine particle is defined as those pieces of fuel scrap greater than 
0.25 in. in size but less than approximately 1 in. in size. Particles less than 0.25 in. in 
size are to be handled by a separate process. 

A 0.25411. screen will be used on the sorting table to assist in segregating fuel pieces 
according to size. 

0 

0 

It is recognized that pieces of SNF smaller than 0.25 in. in size may be unintentionally 
loaded or created as a result of loading into the basket. This possibility will not violate the 
general guidelines describe above in that the presence of a few small pieces will not affect the 
thermal performance of the MCO. In addition, the basket heights will be gauged before shield 
plug insertion to ensure that the presence of small pieces will not affect the proper assembly of the 
MCO. 

4.1.3 Description of Process Steps 

A loaded MCO nwe.r exists in a stand-alone configuration. Instead, a loaded MCO is 
enclosed by either the transportation cask, the MHM, the CSB weld station, or the storage vault 
within the CSB. Because of this, the thermal-hydraulic performance of the MCO and its payload 
is dictated by the environment imposed on the MCO by these enclosures andor by the flow 
streams introdwed into the MCO as part of the various processing steps. To address the 
thermal-hydraulic performance of the MCO and its payload first requires an understanding of the 
normal operation process steps for the MCO 

Chapter 8.0 presents an overview of the process steps and the MCO configuration for each 
step. The following paragraphs discuss the pertinent thermal parameters associated with each 
process step as they relate to the safety basis of the system 

4.1.3.1 Water-Flooded Transportation. The water-flooded transportation phase begins at the 
K Basins when the SNF, loaded in the appropriate basket, is placed into the MCO Before the 
SNF asuemblim are placed in the fuel baskets, they are mechanically cleaned within their existing 8 

storage canisters to remove as much of the accumulated fuel corrosion product as possible 
Section 4.1.2 defines the assumed condition of the fuel and scrap before they are loaded in the 
MCO. 
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Once loaded, the fuel baskets are placed into an MCO that itself has been positioned within 
a transportation cask. Because the entire MCO loading operation takes place under the surface of 
the K Basins pools, the process is considered an isothermal event. Given the size of the pools and 
the fact that the pools are maintained at a nominal temperature of 10 "C (50 OF), the temperature 
of the transportation cask, the MCO, and the SNF assemblies contained within the MCO can be 
assumed to be a uniform 10 "C (50 OF) when the cask-MCO is lifted out ofthe loading pit. 

Although the MCO shield plug is installed on the MCO, it is not sealed. Pool water fills the 
cavity within the MCO to a height approximately 4 in. below the bottom surface of the MCO 
shield plug. The height of this gap is positively controlled by the design of the shield plug, which 
provides a "diving bell" type of enclosure around the high-efficiency particulate air (HEPA) filters. 
The void volume is filled with air when the shield plug is lowered into the pool. This operation 
not only prevents water from entering the HEPA filters, but automatically results in the creation 
of the desired head space within the MCO when the shield plug is inserted. 

The void volume within the shield plug is verified through a combination of analytical 
calculations and bench testing. The design drawings and a spreadsheet-based calculation are used 
to compute the nominal void volume within the shield plug passages and the enclosure created 
above the guard plate. The spreadsheet is also used to estimate the void volume loss as a result of 
the approximately 8 ft of water head that will exist at the point where the shield plug is mated 
with the MCO. Because of its geometric complexity, the effective void volume of the HEPA 
filters is determined based on a physical measurement of the filter's dimensions and weight. 

The feasibility of the "diving bell" approach to create the necessary void space is assured 
based on two facts. First, the 146-in.-long process tube, which is attached to the shield plug 
before the plug is inserted into the MCO, will be engaged by approximately 4 ft with the center 
post of the baskets before the shield plug even breaks the surface of the water. Second, the 
relatively tight fit between the center post and the process tube acts as a guide mechanism to 
ensure that the path of the shield plug remains plumb as it is lowered under water. All 
calculations and data supporting the effective void volume within the MCO and the cask are 
presented in Appendix 4B. 

The annulus between the MCO and the cask is filled with deionized water before being 
lowered into the pool. An inflatable seal is used to prevent pool water from contaminating the 
water in this annulus. M e r  removal of the inflatable seal, the final void volume in the cask-MCO 
annulus is created by vacuuming the water out of the gap between the MCO and the cask to the 
level of the shoulder in the cask wall. A lower water level is not possible because the angle and 
the narrow width of the gap prevents the insertion of the water removal tool. 

While the cask-MCO is still in the immersion pail and the pail is in the upper position, the 
cask closure lid is put in position and secured. The resulting cask-MCO haad space is pressurized 
with helium and then bled to atmospheric pressure. A cycle of pressurization and bleeding is 
repeated to yield an initial oxygen content within the combined void spaces that is less than the 
flammability limit under all circumstances in a helium-hydrogen environment. According to 
Bulletin 503, Limits of Flammabiliiy ojGmes and Vapors (Coward and Jones 1952), the lower 
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flammability limit for oxygen concentration in a helium-hydrogen environment is approximately 
4%. According to DOE Order 6430.1 A, General Design Criteria, the design criteria for an event 
that is expected to occur under normal operations i! 25% of the lower flammability limit, or 1% 
oxygen. Since the initial oxygen concentration willjbe reduced for every cycle, in proportion to 
the pressure increase imposed by the addition oft@ helium gas, the number of cycles required to 
achieve an oxygen concentration of s 1% must be dfunction of the fill pressure used. HNF-2833, 
Inert Gas Requirements for Cask Loading (Pajunea 1998b), establishes the relationship between 
the inerting gas pressure and the number of cycles kquired (see Figure 4-1). This relationship 
between the number of pressure-bleed cycles required versus the charge pressure used has been 
implemented in HNF-2169, MCO Loading and Cask Loadout Technical Manual (Praga 1998b). 

A final pressurization step is used to establish an initial internal pressure of 5 Ib/in* gauge, 
f 3 Ib/in2. Since the MCO is vented to the cask cavity, the transportation cask is the pressure 
boundary under water-flooded conditions. Continded chemical reaction between the exposed 
uranium surfaces and the water adds hydrogen gasto the void space and pressurizes the cask 
cavity. 

M e r  the cask-MCO is lifted from the loadiqg pit and the final cask closure operations are 
performed, it is removed from the immersion pail &d placed on the transportation trailer. 
Removal from the pool and, to a lesser degree, frob the water-filled immersion pail, will result in 
the temperature of the cask and its contents becorjng a hnction of the ambient conditions, the 
decay and corrosion heat within the SNF assemblies, and the thermal mass of the combined 
system from that point forward. 

The pressure conditions established at the KBasins exist until the cask-MCO arrives at the 
CVDF and the cask is vented. A mixture of waterhooded and helium gas-filled conditions will 
exist during the draining operations. Table 4-3 su ~ 

6-minute fire exposure listed in Table 4-3 is set by& risk assessment for the speciftc Hanford Site 
conditions and is the design basis for the transpodtion cask (Smith 2000). The 30-minute time 
value listed in Section 2.2.6.3 is the design basis f+ the MCO and is equal to the time period 
required by the controlling federal regulation (i.e.,ilO CFR 71) should the MCO be transported 
offsite. All components for the MCO assembly c+ withstand a 30-minute fire meeting the 
specifications listed in Title 10, Code ofFederal Regulations, Part 71, "Packaging and 
Transportation of Radioactive Material" (10 CFR 71). 

4.1.3.2 Cold Vacuum Drying. The cold vacuud drying process is critical to ensuring the long- 
term thermal-hydraulic stability and safety basis f4 the MCO assembly. By removing water from 
the system, the source of reactants driving the ch&cal corrosion is reduced to a level that 
ensures the thermal and pressure criteria of the MkO are not violated. 

arizes the pertinent the& parameters 
associated with the transportation of the MCO b e i r  een the K Basins, CVDF, and CSB. The 
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Design parameter water-fl& transfer Dry transfer 

I GS volume in M C O ~  I 0.6a 8 3  I 17.0to 18.7ft' I 

Water volume in cask 3.88 t13 

Initial MCO gas backtill I Helium at 19.73b/in2 absolute I Helium at 25.7 Ib/in2 absolute 

O f t '  

lmhal cask gas backfill 
Allowed cask leakage rate' 

N o m a l  transfer time' 

I volume in ca~kd I 0.49 ft' I 4.38 ft' I 
Helium at 19.7$b/in2 absolute Air at 14.7 Ib/in* absolute 

107 mvS, lo-' standard d / s ,  air 

8 l&us 14 hours 

I Fire accident scenario I 6miaub~~t800"C 1 6and30minWat8OO0C I (cask exDosureY (1.47b OF) (1,475 "F) 
'Water volume refers to liquid. Cree volume. Chemic& hound water and water absorbed in sludge, cracks, 

'Gas volume for water-flooded transfer ~lvlumwl 
compression due to 8 A of water head at point of shield 

Zeakage rate is verified by leak test at the 

and crevices is not included. See Table 4-5 for derivation 
volume within shield plug with allowance for gaa 

Facility. A final leak test is conducted at the 
Canister Storage Building following welding of ths process 

wall (see Appendix 4B). 

w m .  
dGas volume for water-flooded transfer assumes wa&$ level in cask annulus at elmtion of shoulder in cask 

teakage rate is verified at fabrication and annually f&affer. 
Transfer time is defined p8 h t i m e  of c h ~ ~  at 
Tire accident soSnario mt by ksseasment of onsite a p o r t a t i o n  risks. See Smith, R. J., 2000. Safefy Anatysis 

'shipping site to the time ofmting at the receiving site. 

Report for Packaging, Onsite, Mulff-Cmister Overpackcar&, HNF-SD-TP-SARp-017, Rev. 2, Fluor Hantord, 
Incorporated, Richland, Waslungton. 

MCO = rnulti-canister overpack 

A combmtion of water-flooded, vacuum, aad dry thermal conditions exists during various 
portions of the cold vacuum drying process as deeribed in HNF-2356, Spent Nuclear Fuel 
Project Coki V m r n  Drying Faciliiy Operations Manual (Irwin 1999) The MCO initially 
amves at the CVDF filled with water and at a tederature that is a function of the heat load 
within the MCO, the ambient conditions existing br ing transport time from the K Basins, and the 
length of time between removal from the pool and arrival at the CVDF 

Following acceptance procedures, process lines are connected to the cask, and the 
cask-MCO headspace is vented and purged with 
installation of the process hood and seal ring, 

M e r  removal of the cask lid and 
(46 "C [ 1 15 OF]) is circulated 
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within the cask-MCO annulus as a means of preheating the MCO and its SNF contents before 
MCO draindown. This preheating operation lasts approximately 5 . 5  hours. 

Draindown of the MCO is accompanied by a bacMill of helium gas at 4 lb/in2 gauge. While 
only approximately 30 minutes is needed to drain the MCO, the pre- and post-activities will 
expand this time frame to a total of approximately 80 minutes. Following draindown, the free 
water remaining within the MCO will consist of that held in puddles on horizontal surfaces, in 
surface films on the baskets, the MCO, and the fuel, in open cavities of broken fuel assemblies, 
and in cracks and crevices within damaged fuel elements and the scrap. The feasibility of 
removing this retained free water using the proposed vacuum drying process and equipment has 
been evaluated analytically and experimentally. Experimental drying tests on a prototypic MCO 
assembly using carbon steel cylinders as simulated fuel elements demonstrated that the free water 
remaining after draining can be reliably removed within the allotted time frame of the cold vacuum 
drying process (Ritter and McCracken 1997). The tops of the simulated fuel elements contained 
cavities that held water to mimic the corrosion pockets in the actual fuel elements. Additional and 
more realistic testing using a first-article MCO assembly and first-article process equipment skid 
@e., the vacuum purge and tempered water systems) and using simulated fuel and scrap baskets 
was completed in 1998 (McCracken 1999). This tasting also demonstrated that the cold vacuum 
drying process and equipment design can successfully dry the contents of an MCO containing a 
nominal fuel loading in slightly more than 30 hours. An MCO containing a simulated damaged 
fuel loading, including simulated scrap and fines, required over 50 hours to remove the retained 
water loading of 22 L. An associated analytic simulation of the process accurately predicted the 
dryout times required to remove the retained free water. 

The initial drying process step for removing this retained free water is begun using a helium 
purge to force out any water in the system lines. The evaporated moisture is removed from the 
vented gas streah using a chilled water condensing coil. Approximately 1 hour is needed to 
complete this step. Table 4-4 presents the design quantity for water remaining in the MCO 
following drain down and before initiation of the cold vacuum drying process. The base thermal- 
hydraulic analysis assumes that the indicated free water quantity is distributed evenly within the 
scrap basketa and fuel baskets, according to surface area. See Section 4.4.3.2 for M e r  
discussion. To address the sensitivity of fuel basket temperatures to early dryout, the uppermost 
fbel basket has its water content arbitrarily reduced to 0.1 kg. The sensitivity of the analysis to 
variatiom in the &e water quantity after draining is addressed by doubling the quantity of water 
on the remaining %el baskets. Beyond these results, other analyses conducted to support 
"F-3553, Spnt  Nuclear Fuel Project Final Safe@ Analysis Report, Annex B, "Cold Vacuum 
Drying Facility Final Safety Analysis Report" (HNF 1999), and operational procedures examined 
the effect ofwater trapped within cavities at ends of the fuel elements. These analyses showed 
that the time required to evaporate the free water within the MCO is extended from that shown 
for the base analysis. However, the system design is still capable of completing the cold vacuum 
drymg process within the allowable time frame. 
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water within the MCO 
Contributing sources of 

Table 4-4. Bounding Allocation of Particulate and Water in a Multi-Canister Overpack 
Before and After Drying at the Cold Vacuum Drying Facility. 

After cold 

bine.  

Before cold 
vacuum drying vacuum comment 

Cladding film (scrap basket) I 1.54 1.54 I Bo*anah.sis 

Oxide film (scrap basket) 
I Oxide film (&el basket) I 0.08 I 0.08 I Boundinncinalvsis I 

0.45 0.45 Bounding analysis 

d a t e  (scrap basket) 7 8  1 7 8  I Bounding d y s l s  

Particulate (fuel basket) 

'Fm Section 3.4, page 3-14, of Ply,  M. G., end D~ R. Duncan, 1999, Simulation ofNorma1 and 
Off-NonnalMulti-Canister Overpack Behm'or, HNF-2256, Rev. 2, Fluor Daniel W o r d ,  Incorporated, 
Riohlend. Wesbington. 

Fluor Daniel Wd, Inwrpomted, Richlend, Washington. 
%'ejpsj,, A. L., 1998a, Cold Vacuum Drying Residual Free Wuter Test Description, HNF-1851, Rev. 2, 

MCO = multiosnista mmpeck. 
N/A = not applicable. 

I 08 1 08 BoundmR &IS 

SARR005.04 

Generated particulate 15.00 

4-15 

24.8 Bounding analysis 

March 2000 

Fm' water before mainmg 
FrawatcraRerdraining" 

463 to 513 

6.0hasket 
1.5lbasket 

1 .o 
NIA 

- FUCI staclge baska - S ~ r a p  baska 
- H e 1  in MCO bottom 

Residual fie water from all sources 
aftaQymg 

Total chemically bound water 4.56 

Total water in draind&d MCO 31.06 

NIA See Table 4-3 

NIA 
NIA 
0 

0.200 Controlled by cold 
v-mylng 
spccificatianb 

Based on two snap and 
thret fuel baskets 

Based on two scrap and 
thres fuel baskets 

4.64 

4.84 
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Following the initial drying operation, a repeating cycle of vacuum drying with an 
accompanying 1.9 standard ft3/min helium purge followed by helium purging at a positive pressure 
is used to complete the drying process. The vacuum drying portion of the cycle accomplishes the 
majority of the moisture removal, while the helium purge portion of the cycle permits the contents 
within the MCO to thermally stabilize between vacuum drying cycles. The intent of the small 
helium purge used during the vacuum drying is to prevent hydrogen buildup from reaching 
potentially flammable levels should air enter the system lines through a break. The helium purge 
also aids in the sensible heat removal from the system. 

The vacuum drying-helium purge cycle is repeated until the pressure under vacuum pump 
operation without helium purge indicates a sufficient level of dryness within the MCO's contents 
(Le,, removal of the surface water, puddles) to begin the timed process of drying the residual free 
water inventory contained within the cracks and crevices of the damaged fuel assemblies and 
scrap. This level of dryness matches the starting conditions for the single element drying tests that 
were conducted to verify this procedure. A timed drying process is required because a direct 
measurement of the residual free water inventory within an MCO after cold vacuum drying is not 
feasible. Instead, the cold vacuum drying process control relies on time at temperature and 
pressure for concluding that the residual water held in cracks and crevices within the fuel elements 
and scrap basket is less than 200 g. See Section 4.1.4 for further discussion. 

A subsequent pressure rebound test is used to verify that no free water has been introduced 
into the MCO during the timed drying process (e.g., as the result of an unnoticed equipment 
failure). Two consecutive pressure rebound tests are required to be successfully completed before 
the MCO is certified as being dried. 

Following vacuum drying, the MCO is cooled, pressurized with helium gas to 11 Ib/in2 
gauge, k0.5 Ib/in*, leak checked, and prepared for shipment to the CSB. The MCO cooldown is 
accomplished using the facility's tempered water system to circulate 15 "C water through the 
cask-MCO annulus for a period of 6 hours. The leak check performed at the CVDF uses a hood 
over the canister to detect leakage from either the main seal or any of the process ports on the 
shield plug. If this test approach indicates a leak, additional testing will be required to isolate the 
source of the leak. A final MCO leak test is performed at the CSB following welding of the 
process port covers. 

Although the safev analysis report for transportation (Smith 2000) does not take credit for 
MCO continement, the leak rate check conducted at CVDF ensures that the MCO will provide 
confinement at CSB before installation of the cover cap and that oxygen will be excluded from 
leaking into the canister. 

Table 4-4 presents the bounding allocation of chemically bound and free water remaining in 
an MCO after vacuum drying at the CVDF as taken from HNF-SD-SNF-TI-015 (Reilly 1998). 
A bounding water inventory of 4.84 kg is anticipated inside the MCO. This bounding quantity is 
made up of 0.2 kg of free water and 4.64 kg of chemically bound water. The bounding quantity 
of chemically bound water is set by the characterization work on actual N Reactor fuel and takes 
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no credit for the partial removal of the oxide film expected during the cleaning process in the 
K Basins. 

4.1.3.3 Dry Transportation. The dry transportation leg begins following closure at CVDF and 
ends when the transportation cask is received and qpened at the CSB The MCO is sealed during 
this phase of transportation. All ports on the MCO shield plug are covered by blank plates to 
fully seal the MCO. Although the void space inside the MCO is initially filled with helium gas at a 
pressure of 1 1 Ib/in2 gauge, *0.5 lb/in2 before leavirg the CVDF, the actual gas environment 
within the MCO is a bnction of the heat transfer and chemical reactions that occur within the 
MCO during the transportation leg. Table 4-3 summarizes some of the key thermal parameters 
associated with the dry transportation of the MCO 

4.1.3.4 Canister Storage Building Interim Storage Processing at the CSB begins with cask 
receipt and acceptance procedures at the service pi! The acceptance procedures include checking 
for abnormal pressure within the cask and taking appropriate recovery steps if a leaking MCO is 
detected. Following acceptance testing, the MCO IS transferred to the MHM for in-building 
handling The MHM is used to transfer the MCO to the welding station where the MCO's 
mechanical seal is optionally leak tested and the MCO cover cap is installed and welded in place 
The MCO cover cap envelopes the mechanical closure mechanism for the MCO at the shield plug 
and provides a welded enclosure for the MCO and its contents. 

Following weld inspections and leak testing, the MCO is transferred via the MHM to the 
CSB storage tubes. Each storage tube holds two MCOs in a vertical stack. Impact absorbers are 
placed between the MCOs and between the bottom MCO and the base of the storage tube. 
Approximately 5 ft of void space will exist betwee0 the top of the upper MCO and the storage 
tube closure plug. Provisions are included within e closure plug for monitoring the gas pressure 

storage tubes. 
and constituents within the tube. Air at atmosphe ! c pressure will fill the void spaces within the 

During the initial process checkout, six MCos will be selected to bypass the weld station 
and be placed directty into the CSB storage tubes Periodic monitoring of MCO gas pressure and 
constituents within the gas will be used to assess the rate and type of corrosion the spent fuel is 
undergoing within these selected MCOs. This monitoring is not a safety basis requirement but 
rather is to be used for the purpose of confnming the bounding analysis approach used for the 
safety basis 

4.1.4 Thermal Design Features 

The MCO is designed to safely contain a variety of SNF payloads in either five or six 
baskets, depending on the SNF type being handled Chapter 1 .O of this report presents a 
description and the design drawings of the MCO and its fuel baskets, while Chapter 2.0 provides a 
description of the spent hel. The following discubsion provides an overview of the important 
thermal design features of an MCO and its associated fuel baskets for normal operation. 
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The MCO shell is fabricated of stainless steel. pipe with a stainless steel bottom baseplate 
and a machined collar at its closure end. A staides6 steel shield plug, with integral HEPA filters, 
provides the upper closure and facilitates process libe connections. A locking and lifting ring 
assembly is used to mechanically fasten the shield dug  to the canister collar. A stainless steel 
cover cap, placed over the shield plug and welded tl) the MCO shell, is used to ensure complete 
confinement of the MCO contents once all processTg is completed at the CSB. Support and 
restraint of the SNF assemblies within the MCO is pcomplished using fuel baskets fabricated of 
stainless steel and copper and stacked in a tiered artangement. 

The overall dimensions of the MCO are 24 in. in diameter and approximately 160 in. in 
height. The internal MCO cavity is approximately 23 in. in diameter and 140 in. in height. The 
nominal empty weight of the MCO without fuel b4kets is 1,553 kg. The maximum fully loaded 
weight for a dry MCO is 8,935 kg when loaded witb Mark IV fuel elements and 8,108 kg when 
loaded with Mark IA fuel elements. Substitution of a scrap basket for a fuel basket will reduce 
the weight. Table 4-5 presents the nominal MCO weights for alternative loading configurations. 

The bottom baseplate of the MCO is design4 to position the lower fuel basket above the 
bottom of the MCO. This position promotes draining and creates a lower plenum to aid the 
distribution of process flows evenly across the bottom of the lower basket. The shield plug serves 
as the access point for various system penetrations and process connections. AU penetrations 
through the shield plug are 1 .O in. in diameter or lejs and are labyrinthed to minimize radiation 
streaming. 

A Helicoflex seal is used b e e e n  the MCO {hield plug and the MCO vessel wall. Metallic 
seals are used for the port m e s s  covers and the ru hire disk. A rupture disk, installed in process 
port 4 on the shield plug, is used to protect the M from excessive pressure buildup during wet 

of 150 Ib/in2 gauge at 132 "C (270 OF). Analysis #the rupture disk size demonstrates that it can 
handle the worst-case flow rates expected during ah accident scenario (Thurgood and 

transport and cold vacuum drying processing. The,rupture + disk is designed for a pressure rating 

Duncan 1997). 

The SNF assemblies are placed within either fuel storage basket or a fuel scrap basket, 
in the fabrication of the scrap baskets to which is tlm loaded into the MCO. Copper is us 

enhacLce thdr heat transfer capabilities. Because o 7 height differences between the fuel assembly 
types, eitltar &le Mark IV baskets or six Mark IA 6askets can be stacked axially within the MCO. 
An MCO may Contain either zero, one, or two scr+ baskets. The scrap basket is placed in the 
top location when only one scrap basket is loaded @d in the top and bottom basket positions 
when two wrap baskets are loaded. The MCO is &signed to permit internal forced flows for 
purging and inerthg of the free volume. The MCq and its internal basket arrangement are 
designed to dissipate the heat from the SNF assemtlies passively through a combmtion of 

. conductive and radiative heat transfer with minimal reliance on internal convective flow. 
Figure 1-1 presents a schematic cross-sectional view of an MCO and its internals when loaded 
with four Mark IV he1 baskets and one scrap basket. 
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Maximum 
fuel load 

without scrap 
basket 

Table 4-5. Loaded Masses for Alternative Multi-Canister OVI 

Maximum fut 
load with 

scrap basket 

)ack Configurations. (2 sheets) 

270 E-length 
assemblies 

Fuel tyw 

162 E-lengti 
assemblies 

Mark IV 

8,935 

Mark IA 

8,080 

mading description MaXimum 
fuel load 
without 

crap basket 

288 
M-length 
assemblies 

6 

0 

Maximum 
fuel load 

with scrap 
basket 

240 

sssemblies 

4 

2 

M-Length 

Design fuel 
load 

lesign fue 
load 

Avmage ot 
W I A  
aswnbly 
lengths 

5 

1 

3asis Average of 
Mark IV 
assembly 
lengths 

4 

1 
I 3 5 Jumber of fuel baskets 

4umber of scrap baskets 

VICO M' (kB) 
- Shell 
- Shield plug 
-Fuel basket 
- Scrap basket 
:otal mass of parts 

882 
700 
518 

0 
2,100 

882 
700 
311 
393 

2,286 

882 
700 
415 
196 

2,193 

882 

1,287 
700 

0 
2,869 

882 
700 
858 
568 

3,008 

882 
700 

1,073 
284 

2,939 

'uel materialsb 
Assemblies' 
- Fuel (kg U) 
-Cladding (kg Zr) 
Scrapd 
- Fuel (kg U) 
- Cladding (kg Zr) 
Total masses 
- Fuel (kg U) 
-Cladding (kg Zr) 

'articulate' (kg) 
- UO,.4hO 
- uo, 
-wow, 
- canister particulate 
- Adhering particulate 

- Generated particulate 
Fuel washing to CVDF 
Cold vacuum drymg 
Transport to CSB 
40-year interim storage 

rota1 particulate 

6,340 
443 

3,804 
266 

4,912 
345 

916 
64 

5,828 
409 

0.33 
0.06 
2.52 
2.42 
0.52 

0.08 
0.31 
0.23 
1.54 

8.01 

4,778 
409 

0 
0 

4,778 
409 

3ounded by 
Mark IV 

3,185 
273 

1,059 
91 

4.244 
364 

3ounded by 
Mark IV 

3,921 
336 

530 
45 

4,451 
381 

bunded b: 
Mark IV 

1,832 

6.340 

1.1, 
10.65 
5.4 
1 . 6 1  0 , I J i  

15.0 15.11 
9.8 1 9.X 
1.5 1 . 5  

7.1 
7.3 I 

51.65 1 64.1) 

Uater content in claddmg film 
i d  Darticulate' kd 

3ounded by 
Mark IV 

<0.2 

4,672 

30unded 
Mark IV 

X0.2 

4,840 

4.5' 

6,835 5,194 

1.06 

<0.2 

6,245 

Bounded by 
Mark IV 

<0.2 

5,239 
. 

rota1 MCO mass (ka) 8.438 8.108 7.680 7,779 
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Loading description 

Table 4-5. Loaded Masses for Alternative MultiCanister Overpack Configurations. (2 sheets) 

M a m u m  M a m u m  M a m u m  
Mamum f‘# Design fuel fuel load fuel load Design fuel 

load wthout ulthscrap load fuelhd loadulth 

scrap basket basket scrap baskel wthollt suap 
basket 

I Fuel lvce I Mark IV I MarkIA I 
r 

G a s  void volumeh 
-Atterdrylng 0.49 m’ 0.53 m’ 0.51 m-’ 048111’ 0.50m’ 0.50m’ 

Scrap basket volumes,’ cause Not 0.2832111’ 1 0.1416m’ I Not I 0.2074m’ I 0.1037m’ I I and fine scrap sections I applicable I 0.0308 m’ 0.0154 m’ applicable 0.0236 m’ O.Oll8m’ 

‘Design basin for MCO (Goldmsnn, L. H., 2000a. Mu&Canister Overpack Design Report, 

Mass data taken from Table 3-1 of Praga, A. N., 199g 105-K Basin Material Design Bmis Feed Description 
HNF-SD-SNF-DR-003, Rev. 3, Fluor Hanford, Incorporated, !&Hand, Washington. 

for Spenl Nuclear Fuel Project Facilities, Volume I ,  Fuel, Rev. 2, Fluor Daniel Hanford, Inwrporated, Richland, 
Washington. 

‘Design fuel loading case based on weighted average $all fuel lengths available to be placed in an MCO. 
‘Scrap baskets assumed loaded to the critioalitymass l b t  for each fuel tpe 
‘Boundmg pnrkulate values are from Sloughter. J. P.,$998, Estimates ofk‘articulate Mats in’Multi-Canister 

b 

Overpacks, HNF-1527. Rev. 2 and Reilly, M. A,. 1998, Spntpuclear Fuel Project Technical Databook, 
HNF-SD-SNF-TI-OI5, Rev. 6, Fluor Daniel Word, Incoqdted, Richland, Washmgton. Values assume claddurg film 
on fuel before cleaning. Mark IV particulate values bound the’Mark IA values and are used here for the Mark IA cases. 
UO4.4K0 is assumcd to decompose to UO,C!yO. 

Water in paaiculats assumes no credit for removal of Cladding film from surfaces of fuel assemblies. 
Values based on Pajunen, A. L., 1998, Cold Vacuum byingResidua1 Free Water Test Descriptian. HNF-1851, 

%as void volutn~ for casea without scrap bask 
Rev. 1, Fluor Daniel Hanford. Incorporated, Richland, Washhgton. 

on delta w e d t  between a fully loaded MCO filled 

ity frmnTable 3-1 ofHNF-SD-SNF-TI-009 

‘Scrap basket volumes are bssed on drawings for Mark IV and Mark IA scrap bnskets (see Figures 1-6 and 1-7). 

MCO = multiGsnistg overpaoli. 

with water and a dry MCO (see HNF-SD-SNF-DR Volumes with scrap baskets are computed 
assuming an average basket material density of 8.0 
(€‘raga 1998a). 
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A center pipe on each basket is designed to allow the use of a grapple adapter for stacking 
the fuel baskets within the MCO and inserting the full-length process tube that reaches the bottom 
of the MCO The center pipe is designed with a center bore large enough to allow insertion of the 
center process tube when the upper shield plug is installed 

The process tube is used to drain the water Erom the MCO and to inject process gases into 
the MCO. When undergoing processing, gas flows from external sources, through a process 
connection at the top of the MCO shield plug, and into the MCO via the center process tube. The 
gas flow exits the process tube at the bottom of the MCO, passes radially outward through the 
bottom screen, and then flows up through the baseplate of the scrap or fuel baskets or is bypassed 
between the outer edge of the baskets and the MCO wall. An expandable metal seal around the 
top of the scrap basket minimizes the gas flow that bypasses the basket and maximizes the gas 
flow through the basket. 

Some of the gas exiting the process tube can flow back up through the annular space 
between the center hole in the baskets and the process tube. The center pipes used for the intact 
fuel and scrap baskets are designed to intersect and seal with each other. This not only provides 
additional support, but also prevents the flow that bypasses around the locator cones from mixing 
with the gas flow inside the baskets at each level. The process tube, bottom screen, and locator 
cones have the same configurations for all basket t?rpes. 

The general design of the Mark IV and Mark IA fuel baskets is shown in Figures 1-4 and 
1-5. The fuel baskets are designed to support fuel assemblies vertically in individud sockets in the 
baseplate. An outer skirt provides additional lateral support and confinement for smaller sections 
of fuel assemblies. Only those portions of a combined fuel assembly (Le., an outer and an inner 
element) that will fit in the basket's baseplate socket are loaded into an intact fuel basket. Solo 
outer or inner elements are either combined to make up a complete fuel assembly or placed in the 
scrap basket. Those portions of the fuel assemblies that are greater than 0.25 in. in sue, but are 
less than approximately 3 in. in length are placed in the scrap basket. Fuel elements that are too 
broken up to stand upright in the intact fuel basket, or will not fit in the baseplate socket because 
of swelling or damage caused by corrosion also are placed in the scrap basket. 

While a few pieces of SNF smaller than 0.25 in. in size may unintentionally be loaded or 
created as a result of loading into the basket, the design intent is to segregate pieces of this size 
prior to loading for handling under a separate operation. The basket heights are gauged before 
shield plug insertion to ensure that the inadvertent presence of small pieces of SNF is not affecting 
the assembly of the MCO. 

The general design of the Mark IA fuel basket is shown in Figure 1-5. The basket consists 
of a center support tube, a 1.25-in.-thick perforated baseplate, a 2.5-in.-thick aluminum fuel rack 
with sockets, a 14-in.-high outer skirt, and six 3-in.-wide trapezoidal support columns. The 
socket diameters are large enough to allow processing gas to flow either up through the interior 
of the fuel elements or around the outside. 
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Each fuel basket is supported by six support columns that are secured to the bottom of the 
fuel basket. Approximately 1.5 in. of clearance exists between the top of the fuel assemblies and 
the lower surface of the basket above. Because of its higher initial enrichment, the Mark IA fuel 
is limited to 48 fuel assemblies per basket, and a large diameter center pipe is used to physically 
exclude the innermost circle of six fuel assemblies found in the Mark IV design. 

The Mark IA scrap basket, illustrated in Figure 1-7, has a similar design, except for the 
absence of the socket baseplate and the addition of radial copper fins, a copper inner hexagonal 
chamber for holding fine particles, and a copper outer shroud. An expandable copper metal seal is 
affixed to the upper edge of the shroud to minimize bypass gas flow during cold vacuum drying. 

The fuel basket socket design for Mark IV fuel is illustrated in Figure 1-4. Mark IV fuel 
assemblies have a lower initial enrichment, thus allowing 54 Mark IV fuel assemblies to be loaded 
per fuel basket. Because the center post on the Mark IV basket can be smaller than that required 
for the Mark IA basket, the six additional fuel assemblies are loaded around the center post. Each 
fuel basket is supported by six 1.25411. support rods that contact the bottom baseplate of the fuel 
basket above it. Approximately 1.5 in. of clearance exists between the top of the fuel assemblies 
and the lower surface of the basket above. The other design features of the Mark IV'fuel basket 
are similar to those discussed for the Mark IA basket. 

Figure 1-6 illustrates the scrap basket for Mark IV fuel. The thermal design features of this 
basket are similar to those previously discussed for the Mark IA scrap basket. 

Dimensions for the fuel assemblies are required as a basis for modeling the heat transfer 
mechanisms between the fuel assemblies and the MCO interior. Table 2-1 Summarizes the 
geometric data for Mark IA and Mark IV fuel. The overall axial lengths of the Mark IV fuel 
elements range from 44.2 cm (17.4 in.) to a maximum of 66.3 cm (26.1 in.). The overall axial 
lengths of the Mark IA fuel elements range from 37.8 cm (14.9 in.) to a maximum of 66.3 cm 
(26.1 in.). Only 12 Mark IA fuel elements are 66.3 cm (26.1 in.) long, so the thermal modeling is 
based on a Mark IA fuel length of 53.1 cm (20.9 in.). The length of the element has a minimal 
effect on the thermal performance of the fuel baskets because the decay heat is proportional to 
volume and volume is proportional to length. Likewise, surface area @e., convection and 
radiation exchange) for any given fuel element design is also proportional to length. The 
maximum fuel assembly length for thermal calculations is conservative given the proportionality 
effect and the fact that the longer lengths increase the mean distance between the fuel and the 
relatively high conductive region of the basket baseplates. 

4.2 SUMMARY OF THERMAL PROPERTIES OF MATERIALS 

The SNF databook, HNF-SD-SNF-TI-015 (Reilly 1998), serves as the principal source for 
project-approved values for key engineering, physical, and chemical parameters used in the 
thermal analysis and modeling of the MCO design, The information contained in the databook 
consists of data that are not readily available in open literature and/or are open to subjective 
interpretation Values for general thermodynamic properties, such as density, specific heat, 
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thermal conductivity, and viscosity, not found in HNF-SD-SNF-TI-015 (Reilly 1998) are taken 
from standard heat transfer reference sources. The specific thermal properties used for the 
thermal analyses presented within this topical report are summarized in Section 4.4.1, with details 
provided in the underlying reference documents. 

The thermal-hydraulic models used for the safety analyses utilize these thermal properties 
for each material that constitutes a significant heat transfer path. Properties for minor 
components, such as fittings and seals, are not required. The following paragraphs provide the 
basis used to establish the appropriate set of thermal properties for the various components of the 
MCO and its fuel baskets. 

0 The main section of the MCO shell is fabricated of SA-3 12 304L austenitic stainless 
steel. The lower end cap and the canister cover cap are SA-I82 304L machined 
forgings. The MCO collar (the top of the MCO shell) is dual certified 304/304L 
stainless steel, while the locking and lifting ring is 304N stainless steel. The shield 
plug is fabricated of type 304L austenitic stainless steel. 

The Mark IA and IV fuel baskets are fabricated primarily of 304L stainless steel. The 
scrap baskets for the two fuel types also are fabricated primarily of 304L stainless 
steel, with the addition of ASTM B-I52 C12200 copper for heat transfer 
enhancement. 

0 

Miscellaneous components such as the internal screen are fabricated of 3O4/304L 
stainless steel. The rupture disk, rupture disk holder, port valves, plugs, set screws, 
and cover bolts are fabricated of Nitronic 60 stainless steel. The HEPA filter is 
fabricated of 3 16L stainless steel. 

The main seal between the shield plug and the canister collar uses a Heliwflex seal 
that is a high-strength alloy covered with a 300-series stainless steel inner jacket and 
a silver outer jacket. The process port covers use metal C-seals, while the process 
plugs are sealed with an Inconel C-seal with silver plating. 

The Mark IV and Mark IA fuel assemblies are fabricated of uranium metal with a 
Zircaloy-2 cladding. While the fuel assemblies are to be cleaned prior to.loading in 
the he1 baskets, residual uranium oxides may remain adhered to the surfaces of the 
assemblies, lodged under defects in the cladding, or plugged in the interior gaps of 
the he1 assemblies. 

0 

Depending on the process step, the void spaces within the MCO may be fdled with water, 
water vapor, helium, or a combination thereof. As a result of radiolysis and chemical reactions 
involving the uranium metal and uranium hydride, a variable amount of hydrogen gas may be 
generated and mixed with the other fluids or gases filling the void spaces. The presence of 
hydrogen and its concaitration is a function of the operation in question, the makeup of the 
payload within the MCO, and the amount of moisture available to drive the reaction. 
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4.2.1 Scrap Basket Modeling 

Since the exact geometry and makeup of the material contained within the scrap basket is 
not precisely known, the thermal properties for the scrap must be bounded. Two approaches are 
recommended for addressing heat transfer within the scrap; treat the scrap as intact fuel (i.e., as 
separate chunks of fuel without direct contact with other portions of the scrap) or treat it as a 
homogeneous, porous medium. Treating the scrap as intact fuel yields a conservative estimate of 
the effective heat transfer rate (unless convection from within the basket is included). Treating 
the scrap basket as a porous medium is more appropriate for those scrap baskets containing high 
reaction areas because the development of the bounding reaction area requires the presence of 
small pieces of fuel (Ball and Duncan 1998). Such fuel sizes will result in substantial direct 
contact between adjacent material within the scrap basket and between the material and the side 
walls of the basket. 

The sensitivity of this assumption has been examined in two ways. First, a direct 
comparison was made of the results obtained from the HANSF" code (Plys 1999a), which uses a 
porous bed representation for the scrap basket, and the GOTH" code, which simulates the scrap 
basket payload as intact fuel assemblies with no contact. The comparison was made for the case 
of extended vacuum drying at the CVDF because the reduced level of conduction and convection 
across the void spaces seen for this condition maximizes the temperature difference between a 
model that assumes direct contact between the fuel scraps and one that does not. The peak scrap 
basket temperature obtained from the HANSF model is presented in Appendix 4 4  Figure 4A-1, 
while the temperature obtained from the GOTH code is presented in Appendix 4.4, Figure 4A-2. 
As seen, the difference in modeling techniques for the scrap basket results in an 8 "F (5 K) 
difference in the predicted peak basket temperature (Le., 138 "F [332 K] for the HANSF code 
versus 146 "F [337 K] for the GOTH code). This temperature difference is within the safety 
margin for wet and dry transportation and for the cold vacuum drying process steps. 

The second means by which a porous bed approach for simulating the scrap basket was 
validated waa taken from the results for the proof of performance or first article testing (Crea and 
Fryer 1999) for the CVDF equipment. For this testing, the scrap basket payload was simulated by 
broken pieces of carbon steel pipe, with smaller pieces used for the fine section of the basket. 
Prototypic models of the MCO and baskets were used for the testing. See the report for a fuller 
description of the test setup. Post-test analysis of the data showed that the effective thermal 
conductivity obtained using an intact fuel assembly representation for the scrap basket payload 
had to be increased by a factor of about eight in order to achieve a match between the drying 
times observed in the testing and those predicted by the GOTH model. In contrast, the GOTH 
model was found to accurately predict the drying results for the intact fuel baskets. 

%4NSF code developed by Fauske & Associates, Incorporated, Burr Ridge, Illinois. 

I4GOTH is a proprietary code to John Marvin, Inc. and is a derivative code to the GOTHIC 
code licensed by the Electric Power Research Institute. 
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Taken together, these results justify the use of the porous bed approach for simulating the 
thermal performance within the scrap basket while demonstrating that the maximum steady-state 
temperature difference between the two modeling approaches is on the order of 8 "P. Given that 
this level of temperature uncertainty is within acceptable levels, either modeling approach is seen 
as appropriate for safety basis analyses. 

For a porous medium, the effective thermal conductivity (k) and the effective heat capacity 
(pCJ cen be csthted based on the thermal properties for the solid portion and for the fluid or 
gas fillituJ the void volumes, and via the porosity of the porous medium. The solid portion 
assumw the proptrtieS associated with uranium metal The fluid or gas properties for water, 
water vapor, or helium are assumed, depending upon the operation under consideration. The 
effective thermal conductivity for the porous medium is calculated using Hadley's correlation, as 
shown by Equation 1 and documented in Table 3 1 of Principles of Heat Tranrfer in Porous 
Media (Kaviany 1995) 

where 

k, = effective thermal conductivity 
b=conductivityofthefluidphase 
u, = parameter defined below 

f, = 0.8+(0.1)P 
k, = solid phase conductivity 

P =porosity 

and 
logcto = - 1.084-6.778(P-0.298) , 

Iogu, = 0.405 -3.154(P-0.0827) , 

0.298 s P s 0.580 

0.0827 s P s 0.298 

loga, = -4.898P , 0 5 P 5 0.0827 

This reMortship provides the ratio between the effective thermal conductivity (kJ and the 
c o n d u ~  ofthe fluid (k3 filling the void volume within the scrap as a hction of the porosity 
of the medium and the thermal conductivity of the solid and fluid phases (uranium fuel and water, 
air, helium, and other gases) present. According to Table 3.2 of Kaviany (1995), the porosity of a 
medium comprised of uniformly sized particles ranges from 0 26 to 0.476, depending on the 
method of packing. 
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As an alternative calculation, the porosity of the Mark IV scrap basket can be computed 
based on the basket containing a d m u m  of 980 &g of scrap. This value is based on the 
criticality limit for a Mark IV scrap basket (see Section 6.2.3). Based on Figure 1-6, the total 
available volume in the Mark IV scrap basket is approximately 157,000 cm3, with 15,400 cm3 in 
the fine scrap section. 

The fines container has a porosity of 40% Cpbs and Duncan 1998, page B-4). This 
porosity value is near the high end of the range recfmmended by Kaviany (see above). Since 
lower porosity values yield higher effective thermaljconductivity, the higher values of porosity will 
yield a conservative estimate of the scrap conducti\iity. Given that the Mark IV &el assembly has 
an average density of 0.017102 kg/cm3 (Praga 1998a), the mass contained in the fine scrap section 
is computed as 

(15,400 cm’) (1.0 - 0.40) (0.017102 kg/cm’) = 158 kg. 

The porosity of the coarse scrap is based on &total mass of 980 kg minus the 158 kg 
contained in the fines section, or 822 kg. Again, this mass is assumed to be evenly distributed 
over the 141,600-cm3 volume of the coarse scrap sqction of the basket. Therefore, the porosity 
(p) of the coarse scrap section of the basket is computed as follows: 

P = 1 .O - (coarse scrap mass + density of uranium) 
+ (volume of the coarse scrap section) 

= 1.0 - [(980 kg - 158 kg) + (0.017102 kg/cm3)] 
+ [(141,600 cm’)] 

= 0.66 

Although the actual porosity value will vary &om basket to basket, the above value is an 
appropriate estimate for calculation purposes becaqe the thermal-hydraulic calculations are based 
on &I1 baskets. A lower scrap mass would imply bpth a lower reaction area and a smaller scrap 
volume. How-, given that the effective thermal conductivity decreases with increasing 
porosity, rounding the porosity value up from 0 66 to 0 70 yields a value within an appropriate 
range and yet provides slightly higher conservatism 

The abme correlation for effective conductivity versus porosity provides the best fit to the 
available test data (see Kaviany [199S]) for the ran$e of parameters associated with the analyses 
Uranium metal has a thermal conductivity ranging &om approximately 26 8 J/m-s-K at 100 K to 
39.1 J/m-s-K at 1,040 K Minimum effective themal conductivities are obtained with increased 
porosities and with low-pressure helium as the void volume gas. Maximum effective thermal 
conductivities are obtained with decreased porosities and with water as the void volume fluid 
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The effective heat capacity of the porous entity is determined using a weighted average 
approach. 

where 

pr = density of the fluid 
Cp, = specitic heat of the fluid 
P = porosity of the porous medium 
p, = density of the solid 
Cp, = specific heat of the solid. 

4.2.2 Thermal Source Term 

The heat dissipated from the SNF payload arises from two sources: radiolytic decay and 
the heat of chemical reaction: While the radiolytic decay heat can be expressed as a k e d  
bounding value, the heat of chemical reaction must be computed as a function of the local 
temperature, pressure, and environment (e.g., dry air, moist air, liquid water) within the MCO 
because of the exponential relationship between the chemical reaction rates and the local metal 
temperature. Because of this relationship and the natural thermal gradients in a fuel basket, a 
rigidly defined bounding value in terms of watts per MCO or watts per basket covering the h l 1  
range of expected conditions would need to be excessively large. Such a value would , 

overestimate the source term for nominal conditions and result in the thermal models predicting 
artificially high temperatures and gas generation rates at these conditions. 

Instead of bounding the chemical reaction heat with a fixed value, the approach used is to 
bound the parameters used to compute the reaction heat as a function of the local environment. 
This includes the selection of the bounding reaction rate equations, bounding values for the extent 
of reaction area within a given basket type and for the entire MCO, and bounding values for the 
enhancement factor that accounts for the irradiated condition of the N Reactor fuel and the 
possible presence of uranium hydride. 

The contribution from each of these sources to the overall thermal source term is addressed 
in the following paragraphs. 

4.2.2.1 Radiolytic Decay Heat Source Term. The radiolytic decay heat source term is based on 
the estimated MCO inventory for the various MCO loadings. Table 4-6 repeats the SNF 
Project-approved data for radiolytic decay heat as presented in HNF-SD-SNF-TI-015 
(Reilly 1998). The radiolytic decay heat is defined for the design basis (nominal) and safety basis 
MCOs in terms ofwatta per metric ton of uranium. Since the scrap baskets contain fewer metric 
tons of uranium than do the fuel baskets, the bounding decay heat is lower in MCOs containing 
one or two scrap baskets. 
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Table 4-6. Radiolytic Heat Source Term 

Payload 

Design basis MCO" 

Safety basis MCO with 270. 

Decay heat per Decay heat per Decay heat in MTUin 
MCO assemblyb scrap baskets scrap 

403 W 1.493 W -- _ _  
776 W 2.874 W ow NIA 

Mark- N assemblies 
Safety basis MCO with 216 733 w 2 874 W 
Mark IV assemblies and 1 scrap 
basket 
Safety basis MCO with 162 690 W 2 874 W 
Mark N assemblies and 2 scrap 
baskets 

0.916 

1.832 

Safety basis MCO with 228 
Mark IA assemblies 

Safety basis MCO with 240 
MarkIA assemblies and 1 scrap 

2031 W 

2.031 W 

Safety basis MCO with 192 520 W 2031 W 
Msrk IA assemblies and 2 scrap 
baskets 

0.530 7- 
1 I I ow I NIA I SPR' fuel, 1 MCO 329 W _ _  

'hnumw total of 161,000 W total heat in K East and K West Basins averaged over 400 MCOs to be 

bcomputcd Emn Total dewy heat' divided by the numher of fuel assemblies (i.e., 270 Mark IV and 288 

'Only one MCO oftbia fuel type ndsts. 

MCO = multi-cnaister ovgpack. 
m = mctrio toll of uranium. 
SPR = single pass reactor. 

naninsllypmxaacd. 

Mark L4 aasanbliea). 

While the minimum decay heat is expected to be about one-third of the nominal value, a 
vahie of zero watts should be assumed for the purpose of computing the minimum temperatures 
within the MCO. Although a zero watt heat load is artificially low, it ensures that all material 
used in the fabrication of the MCO assembly are compatible with the worst-case minimum 
temperatures, and it avoids the need to certify that each MCO, including partially loaded MCOs, 
contains an alternative non-zero minimum value 

4.2.2.2; mlul Reaction Heat Source Term The heat of chemical reaction arises when the 
exposed uranium surfaces of the damaged SNF fuel assemblies and scrap react with the 
environment within the MCO. The chemical reaction heat is based on a combination of 
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Scrap baskets Storage baskets 
Payload 

Total geometric 
surfaoe mea 

literature-based equations and characterization work on N Reactor fuel The supporting 
documents to the SNF Databook (Reilly 1998) provide details of how the literature-based 
equations and the characterization work are combined to yield the chemical reaction heat source 
term, Given the extent of that work, it is not repeated within this report 

The chemical reaction heat source term is specified in terms of Equations 4 through IS 
below and the reaction areas given in Table 4-7. Equations 4 through 7 provide the stoichiometry 
for the various reactions expected on a per mole basis Equations 8 through 15 relate the number 
of uranium milligrams reacted per hour with the local metal temperature, pressure, and 
environment (e.g., dry air, moist air, liquid water) a d  the surface area undergoing reaction 
Because of the exponential relationship between the chemical reaction rates and the local 
conditions, the chemical reaction heat must be computed as part of any thermal simulation in 
order to ensure an accurate prediction of the chemical reaction heat source 

Composite 
reaction 

enhanoement 
factor 

Reaction 
enhancement 

factor 

Designbasis -- 17,000 om' _- 425 an' 3 15 I 
I I 

Safety basis 1 47.000 om? 4 33,000 cm' 10 22 I 
I safetytmis I o I -_ I 5 1  0 omzo I 10 I 22 I 

Safetybasis I 2 I 95.000 om' 1 3 1  25,000 cm' 10 22 

I I 15 ~Designbssis)  1 I 17.000 an' 4 I ~ 2 , ~ c m '  3 I 
Thc minimum surface mea per basket. 
% a& area in hicased over the per basket basis in order to matoh the rounded MCO surface areas 

presented in Rcilly. M. A,, 1998, Spnt  Nuclear Fuel Project Technical Databook. HNF-SD-SNF-TI-015, Rev. 6,  
Fluor Daniel Wd. Inoorporated, Richland, Washington. 

'A 001188YBtw value of 0 cm' is used for interim storage calculations. 

The reaction of uranium in air or in a water or water vapor environment is represented by 

U + [(2+x)/2]02 + UO,,, - 259.3 kcdmole of U (4) 

and 

U + (2+x)Hz0 * UO,, + (2+x)Hz - 127.4 kcdmole of U. ( 5 )  
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where the variable ' x '  is < 0.25. A value of 'x '  greater than zero simply means that there may be 
an occasional extra oxygen atom in the matrix. However, the basic reaction remains as stated and 
the appropriate enthdpy characterizing the reaction is as stated. 

The rate at which the indicated uranium-water or uranium-oxygen reactions occur is a 
fbnction of the temperature of the uranium metal, the partial pressure of the water vapor (if 
present), and the surface area involved. The relationships for the chemical reaction rates are 
summarized in HNF-SD-SNF-TI-015 (Reilly 1998), together with supporting documentation. 
The relationships are expressed as Arrhenius rate law-type equations developed for the reaction 
rate of unirradiated uranium in various environments and temperature ranges. A summary of the 
relationships is as follows: 

For dry air (<10-15 vppm H,O) 

T<692K,LogK=7.19-3732.0/T 

T> 692 K, Log K =  28.381 - 7Log(T) - 4638.2/T 

For moist air 

T< 373 K, 11-75% relative humidity (KH), Log K = 13.8808 - 5769.6/T 

T< 373 K, 100% RH, Log K =  8.333 - 3730/T 

373 K < T< 463 K, <loo% RH, Log K = 10.566 - 4990M' + 0.3Log(P) 

T> 463 K, <loo% RH, Log K = 6.193 1 - 2963/T + 0.3LOg(P) 

For oxygen-free water vapor and liquid water 

T<373K,LogK=7.634-3016/T 

373 K < T< 523 K, Log K = 4.33 - 2144/T + O.SLog(P) 

523 K < T< 735 K, Log K = -22.915417 + 30066.5iT - 9.1 19078x106/T2 

735 K < T< 923 K, Log K = -23.905197 + 42718.8M' - 1.787581x1O7/TZ 

where K is the predicted weight gain from the reaction in milligrams of oxygen per square 
centimeter of surface. area per hour, P is the partial pressure of the water vapor in kilopascals, and 
Tis the temperature in degrees Kelvin. HNF-SD-SNF-TI-015 (Reilly 1998) provides a set of 
recommendations for transitionhg from one set of equations to another. The following is a 
summary of the recommendations for interpolating between equations. 
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Moist air to oxygen-free water vapor 

- For moist air with 0, content < I O  vppm, use the oxygen-free water vapor 
Equations 12 to 15 

For moist air with 0, content >10 vppm and <lo0 vppm, linearly interpolate 
between the moist air and oxygen-free water vapor equations at the same 
temperature and partial pressure of water 

For moist air with 0, content 21 00 vpprn, use the moist air Equations 8 to 1 1. 

- 

- 

Moist air of varying water content 

- ForT<305K 
RH < 75%, use the dry air Equation 6 
75% < RH < loo%, linearly interpolate between Equations 6 and 9 

RH < lo%, linearly interpolate between Equations 6 and 8 
10% < RH < 75%, use Equation 8 
75% < RH < loo%, linearly interpolate between Equations 8 and 9 

RH < lo%, linearly interpolate between Equations 6 and 9 
10% < RH < 1000/0, use Equation 9 

for 305 K <  T < 368 K 

for 368 K < T < TI, where TI is a function of RH (see below) 

for TI < T < 463 K, use the greater of Equations 6 or 10 
for 463 K < T < 692 K, use the greater of equations 6 or 1 1 
for T > 692 K, use the greater of Equations 7 or 1 1 .  

The transition temperature, TI, is computed by solving the equation for T whenRH < 10% 

Log{ 1fl.1s3'3q + p[10(1.6Mu-1630.sn -10(o~5174-160s.s~]} -10,566-0.3L0@+4990~ = 0, 

and from the following equation when 10% 5 RH 5 100%: 

T, = 1260/[2.233 +).3Log(P)] 

Corrosion of uranium in water can lead to the formation of hydride inclusions in the 
corrosion product attached to the uranium metal. The long-term contribution of hydride 
inclusions to the reaction rate is accounted for as part of the basic uranium reaction rates given in 
Equations 6 through 15 above. However, the short-term contribution of hydride inclusions can be 
much larger. 

It ~~catimated in Section 5 of HNF-2256, Simulation of Normal and Off-Normal 
Mulff-Cmifsf~ O v e p c k  Behvior (F'lys and Duncan 1998), that the short-term contribution of 
large hydride inclusions will cause rapid reaction rates up to 300 times the base reaction rate 
about 4% of the time. This is equivalent to assuming 4% of all reacting surfaces are undergoing 
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rapid reaction at any given time. The simulation of:this effect within the thermal-hydraulic models 
is accomplished by multiplying the standard reactioh rate equations above by a factor of 12 (i.e., 
300 times 4%). This effect would be distributed koughout the scrap and fuel baskets in the 
same manner as the surface reaction area (see below). 

The reaction between uranium hydride and air or uranium hydride and water is represented 
by: 

UH, + [(2+~)/2]0, * UO,, + (1.5+x)H2 - 228.8 kcdmole ofU. 

LJH, +(2+x)H,O * UO,,, + (3.5+x)H, - 104.7 kcdmole of U. 

(16) 

(17) 

Given that the heat of reaction is similar to that in equations (4) and ( 5 )  above, a separate 
accounting for hydride reactions is not necessary. Instead, the fuel reaction enhancement factor 
discussed below can be increased to capture the effect of hydride inclusions as well. 

4.2.2.3 Surface Area Estimate. The chemical corrosion of the uranium metal o m s  at the solid 
surface and not within the solid volume. The amoqnt of uranium metal with surfaces exposed to 
the MCO environment will vary from canister to cwister depending upon the amount of damaged 
fuel loaded in each MCO, the type and extent of the damage on the individual fuel elements, and 
the presence or absence of scrap baskets. As such, a safety basis estimate is required to bound the 
range of exposed surface areas expected for the various MCO payload configurations. 

damaged end caps. The estimate for the amount o r exposed surface area per he1 basket is based 
on a combination of visual observations, pool chenbstry measurements, and geometric 
calculations. Exposed surface area estimates for t% scrap baskets are based on geometric 
calculations using the size of the baskets and the &I pieces. 

Exposed fiel surfaces arise in intact fuel ass blies primarily because of split cladding or 
. 

The project-approved estimate of the expose@ surface area is presented in 
"F-SD-SNF-TI-015 (Reilly 1998), while HNF-f@-SNF-CN-O17, Fuel Surface Area (sal1 and 
Duncan 1998), presents the derivations of these vques. The safety basis estimate of exposed fuel 
surface. area is 7,900 cmz per Mark IV fuel storag4 basket and 45,000 cmz per Mark IV scrap 
basket. The design basis (nominal) surfaces areas (re 425 cm2 per fuel storage basket and 
17,000 cm2 per m a p  basket. These bounding sux$ce areas also bound the expected exposed fuel 
areas for the Mark IA baskets and for the single pass reactor (SPR) fuel as well. 

"P-SD-SNF-TI-015 (Reilly 1998) also reoommends bounding values for a combination 
of basketa in an MCO. These bounding MCO values are slightly greater than the sum of the 
boundiug baaket values. The higher values are simply the result of round-off for conservatism. 
S i  the thmnal-hydraulic models treat each baskt on an individual basis, an appropriate 
distribution of this 'round-off area is to apportion it to the various baskets on a weighted basis. 
Table 4-7 9ummarizes the recommended fuel surFaice areas for MCO loadings with zero, one, and 
two scrap baskets. 
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Because the reaction rate relationships provided in the previous section are developed for 
unirradiated uranium samples, an adjustment to the literature-based reaction rates is required to 
account for the increase in apparent surface area caused by a combination of surface roughness 
and swelling due to irradiation. This adjustment to the literature-based reaction rates, termed a 
"reaction enhancement factor", accounts for increased surface area due to radiation exposure and 
for surface roughness. The safety basis reaction enhancement factor of 10 matches the apparent 
worst-case area multiplier noted in a series of characterization tests conducted on the N Reactor 
fuel. A nominal factor of about three was noted in this same characterization work, and it is the 
recommended value for the design basis cases. 

The last column in Table 4-7 presents a composite factor to be used with the literature- 
based reaction rate equations to account for the combined effects of the reaction enhancement 
factor and the hydride inclusions. While the effects of hydride inclusions will decrease with time, 
the use of a constant multiplier provides an additional level of conservatism. 

4.2.3 Particulate Mass and Water Content 

The particulate mass and water content withn the MCO are major factors contributing to 
the thermal-hydraulic safety analysis As such, a number of studies and analyses have been 
directed toward establishing bounding and best-estimate values Establishing these estimates 
considered particulate quantities loaded into an MCO, those generated after loading, and the 
possibility of thermal decomposition during cold vacuum drying. The key studies and analyses are 
HNF-1523, &Basins PariicuIaie Wafer Content, Behavior, andImpaci (Duncan and Ball 1997) 
and HNF-1527 (Sloughter 1998). The SNF databook (Reilly 1998) presents the project- 
approved values for particulate mass and water content. Table 4-5 summarizes the project- 
approved values for particulate and water content by tiel type and MCO loading configuration 

A significant portion of the water content is chemically bound in the form of Al(OH),, UO, 
x H,O (where x is the stoichiometry number of the hydrate), and, in lesser amounts, aluminum and 
iron hydrates. Sice much of this water content wig only be released under radiolysis, the 
bounding MCO pressure will not be reached in the 40-year interim storage period. Section 4 4 5 
provides a summary of the pressurization within the MCO under the various load conditions 
analyzed. 

4.2.4 Cold Vacuum Drying Residual Free Water Test 

Given that the water content within the MCO is a major contributing factor to the thermal- 
hydraulic safay analysis, a procedure has been developed to verify that the residual free water 
inventory of each MCO is bounded (Pajunen 1998a) The procedure is based on a model of 
dryins water from he1 crevices packed with particulate. The model was calibrated to the drying 
characteristics ofN Reactor fuel based on single element drying tests performed in a hot cell. The 
evaluation demonstrated that it is reasonable to conclude that the free water inventory of each 
MCO is below 200 g so long as the drying procedure is performed on each MCO. The drying 
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procedure is initiated by performing a pressure rise measurement at vacuum conditions after 
holding the MCO in helium for 4 hours to ensure fuel temperatures are equalized. The pressure 
rise test criterion (<2.4 torrihr) ensures that bulk free water removal is complete and reaction 
rates. are limited to allow holding the MCO at vacuum for long time periods. 

Once these initial conditions have been established, the MCO is held at a temperature 
greater than 40 "C (104 OF) and at a pressure below 12 torr for a specified time period. The 
holding time period depends on the number of scrap baskets in a MCO and currently ranges from 
8 hours for no scrap baskets to 20 hours for one scrap basket, to 28 hours for two scrap baskets. 
A single procedure holding period of 28 hours for all MCOs may ultimately be selected for the 
free water test procedure to eliminate potential processing errors. This procedure is implemented 
in the cold vacuum drying processing steps so that no MCO is transported to the CSB until it has 
successfully passed this criterion. MCOs that meet this criterion can be certified as having no 
more than 200 g of free water. 

HNF- 185 I ,  Cold Vacuum Drying Residual Free Waier Test Description (Pajunen 1998a), 
documents the analytical basis for setting the duration of the timed process for drying the residual 
fiee water inventory contained within the cracks and crevices of damaged fuel assemblies and 
scrap. The analytical drying model is calibrated using the results from eight separate single 
element drying tests on N Reactor fuel. The specific fuel elements chosen were selected based on 
visual observations in an attempt to obtain a sampling that spanned the range of fuel conditions 
seen in the basins. HNF-185 1 (Pajunen 1998a) contains a description of the eight fuel elements 
selected for testing, together with the observed drying times, water release rates as a function of 
time, temperature, and pressure, and the total water removed. The analytical drylng model 
developed assumes that the drying of water held in surface defects of damaged fuel assemblies can 
be simulated as water constrained within porous bed-filled cracks. Under this assumption, the key 
parameters controlling the release of the water are the number, length, and volume of the cracks 
holding residual free water, the pressure drop imposed on water vapor as it transverses the vapor 
path length in the each crack (Le., the permeability of the porous material filling the cracks), and 
the temperature and pressure of the drying environment. 

Since the range of data measurements taken during the single element drying tests is 
insufficient (e.g., no measurement of particulate amount and permeability, or the number, size, 
and distribution of the cracks) to experimentally determine values for each of these key 
parameters, it is necessary to set values for permeability and the total volume of the cracks and 
then use the test data to solve for the number and length of the cracks. As such, any errors 
introduced into the drying model by the selection of the permeability and total crack volume will 
be rolled into the deduced distribution for the number and length of the cracks. 

Literaturebased data and physical observation of the particulate matter are used to select a 
value of permeability that is appropriate for the particulate filled cracks and crevices found within 
damaged K Basin fuel. The total volume of the cracks and crevices is estimated based on the total 
mass of reaidual water removed during the drying tests and an assumed porosity of 0.6 for the 
cracks and crevices. Literature indicates that a porosity of 0.6 bounds the observed void fraction 
for packed beds consisting of a wide variety of particle shapes, including spheres, cylinders, and 
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granules. A sensitivity analysis using a lower porosity value of 0.35 showed the assumed value of 
0.6 yielded conservative estimates for drying time (Pajunen 1998a). The value for permeability 
can be based on the assumed porosity, an estimated particulate grain size, and the estimated 
particle shape factor. 

Given total crack volume, porosity, permeability, and the fluid properties for water vapor, 
the experimentally observed water release rate as a fbnction of drying time from the single 
element drying tests is used to determine the crack and crevice distribution (Le., the number of 
cracks and crevices versus the crack length) that would be necessq to achieve a match between 
the model-predicted water release rate and the observed rate. Each single element drying test 
described in HNF-1851 (F'ajunen 1998a) yielded its own crack distribution, with the results from 
Run 6 providing the longest estimated drying time from any of the eight fuel elements tested 
(including Runs 7 and 8, which involved fuel elements with more severe visual damage). Once 
the model has been calibrated using the single element drying test results, adjustments required to 
permit its use in determining the residual water content within an MCO are made that consist of 
the following steps: 

0 All fuel assemblies and scrap baskets are conservatively assumed to exhibit the 
bounding crack distribution observed for Run 6 

The total free water content in the cracks and crevices is computed from the 
bounding particulate quantity given in HNF-SD-SNF-TI-015 (Reilly 1998) assuming 
a porosity of 0.6 

The assumed process temperature and pressure are set to those called for in the 
CVDF process specification (Irwin 1999). 

0 

0 

Based on the adjustments and the bounding particulate masses listed in Table 4-4, it has 
been determined that an MCO must be held at 40 "C and under vacuum conditions for 8 hours if 
the MCO contains no scrap baskets, 20 hours if it contains one scrap basket, and 28 hours if the 
MCO contains two scrap baskets. M e r  completion of this timed process, the residual free water 
within the MCO will be deemed to have been reduced to less than 200 g. A subsequent pressure 
rebound test M used to verify that no free water has been introduced into the MCO during the 
timed, drying process (e.g., as the result of an unnoticed equipment failure). Two consecutive 
pressure rebound tests are required to be successfblly completed before the MCO is certified as 
being dried. 

4.3 THERMAL SPECIFICATIONS FOR MULTI-CANISTER OVERPACK 
COMPONENTS 

This section presents the temperature and pressure limitations of the MCO, its internal 
components, and the payload. System-level operating limits are addressed in Chapter 12.0. The 
thermal limits specified below represent the inherent capability of the individual components. 
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Of the materials and components used in the fabrication of the MCO assembly, those that 
are considered the most temperature sensitive are the Helicoflex seal used between the MCO 
shield plug and the MCO vessel wall, the C-seals used for the port access covers, the rupture disk, 
and the seal between the threaded plug of the rupture disk and the shield plug port. The 
Helicoflex metallic seal is composed of a close-wound Inconel helical spring surrounded by a 
type 300 stainless steel inner lining and a thin silver outer lining. The seal has a maximum design 
temperature rating of 370 "C (698 O F ) .  The C-seals are Inconel with a silver plating and are rated 
at 375 "C (707 O F ) .  

Until the MCO has been processed through cold vacuum drying, a rupture disk installed in 
one of the process ports on the shield plug protects the MCO from destructive failure caused by 
excessive pressure. After cold vacuum drying, the water content is reduced to a level su5cient to 
allow the MCO to be sealed without concern for potential overpressurization. The MCO rupture 
disk is I-in. in working diameter and fabricated from nickel 200 stainless steel. The disk has a 
rupture pressure rating of 150 Ib/in2 gauge at 132 "C (270 O F ) .  

The remaining materials used in the fabrication of the MCO have significantly higher 
thermal capabilities. The type SA-3 12 304L stainless steel used for the MCO shell has a melting 
temperature above 1,400 "C (2,550 O F )  and a maximum service temperature rating of 427 "C 
(800 "F), in accordance with Section 111, Subsection NB, of the ASME Boiler and Pressure 
Vessel Code (ASME 1998). However, as defined in Chapter 2.0, an effective l i t  of 149 "C 
(300 O F )  is used to match the structural analysis basis. Similar thermal capabilities and operating 
limits are established for the type 304/304L machined forging used for the shell bottom. The 
shield plug, the locking and lifting ring, and other miscellaneous components of the shield plug 
assembly also are fabricated of type 304 or 304N stainless steel. 

The Mark IV and Mark IA fbel baskets are fabricated primarily of type 304L stainless steel. 
Because many of the components making up the brsket form part of the fbel support structure 
within the MCO, the maximum service temperature for the baskets is 149 "C (300 "F), in 
accordance with the structural basis for analysis. In addition to type 304 stainless steel, the 
Mark IV and Mark IA scrap baskets use ASTM B*152 C12200 copper for heat transfer 
enhancement and ASTMB-I03 UNS 51000 copper for a flow restrictor shroud. Because the 
copper serves no structural function once the baskets are loaded in the MCO, its appropriate 
temperature limit is its melting point of 1,082 "C (1,980 OF). , 

Although the uranium metal in the SNF assemblies has a melting temperature of 1,090 "C 
(1,994 O F ) ,  the lowest eutectic point between uranium and iron occurs at 600 "C (1,112 O F ) .  As 
such, this lower temperature level constitutes the effective temperature limit for uranium for all 
operational modes. The Zircaloy-2 cladding has a melting temperature above 1,800 "C 
(3,272 "F). The zirconium-beryllium end caps have a melting temperature of 980 "C (1,800 O F ) .  

SARR-005.04 4-36 March 2000 



HNF-SD-SNF-SAKR-005 REV 2 

4.4 THERMAL EVALUATIONS FOR NORMAL CONDITIONS 

A number of thermal-hydraulic related evaluations have been conducted that support or 
establish the thermal safety basis for the SNF Project, from the retrieval of the fuel at the K Basins 
through vacuum drying and interim storage in the CSB. Some of these evaluations address an 
individual process step, others examine a range of process steps, while still others establish the 
technical basis required in the thermal-hydraulic analyses. These evaluations include "F-1523 
(Duncan and Ball 1997); HNF-1527 (Sloughter 1997); HNF-SD-SNF-TI-009 (Praga 1998a); 
HNF-2256 (Plys and Duncan 1998); HNF-2341, Hanford Spent Nuclear Fuel Cold Vacuum 
Drying Process - GOTH-SNF Simulations of Normal Operations (Irwin et al. 1998); and 
HNF-SD-TP-SARF'-0 17, Safety Anabsis Reportfor Packaging, Onsite, Multi-Canister 
Overpack Cask (Smith 2000). 

The following sections provide extracts from these evaluations that demonstrate the system 
safety basis under normal operating conditions. System safety for off-normal or accident 
conditions is addressed by the individual facility safety analysis reports and the safety analysis 
report for packaging for transportation. The thermal evaluations address the range of expected 
environmental and process conditions for normal operations and, where necessary, establish the 
process controls required to ensure a safe, stable, and secure operating condition under all 
processing steps. 

4.4.1 Thermal Models 

Fundamental to resolving any thermal performance issue is the development of thermal 
models sufficiently robust to investigate the entire range of environmental and process conditions, 
as well as process control requirements that may be needed to obtain a safe, stable, and secure 
condition. Again, safe, stable, and secure conditions involve maintaining an energy belance 
wherein the energy gains to the system equal the energy losses from the system. Ifthe energy 
gains exceed the losses, the system temperatures will increase until the losses increase to balance 
the system. Ifthe energy gains far exceed the capability of the system to reject energy, the 
temperature will continue to increase. The following paragraphs describe the thermal-hydraulic 
models and computer programs used to perform the analyses 

Although a number of one-, two-, and three-dimensional thermal-hydraulic models have 
been developed and applied to the analysis of the MCO assembly during various processing steps, 
the safety baaia analysis is based on two separate computer programs and the thermal models of 
the MCO d l y  developed for each program. The HANSF computer program was developed 
specifically for this project, whereas the SINDA/FLUINT" program is a commercially available 
code for solving generalized thermal problems The use of separate codes resulted from a 
combmation of different needs, time constraints, and the desire for a means of independent 

''SINDAELUINT is public domain code. A commercialized version is available from 
Cullimore and Ring Technologies, Incorporated, Littleton, Colorado. 
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verification of the results obtained. A brief overview of each program and the thermal models of 
the MCO assembly developed for each program is provided below. 

Both models are based on a lumped-parameter, finite-difference approach for simulating the 
thermal-hydraulic performance of MCOs containing both fuel and scrap in combination with the 
transportation shipping cask, the CVDF, the MHM, and the CSB storage tubes. For the purposes 
of simulation, an MCO configured for Mark IV fuel is assumed. Specifically, the MCO contains 
zero, one, or two Mark IV scrap baskets and five, four, or three baskets loaded with intact, full- 
length Mark IV fuel assemblies. Both thermal programs have the capability for simulating 
steady-state and transient thermal performance. 

Sections 4.4.1.1 and 4.4.1.2 provide an overview of the thermal models developed using 
the HANSF and SINDNFLUINT codes, respectively. Table 4-8 provides a comparison between 
the modeling parameters used in both thermal models for the safety basis calculations together 
with a reference basis for the selected parameter values. 

The Mark IV basket designs are selected for the bounding analysis basis since the lower 
bel enrichment of the Mark IV fuel permits the loading of an additional six fuel assemblies per 
basket. These additional assemblies are placed at the center of the basket while the remainder of 
the basket layout is similar to the Mark IA design The two assembly types have similar radiolytic 
decay heat on a volumetric basis and, except for length, nearly identical geometries, heat transfer 
fundamentals dictate that the Mark IV fuel baskets will exhibit the higher temperature rise 
between the basket edge and the peak location on the fuel. A similar situation occurs with the 
scrap basket designs. 

The SPR fuel also is bounded by the Mark I V  fuel results for similar reasons. In addition, 
the total inventory of SPR b e l  is only 3.38 metric ton of uranium (MTU) versus a capacity of 
over 6 MTU for a fully loaded MCO with Mark IV fuel. 

4.4.1.1 HANSF Cttmputer Program. The HANSF computer program was developed 
speciiidly for the SNP Project. As such, its modeling capabilities and functionality are tailored 
to the spec& MCO design and thermal problems encountered. The contents of the MCO are 
modeled using men internal control volumes, as iltustrated in Figure 4-2 Separate control 
volumes are used to represent the individual scrap and fuel baskets. Within each control volume, 
the mode1 accounts for the chemical reactions, tracks water content and species concentrations, 
and simulates the heat transfer mechanisms Junctions are used to connect the MCO internal 
control volumes and allow f o r d  and countercurrent flow between the scrap and fuel basket 
regions. Upper and lower control volumes are used to represent plenum spaces above and below 
the scrap and fuel baskets. 

other control volumes, not shown in the figure, are used to represent the gap between the 
MCO and the transportation or MHM casks, or between the MCO and the weld or service pits, 
and between the casks or service pits and the environment. The environment is assumed to be a 
large volume that remains at ambient conditions, unaffected by the inflows of mass and energy 
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Parameter HANSF' ] SINDAiFLuINTb I Reference 

Radiolylic decay power 

FueVscrap reaction area 

Table 4-6 Table 4-6 HNF-SD-SNF-TI-015' 

Table 4-7 Table 4-7 HNF-SD-SNF-TI-015' 

Reaction rete equations Chapter 4.0, 
Equations 12 
through 15d 

Oxidized uranium emissivity 

Cladding emissivity 

MCO wall emissivity 

Shield plug emissivity 

Cask emissivity 

View faotors bctwcen fuel, MCO 
wall, fuel besketu 

Chapter 4.0, Equations 
12 through 1 9  

0.70 

0.70 

0.25 

0.25 

0.25 

8x8 matrix, hand 
calculation 

HNF-SD-SNF-TI-015' 

Reaction rate multiplier 

Rate multiplier for hydrides 

R!ilmQ 
Fuel-clndding 

stainless steel 

coppa 

Fuel-cladding 

S b h b S  S h l  

coppg 

Fuel-chdding 
st.inlws steel 

coppsr 
FualaodsaraobasLets 
Fuel basket model 
Sorap basket model 
Fine scrap p s i t y  
Coarse scrap porosity 

IO bounding 10 bounding HNF-SD-SNF-TI-015' 

12 12dr i t ransm HNF-SD-SNF-TI4 15' 

3 nominal 3 nominal 

17,102 kg/& 

8,000 kg/m3 

8,954 kg/m' 

I 

26.9 Wlm-K 

16 Wlm-K 
398 Wlm-K 

o wet transport 

130 Jkg-K 
500 Jkg-K 
384 Jkg-K 

Conduction heat transfer DarametRs: 

Mark IV 

Porous bed 

0.4 

0.685 

density, conductivity. I 

0.60 

0.60 

0.30 

0.30 

0.30 

120 surfaces per 
assembiy, VIEW 

Program 

0.7' 

Touloukian' 

0.3' 

0.3' 

0.3' 

27 Wlm-K at 100 "C 

16.2 Wlm-K at 100 "C 

396 Wlm-Kat 100 "C 

122 Jkg-K at 100 "C 

498 Jkg-K at 100 "C 

381 Jkg-K at 100 "C 

Mark IV 
Porous bed 

0.4 

17,184 kg/m' 

8,027 kg/m3 

8,941 kgtm' 

UNI-M-51' 

ASME Cod& 

Rohsenow et al' 

HNF-SD-SNF-T1-009" 

Materials Engineerin2 
Materialr Engineerin2 

UNI-M-51' 

ASME Code' 

Touloukian' 

0.66 

Note 'm' 
Appendix4A 

Calculated value 

Calculated value 

SAUR-OO5.04 

e -  
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Free water afier draining 

Chemically bound water 

Helium purge 

Table 4-4 NA 

Tables 4-4 and 4-5 NA 

1 6 standard A.'/min NA Note 'n' 
35 standard A3/min I 15 gallminat 50 "C I MCO annulw watg 

vsouum pump 

solar 

NA 

NA 

NA NA 

hawai 
Maximum and minimum ambient 
temperature 
solar 

Maximum and minimum ambient 
temperature 

115 "F 

Table 4-8 

106 "F 

115 "F, -27 "F 

Table 4-8 

NA 

1 Diurnal cycle from 
Table 4-9 

Note '0' 

Fixed temperature 

SARR-005.04 

~ 
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Parameter 

Table 4-8. Comparison of Parameters Used fn HANSF and SINDAFLUTNT Thermal 

HANSF' J S I N D r n W  I Reference 
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Passive heat sinks within the model include 
the cask wall, the MCO bottom, and the MCO shi 
wall section, while the shield plug is simulated wit # 20 nodes. 

e MCO wall opposite each control volume, 
plug. '%me nodes are used for each MCO 

Figure 4-3 illustrates the model nodalization sed to represent the SNF assemblies in the 
fuel baskets. As seen, a 30" segment is modeled symmetry conditions assumed on the side 
boundaries. Each fuel element within the segment s modeled separately. A radiation and 
convectiodconduction network model is used for eat transfer between the rods in the array and 
the MCO wall. 

ed for the HANSF code in Appendix F 
ated the axial temperature 
heating. This surface oxidation 

.I; 
The adequacy of this model nodalization 

ofHNP-2256 (Plys and Duncan 1998) This e 
gradient in a fuel element as a result 
was assumed to o m  at m e  end of the el 
comparison with the total length of the 
assumed to be an adiabatic surface. 
adjacent elements or the MCO wall. 

that was small (3 9 in ) in 
pposite end of the element was 
cur laterally from the element to 

Figure 4-4 illwbates the steady-stat 
combidon of the local temp 
Ae expsoted, the temperature gradient 
oxidation beating. Low ambient temp 
length.of the element. As ambient tempe 

a maximum MCO wall temperature 
peak fiid gradient will be less than 4 "C. As 
the most extreme off-normal conditions 

partial pressure andor 
enhancement h r ,  the resulting axi increases. Assuming 

ating procedures), the 
on is adequate for all but 

The scrap basket is simulated as a di 
radiation calculated &om a debris model. The 
aqpents with copper ribs. Each sector is 
and an outer container for coarse scrap F 
and the assumed heat paths. 

siuk with internal conduction and 
&et design is divided into six equal 

into an inner container for fine scrap 
s the scrap basket model nodalization 

A separate one-dimensional, porous m 
oum wrap wet rMons. The inner and o 
the d i d  direction only. A scrap porosity 
a pwodty of 0.685 is assumed for the co 
premtted in Section 4.2.1 and Appendix 4A, 
for srficty basis analyses for transportation, C 

MCO assembly for cold vacuum drying, 
interim storage. Table 4-8 provides a 
thermal model Additional the parameter values assumed for each 

transfer model is used for the inner and 
om transfer heat to the copper rib in 
r the fmes portion of the basket, while 
basket. Based on the discussion 

odeling approach and resolution is appropriate 

The HANSP tkermal code (Plys et al. is used for the safety basis analysis of the 
welding opsrations at the CSB, and for 
parameter values used in the HANSF 
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simulation, and the methods used to simulate the MCO assembly and its payloads are provided in 
the user's manual (Plys et al. 1998b) and in HNF-2256 (Plys and Duncan 1998). 

The HANSF user's manual also contains the verification and validation work conducted on 
the code (F'lys et al. 1998b). This work includes the evaluation of the code to compute separate 
effects, such as evaporation, and integral testing of combined capabilities for procedures such as 
cold vacuum drying and interim storage. A summary of the verification and validation conducted 
for the HANSF code is provided in Appendix 4C. 

4.4.1.2 SINDAlFLUINT Computer Program. The SINDAELUINT computer program is a 
public domain program with several commercialized versions. The SINDAlFLUINT code was 
developed to solve generalized lumped-parameter, finite-difference thermal problems. However, 
its solution technique may be applied to any problem that can be represented in a resistor-type 
network. The code has been evaluated and validated for simulating the thermal response of 
nuclear transportation packages (Glass 1988), and it has been used for the analysis of several 
other transportation packages for nuclear material. 

SINDNFLUINT simulates steady-state and transient temperatures using temperature- 
dependent materid properties and heat transfer via conduction, convection, and radiation. 
Although the code permits one-dimensional modeling of single and multiphase flow, this 
capability was not utilized for this work. Complex algorithms are programmed into the solution 
process to compute convective heat transfer coefficients as a function of the local geometry, gas 
thermal properties, and temperatures or to compute the chemical reaction heat as a function of the 
local temperature and pressure conditions. 

A major feature of the SINDNFLUINT code is its ability to use submodels to represent 
common geometry sections of components such as the cask or the fuel baskets and then to 
combine the individual submodels to form a complete model of the cask and MCO assembly. This 
approach not only simplifies the modeling but reduces the verification process by minimizing the 
amount of original coding required to provide a complete thermal representation of the system. 
Precisely how this feature is used for this analysis is explained in the following paragraphs. 

Five categories of analytical thermal models are used to analyze the performance of the 
cask-MCO and the MCO assembly for normal and hot ambient conditions of transport: 

a A model of the bottom end region of the cask-MCO and MCO assembly 

A model of the typical axial midsection of the cask-MCO 

A model of the closure lid end region of the cask-MCO and MCO shield plug 

A model of a typical intact fuel basket within the MCO assembly 

A model of a scrap basket within the hICO assembly. 
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Figure 4-6 illustrates the layout of the thermal submodels used to evaluate the thermal 
performance of the cask-MCO and MCO assembly. This layout, showing the MCO arrangement 
with Mark IV fuel, consists of five submodels (Le,, submodels BSKTl, BSKT2, BSKT3, BSKT4, 
and BSKTS), together with submodels for the lid and end regions of the cask and MCO. As seen 
from the figure, the END submodel encompasses the lower 9.38 in. of the cask and end plug of 
the MCO shell. Above the END submodel are the five submodels of the MCO fuel baskets and 
the associated sections of the cask wall. Each of these submodels spans the 26.85 in. length of the 
fuel baskets. Above the last fuel basket is a thermal submodel of the MCO shield plug, the void 
space below the shield plug, and a 10.69-in. section of the cask wall. The LID submodel 
encompasses the upper 15.79-in. section of the cask wall. The thermal nodalization within each 
of the individual submodels is illustrated in Figures 4-7 through 4- 11. 

Heat transfer through and from the typical midbody section of the cask wall is simulated 
using an axisymmetric representation of the cask. An axisymmetric model is used because the 
cask thickness and the relatively small variation in heat flux from the MCO in the circumferential 
direction results in a minimal variation of cask wall temperatures in the circumferential direction. 
Figure 4-7 illustrates the five interior thermal nodes and two surface nodes used to provide this 
axisymmetric representation of the cask wall at. the BSKT3 submodel level. A similar 
representation is provided at the other levels. 

The thermal modeling of the MCO assembly uses a three-dimensional approach because of 

. 
the variation in heat flux and the relatively low thermal mass offered by the MCO shell and fuel 
baskets. The MCO shell is divided into three axial sections over the axial length of each fuel 
basket and into 30" segments in the circumferential (azimuthal) direction. Together, nodes 70, 
72, and 74 represent a 3-in.-high, 90" wide segment of the MCO. Nodes 170, 172, and 174 
represent 1 I-in.-high segments of the MCO opposite the perforated skirt of the fuel basket, while 
nodes 270, 272, and 274 represent the 12.85-in.-high section of the MCO that "sees" the sections 
of the fuel assemblies extending above the fuel basket skirt. 

Taken together, the submodels provide an axisymmetric thermal model of the MCO cask 
shell and a three-dimensional thermal model of the cask lid and of the MCO assembly. Heat 
transfer between the cask's inner surface and the MCO is assumed to be via straight conduction 
(i.e., Nu = 1) through either a water or an air medium, as appropriate for the transportation mode 
under consideration. The absence of hydrogen gas is conservatively (the thermal conductivity of 
hydrogen is 20% to 30% greater than helium) assumed for the analysis. Graybody radiation 
interchange across the gap also is included for those sections with a gas backfill. Heat transfer 
from the outer surface of the cask is via convection and radiation to the ambient environment. 

Figure 4-8 provides an enlarged view of the node layout for the cask bottom end. As with 
the cask body, an axisymmetric representation is used. Likewise, an axisymmetric model of the 
end plug of the MCO vessel is used @e,, nodes 70 to 570). This axisymmetric representation is 
transitioned to the three-dimensional representation used for the BSKTl submodel. The seal port 
fitting and cover plate are represented by a separate submodel that is thermally connected to the 
axisymmetric representation of the cask end. The presence of the transport trailer is ignored for 
the purposes of;his analysis. 

- 
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Figure 4-9 illustrates the thermal node layout for the PLUG submodel. An axisymmetric 
representation of the shield plug is used, while the MCO shell sections are represented with three 
nodes around the circumference. A single thermal node (node 59) is used to represent the mean 
gas temperature within the void volume below the shield plug. The cask sections of this submodel 
(opposite nodes 870 to 974) are not shown for simplicity, but follow the same layout as illustrated 
in Figure 4-7. The upper section of the MCO shield plug thermal model interfaces with the 
thermal model of the cask lid illustrated in Figure 4-10. Because of the non-axisymmetric 
influence of the cask lifting trunnions (not shown in the figures), the cask lid is modeled in three 
dimensions. Nine thermal nodes are used to simulate the heat lost or gained from the trunnions. 

The three-dimensional representation of the lid is transitioned to the axisymmetric model of 
the cask side wall at the PLUG submodel segment. The cask seal port fitting and cover are 
modeled with a separate thermal submodel that is thermally connected to the LID thermal model. 
Although not shown in Figure 4-10, the 12 cask closure bolts are modeled separately using four 
thermal nodes to represent the exposed head, the shank section (two nodes), andthe threaded 
portion. 

The basic thermal submodel of the fuel baskets and the fuel elements represents a 90" 
segment of a single level. The plan view of the Mark IV fuel basket assembly shown in 
Figure 4-1 1 illustrates the placement of the thermal nodes used to model the baseplate of the 
Mark IV fuel basket and the lower 2.6-in. section of each fuel assembly that fits within the sockets 
of the fuel basket baseplate. Within the 90" segment, 11 complete fuel assemblies and 5 partial 
fuel assemblies are represented. Symmetry conditions are assumed at the model boundaries. The 
enlarged view of a representative fuel assembly within the basket illustrates the placement of the 
thermal nodes used to simulate each fuel assembly and the surrounding basket structure. 

Thermal resolution within each full fuel assembly is provided through the use of 24 thermal 
nodes, 12 for each element, over four axial segments within the fuel elements. Each axial segment 
is represented by three nodes in the circumferential direction. The lowest axial segment (shown in 
Figure 4-1 1) is 2.6 in. high. The three other axial segments, not shown, are 11 in., 9.4 in., and 
3 in. high, respectively. Heat transfer from the inner to the outer element is treated as conduction 
and radiation (for dry transport) across the 0.21-in. gap separating the elements. Convection from 
the outer surface of the outer element is assumed. While the absence of hydrogen gas is 
conservatively assumed, the beneficial effect due to the pressure increase is included. Based on 
the expected axial temperature distribution within the fuel elements (see Figure 4-4 and its 
relevant discussion in the pr&ous section), this level of model nodalization is adequate for the 
level of reaction heat generated during wet and dry transport. 

The thermal model permits full flexibility in modeling the distribution of exposed surface 
area anywhere over the 24 nodes used to represent each fuel assembly. Since the principal mode 
of damage for the he1 elements is missing end caps and split cladding, the base thermal model 
concentrates the exposed surface area over the upper 3 in. of the fuel assemblies. 

The Mark IV scrap basket is modeled as a homogeneous, porous medium using 20 thermal 
nodes to provide a two-dimensional, axisymmetric representation of the heat generation and 
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temperatures within the scrap bed. A scrap porosity of 0.4 is used for the fines portion of the 
basket, while a porosity of 0.66 is assumed for the coarse section of the basket. Based on the 
discussion presented in Section 4.2.1 and Appendix 4 4  this modeling approach and resolution is 
appropriate for the range of temperature and heat dissipation seen during wet and dry 
transportation, as well as for CVDF and CSB operations. Radiolytic decay heat and reaction area 
are distributed on a mass-weighted basis. An additional 34 thermal nodes provide a 
three-dimensional, thermal representation of the base center tube, and copper side walls of the 
scrap basket. 

In addition to computing temperatures, the thermal model computes the transient pressure 
rise within the MCO and cask. The calculation includes the pressure rise effects from four 
sources: (1) the ideal gas expansion with changes in temperature, (2) the hydrogen gas generation 
from chemical reactions, (3) the expansion of the water, and (4) the hydrogen dissolved in the 
water volume for the wet transfer phase. The void volumes and initial backfill pressures assumed 
are listed in Table 4-3. The pressure rise due to hydrogen gas generation is computed using the 
chemical reaction and gas generation rates listed in Section 4.2, while the amount of hydrogen 
dissolved in the water during the wet transport phase isdetermined using Henry's law, the volume 
of the water, and the partial pressure of hydrogen gas. 

Table 4-8 summarizes the parameter values assumed in the SINDMLUINT models, 
together with a reference basis for the selected parameter values. Additional information about 
the model, the parameter values assumed for each simulation, and the methods used to simulate 
the MCO assembly and its payloads are provided in Simulation of Normal Multi-Canister 
Overpack Behavior During Wet and Dry Transporration (Banken 1999). 

The SINDA/FLUINT code was validated against four thermal problems with known or 
classical solutions (Q-Metric3 1999). The specific modeling of the MCO, he1 and scrap baskets, 
and transportation cask was independently checked and verified as part of the quality assurance 
activities for the safety analysis report for packaging (Smith 2000). A summary of the verification 
and validation conducted for the SlNDA/FLUINT code is provided in Appendix 4C. 

4.4.2 Environmental Data 

WHC-SD-TP-RF'T-004, Environmental Conditionsfor On-Site Hazardous Materials 
Packages (Fad& 1992), is the basis for the environmental conditions to be used for evaluating 
normal conditions. While 10 CFR 71 provides insolation values accepted by regulatory agencies 
for the offsite transport of nuclear material, they are not specific to the Hanford Site. The 
insolation data for latitude 46"N (Le., the Hanford Site) contained in WHC-SD-TP-RF'T-004 
(Fad& 1992) should be used when evaluating onsite thermal performance. Table 4-9 presents the 
data as a h c t i o n  of the time of day and the orientation of the receiving surface. 
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Time 

4 a.m. 
6 a.m. 

Table 4-9. Site-Specific Insolation Data for Latitude 46"N 

Insolation value (Btdh-ft*) for vertical surface facing Horizontal 
surface 

N NE E SE S SW W Nw facing up 
0 0 0 0 ' 0  0 0 0 0 
57 192 211 105 17 17 17 17 64 

I I I I I I I I I 

8a.m. I 35 I 173 I 268 I 208 I 42 I 32 I 32 I 32 I 127 
I 10a.m. I 42 I 56 I 177 I 213 I 126 1 45 I 42 I 42 I 281 I 

The site-specific ambient temperature used for hot day conditions is based on a diurnal 
temperature curve for the peak summer day at the Hanford Site. The diurnal temperature cycle is 
also taken from WHC-SD-TP-RPT-004 (Fadeff 1992). The cycle has a peak temperature of 
46 "C (1 15 OF), a minimum of 23.3 "C (74 OF), and a daily average temperature of 34.2 "C 
(93.5 OF). In comparison, 10 CFR 71 specifies a maximum, steady-state ambient air temperature 
value of 38 "C (100 OF). Table 4-10 presents the recommended diurnal temperature cycle to be 
used in computing the ambient boundary conditions. 

The historical minimum ambient temperature noted for the Hanford Site is -33 "C (-27 OF). 
A combmtion of steady-state operation at this temperature with no insolation provides the worst- 
case minimum ambiedt condition. In contrast, 10 CFR 71 specifies a minimum, steady-state 
ambient air temperature of -29 "C (-20 OF) for analysis with concurrent structural loads (i.e,, 
drops) and -40 "C (-40 OF) for static load conditions. 

For non-safety basis analysis that seek to use the typical maximum and minimum 
temperaturea rather then boundmg values, the American Society of Heating, Ventilation, and 
ReErigeration Engineers (ASHRAE) recommended median of the annual extreme temperatures for 
the area that includes the Hanford Site may be used. According to this source (ASHRAE 1993), 
the median extreme Winter temperature is -17 "C (2 OF) and the median extreme summer 
temperature is 40 "C (103.4 OF). 
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6 a.m. 

Table 4-10. Maximum Diurnal Ambient 
Temperature Cycle at Hanford Site. 

14 

Time Temperature (OF) I 12 2 a.m. a.m. 

2 P.m. 

I 4 a.m. I 15 I 

111 

6 p.m. 

8 a.m. 
10 a.m. 
12 P.m. 103 

113 
I 4 p.m. I 115 

8 p.m. 
10 p.m. 

Dailv average 93.5 

4.4.3 Thermal Results for Normal Operations 

The results of a series of thermal simulations covering normal operations for the MCO, 
from the K Basins to interim storage, are presented in this section. Table 4-1 1 presents a 
summary of these simulations, including a brief description of each scenario, the pertinent system 
parameters simulated, the case label and source for the simulation, and the section within this 
topical report that d&bes and presents these results. These thermal simulations establish the 
safety basis for each step in the SNF processing. The results of selected sensitivity studies also 
are presented in this section to demonstrate the safety margin inherent in the process steps 

4.4.3.1 Water-Flooded Operations. The thermal model developed for the SINDA/FLUINT 
computer program is used to demonstrate the safety basis for the water-flooded transportation of 
the MCO assembly from the K Basins to the CVDF. The water-filled canister provides relatively 
high thermal conductivity between the fuel baskets and the cask exterior Because of the vertical 
orientation of the canister, internal convection will limit the temperature differences between the 
baskets to a few degrees. Heat transfer to the external environment is based on radiation and free 
convection. The diurnal cycle for insolation and ambient air temperature, as presented in 
Tables 4-9 and 4-10, is assumed. 
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- 

scenario 

Transport from K Basins to 
CVDF 

Transport hn K Basins to 
CVDF 

Table 4-1 1 .  Simulations for Normal Multi-Canister Overpack Operations. (2 sheets) 

Pertinent simulation parameters 

Water-filled, design basis MCO with 
1 scrap basket 

Water-filled, safety basis MCO with 1 
scrau basket 

Transport from K Basins to 
CVDF 

Transport hn K Basins to 
CVDF, cold weather 

transfer 

Topical report 
section Case label and source I 

Water-filled, safely basis MCO with 2 
scrap baskets 

Water-filled, safely basis MCO with 
no scrap baskets, steady-state ambient 

temperature of -27 "F and 0 'F 

Section 4.4.3.1, 
Figure 4- 12 I WISBDB, 

Smith 2000' 

Cold vacuum 
sensitivity case 

Cold vacuum drymg 
sensitiviw case 

Section 4.4.3.1, I Figure 4-13 
WlSBSB, 
smith 2000' 

~ ~~~~ 

2 scrap baskets and twice free water VCZAW, Section 4.4.3.2, 
after draining "F-2256' Figure 4-20 

reaction rate multiplier of 50 HNF-2256b Figure 4-21 
2 scrap baskets, twice free water, and VCZR50W. Section 4.4.3.2, 

Cold vacuum drymg 
sensitivity case 

Transport from CVDF to 
CSB 

Transport fium CVDF to 
CSB 

WZSBSB, Section 4.4.3.1, 
smith 2000' Figure4-14 

and 4.4.4, 
Figure 4-15 Smith 2000' 

1 snap basket, twice f k  water, SOX 

distribution 

RSOWa, Section 4.4 3.2, 
reaction rate, axial damage HNF-2256' Figure 4-22 

Dry, design basis MCO with DlSBDB, Section 4.4.3.3, 
1 scrap basket Smith 2000' Figure 4-23 

2 scrap baskets smith 2000' Fiaue 4-24 
Dry, safety basis MCO with DZSBSB, Section 4.4.3.3, 

Cold vacuum drying with 1 and 2 scrap basketq VClA, VCZA, Section 4.4.3.2, 
vacuum plus helium purge HNF-2256b Figures 4-16 I and 4-18 

Transport from CVDF to 
CSB, cold w e a k  trsnsfa 

CSB opaalions, MHM 
handling 

CSB operations, weld pit 

Cold vacuum drying with 1 and 2 scrap baskeM VCIB, VCZB, Section 4.4.3.2, 
helium purge HNF-2256' I Figure;;;7 and I 

Helium-filled, safety basis MCO with DISBSB-coldxti, Section 4.4.4 
1 scrap basket, zero heat generetion, 
steady-state ambient temperature of 

-27 "F 

Smith 2000' 

Safety basis MCO with scrap baskets m c 1 ,  Section 4.4.3.4, 
HNF-2256b Figure 4-27 

Safety basis MCO with scrap baskets W L D C  I ,  Section 4.4.3.4, 
HNF-2256b . Figure 4-28 

CSB qmations, intaim 
staging 

Safely basis MCO with scrap baskets STAGC 1, Section 4.4.3.5, 
HNF-2256b Figure 4-29 

~~ 

Section 4 4.3.4, I F i m e  4-26 
CSB operations, service pit Safely basis MCO with scrap baskets SPEC I ,  I I HNF-2256b 
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scenario Pertinent simulation parameters 
Topicalreport 

S d O n  
Case label and source 

'Smith, R. J., 2000, SafiQ Analysis Report for Packadng, Onsite, Multi-Canisler Overpack Cask9 

"Plys, M. G.. and D. R. Duncan, 1998, Sirnulalion of Normal and Off-Noma1 Mulli-Canisler Overpack 
HNF-SD-TP-SARP-017, Rev. 2, Fluor Hanford, Incorporated, Richlnnd, Washington 

Behavior, HNF-2256. Rev, 1, Fluor Daniel Hanford, Inwrporated, Richland, Washington. 

CSB = Canister Storage Building. 
CVDF = Cold Vacuum Drying Facility. 
MCO = multi-canistex overpack. 
MHM = multicaniSter overpnck handling machine. 

The MCO is assumed to be filled with water to a level that is slightly above the guard plate 
on the shield plug. This level will automatically be established as a result of the shield plug being 
installed under water (see Section 4.1 3 1 for a description of this operation and Appendix 4B for 
a calculation of the void volume) After the cask-MCO is removed &om the pool, the water level 
in the annulus between the MCO and the cask is established via the mechanical removal of the 
water to a level just above the shoulder in the cask Henry's law is used to compute the amount of 
hydrogen gas dissolved in the water as a hnction of temperature and pressure. Gas is allowed to 
flow between the MCO cavity and the void space between the cask and the MCO via process port 
2 in the shield plug. Any flow passing through this port must first pass through the internal HEPA 
filter. The rupture disk installed in process port 4 will prevent an overpressurization of the MCO 
in the case of a situation such as a plugged HEPA filter or the inadvertent closing of port 2. 

While the transportation time between the K Basins and the CVDF is expected to be 
8 hours or less (including time for cask preparation and receipt), the design shipping window is 
set at 24 hours for normal operations (Smith 2000). To provide visualization of the cask-MCO 
thermal performance past ths design shipping windfw period, all analyses have been conducted 
for a 62-hour time period. The results for the desi@ basis configuration with one scrap basket 
are presented in Figur~ 4-12. For comparison purpbses, the results for the thermal evaluations 
under the safety basis codiguration of the MCO with one or two scrap baskets are presented in 
Figures 4-13 and 4-14, respectively. All analyses are conducted as transients since steady-state 
operation is not possible due to the limited void space available to contain the hydrogen gas 
geaeratcd. The individual contributions of radiolytk and chemical corrosion heating to the total 
canister heat load are presented in the figures as a function of time A composite reaction 
enhancement factor of 3 is assumed. 

As seen from Figure 4-12, under the design h i s  case with one scrap basket, all MCO and 
cask component temperatures remain within their respective allowable limits for the entire 
62-hour analysis period. In fact, the thermal mass of the payload, water, and transport cask is 
&uent to limit the change in component temperapres to 15 "C or less during the &hour 
transportation period and for the design July day mbient conditions. The effect of the sinusoidal 
diurnal cycle for ambient air temperature and insolation are apparent in the figure. While the cask 
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pressure is predicted to rise by less than 3 lb/in2 during the 8-hour transportation period and by 
less than 5 Ibh2  after 24 hours, the rate of change in pressure with time increases because of the 
continued heatup of the cask and its contents. The pressure within the cask is predicted to 
approach 36 lb/inz gauge (5 1 lb/in2 absolute) by the end of the 62-hour transient. 

Figure 4-13 repeats the transient analysis of the water-flooded transport process for the 
safety basis MCO with one scrap basket. Again, all MCO and cask component temperatures 
remain within the allowable limits for the associated component during the entire 62-hour 
transient. However, the higher reacting surface area and the use of the composite reaction 
enhancement factor of 10 combine to accelerate the pressurization of the void spaces within the 
cask and canister. In fact, the pressure rise seen over the nominal 8-hour transportation period is 
more than that seen over a 24-hour period under the design basis MCO loading. After 24 hours 
the pressure is seen to have risen to 66 lb/in2 gauge and is predicated to reach the 150 lb/in2 gauge 
(165 lb/in2 absolute) limit for the transportation cask after approximately 36 hours. 

The sudden drop in cask pressure is illustrated in the figure after 36 hours occurs as a result 
of the assumed venting of the cask to prevent overpressurization. This is simulated as an 
instantaneous pressure decrease to 20 lb/in2 absolute each time the cask bleed port is opened. The 
simulation then assumes that the port is closed and the pressurization process is started over. The 
shorter time period between cycles results from the accelerated chemical corrosion due to the 
higher temperatures within the &el elements with increasing time. 

The 50% increase in reaction surface area for the safety basis MCO with two scrap baskets 
produces a similar set of results. As seen in Figure 4-14, the available time for transportation 
before the cask pressure limit is exceeded drops to 32 hours. The fact that the cask, MCO, and 
&el temperatures are very similar to those seen for one scrap basket and for the design basis 
reaction area demonstrates that the bulk of the canister heating is due to the combination of 
radiolytic decay heat and the heat gains from the ambient conditions. The chemical reaction heat 
has only a slight impact on the system temperatures. 

Given that the design dipping window under normal operations is 24 hours, all three 
bounding MCO co-Oons are shown as being safely transportable within this window. If the 
transportation time exweds the 24-hour window, it may be is necessary to relieve the cask 
pressure to remain within d i  limits. The recovery mode available for this o f f - n o d  transport 
scenario is to open the cask vent port and release the pressure to the atmosphere. The canister's 
internal HEPA filters \irill limit any particulate release resulting from this operation. Cask inerting 
is not required after every venting cycle since air ingress will be prevented by the tools and 
procedures used for this step. 

By relieving the pressure, an additional 10 to 16 hours of transportation time may be 
achieved before another pressure relief operation is necessary. See HNF-SD-TP-SARP-017 
(Smith 2000) for additional discussion. At no time is a temperature excursion expected under any 
of the bounding MCO co&gurations. 
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Given that the primary parameter affecting the safety of the water-flooded transfer 
condition is pressurization from hydrogen gas, a bnef discussion of the composite reaction 
enhancement factor used is in order. The safety basis cases examined used a composite reaction 
snhancement factor of 10 versus the value of 22 from HNF-SD-SNF-TI-015 (Reilly 1998) The 
composite factor of 10 is intended to account for increased reactivity above literature-based rates 
c a u d  by the condition of the N Reactor hel, whereas the value of 22 includes an additional 
factor of 12 to account for possible uranium hydride inclusions. The additional factor of 12 was 
ursd in HNF-SD-SNF-TI-015 (Reilly 1998) to bound the results of earlier reactivity testing 
conducted on N Reactor ke l  samples in dry air environments While this additional factor is 

in "F-SD-SNF-TI-015 (Reilly 1998) for reasons of conservatism, both laboratory 
n N Reactor &el in a moist, inert environment and observed pressure rises during the 
of single elements in liquid water showed that a composite enhancement factor of 10 

bounded the data. A detailed discussion of the supporting test results is provided 
Uranium Oxiabtion Rate Summary for the Spent NuclearBel Project 

1999). Given that testing in the specific environment seen during water-flooded 
showed a composite factor of 10 to be bounding, and given the sensitivity between the 
composite reaction factor and the permissible shipping window duration, the use of a 

composite factor of 22 is deemed to be overly conservative and its potential negative impact on 
daily operations for this transportation phase too severe to be justified 

The final safety basis case examined for water-flooded transportation is the potential for 
d - M C O  freeze-up caused by operations in the Hanford Site design cold day environment. 

4-15a and 4-15b present the results of a pair of transient analyses simulating the cold 
portation. Figure 4-15a presents the results for transport of an MCO under a worst- 
Site cold temperature of -33 "C (-27 OF), per Section 4.4.2. The MCO is assumed 

one-half of the nominal decay heat listed in Table 4-6 (i e , 
reaction heat The analysis assumes that the cask-MCO 

time zero and at a uniform temperature of 15 "C. As seen from curve 7 in 
average d - M C O  annulus water temperature is predicted to reach freezing 

er approximately 20 hours. Because a maximum of 19 hours is assumed by CVDF 
to have elapsed before cask receipt and door closure at the CVDF and because a 
this 19 hours will have occurred within the building enclosing the basins before 
e 20 hours available under this analysis bounds the worst-case time for exposure to 

IIC a steady-state temperature of -33 "C (-27 OF) represents an extreme ambient 
that will rarely be seen, an alternative analysis has been made based on the ASHRAE- 

meommended design winter day temperature for the area that includes the Hanford Site 
Accotding to this source (ASHRAE 1993), the median extreme winter temperature is -17 "C 

For conservatism, this design temperature was reduced to -18 "C (0 O F )  for use in the 
Figure 4-1 5b depicts the transient temperature trend for this design temperature and for 

ro decay and chemical reaction heat As seen from the figure, the minimum 
res, with exception of the relatively exposed cask seals, remain above 

freezing for the entire 24-hour period. 
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Based on these analyses, a safety basis can be established for any MCO when transportation 
occurs during ambient conditions of -18 "C (0 OF) or warmer. Or, alternatively, for MCOs 
dissipating 200 W or more may be safely transported within the 24-hour shipping window on any 
day. See Section 4.4.4 for a presentation of the minimum temperatures predicted for cold 
weather operations. 

4.4.3.2 Normal Cold Vacuum Drying Operations. The thermal model developed for the 
HANSF computer program is used to demonstrate the safety basis for normal cold vacuum drying 
operations at the CVDF. The analysis is conducted for the safety basis level of reaction area for 
one and two scrap baskets, the safety basis decay heat, and the nominal water content expected in 
the MCO after draining. A nominal level of uranium hydride inclusions are also assumed. Results 
of the analysis are shown in Figures 4-16 through 4-21. 

These analyses assume that the surface area undergoing chemical reaction (see Table 4-7) 
and free water content after draining (see Table 4-4) are evenly distributed within a given scrap or 
fuel basket. The sensitivity to these assumptions is addressed via an increase in the amount of 
water assumed after draining and via a separate analysis with the reaction area concentrated at the 
top of the assemblies. The sensitivity to the distribution of free water is addressed in the cold 
vacuum drying analysis via two methods. First, the water content on the upper fuel basket is 
arbitrarily reduced to 0.1 kg to simulate the potential for a fast fuel basket dryout and the 
subsequent efFe.cts on temperatures while the remaining fuel baskets provide evaporated moisture 
to drive the reaction rate. Second, the analyses included evaluation of double the design basis free 
water content following draining. See the discussion for Figures 4-20 and 4-21 below. 

Although normal cold vacuum drying processing calls for an initial vacuum drying cycle 
lasting 8 hours, the simulations were conducted for a time period of 24 hours to better understand 
the potential for runaway reactions. 

Figure 4-16 presents time history plots for the various model parameters for the safety basis 
case with one scrap basket. As seen from the figure, dryout of the MCO occurs after about 
14 hours (50,000 seconds). The upper scrap basket and its contents dry out after about 2 hours 
and then begin to heat up because of decay and chemical reaction heat. By the end of the 
simulated 24-hour vacuum drying process, the upper &el basket and the scrap basket have 
reached d y - s t a t e  wnditions. The upper fuel basket heats up faster than the lower three do 
because, as stated above, its water content was set at 1/60 of that for the lower baskets. This 
action permits the analysis to assess the peak basket temperatures that may be attained under 
these conditions. 

The pattern of temperatures in the remaining baskets is complicated by the interplay 
between local evaporative cooling and radiative and convective heating from the MCO wall 
inward. W e  all of the three lower fuel baskets are dried out after 14 hours, they are still in the 
process of coming up to equilibrium temperatures at the end of the simulated 24-hour period 
under vacuum drying. Little temperature difference is seen across the scrap basket from the 
effects ofthe copper fins and the porous bed heat transfer assumed for the scrap. In contrast, the 
upper fuel basket exhibits up to a 20 "C difference between the center and edge of the basket. 
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Despite operation under vacuum conditions for about three times longer than the cold 
vacuum drying process calls for, all temperatures remain stable. The hydrogen concentration 
remains well below the 4% concentration level during the entire cycle because of the vacuum 
pumping and the helium purge. Expected operation for the safety basis MCO with one scrap 
basket under an indefinite helium purge step is illustrated in Figure 4-17. As seen, all 
temperatures and gas concentrations again remain within allowable limits. Without the aid of 
vacuum drying, the scrap dryout does not occur for 13 hours, and the fuel basket dryout increases. 
from 14 hours to 24 hours. The hydrogen concentration in the offgas stream is nearly steady at 
2%. 

The same indefinite vacuum and helium purge cycle steps are evaluated for the safety basis 
MCO with two scrap baskets, and the results are presented in Figures 4-18 'and 4-19. The basket 
temperatures are similar to those seen with one scrap basket. The scrap baskets dry out at 
approximately the same time, 3 hours, and the lower two fuel baskets in about 14 hours. The 
upper fuel basket (tier 4) dries out nearly instantaneously due to the low initial water (0.1 kg) 
assumed for it. Again, all temperatures and gas concentrations remain within allowable limits 
throughout the evaluated time periods. 

Because the amount of water remaining within the MCO following draining is an estimated 
value and the amount of reactant is a primary parameter in determining the temperature response 
under vacuum drying, a series of sensitivity analyses was performed. Figure 4-20 presents the 
same indefinite vacuum cycle for the safety basis MCO with two scrap baskets as presented in 
Figure 4-18 except that the amount ofwater remaining within the MCO at the start of MCO 
drying is doubled. 

While the results show that the MCO dryout takes an additional 10 hours (Le., 24 hours 
versus 14 hours), the temperatures are all stable. The scrap basket temperatures reach 
approximately the same level as seen with the nominal water content, while the tier 4 fuel basket 
increases in temperature by about 10 "C because of the extended period of reaction with the 
evaporated water. The tier 2 and tier 3 fuel baskets exhibit lower temperatures over the time 
period because of the extended period of time under evaporative cooling. The hydrogen gas 
content again remains at very low levels throughout the transient. 

Figure 4-21 presents the results for the case with the safety basis MCO with two scrap 
baskets, double the residual water after draining, and a reaction rate multiplier that is increased 
from 10 to 50. This case evaluates the sensitivity to the combination ofwater content, reaction 
area, and/or uranium hydride content and reaction multiplier. Although, as expected, the peak 
scrap and fuel temperatures are increased by 10 "C to 15 "C, the figure illustrates similar results 
to those seen for the base case with two scrap baskets. Taken together, these results demonstrate 
that a substantial safety margin exists for the normal operations vacuum drying process. 

The assumption of even distribution of reaction area is addressed via a separate analysis. 
This analysis concentrated the reaction area at the top of the fuel assembly. Figure 4-22 presents 
the results for the case for a safety basis MCO with one scrap basket, double the free water after 
draining, and an enhancement factor of 50. The results indicate that the distribution of reaction 
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area within a k e l  basket is relatively unimportant for normal operating temperatures (i.e., 
temperature differences 510 "C along the assembly) but suggest that it should be addressed for 
the more extreme off-normal events. 

4.4.3.3 Dry Transportation. The dry transportation phase for MCO handling begins when the 
MCO is sealed at the CVDF and ends when the MCO is received at the CSB. The thermal model 
developed for the SINDA/FLUINT computer program was used to analyze the safety basis for 
this transportation phase. The evaluation was repeked using the HANSF thermal model as a 
backup calculation. 

The expected transportation time, including time for cask-MCO preparation at the CVDF 
and receipt at the CSB, is 14 hours. With allowances for variations in operating times, the total 
shipping window for dry transportation under normal operations is 48 hours. Operations beyond 
the 48-hour time period are considered off-normal. Once the MCO is sealed, the pressure rise is a 
h c t i o n  of the heat transfer balance between the MCO and the environment, the reaction area, 
and the amount and release rate for the reactants remaining after cold vacuum drying processing. 

The MCO thermal-hydraulic performance is evaluated using a transient analysis. The 
starting temperatures for the transient are established based on the cooldown process step at the 
CVDF wherein the MCO and its contents are cooled using a 15 "C (59 OF) water flow in the 
cask-MCO annulus and an approximately 0.5 standard fi3/min helium purge in the MCO. This 
step lasts approximately 6 hours. Closure of the MCO port valves at the conclusion of this step 
marks the beginning of the dry transportation shipping phase. Approximately 7 hours more are 
required to complete the preparation of the MCO and transportation cask for shipping. Actual 
transportation time to the CSB is expected to be only about an hour. The remaining time in the 
normal shipping time Frame of 14 hours is for receipt operations at the CSB. 

Like the flooded transfer condition, the system temperatures are dominated by radiolytic 
decay heat and ambient heating. The individual contributions of heating from radiolytic decay and 
chemical reactions are depicted in both Figures 4-23 and 4-24. 

Figure 4-23 depicts the transient thermal response of the MCO and transportation cask for 
the design basis d g u r a t i o n  of the MCO with one scrap basket. The transient evaluation is 
conducted for a time period of 96 hours to cover the shipping window for dry transportation and 
to provide a viwrslizrttion of the system thermal stability for periods beyond the normal shipping 
window. The mexinnUn July day ambient conditions are assumed for the transient. No 
temperature excursions occur during the 96-hour period, and the MCO pressure remains well 
below its 150 lbh2 gauge pressure capability. The temperature trends for the transport cask 
indicate that the system is approaching a steady-state condition after 96 hours. 

Under this design basis MCO configuration, neither the 200 g of Free water assumed in the 
MCO after cold vacuum drying nor the 0.164 kg of uranium oxide hydrate water are consumed 
within the %-hour time period. This is partially because of the relatively low reaction area within 
the design basis MCO and partially because of the nature of the locations in which any residual 
free water is trapped. Only a portion of the 0.164 kg of uranium oxide hydrates will thermally 
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decompose during the transportation period and be available for reaction. In contrast, the 
chemically bound water stored as aluminum trihydroxide will not be released under the thermal 
conditions existing during dry transport but will require long-term radiolysis to decompose. 

Figure 4-24 depicts the transient thermal response of the MCO and transportation cask for 
the safety basis configurations for the MCO with two scrap baskets. The higher reaction areas 
associated with this case lead the MCO pressure to be slightly more than doubled from that seen 
for the design basis case. 

The partial decomposition of the assumed 1.189 kg of uranium oxide hydrates is apparent 
in the gas contribution plot (note the decrease in the uranium oxide hydrate water content 
depicted by curve 7 of the upper plot and the fact that total hydrogen generation [curve 41 
exceeds the 1 1.1 1 g-moles contained in the initial 200 g of residual water assumed to remain after 
cold vacuum drying). The fall-off in chemical reaction heat (curve 1 in lower plot) after 
approximately 40 hours is due to the consumption of all the free water within the MCO and the 
fact that the rate of reaction is limited to the rate of uranium oxide hydrate thermal 
decomposition. 

The limited mount of water remaining in the MCO at the end of each of the transients and 
the fact that the water chemically bound in the aluminum trihydroxide, the aluminum and iron 
hydrates, and approximately one-half the water bound in the uranium oxide hydrate will not 
decompose at the temperatures seen in dry transportation permit a bounding pressure in the MCO 
to be predicted for an indefinite dry transfer event. The bounding pressure for the safety-basis 
case with two scrap baskets is approximately 74 Ib/in2 absolute, while the bounding pressure for 
the desijp bDeir is approximately 48 lb/in2 absolute. These bounding pressures are based on 
an initial bac- pnawe of 25.7 Ibh' absolute, an MCO void space of approximately 0.5 m3, the 
MCO tempcratww noted at the end of the 96-hour transient, and a total water content of 
0.795 kg and0.282 kg (excluding the chemically bound water that will not thermally decompose) 
for the safety basis and dwign basis cases, respectively. These bounding MCO pressures, plus the 
nearly steady-state temperature conditions seen at &e end of the 96-hour transient, permit the 
conclusion that steady-state operation in the transportation cask can safely be accommodated 
from a thermal-hydraulic point of view. However, given that the annulus between the MCO and 
the cask is to bB f&d with air and given the design leakage rate of the MCO, the time spent in the 
transportation cask will need to be limited to 135 days or less to avoid reaching a potential 
flammable mixture of gases (Smith 2000). 

These temperature and pressure results are supported by a similar analysis using the 
HANSF computer model. Figure 4-25 presents a comparison between the HANSF analysis case 
'SHIPCI', as taken from Appendix T of "F-2256 (Plys and Duncan 1998), and the 
SMDA/FLuINT model. This analysis case assumes one scrap basket with 45,000 cm2 of 
reaction area and fo& fbel baskets with 425 cm2 of reaction area each. A composite reaction 
enhancement factor of 22 is used. As such, the analyzed case represents an MCO configuration 
with one safety-basis scrap basket and four design basis intact fbel baskets. 
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As seen from Figure 4-25, sheet 2, the HANSF analysis predicts a maximum fuel basket 
temperature of approximately 390 K, or an increase of 50 K after 75 hours ([500,000 minus 
230,000 seconds]/3,600 seconds per hour). In comparison, the SINDNFLLJINT analysis 
indicates a peak temperature of 110 "C (380 K) and an increase of 45 "C over the 75-hour period 
following the 8-hour hold at the CVDF. Further, the HANSF code predicts a maximum canister 
pressure of 285 kPa or 41 Ib/in2 absolute and a pressure increase of 13 lb/in2 ([285 minus 
195 kPa]16,894.76 kPailb/in2 absolute) after 75 hours versus 16 Ib/in2 pressure increase estimated 
by the SINDAFLUINT results. 

The higher canister pressure rise computed by the SINDNFLUINT model is primarily 
related to slight differences in the assumed release rate for the free and chemically bound water. 
Further, the HANSF analysis assumes a severe ambient range of 95 "F to 115 "F, while the 
SINDAFLUINT analysis assumes a typical Hanford July day cycle of 74 "F to 115 OF. The 
cooler night temperatures assumed by the SJNDAFLUINT model slow the heatup and, thus, the 
maximum component temperatures noted within the canister. Taken together, these results 
establish the thermal-hydraulic safety basis for the MCO under dry transportation conditions for 
an indefinite shipping window. However, as previously discussed, a limitation of 135 days will 
exist for dry transportation to prevent a potential flammable mixture of gases from occurring in 
the cask-MCO annulus. 

4.4.3.4 Receipt and Handling at  the Canister Storage Building. The evaluation of the MCO 
thermal-hydraulic performance at the CSB consists of a series of evaluations for the various MCO 
environment scenarios that occur. These include receipt of the MCO in the transportation cask 
and its placement in the service pit, transfer within the CSB using the MHM, welding of the 
canister cap in the weld pit, and storage of the MCO within the CSB vaults. 

Under normal operating conditions, the MCO may remain confined in the transportation 
cask and in the CSB service pit for up to 8 hours after its arrival from the CVDF. The safety 
basis for the MCO during this process step is covered by the steady-state analysis presented for 
the dry transportation phase (see Section 4.4.3.3). The ambient temperature assumption (i.e., 
46 "C [ 1 I5 "F]) and inclusion of insolation heating in the analysis for the dry transportation phase 
encompass the. thermal environment imposed on the cask-MCO after its arrival at the CSB. An 
alternative &ation of this condition was accomplished using the HANSF computer code by 
extending the shipping condition evaluation to 140 hours and assuming a I-ft-thick concrete slab 
and an average Hanford Site ground temperature of 15 "C (60 "F). The results, presented in 
Figure 4-26, are 8ccll to be approximately 30 "C higher than those depicted at the end of the 
96-hour dry shipping transient in Figure 4-24 because of a combination of continued heat up in 
the cask and a change in boundary conditions. Under either analysis approach, the MCO 
temperatures are seen as being within the thermal limits for all components, and the MCO 
pressure remains stable and below limits. 

Following receipt procedures in the service pit, the MCO is transferred to the MHM for 
subsequent handling and transfer operations within~the CSB. The safety basis evaluation for this 
process step is accomplished using the HANSF computer code. The multishell MHM cask is 
modeled within the HANSF code as a single shell with composite material properties. The 
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composite properties are based on a steel shell (gamma shield), an air gap, and a Jabroc16 wood 
(neutron shield) shell. The potential for free or forced convection cooling within the h4HM cask 
walls is ignored for this safety basis analysis. The external environment within the CSB is 
assumed to be 41 "C (106 OF). The transient response is depicted in Figure 4-27. The large 
thermal time constant (about 18 days) for the MHM cask is apparent in the extended transient 
results in that steady-state conditions are not reached within the 7-day time period evaluated. 
Because of the relatively poor thermal conductivity of the MHM cask wall, the peak fuel 
temperatures are shown as reaching 153 "C (307 "F) after 7 days in an uncooled MHM. While 
neither the temperatures nor the pressures show any signs of a thermal runaway during the 
evaluated period, extended operations in an uncooIed MHM should be avoided since excessive 
temperatures will result before steady-state conditions are reached. 

The MHM analysis was conducted using the one scrap basket and five fuel basket 
configuration (i.e., 733 W of decay heat). Although a five fuel basket configuration would yield 
776 W, the extra 6% of decay heat is insignificant to the overall conclusion. The higher heat load 
can be accounted for by reducing the allowable time by 1 day. 

Operations within the weld pit are similar in pature to those within the service pit in that 
both environments have the soil beneath the CSB & the ultimate heat sink. The difference 
between the situations lies in the fact that the shipping cask is not placed within the weld pit. 
Instead, the MCO is surrounded by a 26-in.-diameter pipe. Figure 4-28 presents the HANSF 
t h d  model results for this situation. The initial conditions for the MCO are taken as the 
conditions in the service pit after 8 hours. The 72-hour transient evalaation indicates a 30 "C 
(54 OF) rise. in MCO wall temperatures after 72 hours, with a similar, but slightly higher, increase 
in the peak fuel temperatures. The corresponding increase in MCO pressure observed over the 
same time period is from 33.4 lbh'  to 40.7 Ib/in', or a 21% increase. The normal expected time 
in the weld pit is 8 hours. The final MCO temperatures and pressure trends demonstrate that near 
steady-state conditions have been reached and that all components are within the allowable limits 
by the end of the 72-hour transient. 

4.4.3.5 Interim Storage at the Canister Storage Building. The final process step analyzed for 
the CSB is the interim storage operation. This analysis is conducted in a two step fashion: the 
fist  step evaluatea the short-term thermal-hydraulic performance to establish the maximum 
temperatures within the MCO under the worst-case CSB environment, while the second step 
evaluates the long-term pressurization due to radialysis and chemical reaction to establish the 
maximum MCO pressure over the 40-year design period for interim storage. The short-term 
thermal-hydraulic analysis is conducted using the HANSF computer code (plys et al. 1998b) for a 
safety basis MCO. This 7-day transient is valid for the staging period that may occur between 
MCO receipt at the CSB and the closure operations in the weld pit, as well as during the initial 
portion of the long-term interim storage period. 

I6Jabroc is a product of Permalli Gloucester, Limited 
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Based on a bounding CSB vault temperature of 62 "C (144 OF), a vault tube temperature 
of 92 "C (198 O F )  and an MCO wall temperature of 108 "C (226 "F) are derived for the 
bounding case by determining the temperature differential required to transfer the bounding heat 
load from the MCO to the vault tube and then from the vault tube to the CSB vault temperature. 
Fixing the MCO wall temperature at 108 "C (226 O F )  as a boundary condition permits a 
conservative analysis of the transient heatup of the MCO fuel baskets. The analysis results, 
shown in Figure 4-29, show that steady-state conditions are reached in about 3 to 4 days with a 
peak fie1 temperature of 13 1 "C (269 OF), and that nearly all of the uranium oxide hydrate that 
can decompose at the CSB temperatures does in fact decompose. The model employed for the 
analysis indicates that 25% of the hydrate water remains because higher temperatures are required 
to complete the decomposition, leading to a mass fraction of about 3% still available for 
radiolysis. 

An MCO pressure of about 46 Ib/in2 absolute is obtained over the short term. The 
continued slight upward trend in the MCO pressure reflects the continued release of chemical 
reactants under radiolysis and their subsequent chemical reaction with the exposed uranium 
surfaces. 

Long-term pressurization of the MCO will be driven by radiolysis since the temperatures 
within the MCO will be too low to thermally decompose the chemically bound water. Although, 
given sufficient time, all of the chemically bound water inventory within the MCO will eventually 
decompose, the actual impact on pressure depends on the decay heat, the reactive area, the 
amount of aluminum hydroxide in the MCO, and the time in storage. HNF-SD-SNF-TI-040, 
MCO IntermI Gas Composition and Pressure during Interim Storage (Duncan &d Plys 1998), 
evaluated them contributing factors for the fi l l  range of expected MCO payloads and determined 
a bounding MCO presaure of 76.4 Ib/in2 absolute for a 40-year storage period. Although the 
short-term pressure trend will fluctuate over the time period according to the ideal gas law 
because of changes in the CSB environment, the long-term trend will be a steadily increasing 
pressure over the 40-year period. 

The.results of both the short-term thermal-hydraulic analysis and the long-term 
pressurization evaluation demonstrate that the MCO temperatures and pressure will remain within 
the allowable limits during the entire 40-year period for interim storage. 

While the design MCO wall temperature limit of 132 "C (270 O F )  is not expected to be 
reached during interim storage, peak fie1 temperature under this design MCO wall temperature 
may be estimated from the temperature differential presented above for the expected CSB vault 
conditions. No specification analysis is required because, for steady-state conditions with 
radiolytic decay heat only, the temperature differential between the peak fie1 temperature and the 
MCO wall temperature is a fixed value. As such, an MCO wall temperature of 270 "F would 
yield a peak fuel temperature of approximately 270 "F + (268 "F - 226 "F) = 3 12 OF. This peak 
fuel temperature is within the allowable fuel temperature limits. 
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4.4.4 Thermal Results for Minimum Temperature Operations 

The minimum temperatures within the MCO occur for a combination of minimum ambient 
temperatures and minimum internal heat load. A worst-case steady-state temperature of -33 "C 
(-27 OF) is assumed based on the minimum ambient Hanford Site temperature. In addition, no 
solar, and one-half of the nominal radiolytic decay heat, and no chemical reaction heat is assumed 
to bound the probable worst-case transportation condition. All other canister handling operations 
will result in higher system temperatures because of active controls on the cask-MCO 
environment (e.g., the pool water temperature control in the K Basins, facility temperature 
controls in the CVDF and CSB). 

HNF-SD-TP-SARP-017 (Smith 2000) provides an evaluation of the probable minimum 
temperatures during wet and dry transportation based on the minimum ambient temperature of 
-33 "C (-27 OF), minimum probable internal heat loads, and the design time for transportation. 
Table 4-12 presents these minimum temperatures results. In all events, the minimum temperatures 
are within the thermal capabilities of the associated component. 

The results in Table 4-12 indicate that freezing may occur during wet transfer for an MCO 
containing low heat loads if left exposed for 24 hours However, given that the normal shipping 
window of 24 hours does not permit the cask to be exposed to ambient conditions for this entire 
period (see Section 4.4.3 1) and given that the minimum ambient temperature of -33 "C (-27 OF) 
is a rare occurrence at the Hanford Site, there is little risk for cask-MCO freeze-up under normal 
operations. The analyses presented in Section 4 4.3 1 show that prevention of cask-MCO freeze- 
up during normal operations can be ensured by limiting the wet transfer of any unprotected cask 
to periods when the ambient temperature is above - 18 "C (0 OF) or, alternatively, ensuring that 
the MCO payload is dissipating at least 200 W of radiolytic decay heat. Because the required 
safety controls for this condition need to consider normal, off-normal, and accident scenarios, the 
specific controls to address this condition are to be provided in a thture revision of 
HNF-SD-TP-SARF'-017 (Smith 2000). 

4.4.5 Maximum Multi-Canister Overpack Internal Pressures 

The maximum pressures internal to the MCO under the various thermal conditions 
addressed in this report are summarized in this section. As stated in the above sections, some of 
the conditions analyzed are transient in nature and the internal pressurization of the MCO will 
increase as long as chemical reactions continue. Therefore, some of the pressures presented in 
this section are valid only for a given time period during the transient analysis. 
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- 

Location and condition 

Spent nuclear fuel, maximum 

Spent nuclear fuel, average 
Scrap basket, average 
MCO sidewall, average 

MCO sidewall, minimum 

Table 4- 12. Cask and Multi-Canister Overpack Assembly Minimum Temperatures 
for Normal Wet and Dm Transport Conditions. 

Design basis minimum temperatures, "C (OF) - 
wet transfd Dry transfep 

5 (42) 37 (99) 

4 (39) 28 (82) 

- 13 (55) 
3 (36) 14 (56) 

l(34) 8 (45) 

Cask sidewall, average 
Cask sidewall, minimum 
Seal port, lid end 

MCO shield plug, average -5 (23) 

MCO shield ulug, seals I 0 (33) (32) I -6 (22) 

l(34) -14 (6) 
0 (32) -16 (4) 

-7 (20) -24 (10) 

Seal port, bottom end -2 (29) -17 (2) 

Closure lid seals, minimum 

Table 4-13 summarizes the maximum pressures noted during the analyses of the various 
thermal conditions to which the MCO will be subjected. Since the MCO is vented to the 
transportation cask during the wet transport conditions from the K Basins to the CVDF, the 
applicable design pressure is the pressure within the cask. Although the maximum cask pressure 
expected under this condition is 703 kPa (102 Ib/in2 absolute), this pressurization value depends 
on a 24-hour transport time. Transportation times above this time period will result in higher cask 
pressures until the cask is vented, either at the CVDF or in the field, as part of an off-normal 
recovery operation. €INF-SD-TP-SARP-017 (Smith 2000) addresses this possibility. 

The highest MCO pressure expected under normal operations will occur during interim 
storage operations at the CSB. Accounting for the effects of radiolysis, oxygen and hydrogen 
gettering, and thermal decomposition, the bounding pressure expected after 40 years in interim 
storage is 76.4 Ib/inz absolute. This level of pressurization yields a 2.2 safety margin, given the 
150 Ib/inz gauge pressure capability of the MCO design before placement of the cover cap. The 
safety margin will increase to 6.1 after installation of the cover cap. 

-2 (29) -18 (0) I 
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Thermal load condition 

Table 4-13. Cask and Multi-Canister Overpack Maximum Pressures. 
Transport cask 
pressure, kPa MCO pressure, kPa 

(Ib/m2 absolute) . (lb/in2 absolute) 

DIV transuort conditions 

Wet transport conditions: 
- with no scrap baskets 
-with 1 scrap basket 
- with 2 scrap baskets 

324 (47) 114 (16) 

N/A 
NIA 
N/A 

400 (58) 
558 (81) 
703 (102) 

I I ~, . I  

CSB operations I 330 (48) I NIA 

staging 312 (45) NIA 

Interim storage 527 (76.4) NIA 
I I 

Pressures for wet and dry transport are those at the end of the normal shipping window 
(k., 24 hours for wet transport and 48 hours for dry transport). 

CSB =Canister Storage Building. 
CVDF = Cold Vacuum Drylng Facility 
MCO = multi-canister overpack. 
N/A =not applicable. 

4.5 CONCLUSIONS 

A series of thermal-hydraulic analyses have been conducted for the various process steps to 
which the MCO will be subjected. These analyses demonstrate that the MCO and its contents 
remain within the established thermal limits for all n o d  operations. These analyses are based 
on bounding and conservative assumptions. As such, the safety basis for the MCO is established 
for the purposes of this topical report. 
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Figure 4-1, Number of Pressuqe-Bleed Cycles Required to 
Secure a Multi-Canister overpack Oxygen Content 

of 2% or Less Versue Charge Pressure. 
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Figure 4-2. HANSF Model Control Volumes 
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Figure 4-3. Pin-by-Pin Nodalization Scheme. 
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Figure 4-4. Projected Axial Gradient Within Fuel Element 
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Figure 4-5. Scrap Basket Nodalization 
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Figure 4-6 Overview of SINDAlFLUINT Thermal Submodels 
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Figure 4-7. Thermal Submodel at Typical Mid-Cask Section 

Figure 4-8. Thermal Submodel at Cask Bottom. 
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'hermal Model at Multi-Canister Overpack 

I r* 

Figure4-9. 'I Shield Plug. 

Figure 4-10. Thermal Submodel at Cask Closure Lid 
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Figure 4-1 1. Thermal Model of Tier Fuel Basket and Fuel Elements 
(Lower Section) 
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Figure 4-12. Desiga Basis Case for Water-Flooded Transfer 
with One Scrap Basket. 
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Figure 4-13. Safety Basis Case:f 8 or Water-Flooded Transfer 
and One Scrrp Basket. 
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Figure 4-14. safety Basis Casqfor Water-Flooded Transfer 
and Two Scrip Baskets. 
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Figure 4-1Sa. Safety Basis for Cold Feather, Water-Flooded Transfer, 
with No Scrap Baskets. 

! ! 

0 4 8 I? 16 20 24 111 
I . . .  I . . . I . . . I . . . l . . . I . . . I .  

TUE I Y W ~ S I  ... -- 

Figure 4-15h. Design Basis for Cold Weather, Water-Flooded Transfer, 
with No Scrap Baskets. 
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Figure 4-16. Normal Cold Vacuum Drying with One Scrap Basket 
(3 sheets) 
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Figure 4-16. Normal Cold V a c u u  Drying with One Scrap Basket 
(3 sheets) 
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Figure 4-16. Normal Cold Vacuum Drying with One Scrap Basket. 
(3 sheets) 
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Figure 4-17. Normal Cold Vacuum Drying Operations - Helium 
Purge with One Scrap Basket. (3 sheets) 
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Figure 4-17. Normal Cold Vam& Drying Operations - Helium 
Purge with One Scrad Basket. (3 sheets) 
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i 

Figure 4-17. Normal Cold Vatu+ Drying Operations - Helium 
Purge with One Scrap Basket. (3 sheets) 
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Figure 4-18. Normal Vacuum Drying with Two Scrap Baskets. (3 sheets) 

.... 
w - 
I1 

N 
0 

I 

8 9 0 N 
- 1  
I1 
m 
I 
3 

0 - 
1 1  
3 

cn 
L 
L 

m' 
I + 
0 
0 
> 
n. > 
0 

> 

- 
0 , ,  0 

1 -"b - 
0 ....... 4 m 

. m  
- 0  . . . . . . . . . . . . . . . . .  - 

: ,  
...... ......... i ......... ?'a .t. 

~ O . X - *  
TS 0 O L  

. . .  . . . .  .:. . . . . . . .  ~ ......... 

. . . . . . . . . . . . . .  

0 
7 I I I ,  I I I I I I ,-o -% .-. 

0 . . . . .  ~ . . . . . . .  ......... : .m 

. . . . . .  - 0  
. m  
4 1  

.t. 

. . . . . . . . .  . . . . . . . . . . . . . . . .  : 0 

e 
. . . . . .  ~ E & E ?  . . . . . . . . . . . . . . . .  i ........ : 0 

j -.?E:< ~ 

: O o r - r  
: X S O O l i  : 

(D 
-. 

W 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f - 

'0 
- v  -. . . . .  . .  ....... 

- . . . . . . . . .  :E 
2 1  
- a  
.N 

. . . . . . . . . . . . . . . . . . . . . . . . .  - 

- . . . . . . . . . . . . . . . . . . . . . . .  - :E! 

l , , & l ; ~ , < , l , , , , - n  _. 
.......... 

SARR405F4 F4-20 Maroh ZOO0 



"F-SD-SNF-SARR-005 REV 2 

Figure 4-18. Normal Vacuum Drying h t h  Two Scrap Baskets. (3 sheets) 
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Figure 4-18. Normal Cold Vacuum Dry& with Two Scrap Baskets. (3 sheets) 

- 
(d - 
I1 
0 
N 
I 
N 

I1 
m 

- 
I 
3 
0 

3 
m 
LL 
L 
LL 
m 

m 
I + 
0 
0 > 
0 
> 
0 

ar 
N 
0 
> 

3 

I1 

.. 

- 
................. 

. . . . . . . . . . . . .  

. . . . . . . . . . . . . .  31 - mzg; -" I" .. 

Y-u yl 

.---mu ::::,- ,. ;;;;q 
::o;s .. 

A 

- .-. 
L - E O W T  

C 

SARR-OOS.F4 

08E 09f ( 

0 

09E O b f  O Z E  OOE 0 8 2 ,  08E 
(1) s ~ n ) o ~ e d w e l  

F4-22 

i 

0 ........ ,.., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OB2 

March 2000 



- 
cd .... 
II 

N 
0 

I 
N 

II 
m 
- 
I 
3 

0 

3 

Ln 
L 
LL 
L 
m 

m 

- 
II 

0) 
L 
J 

LL 

I 
m 

m 
N 
0 
> 

HNF-SD-SNF-SARR-005 REV 2 

Figure 4-19. Normal Cold Vacuw Drying Operations - Helium 
Purge with Two Scrap Baskets. (3 sheets) 
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Figure 4-19. Normal Cold Drying Operations - Helium 
Purge with (3 sheets) 
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Figure 4-19. Normal Cold V a c u 9  Dryins Operations - Helium 
Purge with Two ScrapBaskets. (3 sheets) 
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Figure 4-20. Off-Normal Vacuum Drying with Two Scrap Baskets 
and Double Free Water After Draining. (3 sheets) 
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Figure 4-20. Off-Normal Vacuum prying with Two Scrap Baskets 
and Double Free Water Mer Draining. (3 sheets) 

+ 
0 
0 
> 

SARR-OOS.F4 

'l 

F4-27 March 2000 



HNF-SD-SNF-SMR-005 REV 2 

Figure 4-20. OfF-Normal Cold Drying with Two Scrap Baskets 
Draining. (3 sheets) and Double Free 
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Figure 4-21. Off-Normal Vacuum Drying with Two Scrap Baskets, Double 
Free Water After Draining, and Rate Multiplier = 50. (3 sheets) 
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Figure 4-21. Off-Normal Vacuum Dryipg with Two Scrap Baskets, Double 
Free Water Mer Draining, and Rate Multiplier = 50 (3 sheets) 
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Figure 4-2 1. Off-Normal Vacuum Drying with Two Scrap Baskets, Double 
Free Water After Draining, and Rate Multiplier = 50. (3 sheets) 
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Figure 4-22. Off-Normal Vacuum Drying, One Scrap Basket, Double Free Water, 
Rate Multiplier = 50, Axial Gradient Model. (3 sheets) 
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Figure 4-22. Off-Normal Vacuum Drying, One Scrap Basket, Double Free Water, 
Rate Multiplier = 50, Axial Gradient Model. (3 sheets) 
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Figure 4-22. Off-Normal Vacuum Drying,,One Scrap Basket, Double Free Water, 
Rate Multiplier = 50, Axial &adient Model. (3 sheets) 
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Figure 4-23. Design Basis Case Drj Transfer with One Scrap Basket. 
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Figure 4-24. Safety Basis Dry Trmsfer with Two Scrap Baskets. 
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Figure 4-25. Comparison Between SF & SINDAFLUINT Analysis 
for Dry Transfer with Basket. (2 sheets) 
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Figure 4-25. Comparison Between HANSF & SINJ.IA/FLUINT Analysis 
for Dry Transfer with One Scrap Basket. (2 sheets) 
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Figure 4-26. Multi-Canister Overpack Thermal Response in Service Pit. 
(3 sheets) 
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Figure 4-26. Multi-Canister Overpack Thermal Response in Service Pit 
(3 sheets) 
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Figure 4-27. Multi-Canister Oyerpack Thermal Response in 
Multi-Canister Overpack Habdling Machine. (3 sheets) 
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Figure 4-27. Multi-Canister T h e 4  Response in 
Multi-Canister Overpack (3 sheets) 
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Figure 4-27. Multi-Canister Thermal Response in 
Multi-Canister Overpack (3 sheets) 
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Figure 4-28. Multi-Canister Overpack Thermal Response in Weld Pit. 
(3 sheets) 
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Figure 4-28. Multi-Canister Overpack Thermal Response in Weld Pit. 
(3 sheets) 
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Figure 4-28. Multi-Canister Overpack Thermal Response in Weld Pit 
(3 sheets) 
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Figure 4-29. Multi-Canister Overpack Thermal Response 
for Canister Storage Building Staging. (3 sheets) 
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Figure 4-29. Multi-Canister Overpack Thermal Response 
for Canister Storage Building Staging. (3 sheets) 
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Figure 4-29. Multi-Canister Overpack Thermal Response 
for Canister Storage Building Staging. (3 sheets) 
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APPENDIX 4A 

JUSTIFICATION OF SCRAP BASKET MODELING APPROACH 

Two modeling approaches are available for simulating the heat transfer wthin the scrap 
basket payload: treat the scrap as intact fuel (i e , as separate chunks of fuel without direct 
contact with other portions of the scrap) or treat it as a homogeneous, porous medium Treatlng 
the scrap as intact fuel yields a conservative estimate of the effective heat transfer rate (unless 
convection from within the basket is included) Treating the scrap basket as a porous medium is 
appropriate and potentially more accurate, especially for those scrap baskets containing hgh 
reaction areas because the development of the bounding reaction area requires the presence of 
small pieces of fiel. 

The sensitivity of the modeling approach for the scrap basket is examined by companng the 
predicted temperature results obtained using the HANSF code,' which uses a porous bed 
representation for the scrap basket, and the GOTH' code, which simulates the scrap basket 
payload as intact fuel assembh with no contact The comparison is made for the case of 
extended vacuum drying operation at the Cold Vacuum Drying Facility because the reduced level 
of conduction and w&on across the void spaces seen for this condition maximizes the 
temperature difFerence between a model that assumes direct contact between the fuel scraps and 
one that does not. 

The peak scrap basket temperature obtained from the HANSF model for this case is 
presented in Figure 4A-1 weile the temperature obtained from the GOTH code is presented in 
Figure 4A-2. As seen from the figura, the difference in modeling techniques for the scrap basket 
results in a 8 "F (5 K) differcnee in the predicted peak basket temperature (i e ,  138 "F [332 K] 
for HANSF versus 146 OF [337 K] for GOTH) The relatively small temperature difference seen 
between the two modeling approaches effectively justifies the use of either modeling approach for 
safety basis analyses 

'Pes, M. G., S. J. L e ,  B. Malinovic, and M Epstein, 1998 Hanford Spent Nuclear Fuel 
&$e@ A ~ s i s M a l e l " S F I . 2 :  User's Manual, FAU98-40, Rev 0, Fauske & Associates, 
Incorporated, Burr Ridge, Illinois. 

*GOTH is a proprietary code to John Marvin, Inc and is a derivative code to the GOTHIC 
code licensed by the Electric Power Research Institute 
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Figure 4A-1. Peak Scrap Basket Temperature 
Using Porous Bed Model Approach. 

0 
n T I I I  , , 1 1  I I l f  I , , I  1 1 1 1  I I f I  1 1 , 1  1 1 1 1 ~  
c ) -  - - 

- - - - ....._.......__. (.._......~..... . .  .L..... . .  . . .  ................... 0 -  * -  
m -  1 I 

T i n e  (BCC) x10 '  

4A-4 
. 

March 2000 



"F-SD-SNF-SARR-005 REV 2 

Figure 4A-2. Peak Scrap Basket Temperature 
Using Intact Fuel Model Approach. 
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APPENDIX 4B 

DETERMINATION OF VOID VOLUME FOR WET TRANSPORTATION 

The void volume within the shield plug is verified through a combination of analytical 
calculations and bench testing. The design drawings and an EXCEL' spreadsheet-based 
calculation are used to compute the nominal void volume within the shield plug passages and the 
enclosure mated above the guard plate. The spreadsheet (see Table 4B-1) uses the design 
dimensions of the various components making up the shield plug assembly to compute the gross 
volumes that either contribute to or detract fiom the available gas volume. The spreadsheet is 
also used to estimate the volume loss due to gas compression at the approximately 8 ft of water 
head that will exist when the shield plug is mated with the multi-canister overpack (MCO). 

Because of their geometric complexity, the effective void volume of the high-efficiency 
particulate air (HEPA) filters is determined fiom laboratory measurement of the filters' dimensions 
and weight. The cover page and pages 32,33, and 36 from Volume 2 of laboratory notebook 
number "F-N-62, which are reproduced followitig Table 4B-1, present the results of the 
dimensional and wdght measurements made on a first-article filter assembly (Figure 4B-1). 
Based on merentid weight between a water-filled and a dry Nter assembly, a void volume of 
76% is computed: 

165.276 in3 ofwater / [(2.69/2)' x x 9.625 in. long x 4 filters] = 76% , 

An altanlate void volume calculation is possible based on the dry weight of the filter 
assembly and the computed weight of its components. Based on a dry weight of 8,041 g and a 
density of approximately 0.29 lb/in3, a total effective assembly volume of 6 1 in3 is computed. 
Subtracting 20.9in3 for the support structures (Le.% 10.39 in3 - 1.17 in3 + 8.44 in3 + 3.24 in3 [from 
the Table 4B-1 spmadsheet]) yields an effective vdume based on weight of 40.1 in3 for the filters. 
Dividing by design gross volume for the filters (i.e.* [2.69/2]' x n x 9.625 in. long x 4 filters) 
yields a void volume ratio of 82%. 

For conservatism, the lower value of 76% is used and, for further conservatism, to 
account for possible fabrication tolerances, a void volume of 72% is assumed for the HEPA filters 
used in the shield plug assembly. 

The void volume in the annulus between the MCO and the cask is calculated based on the 
fact that this volume is created by mechanically vacuuming the water out of the gap to the level 
just above the &odder in the cask wall. Thus, the void volume in the annulus is computed based 
on the design dimemions ofthe MCO and the transportation cask. The Table 4B-1 spreadsheet 
computes this volume as 827.02 in3. 

'EXCEL is a trademark of Microsoft, Incorporated. 

SARR-005.04B 4B-3 March 2000 
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Insertion of the shield plug will occur approximately 8 R under water Therefore, the 
initial gas volume within the shield plug will be compressed as the plug is lowered under water 
This volume is not regained following the return of the cask-MCO to the pool surface because 
the gas space IS vented. The Table 4B-1 spreadsheet estimates the amount of gas volume lost to 
this phenomenon as 227 1 1  in3 or nearly 18% of the original void volume Only the void volume 
internal to the MCO is affected by this phenomenon 

The total void volume to be used for wet transportation calculations is 1,873.37 in3, or 
0 03 m3 
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Figure 4B-1. First Article Filth Assembly Test. (6 sheets) 
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Figure 4B-1. First Article Filter Assembly Test. (6 sheets) 
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Figure 4B-1. First Article Filter Assembly Test. (6  sheets) 
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Figure 4B-1, First Article Filter Assembly Test. (6 sheets) 
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APPENDIX 4C 

SUMMARY OF VERIFICATIqN AND VALIDATION FOR 
HANSF AND SINDAlFLUIIUT COMPUTER CODES 

Verification and validation (V&V) of the I€+NSF and SINDAELUINT thermal codes and 
models used for the 
cask were 

overpack (MCO) and transportation 

modeling functions of the codes, 
and cross comparison with 

provide an overview of these 

review of the modeling 

independently developed 
activities for both codes. 

4C.1 INDEPENDENT REVIEW OF MODELING ASSUMPTIONS 

HNF-SD-SNF-TI-015, Spent Nuclear Fuel Pro]ecl Technical Databook (Reilly 1998), 
provides many of the key assumptions and much af the data used by both the HANSF and 
S I N D A / F L W  thermal models Given the impqrtance of this information, the critical 
underlying documents to the databook were subje$ted to independent review by recognized 
experts not associated with the Spent Nuclear Fu (SNF) Project. Abridged resumes detailing 
the quafihcations of each reviewer are provided i the attachment to this appendix The 
independent reviews covered such critical assump 'ons as the MCO water content, gas generation 
from radiolytic water dissociation, and the particu 1 te water content and behavior 

Table 4C-1 provides a the name of each ndent reviewer; a summary of the reviewer's 
credentials; the documents reviewed; and the ng Data Transmittal number assigned to 
the file that contains the document review pl ewer's comments, the agreed-upon 
resolution to the comments, and the review final document approval provided by 
each reviewer In each independent review, s examined and approved for use by the 
SNF Project such items such as the consiste acy of the data, appropriateness of the 
assumptions, mathematical derivations, validity ofthe models or methodology, and consistency of 
the CO~C~US~OM with the analytical results and dat presented in each document in question The 
reader is rsferred to the Engineering Data Trans ns ttal files for the specifics of each independent 
review bemum the number of reviews and the downentation associated with each is too 
extensive for a MI inclusion in this V&V overview For convenience, Table 4C-2 presents a 
summary of the general findings and conclusions arranged by reviewer and by document 

In addition to the independent reviews presented in Table 4C-1, internal peer reviews are 
conducted as part of the normal release process for each project document to ensure the accuracy, 
consistency, and appropnatmess of the data and sumptions presented. Together, these two sets 
of reviews provide a record of quality assurance it r the various documents used in the 
development of the HANSF and SINDA/FLUINNT thermal models 
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Reviewel 
Table 4C-1, Technical Baseine 

h. G. Apostolakis 

Document Reviewers 

h7N.E. Bihler 

h. K. Czerwinski 

h.. J.R. Divine 

h. X. Feng 

L.lr. G Maurin 

Dr. D.R. Olander 

EDT = Eng 

'h.D in EnghdngsoiRlceand ' 
Spplied Mathematics, California ' 

Institute ofTechnology, 1973 
2urrenUv on facultv at MIT 
'h.D in Radiation Chemistry, Ohio 
State University, 1965 
2urrently Senior Advisory Scientist at 
Savannah River Site 

Ph.D in Nuclear Chemistry, University 
Jf California, Berkeley, 1992 
2urrentlv on facdtv at MIT 

! 

3h.D. in Chemical Engineering, 
3regon State University 
2urrenUy Chief Engineer, ChemMet, 
Ltd 

Ph.D. in InorganiuPhysical Chemisw. 
Catholic University, Washington, D.C. 
Currently at Fmo Cop ,  IndependencS 
Ohio ( f m l y  staff scientist at Pacific 
Northwest National Laboratory) 
Graduate Enpineer in Nwlear 

I 

Engineering, bole  Polytechnicp, 
Paris 
Currently Manager, Technology 
Depmtment, SGN 

SOD in Chemioal Engineaing, MIT 
Currently on faculty at University of 
California, Berkelcy 

:ering Data Transmittal (number). 

Documen@ reviewed 
WF-2234, Sensiriviv of Probabilistic 
UCO Wafer Confenf Estimates lo Key 
4ssumptions (Duncan 1999a) 

W-SD-SNF-CN-006, Evaluation of 
Padiolylic Gas Generation from Wafer 
3issociation in a Multi-Canisfer Overpuck 
J'ajunen 1997) 
W-2234, Sensirivify ofProbabilisfic 
UCO Water Content Estimates lo Key 
4ssumufions Duncan 1999a) 
W-1523, K Basins Parficulate Water 
:onfenf, Behavior, and Impact 
pUncan 1997) 

"E-1527, Estimates of Particulate Mars 
in Multi-Canisfer Overpach 
:Slaughter 1999) 

"E-SD-SNF-CN-017, Fuel Surfme Area 
:Rev 2) (Duncan 1998) 
HNF-SD-SNF-Tl-040. MCO Internal Gar 
Composition and Pressure During Inferim 
Storage (Rev. 1) (Frederickson 1998) 

HNF-1523, KBasins Particulale Wafer 
Contenf, Behavior, and Impact 
(Duncan 1997) 

HNF-1527, Esfimafes OfParticuIafe Mars 
in Multi-Canisfer Overpacks 
(Sloughter 1999) 

HNF-2256, Simulation ofNormal andoff- 
NonnalMulfi-Canisfer Overpack Behavior 
(Duncan 1999b) 
HNF-1523, K Basins Particulate Wafer 
Content, Behavior, andlmpact 
(Duncan 1997) 

HNF-1527, Estimates of ParticulateMass 
in Multi-Canisfer Overpach 
(Sloughter 1999) 

HNF-1851, CoM Vacuum Drying Residual 
Free Water Test Description, Rev.1 
(F'ajunen 1998) 

EDT 
524308 
- 

525099 

- 
624308 

- 
623980 

623980 

625210 

- 
624307 

- 
623980 

623980 

625176 

- 
623980 

623980 

625201 

- 
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Table 4C-2. Summary of Reviewers' Findings and Conclusions. (2 sheets) 

"F-SD-SNF-CN-006, Evaluation OJ" 

Radio[ytic Gas Generation from Wukr 
Dissociation in a Multi-Canister 
Overpack (pajunen 1997) 

Reviewer 

~~ ~ 

One comment issued against the report. The issued 
report was found to represent a thorough seamh of 
the literature and the bounding acceleration values 
are appropriate. 

X. G. Apostolakis 

X. N.E. Bibler 

"F-2234, Sensifivify ofProbabilistic 
WCO Water Content Estimates to Ke), 
4ssumptions (Duncan 1999a) 

"F-1523, K Basins Particulate Water 
Content, Behavior, and Impact 
(Duncan 1997) 

HNF-1527, Estimates of Particuiate 
Mass in Multi-Canister Overpacks 
(Sloughter 1999) 

X. K. Czerwinski Reviewed repod with Dr. G. Apostolakis. All 
comments issued against the report were found to 
be incorporsted in the issued rcpolt. 

Fiffeen editorial and minor calculation-related 
comments issued against the rcpolt. Gemrally, the 
assumptions and oalculations made in the report 
were found to be reasonable and correct. The 
reviewer did feel that the assumptions were 
generally overly oonservative. 

Six editorial comments issued against the report. 
Conclusions drawn in the repat were found to be 
reasonable based on available infonnatio~~ Further 
evaluations were suggested for statistical purposes, 
but the reviewer did not feel it warranted holding up 
the project. 

X. J.R. Divine 

X. X. Feng 

Documents reviewed I Findmgs/conclusions 

"F-2234, Sensitivify of Probabilistic 
UCO Water Content Estimates to Key 
4ssumptions (Duncan 1999a) 

Seven comments were issued against the report. 
The issued report was found to be responsive to all 
of the comments. 

HNF-SD-SNFCN-017, Fuel Surface 
Area (Rev. 2) (Duncan 1998) 

HNF-SD-SNF-TI-040, MCO Internal 
Gas Composition and Pressure During 
Interim Storage (Rev. 1) 
(Frederickson 1998) 

Twenty comments initially i s s d  were found to 
have been incorporated in the report and the report 
was found to be technically acceptable. The 
application and conclusions are satisfactory and 
sound. Minor editorial comments issued reg* 
improvement in material presentation. 

Twenty-seven comments issued against the review 
copy. The revised report was found to have either 
incorporated the comments or responded to the 
reviewer's satisfaction. The issued report w a s  
found to be technically acceptable. 
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Table 4C-2. Summarv of Reviewers' Findings and Conclthons. (2 sheets) 

HNF-1523, K Bapins Particulate Water 
Zonrenf, Behavior, mdlmpacr 
puncan 1997) 

"E-1521, Estimates of Particulate 
Wass in Multi-Cmister OverpacRs 
(Sloughter 1999) 

Reviewer 

Approximately 21 wmments or fin*s were 
issued for the report The conclusion WBS that it is 
technically feasible to justify the water content in 
the MCO after wld v ~ c u u m  drying processing, the 
exact amount of free water contained in the 
particulate would be better supported with more 
data. 

Approximately18 comments or findings were 
issued for the report. The wnclusions are addressed 
by the statement above. 

Ir. G. Maurin 

h. D.R. Olnnde~ 

~~ ~ I ~~~ Findingslwnclusions 
~~ ~ 

Documents reviewed 

" E - 2 2 5 6 ,  Simulation of Nonnol and 
L)j/-onnal MultiCmister Overpad 
Behavior (Duncan 1999b) 

HNF-1523, KBasins Particulate Wakr 
Content, Behavior, andlmpact 
(Duncan 1997) 

"F-1527, Estimates of Particulote 
Mass inMulti-Canister Overpacks 
(Sloughter 1999) 

HNF-1851. Cold Vacuum Dying 
Resihal Free Water Test Descriptim, 
Rev. 1 (Paiunen 1998) 

Approximately 26 wmments or findings were 
issued for the repoa in letter form and 5 in RCR 
format. The RCR conunents were a d h s s e d  to the 
satisfaction of the reviewer. 

Comments were issued for the report in 7 general 
amas. The water in the generated particulate was 
higbhghted as an area oflinwtlm ' tywithinthe 
repat, as was the formation of uranium hydrides. 
The use of a geochemical code lie EQ3 and the 
shorten& of the document w m  suggested. 

comments were related to wrrectiq equation units, 
the amount of sludge oxides, and a request for a 
brief description of the envimnment for each 
process step. Overall, the document was found to be 
a m&l assessment of the quantities of nonmetallic 
materials that could retain Water. 

Eight review comments were issued relating to 
model assumpt~ons and approaches. All wmments 
were resolved to the reviewer's satisfaction. 

4C.2 PHYSICAL TESTING 

The physical testing accomplished to date in direct support of the SNF Project falls into 
two categories: (1) testing to support the assumptions regarding the reactivity of irradiated 
N Reactor fbel to various environments and (2) tlk testing of the equipment and procedures to be 
used in the Cold Vacuum Drying Facility (CVDF) to remove the 'free' water remaining in an 
MCO d e r  draining. HNF-4206, oxidation Kineacs of K Basin Fuel (Trimble 1999), and 
HNF-SD-SNF-CN-019, Reaction Rate Constant r Dry Air Oxidation of KBasin Fuel 
(Trimble 1998) present the results of thermo-gra $ metric analysis (TGA) testing of N Reactor fuel 
samples in dry air, moist air, and moist helium atdosphere. As depicted in Figure 4C-1, the 
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chemical reaction rates deduced from the TGA tesqng on damaged and unirradiated K Basins fuel 
in a moist, inert gas are bounded by the literature rate data (Le,, Pearce 1989) assumed in 
HNF-SD-SNF-TI-015 (Reilly 1998). 

Figure 4C- 1 illustrates that the test data for the N Reactor fuel (symbolized by the open 
circles and the solid triangular data points in the fi@re) are encompassed by the literature-based 
rate equation incorporated within the HANSF, SlTfJLVFLUINT, and GOTH-SNF' thermal 
models. As such, the figure demonstrates that the rssumed chemical reaction rate equation used 
in the models has been validated against both the ldvel and trend in the reaction rate test data seen 
for the N Reactor fuel. 

The TGA results, plus data for the drying test on whole elements and the observed gas 
generation during shipping of fuel assemblies, werq combined in HNF-4165, Uranium Oxidation 
Rate Summary for the Spent Nuclear Fuel Project (Pajunen 1999), to confirm that the chemical 
reaction rate equations and composite surface areaenhancement factors presented in 
HNF-SD-SNF-TI-015 (Reilly 1998) were conservitive and bounding. Figure 4C-2 illustrates the 
level of conservatism produced by the combinatioi of the literature-based reaction rates and the 
composite enhancement factors. This safety mar& would suggest that even if the logic used in 
the HANSF and SINDARLUINT thermal models poes not capture every nuance in the actual 
chemical reaction rate, sufficient margin exists to pievent the codes from underestimating the true 
level of the reaction rate. Such validation of a model's conservatism is an important issue in 
software V&V when it relates to a code used to compute the safety basis of a design andor 
process. 

Cold vacuum drying tests were conducted iq 1998 and early 1999 using a 'first article' 
MCO, fuel and scrap Wets, and CVDF skid-mo nted equipment. The spent fuel payload was 
simulated using carbon steel tubing for the fuel as mblies and crushed carbon steel pipe for the 
scrap. Water-holding cavities were formed at the 1 ops of selected simulated fuel assemblies to 
mimic damaged fuel assemblies. The results of thd testing and the post-test analytical simulations 
of the tests, presented in SNF-4083, Hanford S p i t  Nuclear Fuel Cold Vacuum Drying Post- 
Process Test GO~-SNFModel  Simulations of emf of Perfomance of First Article Tests and 
Equipment Performance Evaluation (Crea and 
equipment and processes would remove the fie 
time allotted in the CVDF process plan. Fu 
analytically predicted drying times d 
work accurately modeled the heat 
simulated spent fuel payload. Section 4C.5 prese&s a summary of the match between the first 
article drying test results and the analytical predicdons using the GOTH-SNF code. 

1999), demonstrated that the CVDF 
remaining after MCO draining within the 
ose match between the actual and 

GOTF-SNF thermal model used for this 
of the MCO, the fuel baskets, and the 

'GOW-SNF developed by John Marvin, wcorporated, Richland, Washington. 
GOTH SNF is a derivative code to GOTHIC, licensed by the Electric Power Research Institute, 
Paio ~ l i o ,  California. 
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The GOTH-SNF code is a derivative of the COBRA-TF code, a long established thermal- 
hydraulics code used for nudear reactor safety sis. The specific GOTH-SNF models used 
for the SNF Project have been internally reviewed -0; the contractor (John Marvin, Inc.) under its 
quality assurance program. John Marvin, Inc., is O$I the Project Hanford Management Contract 
evaluated supplier listing. An independent peer reyew was not conducted of this thermal model 
because it is not being used for safety basis calcula$ons. However, the peer review of the basic 
assumptions used in the HANSF and SINDAELWINT thermal models also applies to the basic 
assumptions used in the GOTH-SNF analysis. 

4C.3 VERIFICATION AND VALIDATION OF HANSF 
COMPUTER CODh AND MODEL 

The HANSF computer codeZ is a generalized fluid and aerosol model that uses 'tank' and 
'tube' elements to simulate a specific problem. Fot use on this project, the HANSF model 
incorporated MCO model coding developed speciqcally for the SNF Project. Thus its modeling 
capabilities and hnctionality are tailored to the spvific MCO design and thermal problems 
encountered. The contents of the MCO are mode d using internal control volumes, with 
separate control volumes used to represent the in 'dual scrap and fuel baskets. Within each 
control volume, the model accounts for the chemi reactions, tracks water content and species 
concentrations, and simulates the heat transfer m hanisms. Junctions are used to connect the 
MCO internal control volumes and alIow forced d countercurrent flow between the scrap and 
fuel basket regions. Upper and lower control vol 3 n  . es are used to represent plenum spaces above 
and below the scrap and fuel baskets. 

4 
.%" 

SNF-3650, HANSF 1.3 User ' sMmaI (PIS et al. 1999) provides the V&V basis for the 
code. As presented in the W S F  User's Manual!(Plys et al. 1999), the V&V for HANSF 
consists of three parts. 

0 The experimental basis supporting m y  of the modeling assumptions, such as 
uranium oxidation, hydrate decompo tion, and aerosol transport and deposition, was 
established and its application to the il CO analysis presented. 

0 Separate effects testing was conduct@ using the code to validate the correct function 
of the model for individual phenomena. Seventeen separate effects tests were 
conducted and are documented within the HANSF User's Manual (Plys et al. 1999). 

Four integral tests for typical MCO transients demonstrate the model-predicted 
performance is reasonable and consistent with expectations. 

0 

*The HANSF code was developed by Fauske & Associates, Incorporated, Burr Ridge, 
Illinois. 
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In addition to the V&V basis presented in the HANSF User's Manual (Plys et al. 1999), the 
HANSF code has been validated by comparison with independent results obtained using the 
SINDAFLUINT and GOTH-SNF codes. The following sections provide an overview of V&V 
activities in each of the three areas presented in the HANSF User's Manual (Plys et al. 1999) and 
the comparison with independent results. 

4C.3.1 VERIFICATION AND VALIDATION OF HANSF COMPUTER CODE 
BASED ON THE EXPERIMENTAL BASIS 

The experimental basis for the HANSF code includes literature-based results for oxidation 
rates, ignition theory, hydrate decomposition, aerosol transport and deposition, countercurrent 
flow, and natural circulation within the MCO. These documented experimental results are used to 
provide the technical basis for the model function in these areas. 

The experimental database for oxidation rates of uranium under various environments is the 
same as that confirmed and extended under the physical testing described in Section 4C.2. As 
such, the basis for the HANSF code in this area has been validated by experimental results 
conducted on the specific N Reactor fuel to be handled in the MCO. While the HANSF User's 
Manual (Plys et al. 1999) also presents data for the ignition theory of powdered uranium, this 
theoretical development is never actually used in the model. Instead, it is simply presented as a 
demonstration of the necessity of computing the temperature gradient across the MCO scrap and 
fuel baskets and for preventing excessive temperatures within the spent fuel payload. 

The decomposition of unirradiated U0,.2H20 is based on experimental work from seven 
TGA runs conducted by Pacific Northwest National Laboratory on N Reactor spent fuel 
(Abrefah et al. 1997a, Abrefah et al. 1997b). These tests consisted of a series of five heatup steps 
from ambient temperature to 625 "C (Le., 50 "C, 75 "C, 300 "C, 425 "C, and 625 "C) followed 
by dwell times of 6 to 12 hours after each heatup step A 1 "C per minute heatup rate was 
generally used, except for the final step from 425 "C to 625 "C, which used a 2 "C per minute 
heatup rate. In addition, four runs (numbers 43 through 46) used a 0.2 "C per minute heatup rate 
from 75 "C to 300 "C. The weight loss of the sample was measured over each heatup step and 
dwell time period. The results of these experiments were used to develop a kinetic rate law that 
provides the decomposition rate as a function of tkmperature and pressure. The literature work of 
Danroc (1982) provides M e r  background information on the decomposition of unirradiated 
U0,.2%0. The experimental results also relate the percent weight loss (Le., decomposition) as a 
function of time and temperature. While the derived rate law for the decomposition of U0,.2H20 
is used to conservatively estimate the amount of reactants available to drive the chemical reactions 
and gas generation during the cold vacuum drying process and dry transportation, no credit is 
taken for the potential reduction in total MCO water content caused by any U0,.2H20 
decomposition during cold vacuum drying. 

The aerosol transport and deposition function within the HANSF code is based on an exact, 
numerical solution to the aerosol equation (Epstein and Ellison 1988). The AB-5 experiment 
performed at the Hanford Site wlliard et al. 1983) provides the validation basis for the time- 
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dependant calculations contained in HANSF for aerosol sources, leakage through model 
junctions, and removal mechanisms such as impaction and sedimentation 

Because countercurrent flow may be an impartant mechanism in MCO accident scenarios, 
the gas and aerosol transport caused by countercuqent flow is accounted for within the HANSF 
code. This calculation is based on the correlations bf countercurrent flow as a function of density 
differences (Epstein 1988). 

Experimental results for convection flows within enclosures with high aspect ratios are used 
to dismiss the potential contribution of convection to the heat transfer between he1 assemblies 
and within the !%el assembly annulus. The same conclusion is reached for the porous layers within 
the scrap basket. Ignoring the potential presence of convection flows within the MCO is 
conservative. 

4C.3.2 VERIFICATION AND VALIDATION QF THE HANSF COMPUTER CODE 
BASED ON SEPARATE EFFECTS TESTING 

The hnction of the HANSF code for correctly predicting individual phenomena pertinent to 
the thermal-hydraulic modeling of the MCO was validated for the following 17 separate effects 
(plys et al. 1999): 

1. 
2. 
3.  
4. 
5.  
6. 
7. 
8. 
9. 
10.. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

Region thermodynamics 
Fog formation 
Intercompartmental flow 
Heat transfer modeling 
Aerosol transport and deposition 
Countercurrent flow 
Aerosol deentrainment 
Evaporation 
Hydride formation and decomposition 
Uranium oxidation 
Entrainment 
Hydrate decomposition 
Fuel and scrap basket heat transfer 
Nitriding 
Vacuum and recirculation pump 
Radiation networks 
Overall energy balance. 

This mc4ion presents a selection of the special effects testing conducted with the HANSF code to 
illustnbs ths type of testing conducted and agreewnt achieved with the known value. For a full 
discussion of the testing for the 17 separate effects, the reader is referred to Chapter 7 of the 
HANSF User's Manual (Plys et al 1999). 
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The ability of the code to correctly compute the energy state of the various control volumes 
was validated by initiating the control volumes at a reference energy state and then adding an 
energy source. The computed energy state was then compared to steam table data to verify that 
the correct new energy state was determined. Table 7-1 of the HANSF User's Manual (Plys et al. 
1999), reproduced in Figure 4C-3, demonstrates that very good agreement was achieved on a 
large temperature range. Likewise, Table 7-2 of the HANSF User's Manual (Plys et al. 1999), 
reproduced in Figure 4C-4, demonstrates that the formation or depletion of aerosols (i.e., fog 
formation) is correctly reflected in the computed equilibrium state. 

Heat transfer modeling was validated using the classical problem of a slab at a uniform 
initial temperature suddenly exposed to a constant temperature fluid at one end while the other 
end is kept insulated. A constant heat transfer coefficient was used. The analytical solution for 
the initial 50,000 seconds of the transient is taken from Fundamentals of Heut Tranger 
(Incropera and DeWitt 1981). Table 7-4 from the HANSF User's Manual (Plys et al. 1999), 
reproduced in Figure 4C-5, demonstrates that good agreement is achieved between the HANSF 
code and the analytical results. 

The validation of the code-implemented uranium oxidation rates was achieved by exercising 
the code with a specified MCO gas condition and confirming that the computed oxidation rate 
matched the hand calculations. Four sets of MCO gas conditions were used: 

1. 75 "C, 1% steam, 20% oxygen, and 79% nitrogen 
2. 300 "C, 1% steam, 20% oxygen, and 79% nitrogen 
3. 75 "C, 51% oxygen, and 49% nitrogen 
4. 300 "C, 51% steam, and 49% nitrogen. 

The enclosed MCO consisted of three regions with a total volume of 0.56 m3, and a total effective 
oxidation area of 128 mz. No decay heat, evaporation, condensation, or gas heat transfer models 
were in effect. Cases with 75'"C were run for 1,000 seconds while those with 300 "C were run 
for 1 second. Table 7-6 from the HANSF User's Manual (Plys et al. 1999), reproduced in 
Figure 4C-6, demonstrates the good agreement between the hand- and code-computed reaction 
rates. 

Again, for a complete discussion of the separate effects testing conducted for the four 
special effects discussed above and the 13 other special effects, see the Chapter 7 of the HANSF 
User's Manual (Plys et al. 1999). 

4C.3.3 VERIFICATION AND VALIDATION OF HANSF COMPUTER CODE 
BASED ON INTEGRAL TESTING 

The integrated operation of the HANSF code was validated using four tests cases for 
typical MCO transients to demonstrate that the code computed reasonable performance consistent 
with expectations. The integral test cases were (1) simulation of a nominal cold vacuum drying 
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process, (2) the simulation of a shipping transient, (3) interim storage, and (4) cold vacuum drying 
with axial variation in the location of the fuel damage. 

While exact analytical or test data are unavailable for direct comparison, the test cases do 
serve the hnction of ver*ng the integrated operafion of the code with inputs that simulate 
expected operating conditions. The important conglusion drawn from the integral tests is that the 
results are consistent across the various control volumes, that the transient behavior is consistent 
with the model inputs for the heat generation, heat iransfer, and decomposition rates, and that 
mass energy is conserved in the multivolume representation of the MCO 

4C.3.4 VERIFICATION AND VALIDATION OF HANSF COMPUTER CODE 
BASED ON INDEPENDENT MODELING 

The final V&V activity conducted with the HANSF code was a comparison with the 
thermal results obtained from an independent code (i e , GOTH-SNF). This activity is 
documented in SNF-5226, Comparison Cases Simylaied wiih HANSF 1.3.2 ihai Supplement the 
Thermal Analyses Documented in HNF-SD-SNF-CN-023 (Piepho 1999). The selected 
comparisons with the GOT€-SNF code are for two safety basis cases for CVDF operations. 

The first comparison is for the case of norm4 vacuum drying with heiium purge (Le., 
30 ft3/min maximum vacuum pumping with 0.7 ft3/min helium purge), assuming two scrap baskets 
and the n o d  amount of free water after MCO drpining (i e , 26.5 kg for the two-scrap-basket 
con6guration). Figure 4C-7 presents a comparisoq of the predicted water vapor pressure at the 
top of the MCO (Le,, the top map basket for 
parameter was chorsn w a maunary basis for 
requires an acCufBt0 mechanisms within the MCO These 
mechanisms include the combined heat trans sms and internal heat generation witbin 
the baskets required to correctly compute 
and the evaporation rate of the water, and 
the MCO partial pressures throughout the MCO 

F and the outlet for GOTH-SNF) This 
mparison because its correct calculation 

of the he1 assemblies and scrap basket 
alance mechanisms required to compute 

As wen h m  the m e ,  a good agreement vas achieved between the two codes for both 
the total pressurs within the MCO and the partial p-essure of the water vapor. The HANSF 
resub  M lwen w being conservative in comparisob with the GOTH-SNF results because their 
slightly lower predicted water evaporation rate (as tevidenced by the lower partial pressure of 
water w) yietds a longer period of time during bdch  the damaged he1 sections are subjected 
to charnical readon with the water vapor As a direct result of the lower predicted evaporation 
rate, the predided MCO basket dryout time under 8 continuous vacuum drying cycle is 2 to 3 
hours longer under the HANSF analysis than under the GOTH-SNF analysis (based on 
extrapolation of the GOTH-SNF results) 

Plots ofdditiod parsmeters from the HAPjSF and GOTH-SNF results for this case are 
presented in Figures 4C-8 and 4C-9, respectively Figure 4C-8 is a partial reproduction of 
Figure A-3 from SNF-5226, while the GOTH-SNF results presented in Figure 4C-9 are taken 
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from Figures 3.3 1 to 3.35 in IMI980305-IO, GOTIS-SNFSimufations of SefectedCVDF Vacuum 
Pumping and Design Basis Accident Cases (Thurgood 1999). As noted from Figure 4C-9, the 
GOTH-SNF transient analysis was stopped after 16 hours. This end time was arbitrarily selected 
to limit computer time because the maximum time permitted under normal vacuum drying 
conditions by the CVDF process specification is 8 hours. 

Annotations are provided on these figures teaid the understanding of the plotted 
information and to further demonstrate the good +tch between the predicted results between the 
two codes. Specifically, Figure 4C-8 demonstrated that the scrap basket temperatures predicted 
by the HANSF model after 10 hours under normalkacuum drying conditions are within 6 "C of 
the GOTH-SNF model temperatures and within 2 !C of the GOTH-SNF temperatures for the 
center intact fuel basket. The bottom scrap basketmns cooler during the initial portion of the 
transient because its 6 kg ofwater (as opposed to b e  1.5 kg assumed for the top scrap basket) 
results in an extended period under evaporative cobling. This uneven water distribution was 
assumed in order to evaluate the maximum temper tures within a scrap basket that dries out prior 

agreement in temperature levels, comparing the pldts presented in Figures 4C-8 and 4C-9 shows 
that the predicted temperature trend lines are very similar between the models. 

to the removal of the bulk of the free water within i he MCO. In addition to achieving a good 

The second comparison case is for a degradfd vacuum drying cycle (Le., without the helium 
purge). This case was selected to evaluate the thepal model's ability to evaluate the impact on 
thermal performance of the absence of the helium urge gas. Again two scrap baskets and 
26.5 kg of free water after MCO draining are assu b ed. Figure 4C-10 presents a comparison of 
the predicted water vapor pressure at the top of t b  MCO. Total pressure is not shown on this 
plot because without helium purge and the'relativdy low hydrogen generation rate, the plot of 
water vapor pressure and total MCO pressure wodd essentially be the same line. 

Again, as seen from the figure, excellent agrpement was achieved between the two codes 
for the partial pressure of the water vapor for the bajority of the transient. As with the case for 
normal vacuum drying, the HANSF results provid d a slightly more conservative estimate of the 
drying performance within the MCO. Plots of ad 'tional parameters from the HANSF and 
GOTH-SNF results for this case are presented in ! igures 4C-11 and 4C-12, respectively. 
Figure 4C-11 is a reproduction of Figure A-1 fio4 SNF-5226, while the GOTH-SNP results in 
Figure 4C-12 are taken fromFigures 3.2 to 3.6 in'$MI980305-10. Annotations provided on 
Figure 4C-11 demonstrate that the temperature d t c h  achieved between these two codes is 
similar to that seen in the previous example, whilga comparison of the plots in Figures 4C-11 and 
4C-12 again demonstrates the two codes predict dmilar temperature trends for scrap and intact 
fuel baskets. 

A comparison of results obtained using the HANSF code with those obtained using the 
SINDAFLUINT code is presented and discussed in Section 4.4.3.3 ofchapter 4.0 for dry 
transportation A comparison with results from the SINDAELUINT code serves as an additional 
means of validating the HANSF code by showingfthat its results compare favorably with those 
from a second, independently developed thermal model. Figure 4-25 presents a comparison 
between the HANSF analysis case 'SHIPCl', as taken from Appendix T of "7-2256, Simulation 
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of Normal and Off-Normal Multi-Canister Overpack Behavior (Plys and Duncan 1998), and the 
SINDA/FLUTNT model. This analysis case assumes one scrap basket with 45,000 cm2 of 
reaction area and four &el baskets with 425 cm2 of reaction area each. A composite reaction 
enhancement factor of 22 is used. As such, the analyzed case represents an MCO configuration 
with one safety basis scrap basket and four design basis baskets of intact fuel. 

As seen from Figure 4-25, sheet 2, the HANSF analysis predicts a maximum he1 basket 
temperature of approximately 390 K, or an increase of 50 K after 75 hours ([500,000 minus 
230,000 seconds]/3,600 seconds per hour). In comparison, the results of the SINDAlFLUINT 
analysis, illustrnted in Figure 4-25, sheet 1, indicate a peak temperature of 110 "C (380 K) and an 
increase of 45 "C over the 75-hour period following the 8-hour hold at the CVDF. The higher 
temperature increase attributed to HANSF is in part due to the fact that the HANSF analysis 
assumes a severe ambient range of 95 "F to 115 "F, while the SINDABLUINT analysis assumes 
a typical Hanford July day cycle of 74 "F to 115 O F .  The cooler night temperatures assumed by 
the SINDA/EzuINT model slow the cask heatup and, thus, the maximum component 
temperatures noted within the canister. 

Further, the HANSF code predicts a maximum canister pressure of 285 kPa or 41 Ib/in2 
absolute and a pressure increase of 13 lb/in2 ([285 minus 195 kPa]/6,894.76 kPa/lb/in2 absolute) 
after 75 hours versus a 16 Ib/inz pressure increase estimated by the SINDA/FLUINT results. The 
higher canister pressure rise computed by the SINDAFLUINT model is primarily related to slight 
differences in the assumed release rate for the free and chemically bound water. 

Taken together, these comparative results From independent thermal models establish the 
general validation of the HANSF thermal model for cold vacuum drying and dry transportation 
operations. 

4C.4 VERIFICATION AND VALIDATION OF SINDA/FLUINT 
COMPUTER CODE AND MODEL 

Tho cmalyticat thermal model for the cask-MCO was developed using the SMDA/FLIJINT 
heat transfer d e  (SINDARLUINT 1998) This finite-difference, lumped-parameter code, 
developed under the sponsorship of the National Aeronautics and Space Administration, Johnson 
Space Center, has been evaluated and validated in a government-sponsored study against several 
other thermal coda for simulating the thermal response of transportation packages (Glass et al 
1988). The SINDARLUINT code has previously been used for the analysis of several 
transportation casks used for nuclear material under both Department of Energy and Nuclear 
Regulatory Commission review, including most recently the radioisotope thermoelectric generator 
transportation package (Fenell 1998). 

The SINDA/FLuINT code provides the capability to simulate steady-state and transient 
temperatures using temperature-dependent material properties and heat transfer via conduction, 
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convection, and radiation (SINDAELUINT 1998). Complex algorithms may be programmed 
into the solution process for the purposes of computing the various heat transfer coefficients as a 
hnction of the local geometry, gas thermal properties, and temperatures, or for example, to 
estimate the effects of buoyancy-driven heat transfer 

A major feature of the SINDAELUINT code employed for this modeling is the ability to 
use submodels to represent sections of the cask, he1 baskets, or payload having common 
geometry and to connect the individual submodels to form a complete model of the MCO and 
cask. This approach simplifies the modeling and verification process by minimizing the amount of 
original coding required to provide a complete thermal representation of the system. 

4C.4.1 VERIFICATION AND VALIDATION OF SINDAiFLUINT 
COMPUTER CODE BASED ON TEST CASES 

The basic performance of SINDAELUINT code for handling heat transfer problems was 
evaluated for conduction, convection, and radiation heat transfer under both transient and steady- 
state conditions. These modes of heat transfer and conditions are directly applicable to the 
intended use of the computer program for performance of thermal analysis. The following four 
specific analytical cases were examined: 

1, The transient behavior of a semi-infinite slab subject to a convection boundary 
condition - The classical, closed-form solution for this problem (Ozisik 1980) was 
used as the basis of comparison. 

The steady-state behavior of a composite cylinder, with uniform heat generation 
within an inner cylinder, conduction through a surrounding cylinder, and a convection 
boundary condition at the outer radius - The documented results of a benchmark 
study by Sandia National Laboratories (Glass et al. 1988) were used as the basis of 
comparison. 

The steady-state and transient behavior of a cask containing spent nuclear fuel and 
involving internal heat generation, conduction and radiation heat transfer - The 
documented results of a benchmark study by Sandia National Laboratories 
(Glass et al. 1988) were used as the basis of comparison. 

Sample problem contained in the input file ‘sinsampinp’, which was provided with 
the installation software and the output results as documented in the 
SINDA/FLuINT user’s manual (SINDAELUINT 1998)- Validation was made 
based on direct comparison of the output files. 

2. 

3. 

4. 
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I 

4C4.1.1 Validation Problem 1 -The Transient Behavior of a 
Semi-Infinite Slab Subject to a Convection 
Boundary Condition 

Figure 4C-13 shows a schematic diagram of the problem along with a list of the problem 
parameters. The slab, which is initially at a uniform temperature of 0 "C, is subjected to a 
convection boundary condition with an environmental temperature of 100 "C. The semi-infinite 
slab is modeled in SINDAELUMT using 100 nodes, 0.05-m apart, for a total length of 5 m. 
Figure 4C-14 shows a plot of the non-dimensionalized temperature profile through the slab at 
time increments of 6, 12, 18, and 24 hours for the classical, closed form (Ozisik 1980) and the 
SINDNFLUINT solutions. The non-dimensionalized temperature is defined as (T-TJ/(TS - TJ, 
where T is the temperature at the current time and location in the slab, Ti is the initial temperature 
of the slab, and T, is the boundary temperature of the external environment. 

Conclusion: The SINDAELUINT results match the closed-form solution. Computer 
system input and output files are included in Appendix A of QMI. 1000.001, Computer 
Verification For SINDAIFLUINT, Version 4.0 (Q-Metrics 1999). 

0.0 10.274 16.02 69.2 4,187 11,090 

4C4.1.2 Validation Problem 2 - The Steady-State Behavior 
of a Composite Cylinder with Heat Generation 
and Convection 

U I 0.27410.914 I 16.02 I 34.6 

Figure 4C-15 shows a schematic diagram of verification problem 2, and Table 4C-3 lists the 
problem parameters. The domain consists of an inner cylinder (Region I) with uniform heat 
generation, surrounded by an outer cylinder (Region 11) with no heat generation. A convective 
boundaty condition exists at the outer radius of the outer cylinder. The problem was modeled 
axisymmetrically in SINDA using 5 nodes for the inner cylinder and 15 nodes for the outer 
cylinder. Table 4C-4 compares the SINDAELUINT results with the temperatures reported in the 
Sandia National Laboratories benchmark study (Glass et al. 1988). 

4.187 0 

Table 4C-3. Problem Parameters for the Composite Cylinder 
of Verification Problem Two. 

I Boundmy conditions I h = 5.67 W/m' "C, Ta= 54.4 "C I 
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Centerline 
("C)  

Interface Outer Edge 
("C) ("C) 

Benchmark 

Note: Benchmark results are iiom R E Glass, el 11 , 1988, Standard Thermal Problem Sef for the 
Evaluation ofHeat Transfer Codes Used in the Assessmrvt of Transportalion Packages, SAND88-0380, 
Sandia National Laboratory, Albuquerque, New Mexico 

152 149 135 

Conclusion: The SINDAFLUINT results match the results from the benchmark study 
(Glass et al. 1988). Computer system input and ouiput files are included in Appendix A of 
QMI.1000.001 (Q-Metrics 1999). 

SINDAmLUINT I 153.1 

4C4.1.3 Validation Problem 3 -The Steady-State and Transient 
Behavior of a Spent Fuel Cask Subject To Radiant 
Heat Transfer Conditions 

Figure 4C-16 shows a schematic diagram of verification problem 3, and Table 4C-5 lists the 
problem parameters. The cask consists of an inner cylinder with uniform heat generation 
(Region I), surrounded by a cylinder of steel (Region 11), a voided neutron shield (Region 111), 
and the outer steel wall of the neutron shield (Region IV). The single mode of heat transfer 
between Regions I1 and IV is thermal radiation. Another shield in the form of a plate is 
positioned below the cask. The cask-shield arrangement is assumed to transfer heat to the 
surrounding environment by thermal radiation only. There is also an exchange of thermal 
radiation between the cask and the shield. 

148.8 135.0 

The steadystate behavior of the cask is computed for an environmental temperature of 
54.4 "C. The transient behavior is then computed assuming that the cask is subjected to a fire 
environment of 800 "C for 30 minutes followed by a return to the 54.4 "C environment. 

Region I was modeled axisymmetrically in SINDAlFLUINT using five nodes in the radial 
direction. Region II was modeled in two dimensions with eight nodes radially and six nodes 
around the c i r d e r e n c e  (for a total of 48 nodes) Region 111 had no nodes because it was a 
nonparticipating d u m  allowing only radiation heat transfer Region IV was modeled with one 
node radially and six nodes circumferentially (for a total of 6 nodes). The external shield was 
modeled with one node. Radiation conductors were used between Regions I1 and IV, between 
Region IV and the shield, and between Region IV and the surrounding environment. Appropriate 
view factors were calculated using the "crossed-string" method outlined in Thermal Radiation 
Heat Trunsfer (Siege1 and Howell 1992). 
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Region 

I 

Table 4C-5. Problem Parameters for the Composite Cylinder 
of Verification Problem Three. 

P k CP g 
(kdm') (Wlm "C) (J/kg "C) (Wlm3) 

0.0 / 0.165 2.707 242 896 38.320 

Innedouter radius (m) 

I1 0.165 10.387 I 7,833 45.0 473 0 

0.3871 0.540 I Nonparticipating medium with radiant heat 
exchange only I 

IV 
Shield 

0,5401 0.546 7,833 45.0 473 0 

1.092 m long, 0.025 m 7,833 45.0 473 0 
~ 

thick, 0.305 m from cask 

Boundary conditions 

Radiation conditions 

Ti = 54.4 "C 
Ta= 54.4 "C, (initial steady-state) 

= 800 "C, 0 < t < 30 minutes 
= 54.4 "C, 30 < t < 90 minutes 

E = a =  1 for all surfaces 

Table 4C-6 compares the SINDMFLUINT results at various times and locations with the 
temperatures reported in the benchmark study (Glass et al. 1988). The SINDMFLUINT results 
are well within the variations @e.; +IS "C) reported in the benchmark study (Glass et al. 1988) 
between the various computer codes evaluated. 

Conclusion: The SINDAAXUINT results match the benchmark study (Glass et al. 1988) 
Computer system output files are included in Appendix A of QMI. 1000.001 (Q-Metrics 1999). 

4C4.1.4 Verification Problem 4 - Sample Problem 'sinsump.inp' 

Verification problem 4 is sample problem 'srrtsumpinp', as provided with the 
SINDAFLUINT code. This problem demonstrates that the basic capabilities and options of the 
S I N D ~ U I N T  code, such as the use of array data and time-varying sources, are functioning as 
expected. h such, this problem serves to verify that the SINDAIFLUINT code produces the 
results the code developers had intended. 
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Time 

0 

Table 4C-6. Benchmark and SINDAELUINT Temperature Results 
for Verification Pjoblem Three. 

T1 T2 T3 T4 T5 
("C) ("C) ("C) ("C) ("C) 

88188.2 1461147.1 217/216 9 139/138.6 2071207.5 

90 
I 30 I 7651765.7 I 6641661.5 I i261/260.4 I 6891686.7 I 3501345.4 I 

205/205.2 2421248 ,3141312.9 203j202.5 3011303.8 

Figure 4C-17 illustrates the schematic diagrap of the sample problem provided with the 
SMDA/FLUINT installation program. A hollow cbbic satellite is hovering centered 
(i,e., negligible conductive contact) within a hollowf cubic cargo bay in low earth orbit. Within the 
satellite a @mall solid cube hovers. The cargo bay ie initially in a planet-oriented equatorial orbit 
and is open on the side facing away from the planet, When the spacecraft passes behind the 
planet, the satellite is deployed in the same orbit an4 is reoriented to be sun-facing (see 
Figure 4C-17). The initial and final orbital-averageiconditions of the satellite are desired as well 
as a simulation of the deployment event. The relevkt characteristics are as follows. 

Cargo bay (insulated on outside) 

- Number of panels 5 
- Overallsize 2 f t x 2 f t x 2 f t  
- Panelthickness qegligibly thin 
- Material Aluminum 

Satellite 

- Number of panels 5 
- Overallsize l f t x l f i x  l f t  
- Panelthickness 1/8 in. 
- Enclosed solid cube size 
- Material Aluminum 

1 in. x 1 in. x 1 in 

Mactivesurfaces 

- Remissivity 0.8 

- Insulated at edges. 
- Solar absorptivity 0.2 
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Figure 4C-18 illustrates the transient thermal performance as presented in the 
SINDA/FLUINT user's manual (SINDARLUINT 1998). Figure 4C-19 presents the transient 
thermal results as provided with the sample problem, and Table 4C-7 presents the results as 
determined by this installation of the SINDNFLUINT program. Comparison of the two thermal 
summaries shows that this installation of SINDARLUINT provides results that match exactly 
with those provided with the benchmark sample problem 

Table 4C-7. SINDNFLUINT-Generated Temperature Results for Verification Problem Four. 

0.m 
0.W 
0.077 
0.153 
0.230 

10.306 
0.383 
0.459 
0.536 
0.612 
0.689 
0.766 
0.766 
0.842 
0.919 
0.995 
1.072 
1.148 
1.225 
1.301 
1.378 

-17.238 
-17.238 
-16.750 
-15.462 
-13.672 
-11.763 
-10.175 
-9.2107 
-8.83% 
-8.9669 
-9.5119 
-10.406 
-10.406 
-11.5% 
-13.UZ6 
-14.649 
-16.417 
-18.189 
-19.869 
-21.446 
-22.909 

-34.669 
-34.669 

-12.047 
-5.8146 
-5.4523 
-10.847 
-18.611 
-25.749 
-32.358 
-38.512 

4 2 7 0  
-50.559 
-56.211 

65.009 
67.217 

-64.170 
-59.066 

-2 i .m 

u.no 

-6i.m 

47.037 

-3.3743 
-3.3743 
16.738 

29.497 

20.UI 
12087 
4,4366 
-2.6213 
-9.1772 
-35.302 
-15.302 
-16.653 
-19.130 

-26.193 
-16.462 
-9.8337 
-5.5785 
-3.1292 

n.114 

27.079 

.n.618 

-19.260 -19.259 
-19.260 -19.259 
-8.2483 -8.2476 
1.01318E.02 l.07427.E-02 
5.2539 5.2544 
6.1855 6.1859 
2.6768 2.6771 
-3.M53 -3.0251 
4.6100 4.6099 
-14,044 -14.044 
-19.308 -19.308 
-24.395 a4.395 
-24.395 a . 3 9 5  
-30.601 -30.W1 

41.340 41.340 
-46,022 -46.022 
-50.161 -50.161 
-53.541 -53.541 
-56.088 -56.088 
-57.929 -57.929 

-36.222 a 6 . m  

-14.284 
-14.284 
-2.3955 
9.9414 
20.905 
23.742 
18.386 
9.6517 
1.7170 

-5.5577 
-12.280 
-18.531 
-18.531 
-26.202 
-34.186 
-42.342 
-50.006 
-56.863 
-62.721 
-67.620 
-71.479 

-14 285 ORBITAL AWSMOB IN CAR00 BAY 
. I 4  285 
-4 5284 

HALF ORBITIN CAR00 BAY 
HALF ORBIT IN CAR00 BAY 

5.0601 
4.8645 
1.1925 

4.2705 
-9 6599 

-14.933 
-20.066 
-25.044 

HALF ORBIT IN CARGO BAY 
HALF ORBIT IN CAR00 BAY 
HALF ORBIT IN CAR00 BAY 
HALF ORBIT IN CAR00 BAY 
HALF ORBIT IN CAR00 BAY 
HALF ORBIT IN CAR00 BAY 
HALF ORBm IN C A R 0  BAY 

-25.044 HALFORBITAFTER-YFD 
-30.107 HALFORB~AFTERDBKOYBD 
-32.999 
-34.098 
-34.006 
-33.202 
-32.282 

-31.235 HALFORBITAFTERDBPUlYED 
1.454 -24.256 -52.701 -1.4446 -59.311 -59.311 -73.284 -32.873 HAW ORBIT AFTERDEPLDYED 
1.531 -25.487 -45.382 -0.26810 a . 3 1 3  -60.313 -73.103 -36.385 HALFORBITAFTERDEPLDYED I 1.531 -68.930 -75.176 -15.752 -89,454 -19.454 -79.897 -79.897 ORBITALAVERAGZ AFlERDEPlDYED 

Conclusion: This problem verifies that this installation of the SINDARLUINT program 
performs exactly as the authors intended. Computtr system output files are included in the 
applicable appendix to QMI.lOOO.0Ol (Q-Metrics 1999) 

4C.4.2 PEER REVIEW OF SINDMLUINT MODEL AND INPUT DATA 

The specific t h d  model of the MCO and the transportation cask was developed by 
Q-Metrics, Incorporated, of Woodinville, Washington Although Q-Metrics is on the Evaluated 
Suppliers List and the analysis work was conducted in accordance with its internal quality 
assurance procedures, an additional level of V&V was achieved by having the model and the 
model inputs and eutput idqmdeintly reviewed. The peer review was provided by Waste 
Management Federal Services, Northwest Operation, as part of the safety analysis report for 
packaging for the MCO transportation cask (Smith 2000) 
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The peerreview consisted of complete review of the input and output files, including the 
construction of the model, the selection of material thermal properties, the mathematical 
derivations used to calculate convection heat transfer coefficients as a function of local ambient 
conditions, and the reaction rate equations used to define the chemical corrosion heat generation 
and associated gas generation. A copy of the signed review checklist is provided in Figure 4C-20. 

4C.5 GOTH-SNF PREDICTIONS VERSUS FIRST 
ARTICLE DRYING TEST RESULTS 

The GOTH-SNF code was used to simulate the first article drying tests. Cold vacuum 
drylng tests were conducted in 1998 and’early 1999 using a ‘first article’ MCO, fuel and scrap 
baskets, and CVDF skid-mounted equipment. The spent fuel payload was simulated using carbon 
steel tubing for the fuel assemblies and crushed carbon steel pipe for the scrap. Water-holding 
cavities were formed at the tops of selected simulated fuel assemblies to mimic damaged fuel 
assemblies. The results of the testing and the post-test analyticai simulations of the tests, 
presented in SNF-4083 (Crea and Fryer 1999), demonstrated that the CVDF equipment and 
processes would remove the free water remaining after MCO draining within the time allotted in 
the CVDF process plan. 

Table 4C-8 (a reproduction of Table 3 3 from SNF-4083) summarizes the close match 
between the GOTH-SNF predicted drylng times a d  the tested results for seven of the tests The 
tested conditions included variations in the amount of residual water after draining from 12 0 L to 
22.6 L, the distribution of the water within the MCO, simulation of continuous vacuum drying 
versus the 8-4-4 cycle (i e., 8 hours of initial vacuum drying, followed by a continued cycle of 
4 hours of helium purge at atmospheric pressure, a d  then 4 hours of vacuum drying until the 
MCO is dried), and variation in the MCO annulus water temperature. The tested MCO 
configuration consisted of one scrap basket in the top position and four fuel baskets 

Table 4C-8 prssents the comparison between the model and test results for three time 
points during the drying cycle: the time for dryout of the simulated scrap basket, the time to 
reach 9 torr pressure, and the time to reach 1 torr pressure within the MCO. The table also 
presents the test time required to reach 0.1 torr pressure and the time to reach the level of dryness 
required for the 1-hour pressure rise criteria These later two times were not simulated in 
GOTH-SNF. As seen fkom the Table 4C-8, the GOTH-SNF predicted drying times compare 
favorably over the seven tested conditions 
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Table 4C-8. Comparison of Drying Times Between First Article 
Tests and GOTH-SNF Code Predictions. 
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Further evidence of the favorable match between the GOTJ3-SNF predictions and the test 
data is illustrated in Figures 4C-21 and 4C-22 These figures present a comparison of predicted 
transient temperaturm vcrsusztest data for the upper scrap basket and a middle fbel basket, 
respectively, for 811 844 vacuum drying cycle The effects of the evaporative cooling under this 
varying MCO prmure cycle can especially be seen in the temperature trends for the scrap basket 
(i.e , Figure 4C-21). Here the scrap basket temperature is seen to drop from the post-draining 
temperature of 120 "F to approximately 80 "F dunng the first 8 hours of vacuum drying The 
temperature rebounds to approximately 110 "F under the 4-hour helium purge cycle as 
evaporative mow is  reduced by the elevated pressure and the thermal conductivity is improved 
between the scnrp mid the MCO wall because of the presence of the helium gas. The temperature 
cycle is repeatad under the subsequent vacuum-helium purge cycles with the minimum 
termpsrature wen 
temperature match between the predicted and test data demonstrates that the GOTH-SNF model 
accurately 
system, and the evaporation process For a full discussion of the comparison between the model 
and test results, see SNF-4083 (Crea and Fryer 1999) 

each cycle decreasing as the water content is reduced. Overall, the good 

the heat transfer mechanisms within the MCO, the thermal mass of the 
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Figure 4C- 1. Oxidation of Uranium and K Basin Fuel In Moist-Inert Gas 
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Figure 4C-2. Level of Conservatism Produced by the Combination of Enhancement Factors and 
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AU = Adr P 
0 0 
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Figure 4C-3. Constitutive Relation Validation 
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This table reproduced from Plys, M. G., S. J. Maliovic, M. Epstein, and D. R. Duncan, 1999, HANSF 1.3 
User's Manual, SNF-3650, Rev. 1, Fluor Daniel W o r d ,  Incorporated, Richland, Waslungton. 
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" S F  1.3 User'sMmaI, SNF-3650, Rev. 1, Fluor DmielHaaford, Jnwprated, Richland. 
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Figure 4C-5. Comparison ofthe Semi-infinite Slab Solution for 
Surface Temperature with Model Results. 

Time (seconds) 

0 
loo0 
2000 
3000 
4000 

Hw)o 

loo00 
2oooo 
3oo00 

40000 
fOOOO 

Model (fQ 
200.060 

172.715 
164.795 
159.645 
155.817 
152.779 
143.2% 
134.046 
129.125 ' 
125.962 
123.m 

200.000 
170.75 
163.05 
158.25 
154.75 
151.95 
143.45 
134.25 
127.65 
122.55 
118.35 

Thin table is r e p d u d  hnn Plys. M. G.. S. J. Malinov@, M. Epstein, snd D. R. Duncan, 1999, 
HANSF 1.3 User's Manual. SNF-3650, Rev. 1, Fluor D&ei Hanfmd, Incorporated, Richland, 
Washington. 

SARR-oo5.04C 4c-34 March 2000 



"F-SD-Si'@-SARR-005 REV 2 

Figure 4C-6. Uranium Oxidation Validation 
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I Table 74:  Uranium 6xidation Validation 1 

This table is reproduced h m  Ply., M. G., S. J. MnIii&, M. Epstein, and D. R. Duncan, 1999, 
HANSF 1.3 User's Manual, SNF-3650, Rev 1, Fluor -el W o r d ,  Incorporated, Izlchlmd, 
Waslungton 
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Figure 4C-7. Comparison of Water Vapoqand Total Pressures Between HANSF 
and GOTH-SNF, Normal Vacuum Drying Conditions 
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Figure 4C-8. HANSF Results for Normal Vacuum Drying Conditions, 
30 ft3/min Vacuum plus 0.7 ft3/min Helium Purge. (2 sheets) 

n 

ui 
N 

N 

I1 
m 
- 
I 
3 

0 

3 

d 

11 

E .  
L 
0 
v) 

i 
L. 
0 

0 
m 

.. 
b 
R 
X 
Q 
w 

SARR005.04C 4c-37 March 2000 



HNF-SD-SNF-SARR-005 REV 2 

Figure 4C-8. HANSF Results for Ncrmal Vacuum Drying Conditions, 
30 ft’/min Vacuum plus 0 7 ft3/min Helium Purge. (2 sheets) 
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Figure 4C-9. GOTH-SNF Results for Normal Vacuum Drying Conditions, 
30 ft3/min Vacuum plus 0.7 ft3/min Helium Purge. (2 sheets) 
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Figure 4C-9. GOTH-SNF Results for Normal Vacuum Drying Conditions, 
30 ft3/min Vacuum plus 0.7 ft3/min Helium Purge. (2 sheets) 
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Figure 4C-10. Comparison of Water Vapor Pressure Between HANSF 
and GOTH-SNF, Degraded gacuum Drying Conditions 
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Figure 4C-11. HANSF Results for Degaded Vacuum Drying Conditions, 
30 ft3/min Vacuum with No Helium Purge. (2 sheets) 
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Figure 4C-11. HANSF Results for 
30 t13/min Vacuum with 

Vacuum Drying Conditions, 
Purge. (2 sheets) 
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Figure 4C-12. GOTH-SNF Results for Degraded Vacuum Drying Conditions, 
30 ft3/min Vacuum With No Helium Purge. (2 sheets) 
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Figure 4C-12. GOTH-SNF Results for Degraded Vacuum Drying Conditions, 
30 p/min Vacuum With No Helium Purge. (2 sheets) 
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Figure 4C-13. Schematic Diagram of a Semi-infinite 
Slab Subject to Convection. 
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Figure 4C-14. Normalized Temperature Distributions for a 
Semi-Infinite Slab Subject to Convection. 

. . . . . . .  ?.  ...... 

SARR-OO5.04C 4c-47 Maroh 2000 



HNF-SD-SNF-SARR-005 REV 2 

Figure 4C-15. Schematic Diagramfor a Composite Cylinder with 
Uniform Heat Generation (Inner Cylinder) and Convection 
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Figure 4C-16 Schematic Diagram of a Spent Nuclear Fuel Cask 
Subject to Radiant Heat Transfer Conditions. 
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Figure 4C-17. Schematic Diagram of Node Designations 
for Verification Problem Four. 
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Figure 4C-18. Benchmark Transient Thermal Performance for Problem Four. 
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Figure 4C-19. Transient Thermal Results Provided with the 
Sample Problem Used as Verification Problem Four. 
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Figure 4C-20. SINDA/FLUINT Model Checklist Signoff for Peer Review 
Conducted as Part of the Safety Analysis Report for 

Packaging of the Multi-Canister Overpack. 
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Figure 4C-2 1 .  GOTH-SNF Predicted versus First 
Article Test Data for Scrap Basket. 

1 TElO-bot mco annulus 
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Figure 4C-22. GOTH-SNF Predicted versus First Article 
Test Data for Middle Fuel Basket. 
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ATTACHMENT 4C-A 

QUALIFICATIONS OF PEER REVIEWERS 

The following are abridged versions of the rtsumes for the independent reviewers. In some 
cases, the list of publications and presentations has been shortened for the sake of brevity. 
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CURRICULUM VITAE 
GEORGE APOSTOLAKIS 

POSITION Professor 
Bparhnenc of NuclcuEnginccriug 
Massachusetts Institute of Technology . 

ADDRESS 

3 

Room 24-22 1 
Masskhusetu Institute of Technolow 

EDUCATION 

Diploma, Electrical Engineering, National Technical University, Athens, Greece, June 1969 

MS..Enginecring Science, California Institute of Technology, Pasadena, California June 1970 

PhD.. Engineering Science and Applied Mathematics, California Institute of Technology, 
Pasadena, California, June 1973 

HONORS AND SPECIAL RECOGNITION RECEIVED 
Mark Mills Award, Amaican Nuclear Society, 1974 

FXcctive Teachhg Award, School of Enginwring and Applied Sdence, UUA, 1977 

IBM Visiting Distinguished Scholk, Northeastern University. 1985 

Opening Lecture at the 1987 Symposium of the Scandinavian Society of Reliability Engineers, .-- D~nmark, 1987 

” ._ Certificate of Appreciation, U.S. Nuclear Regulatory Commission, 1990 
‘ 

-“ Fellow. American Nuclear Society, 1992 

. Fellw, Socitty for Risk Analysis, 1992 

y hvitsd nofiGon Speaker, “Observations on &e Nuclear Regulatory Commission’s Risk- . InforutEd Reguhtoxy Mdative,” Society for Risk Analysis Annual Meeting. Washington. DC., 
Deambcr 7-10,1997. 

outstanding Service Award, Society for Risk Analysis, 1991 

.- 6, PSA ‘93, cleanwater, E, 1993 

RESEARCH INTERESTS 
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Methods for xi& and reliability assessment of compkx technological systems; uncertainty analysis, 
decision mdysiq risk rnana~ement involving scvcml stakeholder groups; waste managemenc; fie 
risk assessment human rehability models; organizational factors and safety cdrure; software 
dependability. 

CONSULTING ACTIVITIES 

U.S. Nuclear Regulatory Commission (1977-1979) 

Lawrence Livermore NationalLaboratory (1978-1982) 

Sandia NationalLaboratorics (1979.1980) 

Member of Research Review Group. Probabilistic Analysis Branch 

S u d c  Safety Margins Rescai-ch hgcaxn. 

Risk Merhodology for Geologic Disposal of Radioactive Waste. 

2 

Bckhtd Power Corporation (1980-1985) 

USNRCYLamnce LivennoreNational Laboratory (1980.1982) 

Probabilistic Risk Analysis. 

Member, Peer Review Panel, Load Combination Program. 

Probabilistic Risk Analysis of the Oyster Creek, Zion, Indian Point, Browns Ferry, 
Midland and Seabrook Nuclear Generating Stations; Principal Rcsponsibiiities: 
methodology. data analysis. human error modeling, and fue risk assessment; Member of 
Technical Review Board, Scabrook Probabilistic Safety Study; Review of the Use of 
Expert Opinions in PRA. 

State of California; Offim oftkt Attorney General (acpresen% Governor 0. Deukmejian) (1983) 
Expert Witness bcfarc the Atomic Safety and Licmsmg Appeal Board. Diablo Canyon 
Nuclear Power Phaac; Tanimony: On the Use of Pmbabbty Theory and Statistics 111 a 
Design Vetiti&onPmgram, 

Pick&, Lowe andG~Ck,Inc, (1977-1987) 

L a w r u K s L b ~ ~ ~ ~ o r ~  NidonrlLaboratory (1983-1984) 
&vicw of &e Fire Risk Analysis of rhe Millstone 3 PRA 

. Rockwell Intemrtiod (1983-1984) 
prob.bilktic Risk Analpis; Common Cause Failures; Qu~titativc Safety Goals. 

Mmual for h b s  T Wmc Safety Assessment (PSA) Utilization and Implementation for 
Safety Dsdrions. 

Becrchmark Exadsu on Common Cause Failures, Huam Errors, and Industrial Risk 

Common Cause F uns, Fin: Risk Assessment. Data Analysis. 

I n t d o n a l  Atomic En A p y  (1984-1987) 

Chnrnkbn of the %mp& colmnunities, Ispta JoQIt Research Ccnta (1986) 

Swedirh Nuclear Power T- (19861987) 
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k t  hp1sionLaboratory (19864987) 
. .  SP-100 Projact, Reliability, Availability, Maintainability. 
State of Californip: D ” p m c n t  of Health Services (1987) 

Factory Mutual Research Corpodoa (1987-Rcscnti 

US. Nuclear Re at Commission (1987-1988) 

Member, Scicnofic Advisory Committee, lT Panache Hazardous Waste Facility. 

PrObobUaic Rirk Analysis. 

Ma&, -%J-l&-11SO*eaRevicw cornmince. 

q &  emical Stockpile €ii spodal Program, Fin Risk Analysis. 
e Rd h M. Parsons Corn any (1988-1990) 

US. De artment of Energy, Advisory C o d n e c  on NucIear Facilities Safety, (1988-1990) 
&obabibtic Risk Assessment. . 

S.andia Nadonal Laborarorics (1988-1990) 
Probabilities of Events and Proccsscs Affecting Geologic Repositories, Model 
Uncerraintier, Expen Opinions. 

State of Minnesota, Waste Management Board (1988-15’90) 
Review of Reliabilify Study of ahposed Huardow Waste Stabilizaton 8nd Containment 
Facility- 

U.S. D artment of Energy, Office of the Director, New Production Reactors, Senior Advisor 
(1989-392) 

BatteUe Pacifc Northwest Labaatosies, Advanced LWR Project Steering Comrnittce. Member 

R o 5 ~  Management, Probabilistic Risk Assessment. 

(1990-1991) 
AdmcedFowuRucm. 

S d a  NIdoortkbontQia (1991-1994) 
PRA woddng oroup 

PUBLIC SERVICE 
National Rcscarch Council (1986-1988) 
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Committee to Assws the Safety and Technical Issucs at DOE Reactors. 

US. Nucleat Replatory Commission (1989-1990) 

NationalRcsearch Council (19921993) 

Stam of WOLTI~ Water Reso~pccs Contml B o d  (1995-1996) 

Intanadd Association for RobabXrtic Safety Assessmcnt and Management (1994-A.estnt) 

U3. Nuclear Regvlatory Commission (199S-Present) 

Peer RCVICW PBnel of"REC3-I150 Final RC~OR- 

Commince on Altunative Qlcmical I>emilitariZarion Technologies 

SB 1764 Advisory Cornminet 

€'d~ and Secretpry 

Advisory Committee on Reactor Safeguards 

% 
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. .  
NED E BIBLER 

Senior Advisory Scientist 
Sovannai River Technotow Center. Bldp. 773-A 

Westinghouse SsvannahNver Cnmprny 
.&!ken. SC 2YS08 

Phone: (803)125-2313 F u :  (803)72%4W E-mail: ncd.bibler@srs.gou 

€zwxrmY 
Ph.D. Radiadon Chcnrisuy. Ohio Statu Univcrsily. Columbus, Ohio, 1965 
M.S. Annfy(lcal Chemistry. Ohin Stuc Univcrsity, Columbus, Ohio. )963 
B.S. ChCmirlry. Dmribn Onivcmity, Gnnvillc. Ohio, 19.59 

v 
l%S - prcrenr: 

Wculin8houre Srwnnah Rivcr Company. Savannah River Technology CbIXU k E. 1. Du Pont 
deNcmours.& Co.. Srrvonah River Laboratory 

Primwy mmch an4 drvclopmcnt dlrccnd io radioacuvc glass & wuyiecharanuizarion. 
radioaeclve Dcfenra W a w  Processing Facility precess dctuonrtre(ina. effects ot'radiation on 
warn forms. nod pmccrw and ruppwr of sepalion proccsslr. 

DOE DraduatcRsKuth Scientist. Ohlo Slaw University 
Tritium b a a  r8y induced documpodlion of hcnvy wxcr vapor. 

1962 - 196% 

P 
AurborjIy in radinllon chcmbay - cffecra of rvPiruion on m t c r i a l s  and prwcsrcs. M.nr@ team hat  
prepared kilogram amounts of pbus conraining auud mdioactivc SRS wustc using DWPP pmnrs. 
Developed and perfected D W  durability cast tu be pcffomcd rernotaly on radioacrivc $\as irr the 
shielded ccllx. Demonsmud mtrhart IO mtnrure d l  24 rdonuclidca in  DWPF glass for 'cpository 
3cccptance. Mcwured effcas of alpha. beta. gamma. alpha rccuiL. atid heavy ion radiations on DWPF 
glarr. Initiared ERDA contract with Go. T ~ I .  atid MPO witb ANL fur irradiation uf'hundrab tiFgallonr 
of TPB. Mcrrured sffccr of radiation on glass Ienchinp. Memuted rdiolylic 5-12 production froin 
materials 8Uch as constfie. organic resins. a d  wrious solutions. 'The only tcientlsi io devclopmeihod 
(or cardyzpl decornparjlion of oxalate to d w c w  the amnun1 oforganic uialutc going ID SRS wnstc 
tanks: to dcmonslwc rxdiolydc inrlabiliiy of Fu(ll) ions in HM solvent cxvmion solmirm. mis 
EisnifmnSly improved rhc procw to p s p w  Np and Pu. )i to mcBsure radiolytic dewimpwition of 
PuF6. il vduilc Pu catpound; P l l l w u r c  radlalydc Uccomponilicin of water by fission frapments Iran 
Cf-2.52. DdmoolRmed rbe use or nuclear wcnpons as pulse rndiolysir ~1utcr.5. McJsurcd radintlon dwc 
raw, dlrcl on rrU a g d c  nIdM rrucrioor In llquid hidocartmns. 

Wwldwd lho m a W i r m  ad ~~casurcd the radiolytic rare uf tlvnmable H2 lormadon in SRS HLW 
s v  snd precess duhns. l h c  ram pc currently uscd in safety calcuiarionr, st SRS in the DWPF. 
thc tuik farm. and F ac$ B line swage md process vessels. 

Was one gf the fhn rcicnuJIs in - 197s Io emphvizc io  thc scicnliffc community the hamda nrsociakd 
wilh RmoIytic hydmrn produalnn during s w ~ e  of nuclear w ~ s t e s  conwninl: hydrogcn compounds 
(wruer of organics). This led to TRU wwre drum bcinc w e n t 4  during stomp! and was onc of Ihc factors 
fur g1ur bdng bored Y ult immhiltration mamix for high lcvel w ~ s m  
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.e ASTMsomW~C26onNuclwFUCl Cyclc(1~-prc~nr) .chr&~kommla~aCZ6.13on 
run&& far gcdogIc swage of nwlear waste. bnnmvnul in piling 2 run&dr 0cecj11cd - C 
128s-94. ' S W d  hsr M u &  for Dslcmininp 00tiid Durability d N u ~ l ~ . W @ t n  Ohsass: 
The Product Consistency Tat. and C 1 I74-9 1 ,  " S I & K I ~  hcriCC for h h p T e a m  Bchrvior of 
W w  Package Matuidr Including Wane F m s  Used in the GcoloEfc Dlrponl of High-Lwel 

Msmba of Untwsity of Nmrc Dune's Radfslion Chmisby Data Center Adviroy Boar& (193. 
1990) chrilmM(lM9-1990) 
kncrlcan Chrmid S4ciety (196-Prexnt) - Chairman of SaVsnnah Rivet S d o n .  (-197% 
M.mbor of Orpltittap Commiun Car Maaterials Rawarch Swicly Symposium on Sciintiftc Byix 
for Nuclur WnuManogantnt (1986-IYyQ) 
Mmbcr of Ex~uUw Orpizing Cornmitree for Materials Rucwch SociCry Sympwium on 
Scieacltk Buir 1& Nuckar WUIC Muusemeor (199~RrmnO 
Mcmbwaf 0rt.nidng Commilrec for Jntcmrtionsl Wmtc MsnJpemrni Symposium in Tucson. AZ. 

M n n k r  of USDOE Scitncc hdviwry pow1 on behavior of iianlbrd HLW In amngc tmks. ( 199 I - 
1994) Mmbet of USNXC Paad consulting on fntc of CI nnd I in ltacator 10% of coolont accidsni. 

Wlcos". (19117 M pn%EM) 

* 

( I  9 8 7 - ~ U U )  

(1985-1987) - 
1 n ~ ~ c i p n n c i n ~ ~ R I I l c o c h C q l f n c n c c s o n ~ ~ C b n a i n r y  (1971 

&leetad lopurcicipitc in the DOE Orlice of Baric Energy S c i c n w  Wnkhop on "Rerwch Needs 
a id  Opponunilia in Wdiarion Chnniruy." Schedard for April 19.1998 
Invited $peeker IO Wcsthcimer Pence Symposium nl Wilmington college In Ohio. Subject -Hish 
Levd Nuc1e.m WMU - A Rurilive Way lo Deal wlth Jt". 1995) 
Chosen to bo nrmber 01 a r d  Amariwr Wegation lo visi1 Che~YabimkbS in Siberia, Russia. 'IWr 
is om of Stdln's a c r ~  $ita fw Pu production. Purprc WUI to cstrblfrh futura tsdrniul rrrchangcs. 
kurgt Wenln#wrc Bmnrx Si&nnlwe Award of Excdlencc (Applying IcP-MS to analyzing high 
I c d  vura.) (1991) 
OCye WesUaghwse Bmnrc SigMw~c Award of Ehcehnce (DWPFdutabllicy test. pcT) (1989) 
Invited speaker .I the Fmt b f o r d  Sepaniion Scisia Workshop: ruhjfct "Radiation Effecw on 
Sepvulollr MrcriJs andpKKarsar' (1991) a? - 

Peer Rc*lcred P n p m  

I .  Waaniidn of Lrm&iwl F d o n  Ptoducts awl ActinIda In Savinmh River Sile HLW S l u d ~  
md o*H lor W u n  AcccpPnsc". N. E. Biblcr. W. F. K i n d .  W. T. Boycs, and C. I. Colcman. 
wccpkd for pubUudoa in JWNI orRadioina)ycic.l and N~elaar Cbemlrrry (1998). 

' ~ An~~Iycor  For %'Defense WILW Fnxurinp Facility Stamp AI The Savannah 2. 
Rlm ria," W. F. Kirurb, N. E Blblcr. C. I. Colcmm. and R. A. D e w b a y ,  Journal of 
Ra4bmalptktl and Nudw chemistry, Vel. 219. No. 2. pp. 197-2011 (1997). 

"ChMCn ' ah  01 Ihe Rdionctivc Glavr Currently Btinp Produced By The DWPF AI Savannah 
Rivo Si&'. N. E Bibla. J. W.Ray. 1. R. Fcllingcr. 0. B. Hodoh R. S. Beck, nod 0.0. Urn. 
W w .  Mma&mcnt '9% March 1998. 

4. "DUnbiUk and I n W  Ruli.riDa Damage Smdios of Glasra for Immubiii.uriun of Plutonium". 
N. E, BiMer. J. C. M u m  W. 0. Rmrmsy, J, M. P m i s .  T. F. Mejkcr and M. H. Toslcn. acccptcd for . p m u t i n n  rndpublicaflon nc W u k  Managcrrmc '96. Febnrruy 1996. 

3. 
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5. %ducllvcly Couplsd PLurnr-Msu Specuornoky Sunlies of the Chemirky of Fission Prnductr and 
Actinides in Hi& h i  Wmer: b M I o I  That C.n Be Applied to Euvlronmcntal Mcuuramcnr%'. W. 
F. K i n d .  N. E Blbler. C. I. Coleman. and S. J. Wflck. Radiochimica Acta 66/67. pp. 259-263. 
(1994). This popn illuauater Ihu [he ccls~iva concumations of U-US h$sion producu in SRS and 
Hanford WLIlCT t.0 bc expxflalaecl by their Iivion yicldr. solubilldw in  causiic. and diffcrcnces in HLW 
WUIC manrgrmrmi mtlhodt at Ihc twu sites. 

"Dcvclopmenr ofm ASTM Sundnrd Olnssu Durabilily Test. Ths Product Consistency TeEt (PCT). for 
High-Level Radldi~ectivc Waste GI=". C. M. Jantzca. N. E. Bihlcr. D. C. Beam. W. G. Rnmwy, Nuclcmr 
and Hawdous  Wnlk Managcmcnt. Specvum'W. AmericMNucleU Society. pp. 164.169. (1YY4). 

7. 'Deerminuion of Nohlr Mews in Savnnnah Rivcr Sire High-Lave1 Radioactive Sludge, C. 1. 
Coleman. W. F. K i n d .  N. E. Bibler. D. F. Biekford. and W. G. Runrey. Wosce Managemcnt '93. pp, 
767.771. (1gY3). This wan the flrsldemonruatlon of the dctcrmination nf noble metal fission pmducu 
in HLW. 

"Radiation EKccU on Scpstruonr Materials md Pmcasts", N. E. Biblcr. DDcwnenr No. PNL-SA-2 1775. 
Invited Paocr at Pmcdincr olthc Fim Haoford Scnuation Science Worlwhw. Richlmd. W A  DO. U- 

6. 

8. 
r r  

23-21. (163). 

9.  " H y b ~ u  &naahn R.ru In SavmnahRivcr Site Hi~h-Level Nuclear Wasre". D. T. Hobbr. Y. 
W. Nods. S. A. Pucko, N. E. Bibler. D. D. Wdku. and P. d'EntrtmnonL Wnru Management '92. pp. 
1063-1W. ($992). This w u  the tint papor to quantify ruIiolytic HZ produaim ram in HLW und 
to i i l u ~ ~ ~ e  lhc effect of N03- in lhc tanks. 

10. 'Recent Ratulu on The Effwl of Ganmi Radialiun 00 rhe Durability nnd Micm Slructure NDWPF 
Olarr. N. E. Biblcr. M. K Tmm, and D. C. Beam, Pre+dinpr of Hiph.Lcvcl Radiosctivc Watrr: 
Management. Vnl. 2. pp. 1103-1109. Amcrican Nuclcu Socicty. (1990). 

Srlectcd PmMnhtioru: 

I .  "Dumbilitie$ and hficrosuuctuw of AcLUJl Rarliascrive Glasses Io  Immobilize E*ccrs Actinides aml 
R a p r a 4 n g  W u t u  a1 Svmnnh Rivcr Site". N. E. Bihler. W. G. R w c y ,  T. I? Menker. und I. M. 
Parcia.rcccpted for praurrarion at the M w h l  Rcscarch S.ociuy Symposium nn Scientific Bark 
for Nuclear Wmre Menagament, Novsmbcr. 1995. 

"AppIICntiM of InJustively Coupled PLrm-Mnsr Sp6cvomcuy lo Radiochemlcel Pr~*iuns a[ the 
Savannah River Sits. W. F. Kin!& N. E Bibb. C. 1.Cdm~.  W. T. B w p .  and S. B. Wydck. 
prcrtnted a1 m0 DOBASTM Sympaiuls Gatlinburg, TK. (1994). 

3. "7he M a  Cwrislauy Tu1 for rhe DWPF Waste Farm". C. M. h n a c n  md N. E. Biblar. 
Wmin#housa E. 1. du Pont de Nenurun & eo.. Doculpcnt No. WSRC-MSaI49. prcrcnted ai thc 
Rdinacsrivc W w o  Pmdunr Seminnr, Julich. Federal Republic of G m n y ,  ( 1990). 

2. 
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Assistant Professor Ken Czerwhski 
Department of Nuclear Engineering 

Massachusetts Institute of Technology 
77 Massachwetts Ave. 
Cambridge, MA 02139 

USA 

(617) 253-3843 
(617) ua-8863 

&Mall: kczer@rnircdu 
E2.Y 

Education History Citizenship: USA 

PhD. in Nuclear Chemistry 
University of California, Berkeley 

Aumt 1987 - JUC 1992 Galesbur IL 

Employment History: 

Assistant profusar Associate Research Scientist 
Deperanent dNuclearEn 

From 13 Novcmk 1996 

Postdoctoral Fellow 

Science 
Lswrence Livermare National Labaa 
Supervisor: PmfcssorDarlcanc C Ho man 

Rcscwh Asiamt 
August 1986-Daxmkr 1986 

llrgonne National Labaatory 
.-Arponnc, n. 

S u p a v k c  'Dr. Robat Atcbcr 

"'Additional Activitiea and Honors 

.&ostu& 

..JVOumaC - RumurcnCuarDcvclopmcnt chair. 1997. 

B.A. in Chemistry 
B.A. in Russian Language 

August l h 3  -June 1987 

B-ey,CA %ox college 

July 1992- Swtcmber 1996 
InstitutfilrRadiochemte 
Tcchnischc UnivaSitBt MUnchen 
Supervisor: Dr. Pmfessor J.I. Kim 

Graduate Student Research Asshtant 

Collcgc of Chemistry 
University of California, Berkeley 
Berkeley, CA 
Supenison: Pmfessor Dadeane C. Hofhaa, 
Professor Kenneth N. Raymond 

Massachusctu Institute of cdrno ogy ?f 

A til 1992 July 1992 oaober 1987-  arch 1992 
G P em T. Seaborg Institute for TransactiniUm 

T 

J U ~ C  1987-AUpSt 1987 

i -. .. 

cllonn T. Suborg Institute for TrbnsaCtinium Science 1997-1998. .... 
. 

Effeabf Hudc Substances on the Mignlion of Radionuclides: 
kxufan c.d&%2 of with HuLnic subatancu 3 A lSw.M.yl996 

Duth inclode cooldination and exchange of information amongst five European UNon laboratorie, 
pnparab of report? md proposals, and presentation of project results at confexcncw. 
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lr,". c. ". -- 
Rossendort. Institut Rlr Radiochemic 

July 1B8 July 1995, Jul 1996 
Ftu#itated exchange of x omation and ideas involving environmental chemistry of actinides 

hr.ddQu 
N a 6 d  Academy of Science Young Investigators h p n  on Nuclear Accidents and Radioactive 
ContrmLudon 
June I993, June 1994 
R o g r m k w o l v e d d C V  
tkm the chanobyl iw '  F wt with scientists from Belarus, LIkraine and the'Unitcd States. 

, 

t ofccUnborativc reaardr program on rnclicaaive a n d a t j o n  stemming 

ofrbc actinidc elements 
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. -- 
U 
s t % %  Synthesis of Ppha cmitdng bismuth b@ radiopharmaceudcals ttnd the developmeat of 
inw B1-Pb g m t o n .  QKmIcal separatioo~ of +otrosl activattdfoils were also I x s f m  

work conducted at Argon% National taboratory was in the nucltv medicine field The 

Publlcatlonr: 

J.P. Mccpthy, K.R. CrcFwinski, W.E. Sunford, P.M. udine. and J.D. Marsh: MobUzrtion of 
Acdnldes from Disposal Trcnchcr by Natanl OrgUJc ll ana. J. Conram. Hydro. In press. 

KR. crerwkuld: Envirunmental Behavior of Actbidetons: Modelin the Lnfluenoe of Humic 

Shia. Trejon, Rom 1997 pg. 264. 

M. h.yo. A. Fawu-Mmillon, J. Foos, A. Ow, and IQR. Czerwinski: Competitive Sorption of 

Subnulcer. Rocead Intet. S p p .  Rad. Safety Mmag. '97. Eds. M 4 . Song, M.C. Lee, and S.W. 

P L ~ t b u i ~ ~  and EmFiGn by P h o l k  Resin0 Con g 8-HydroxYquinolin~ h d - h t e r .  
Rad. Safety Man8g. 97. E&. MJ. Song, M.C. S.W. Shln. Taejou, Korea 1997 pp. 4 3. 

K.R. czerwtufd urd XI. Kim Complexadon of Trans anic Ions by Humic Substances: Appliudon of 
hbora&ry Results to 'Ihe Natural System. MRS S&&c Basis for Nuclear Waste ManagemtnrXX. 
Ed$. WJ. Oray and 1.R M a y ,  743 (1997). 

I. P r r h d h ~ ,  KR. (Senvinrld, and J.I. Kim: Liquid- lid Phase E p W r h  of P u O  and U o  in 
A uws Cdrbonotc Systems. Determination of the C 30 nate Stabhty Canstants. Radiwhim. Acta 76. 
5 s (1997). 

P. Zeh. KR. Czenvinslri, and J.I. Kim: Speciation of Uranium in Gmlekn Groundwaters. 
Radiochima Acta 76,37 (1997). 

K R  CzenVinsLi. D.S. Rhec, G. Buchu, and JI Kim: Complexation of Trivalent Actinide Ions 
(Am%, Cmk) with Humic Acid. Influence of Ionic Smngth. Radiochim. Acta 72.179 (1996). 

1.1 Kim and K.R Ccerwinrld: Corn l a t ion  of Metal Ions wilh Humic Acid. Charge Neutdidon 
ModcL RadiochimicaActa73,5 (1 B sa). 

McCa~thy. J.F., Sanford, WE. and Czcrwinski, K.R. Natural Organic Matter T I ~ ~ S P O ~ S  'hnsurmic 
Radionuclides in Shallow Groundwater. Intcmational Ifumic Substances Society Mwtmg, Polpad 1996 

k. R. czcrwinsld, o. B*% F. schabauq and 1.1 Em: complexation of the uranyl Ion with ' 
Aqua&€Iu& Acid. Ruiiochim. Acta 65,111 (1994). 

* (1994). 

MM. fifndl, B. Sur, K.L. W&g, D.W. Bardayan. K.R. CzenVinsld, M.T.E de Quz, D.C. 
HoffW,  R.M. Luimcr. KT. Lesko, and LB, NOI~M: B+ Decay and Cosmic-Ray W-LXfc of 
91Nb. Phys. Rev. C 47(6). 2598 (1993). 

;Eimmmnur. H.P., C30Obcr. M.K., ht% J.V., Schitdcl M., Briichle, W.. Schimpf. E., Q ~ c  
K.K, TDrlcr, A., Czuwinsld, K.R., Hannhk, N., Kadkhodaym, B., b e ,  D.M., Nurmia, f??? 

~ 
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pur5~50urce fmoEunlcd Mat&, d - t & i i  . , . 

. .  
. .  . .  

. .  ,. . .  . .  

JAMES 'R. DIVINE 
I- ExPeRTlee 

Applicnlbn Ct rlamchemkrl and chemical englneerlng principles lo lndustrkl paceoars. 
of tho Sale and proper use 01 englneerlng materials Including the InVeStlgatlM of corrosion and . . 

of mW md polymers In waste management, nudear, consbuctlon, and Indusblal - 
opm-. 
Chordmi bohvlor 01 hlgh level wastss. 
MltigaUon of motetiale dogradation lncludlng cathodic protecUon and materials eeledlon. 
Dmmbyninalkn uslnp chemlcel methods (chemlcal Cleaning). 

* InterdIeoIpNnaty lnformstlon exchange wRh emphasis on chemlstry and englneerlng. 

EDUCATlON 
LuwEwIx 

BS. (with honors) Chemical Engineering 1961 

, PhD Chemical Engineering (Mnors: Chemistry C6 Mathemallm) 1965 
Unlverslty of CelMornla, Berkeley 

Oregon State University, Corvallit 

lNWBTRY~SoloctOdCounu) 
( u b r i  and &arch Stall 
Arclb Enph.ahg. Urn. Or Mlkh Columbb 
Prl-ofP M.n.gernnnl 
prhclpiu @Evalon for Managers 

f4adWork.r II T m  (Hrdord Md L a  Nunos NaUonai Lpboralory) 
for Supervtaorr with 8 hour Relrsshen 

Re&- pmhsllavl rnglnerr In the States of Washlngton (1)12231), Alaska (YEC 5925). 
OLs@Ofi (tlt,oM), hryland (#21365), Arhona (#2976?), and New Me* (#13lQO) 

ConOah 8pOCkltrt (tear) WMod by the N4CE Int'l (Natbnal Assodallon of Comaion Engineers) 

ROShNd MIh ThS NaUonal Councll of Examiners lor Engineering and Surveying (#13634) 

i' 

Q(3) .nd hpl. of Delense Secret clearances untll mld-1991. 

,-- 

In 1991, Dr. DMmwm indnnwnlal in organizing ChenMet. LM., PC, a lkensed prohcaonal aervkrs 
rngl~mwlng mrpwalbn bf which h r  S ~ W N  8s Chlel Ergineer. He is In Charge ot lhe management 01 
ohunlcd and  orr rod on rnghw.rlng Dr)u including en 

prlmlpbo d 0h.mbtty and matotMs. He Is elso respons'bie for asdstlng In the tranrkr 01 technology between 
@vomnwnW agendr and private Industry. 

mental asresrment .tlarta. nnlrtstkn 01 
opmt lod  utr ty  In hdurlM and nudear facilities. a 2 the development of p m g n m  whkh comblno tha 

- 
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JAMES R. OlylblE (continued) 

gome of hls recent pmjectslnwive deslgn evaluations for the US Army cow of 
88; comslon monhottng and evaluaUon of the 
nd waee sltes: the comslon evaluation of waste 

for use at waste disposal sites; and the 

nglnaering Department at the Trl-Clues Campus of 

- 
Engineers; evaluatlon and testing 
safety of Hanford nuclear W e  
and chemical processing opsrsUons; 

He serves as an Adjurd  Facully Member of tho 
Washlnglon State Unlveralty. -He has 

-- 
Dr. Dlvlne Iolned Banello-Northwest In th studyln conoJon mwh.nIsm 
and ldnetics In hlgh-temperature water. He partWpated 
pmcess parameters, Including Huld hydraulics, heat 
product transport and deparltbn. Dr. 
and plutonlum oxides, cormslon pmce 
coatlngS on thin WINS. During thls ped 
US patent. He elso developed, fmm a 
mining Industry that Included lnternatlonal partlc'pants. 

In 1974, he Jolned Westlnghouu Hanford Company 
development 01 the Add Dlgestlon Process for the 
During this perlod he conceived of a novel method 

waste volume reduction. and asslsted In the 

cathodic protection of fuef storage sRea. 

flow, thermodynamics, and corrosion. 

.. 
rams aimed at establkhkg the effect$ of 

norkn plocesyo$, corrodon 
8 on tho dlwolutlon d unnlum 

s. andM d~~ Of 
repom and was a co-author of a 
n conosbn of grlndlng steel In the 

~. 
. 

.. Process Chemical Englnaor In the 
transuranic wasterdumos. 

decontamination of nuclear reactor 
the Electrochemlcal and Corrosion 

He gulded adMties to promote 

In 1983 - 1885. while serving as technical Leader, hew& promoted Staff Engineer. 'During thlo period, he was 
in charge of several technical prcgrams a s  well as slmultaneously serving In an admlnlstratiie position. Tvplcal 
programs Included 

A corroslon evaluatlon pmgnm on storage tank cqnstrucllon matorials In simulated Hanford 
caustic waste mlxhlma whlch Included developlngand evaluating methods for In-tank corrosion 
rnonitorlng. 

Development of lnen modes and cathodes tor 
metallurgical englnoerlng methods and by 

hum production by chomlcal and 
reaction mech.nlSlrrt studies using addc 

4- 
methods. 

Evaluallon of atmospherio c o r d o n  In Alaska fot the purpose of extending the data bass of the 
contiguous Unitod States Into the Cold Regions. 

.. 

, 

. facility space. 

He served as Manager, Corrosion and Metallurgy Sec n for four yearn beglnnlng In 1985. Durlng thlo period, 
h e  was In charge 01 an owraga of 30 EXempt and Non 3 xempt Staff, an average BnrUlal se&n fundlng of 
about $5,000,000, a c e p ~  equipment inventory with L value of over $6,0OO,OW, and over 35,000 n2 of 

He provided technlcal ovodghl on plogram h the 
pressure pH and ConduorMly SHuor 
. Qeolhennal System 
Transfer; OperaUon of a 

ol: Corroslon TesUng; Hlgh-temporatun and High- 
Cleanhg (Nudm (mb Chomfcd 8y.luno): 

Processes of Slruss Corrosbn 
Developmenl; Wvlndustry lochnology 

Cracklng: and Natural GM Pipeline Garrodon. 

SARR-005.04C 4C-7 1 March 2000 



HNF-SD-SNF-SARR-005 REV 2 

(conUnued) 

AdmlnbtmIIVely he promoUd Ihe expansion of pmgram development into new tochnlcal areas with che 
partidpstbn of all p~deuional members of the sedan slnff. He worked towards the slmpiiflcation of the 
prepamllon of pmpods, and Migated cenlrdied contrd of SecUon Quallty Assurance records to provide 
expedltkra manrgemnt OvOnlQht. Increase staff acceptarm to new reguktbns, and hold down casts. HC 
developed and Impbmted  a anldy plan and Walninp recorns system for the aectlon that was copied for use at 
hlphw adrnlnisbPUva bwb. Hs also had developed end Implemented an equlpmnt lnspectlon procedure for 
hlph lsmp.rahlrdpnrwn trrt equipment. 

WNk Brot)on Manaper, Dr. Orno rndntalned hle own technkxl ectivltles where he consulted with corporate. - 
natbrul, and I d  group., ptlmarll In the area of corroslion and environmental effects on matorlais lncludlng the - 

he wnwhfad of a method fwanalyrinp impurities In motor 011 for whloh an invenlion reporl was filed. 

- 

. 
dothing m t e  K Is exposed to surety ag&nur. He conducted studles as the prlnclpal ... 
areas. A 16-20% level of effort was allccatod to these technical efforts: durlng lhls period, 

u 8rCtion Manager, he sawed as Principal lnvestlpator and Project Managerfor corrosion 
proQrema Included rtvtlles on the ~ I O n  of Hanford waste tanks and 
of ateel In Hanlord soil and the IestinQ and evaluation of polymeric linen 

~ 

for wutr ekum@d -8. He v i n  also Involved In technology transfer and the novel application of chcmlcal 
enpbwrh moccuwa, u for example. when he conceived of, end was project manager, for a 'novel' soaoe 

- 
Sui\ @ow divalopad by 8 . W e  tor NASA. 

Cornmica Shod Couru, with Or. R 8. Johmon. st Id& National Englrmadng Laboratory, July, 1894 
Sarlau MI ToPllcolopy and cmllned Space Enby for HAZWOPER Courra, 1098 h 1897 
5.rrlonon GtoloMarnvly (or PE R.h.lher muna on AUQ. 1998, WSU-TII.cI(Iea - 

- - AmUW c h . m l O a l  Sodety, ACS - - - 

A r n u h n  Auroclation for the Advancement 01 Sdance. AAAS 

Ammbn IWtute of Chemkal Engineers. AlChE 
Amrh.R Water Works Asdat ion,  AWW4 
Amadan SO&Y lor Twtlng & Materials. ASTM 
ASM lntrrullonil 
A..a*wn of Conwltlng Chernisb & Chemksl Englnsem 
Na"I kwcbtlon of Comslon Enginsam, NACE Intenutknal. 
NaUanU Soalew of Prafesdonal Engineers. NSPE 
WeIy of PIadb Englneors. SPE 
SooWy of Amellesn MIlRaty Engineers, SAME 

m0 Soda& of The Sigma Xi, Rewarch Honor Soday 
Tau Bels PI, Englnwrlng Honor Society 
Phl Lambda Uprllon, Chemlstcy Honor Saclety 

. 

chotnkal engineering arctlo hazwoper hazardous radworker registered licensed . wnshk~gton aladu Oregon maiyland arlzona new m e x h  corrosion metal polymers 
, . dsoontamln.tton electrochemistry materials cathodic anodic protection sensors hlgh-level . lnshudton research waste surety doe dod secret q(3) water radiation radioactive 

tmaQNAb 
c ~ m m r r o ~  m, ~nrl~mrcll nad; AIM- -single engine - land 
cw(yld Flghl Iwewbr - Mplano and InalrumeM 
C M  Alr Patrak (u cd.); pael Chbf Check Plbt, Eastern Washngton 
h m b w  N I W  AuoclaUon of FQM ln6tNctom - Mwnb.r. TrCCkba AMrocy Cwnell on Liieracy 

commrro~ m, ~nrl~mrcll nad; AIM- - single engine - land 
cw(yld Flghl Iwewbr - Mplano and InalrumeM 
C M  Alr Patrak (u cd.); oul Chbf Check Plbt, Eastern Washngton 
h m b w  NiCokl rsrdclaUon of FQM ln6tNctom - Mwnb.r. TrCCkba AMrocy Cwnell on Liieracy 

. 

.. 
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(conilnuedl . 

1. 

2. 

3. 

4. 

5. 

8. 

7. 

8. 
9. 

PUBLICATIONB 
OMru. J. R.. and W. H. Nkhn. 1967. An Anaifsls of UKI B s h a v l o r o f A ~ s ~  In Henford Reactor 
S p t m .  Em-CC-1410, Oczober. 
OMne, J. R, and A. 8. Johnson, Jr. 1971. Characlerlsllcs of CNd Dsporlblon and t h  Influence on Fuel 
Rod Conwki~ Pmprletaq Report. July. 
Re& W. 1.. Q. Walker, H. Tannenbarger, and J. R. DMne. 1972. Plannng Repoii on Fusl-CeU 
Subst~Uona for Urban €fieW. Internal Report Submlned to Batlelle Memfi~ l  InstlMe, Febmary. 
FIkPatrfds V. F.. J. R. Mvlne. and R. 8. Rlchman. 1912. Palenton Apparawsfororthe Delectlon and 
Mmbw.mSnf of Cmvh Cormdon. Patent No. 3.399,090. Augusl. 
OMrw. J. R. 1972. A Compnrlron d slelnless Sfeel and Zrrcaloy Coolant Samplers BNWIJN-112, 
Pmprktafy Rbpoti, Aprll. 
DMne, J. R. 1073. Wa8te CenlsterLongevky- Sea BedendPolar Ice Envlro~lsol$. lntemal Report, 
Mareh. - 
DMne, J. R. 1879. Deoonlmlnallon of Plutonla-Conlaminatad mermal Resclw Sysfen!~. Nuclear 
Teohnology 18:171-178, May. . .  
OMne, J. R. 1974. A LUenture Survey on Nntite Rediotysls. Proptietaw Repoft, January. . 

Mvlne. J. R. 1975. 'Eloslan' (Chapter 10) and 'Sodium-Water Reacllonr' (Chapter 12) In: A Stateof- 
the-Arl Revlaw of Degradation Processes In LMFBR Materiels, Volume 11, Comslon Behavior. 
E M - l S O 1 .  A. L. Olllon, Compiler, March. 

10. SlW, M. R., J. R. OMne. and P. L Hacken 1976, Sud7es of Duplex (Copper-Coeled) Wres for Use In 

11. Dlvlne, J. R. 1976. A Mefhod for Separaffng M I  snd NO2 From a Gas streun. InventJon Disclosure to 

12. A M ,  C. R., J. R. Mvlm, and R 0. Cowan. 1 STI. Sefety Andy& Report for the RadbacuVe Add 

13. Penfgo, L D. and J. R Dlvlne. 1978. Inpacf of LWR Demntaminalbn on Ratwaste Sysfems. 

14. Hoenos, 0. R., J. R. Olnlne, L. 0. Pertigo, and L G. Faurt. 1979. me ~ o t ~ d n a t l o n  on 

15.0Mne.J. R.. and L 0. Penfgo. lS80. Demmlmflon Mefhoda PNL-SA-7770, Rev. 1, F'aclRo 

In?mufer/ne Devices Contraception Vol. 13, January 

Westinghouse-Hanford. 

LNgestlon Test Un# ( R A W .  TC-893, January. 

PNL-SA-7981. January. 

R&losCHva Wash Tnlltmsnt Sysl6m PNL-SA.7S. October. ( A h  Publlehed In DecontamlnaUon and 
OemmmlsslJlonlng of Nudear Facltili~, MM Osterhaut. Ed., Plenum Press, 1980.) 

Northwest Labontocy. Rp.nd for Pnsentatbn as Lecture el ASME Rsdioaolhre Waste Management 
Short Course, May 22. 

- 
- 

16. NJlon, J. L, urd J. R LlMne. 1080. Hanford Tmnsuraoic Sforage Cmskm Revlew. PNL-9386. 

17. wtok, 0. J.. J. R Mvlm. and Q. E. Duddor. 1981. Sfeel Wearln Wet Gf/nd&a EN&-1004. Presented el 
(h.wci.W ol Mlnlng ulglneera Fall kel lng, Tucson, AZ. October 17,1970. Febtuafy. 

18. Dlvh. J. R.. I). M, Bnwmmr, A. 8. Johnson. Jr., and R H. Jones. 1981. An Overview otspenf Fuelpool & Shn&.af hdtk WorUnwst Laboratory. I)NL-SA.8807, Presented at CORROSIONI61, Toronto, 

lB .~W.O,C.E .V . .k r ,J .RDMne,J .L .Ne l ron ,  J.H.Payer,andT.J.Bah. 1881. A 

,- 
-cy. 

* 

. . 
cuwd*. AprD510,1m1. 

ConQhx Corrmrlon CcfIdli/ona - ProJect 8-234. Report Io Rockwell Henlord Operatla by Eatle e 
Munodd IndAut.. Apm. 

20. Nllrbn. J. L., and J. R. DMne. 1981. DecorUamlnaflon Processes for RestoraW Opeaflonr andas 8 
pnounor lo ~ b n l n g :  A Llterafura Review. NUREOICR-1916, PNL-3706. April. 

"2" Of 
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Xiangdong Feng 
Home: 3720 Lulngtnn St. Office: Radfic Northwest National Laboratory 

Richlaad WA, 99353 

E-Mall: Feng-Gong@worldnet.attnet 

M S M  p8-37. Rlchlmd, WA 59352 

509-376-1638 (fa). E-Mail: Xfeng@pnl.gov 
509-627-6123 @hone & fa) sw-m-7284 (Ornce) 

L 

Dr. Fag iS n stnff scientistfit the Glass Development Group of Pacilic Northwest National 
~ b o ~ t o I y  -1. Prior to that, he was a staff c h d a  at the Waste Glass GTOU Of .kgOMC 
National Laborato~~ buwtcn 1991 and 1994. Dr. Fcag also served LLS a Research dentist at the 

For the part Rfteen yean. Dr. Feng has been a leading scientist in the development of glass and 
CCnmio prodwfa for nuclear and hazardous waste immobilization, and for industrial a lications. 
Baaed on rhe current understanding of glass smture  and glass chemistry, he%vcloped 
thumodymdc modelr which have been utili2ed in Opcimirlng glass and ceramic composidcms to 

composite materials that have wide applications in chemical separation, catalysis, controlled 
rekases. and drug delivery. 

His other interests and arpcrieDa includc: 

_._ 

.. _.- 
8 

V i a e c l u S t a t c ~ ~ O f m C C a m o l i c U n i v ~ ~ o P A w r i c a ~  1984 to 1991. 

.- .. 

achieve the d e w  chemical durability, propa processing pro maximalloadiagof . 
c d n  chemical constifucn~. He is also currently active m P e m d  veloping cersmic Md organic 

. Glass and d c  formulation, considering interfacial batch reactions, phase diagrams, 

Explcdng the fundamentals of crystallization in a glassy maoix 
pcrformmance of various glassy wbte 

glass. and other indusaies for the 

%ass and other inorganic m a t a i h  at 
's moIccular levcl to develop real time sensors and novel ion exchange materials for 
moving  hazardous metals from wastewater, a new generation of water purification 
membrsues; advanced biotreatmcnt uystems; antifouling filtration systemg 
e l W l 0 g i d  flui& novel catalysts, and mamix for oontrollcd release and delivery 
i n a g r i d n m d d c a l a  liQtions 

i 
fd investigator and pro'ect manager for glass and ceramics 
wastes; i s  leading a rould-institution and muld-mion project to 

of radionuclides in glasscr and des; a 
c-based~eK-As~embledlcd Monolayers on Mesoporous 
separatibn, catalysis. and controlled release; and a 
for application in microtechnologies. His 1998 R&D 

Hc bu mors thm 90 rdcadac publications (including a recent article in Sffence), one book 
chptex, two patents granted, a d  five patents in application. He has saved as a panelist and ~ 

cotnmittec member for many workshops and technology committees on glass waste form 
development, composition optimization, glass property modeling, and testing method 

. . . Elucidating andchemistx chemistry of glass and ceramic stability and iucatrosion mechanisms 

. 

. Kinetics nudia of ~ ~ L n p l e x e s .  

and dirtributi 

. 
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‘development. He has also served 8s organizing wmmittce man& and sessiun chair for numerous 
international technical mectingr and s osiums oq glasses and ceramics. He is a member of the 
Amuican Chanical Society, the Mum3 Research Society. and the Americau Ceramic Sodety. 

EDUCATION AND WORK HISTORY. 

- 

August 1994 to present: principal Investigator b d  Senior Research Scientist, 
Pacific Northwest National Laboratory. Richland , . 

WA - 
Argome National Labantoty, Argome. IL 

May 1988-FebrUary 1991: Group Leader and Research Scientist, Vitnous State 
Lab, 
Catholic University of Amefica, Waskgton. D.C 

Stptcmber 1982 -April 1988: Rcscarh Assistant, Vitreous State Lab, 
Cathotic University of h u i c p .  Washington, D.C. 

PhD, InorgadcPhysical Chemistry. 1988: cathouc Univmity ofllmerica, Washington, D.C. 
MS., InorgrniJphysical Chemistry, 1984 Catbolk Univasi of Amcrlca, Washington, D.C. 

HONOR AND AWARDS 

Outstanding psrformancc Award of Pacific Northwest National Labowtory (1997) 
Nomhted for 1998 Discwcr Award 
Naminucd for 1998 R&D 100 awlvd 

Mssch 1991 -July 1994: Principal Invatigator and Chemist, .. 

- 

.. 

B.S.. Chtmistry, 1980 Hunan Normal 8 nivaSlty. China 

Who’s Who in Science and Engineering (4th editioa, 1998) 
Honorarv Ref- of Bunan Normal Univcrsitv €lunan Nor& University (1994) .- - - - 
Honomy P m f ~ o r  of the China Institute of At&& Energy (1994) 
National Graduate Scholarship from the Minisay of Education of China (1982) 

RECENT PATENTS and PATENT APPLICATIONS 

X. Fen and R E. Emdger,“ A Method for c4nvUring Spent Nuclear Fuels and 
Surplus 5 lutonium into Vitreous Ceramic Fmal Waste Form,” U.S. Patent ff 5656009. 
August 1991 

X. Feng and R E. Emdga, “Ceramics for Immobilizing Spent Nuclear Fuels and 
Surplus Plutonium.” US. Patent 5597516. Fcbroary 1997. 

Separatbn and Stabilization,”U.8. Patent Appllcatiod 
W F h r r y  I ,  1997, #E-1419. 

X. Fen , and Jm Liu, “Molecular Fiters for Ultrahigh Puri Water at Low Cost,” 
P ” t ~ ~ t i o n R e ~ A l e d J a a u a r y  12,1996.PNNLllE-148. 

X. Frog. J o b  0. Dmb, P. R. Hrma. Y. Peng, and Peter A. Smith, “A Low- 
tern rature Wasto Form and a Low-temperature Process for Immobilizing 

X. Fcng and Jun Liu, “A Smart Membrane System for Antifouling in Water 
Pilrntiofieatment and for Micrcdevices,” PNNL Invention Report fdcd May 30, 

FryxeU, “Self-ossembled Merca tans on Mesopomus, 

Ttc E edum,” PNNL Invention Report tiled January 16,1997, PNNL a1552. 

1997, PNNL #E-1601. 
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0. E. Hyxell. X. Feng, and J. Liu, ”Mi~icnoporous Materials with High Permcaace 
and Scltctivity Based on Mesoporous.SAMMS,” .. PNNL Invention Report filed June 9, 

J. M. Perez, X. Fen , sad J. Liu, “SAMMS Materials for Removal of Tritium h m  
Water-camhing Oil 6 asfcs,’’ PNNL Invcncion Report Ned hnc 13,1997, PNNL#E- 
1606. 

J. R. Bontha and X Feng, “Tritium Separation From Water b u & h  Formation of 
Clathrate Hydrate Nucleated OQ the %tiate4 Small Alkane Chains Within the Pons of 

1997, PNNL1yE-1607. * 

S A W S , ”  PNNL Inv~nti~n Repon filed J ~ n e  13, 1997, P ” L  W-1626. 
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Current Posidon: 

Education: 

Languages: 

Experience: 

1991: 

1990. ' ' 

1989: 

1986-1988: 

19W-1986: 

SARR-005.04C 

*.P t ~ 

SGN: Nuclear Fuel Cycle Enginehe  

P 
h charge of physical pwcesrcs ma equipmeat, control, 
mstmmcntation md electrici~, roboticsa welded equipment, civil 
works, materials, inspection. 

Manager of Mechanical, WeldcdEq*meat and Scimtific 
Calculations Dcpart~nt  

Manager of Scien&k Calcdations. 

Deputy Manager of Process D t p m a t ,  Responsible for the 
Zzrconium Project. 

Manags of the Safety Departincat for the JNFS hprocesshg 
Plant Project (Japan) 

NOVATOME F a t  Brccdv Reactors Engineering 

Mutegar of the S a f e  end ReliabJay Depmtmant. 

Manager o f  the Safety hdy's ir  &oup. 

Manager of the Accident Andpis Oroup. 

Detached to CEA Cadsrache. 
Devdopnmt of CPlcrJbtion program, Hclnding thennodynamic, 
neutronic, h y d ~ o w c ,  md mcchauicalmoddes. 
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CunkuiumVitae 

Eduatlon: AB (Chemistry) Columbia Unhersky (1953) 

SCD (Qlanld Engher lnd  Musachuvttrhtitute ofTe&nology (1958) 
BS (Chamla1 Englneertng) ColumbhUniverAty (1954) - - 

Euratom FeUowshlp ( 1 9 6 5 4  
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5.0 SHIELDING &VALUATION 

5.1 SHJELDMG DESIGN DESCRIPTION 

The multi-canister overpack (MCO) is d 
control of radioactive materials. The MCO also 
immediately above the top plug where process 
additional faciity shielding materials. This 

sure confinement and criticality 
es shielding for worker protection only 

cur beyond the protection of any 
the radiation source shielding 

e analysis. A more detailed description 
separate document ("p 2000). The 
aluation contractor, Parsons 
n emissions that do not backscatter 

above the shield plug and are not 
d in the evaluation ofthe MCO evaluated in this analysis. However 

handling macbine shidding provid 

5.2 RADIATION SOURCE DEFINITION 

" fuel considered the range of 
IV, Mark IVB, and Mark IA) and single 

K West Basins at the W o r d  Site. 
decay periods nponsd for each key 

e (Praga 1998a). The S d W  shielding 

s Feed &scriptionfbr Spent Nuclear 
s a  feed with the &&atgamma 

see also Section 3.4 and Table 3.8 of 

. The isotope '"Cs is the dominant 
nominal feed). The shielding deaign 

137Cs content because of its 
radiation. This feed is used to evaluate 

determine whether potential 
-SNF-TI-009 [Praga 1998a1). 
ampaigns and would not be 

is Mark IV hd with a *'Opu 
sm, Mark IV fuel 

(0.95% "'v) imdkted to 16% % content (i.e.,pS% higher than maximum fuel in inventory), 
1, 1998 (Praga 1998 ) was selected as the shieldq design basis. 

to be loaded intob MCO without concern far emeedhg 
shielding requirements to limit peak (as opposed tQ average) dose rates. The photon (e.g., 
gamma rays) source term was expected to be the major shielding concern compared to the 

basis fuel allows any t combination of fuel canisters that may be 
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neutron source term, but the maximum neutron source term was also evaluated because the 
neutron source may not necessarily be bounded by the shielding design basis source shown in 
Table 2-6. 

N Reactor fuel (i.e., Mark IV and Mark IA) from t i e ORIGEN2 calculational data as a function 
of *'%I burnup and discharge time (PNNL 1997). h o t e  that the higher burnup fuels (16% '"pu) 
provide the highest neutron source. However, the* is no Mark IA fuel at the 16% uoh2 burnup 
level. The maximum *%I content in Mark IA fuegis 14.4% (see Appendix A of 
HNF-SD-SNF-TI-009 [Praga 1998a1). Therefore,ionly the 16% '%J Mark IV fuel was 
considered as the highest neutron source fuel for the MCO dose analysis. 

Appendix H of HNF-SD-SNF-TI-009 (Prag 1998a) shows the neutron source for 

It should be noted that the ORIGEN2 calcu&tions inherently assume an oxide fuel and 
provide calculation of the (a,n) contribution to thgneutron source (see Appendix H of 
HNF-SD-SNF-TI-009 [Praga 1998a1). Because N Reactor fuel is a metal fuel and not an oxide 
fuel (Reilly 1998), the (a,n) contribution will be intluded in the source term to c o ~ a t i v e l y  
bound the small amount of &el oxidation expect4 and the presence of any light trace elements or 
impurities. The data in Appendix H of HNF-SD-$JF-TI-009 (Praga 1998a) indicate that the 
(a,n) contribution is 38% of the total neutron sou& contribution for the 16% *"%I Mark IV fuel 
at a discharge time of 10 years and 45% at a dischirge time of 20 years. 

Appendix H of HNF-SD-SNF-TI-009 (Pra$1998a) provides the activity ratios of mCm to 
137Cs for various N Reactor burnup and discharge $mes based on the ORIGENZ calculational 
data. The data in Appendix H of HNF-SD-SNF-'I!I-009 (Praga 1998a) show that the 16% q u  
burnup fuel has the highest neutron-to-photon rat& Again, this result supports ushg the 
16% z 4 ~ u  Mark IV fuel as the neutron source fuel. Similarly, this same fuel was previously 
chosen as the shielding design basis fuel based on s high 13'Cs content and photon source 
(Praga 1998a) and was used in the MCO shield p l ~  ch g photon dose analysis. 

A very small amount of Mark IV &el has 14.7% % bumup, but it is older, with a 
discharge time of approximately 20 years. The s 

overall small change in the neutron source. This @all change is not considered siccant with 
respect to dose rate calculations and is considered within the calculational uncertainties. This 
older fuel also has approximately 15% less 137Cs ibventory on a per metric ton of uranium (MTU) 
basis compared to the 16% '"Opu burnup fuel. T*s, it is not an appropriate fuel source to use for 
the photon source basis. Furthermore, because itgs reasonable to choose the same basis fuel for 
both neutron and photon sources, the 16% 3 u  %lark IV fuel becomes the choice of fuel source. 

The percentage of high bumup fuel with 16.7% ''%I is small compared to the total. Only 
approximately 9 MCOs out of a total of approxi4ately 400 would be needed to accommodate this 
high bumup fuel assuming an MCO fuel loading Of 50% high burnup (i.e., 16.7% %) fuel with 
other burnup fuels. These items suggest that usi* the 16.7% '%I bumup fuel as the shielding 
design basis is not appropriate when considering the small inventory and processing time 
commitment. 

increase in burnup and the longer decay time 
yields a few percent less WCm inventory but a f Y percent more % inventory, thus making an 
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There are two different sets of MCO basket designs: one set of fuel and scrap baskets for 
Mark IV fuel and one set of fLel and scrap baskets €or Mark IA fuel The Mark IA baskets are 
shorter, with a larger center tub, than the Mark IV baskets. Therefore, the Mark IA baskets 
have a smaller capacity and would contain less fuel. The scrap basket loading will be controlled 
by administrative criticality limits (Pajunen 1997) The criticality mass limit established for a 
Mark IV fbel scrap basket is 980 kg, and the criticality mass limit established for a Mark IA fuel 
scrap basket is 575 kg (Kessler and Peck 2000) These limits are related to K Basin pool loading 
activities, and both Mark IV and Mark IA fuel sources were analyzed to ensure the dose 
calculation results were conservative (see discussiun in Section 5 4 3). Modeling of the MCO 
scrap basket assumed loading at the criticality masj limits for conservatism. This fuel mass was 
homogenized over the basket volume to facilitate the dose calculation 

The MCO loading configuration used for the shielding design basis fbel consisted of 
6.34 MTU in Mark IV fuel elements irradiated to f6% '% content The fuel was contained in a 
five-tier MCO @e., 54 Mark IV fuel assemblies per tier, for a total of 270). A very thick shield, 
simulating the cask wall, was used on the sides and bottom of the MCO model to maximke 
backscatter. The side radiation emissions that do not backscatter into the MCO are not a 
significant contributor to the dose rate above the skielding plug The majority of the photon dose 
above the shield plug was shown to be from the top tier of fuel elements (see Section 5.3 1) 

5.2.1 Photon Source 

were calculated based on the Brookhaven National Laboratory 
ding design bas+ source term given in Section 2.2.6.2, 

-TI-009 (Praga 1996). Table 5-1 lists the fraction of the photon 
sourca per MCO distributed in 11 energy bins. Each bin value represents the upper bound of the 
energy bin. The total photon &en@ is 8.29 x I O g 5  photons/s/MCO. 

A SiSaifioMt portion of the photon activity that contributes to the dose beyond the shield is 
fiom the '-a domy associated ' with '37Cs. The qrimary energy associated with this decay of 
0.662 MeV is o v e r a t e d  by the 0.6 MeV to 0 8 MeV b d g  structure. The effect of using 
this higher energy results in overestimating the enqgy flux entering the detector and possibly, to a 
losser extant, Underestimstiag the fraction of the energy deposited in the detector. The effects of 
this bimiq stnflcture were estimated in the analysis and showed a variation of the dose by a 
factor of appmxhately 1.5 to 3.0. This factor is based on using the Monte Carlo N-particle 
(MC") code to analyze a d i d  iron cap with a density 8.03 g/cm3 and then evaluating the dose 
for 0.662 MeV photons ad the original energy biq for the same source term. Although this 
conservnh could be removed by dividing the rehlts by slightly less than this factor, it has not 
been changed M part of the conservatism of the analysis This conservatism should offset the 
preseace of void space in the cask metal and unfilled portions of the drilled areas in the shield plug 
introduced as part of the manufacturing process 
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Table 5-1. Fraction of Photons in Various Enerw G~OUOS 

100 

200 

I Upper energy bound (keV) I Fraction I 
0.089 

0.206 

300 0.0032 

I 400 I 0.00037 I 
500 

600 

800 

0.19 

0.0047 

0.496 

I 1,000 I 0.003 1 I 

2,000 

I 

1.500 I 0.0059 1 
0.00076 

2,500 0.0000083 

For dose rates above the MCO plug, the upper 10 cm of the top tier were treated as a 
separate source and analyzed in detail @e., all fuel elements). Only representative hel elements 
were selected for analysis below the top 10 cm of the first tier. The bottom four tiers of he1 
elements were treated as single fuel elements and have negligible impact on the results because of 
self-shielding effects. This is based on a comparison of dose rates associated with the top 10-cm 
of the fuel layer and the remainder of that fuel layer 

Figure 5-1 provides a depiction of the source regions and is discussed in Section 5.3.1. 
A comparison of dose rates at the bottom of the MCO plug indicates that the top 10 cm of source 
contribute about 96% of the total photon dose. Indeed, an independent shield plug dose analysis 
calculation of the photon dose rates at the bottom of the MCO plug determined that the top 
10 cm of source contribute 98% of the total photon dose above the MCO shield plug for 
maximum or average sources (Hillesland 1997). 

5.2.2 Neutron Source 

The neutron source term was calculated using ORIGEN2 (Wittekind 1994b) and the 
shielding source term given in the Shielding Design Bases provided in HNF-SD-SNF-TI-009 
(Praga 1998a) (see the discussion in Section 5.2). The neutron source term is given in 
Section 2.2.6.2, Table 2-6. Neutron source geometry was determined using all baskets. The 
source addresses both spontaneous fission and (qn)  reactions as summarized in Table 5-2. 
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The (a,n) contribution was calculated assuming an oxide fuel. Because N Reactor &el is not an 
oxide fuel (Praga 1998a), the (a,n) contribution conservatively applies to that portion of the &el 
that has interstitial water, oxygen (e.g., oxides of uranium), and various other materials from 
structural failure, corrosion, and impurities of manufacture. Thus, the addition of the spontaneous 
fission results and the (a,n) contribution would clearly bound the results. The spontaneous fission 
results are projected to be a reasonable estimate for typical fuel in good condition. With 6.34 
MTU per MCO, this results in a total neutron source strength of 7.3 x IO6 neutrondslMC0 @e., 
spontaneous fission and [a,n] contributions). 

Table 5-2. Maximum Neutron Source Term for the 
Multi-Canister Ovemack. 

I Source strength Source component source I 
I (a,n) I 2.9 E N 6  I 

I 4.3 E+06 I 
~ r- Snontaneousfission 

I Total I 7.3 E N 6  I 
MCO = multi-canister overpack 

Appendix H of HNF-SD-SNF-TI-009 (Praga 1998a) provides an evaluation of the neutron 
source term for use in the shielding design basis. Based on the selection of 16% % Mark IV 
fuel for the neutron source term, Appendix H of HNF-SD-SNF-TI-009 (Praga 1998a) shows the 
contribution of individual isotopes to the neutron source term by percentage. The (a,n) reaction 
is dominated by the following isotopes: 

a For the 10-year discharge case 

238Pu (20%) 

*“Am (37%) 

’?u (25%) 
’%I ( 17%) 

a For ... e 20-year discnarge case 

- 238Pu(15%) 

- 24’?u (14%) 
- 2”(21%) 

- 2 4 1 b  (49%) 

SARR-005.05 5-5 March 2000 



HNF-SD-SNF-SARA-005 REV 2 

The spontaneous fission reaction is dominated by the following isotopes: 

For the 10-year discharge case 

- '*"PU(54%) 
- '"Cm(39%) 

For the 20-year discharge case 

- '?u(62%) 
- '"Cm(31%) 

As discussed in Section 5.2, reasonable limiting case assumptions were used to select a 
reasonable neutron source term. Based on the data, the 16% **%I burnup Mark IV fuel was used 
for most shielding calculations. The Mark IA fuel also was considered to ensure conservatism in 
evaluating the impact of the scrap basket. These fuels were used to select the applicable energy 
spectra for calculation. Variations in dose for different fuel types and bumup levels can be 
estimated by linearly adjusting the dose results based on weighting with '3'Cs activity. The 
associated doses will change linearly with total source activity assuming the energy distribution 
and geometry are unchanged. Thus, a bounding value for other projected k e l  loads can be 
projected based on the results of this analysis. 

The Monte Carlo watt spectrum function for 24*Cm (Breismkster 1997) was used as a 
representative energy spectrum function to represent the different isotopes. This is considered 
reasonable because of the small differences among the energy shapes for the spontaneous fission 
spectra of the different isotopes as shown in Figure 5-14. Comparing the spontaneous fission 
energy shapes for 2 4 ~ u  and '"Cm shows that the average neutron energy is higher using the 
'**Cm spectrum (i.e., 2.15 MeV for '"Cm and 1.98 MeV for '%I [Breismeister 1997]), thus 
making the choice of using the '"Cm spontaneous fission energy shape conservative (i.e., the 
effect of downscatter would conceivably place more neutrons in the energy, levels important to 
dose rates above the shield plug). This function is shown below. 

@) = C exp(-E/.906) sinh([3.848EIo.') 

where E is the neutron energy in MeV and C is a constant to normalize the integral over f(E) to 
unity. The fission spectrum for '"Cm, which has an average neutron energy of 2.15 MeV 
(Breismeister 1997), is given in Table 5-3. The energy distribution of the (a$) neutrons is given 
in Table 5-4 as predicted by ORIGEN2 for the fuel mixture; the average neutron energy of this 
distribution is 2.01 MeV (Jobs and Liskien 1983). Induced fission neutrons are generated by the 
MCNP calculation (Breismeister 1997). 
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Upper energy (MeV) 

Table 5-3. Energy Distribution of Neutrqns from Spontaneous Fission Events 
Based on the Curium-244 Spectrum (2 sheets) 

Cumulative kobability Probability of bin 

0.00 I 0.00 

I 0.10 I 0.01 184 I 0.00194 I 
0.00 

0.20 

0.30 
- 

I 0.40 I 0.08316 I 0.02726 I 

0.03 167 0.01972 

0.05590 0.02424 

0.50 

0.60 

0.11250 0.02934 

0.143Q6 0.03076 

___ 

I 0.90 r 0.23%0 T ~~ 0.03238 1 
- ~ _ _ _  

0.70 

0.80 

0.17403 0.03167 

0.2071 1 0.03218 

_____ ~ 

I ~~~ 1.40 0.39690 T- 0.06140 - 1  7 

1.00 

1.20 

0.27182 0.03232 

0.33&0 0.06368 

I 2.00 I 0.56d87 I 0.05090 I 
~~ ~ 

1.60 0.4593 0.05832 

1.80 0.50$7 0.05475 
- 

2.20 

2.40 

0.60182 0.04695 

0.65083 0.04301 

2.60 

2.80 

0.69d01 0.03917 

0.72550 0.03549 
_ _ _ ~  ~~ ~ ~ ~- 

3.00 0.75752 

3.20 0 78628 

SARR-005.05 

0 03202 

0.02876 

5-1 

3.40 

March 2000 

0.8 1202 0.02574 

3.60 I 0.83499 0.02297 
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Upper energy (MeV) 

4.20 

Table 5-3 Energy Distribution of Neutrons from Spontaneous Fission Events 
Based on the Curium-244 Spectrum. (2 sheets) 

Cumulative probability Probability of bin 

0.88956 0.0 1603 

4.40 

4.60 

4.80 

0.90381 0.01415 

0.91&16 0.01245 

0.927j11 0.01095 

5.00 

5.50 

1 
~~ ~ 

600  1 0.9650 1 I 0.01354 
~ T -  ~ 

0.93*1 0.00960 

0.955h 0.01907 

6.50 

7.00 

7.50 

0.97484 0.00953 

0.98450 0.00665 

0.99411 0.00461 

I 10.00 I 0.99163 I 0.00 169 1 

8.00 

9.00 

0.99i29 .0.00318 

0.9495 0.00366 

I 13.00 I 0.9489 I 0.00015 1 

11.00 0.99440 0.00076 

SARR-005.05 

14.00 

5-8 

0.99995 0.00007 

March 2000 
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Upper energy (MeV) 

Table 5-4. Energy Distribution of Neutrons from (a,n) Events as Predicted by 
ORIGEN2 for the Fuel Mixture. (2 sheets) 

Cumulative probability Probability of bin 

0.00 

0.10 

0.00 0.00 

0.01059 0.01059 

I 0.20 I 0.02243 I 0.01184 1 
0.30 

0.40 

0.03396 0.01153 

0.04766 0.01371 

I 0.50 I 0.06636 I 0.01869 1 
0.60 

0.70 

0.08738 0.02 103 

0.1 1044 0.02305 

0.80 

0.90 

1 .oo I 0.17975 

0.13567 0.02523 

0.15981 0.024 14 

0.0 1994 

1.10 

1.20 

0.20062 0.02087 

0.22321 0.02259 

I 1.30 I 0.24860 I 0.02539 1 
1.40 

1.50 

0.27601 0.0274 1 

0.30405 0.02804 

1.60 

1.70 

1.80 

0.33349 0.02944 

0.36542 0.03193 

0.40093 0.03551 

2.10 

1.90 

2.00 

1 

0.43785 0.03692 

0.47664 0.03879 

0.5 IS58 

2.20 

1 0.03894 1 
0.55623 0.04065 

2.30 I 0.59751 

1 2.40 1 0.63707 1 0.03956 1 
0.04128 

2.50 
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Upper energy (MeV) 

2 60 

Cumulative probability Probability of bin 

071137 0 03645 

2.70 

2.80 

I 2.90 I 0.80935 I 0.03115 1 

0.7461 1 0.03474 

0.778 19 0.03209 

3 .OO 

3.10 

I 3.20 I 0.88879 I 0.02430 I 

0.83863 0.02928 

0.86449 0.02586 

3.30 

3.40 

I 3.50 I 0.94097 I 0.0 1433 I 

0.90966 0.02087 

0.92664 0.01698 

3.60 

3.70 

0.95327 0.01231 

0.96324 0.00997 

3.80 

3.90 

0.97181 0.00857 

0.97928 0.00748 

I 4.30 I 0.99720 I 0.00280 I 

~ I 4.00 I 0 98536 0.00607 I 
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0.99081 0.00545 
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5.3 SHIELDING MODEL SPECIFICATION 

5.3.1 Configuration of the Shielding and Source 

Although this discussion is limited to the immediate vicinity on top of the shielding plug, a 
reflector, equivalent to a cask, is included in the model to prevent a potential underestimation of 
dose rates caused by backscattering of photons into the fuel matrix by the cask walls. There also 
is a potential for overestimation from air scatter back into the detectors from radiation passing 
beyond most or all of the shield plug. 

The neutron dose is estimated based on the result of doses calculated for localized detectors 
using MCNP (see Section 5.4.2.2) 

The modeling for the dose calculations and shielding is based on the MCO characteristics 
described in detail in Section 1.2 of this report and summarized as follows 

The reflector and MCO are made of stainless steel. 

The MCO shield plug is made of stainless steel. 

The inside diameter of the MCO is 23 in., and the inside height is 148 in. to the 
bottom of the MCO plug. 

The MCO plug is 10.5 in. thick. 

The MCO sidewall is 0.5 in. thick, and the reflector sidewall is 8 in., for a total 
thickness of 8.50 in. 

The bottom ofthe MCO is 2.0 in. thick, and the bottom of the reflector is 8 in. thick, 
for a total bottom shield thickness of 10.0 in. 

Figure 1-1 shows the MCO with the shield plug in place and the cover over the MCO plug 
The cover is not in place for loading and drying activities The drawng shows the five-basket 
con!iguration. Figure 5-2 provides details of the MCO shield plug monolith The bolt 
penetrations were assumed to contain bolts, so they were not included in the MCO model of the 
monolith and not included in the MCNP model of the MCO shield plug Where sloped or curved 
surfaces o m d ,  the MCNP model of the shield plug assumed worst matenal (i e , the material 
that pmvidee the least shielding impact and thus allows the greatest contnbution to photon dose) 
and modeled these surfaces as straight lines The cask-MCO interface detail was used as the 
basis for the MCNP model of the monolith with gaps between mating surfaces assumed to be 
0.0625 in. 

Figure 1-8 shows the penetrations in the MCO shield plug that were used in the shielding 
model The structures beneath the shield plug, shown in Figure 1-1, sheet 2, also were included in 
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the MCNP model, but the filter materials in these ctures were not included in the model It 
was assumed in the MCO modeling that the valved’openings will be filled with a process valve 
mechanism that reduces the penetrations in the up& portion of the MCO shield plug to 
I-in.-diameter holes The data used in modeling tht MCO shield plug as described above are 
summarized in Figure 5-3 

The baskets were modeled as 3-in.-thick d 
diameter. The fuel elements were assumed to be 
encased in steel, consistent with Mark IV fuel as 
assumed to be located as shown in Figure 5-5 de 
assumed to be a cylindrical shell of steel cont 
are 54 Mark IV fuel elements in the relative 
in this matrix is the void central cylindrical 
geometry and are discussed in Section 5 4.1. 

with holes the size of a fuel assembly 
entric cylindrical shells of uranium 
Figure 5-4 The fuel elements were 
on fuel type The central cylinder was 

id throughout its entire length. There 
in Figure 5-5 (Note that position 28 
shows samples of the MCNP model 

As shown in Figure 5-1, the spent nuclear fuel inside the MCO was modeled in three 
sections: the first 10 cm of top tier fuel, 
four lower tiers of fuel. This was based 
the upper 10 cm was the major contributor to 
of he1 providing a majority of the remaining d 
10 cm of top tier fuel contributed 96% of the 
fuel contributed approximately 4% of the photon 
contributed less than 1% and were not consi 

The cetcutations treated each of the 54 

dose with the balance of the first layer 
d above the MCO shield plug The first 

d the balance of the top tier layer of 
the remaining four tiers of fuel 

? 
a separate source with each of the 
then consolidated to estimate the 

the second layer, calculations were based 
emphasis on those fuel elements 
a dose value based on the most 

calculated, and then these doses 
process was apptied to the 

two cylindrical shells considered separately. 
dose above fhe M O  shield plug for the top laye 
on a sample (ie., 10 elements) ofthe 54 element 
below pen do^. Each of the fuel elements w 
similar location (or average of similar locatio 
Were - with the doses for the 
remainhg layers of fuel elements with a 
contribute signilicantly to the dose (i.e., 

les, however these layers did not 

The scrap basket portion of the 
deck and adding the structure of the basket. T 
the basket to fit within the MCO and 
bottom plate thickness was based on Figure 1-6 
The basket sidea wnsisted of copper 
taken fiom Fv 1-6. The source 
mixture, which med the entire annular volume oft  

&-W void spaces within this materi 
fbrthisbasket)was assumed to be 

applicable fuel types. Mark IV fuel and Mark I 
yielded very different densities - 9.40 g/cm3 for 

ng an existing MCNP input 
done by constraining the outer diameter of 
r to the existing hole size The basket 
made of steel with a density of 8 03 g/cm3 

m3 and with dimensions 
zed steel and uranium 

e fuel content for the basket (i.e , the 
et, with a reduced density to reflect the 

material for the 

ark IV fuel and 5 52 g/cm3 for the 
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Mark IA fuel. Only a photon source was considered for the scrap basket, and the neutron source 
was determined based on the photon-to-neutron ratio found in the MCO analysis. 

5.3.2 Material Properties 

Shielding consists of the reflector, retaining Tllar, MCO, and MCO shield plug, all made of 
304L stainless steel. During fabrication, the parts $11 be forged, ultrasonically inspected, and 
dyapenetrant examined after machining. Any porqsity will be apparent. The appropriate 
materials @e., air, steel, uranium) were included inthe appropriate locations and surrounding 
areas to eneure that the scattered radiation was notlunderestimated. Table 5-5 summarizes the 
material properties. The shielding attenuation proerties are obtained fiom the data library for the 
MCNP computer code (Breismeister 1997). Whedthe shielding analyses were initiated, a specific 
steel density was provided, but the type of steel w 4  not specified. Thus iron was used to 
represent steel in all calculations in these analyses. 'Based on specific calculation rum for photons 
and neutrons, representing steel with iron resulted m a minor change in the results, specifically, 
<3% for photons and approximately 7% for neutrons. 

5.4 SHIELDING ANALYSES 

5.4.1 Computer Programs 

The Monte Carlo computer code, MCNP (Breismeister 1997), was used to perform the 
dose rate calculations. MCNP has powerful geomery routines and uses an ENDF/B database for 
cross sections. The MCNP quality assurance verification and validation documentation for this 

maintained by the design agent who conducte the verification and validation of the MCNP 
Version 4A and 4B solbare for the dose calculati ns (McConn and Woolfolk 1996) The 
program and associated domentation of the desi ! n agent's verification and validation have been 

task 

audited satisfactorily. 

. F i e  5-6 illustrates a sample of the MCNP eometry used in these analyses for the MCNP 
modeling. In the modeling, MCNP distinguishes ong areas containing uranium, air, steel, 
I n t d i o n a l  Commission on Radiation Units and $ easurement (ICRU) tissue, and the balance of 
the universe that is not considered in the analysis. pee Figures 5-2, 5-3, and 5-5 for more detailed 
data on the design and dimensions assumed for the,MCO Note that this analysis only evaluates 
the effsdiveness of the MCO shield plug, the cask') steel walls are not intended to be 
representative of the designed cask wall but are inttnded to function as a backscatter shield for 
the calculations. Based on the doses calculated for the top 10 cm of fuel and the balance of the 
top layer of he1 for the areal dose calculation, the Contribution for most of the lower layers of fuel 
(i.e , below 10 cm) in the cask is not significant in calculating the photon dose because of the 
shielding of the source material above the lower layers. 
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Air 

Uranium 

Tissue 

Table 5-5. Materials and Densities Used for Shielding. 

0.001293 

17.86 

Providesscattering media for neutrons; photon models 
neglecte4 attenuation and scattering in air out to 6 m 

Fuel e l4ents  modeled as %*U with 0.947% =’U also, 
assembly end caps conservatively replaced by uranium 
(source) 

1 .o Detectors 

I Material Remarks 

Steel Used in &e reflector, collar, MCO, and MCO plug* 

‘These items will be fabricated of 304L stainless steel; Based on the nominal density for 304 stainless steel 
obtained from the Handbook of Stainless Steels (D. Peckner shd I. M. Bemstein, 1977, McGraw-Hill, Incorpokted, 
New York, New York), a value of 8.03 B/cm’ (0.29 Ib/in’) was chosen for this shielding analysis. 

MCO = multi-canister overpack. 

The neutron cross sections are provided witk the MCNP software. Table 5-6 summarizes 
the neutron cross sections used in the analysis cogistent with the applicable material temperature. 
The most current applicable verified neutron ions (Le., released by Los Alamos National 
Laboratory through the Radiation Safety Info putational Center) available were used. 
For consistency with the other material an es cross section was chosen for iron 
although natural iron was not available in t ecause natural iron is composed mostly of 
56Fe (approximately 92% of natural iron), 

The photon cross sections used in the cal tions are stored in the xsdir file in the MCNP 
Code, Version 4B (Breismeister 1997), installed indicated in the instructions provided by the 
Radiation Shielding Information Computation Ce 3 er (Breismeister 1997). The photon spectrum 
used was for the natural isotope of the material fr m the ZAID=ZZZOOO.O1P library (i.e., MCNP 
library mcplibl). Cross section data for elements 4, 85, 87, 88, 89, 91, and 93 as indicated in the 
MCNP manual are from LA-3753, Phoion Cross ectionsfrom 0.001 io 100 MeVfor Elemenis I 
Through 100 (Storm and Israel 1967), but none these elements were used. The cross section 
data used in this problem, as indicated in the MC 
(Hubbell et al. 1973) for energies from 1 keV to ~ 0 MeV. Fluorescence data as indicated in the 
MCNP manual are from LA-524O-MS, MCNP Cdde Fluorescence-Routine Revision (Fivertt and 
Cashwell 1973). 

ss section was used for natural iron. 

manual, are based on data from EM)F 
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Table 5-6. Neutron Cross Sections Used in the Multi-Canister Overpack Shield Plug Analysis 

100 1 . 6 0 ~  Hydrogen endf60 1 294 1989, - 
LWTR.OlT" Hydrogen Thermal S ( c c , ~ )  300 NA 

6000.60~ Carbon endf601 294 1989 

Temperature I Date I Cross section 
library Element I ZAID I 

Nitrogen 

Oxygen 
Sodium 

Magnesium 

Phosphorous 

Sulfur 

Argon 

Potassium 

Calcium. 

endf60 1 294 1992 

endf60 1 294 1990 

endf60 1 294 1977 

endf601 294 1978 

endf60 1 294 1977 

endf60 1 294 1977 

misc5xsl 294 1982 

endf60 1 294 1974 

endf60 1 294 1980 

1 7014.60~ 

80 16 .60~  

12000.60~ 

20000.60~ 

Iron I endf601 I 294 I 1989 

1 92235.60~ I Uranium-235 I endf601 I 294 I 1989 I 
I 92238.60~ I Uranium-238 1 endf5Ol I 294 I 1993 I 

'This cross seclion is a special physics treatment for low energy neutrons ('4 eV) to account for molecular 

bBreismeister, J. F., Editor, 1997, MCNP- A GeneraiMonfe Carlo N-ParficIe Transporf Code, Version 4B, 
interactions. 

LA-12625-M, Los Alamos National Laborahy, Los Alamos. New Mexico. 

The MCNP program (Breismeister 1997) uses the natural probabilities that various events 
occur (e.g., collision, fission, capture). The particles are followed from event to event with the 
next event determined by randomly sampling from the number of pos~ble  events according to the 
natural event probabilities. Independent probability distributions specified by the user or based on 
built-in functions are used for the source variables of energy, time, and position and direction, and 
for other parameters such as starting cells or surfaces. For this analysis, only the energy 
distributions were user specified (see Tables 5-1, 5-3, and 5-4). 

Radiative particle emission probabilities and spectra or energy group distributions are 
required by MCNP and other particle transport programs for radiation field modeling. The energy 
groups have been chosen based on radionuclides with significant particle emissions ( e g ,  gammas, 
betas) to ensure that the probability information is as evenly distributed as possible. This method 
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seeks to minimize over- or underestimation of the specific contribution from any of the energy 
groups. 

Once radionuclide radiation probability data gre segregated by energy, the probabilities 
within each group are summed to yield the overall ( p u p  probability for a particular radionuclide. 
After the energy groups are summed for all radionqclides, the group probability data are 
summarized. The input data for MCNP are activit -weighted probabilities, representing the 
product of the radionuclide group probability and e radionuclide activity. Once the activity- 
weighted probabilities have been determined, each oup is summed to yield the total group 
probability. These group probabilities are then no h 'zed by finding the total probability for all 
groups and dividing each groups' probability by thej total. 

5.4.2 Flux-to-Dose-Rate Conversion 

Photon doses were directly calculated using the energy depositiodphoton data from MCNP 
(Breismeister 1997). Neutron doses were calculatjd for select problems identified later and then 
the neutron-to-photon dose ratio was used to estimate the other neutron doses. 

MCNF' (Breismeister 1997) was used to calqulate the average energy deposition per photon 
in a I-cm-thick disk or ring of the tissue-equivalenj material defined by the ICRU (ICRU 1993), 
in the next 14-cm-thick disk or ring, and then in aqadditional 15-cm-thick disk or ring (see 
Figure 5-3 for the model configuration of the disk4 and rings). With the known photon flux (Le., 
emission rate), the energy deposition KERMA (i.ei first collision dose) per unit time was 
calculated. This was converted to dose using the cfefinition of a rad, which is 100 ergdg of 
energy deposition in tissue. The detector thicknesf was chosen to provide a worst case and a 
range that covered the ICRU 15-cm radius sphere @.e., the basis for deep dose) (ICRU 1993). 
The average energy per gram deposited was calc4ted in the first centimeter of tissue, a 1 5-cm 
thick layer of tissue, and a 30-cm thick layer of tis e. This provided an accurate, direct method 
of assessing dose and is consistent with the Intern it ional Commission on Radiological Protection 
approach for assessing dose used by the U.S. Enviionmental Protection Agency, U.S. Department 
of Energy (DOE), and U.S. Nuclear Regulatory COmmission (NRC). 

The photon flux was calculated separately fqr each source term (i.e,, the first 10 cm, the 
balance of the first fitel layer, and the remaining fobr layers of fitel; see Figure 5-1) based on the 
photon yield of the uranium and fission products kesent within.the matrix. The flux for each 
tier's source term was then multiplied by the enerh deposited per photon, the doses consolidated, 
and the units corrected. 

The MCNP tally used to assess dose actually calculates KERMA (Le., first collision dose). 
This assumes kinetic energy transferred to charged particles is locally deposited. Figure 5-7 
illustrates the relationship between KERMA and exposure (Olsher and Seagraves 1999). Dose 
also was calculated based on flux using the conveljsion factors from Title 10, Caie of Federal 
Regulations, Section 835,  "Occupational Radiatiofl Protection" (10 CFR 835), for neutrons and 
from ANSVANS-6 1 - 1991, Neutron and Gamma-Ray Fluenee-to-Dose Factors 
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( A N S V A N S  1991), for photons. The calculation based on flux results in an increase in dose by a 
factor of 2.9 f 0.4 for photons and 2.0 f 0.3 for neutrons. The MCNP manual 
(Breismeister 1997) indicates that the ANSYANS (1991) dose factors for calculating photon dose 
from flux result in an increase in dose by a factor of 2.3 compared with International Commission 
on Radiological Protection results, which appears consistent with the calculated values. 

5.4.3 Dose Rates 

The results of the dose rate calculations are summarized in Table 5-7. These results were 
calculated using the matrix as discussed above. ' Data are given for disMring detectors 1 cm, 
14 cm, and 15 cm thick (see Figure 5-3); areal averages are given in the rows labeled areal 
average. The areal average is the area-weighted average for each of the concentric rings plus the 
center disk (i.e., the areal average represents the dose rate averaged over the entire surface of the 
shield plug). The bottom row in Table 5-7 includes the neutron dose. The neutron dose rate was 
based on direct calculation of neutron dose for seven locations above the MCO cask (see 
Table 5-8). The increase in dose rate out to about 15 cm, particularly for the thinner detectors, is 
due to scatter from the four penetrations through the plug. One would find a similar quad-modal 
variation in dose rate circumferentially due to scatter from the penetrations. The dose measured 
by an ionization chamber at about 2.5 cm to 5.1 cm above the MCO top would approximate the 
dose specified for the 1-cm-thick disk and could be considered a reasonable estimate of the 
instrument contact dose rate. The doses for the 14-cm- and 15-cm-thick disks would provide the 
probable range of actual dose to an individual consistent with the ICRU model for deep dose. 
The doses in Table 5-7 are for peak loading (Le,, assuming 111 fuel loading of the MCO). The 
doses for the average firel load would be about 50% of these values. This reduction value is 
based on a ratio of the activation product activity for the shielding design basis fuel inventory 
(Table 3.8 of HNF-SD-SNF-TI-009 [Praga 1998a1) and the average basin fuel inventory 
(Table 3.5 of HNF-SD-SNF-TI-009 [Praga 1998a1) on a per MTU basis. 

The areal average doses summarized in Table 5-7 provide a reasonable estimate of the 
doses to an individual near the surface of the MCO shield plug. The 1-cm detector would 
provide an upper bound of the dose rate, but a more reasonable range of dose rate to the worker 
would be the dose rates for the 14-cm- and 15-cm-thick detectors. Thus the dose rate for a 
worker will be less than 8 mremh and should be in the range from 3 to 5 me&. .The various 
radii of detector rings provide information on how the dose rate varies as a function of the radius 
from the center of the shield plug, The neutron doses were based on the data from Table 5-8. 

The doses calculated for design of the MCO shield plug are not intended to address the 
doses of concern for operational activities, although these doses could be used for estimating the 
integrated doses for workers whose activities occur above the MCO shield plug when the cask lid 
is removed. Because the local areas on the MCO shield plug immediately above and around the 
four plug penetrations will have elevated dose rates, evaluations will be conducted in accordance 
with each facility's ALARA (as low as reasonably achievable) program and appropriate protective 
measures will be taken. The current design also considers other system goals such as maximizing 
the payload and minimizing the number of trips to minimize the impact on the public. 
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Table 5-7. Peak Dose Rates Above the Multi-Canister Overpack Shield Plug. 

above the shield plug 

Note: For average fuel loading, dose rates are aboui 50% of peak values. 
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43' 

41 

42 

Table 5-8. Localized Dose Rates for Dptectors of Various Thicknesses of the 
International Commission on Radiation and Measurements-Equivalent Tissue. (2 sheets) 

Beyond N- disk, 1.YEffll 1.2E+01 1.9E-01 9.98-03 1.5E-01 1.7E-02 
filtered process port, and 
Sensor poa over internal 
penetration 

Overlongtube l.YEffl2 5.6EWI 2.8E-01 1.7E-02 2.2E-01 1.1E-02 

off-omterofthelong 9.4Effll 5 .8EkI  2.6E-01 1.6E-02 2.0E-01 1.OE-02 
tube 

I Photon dose rate 
Detector. I 

51 

52 

53 

40 Center 7.8E-Hx) 3.2E 2.3E-01 9.3E-03 1.9E-01 9.83-03 

41' Over~pturedisk, 2.23402 5.5E+61 2.7E-01 1.3E-02 2.2E-01 2.0E-02 
filtered process port, and 
sensor port 

ovsrlongtube 7.3Effll 2.3Er01 5.lE-02 3.0E-03 4.4E-02 2.4843 

Offenterofthelong 4.OEW1 1.8EWI 5.8E-02 3.8E-03 4.4E-02 2.3E-03 
tubc 

BCyondl~ngtubeOv~ 2.3Effl1 1.7EWl 4.0E-02 2.6E-03 3.33352 1.9E-03 
intemalpetratim 

Off-centaofthempture I 1.4Effl2 I 5.3EM1 I 2.5E-01 I 1.2E-02 I 2.1E-01 I 2.0E-02 I 
disk, filtered process 
port, and sensor port 
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Detector' Photon dose rate Spontaneous neutron dose Alpha-n neutron dose rate 
(-) rate (-1 (d) 

Geometly 

I 60 (Center I 1.9EWI I 8.1E+#I I 1.4E-02 I 1.0E-03 I 1.2E-02 1 1.3E-03 1 

61 

1.5Ei-01 5.1Eih 1.2E-02 1.2E-03 1.1E-02 2.3E-03 
f i l t e r e d p r m s p r t , a n d ~  sensor port I 1 I 1 1 1 

filtered prooess port, & 
sensor port over internal 
penetrabon 

Overlongtube l.lEtO1 5.1E$O 1 2E-02 1.5E-03 9.33-03 9.5E-04 

Off-centeroftherupturc I 1.2EW1 I 4 .6Em 1 17E-02 I 15E-03 I 1.3E-02 I 24E-03 1 
disk, filtered pmcess 
port, and sensor pa? 

62 

63 

1 I I I I I 

63' IBeyond rupture disk, I 1.8EW1 I 1.3E+bl I l.lE-02 I 1.2E-03 I 9.2E-03 I 2.1E-03 

Off-centexofthelong 1.6EW1 17E+t)l 15E-02 16E-03 1 4E-02 14E-03 
tube 

Beyondlonglubeovsr I.ZE+Ol I.ZE+OI 10E-02 14E-03 9 4E-03 11E-03 
Internalpenetration 
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In addition to the areal average doses, doses over specific localized areas of interest also 
were calculated for neutrons and photons (see Table 5-8 and Figures 5-8 through 5-13). These 
calculations were also the basis of the neutron-to-photon dose ratio used to assess total areal 
dose. The localized areas of interest are the center of the cask, directly above the tops of the four 
major penetrations, above the edge of the cask, and half way between the detectors at the 
penetrations and edge of the cask. The detector sets are 5-cm radius cylinders that are 1 cm and 
15 cm-thick, except for one of the edge detectors, which is a 15-cm radius ICRU sphere. The 
detector doses are calculated in the same way as those for the ring detector. The ICRU tissue 
detector allows an evaluation of an individual deep dose because the detector is not sufficiently 
large to ensure that electronic equilibrium would have occurred, but dose is averaged over a large 
area. Note that the neutron dose rates will provide a reasonable upper bound of the general 
neutron dose rate above the shield plug. As shown, the neutron dose rate will not be a significant 
source of worker exposure compared to the photon dose rate. 

The MCO handling operations also will involve personnel working in the area when the 
cask is filled with water. When the cask and MCO are filled with water the photon dose is 
reduced by a factor of 2. For the neutron dose, calculations showed that the increased absorption 
of the thermalized neutrons by the detector compensates approximately for the loss of neutron 
flux due to the presence of water. 

The MCO also was analyzed with a basket of fuel scrap in the top layer of the MCO. In 
this case, both the Mark IV and Mark IA fuel sources were analyzed to ensure the results were 
conservative. The basket was assumed to contain a homogenized fuel-steel-air mixture; the mass 
of fuel was assumed to be equivalent to the basket criticality limits for the two fuel types. -The 
doses are summarized in Table 5-9. The increased distance to the MCO shield plug from the 
Mark IA fuel basket was not included in the analyses. Reduction in distance should have no 
significant effect because the photon beam is well collimated. 

The calculated dose rates summarized in Table 5-9 for the scrap basket provide an 
extremely conservative upper bound. The calculated dose rate values are based on the presence 
of the maximum source inventory in the basket with the minimum shielding density (i.e., the 
source material is assumed to be uniformly spread throughout the entire basket). The actual dose 
rates measured during operations are expected to be below the dose rates associated with a layer 
of fuel as described in Table 5-7 because scraps would have a significantly higher shielding density 
than the layers of fuel elements and normally will be well below the fuel mass criticality limit used 
in the source assumption. 

Note that a comparison of the photon dose rates calculated for the Mark IV scrap basket 
(Table 5-9) versus fuel basket (Table 5-7) shows that self-shielding of photons by the fuel has a 
substantial impact. Indeed, homogenizing the basket of scrap in the MCNP model results in an 
extremely conservative dose value because material density is minimized, and hence self-shielding, 
for the mass of material. The scrap basket also was assumed to be completely filled with fuel and 
loaded at the critidty mass limit. The calculated areal average dose rates are a factor of 2 higher 
for the scrap basket versus the fuel basket for the 1 -cm-thick detector and factors of 
approximately.1.6 and 0.8 for the 15-cm and 30-cm detectors, respectively. 
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Dimions   of^ 
detector 

Table 5-9. Multi-Canister Ovemack Scrap Basket Dose Calculation 
14-om thick detector located 

bctween 1 and 15 cm 
above the shield plug 

15-cm thick detector located 
between IS and 30 cm 
above the shield plug 

l-cm thick detector located 
just above the shield plug 

0 

1 

5 

I I Photon dose rate (d) I Phdon dose rate (mrem/h) I Photon dose rate (nuemh) I 

1 2.OEiQI 1.3Effll 4.8&0 1.3E+00 1.08E+00 2.5E-01 

5 4.5E+00 8.lE-01 4 . 9 m 0  9.7E-01 2.5E+00 6.6E-01 

10 1.4E+01 3.OEW 9.2Lyo0 1.7Effl0 2.6EMO 6.0E-01 

10 

15 

20 

15 2.2EX)I 3 OEM0 1.4Lyo1 2.2EW 4.4E+00 9.1E-01 

20 1.OEffll 1.9E+00 6.9EWO 9.8E-01 3.2E+OO 6.8E-01 

25 3.8E+OO 7.7E-01 3.9WO 7.8E-01 2 .4EW 5.9E-01 

25 30 6.OEtOO 

I 5 10 1.6EWl 3.4EWO 1.3EWO 1.2E+00 4.2E-01 

10 I 15. I 2.4E+01 I 3.OEtOO I 7.1EhIO I 1.7Ei-00 I 2.OEWO I 7.5E-01 

1 5EM0 7 . 2 m o  3.2Ei-00 2.6E+OO 1.4E+OO 

'The neutron dose fates were OonserVatiVely assumed to \x: 10% of the photon dose rates based on Table 5-8 
calculational results. 
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A recent change in the MCO guard plate design subsequent to the dose rate modeling 
resulted in an increase in the number, size, and position of the holes in this plate. This change was 
evaluated to determine its impact on the calculated dose rates Based on this evaluation, the 
revised plate design resulted in an increase of apprclximately 2% in the photon dose rates. No 
sigmficant change in the neutron dose rates are expected because the neutron dose rates are not 
significant compared with the photon dose rates and are not significantly impacted by this design 
change. 

5.4.4 Uncertainties 

The presence of a steel plug over the central cylindrical tube @e., a steel plug within the 
MCO that is merent  from the MCO shield plug) was not included in the original model for the 
photon calculations as part of the ongoing shielding analysis. However, the reduction in doses 
from this plug was estimated using MCNP (Breismcister 1997). This dose will range from 100Y0 
to 45% of the original values depending on the location. In the central area, where most of the 
areal dose is generated, the dose will range from a b u t  100% to 65%. Overall, the plug 
introduces less than a 10% measure of conservatism for the doses. 

The MCNP software automatically provides @n assessment of the statistical relative errors 
or convergences (i.e., one sigma) of the tally values of flux or energy deposition 
(Breismeister 1997). By the Central Limit Theorem, as the number of particles approaches 
infinity, there is a 68% chance that the true result 411 be in the range of the calculated 
value x ( I s ) ,  where R is the estimated relative e m r  or convergence. This confidence statement 
refers to the precision of the MCNP calculation its4f and not to the accuracy of the result 
compared to the true physical value. A statement rbgarding the accuracy requires a detailed 
analysis of the uncertainties in the physical data, modeling, sampling techniques and 
approximations used in the calwiation 

The MCNP program also allows using biasing techniques to send a predominant amount of 
the generated radiative particles into particular regions to help produce statistically significant 
results in those regions. These biasing techniques do not influence the results because the 
program appropriately weights these particles However, use of these biasing techniques must be 
done with care after proper consideration of all of the significant tally (e.g., flux or energy 
deposition) contriboltion murces. Also, false convergences may be observed for particles that 
encounter significant scattering (e.g , neutrons) if insufficient scattering of the neutrons has 
occurred in the problem run relative to their entering the region of concern 

The MCO shield plug MCNP analyses used biasing to emphasize both the photons moving 
up towards the shield plug and the photons with higher energies that were more likely to 
penetrata t8s sttield plug. The biasing of the photoe source energy distribution was done using 
importaeGewdgbtiae as ratmmarized in Table 5-10. This biasing technique, known as geometry 
splitthgwith R u s h  roukte, was used in the MCNP runs to shorten run times. This technique 
of variance reduction relies on the use of importanms to get MCNP to either split or eliminate 
particles As a particle enters a cell with an importance of X, the ratio of entering versus exiting 
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0.6 

>0.6 

importance is calculated: X r y  (Y being the exiting cell importance). If the ratio is greater than 
one, the entering particle is split into the ratio number of particles (for nonintegers, this is done 
probabilistically). By doing this, the particle population increases as the particles move toward 
the area of interest (Le., detector locations). Conversely, if the ratio is less than one, the 
population is decreased based on the ratio value. Roper use of this technique can increase the 
convergence of a detector set while decreasing the overall run-time 

1 

5 

Table 5-10. Photon Energy Biasing. 

Energy (MeV) Importance 

0.4 and 0.5 0.5 

Areas where the flux would diverge from the direction of the MCO shield plug were 
assigned importances that were a factor of 2 to four less than areas associated with the general 
movement of the flux towards the MCO shield plug Areas outside of the MCO, aside from the 
detectqr area directly above the shield plug, were assigned an importance of zero Note that 
while the MCNP program uses the importances to select the biasing for energy or direction of a 
particle, it will renormalize the results upon completion of the analysis 

The net variation in itnportance between the bottom of the cask and the top detector 
located above the MCO shield plug exceeded a facaDr of 100 Generally the difference in 
importance between two adjacent cells was limited to two to four In some cases this value 
reached six for lower portioae of the cask, which w u l d  not contribute significantly to the dose 
above the MCO shield plug. To assess the impact of this enhanced variance reduction in these 
localized area in the lower MCO, a run was made with the importances set to one It was found 
that the results eveatually convarged to the same value This variation approach was not 
expected to affect the results because the only doses of interest result from the flux passing up 
through the cask and through the shield plug 

In addition to the importance biasing, other actions were taken to bias the results toward a 
conservative answer. First, the MCO cask wall thokness was not known at the time of the 
analysis, so the cask wall was assumed to be a 20-cm-thick steel wall to maximize reflection of 
photons back into the upward flux towards the MCO cask In addition, the top layer of source 
was broken into a IO-cm top section and the balance of the first layer of fuel elements because 
most of thc dose will come from the top 10-cm of uranium as a result of the self-shielding of the 
fuel element The results for each layer (i e , the top 10 cm of the upper layer of fuel, the balance 
of the upper layer of fuel, and the balance of the fuel) were analyzed separately and the results 
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then multiplied by the activity present in each area to produce the final dose. Note that the lowest 
fuel tier layers are not significant contributors (Le., <I%) to the total photon dose. In all cases the 
entire fuel matrix was present and provided shielding. 

To reduce the uncertainty in the calculations, each of the various areal source locations (see 
Figures 5-3 and 5-1) was analyzed for the inner and outer ring of source material, and then these 
values were consolidated. In addition, the upper 10 cm of the first layer (see Figure 5-1) were 
analyzed in the greatest detail because this layer would be a major contributor to the dose above 
the cask based on the shielding characteristics of uranium and the behavior of photons. 

When using a Monte Carlo program it is necessary to use enough particles (i.e., case 
studies) to adequately represent the behavior of the system (i.e., obtain convergence of the 
predicted results with the true results). This must always be a compromise between the time 
required to run the calculation and the amount of convergence obtained. For example, over 
10,000,000 particles @e., case studies) were run for each source term analyzed. Because each 
fuel element or section of a fuel element (Le., the upper 10 cm of the first fuel element) has an 
inner and outer portion (see Figures 5-5 and 5-6), this means that each of these portions was run 
for over 10,000,000 particles. Because of the limitation of time, the goal was to achieve a 
convergence of less than 0.2 for detectors that are significant dose contributors. The convergence 
values represent the estimated relative errors corresponding to one standard deviation. Other 
detectors would have lower convergences for a specific source. The higher values of 
convergences have a larger uncertainty so the doses were recalculated using values with 
convergence results of less than 0.3, and typically less than 0.2, for one of the analyses. The 
results of this recalculation were comparable, so it is reasonable to assume that the estimate is 
reasonable and conservative. Because the base source geometry is simple, it is reasonable to 
assume that the area where there would be significant dose contributions would.be the area where 
the convergence is good, as the photon flux in this area is the highest. Note that the top layer of 
source (Le., the upper 10 cm of the first fuel elements) requires 108 separate runs and each run 
requires about 7 hours to complete, so the 10,000,000 particles analysis results reflect a 
reasonable balance of accuracy and computation time. 

The dose results shown in Table 5-7 for the MCO without the cap (Le., the steel plug over 
the central cylindrical tube) indicate a higher degree of accuracy than the results with the cap in 
place. In this scenario, convergence values are all lower than 0.2 except for the locations that do 
not coatribUte significantly to dose. In areas where there are significant contributors to the dose 
rate, the MCNP r d s  must meet the convergence criterion (Le., <0.2). In areas where the dose 
contribution is not 6iguiti-t (e.g., the small areas in the center of the MCO, which have no 
source beneath them), greater uncertainty is allowed. This greater uncertainty is allowed because 
obtaining better convergence in these areas would require significant additional run times andor 
special analyses to meet the convergence criterion with minimal benefit to the assessment of the 
dose rates associated with the MCO shield plug. Sufficient cases (i.e., at least 
1O,OOO,OOO particles) were run to ensure that the major dose rate contributors were not missed 
and to provide a d l e  measure of these dose rates. The dose rates for the regions of less 
dose rate significance were compared with adjacent regions to ensure that the results were 
consistent even though the uncertainty (Le., convergence) may have been higher than that 
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required for the significant contribution regions. The intent was to balance cost, run time, and 
dose rate accuracy so that the dose rate information of interest was accurately assessed with a 
reasonable expenditure of resources. 

The uncertainty data provided in this report qre based on the computational uncertainties 
(i.e., convergence values) associated with the Man* Carlo analysis. When values are calculated 
based on these uncertainties, the uncertainty for the- new value is calculated based on a 
combination of the following propagation of error equations from Data Reduction andError 
Analysis for the Physical Sciences (Bevington 1969). 

Additiordsubtraction: (A f a) = (C f c) + (D f d) + (E f e) 

where 

a = (c’ +d’ + e’ 1 ln 

Multiplicatiorddivision (A f a) == (C f c) * (D f d) * (E f e) 

where 

a = [(c/c)’ + (d/D)’ + (e/E)’]’’’ 

Multiplicatioddivision: (A f a) = (C f c) * k 

where 

a = c * k .  

The statistical uncertainties based on the convergence data are provided for the two-sigma 
confidence interval for the data. Uncertainties are propagated consistent with standard statistical 
methodology (Bevington 1969). 
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Figure 5-1. Model of Multi-Canister Overpack and Fuel Used for Calculations. 

FIRST 10CM OF TOP TIER mq FUEL ELEMENTS (SEE FIG. 5-5). 

LOWER PORTION OF TOP 
TIER FUEL ELEMENTS. 

F q  COMBINED LOWER 4 
TIERS OF FUEL ELEMENTS. 

STAINLESS STEEL. 

STAINLESS STEEL REFLECTOR. 

Notc: All stainless steel material regions were modeled as homogeneous regions. 
Difkrd PDBS hatohing was wed merely to visually differentiate the various regions and 
not to indicate different material compositions. Fuel regions were modeled as shown in 
Figures 5-4 and 5-5. 
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Figure 5-2. Details of the Multi-Canister Overpack Shield Plug Monolith 

NOTE: All dimensional values are in inches. 
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Note: 

Figure 5-3, Modeling Data for Multi-Canister Overpack Shield Plug. 

I I I ___( I 1  I 

All cross-hatched regions represent separate stainless steel regions. 
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Figure 5-4. Fuel.Geometly, Mark IV Fuel Element Assembly. 
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Figure 5-5. Fuel Array Geometry, Mark IV Fuel Elements. 
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Figure 5-6. Details of General Monte,Carlo N-Particle Transport Code 
Model for the Multi-Canister Overpack. 
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Figure 5-7. Relationship Between KERMA and Exposure. 
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Figure 5-8. Areal Average Photon Dose Rate Data for 
One-Centimeter-Thick Detector. 

Areal Average Photon Dose Rate Data 
1 cm Thick Detector .---., ArealAverage 

1 1 

-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 

Position (cm) Relative To Center of MCO Top 
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Figure 5-9. Areal Average Photon Dose Rate Data for 
Fourteen-Centimeter-Thick Detector. 

Areal Average 
Areal Average Photon Dose Rate Data 

14 cm Thick Detector 

-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 

Position (em) Relative To Center of MCO Top 
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Figure 5-10, Areal Average Photon Dose Rate Data for 
Fifteen-Centimeter-Thick Detector. 

Areal Average Photon Dose Rate Data 
Areal Average 15 cm Thick Detector --..., 

-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 

Position (em) Relative To Center of MCO Top 
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Figure 5-1 1. Localized Photon and Neutron Dose Rates to a One-Centimeter-Thick 
Detector Located Just Above the Surface of the Shield Plug. 

p - p h o t o n d o r s m t o i t l ~ .  
n = neutron dose rate in mremh. 
Small circles show the detector numbers. 
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Figure 5-12. Localized Photon and Neutron Dose Rates to a Fifteen-Centimeter-Thick 
Detector Located Between One and Sixteen Centimeters Above the Shield Plug. 

p = photonQse rate innuem& 
n =neutron dose rate in mrem/h. 
Small circles show the detector numbers. 
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Figure 5-13. Localized Photon and Neutron Dose Rates to a Fifteen-Centimeter-Thick 
Detector Located Between Sixteen and Thirty-One Centimeters Above the Shield Plug. 

p = photondose rate i n d .  
n = n e u h  dose rete i n d .  
Small chlw show the detector numbers 
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Figure 5-14. Spontaneous Fission Spectra in MCNP 

Spontaneous Fission Spectro in MCNP 
I I I > 

Cm-242, Crn-244 - 
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6.0 CRITICALITY EVALUATION 

This chapter identifies, describes, discusses, p d  analyzes the criticality safety physics used 
for design of the multi-canister overpack (MCO) 
important to criticality safety. An MCO may be lo % ed in one of three normal configurations: 

d its components and systems that are 

0 All he1 baskets 
One scrap basket and four or five fuel baskets 
Two scrap baskets and three or four fitel baskets 

The design of the MCO has evolved since the initi criticality analyses were performed. Some of 
the initial analyses have been reexamined and new alyses have been performed. The discussion 
in this chapter rdects  the various stages of the M b 0 design's evolution. The criticality safety 
evaluations described in HNF-SD-SNF-CSER-O051(Kessler 2000) are the most current available, 
and both this chapter and HNF-SD-SNF-CSER-005 use the MCO loading with the highest b a s  
the basis for acceptability. 

6.1 SUMMARY 

6.1.1 Discussion and Results 

The MCO is required to meet criticality critefla that are consistent with commercial reactor 
fuel handling (Gamin 199%). Therefore, the 
constant) of the MCOs during transport to an 
(CVDF) and Canister Storage Building (CS 
conditions and credible o f f - n o d  conditions. 
enrichments of less than 5 ='u CBMot go 
chapter shows tha k, of the contenta of the 
below this limit by a subatantid margin. Dry ca 
than 0.4. Cask-MCOs flooded with water 
fuel and scrap have a b l e s s  than 0.95. 
cannot be made critical under any conditions 

easure of effective neutron multiplication 
ling in the Cold Vacuum Drying Facility 

ess than 0 95 under both normal 
out internal moderation, uranium with 
LANL 1996). Analysis described in this 
package under normal conditions to be 

0 packages typically have a b l e s s  
h the normal loading of spent nuclear 
MCO container, holding dly fuel, 

The major criticality concern for a loaded MCO is internal flooding MCOs containing 
eithsr Mnrk IV or Mark IA fuel are below a k, of 4 90 for flooded intact fuel loadings. MCOs 
containing scrap in the top and bottom tiers with intact fuel in the other tiers have a k, that is on 
the order of 0.92. If an MCO is misloaded so that 
increases but is stiU below 0.95. Under normal co $ itions, a Mark IV basket loaded with scrap is 
more limiting because of the absence of any safety-klass center post that excludes scrap from the 
center of the fitst basket; the Mark IA scrap b a s k e t b  such a post and the amount of scrap 
loaded in the Mark IA scrap basket is limited 

o scrap baskets are adjacent, the k, 
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The masses used in the criticality analysis represent the optimum fuel-to-moderator ratios of 
fuel scrap involved in potential handling accidents in the K Basins. These cases are discussed in 
the fuel retrieval and MCO loading safety analysis documents, and are incorporated into the 
K Basin safety analysis report (SAR). Partially loaded fuel baskets are discussed in 
Sections 6.4.5.7 and 6.4.5.8. Also, the amount of scrap allowed to be loaded into a Mark IA 
scrap basket is limited to 575 kg while the Mark IV scrap basket is limited to 980 kg (Kessler and 
Peck 2000). Therefore, a fully loaded Mark IV MCO contains more fissile material than a fully 
loaded Mark IA MCO producing a larger Fuel types are to be segregated by enrichment. 
Because Mark IV material is less reactive than Mark IA material, Mark IV assemblies or 0.95 
wt% u5U scrap may be loaded into baskets designed for Mark IA fuel. Mark IA and Mark IV 
fuel will normally be handled separately. Procedures will be written to control the retrieval of 
Mark IA fuel and Mark IA scrap so that bringing a canister from an incorrect location in the 
K Basins will require at least two unrelated errors and also will require unidentified material to be 
handled as Mark IA material. The 12 Mark IA fuel assemblies that will not fit in the Mark IA fuel 
baskets will be loaded into a Mark IV fuel basket. 

This limit is fuel with an enrichment greater than 0.95 wt% shall only be loaded in Mark IA 
MCO baskets. Fuel scrap with,an enrichment greater than 0.95 wt% shall only be loaded in 
Mark IA MCO scrap baskets. The only exception IS noted below: 

Exception: No more than 12 long-length (26 in.) Mark IA fuel assemblies in the 
KW Basin can be loaded in one Mark IV fuel basket. 

This exception assumes the Mark IA fuel is added to the Mark IV fuel in the MCO basket. 

The inside diametsr of the MCO provides geometry control and in combmtion with 
additional constraints and limits, such as the center post and basket baseplate in the Mark IA 
baskets, control of fie1 type or enrichment in MCO loading, and limiting the number and 
placement of scrap baskets, ensures 
conditions. For accidents, two independent, concurrent or sequential, and unlikely events must 
occur before &wiU exceed 0.95. This is the double contingency principle of criticality safety. 

is less than 0 95 for normal and credible off-normal 

Several barriers are used to ensure the double contingency principle is maintained. These 
are listed below for each facility: 

0 K Basins and Cold Vacuum Drying Facility 

1 .  Mass control in the loading of the fuel and scrap baskets and in the loading of 
the MCOs 

‘Geometry control in the design of the Mark IA fuel and scrap baskets and in 
the design of the MCOs 

2. 
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a Canister Storage Building 

1. Geometry control in the design of the MCOs and the design of the storage 
vaults 

2 Moderation control in the design of the CSB to prevent water from flooding 
either the vault or the storage tubes 

Administrative controls on basket loading (Kessler and Peck 2000) are used to control the mass in 
the baskkets. Administrative controls on MCO loadpng (Kessler and Peck 2000, Pajunen 2000) are 
used to control both mass and basket location in the MCO Operating procedures prevent the 
shipment of flooded MCOs to the CSB 

The MCOs and the center post and baseplate of the Mark IA fuel and scrap baskets are 
safety-class items designed to maintain the geometq of the fuel None of the components of the 
Mark IV baskets are required to provide a safety fitnction because the enrichment is only 
0.95 wt% ='U and the safety-class MCO maintains the fuel and scrap geometry for criticality 
safety. Geometry control of the CSB storage vault is ensured by the design of the storage tubes 
and support structure. The design of the CSB also ensures moderator cannot be introduced into 
the storage vault by minimizing any sources of water in the building 

Off-normal conditions, including design basis drops, misloaded MCOs, and flooding of the 
CSB have been evaluated and are discussed in detail in HNF-SD-SNF-CSER-005 (Kessler 2000) 

A bounding scenario was hypothesized to defermine the maximum bB values computed for 
Mark IA and Mark IV fie1 in an MCO. This scenario involves a drop accident that results in the 
following. 

The shippiug UeL breaches 
ThehvlcObrcaches 

An ignition ~ource is present 
Hydrogen ignites and the Hanford Fire Department responds 

AU &el r u b b k  to optimally sized and optimally spaced pieces 
Moderator is added to the interior of the MCO during fire fighting 

Hydrogen is rdca8ed 

The? geometry is distorted 

FurtherrnorG, the MCO wus nssumed to contain a mass distribution of unirradiated fuel that 
maxhiza the calculated b. Even under these hypothetical conditions, the system was still not 
critical. The maximum &computed was approximately 0.97 for a Mark IA MCO and 
approximately 0.93 for a Mark IV MCO. 

For ofm.MC0 or ~JI array of MCOs to qcceed 0.95 independent of controls requires 
not only the failure of design features and the failure of administrative controls but also a 
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sequence of hypothetical conditions that must occur concurrently. These conditions are 
incredible, as discussed below. 

Fuel rubblization into optimally sized particles is judged to be incredible because 
when discharged from the N Reactor, the individual fuel elements survived vertical 
drops of more than 40 ft with only mi~or  damage, and the elements also will have 
been processed by the primary clean machine in the K Basins without rubblizing. 

Optimization of the fuel requires that it form pieces that are approximately twice the 
thickness of the original fuel elements, which is judged to be incredible. 

Rubblized fuel and scrap achieving and maintaining optimum spacing is judged to be 
incredible because there is nothing to support the fuel particles in an optimum matrix 

In conclusion, the b for all credible scenarios is considerably less than 0.95 (Kessler 2000) 

The subcriticality criterion, used to judge the acceptability of a calculated b for a fissile 
configuration, must account for the bias inherent in the code and cross sections used, any 
uncertainties in the physical problem being analyzed, and the uncertainties in both the bias 
determination (the experimental basis) and the calculational methods. This may be stated as 
follows: 

where 

is the eff& multiplication constant corrected for bias and uncertainties 
is the calculated result 

uc is the ddational uncertainty 
u, is the Uncertrrinty in temperature change 
a, is the uncertainty in dimensional tolerances 
u, is the uncertainty in enrichment tolerances 

In general, sigmas an the standard deviation, but here they represent a conservative estimate of 
the value of the standard deviation. 

safety criterion for the SI@ Project requires the probability of a b not 
, the bias uncertainty must be multiplied by 2 (Schmittroth and 

er uncertainties multiplied by 1 645 Hence the calculated hs, after 
applying the bias ad uncertainties, is required to be less than the limit of 0 95 as shown in the 
following equation 
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where (Kessler 2000) 

A kb, = -0.0004 (Schmittroth and Ruben 1996) 
a, 
a, varies with each calculation 
ud =O.O00546 
Q, = 0.001840 
uT = 0.000810. 

The equation above then simplifies to 

= 0.005 (Schmittroth and Ruben 1996) 

b= + 0.0004 + [(O.Ol)’+ (1.645z)(o~ + 0.0020832)]”2 < 0.95 

6.1.2 Analyses Assumptions 

The analyses performed to evaluate the acceptability of the normal and accident conditions 
for the MCO in the CVDF and CSB were based on the assumptions listed below. 

Assumption 1 

Assumption 2 

Assumption 3 

Assumption 4 

The normal loading for an MCO includes two scrap baskets, one in the 
top and the other in the bottom. The fuel baskets are filled with intact 
inner and outer he1 assemblies (48 Mark IA fuel assemblies per basket 
or 54 Mark IV fuel assemblies per basket). 

Campaign plans will separate retrieval of Mark IA and Mark IV &el; 
therefore the mixing of Mwk IA and Mark IV baskets in an MCO was 
not considered in the analyses. The only exception is the 12 long-length 
Mark IA assemblies in K West Basin, which will be loaded into Mark IV 
baskets. 

The credible misloading event during the fuel retrieval process is to load 
the m888 equivalent to one full canister (14 Mark IA fuel assemblies or 
233 kg rubblized Mark 1A fuel) into a Mark IV fuel or scrap basket. 
The rubblized Mark IA fuel was modeled as 155 kg Mark IA scrap and 
78 kg of Mark IV scrap. 

Fuel scrap was modeled as optimally spaced, optimally moderated, rods 
at the highest enrichment for the fuel type in the analysis. The loading 
limits for the baskets are 575 kg Mark IA scrap and 980 kg Mark IV 
scrap (Kcssler and Peck 2000). 
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Assumption 5 

Assumption 6 

Assumption 7 

Assumption 8 

Assumption 9 

Assumption 10 

Assumption 11 

Because of the variety of different irradiation times for the fuel stored in 
the K Basins, no credit for burnup was taken in the analysis. All he1 and 
scrap was modeled as being unirradiated. 

Single pass reactor (SPR) fuel and N Reactor fuel will not be mixed in 
an MCO. 

The enrichment of the 47 unidentified SPR fuel elements was modeled as 
2.1 wt% u5U, the highest enrichment used for experimental purposes. 
None of this fuel is expected to be enriched to greater than 1.25 wt% 
u5u. 
The credible MCO midoding event is one extra scrap basket, for a total 
of three scrap baskets in an MCO 

M e r  loading, MCOs are shipped from the K Basins to the CVDF with 
the cask-MCO annulus flooded. 

The only facilities where an MCO could be dropped are the K Basins 
and the CSB 

Following a drop, the fuel will rubblize to optimally sized pieces at an 
optimum packing fraction. 

6.2 SPENT FUEL LOADING 

6.2.1 N Reactor Fud Description 

The fuel dimensions pertinent to the criticality analysis and to criticality prevention are 
given in Table 6-1. This table lists the enrichments for the fresh, or green (unirradiated), tkel 
before it was loaded in the N Reactor Approximately 0.072% of the fuel stored in the K Basins 
is fresh. 

Analyses on the effects of burnup and fission product decay show that the fresh N Reactor 
&el is more reactive (higher infinite criticality factqr k& than the spent fuel in spite of the 
presence of plutonium products in the spent fuel (Kessler 2000). Reduced uranium enrichment 
and the presence of fission products compensate for any increase in because of the plutonium 
content in the spent fbel Analysis of the effect on k,, of decay of fission products over a long 
period of time (e.g., 100 years or more) is described in “F-SD-SNF-CSER-005 (Kessler 2000) 
and provides justification for use of the fresh fuel oharacteristics in the analyses presented in this 
chapter. As mcb, ail the criticality analyses discusEd in this chapter are conservatively performed 
for the fresh N Reactor fuel 
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Type-length codel' E S j A  C I 

Table 6-1. Description of N Reactor Fresh Fuel Elements 

E b M T F  

I Ma& IV Mark IA 
~~ 

Re-irradiation enrichment of "'U I 0.9479"ched 1.25-0.947% enriched 

Lcnsth (a) 66.3 62.5.58.9 44.2 66.3 53.1 49.8 37.8 

1. outerofouter 6.15 I 6 10 

Mass of d u m  in outer (kg) 

1. (0.947%"'U) I 16.0 15.0; 14.1 10 5 I 

2. Inner of outer 4.32 4.50 

4. lnner ofinner 142 1.11 

btb cede diiibnbtes the merent lengths of the Mark IV or Mark IA fuel elements (1 e , a type "E" element 

'The, arc twehn 66 3un-lang Mark IA assembhes III the K West Basm 

m = mdric loris of uranium. 

is 66.3 gn [26.1 in.] long). 

2. (1.25%"'U) 

Mass of uranium in inner (kg) 
0.947% "'U 

weighted average of uranium in c a t  
(ka 

sARR-oo5.06 

13.8 11.1 10.4 7.85 

6.84 5.49 5.12 3.90 7.48 7.03 '6.62 4.94 

21.7 16.3 

6-7 

Ratio of Zirosloy-2 to uranium 
0 
Weighted a m g e  @gMlW) 

%ofMJohnsnrr 

March 2000 

70.0 70 8 71.6 77 1 83 8 85.5 86.3 90 4 

7a 3 85.7 

6a 37 

DbpLsosmentvolumc (mfly a 67 
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As shown in Table 6-1, there are two types qf fuel assemblies, Mark IA and Mark IV, with 
different lengths and uranium enrichments. Each el assembly consists of two coaxial, cylindrical 
uranium metal elements separated by spacers and 2 ad with Zirdoy (i e , Zircaloy-clad 
tube-in-tube metallic uranium geometry). The Mark IA fuel assembly has two different uranium 
enrichments: the inner element with an enrichment of 0 947% (0 95%) ='U and the outer element 
with an enrichment of 1.25% z15U. There are 12 h&rk IA fuel assemblies and 2 Mark IA inner 
assemblies in the basin that are 26 1 in. long The keighted average enrichment of a Mark IA 
assembly is 1.15% 25U. The Mark IV assembly only one enrichment, 0 95% ='U Some 
Mark Is, IC, and IVB fuel is stored in the basins. 7 0th the Mark IB and IVB fuel contain natural 
uranium, and the Mark IC fuel is enriched to 0 95 &% "'U These assemblies were considered 
to be Mark IV ffiel for the criticality analyses M IVC fuel was also stored at the K Basins but 
accountabiity records show that none of this he1 '11 is stored in the K Basins The Mark IA fuel 

optimum lattice arrangement. 

amount of Mark IA fuel and scrap is stored in the 4 East Basin Mark IV fuel assemblies and 
scrap are in both K West and K East Basins Becape of deterioration of the fuei assemblies, a 
significant fraction of the fuel is scrap Removing i tact fuel assemblies from existing canisters, 
cleaning them, and repacking them will generate ad L 'tional scrap 

has a higher 166 and, correspondingly, has more PO t ntial for cnticality than the Mark IV ke l  in an 

Most of the Mark IA fuel assemblies and scr p are stored in the K West Basin, a small 

Operations procedures at the K Basins fuel segregated by enrichment and load it 
ng of Mark IA fuel or scrap in baskets 
annot be identified will be handled as 

rted in this chapter 

in the proper baskets. This will prevent 
designed for Mark IV fuel or scrap. S 
Mark IA material. Contingency analy 
baskets have been performed (Kessler 

Mark IA fuel and scrap in Mark IV 

Bo&K Weet and K Eaet Basins contain SPhfuel, which is not shown in Table 6-1 The 
SPR ffid was !%bricated with afuminum cladding. qnrichments varied from highly depleted to a 
maximum of2.1 wt% enriched u5U (Praga 1998a) 1 No SPR fuel with enrichments greater than 
1.25 wt% is believed to be stored in the K Basins powever, there are 47 pieces of unidentified 
SPR fitel in the K West Basin that were assumed tdbe 2 1 wt% ='U enriched for the criticality 
calculstiOn -bed in Seetion 6.4.2.1 and spr 1 oiTable 6-5. SPR fuel constitutes 3 88 metric 
tone of uranium o, which is about 0 3% of thi total fuel inventory, approximately the 
equivalent of one MCO load. 

SFR %el d be loaded into Mark IA fuel an4 scrap baskets, which will be placed in a 
single MCO. The ffiel baskets will be modified to &ntain an insert to p e m t  the SPR fuel to be 
stacked 2 to 3 elements high to ensure efficient patting densities and permit all the fuel to fit into 
a single MCO. Because the design of the insert hasnot been finalized, the criticality analyses for 
the SPR fuel were performed by modeling the kel  as aluminum clad cylinders at optimum spacing 
and moderation. 
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6.2.2 Multi-Canister Overpack Fuel Basket Dedcription 

The design parameters for the fuel baskets a@ shown sch6matically in Figures 6-1 and 6-2 
for fuel assemblies and for scrap, respectively. Bo@ the Mark IA fuel baskets and scrap baskets 
contain a center post for criticality control The p a t  has a 6.625-in outer diameter and a 1.75-in. 
inner diameter Mark IV baskets have a small ceneal pipe to house the long process tube used for 
draining at the C W F .  The scrap baskets contain sections an inner section for small "fines" 
of scrap around the central pipe, and an outer regian for the larger pieces For the Mark IA scrap 
basket, the inner region surrounds the central pipe 

To improve the heat removal capability of scrap baskets, the sides of the baskets are 
made of copper In addition, the outer section of h basket is divided into six subsections by 
copper plates. These plates serve to break up the ptimal geometry used in the criticality analyses 
reported in this section Their effect on k, is dis ssed in Section 6.3 Sketches bf the MCO and 
the MCO storage tube are shown in Figure 6-3 ese figures show the acceptable arrangements 
and the dimensions important to the computer mo 1 but do not show the detailed design of the 
baskets and MCOs. 

IA fuel, and scrap, would not meet the 

st in the center that has an outer diameter 
s fuel fiom accumulating in the 

~ 

Initial criticality analyses indicat 
subcriticality criterion ifthe geometry and mod 
&el and scrap baskets were Speciauy design 
of 6.6 in. as shown in Figurer 6-1 and 6-2. 
center of the baaket and reduces MCO k, to 
post in the Mark IA baskats ie limited to 2 in. 
There is an increase in 
The baseplate of all fuel and baskets are 1.25 in 

were optimized Therefore, the Mark IA 

le levels. Radial movement of the center 
s at the K Basins (Goldmann 2000b) 
k, remains below 0 95 (Kessler 2000) due to this disp 

The Mark IV fuel baskets are de a total of 54 of the longest fuel 
assemblies of Mark IV design (Goldmann 2000b). 'Since there are only a few Mark IA assemblies 
longer tban 20.9 in., the Mark IA basket was desi4ed to contain 48 assemblies of a maximum 
length of 20.9 in. The 12 long Mark IA 1 be loaded into a Mark IV he1 basket and 
MCO. Eactt MCO is designed to hold five b ntaining Mark IV fuel assemblies and scrap, 
or six baskets containing Mark IA fuel ass scrap As shown in Table 6-1, the Mark IA 
fuel d a  are shorter than the Mark s, except for Mark IV fuel type C This 
rcducw the amount of fuel per Mark IA basket permitting six baskets of Mark IA fuel per 
MCO. The fuel elements, when loaded i form a tight lattm with minimal separation 
between neighboring fuel elements The lattice hat a hexagonal center-to-center pitch of about 
2.8 in. compared with outside diameters of about 1 4  in for the fuel assemblies 

Broken pieces of the fuel assemblies (Kessler and Peck 2000) may be treated as scrap and 
loaded into scrap baskets. 
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6.2.3 Multi-Canister Overpack Loading 

The MCO shipping casks are designed to contain a single MCO and to surround the MCO 
with an annulus used for managing internal temperature after loading at the K Basins and during 
draining and drying operations at CVDF. Each MCO is loaded with five Mark IV baskets or six 
Mark IA baskets. The MCO loading system is designed to monitor the height of the baskets as 
they are lowered into the MCO and to ensure that Mark IV and Mark IA baskets are not mixed in 
the same MCO. Present operational plans are to load one scrap basket into an MCO. Because 
the amount of scrap that will be generated by operation of the fuel retrieval system is not known, 
the criticality analysis has been based on loading a maximum of two scrap baskets in an MCO. 
SPR fuel will be handled in accordance with limit 1 of "F-SD-SNF-CSER-010, Criticaliw 
Safety evaluation Report for the K Basin Fuel Retrieval Subproject (Kessler and Peck 2000), as 
either Mark IV or Mark IA scrap depending on the enrichment. This limit states that 0.95 wt% or 
less SPR fuel may be handled as Mark IV scrap and that unidentified fuel will be loaded as 
Mark IA scrap. Mixing SPR fuel and N Reactor fuel in the same MCO is not allowed. 

By design, the Mark IV he1 basket may contain a maximum of 54 fuel intact assemblies and 
the Mark IA fuel basket may contain 48 fuel assemblies. Filled &el baskets were used for the 
criticality safety evaluations unless the analyses were done specifically for partially loaded baskets. 

The scrap baskets may be loaded with fuel scrap or segments of he1 assembly components, 
with or without cladding. Such scrap material comprises a considerable fraction of the material 
stored in the K Basins and additional scrap may be generated during the fuel retrieval process. 
Mass limits for the Mark IV and Mark IA scrap baskets are established at 980 kg and 575 kg, 
respectively (Kessler and Peck 2000). Most of the criticality calculations for the MCOs were 
performed prior to the establishment of these mass limits ahd assumed the scrap baskets were 
filled with optimized scrap. At optimum spacing, a full Mark IV scrap basket will contain 
approximately 980 kg of scrap, while a Mark IA scrap basket will contain approximately 800 kg 
of scrap. A Mark IA scrap basket containing 575 kg of optimized scrap will be approximately 
five-eighths full. Thus, the calcdations for the Mark IA MCO are very conservative because the 
analysis was done for klly loaded scrap baskets. Results of calculations using two fully loaded 
scrap baskets bound the loadings of partially loaded scrap baskets or of zero, one, or two scrap 
baskets. 

6.3 DESCRlPTION OF CALCULATIONAL MODEL 

calculational models were used in the MCNP calculations referenced in this 
chapter. Changes were made based on evolving designs for both MCOs and baskets The initial 
design was based on an MCO inner diameter of 24 in., which was later reduced to 23 5 and 
23.25 in. Because the sides of the baskets are not safety-class components, they were ignored in 
most models. The maximum number of fuel assemblies in the fuel baskets is limited by design 
Scrap basket loding limits had not been established when most of the analyses were performed 
and the scrap basket regions in the MCO were modeled as being filled with optimized scrap 
Optimization parameters for the scrap were calculated using MCNP and are discussed in 
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Hexagonal pitch 

Packing fraction 

Appendix B of HNF-SD-SNF-CSER-010. They are listed in Table 6-2. As the MCO diameter 
was reduced the amount of scrap in these regions was reduced, effectively lowering the ke 

0.946 in. 1.102 in. 

0.294 . 0.320 - 

Table 6-2. Scrap Optimization Parameters 

Mark IA I * MarkIV 

Scran rod diameter I 0.512 in. I 0.63 in. 

I Clad diameter I 0.55% in. I 0.675 in. 1 

The ori@ axial model does not include the shield plug in the top of the MCO but 
assumes a 12-in water gap above the top basket Including this gap and the bottom of the 
transport cask, the model is 154 in. high. Calculations done to veri@ the acceptability of the 
redesigned baske$s included the axial detail of the shield plug above the top basket in the MCO 
The shield plug contains a filter assembly to retain particulate in the MCO during draining and 
sampling operations. For the criticality analysis, the plug was modeled as a solid stainless steel 
piece approximately 9.5 in. thick with a gap for the filter assembly and a 1 5-in. thick filter guard 
plate above the top MCO basket. The dimensions yf the baskets are such that their combined 
height inside the MCO is approximately the same, irrespective of the basket type A single scrap 
basket in the top or bottom positions, or an MCO wntaining no scrap baskets, is allowed Whole 
fuel assemblies are modeled with dl the zirconium cladding in place. Scrap is modeled on 
optimally sized rods with cladding in an optimal lattice 

The baskets are modeled as shown in Figures 6-1 and 6-2 Initial models did not include 
the process tube in the Mark IV baskets This tube was included in later analyses but is not 
required for criticality control For the redesigned Mark IV scrap baskets, the central process 
tube was not included in the model. The basket diameter was adjusted to ensure the scrap filled 
the basket with no water gap between the upper fuel basket and the top of the scrap. Section 
6.4.5.13 discusses the effect of basket width on kfl The copper in the baskets also was not 
modeled. Copper is a much better absorber than the water it replaces, 3 8 b versus 0 664 b, and 
acts aa a poison, reducing b. In the Mark IV scrap basket, not only is water replaced by the 
copper, but also fuel is replaced, fiuther reducing k,, Specific basket dimensions are discussed in 
Section 6 2 2. 

Loading, transporting, and handling operations involve single MCOs The CVDF has four 
procerrs bays, each containing an MCO. MCOs may be processed simultaneously but only one 
may be drained a! a time. Two MCOs are stacked per tube in the CSB during long-term interim 
storage. Both finite and idnite arrays are used to model the MCOs in the CSB The impact 
absorbers, shown in Figure 6-3, were modeled as water in the onginal computer models More 
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recent calculations modeled the impact absorbers as half density stainless steel, the lower 36 in 
thick and intermediate 24 in thick This change, along with using the limited scrap basket 
loadings, had a negligible effect on b The scrap baskets were originally modeled as being filled 
with optimized scrap. Analyses performed for the movement and storage of baskets in K Basins 
(Kessler and Peck 2000) imposed limits on scrap bwket mass Other models of multiple MCOs 
were used for specific conditions. MCOs are sealed for long-term interim storage 

MCOs are received at the CVDF with both the internal region and shipping cask annulus 
flooded The residual moisture left in the MCO aAer drying in the CVDF was conservatively 
modeled at a level above its credible limit The normal condition is the “dry” condition inside and 
outside the MCOs while they are in storage or being received at the CSB in the shipping cask 

The MCO storage tubes in the CSB vault are arranged in a hexagonal matrix, shown in 
Figure 6-4. The storage tubes form a 10 (north-south) by 22 (east-west) array with two MCOs 
per tube. The tubes’ center-to-center distance is 4 R, 8 in in the east-west direction and 4 A, 6 in 
in the north-south direction. At the operating deck of the CSB, the MCOs are handled by the 
MCO handling machint @EJM). Figure 6-5 depicts an MCO inside the MHM, which has 
IO-in -thick steel waUs in a &&-shaped configuration The operating deck’s concrete floor 
functions as a neutron reflector and moderator at the bottom. Collocation of two or more MCOs 
at the operating deck is prevented by design and operating procedures All criticality scenarios at 
the operating deck are analyzed fbr a single MCO However, arrays of cask-MCOs have been 
evaluated for transportation and show a negligible effect on b (Kessler 2000) 

For ease of 
models used the 1 
minimum of 1 4 to provide maximum neutron reflection (Carter et al. 1968) 

the CSB was initially modeled as an infinite array of MCOs Later 
surrounded by concgete walls. The thickness of the walls was a 

For the CSB, the condition of flooding is modeled by filling the spaces between 
the tubes and the MCOs arying densities of water, from very low density dispersed water 
(zero to 0 1 g / d )  to a f&By flooded condition (1 0 gkm’) As the density of water is increased 
above 0.1 @an3, the tubatetube neutron interaction decreases and the tubes are rapidly 
dewupled. Based otl the results of the analysis, the water-filled MCO-tube arrangement finctions 
like an W t e  &kc m which a boundary of neutron flux symmetry is defined around each tube 
location. Neutron leakage is zero across this boundary, or the neutrons generated in an 
MCO-tube cell are M y  reflected back into the cell This infinite array configuration is depicted in 
Figure 6-6 as model C. 

The exterior vault walls are 4.5 A thick, the partition walls between vaults are 3 A thick, the 
vault basemat is 5 5 ft thick, and the operating deck is 5 0 A thick The vault walls, basemat, and 
operating deck are constructed of reinforced high-density concrete 

Figure 6-6 also depicts model D, in which an MCO is encased in concrete Model D is used 
to evaluate the e&& of CoIlcTete around a single MCO to simulate a configuration of operating 
deck concrete when an MCO is lowered into the storage tubes, or a postulated accident scenario 
of an MCO falling from the MHM onto the operating area 
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Modeling fuel elements or fuel scrap inside the MCO and the effect of interspersed 
moderation are discussed in Section 6 7 Materialdensities and weight fractions are provided in 
Table 6-3 for constituent nuclides of all materials used in the calculational models for the normal 
and accident analyses provided in this section 

The analysis tools used in the evaluation are the WIMS-E (Gubbins et al. 1982) and GOLF 
(Schwinkendorf 1994) codes, used for parametric Dtudies and the calculation of ideal geometry 
critical dimensions, and the MCNF' code (Breisme&ter 1993), used for modeling of 
three-dimensional geometries in detail. The WIMS-E lattice transport code (Gubbins et al. 1982) 
was used to generate infinite neutron multiplication factors, k, for lattices and two-group cross 
sections for use by GOLF (Schwinkendorf 1994), which was used to calculate finite radial 
dimensions for cylinders. Section 6 6 presents the validation of the criticality computer codes 
used to demonstrate the acceptability of the MCO k,, 

The MCNF' code (Breismeister 1993) was used to obtain the results discussed in the 
following sections. 

6.4 CRITICALITY CALCULATION RESULTS FOR NORMAL CONDITIONS 

The calculational or experimental methods and results used to determine &for the 
maximum fuel loading intended to be contained in the cask are discussed in this section. Many of 
the results reported in Tables 6-4,6-5, and 6-6 are included for information only. Refer to 
HNF-SD-SNF-CSER-005 (Kessler 2000) for the up-to-date analyses. 

6.4.1 Loading with Intact Assemblies Only 

6.4.1.1 Dry MultCCanister Overpack Loadingsof Intact Assemblies. Table 6-4 contains the 
MCNF' results for casks Containing MCO baskets lqaded only with intact Mark IA or Mark IV 
fuel assemblies. The upper section of the table co*ns data for dry loadings, these results clearly 
show that criticality is not a concern for dry MCO containers. The b for an infinite array of dry 
Mark IA MCOs is only 0.3105. The bva lues  fordry MCOs loaded with intact Mark IV fuel 
assemblies are about 10% higher. This is because $ere are more fuel assemblies per basket and 
the fie1 assemblies are longer, thus resulting in mote uranium metal. 

6.4.1.2 Flooded Multi-Canister Overpack Loadings of Intact Assemblies. When the MCOs 
loaded with 
lower part of Table 6-4 gives the calculated results for cases in which the MCO is flooded inside 
For a single MCO holding six baskets of intact M& IA fuel, fully flooded with water, the is 
0.8591. Putting a second identically loaded cask adjacent to the first cask raises the b less than 
0.4%, illustrating the significant effect of the cask shielding for diminishing interactions between 
the casks in an array. 

&el assemblies are l l l y  flooded, the b is higher, but less than 0 95. The 
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Isotope 

Table 6-3. Material Densities and Wekht Fractions Used in Calculations. 

Wt fraction Material 

Mark IV and Mark IA 
nner elements 

I .25 wt% scrap, 
Mark IA outer elements, 
md SPR uranium corn 

Ckcaloy cladding I d  

m8 

Stainless steel 

3PR fuel aluminum 
;ladding 

m3 

2.70 

I m4 Water 

I Mark IV outer elements 

I m7 Mark IA rubble 

Density 

18.58 
(dcm') 

6.55 

8.03 p/cc 

1.000 

18.58 

18.82 

18.82 

2.26 

SARRUO5.06 
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0.009471 I 0.990529 usU 
2 3 8 ~  

1.000 

0.0004 
0.0200 
0.0100 
0,1900 
0.0925 

Fe 0.6871 

0.00947 1 I 0.990529 ?J 
u8U 

0.01 1494 
0.988506 

0.01 249 1 
0.987509 

H 
0 

2-"a 
Mg 
"AI 

N 
,'P 

'"Kr 
Ca 
Ti 
Fe 

3 2 0  

0.003 1 
0.4407 
0.0182 
0.0376 
0.0607 
0.2157 
0.0009 
0.0009 
0.0066 
0.1306 
0.0049 
0.0788 
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Similar trends are noted for flooded casks of whole Mark IV fuel assemblies. Even though 
a Mark IV fuel assembly is less reactive than a Mark IA assembly, more Mark IV fuel assemblies 
will be loaded into each basket. This results in a value for the Mark IV k, that is 3% to 4% 
higher than for Mark IA fuel. The MCOs loaded with Mark IV fuel will therefore tend to be 
more limiting from a criticality viewpoint. When fully flooded, MCOs loaded with intact Mark IV 
fuel assemblies also yield a & well below 0.95. For the side-by-side casks case, the kw is 0.8901. 
Analyses of arrays consisting of more than two MCOs are discussed in Section 6.5.4. 

These data for the flooded casks of whole he1 assemblies prove conformance with the 
criticality safety requirements under normal conditions, including the transport phase. 

6.4.2 Loading with Intact Assemblies and Scrap 

Calculation of & values for MCO cask loadings that include baskets of scrap or mixed 
scrap and intact fuel is highly dependent on the nature of the scrap. The design parameters 
affecting 
the effective shielding of =‘U resonances. A N W A N S  standards (ANSYANS 1983, 
ANSYANS 1984) and H”-PRO-539, Criticality Sufety Evuhations, require the design 
parameters used to evaluate &values to be for the most reactive possible scrap configurations. 
Based upon the results for these hypothetical, worst-case scrap configurations, it then is inferred 
that any realistic scrap loadings will be less reactive than the calculational model. 

6.4.2.1 Flooded Multi-Canister Overpack Loadings that Include Mark LA Scrap and Single 
Pass Reactor Fuel. The MCNP cases reported in Table 6-5 model casks loaded with MCOs that 
contain baskets of Mark IA scrap and intact Mark IA assemblies or SPR fuel. 

include average piece size and volumetric distribution, the degree of moderation, and 

The flooded configuration including scrap is more reactive, with & values larger than those 
for loadings of intact assemblies only. Table 6-5 shows that two scrap baskets containing 
1.25 wt% u5U can be included in an MCO loaded with Mark IA fuel without reaching a & of 
0.95 ifthe baskets are placed at the top and bottom. This loading is defined as the normal loading 
for all cnticaIity analyses including those for Mark IV fuel and scrap. Section 6.5.3.3 describes 
the contingencies of rnisloading scrap baskets. 

CASEIA in Table 6-5 shows that for a normally loaded, dry MCO in a cask, the & is 
small, less than 0.4. The dry case includes 3 kg of residual water left in the MCO after drying and 
is repreaeatative of the MCO with significant reflection. Its density in the MCO is 0.005 g/cm3. 
When this fuel loading is flooded, as in CASE1 (Figure 6-7), which represents the flooded MCO 
in the shipping cask with a drained annulus, the k,, increases to almost 0.9. These results show 
that the normally loaded MCO, when isolated from other units by the cask or distance, is 
acceptably subcritical over the range from fully flooded to dried. 

SPR vdkbe loaded into an MCO that is dedicated solely to SPR fuel; it may not be 
mixed with N Reactor fuel. The SPR fuel will be loaded into a stack of six Mark IA-type baskets 
shown in the n o d  spr. 1 in Figure 6-8. 
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The geometry of the SPR fuel was modeled as aluminum-clad uranium cylinders based on 
representative fie1 dimensions. Full spacing used in the model corresponded to optimum 
moderation. The depleted, natural, and 0.95 wt% ?35U enriched fuels were represented by 
0.95 wt% u5U enriched uranium. The 47 unidentified fuel elements are not expected to exceed an 
enrichment of 1.25 wt% u5Uv. However, these fuel elements were modeled with uranium 
enrichment corresponding to 2.1 wt% =’U, the highest enrichment used for special SPR fuel 
irradiations. The mass of the unidentified fie1 was modeled at the center of the MCO loading, the 
center of the tier 4 basket, that corresponds to the highest neutron importance. 

The b f o r  spr. 1, shown in Table 6-5, is less than 0.95. Comparison of the k,, of spr. 1 with 
that of CASE1 illustrates that the Mark IA MCO is more limiting than the SPR MCO. Hence, the 
SPR MCO is bounded by the analyses of the Mark [A MCO. 

6.4.2.2 Flooded Multi-Canister Overpack Loadings that Include Mark IV Scrap. The 
MCNP cases reported in Table 6-6 model casks loaded with MCOs that contain baskets of 
Mark IV scrap and intact or partial Mark IV assemblies. The results in Table 6-6 show that two 
scrap baskets can be included in an MCO loaded with Mark IV hel, the same as for the Mark IA 
MCO. Misloaded scrap baskets are discussed in Section 6.5.3.3. 

Case plan-108 (Table 6-6) models all five baskets filled with Mark IV inner elements in a 
close-packed hexagonal array. CASE2 models an MCO with three baskets in the center filled 
with whole Mark IV elements and a Mark IV scrap basket on each end. These results show that 
flooded intact he1 with scrap baskets is more reactive than close-packed inner elements. 

CASE2A ia Table 6-6 shows that for a normally loaded, dry MCO in a cask, the k, is 
small, less than 0.4. The dry case includes 3 kg of water as residual water left in the MCO after 
drying. The water density in the MCO is 0.005 g/cm’. When this fuel loading is flooded, as in 
CASE2 (Figure 6-7), the &increases to almost 0.9. These results show that the normally loaded 
MCO, when isolated from.other units by the cask or distance, is acceptably subcritical over the 
range from l l l y  flooded to dried. 

6.4.2.3 HsaaMng of the Long-Length Mark IA Fuel Assemblies. The twelve 26.l-in.-long 
Mark IA fusl asaqublies cannot fit in a Mark IA fuel basket and must be loaded into a Mark IV 
fie1 baslet hnlyses were performed to show that loading up to 18 long-length Mark IA 
assemblies in a ?dark N kel basket is acceptable. Cases were analyzed to show that the Mark IA 
m b l i e s  maybe toadbd into any location in the baskets and in any fuel basket in an MCO. 
When the Mark IA assemblies were modeled in either the center or outer rows, the rest of the 
basket contained 35 Mark IV assemblies with a single inner element in one middle row location. 
Because the highest breference loading has an inner element only loaded in the middle row, the 
he1 basket was modeled with 36 Mark IV assemblies in the inner two rows and the outer row and 
I8 Mark IA assemblies in the middle row. The MCO was loaded with two other Mark IV fuel 
baskets and the highest 
summarized in Tabk4-6 for the cases with the maximum b, These results show that highest k,, 
does not exceed 0.936 including the contingency of a flooded MCO with a drained cask annulus. 
A complete discussion of these results is in HNF-SD-SNF-CSER-005 (Kessler 2000). 

base case loading and two Mark IV scrap baskets. The results are 
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6.4.2.4 Redesigned Fuel and Scrap Baskets. The fuel and scrap baskets have been redesigned 
to ease fabrication. The criticality consequences of this redesign were investigated and are 
reported in HNF-SD-SNF-CSER-005 (Kessler 2000). The following is a summary of the effects 
of the changes for the normal conditions in the MCO. 

Each MCO may be loaded in one of three basic configurations: all fuel baskets; one scrap 
basket and the rest fuel baskets; or two scrap baskets and the rest fuel baskets. The maximum 
number of he1 assemblies loaded into a fuel basket~is limited by design while the maximum 
amount of scrap loaded into each scrap basket is limited by administrative controls based on 
analysis of spills of scrap baskets in the K Basins (Kessler and Peck 2000). There are no 
minimum loading requirements for the baskets. 

The beyond design basis case involving a dropped Mark IA MCO containing two full scrap 
baskets was analyzed to bound all possibilities of the scrap forming an unfavorable geometry in 
partially loaded scrap baskets. This case used the model for the drop analyses discussed in 
Section 6.5.2 in which four fuel baskets contain fud rubblized to optimized scrap and two scrap 
baskets are filled with optimized scrap. The results in Table 6-7 show that the kEis still well 
below the limit of 0.95. 

Table 6-7 summarizes the results of a study performed to determine the most reactive 
configuration of a loaded MCO (Kessler 2000) For the Mark IA MCO, the most reactive 
configuration is that of an MCO containing two scrap baskets with each of the four fuel baskets 
containing 47 assemblies. A position in row 2 of each fuel basket (location 4, 5 on the grid) is left 
empty. Similarly, the most reactive Mark IV MCO contains two scrap baskets and each of the 
three fuel baskets contains 53 fuel assemblies Location 3, 6 in the outer row of each fuel basket, 
contains a single inner element All calculations performed to verify the new design used the most 
reactive loadings for the MCO except for the drop analyses, which are described separately 

6.4.3 Cold Vacuum Drying Facility 

The CVDF has four process bays that each house a transfer cask transporter containing a 
single loaded d (see Figure 6-9). The transporter with the cask is received at the CVDF with 
both the MCO aad cadr nunulus flooded. M e r  the transporter is secured in a CVDF process bay, 
the lid of the caek ia m o v e d  and a process hood installed. Water is circulated from a process 
lie througb the transfer cask annulus to control the internal temperature of the MCO as required 
for processing. The MCO is drained through the long process tube by a combination of the 
process water conditioning system water jet ejector, external to the MCO, and helium gas 
pressure applied through the internal high-efficiency particulate air (HEPA) filters. 
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Case 

mklad.5 

Table 6-7. The Most Reactive Multi-Canister Overpack Configuration 

Configuration kdc 0 

Two full scrap baskets and four 0.9176 0.0007 
rubblied fuel baskets 

mklr.2 

mk4r.0 

mklr.O Two scrap baskets, four fuel I 0.8865 I 0.0010 I baskets 

Two scrap baskets, four fuel 0.8902 0.0010 

Two scrap baskets, three fuel 0.9130 0.0010 

baskets, location 4, 5 empty 

baskets 

mk4ri.4 Two scrap baskets, three fuel 0.9154 0.0008 
baskets, location 3, 6 contains 
inner element only 

0.9286 I 
0.8976 I 
0.9013 

0.9241 

0.9265 -I 
Note: The results in this table are for information only. For current results, refer to HNF-SD-SNF-CSER-005, 

Criticality Safely Evaluation Report for the Multi-Canister Overpack. 

Shaded cells repre%ent water in the basket (universe 2 inthe MCNP de), and 
the unshaded cells represent fuel assemblies (universe 3 in the MCNP code). 
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The results of MCNP computer calculations provided in Table 6-8 show kc, for normally 
loaded MCOs. Each MCO is isolated neutronically by the cask shielding region from other 
MCOs and fissionable material outside the transfer cask. The MCO and the cask's outer annulus 
are assumed to be flooded, which is the normal condition for casks received at the CVDF. 
Normal operations at the CVDF maintain the annuhs flooded until the pressure test performed 
after MCO draining is satisfactory. Cases mklr.2 and mk4ri.4 in Table 6-8 represent the Mark IA 
and Mark IV MCOs from the highest k,reference case (see Section 6.4.2.4). All the other cases 
in Table 6-8 represent variations of Mark IA and Mark IV fuel with the MCO either dry or wet 
and the cask annulus flooded. Analyses of flooded MCOs in casks with a drained annulus are 
described in Section 6.5.3.2. In all cases, k,, is well below 0 95. Figure 6-10 shows the k,, as the 
water is drained from the MCO. 

6.4.4 Canister Storage Building 

The vault to be used in the CSB contains a 10 by 22 array of storage tubes and has concrete 
on four sides, the top, and the basemat below. Two MCOs are placed in each storage tube in a 
vertical column. The operations floor at the top of the tubes is 5-ft-thick concrete. Each tube is a 
penetration in the operating floor that extends down to the vault floor. An impact absorber 
approximately 36 in. long is located at the bottom of each tube, and an impact absorber 
approximately 24in. long is located between the two MCOs in a tube. The vault walls are closest 
along the 22-tube side, but over 10 A distant on the 10-tube side. 

The MCOs are removed from the shipping cask and are raised and lowered through the 
concrete floor using the MHM. When an MCO is removed from or inserted into a storage tube, it 
is surrounded along its length by the operating deck slab. An MCO reflected by thick concrete is 
analyzed in Section 6.5. However, the greatest reflection during its movement in the CSB is 
when the MCO is in the MHM surrounded by stainless steel. A single MCO is modeled with 
10 in. of stainless steel directly around and above, with thick concrete below. The MCNP results 
in Table 6-9 are for normally loaded MCOs inside the MHM. The two cases in Table 6-9 give the 

for normal, dry MCOs containing air with water vapor at 0.005 1 g/cm3 (3 kg of water per 
MCO). 

Cases csbl.7 and csb4.7 (Table 6-9) model dry MCOs containing highest loadings of 
Mark IA and Mark IV fuel and scrap. For the two types of fuel in a normal arrangement for 
normal CSB activities, kis less than 0.40. This result shows that when the MCO is moved 
under n o d  conditions, there is a significant margin for criticality safety. The thick steel 
shielding in the MHM isolates the MCO neutronically, so inserting or removing an MCO from a 
storage tube would decrease b f r o m  the calculated cases by increasing distance and isolation 
from the other MCOs. As the MCO is lowered into a storage tube, k5 will be affected by the 
concrete operating deck. The highest occurs when the MCO is lowered 5 ft (i.e., the base of 
the MCO is even with the bottom of the operating deck). See Cases mhml.6 through mhml. 10 
and mhm4.6 through mhm4.10 in Table 6-9. 

... . _ _  .~ 
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Case 

csbl.7 

csb4.7 

Table 6-9. Multi-Canister Overpack Reactivities in the Canister Storage Building. 

Configuration analyzed 1L*c  oc keK 
. 

Mark IA MCOs in the CSB vault 0.34169 0.00034 0.35268 

Mark IV MCOs in the CSB vavlt 0.36370 0.00038 0.37469 

mhml.6 

mhml.8 

mhml 10 

mhm4.6 

Mark IA MCO in the MHM 0 28571 0 00046 0 29671 

Mark IA MCO lowered 2.5 ft t h r o b  the 0 28855 0 00049 0 29955 

Mark IA MCO lowered 5 ft through the 0 31338 0.00054 0 32439 

Mark IV MCO in the MHM 0 32206 0 00070 0 33309 

floor 

floor 

mhm4.8 Mark IV MCO lowered 2.5 ft through the 0.32221 0.00066 0.33324 
floor 

SARR005.06 
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Mark IV MCO lowered 5 ft throuih the 0.34229 0.00081 0.35334 
floor 
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6.4.5 Sensitivity Analysis 

A number of design variable uncertainties (Le., assorted fuel assembly lengths, unresolved 
cask dimensions, and degree of fuel corrosion) affect kee These uncertainties are addressed in 
this section. Base case calculations were performed with conservative assumptions (e.g., the long 
lengths for Mark IV and Mark IA fuel assemblies, extremes among the unresolved design 
dimensions, and optimum or fill moderator densities). The results of those calculations are listed 
in Table 6-10 and show the relationship of b, to several examples of design variable uncertainties. 

6.4.5.1 Fud Length. The Mark IA and Mark IV fuel assemblies were manufactured in discrete 
lengths. The longest length ke l  assembly is 26.1 in. Only 12 of the 26.1-in.4ong Mark IA 
assemblies are stored in the K Basins. The sensitivity studies assumed that the maximum length of 
the Mark IA assemblies was 20.88 in. The values for k,, for flooded MCOs loaded using these 
fuel lengths are listed in Table 6-10. Cases ocvd4.l and ocvd4.2 in Table 6-10 are flooded MCOs 
loaded with 19.6-in.4ong and 14.9-in.-long Mark IA fuel assemblies in the four central baskets. 
Cases ocvd4.3, ocvd4.4, and ocvd4.5 in Table 6-10 are flooded MCOs loaded with 24.6-in.-long, 
23.2-in.-long, and 17.4-in.-long Mark IV fuel assemblies in the three central baskets. The 
reactivities of these cases show a modest sensitivity to the fuel length variations. The maximum 
b f o r  a Mark IA loaded MCO was 5.5 mk greater than the k,for the longest-length fuel 
assemblies (cases ocvdl. 1 and ocvd4.1); this difference is within the typical two standard 
deviations error in the MCNP calculations. The k,, for Mark IV fuel decreased as fuel length 
decreased when compared to the base case ocvdl.2, with a maximum decrease of about 7 mk for 
case ocvd4.4. 

6.4.5.2 Mass Change Caused by Fuel Corrosion. In Table 6-10, cases ocvd4.l1, ocvd4.12, 
and ocvd4.13; and ocvd4.14, ocvd4.15, and ocvd4.16 involve counteracting situations of fuel 
mass being lost by corrosion before loading and of fuel mass being added in the lower baskets by 
corrosion particles of uranium oxide dropping from upper baskets. The second set of cases 
investigates the effect on k, of fuel mass redistribution; it was modeled as a conservative uniform 
mass increase in the central %el baskets. 

Fuel.mass will be lost from damaged fuel because of corrosion and because of cleaning of 
the fuel in the K Basins before the fuel is loaded into the MCOs. The effect on k, of this fie1 
mass loss is shown in casea ocvd4.11, ocvd4.12, and ocvd4.13 (Table 6-10), in which a uniform 
loss of mass in an MCO containing Mark IV fuel was modeled by reducing the fuel density by 
100/0, 2004 and 3004 respectively, while keeping the fuel assembly dimensions constant. The 
values for b i n  these cases show a slight and uncertain effect on reactivity for uniform loss at and 
below 200% The results show a definite decrease o f  about 9 mk in kff corresponding to a 
decrease of 30% fuel density. 
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Fuel mass in each of the three central fuel baskets was assumed to be increased by uranium 
oxide dropped from corroded Mark IV fuel and Mark IV fuel scrap in the upper baskets. The 
uranium oxide is redistributed in the interstitial regions between &el assemblies and in the coolant 
channels of the fuel assemblies displacing the wata The effects on k, of this fuel mass increase 
are shown in caves ocvd4.14, ocvd4 15, and ocvd4.16 (Table 6-10), in which a uniform mass of 
100 kg, 200 kg, and 300 kg of UO, has been modded as being distributed in the central three fuel 
baskets. The reactivities of these cases show a progressive decrease with increasing UO, mass 
when compared with case ocvdl 2 for the Mark IV MCO in Table 6-8, as the UO, replaces the 
water in the he1 basket array. 

6.4.5.3 Thiclmeas of Cask Annulus Water. The effect of cask annulus water thickness on k, 
also has been investigated. Cases ocvd4.17 througb ocvd4 21 in Table 6-10 show k, for a 
Mark IV MCO. Case ocvd4.17 assumes no cask annulus gap, and cases ocvd4.18 
through ocvd4.21 assume progressive increments of 0 5 in above the base case thickness of 
0.5 in. The results in these cases show that the bprogressively decreases with increasing cask 
annulus water thickness, which decreases the reflection of neutrons back into the fuel from the 
cask wall. 

6.4.5.4 Water Level and Density. Explicit calcuhtions treating partially water-filled MCOs 
have been performed. These cases, shown in Figure 6-10, indicate a slight k, peak greater than 
the fully flooded case. The increase in k, at the p& (above the l l l y  flooded case) is only on the 
order of the two standard deviations error in the h4CNP results but demonstrates the effect of the 
drained fbel reflecting neutrons into regions where the fuel and scrap are still flooded. The lowest 
water level shown in Figure 6-10 corresponds to t k  lower scrap basket being half-flooded, the 
dry case is so unreactive (b < 0 40) that the vertical scale becomes expanded to the point where 
the shape in the remaining curve becomes difficult to see 

6.4.5.5 Plutonium Distribution Optimal scrap IS treated as unexposed fuel pieces, with no 
plutonium buildup. One concern has been that plutonium buildup on the exterior surface of fuel 
elements might p&emntMy corrode off of the element and contribute to more highly reactive 
scrap pieces in bnsin sludge. This question has been addressed for decladding waste streams sent 
to the Huuford Site tank f&ms (Rogers et al. 1996). While enhanced plutonium buildup near the 
outer surfsce of nuclear &el (not just Hanford Site reactor &el) is well-known, the peaking factor 
(which may be defined as the plutonium concentration at the surface divided by the average 
phrtonium concentration) is not much greater than (L factor of two (see Section 6 7 3) 

The edysw described in Section 6 7 3 show that the decrease in from z15U burnup is 
greater than the increase in 
%, are also produced and act as poisons 

from 239pu and zr'Pu production because fission products, primarily 

Enhanced "v depletion also occurs at the fitel surface. Criticality is affected by both the 
=%I buildup and the ='U depletion. However, hel corrosion tends to progress axially from 
damaged mds, and not radially inward. Comparing 1 25 wt?? enriched uranium and uranium- 
plutonium solutions at optimal hydrogen-to-heavy metal atom ratios illustrates the U/pu ratio 
required for equivalency. 
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A parametric study was carried out for sohtlons of uranium and plutonium as the WU and 
UPu ratios were varied (Erickson 1994). Table 2 of WHC-SD-NR-CSER-014, Criticality Safety 
Evaluation Report for the 100 KE Basin Sandfilter Backwash Pit (Erickson 1994), contains 
calculated masses having a minimum & of 0 98 asa function of the UPu ratio These results are 
a minimum because for each U/Pu ratio, the WU ratio was optimized 

Inspection of Erickson (1994) shows that thf UPu ratio must be less than 25 for the 
hemispherical heavy metals safe ma9s (30.8 kg) to pproach the 30 kg of sludge expected to build 
up in the MCO fiom the corrosion of the fuel (Re' I$ y 1998) The uranium and plutonium isotopic 
breakdown assumed in WHC-SD-NR-CSER-014 @rickson 1994) was based on measurements 
taken firom the K East Basin sandfilter backwash pit and is considered representative of actual 
uranium and plutonium concentrations currently in the fuel storage basins Furthermore, the 
measured UlPu ratio was in excess of 300 and is expected, from N Reactor production tables 
(Hedengren and Goldberg 1987), to be 450, which also IS consistent with WIMS-E burnup results 
shown in Section 6.7.3 

Therefore, treating fuel corrosion product sludge as 1.25 wt% UO, solution will bound any 
real corrosion product sludge arising fiom exposed fitel assemblies. The measured U/Pu data 
indicate t$at plutonium buildup is insufficient to yield a value for &greater than the assumed 
1.25 wt% enriched solution model 

6.4.5.6 Lattice Spacing for Intact Fuel Assernb es. The MCO analyses use a center-to-center 
hexagonal spacing of 2.8 in. for fuel assemblies e spacing is established by rings on the bottom 
of the fuel bask-. Previous analyses have shown 4 hat the optimal spacing of N Reactor fuel in 
water is appmxhtely 3.1 in. (Wittekind 1992). rfsing a larger spacing would make loading the 
MCO containers easier, but it also would increase b e  reactivity of the lattice, because the original 
design was undermoderated. 

The effsct of fuel assembly spacing has been-analyzed using MCNP for the geometric 
amnpnmt in Figure 6-1 1 using various lattice spscings from 2 65 in to 2.90 in. The axial 
-wan (u1 ahown in CASE1 (Figure 6-7), but with both top and bottom scrap baskets 
replaced with intact fuel so that the effect would net be overshadowed by the more reactive scrap 
material. A lattice spacing of 2.90 in is only possitle if the outermost 12 assemblies are removed, 
otherwise they would impact the inner wall of the MCO This reduced arrangement is shown in 
Figure 6-12. 

"he CASE1 M C "  model assumes an MCO inner diameter of 23.0 in., but the nominal 
value is only 22.625 in. Assuming this smaller value, the largest possible lattice spacing is 
2.8041 in., as noted on Figure 6-13. Although an &ray of intact assemblies with a lattice spacing 
of 2.85 in. fits inside the MCNP model (with a 23 @-in inner diameter), it will not fit inside the 
nominal 22.625 in. inner diameter. 

Removing 12 aseeraMics to allow lattice s m n g  of 2.90 in. reduces b a n d  does not 
present a potential problem if the baskets are not fully loaded (see Figure 6-13). The actual lattice 
spacing of 2.77 in. is conservatively approximated by 2 8 in With the bottoms of the fuel spaced 
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at 2.77 in. and the unrestrained tops at 2.8 in., the rverage spacing would be 2.785 in. The 
change in 
examination of the data shown in Figure 6- 13. 
unrestrained tops of the intact fuel elements is s 
lattice spacing decreases the 
conservatively covered by this analysis. 

6.4.5.7 Partial Fuel Loading. An evaluation w i  performed to determine the basket loading 
giving the highest value for b. This evaluation u&d the original design of the Mark IA baskets 
containing an XXS central pipe and Mark IV fuel daskets with a 3/8 in. thick base plate. 
Section 6.4.2.4 contains a summary of the results c/f the same evaluation performed for the 
redesigned baskets. A full fuel basket is slightly urjdermoderated and a basket containing one or 
more empty locations of locations containing only buter elements could approach a more optimal 
geometry. 

for this negligible change (0.015 in.) lattice spacing is only 0.004, derived from 
effect of increased fuel element spacing at the 
and will be neglected. Since decreasing the 

ring spacing on tlk fuel bottom plates of less than 2.8411. is 

The first step was to determine the most re&ive loading for an MCO containing both scrap 
and &el baskets. New MCNP models were createb to reflect the present basket designs using the 
scrap basket loading l i t s  from HNF-SD-SNF-C+R-OlO (Kessler and Peck 2000). 
Additionally, the Mark IV scrap basket was model- d with nominal dimensions for the basket sides 
and no central process tube, the most reactive co 4 guration as described in Section 6.4.5.13. 
Each calculation was performed with only one emfiy basket location in each fuel basket in the 
MCO. Table 6-1 1 shows the results of these anal$es. 

Figure 6-14 shows the MCNP input used to model the fuel in the basket. Universe 2 is a 
dummy cell representing the water and universe 3 fepresents an intact fuel assembly. The 
numbers on the right and on the bottom may be u&d to define the location of each assembly. The 
most reactive codguration is when the assembly ii row 3, column 5, is missing. The 
configurations in Table 6-1 1 are keyed to this grid. 

The laat three cases in the table show the rehlts for six assemblies missing &om 
Symmstrica 1oCati0~ and for two assemblies miss&g from alternate locations. These cases show 
that having more than one assembly missing from 4 basket lowers the b. Table 6-12 shows the 

most reactive state is for the MCO with filled 
results of the snme analysis performed for the M IV MCO. Unlike the Mark IA MCO, the 

The second step was to load only the outer ilement in the same assembly locations used in 
previous analyses. Table 6-13 lists the results for &e Mark IA MCO and Table 6-14 lists the 
results for the Mark IV MCO. 
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Results 
Case Outer only location 

k,, 0 kli . 

Table 6-13. Mark IA Multi-Canister Overpack with an Outer Element 
Loaded Only into Selected Locations. 

- ~ ~~ ~~~ ~ ~~ ~~ ~~ ~p 

omklao.2 4 3  0.8693 0.0006 0.8804 

omklao.3 335 0.8678 0.0006 0.8788 

omklao.5 485 I 

I omklao.1 I 5 s  I 0.8682 I 0.0006 I 0.8793 I 

0.8693 0.0006 0.8803 

omklao.6 4.4 

I omklao.4 I 3,6 I 0.8661 I 0.0006 I 0.8772 I 

0.8680 0.0006 0.8790 

omklao.8 

omklao.9 

I omklao.7 I 4 3  and4,7 . I 0.8683 I 0.0006 I 0.8793 I 
4,s and 7,8 0.8687 0.0006 0.8798 

6 outers missing 0.8687 0.0006 0.8797 

CaSe 

Omk40.1 

Table 6-14. Mark IV Multi-Canister Overpack with an 
Outer Element Only Loaded into Selected Locations. 

Results 
Outer only location . 

kdG 0 k, 
5 s  0.9137 0.0006 0.9247 

omk40.6 

Omk40.7 

I Omk40.2 I 4.5 1 0.9129 I 0.0006 I 0.9239 1 

4,4 0.9130 0.0006 0.9240 

5,6 0.9148 0.0006 0.9258 

I Omk40.5 I 4,6 I 0.9151 I 0.0006 I 0.9261 I 
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Case Location 

omk 1 80.8 Outer 4,s 
EmPtY4,T 

For the Mark IA MCO, the most reactive configuration is with an outer element only 
loaded in a middle row location. This case is also the most reactive when compared to the most 
reactive case containing an empty location. The value for 
0.95 limit. The final three cases in Table 6-13 show that k, decreases if more than one location 
contains only an outer element. The results for the Mark IV MCO show that the full baskets are 
the most reactive configuration. 

increases but is still less than the 

Two additional calculations were performed for the Mark IA MCO to show that if a fuel 
basket contains a location with only an outer element and an empty location it is still bounded by 
the maximum case of a single location containing an outer element. Table 6-15 shows these 
results. 

Results 

ksdc I3 14ff 
0 8678 0.0006 0.8788 

I omk'ao.b I Empty 7,8 I 0.8674 I 0.0°06 I 0.8784 I Outer 4 3  

Note: The results in this table are for information only. For current results, refer to 
HNF-SD-SNFCSER-005, Criticaliv Safev Evaluation Report for the Mulfi-Canister Overpack 

6.4.5.8 Lording Mark IA Ooter Elements and Intermediate Mark IA Inner Elements 
Baskets are not monitored for changes in neutron count rate as they are loaded Because the 
lattice is slightly undermoderated at a pitch of 2 8 in , removal of some fuel could potentially 
increase b. Mark IA outer elements become optimal (have minimal critical mass) at a spacing of 
2.9 to 3.0 in. center-to-ccnter in a hexagonal lattice (Schwinkendorf 1995) This is less than the 
optimal 3.1-in. lattice spacing for intact assemblies If the fuel baskets are loaded with only 
Mark IA outer dements, the lattice is closer to optimal spacing and the inner element is replaced 
by moderator. A series of calculations were performed to determine the effect on k, of loading 
Mark IA he1 baskets with only Mark IA outer elements Starting with the highest kB reference 
case dsscribed in Section 6.4.2.4, a single fuel basket was modeled as containing only outer 
elements. The basket was modeled next to each scrap basket and in the center tiers of the MCO 
Loading d p l e  baskets up to, and including, an MCO containing two scrap baskets and four 
&el badtcta containing only outer elements was also analyzed The highest k , ,  0 8895, occurs 
when two !bel baskets containing only outer elements are loaded in tiers 4 and 5 below the upper 
scrap basket 
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Two intermediate cases, shown in Figures 6- 15 and 6- 16, were modeled with 24 inner 
elements loaded in the basket of Mark IA outer elements. The first case, CASEII2, shown in 
Figure 6-16, was modeled with the inner elements loaded near the inner and outer edges of the 
fuel region annulus adjacent to the basket perimeter and the insert. The second case, CASElil, 
shown in Figure 6-16, was modeled with the inner elements loaded in the central region of the fuel 
region annulus. The b w a s  0.8940 for the first case and 0.8893 for the second case, The results 
of this study show that k, decreases as a result of inner elements being loaded to the Mark IA 
baskets. 

6.4.5.9 Fuel Temperature. The effect of temperature on k, was evaluated for both Mark IV 
and Mark IA he1 assemblies. The WIMS-E lattice code (Gubbins et al. 1982) was used to 
calculate the lattice k, and the change in 
temperature, the temperature coefficient. The temperature coefficient may be approximated 
between two discrete temperatures using the following relationship: 

for both Mark IV and Mark IA fuel as a fhction of 

lo5 (kJT +AT) - k_(T -AT)) 
a(T) 5 dp/ SIT = . P C d  

aT T k_(T +AT)k_(T -AT) (2AT) 

The 10’ multiplier in the equation above converts the raw k,, Ap, into percent milli-k 
(pcm). Figure 6-17 illustrates the lattice k, and temperature coefficients for both Mark IA and 
Mark IV fuel. As expected, both N Reactor fuel types have negative temperature coefficients 
because they contain large percentages of 238U, which has a large negative doppler coefficient. 
Mark IV fuel exhibits a slightly more negative temperature coefficient than Mark IA he1 because 
the 238U content is greater. At room temperature (MCNP calculations reported in this chapter 
were performed at 300 K), the temperature coefficients are approximately equal to -3 p c d .  

6.4.5.10 Dimensional Tolerance. The effect of dimensional tolerance on k, was analyzed 
parametrically by a series of calculations using the WIMS-E code (Gubbins et al. 1982). 
TabIe 6-16 contains the radial dimension specifications for Mark IV and Mark IA he1 types 
(Jack 1988). Table 6-17 shows the variation in lattice k, as the radial fuel dimensions are varied. 
Either minimum or maximum dimensions have been selected to arrive at either minimum or 
maximum Uranium tLel region thicknesses. In all cases, the &el assemblies were placed in an 
infinite water lattice at optimal spacing. The sensitivity of k, to radial dimension tolerances is 
shown to be approximately 1 mk. 

6.4.5.11 Enrichment Tolerance. The effect of enrichment tolerance on kn was analyzed 
parametrically by a series of calculations using the WIMS-E code (Gubbins et al. 1982). The 
enrichment tolerance for N Reactor fuel was equal to 0.006 wt% L15U (Gant and Zilar 1977). 
Table 6-1 8 shows the variation in lattice k, as the &el enrichment is either increased or decreased 
by 0.006 wt?h u5U. In all cases, the fuel assemblies are placed in an infinite water lattice at 
optimal spacing. The sensitivity of 
approximately *2 mk for a *0.006 wt% u5U enrichment variation. 

to enrichment tolerance has been shown to be 
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Outer element: 
Outer diameter 
Inner diameter 

Table 6-16. Radial Dimension Specifications for N Reactor 
Mark IV and Mark IA Fuel Assemblies. 

Mark IA (in.) Mark IV (in.) 

2.391 - 2.416 
1.754 - 1.779 

2.410 - 2.435 
1.691 - 1.716 

Inner element: 
Outer diameter 
Inner diameter 

1.237 - 1.256 
0.431 - 0.450 

1.267 - 1.286 
0.473 - 0.492 

Minimum uranium thickness 

Nominal uranium thickness 

Maximum uranium thickness 

Table 6-18. Sensitivity of Lattice k-hfinitv to Enrichment Tolerances 

Mark IA Mark IV 

1 . 1  3 1423 1.062878 

1.132133 1.062349 

1.132055 1.06 1646 

I I MarkIA I MarkIV I 
MiainAun uranium enricbment 

Nominal uranium enrichment 
Maximum uranium enrichment 

1130463 1 060261 

1132133 1062349 

1133780 1064408 

6.4.5.12 t W ~ i n p  Fraction. The packing fraction is the volume fraction of fuel in the unit lattice 
An optimal packing hction has been used for scrap with both slze and spacing varied to 
maximke b. This packing fraction varies according to enrichment but is equal to 0 340 for 
Mark IV scrap and 0.317 for Mark IA scrap (Kessler and Peck 2000) 

6.4.5.13 Swap Basket Dimensions The Mark IV scrap basket is limted to a maximum mass of 
980 kg @ d e r  and Peck 2000). Calculations were performed to show that the k, IS more 
sentithe to tba llsight of the scrap in the basket than it is to the basket diameter. Two 
calculations were performed to show this effect The first modeled the 980 kg of scrap in a 
basket with a central process tube and no sides, memng the scrap was contained by the inner wall 

SARR-005.06 6-36 March 2000 



HNF-SD-SNF-SARR-005 REV 2 

Case 

mk4r.O 

mk4r0.1 

of the MCO. This model has a gap of approximately 2.2 cm between the top of the scrap and the 
base of the next basket. The second modeled the wrap in a basket with the diameter adjusted 
such that the scrap filled the basket up to the base of the next higher basket Table 6-19 shows 
the results of this analysis and the change in k,. 

Results 
Configuration 

~k& a k, 
Two scrap baskets with 0.9130 0.0007 0.9241 
three fuel baskets 

No basket sides 0.8893 0.0007 0.9003 

Table 6-19. Sensitivity Results for Height of Scrap in a Basket. 

No sensitivity studies were performed to determine the effects of either radial or axial 
movement of the scrap baskets The sides of the sqrap baskets are designed to maintain contact 
with the h e r  surface of the MCO In addition, the center post of the Mark IA basket and central 
pipe of the Mark IV basket are both designed to fit, into the base of the next basket. Both these 
features limit the radial movement of the baskets tq approximately 0 02 in Because the Mark IV 
scrap basket is assumed to be full, axial movement may only occur if both its base plate and the 
base plate of the he1 basket above it were 1 23 in thick, the minimum thickness allowed. The 
total movemat would be 0.04 in. Movements as b a l l  as these have only a marginal effect on 
k, Addition of 8 water gap, as shown in Table 6-19, will lower k, because the water is both a 
reflector and a moderator. This water gap therefotte reduces the neutron interaction of the scrap 
basket with the basket above it 

6.5 CONTINGENCY ANALYSIS 

6.5.1 Summary and Conclusions 

Summaries of the normal and off-normal conditions of the MCO are provided in 
Tables 6-20 and 6-21. The off-normal conditions Usted in Table 6-20 are those resulting from a 
single mnhgency and must meet the single-contir/Tency criterion while those listed in Table 6-21 
require more than one unlikely and independent cohtingency to occur and are not required to have 
a of less than 0.95. 
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Storage tube flooded 

Table 6-20. Normal and Off-Normal Multi-Canister Overpack Conditions 
Involving a Single Contingency. 

6.5.4.4 

Facilitv 

Vertical drop and MCO 
flooded 

Horizontal drop and MCO 
flooded 

Mark IA insert offset and 
MCO flooded 

:old Vacuum Drying 
‘acility 

6.5.2.1 

6.5.2.2 

6.5.2.3 

:anister Storage 
3uilding 

Facility Normal condition 

C Basin 

Off-normal condition I Section 

- - 
Normal condition 

MCO flooded inside 
transfer cask 

MCO dry inside transfer 
cask 

MCO dry inside MCO 
handling machine 

MCO dry being transferred 
into storage tube 

- 

MCO dry double stacked 
inside storage tubes 

MCO flooded inside the 
transfer cask 

Mark IA fuel and scrap 
misloaded into Mark IV 
baskets 

6.5.3.1 

Vertical drop 16.5.2.1 I 
Horizontal drop 6.5.2.2 

MCO flooded 6.5.4 2 

Vault flooded 16.5.4.3 I 

Misloaded he1 and scrap I 6.5.4.6 1 

MCO = rnuIti+ani&r ovcrpack. 

MCO dry double stacked MCO flooded and he1 and 6.5.4.5 I inside storage tubes scrap misloaded 16.5.4.6 
Canieter Storage 
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Case 

Three categories of contingencies were addressed as part of the criticality safety analysis: 
drops, misloadings, and flooding in the CSB. The most significant off-normal condition is the 
MCO design basis drop accident. The flooded drop accident in the CVDF is not considered 
credible because the MCO is not lifted and the transfer cask cannot spill or fall from the 
transporter during design basis natural phenomena (seismic, tornado) (Chenault 1997b). Drop 
accidents and the credible forces associated with them are discussed in Section 2.2.6.3 and 
Chapter 3.0. The MCO shield plug assembly and Mark IA fuel and scrap basket baseplates and 
center posts are safety class for the design basis accident so that the MCO contents will not spill 
out, displace the Mark IA center post beyond its acceptable range, or allow the fuel and scrap 
baskets to collapse onto each other. Dropping a loaded cask is assumed to rubblize the intact fuel 
in the MCO fuel baskets, drop the baskets into a stack separated by 1.25-in. plates, and to offset 
the central pipe insert 2 in. off center, allowing rubble and scrap closer to the centerline of the 
MCO. Rubblied fuel is modeled as optimized scrap completely filling the MCO. Scrap baskets 
and &el rubble are assumed to expand to the inside diameter of the MCO, 23.25 in. The 
calculations identified in Table 6-22 model rubble created by a drop as optimally sized and spaced 
scrap rods, including cladding. 

b Most reactive MCO 
configuration kd, (J, 

Table 6-22. Reactivitv for Multi-Canister Ovemack Droos. 

Six Mark IA fuel baskets, 
packing fraction is 0.317 

Two Mark IV scrap baskets, 
three fuel baskets, packing 
fraction is 0.340 

0.9057 0.0010 0.9168 

0.9289 0.0006 0.9399 

mklad.4 

mklad.8 

sDr.2 

mk4d.5 

Six Mark IA fuel baskets, central 0.9134 0.0009 0.9244 
pipe o m  by 2 in., packing 
fraction is 0.3 17 

SPR fuel 0.8752 0.0030 0.8872 
Note: The results in this table are for information only. For current results, refer to HNF-SD-SNF-CSER-005, 

critic all+^ Sofew Evaluation Reportfor the Multi-Canisrer Overpack. 

SPR = singlepass reactor 

Mark IA fuel (1.25 wt% u5U enrichment) baskets have a center post, discussed in 
Section 6.2.2, to exclude fuel from this space during flooded conditions. The drop accident could 
offset that post. The post has been designed to allow less than a 2-in. offset in the drop accident 
during flooded conditions (Goldmann 2000b). At that offset, hris less than 0.95. 

An MCO containing Mark IV fuel was analyzed in Section 6.5.3.1 for misloadmg Mark IA  
fbel in a Mark IV fbel basket containing Mark IV fuel. For both intact fbel elements and scrap, 
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the results were within allowable limits for MCOs alone, in a cask, or stored in the CSB for the 
credible misloading of one canister of Mark IA fuel or scrap. The other misloading cases require 
multiple misloadings and are provided for information only. 

For dry MCOs, the L i s  low. Adding water will increase the k,, Analysis of both adding 
water and a single contingency of misloading an MCO with higher enrichment fuel does not 
exceed allowable limits. Transfer of an MCO between the MHM and the storage tube was 
analyzed in Section 6.4.4. Considering the structural materials as reflectors, the he of the MCO 
was within limits for both dry and flooded conditions. 

The analysis in Section 6.5.3.3 shows that for a third scrap basket in the flooded MCO in its 
cask at the O F ,  the 
basket is considered to be the worst contingency expected for the CVDF. 

is within allowable limits. Receiving an MCO containing a third scrap 

6.5.2 Multi-Canister Overpack Drop 

This section provides a quantitative evaluation of factors that were considered for the final 
design models of the dropped MCO. Drop accidents involving flooded MCOs may only occur 
during removal from the K Basins and shipment to CVDF. No credible drop accidents have been 
identified in Section 3.3.2.2 of the CVDF SAR (Pili-Vincens 1998) that would involve a flooded 
MCO. The flooded drop accident at the CVDF is, therefore, a beyond design basis event. The 
credible drop accidents identified in Section 3.3.2.2 of the CSB SAR (Garvin 1997a) are a 
shipping cask drop, an MCO drop in the MHM, and an MCO drop into the storage tube. These 
drop accidents involve an MCO that has been dried at the CVDF. The design basis accident 
loadings are discussed in Section 2.2.6.3. 

The MCO design includes safety-class features to maintain fuel and scrap in the MCO 
following design basis drop accidents. A HEPA filter assembly is included as part of the safety- 
class MCO plug and is protected by a 1.5 in. thick safety-class filter guard plate, which is located 
approximately 0.3 in. above the top basket after installation. The plug is designed to prevent SNF 
from being released from the MCO in a design basis accident. As an integral part of the shield 
plug, this plate limits the volume available for the iubblized fuel and scrap to fill following a drop 
accident. The safety-claas base plates and center posts of the Mark IA baskets also provide 
geometry control. Although the central pipe and baseplates are not safety class for the Mark IV 
baskets, the steel mass of the basket base plate will remain in the MCO following the drop and is 
included in the model. The basket sides are not included in any drop models (see Figure 6-18). 
Table 6-22 lists the maximum krdf for both the Mark IA and Mark IV MCOs following a drop with 
both *e fuel and scrap at optimum packing fractions. The optimum packing fraction for Mark IA 
scrap is 0.317, and the opthum packing fraction for Mark IV scrap is 0.340 (Kessler and 
Peck 2000). Bacauac ofthe scrap loading limit for the Mark IA scrap baskets, an MCO 
coutah&g six fuel baskets with the fuel rubblized to scrap is the most reactive configuration. The 
most reactbe Mark N cunliguration is the two scrap baskets, three fuel baskets case. Since the 
MCOs are 111, final orientation (Le., vertical, or horizontal from a "slap down") does not affect 
reactivity. Case mklad.8 shows the effect of displacing the central pipe by 2 in. for the most 
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reactive Mark IA drop configuration. Refer to HhF-SD-SNF-CSER-005 (Kessler 2000) for a 
complete discussion. 

The results for dry MCO drops at CSB are listed in Table 6-23 as cases i2.IA.00 and 
i2.IV.00 for the Mark IA and Mark IV MCOs, respectively. The value of hE for both cases is 
below 0.4. These analyses were not conducted using the updated MCO basket designs; they are 
bounded by the drop of flooded MCOs and are included for information only. 

The geometry of an MCO with SPR fuel is shown as spr.2 in Figure 6-8. The aluminum- 
clad SPR fuel has not been observed to have its mechanical integrity degraded by cladding failure 
and corrosion as is the case with N Reactor fuel. Therefore, the fuel was modeled as 
representative aluminum-clad uranium cylinders with lattice spacing corresponding to optimum 
moderation. The inside diameters of the scrap baskets containing the SPR fuel were expanded to 
the maximum limit of 23.25 in. The center insert was offset to its limit of 2 in. 
(Goldmann 2000b). 

The enrichments of the uranium cylinders representing depleted, natural, and 0.95 wt% 235U 
enriched hels were modeled as the limiting 0.95 wt% 235U cylinders. The mass of unidentified 
SPR fuel was modeled as a cylinder of 2.1 wt% "'U enriched uranium in the center of the tier 
four basket. This location has the highest neutron importance. The results of this calculation, 
shown as spr.2 in Table 6-22, are below 0.95. 

6.5.3 Cold Vacuum Drying Facility 

6.5.3.1 M8rk IA Fuel and Scrap Loaded into Mark IV Baskets. This section and Table 6-24 
present the of inisloading MCOs with fuel and scrap. Each MCO analyzed contained five 
Mark IV baskets M y  flooded and llly reflected by the cask steel, and the annulus was flooded. 
For the CSB, this represents the contingencies of flooding and multiple misloadings; for the 
CVDF, this represents multiple misloadmg contingencies. 

One or more baskets is mialoaded for each case in Table 6-24. The credible misloading 
scenario is one canister containing 14 Mark IA &el assemblies loaded into a Mark IV fuel basket 
or the mass equivalent to 14 Mark IA fuel assemblies (233 kg) as 1.15 wt% ='U scrap in a 
Mark IV scrap basket (Kessler 2000). An inventory exists for each canister in the K Basins and 
intact fie1 assemblies can be visually identified as either Mark IA or Mark IV. Therefore, the only 
credible misloading is one canister of Mark IA fuel or scrap, equivalent to 233 kg. For this 
analysis the baskets containing Mark IV fkel were modeled with the largest Mark IV assemblies. 
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mk4rl. 1 

mk4r1.2 

mk4rl. 3 

mk4r1.4 

Table 6-24. Basket Misload Analysis for Mark IV Multi-Canister Overpacks. 

14 Mark IA fuel assemblies in the 0.9131 0.0009 0.9242 
center of the tier 2 fuel basket 

center of the tier 3 fuel basket 
14 Mark IA fuel assemblies in the 0.9129 0.0009 0.9240 

14 Mark IA fuel assemblies in the 0.9112 0.0008 0.9222 
center of the tier 4 fuel basket 

14 Mark IA fuel assemblies in the 0.9136 0.0009 0.9247 
outer row of the tier 2 fuel basket 

I Case I MCO configuration I k,, I oc I L' 

mk4rc. 14 Mass of 14 Mark IA outer elements in 0.9149 0,0010 0.9259 
the center of the upper scrap basket 

14 Mark IA fuel assemblies in the I 0.9123 I 0.0008 I 0.9233 1 outer row of the tier 3 fuel basket 

14 Mark IA fbel assemblies in the I 0.9127 I 0.0010 I 0.9238 I outer row of the tier 4 fuel basket 
mk4r1.6 

Mass of 14 Mark IA outer elements in I 0.9133 I 0.0009 I 0.9244 I the center of the lower scrap basket 
mk4rc. 13 

Most of the fuel enriched to greater than 0.95 wt% '"U is stored in the K West Basin. 
Only a d amount is stored in the K East Basin. The K West Basin does not have a significant 
amount of sludge on the basin floor, nor does the sludge contain a significant amount of fissile 
material. So the misloaded fbel or scrap must come from a misloaded or mislabeled canister. 
Because the canister was originally filled with whole fuel assemblies, the maximum enrichment 
would be 1.15 wt?h u5U. For criticality analyses, scrap from Mark IA fuel is modeled as 1.25 
wt% =%.J rods. A single contingency was analyzed in which one fuel canister containing Mark IA 
scrap, with the mass equivalent of 14 fuel assemblies, 233 kg, was misidentified and handled as 
though it were 0.95 wt% u'LJ scrap. The mass was inserted into one of the Mark IV scrap 
basketa in an otherwise normally loaded Mark IV MCO (Kessler 2000). The htr was 0.926, 
which is well below the allowable limit of 0.95 (case mk4rc. 14, Table 6-24). 
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cvdl.7 

cvd4.7 

18rc.1Sb 

mklrs. 1 

6.5.3.2 Flooded Multi-Canister Overpack with a Drained Shipping Cask Annulus. This 
contingency assumed that the cask annulus is drained and the MCO loading is correct. 
Calculations cvdl.7 and cvd4.7 in Table 6-25 show that a flooded MCO in a shipping cask with a 
drained annulus has a higher than a flooded MCO in a shipping cask with a flooded annulus. 
Removal of the annulus water allows more neutrons to be reflected from the cask back into the 
MCO thus increasing k, The results listed in Table 6-25 show that the k, is less than 0.95 for 
both Mark IA and Mark IV MCOs. 

2 scrap baskets and 4 partially loaded fuel 0.90154 0.00096 0.91263 

2 scrap baskets and 3 partially loaded fuel 0.92152 0.00088 0.93259 

Mark IA assemblies in the center of the 0.92340 0.00084 0.93446 

baskets in a Mark IA MCO 

baskets in a Mark IV MCO 

lower basket 

with a he1 basket in the tou 
Two scrap baskets in the bottom two tiers 0.89278 0.00097 0.90387 

mklrs.2 Two scrap baskets in the bottom two tiers 1 0.89063 1 0.00098 I 0.90172 I 
with a scrap basket in the top 

mk4rs. 1 Two scrap baskets in the bottom two tiers 1 0.92256 I 0.00082 1 0.93362 1 I with a he1 basket in the top 

mk4rs.2 Two scrap baskets in the bottom two tiers I 0.92040 1 0.00096 1 0.93149 1 I with a scrap basket in the top 

Note: The results in this table are for information only. For current results, refer to HNF-SD-SNFCSER-005, 
Criticaliry Sa/ety Evaluation Report for the Multi-Canister Overpack. 

‘kfi= k, + 0.0004 + ((0.01)’+ (1.645)’(0: + 0.001083’))” as defmed in Section 3.2. This value should be 

bFuel baskets wntain an inner element location in psition 4,s. 
‘Fuel baskets contain an inner element location in position 3.6. 

MCO = multi-oaniSter overpsck. 

less than 0.95. 
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mhm4.7 

6.5.3.3 Scrap Baskets Loaded in the Wrong Tier and Extra Scrap Baskets. Contingency 
case reactivities for misloaded scrap in the flooded MCO and transfer cask are shown in 
Table 6-25. Cases mk4rs.2 and mklrs.2 are situations in which the limit of two scrap baskets per 
MCO is assumed to be inadvertently exceeded by the loading of a third scrap basket. For both 
Mark IA and Mark IV fuel, the k,, is greatest when the misloaded scrap basket is adjacent to an 
end scrap basket. These are less than 0.95. 

Flooded Mark IV MCO in the MHM 0.9784 0.0012 0.9300 

6.5.4 Canister Storage Building 

Table 6-8 has shown that the storage of dry MCOs in the CSB results in significantly 
subcritical conditions. Flooding the MCO, the storage tube, or the vault could raise the k, to a 
level of concern. The CSB design has excluded a sprinkler system and has no other piped-in 
water. During interim storage, the MCOs are sealed. Flooding the MCOs while storage is not 
considered credible. However, a flooded MCO may be delivered to the CSB, although this event 
would require multiple violations of shipping and receiving procedures at the CVDF and CSB. 
These effects on k, are calculated to show compliance with the 0.95 limit. The k, also is 
calculated for a misloaded MCO, and for moving an MCO in the MHM and into and out of the 
storage tubes through the concrete floor. 

6.5.4.1 Handling a Flooded Multi-Canister Overpack with the Multi-Canister Overpack 
Handling Machine. Handling a flooded MCO wjth the MHM and loading it into a storage tube 
has been analyzed and shown to be acceptable (K&ler 2000). The maximum b is for the MCO 
in the MHM prior to its being lowered into the tube. Table 6-26 shows the results for both 
Mark IA and Mark IV MCOs and Figure 6-19 shows the MCNP model. 

Table 6-26. Flooded Multi-Canister Overpacks in the Multi-Canister Overpack Handling 
Machine and Lowered through the Canister Storage Building Floor. 

Case I MCO initial configuration I kuk I 0, I b* 
I mhml.7 I FloodedMarkIAMCOintheMHM I 0.8992 I 0.0010 I 0.9103 [ 
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6.5.4.2 Vault Flooding. The CSB is designed with no water lines, and the only access to the 
vault space between the storage tubes is the two stacks that allow natural convection circulation 
for cooling the space. However, to show the conservative nature of the CSB, the contingency of 
water flooding the vault is analyzed using the infinite array model. The results are shown in 
Table 6-27. Progressively filling the vault to a quarter full (the bottom MCO is halfsubmerged), 
and to half full (the bottom MCO is completely submerged), lowers the hff to 0.3861 and 0.3807, 
as shown in cases oc2.1 and oc2.2, respectively. Case oc2.8 has an even lower value of 0.3447 
for the vault fully flooded (both MCOs submerged). The greater the flooding of the vault, the 
greater the neutronic isolation of each storage tube The progressive flooding of a vault decreases 
the overall k,, of the array. 

Another way to increase the k, of an array of undermoderated elements is to insert water 
as a vapor or mist between the array elements. The infinite horizontal array model of CSB 
storage tubes containing two normally loaded MCOs was run with water densities from 0.0005 to 
1 .O g/cm3 between the tubes. Figure 6-20 plots this data for internally dry MCOs, and 
Figure 6-21 plots this data for internally flooded MCOs. The peak in k,, 0.3968, occurs at 
0.008 g/cm3 for internally dry MCOs. Case ocsb05 (Table 6-27) shows the results of the 
I O  by 22 by 2 hexagonal array model of normally loaded Mark 1V fuel in the MCOs with 
0.008 g/cm3 of intertube moisture. Thus, the actual b for the dry MCO in the CSB storage tube 
is highly subcritical. 

Figure 6-20 also shows that for water densities greater than 0.008 g/cm3 in the vault, the 
drops to that for a single M y  water-reflected MCO. This section also showed that for flooding 
of the vault space, the b w a s  below 0.4 (see Table 6-27). For this degree of subcriticality, even 
at optimum intertube water density, no restriction on fire fighting is necessary to restrict water 
from the vault for criticality control. 

6.5.4.3 Flooding the Canister Storage Building Storage Tube. Table 6-28 shows that 
flooding the 1 .Sin. gap between the MCO and storage tube has no significant effect on the of 
dry MCOs in the CSB storage tubes. Comparing case ocl.3b, for vapor in the gap, with oc2.1 Ib, 
for full density water in the gap, shows all hff valuts are between 0.41 and 0.43. Each case uses 
0.008 g/cm3 of water in the intertube space. Case oc2.14b models the gap Wed with half density 
water and also shows a &value in the 0.41 to 0.43 range. These cases modeled Mark IV fuel. 
Mark IA fuel is used in case oc2. lOba with full density water in the gap and the & value is about 
0.41. These results indicate that for dry MCOs, the possibility of flooding storage tubes is not a 
criticality concern. 

6.5.4.4 Interspersed Moderation. As water moderation is decreased inside the MCO, the b of 
the system decreases rapidly, as shown in Figure 6-22. The b is insensitive to changes in water 
density in between MCO tubes in the CSB. As the water between MCO containers is reduced 
(with water density held constant at 1 .O g/cm3 inside the MCO), the ka does not change 
significantly, Compared with the 95% confidence intervals of the results themselves. These results 
are shown in Figure 6-23. 
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It should be noted that flooding a storage tube is not considered a credible contingency. 
The floor plug is sealed, and water and water lines p e  excluded from the vault operating floor and 
area. An unusual occurrence would have to happeh to bring water onto the operating fleor. 

6.5.4.5 Flooded Multi-Canister Overpacks. AniMCO could be delivered to the CSB that had 
not been dried. A single flooded MCO is cons 
Table 6-29 show that the entire army of MCO 
would still be within acceptable l i .  The 
less than that of the fill array of flooded M 
loaded MCOs with the internal nonmetal 
oc2.12b, have 0.008 gkm' water in the 
and 0.008 g/cm', respectively. The 
put in the storage tubes, cases oc2.13 
the intertube space, the results are 
densities in the vault space are s 
loaded with Mark IV fuel in the 
tubes. The curve rises only marginally, to a 
This figure shows that an infinite array of fi 
CSB array will be within allowable limits for 
storage tubes. 

credible contingency. Analysis results in 
SB could be flooded and the fficility 

flooded MCO in a storage tube will be 
el uses an infinite array of normally 

first two cases, oc2.12 and 
water densities of 0.0012 B/cm3 

full density water is 
and 0.008 g/cm3 ofwater in 

r partial water 
for flooded MCOs 
water densities between 

of 0.93 at a water density of 0.002 g/cm3: 
MCOs loaded with Mark IV fie1 in the 

es of interspersed moderation between the 

These results show that for flooded storage tubes containing normally loaded MCOs, the 
k,, is less than 0.95 and fire fighting does not have'to be restricted. 

flooded. In three of these cases, the vault space al 
below 0.9. For these conditions, the contingency f flooding raises the 
allowable limits. The last two cases, oc3.5~ and o 3.6c, present the results of more than two 
contingencies and are included for understanding T e consequences of gross misloading. 

6.5.4.6 Multi-Canhter Overpack# with Mhlorjed Fuel. Several MCNP calculations have 
shown that the CSB is significantly subcritical eve for loading Mark IA fuel and scrap in all the 
Mark IV baskets in all MCOs stored in the CSB 4 long as the MCOs are not flooded. The model 
has a 23.0-in. fuel basket diameter, 1.25 wt% "'Ujscrap in the top and bottom Mark IV baskets, 
54 Mark IA intact fud assemblies in each of the 
vertically in an infinite array of CSB tubes. With equals 

the MCOs (interior of MCOs dry), the decrea s. Even for flooding the CSB vaults, a 
misloaded MCO is Significantly less reactive than t e allowed limits as long as the MCO interior is 
dry, This is true even for the multiple contingencits (i.e,, completely misloading each MCO in the 
CSB). The design of the CSB exceeds the requirbents of the double contingency principle. 

The entries in Table 6-30 al l  have flooded Os and storage tubes. All MCOs are 
is flooded. In all cases, the values for b a r e  

but not above 

ee center Mark IV baskets, and two MCOs 
tubes and intertube spaces dry, the 

0.3787. If fill density water is added between the,CSB 3 tubes and inside the CSB tubes outside 
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Calculations have been done for a case of loading one K Basin canister of Mark IA fuel into 
a Mark IV scrap basket, and for a case of loading a Mark IV scrap basket in place of an intact fuel 
basket. A third scrap basket is modeled next to the top scrap basket in the bottom MCO in a 
storage tube. This puts three scrap baskets as close to one another as possible with a single 
contingency. The results of the analysis are shom,in Table 6-3 1. The b is 0.4232 for 
case oc3. Ib, which uses an intertube optimal water density of 0.008 g/cm'. The value is lower, 
0.4035, for case oc3.1, which uses an intertube water density of 0.0012 g/cm'. For a second 
contingency, the MCO being flooded, the k , i s  0.9349, as shown for case oc3.2. This result 
shows that for multiple contingencies, the k,,is still less than 0.95. The analysis is conservative in 
that the bottom MCO in each tube in the array has an extra scrap basket and the array is modeled 
as an infinite array. 

Another contingency is for a single canister of Mark IA fuel to be misplaced and mislabeled 
as Mark IV fuel in K Basins. This canister is loaded into a Mark IV scrap basket, so a scrap 
basket intended for 0.95 wt% ='U enriched scrap is loaded with the mass equivalent of 14 
assemblies, 233 kg, of 1.25 wt% *"U enriched scrap, and the rest of the basket is loaded with 
0.95 wt% 235U Mark IV scrap. Since scrap baskets are more reactive than intact fuel baskets, this 
case bounds other cases of a single canister of Mark IA fuel in Mark IV baskets. The & value is 
0.4228 for case oc3.3b, which uses an intertube optimal water density of 0.008 g/cm3 
(Table 6-21). The value is lower, 0.4071, for case oc3.3, which uses an intertube water density of 
0.0012 g/cm3. Adding a second contingency, the MCO being flooded, the 
in case oc3.4b, which has an intertube water density of 0.008 g/cm3. This result shows that for 
multiple contingencies, the b is still less than 0.95 

6.5.4.7 Loading a Multi-Canister Overpack in @ Tube with no Intermediate Impact 
Absorber. It is possible to load the second MCO m a storage tube without installing the 
intermediate impact absorber. For this situation, ths CSB array was modeled containing one tube 
with two MCOs and no intermediate impact absorber and with the entire array of MCOs with no 
impact absorbers. The model used for these calculrtions was updated to include the lower and 
intermediate impact absorber, the latest basket and CO dimensions, correct mass limits for the 
scrap baskets, end the 111 length of the MCO as discussed in Section 6.3. All the arrays of 
drained MCOs were analyzed and the results reported in Table 6-32. The results show that the 
presence of the intermediate impact absorber has no effect on kr for drained MCOs. This is 
because of the space and plug above the top scrap basket, which isolates the top and bottom 
MCOS from each other. 

6.S.4.8 Flooding the SamplingIWeld Station with Glycol. The temperature of an MCO in the 
CSB sampiin@weld station is controlled by a cooliag system containing propylene glycol. The 
glycol circulates through the upper shield region that surrounds the upper portion of the MCO. 
For this d o ,  it was assumed that the cooling system failed and the void region along the 
entire length ofthe MCO was flooded. The composition of the coolant was assumed to be 100% 
propylem (CJi&). More than 12 in. of concrete separates the stations'from each other, 
neutronhUy iselating them, so only one station is modeled. The personnel access area around 
the top of the MCO was assumed to be concrete to provide maximum reflection. Calculations 
were performed for both flooded and drained MCOs and the results are listed in Table 6-33. 

is 0.9229, as shown 
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Case 
Calculation results 

Description 
k& 0 lztr 

10 x 22 x 2 array of dry Mark IA I 0.3417 1 0.0003 I 0.3527 I I MCOs 

csbl.8 1 10 x 22 x 2 arrav of dw Mark IA 0.3420 0.0004 I 0.3529 

I MCOs; one tube contains no I intermediate impact absorber I 
I . -  

csbl.9 10 x 22 x 2array of dry Mark IA 
MCOs with no intermediate impact 
absorbers 

I I  
0.34587 0.00032 0.3569 

csb4.7 I 10 x 22 x 2 arrav of dw Mark IV 0.3637 I 0.0004 I 0.3747 

csb14.8 

csb4.9 

Note: The readta in this table are for information only. For current results, refer to HNF-SD-SNF-CSER-005, 
Crificalily Safely Evaluation Report for  the MulIi-CanisIer Overpack. 

MCO = m d t i d s t e r  overpeck. 

0.36653 

MCOs 

10 x 22 x 2  array of dry Mark IV 
MCOs; one tube contains no 
intermediate impact absorber 

10 x 22 x 2 array of dry Mark IV 
MCOs with no intermediate impact 
absorbers 
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Case 

gly1.2 

Table 6-33. Canister Storage Building Sampling/Weld Station Flooded with Propylene 
Glycol and Containing a Multi-Canister Overpack. 

Calculation results 
Description 

k,* Qc k, 
0.28216 Mark IA MCO drained 0.271 15 0,0005 8 

glY1.3 

glY4.2 

Mark IA MCO flooded 0.89000 0.00103 0.901 11 

Mark IV MCO drained 0.31053 0.00070 0.32156 

1 glY4.3 I Mark IV MCO flooded 0.91457 0.00088 0.92564 
Note: The results in this table are for information onlv For current results, refer to 

HNF-SD-SNF-CSER-005, Criticolity Safety Evoluolion R e p r l  for fhe Multi-Conister Overpack 

*b= 16. + 0.0004 + ((0.01)’ + (1.645)’(02 + 0.00:OS3z))* as defined in Section 3.2. This value should 
be less than 0.95. 

MCO = multi-canister overpack 

These results show that the cooling system for the samplinglweld station does not 
compromise criticality safety. The models of the MCO were updated to incorporate the most 
recent design changes to the MCO internals and the fuel and scrap baskets. In addition, the 
Mark IA scrap basket was only loaded to its maximum limit of 575 kg. Therefore, the results of 
these cdculations are less than those of similar calculations reported elsewhere in this document. 

6.6 CRITICAL BENCHMARK EXPERIMENTS 

This section provides justification and shows the validity of the calculational method and 
neutron cross-section values used in the analyses 

Benchmark experiments are primarily used to confirm two aspects of the neutron transport 
analysis tool: 

0 

0 

That the computer code has a sound treatment of the neutron transport 

That the nuclear cross section database used in the transport code is in agreement 
with the relevant integral experiments 

The MCNP computer code (Breismeister 1993) is used worldwide and has been extensively 
tested with its ENDFIB-V-based cross sections The code development group at Los Alamos 
National Laboratory, where MCNP was developed, also has a set of 25 calculational benchmarks 
that extensively test various options within the code These 25 benchmarks are used to confirm 
that new versions of the code give exactly the same answer as before and that executables for 
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users at other sites give equivalent answers. Hence, the 25 calculational benchmarks supplement 
additional calculations that are made on experimental benchmarks. 

MCNP validation efforts specifically appropriate for low-enriched uranium metal systems 
have been made that have covered N Reactor fuel elements in water (Wittekind 1991, 
Wittekind 1992, Wittekind 1993) and low-enriched uranium solutions (Wittekind 1994a). The 
calculational bias has also been determined (Schmittroth and Ruben 1996), and the methodology 
of applying the bias and uncertainty is discussed in HNF-SD-SNF-CSER-005 (Kessler 2000). 
MCNP version 4B was used for the most recent calculation (Ruben and Schwinkendorf 1998, 
Hillesland and Schwinkendorf 1998, Schwinkendorf 1998, Erickson 1998). 

The WIMS-E code (Gubbins et al. 1982) was used in this analysis to illustrate trends while 
the detailed three-dimensional criticality calculations were performed using MCNP. WIMS-E 
also has been extensively validated against critical experimental data, Previous validation efforts 
have covered low-enriched uranium metal billets (Erickson 1992, Schwinkendorf 1985a, 
Schwinkendorf 1985b), Mark IA he1 assemblies and uranium metal rods (Schwinkendorf 1992a), 
and low-enriched uranium solutions (Schwinkendorf 1992b, Wittekind 1992). 

6.7 SUPPLEMENTAL DATA 

6.7.1 WIMSE Cllculntions for k-Infinity of Fuel Scrap Loads 

Assuming uncontrolled geometry, broken he1 pieces may clump together in such a way as 
to achieve optimal heterogeneity for self-shielding. If these optimally Sized fuel pieces become 
o p t i d y  spaced in water, meximum b w i l l  result. Previous analysis has shown what the 
minimum critical massea are fot various fuel assemblies, components, scrap, solutions, and 
uranium baas for a set of ideal geometries, such as sphere or slab (Schwinkendorf 1995). Fuel 
baskets loaded with scrap are assumed to have their entire volume filled with optimal rods. 

The variation in maximum lattice k, is shown in Figure 6-24 for Mark IV and Mark IA fuel 
in water. Each point plotted b the  maximum value for each particular rod diameter (as the 
moderator-to-uranium ratio is varied). 

In order to understand the degree of conservatism inherent in treating broken fuel pieces as 
optimal scrap, additional calculations were performed in which the scrap material was assumed to 
consist of n~n-optimdly sized uranium rods. These rods had a diameter equal to the radial 
thickness of a &el assembly’s outer element and preserved the cladding in direct proportion to the 
amount of cladding present in intact fitel. Only one typical rod diameter was varied, and k, was 
calculated 88 the spacing was varied. Figure 6-25 presents these results. The thickness of the 
uranium in the Me& IV outer element is equal to 0.40275 cm, so this was the diameter of the 
Mark Tv scrap assumed m Figure 6-25. The thicktless of the uranium in the Mark IA outer 
element is 0.3467 cm, so this was the diameter of the Mark IA scrap rods. The maximum k, for 
the Mark IV scrap (0.95 wt% s5U enriched) in Figure 6-25 is 1.077. This is more representative 
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of what broken debris may be and indicates how much conservatism is in the uranium metal 
optimal rod model (about 15 mk). It is not clear that broken pieces would not clump together in 
an uncontrolled geometry and thus behave neutronlcally as a larger piece of scrap. The optimal 
scrap model must therefore be used for nuclear criticality safety calculations. 

Additional conservatism exists in the assumption of zero fuel exposure. N Reactor fuel 
stored in the K Basins has documented exposure distributions for each key; these records are 
backed up by direct measurement performed during the fuel segregation campaign in the early 
1980s. Credit could be taken for those keys known to have high burnup. 

6.7.2 Rod Versus Spherical Geometry for Scrap or Rubble Model 

This section shows that either spheres or cylinders can be used to find the maximum b by 
optimizing the size and spacing of the shape selected By inference, cylinders may be used to find 
the maximum &for rubble or scrap. That is the applicability of treating a random arrangement 
of rubble, or scrap, as a pristine lattice of uranium rods in water The question is whether a 
regular lattice in cylindrical geometry will necessarily produce a bounding k, for any arbitrarily 
shaped chunk of material The question that was actually checked is whether an explicit spherical 
lattice optimizes to a higher k, than a cylindrical one The comparison between an optimized 
array of spheres and cylinders was addressed with 'a series of MCNP calculations comparing a 
hexagonal pitch rod lattice with an explicit, three-dimensional, lattice unit based on spheres 
arranged in a face-centered-cubic geometry The fissionable material assumed was uranium metal 
with an enrichment equal to 0.95 wt% Bw For both rods and spheres, a double parameter 
search was made to tind the maximum k. (as the spacing was varied) as a function of uranium 
piece diameter. MCNP is not an ideal computer code for applications of this nature Trends that 
must be smooth tend not to be because of the statistical nature of the code output However, 
WIMS-E does not have a lattice module for spherical geometry 

Theoretically, the two most important parameters in a heterogeneous lattice cell problem 
are ( I )  the degree of self-shielding and (2) the neutfon spectrum, which depends on the degree of 
neutron moderation. The degree of self-shielding determines the difference between the flux 
inside and outside the fuel region. Neutrons are born above the z3*U resonances and are 
thermalizcd by the water to energies below the resanances allowing them to escape much of the 
=W resonance p d t i c  capture in low-enriched urmum metal systems. Lattice calculations of k, 
are grefater for optimsl heterogeneous systems because the thermalization of neutrons in the water 
region where there is an absence of strong absorbers (i e , *38U) increases the resonance escape 
probability of neutrons returning into the fuel region The degree of self-shielding is quantified in 
neutron transport theory using the concept of the mean chord length The mean chord length, 
-7, can be thought of as the average distance a neutron travels through a material region 
A simple formula for calculating the mean chord length (Duderstadt and Hamilton 1976) is 
-40 = 4 x (volumdarea) For a rod, this becomes 
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<RZ = 4(xRZL) 

= 2R 
= D for a rod of length L. 

2xRL 

For a sphere, this becomes 

4( :xR3) 

4xR2 
<R> = 

4 = -R 
3 
2 

= -D. 
3 

If the degree of self-shielding is to be the same between the cylindrical and spherical 
regions, the mean chord length must be the same. This occurs when the diameter of the cylinder 
is equal to two-thirds of the diameter of the equivalent sphere, or the sphere diameter is 1.5 times 
the diameter of the cylinder. Figure 6-26 presents the results of the MCNP calculations. Each 
MCNP shown in Figure 6-26 was a maximum value, out of 10 MCNP calculations that varied 
the spacing between either the rods or spheres. The shapes of the two curves show very good 
agreement with predictions if either the rod or sphere diameter is adjusted to compare results with 
the chord lengths as described above. It is interesting to note that this maximum k, is very close 
to the v h e  that WIMS-E maximized to for uranium rods of the same enrichment (1.09226). The 
maximum k, was 1.09082 f 0.00265 for the cylindrical lattice, and 1.09189 f 0.00247 for the 
spherical lattice. Finally, the sphere diameter that produces the maximum is about 1.5 times the 
diameter that produces a maximum for the rods, as predicted by theory. 

The foregoing discussion was intended to solidly establish that whether random, irregularly 
shaped scrap or rubble. is treated 89 rods or as spheres makes no difference in the calculated value 
of the maximum k, of the material. The rod and sphere comparison was in excellent agreement 
With Certain transport theory predictions, and hence greater confidence may be put in the 
assumption that the primary factors that have significance in determining 
the m a  (or effectivs) chord length and the degree of moderation. These factors are not sensitive 
to the spatial details of the lattice geometry. Therefore, treating scrap material using parametric 
calculational results obtained from a cylindrical lattice calculation is valid. 

of the unit lattice are 
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6.7.3 Burnup Effects on N Reactor Mark IV and Mark IA Fuel 

All calculations in this chapter were performed using unirradiated fuel. Fuel burnup credit 
provides an additional safety margin. Experiment4 data exist for Mark IA fuel showing the 
impact of fie1 bumup on nuclear criticality safety parameters (Kessler 2000). 

B u m p  calculations have been performed fog both Mark IV and Mark IA fuel using hot 
operating conditions in the N Reactor lattice. Figqe 6-27 shows the reactor lattice k., for both 
Mark IV and Mark IA fuel. The initial drop in b Es due to the buildup of equilibrium xenon 
poisoning. The subsequent behavior of Mark IA fuel shows that b decreases monotonically with 
exposure. Mark IV &el, because of the lower initi)l enrichment, shows an increase in k, caused 
by the buildup of y%. This behavior has been shown in previous analyses using the HAMMER 
lattice code (Toffer 1975). 

The minimum spherical critical mass for unirradiated Mark IA fuel is 1,893 kg. This 
calculation assumes optimal moderation (hexagonal lattice spacing of 3.1 in. center-to-center) and 
fill water reflection. With burnup equal to 92 days (which corresponds to 6 wt% % in total 
plutonium), this minimum critical mass increases ta  2,419 kg, an increase of 28%. With bumup 
equal to 162 days (9 wt% '"OPU in total plutonium), this critical mass increases to 2,946 kg, an 
increase of 56% over the unirradiated value. These results are consistent with Toffer (1975), as 
shown in Figure 1 1 of the reference. 

The variations in maximum lattice k, and miaimum critical mass are plotted as functions of 
exposure in Figures 6-28 and 6-29. In Figure 6-2q this evolution is plotted as the ratio of the 
minimum critical mass as exposure increases, divided by the minimum critical mass with no 
exposure. Burnup effects were treated by using the isotopics generated with the WIMS-E lattice 
code (Gubbins et al. 1982) for the hot operating lattice environment of N Reactor. These 
isotopics (except for I3'Xe, which was set to zero) were then used in a cold water lattice model 
where the spacing between fuel assemblies was adjusted to find the maximum k., and minimum 
critical mass. The first points plotted in Figures 6-28 and 6-29 are for two days. The point 
plotted in Figure 6-29 at zero exposure would be exactly equal to 1 .O. 

The relative shapes of the two curves in Figures 6-27 and 6-28 are quite similar, but there is 
a sigdkant difference between them. Figure 6-27 shows the change in k, inside the fixed 
g r a p h  lattice of the N Reactor using hot operatiqg conditions. These are the k., values 
produced by the WIMS-E code as the burnup calculation proceeds. Figure 6-28 shows the 
maximum k, when the fuel is removed fiom the reactor, '"Xe is allowed to decay away, and the 
fuel is immersed and optimally spaced in a light water moderator. 

Resulta presented in Figures 6-27 through 6-29 were generated with the old 1986 WIMS-E 
cross d o n  library. Figure 6-30, which illustrates the long-term behavior ofthe maximum lattice 
k., in cold water as the fuel is allowed to decay over a 100-year period, was generated using the 
new 1994 W - E  cross d o n  library, which inqludes improved treatment of the transuranic 
burnup chains up through curium. Transuranic isotopic predictions obtained from this new library 
have been compared to measured N Reactor data (Schwinkendorf et al. 1996). Excellent 
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agreement with measured data was shown for all transuranic isotopes compared. The results 
indicate a slight reduction in b for both Mark IV and Mark IA fuel as both the fission products 
and transuranic chains decay. Fission products will eventually decay into other isotopes that 
provide neutron absorption. Figure 6-3 1 depicts the Mark IV curve shown in Figure 6-30, with 
an expanded vertical scale so that the decrease in k, is more easily seen. This curve is the net 
result of many unstable or radioactive isotopes changing simultaneously such as fission products, 
activation products, and transuranic isotopes such i ts 241Pu and '"Am. 

6.7.4 Effect of Uniform Change in Lattice Spacing 

A set of MCNP calculations replaced the explicitly defined loading arrangements shown in 
Figures 6-1 1 and 6-32 with an infinite lattice of fuel assemblies that was allowed to fill in the 
available volumes of the fuel and scrap baskets. This allows the non-physical geometry of having 
partial fuel assemblies "cut off' by the bounding surfaces of the regions into which the fuel lattice 
is placed. Thus more fuel is added to the baskets than would be loaded in reality. For example, 
with an infinite lattice, the Mark IV fuel basket holds 60.4 assemblies at a 2.8 in., hexagonal, 
center-to-center lattice spacing, and the Mark IA baskets hold 56.1 assemblies at the same lattice 
spacing. Again, this includes partial assemblies that result from extending the lattice all the way 
out to the bounding surfaces even though they would not otherwise fit. This model is inherently a 
lower-leakage geometry because fuel pieces exist near the outer boundary that can intercept 
neutrons that w.ould otherwise have leaked out. The k,, for the 2.8411. spacing is therefore 
somewhat higher than the CASEl base case (by about 15 mk) (see Table 6-5). Figures 6-33 
and 6-34 illustrate the trend for the CASEl and CASE2 geometries (Figure 6-7) when the 
arrangement of the 48 Mark IA and 54 Mark IV fuel assemblies is replaced with an infinite fuel 
lattice and the trend as the lattice spacing is increased. Figures 6-33 and 6-34 clearly show that 
b does not peak at slightly higher spacing (the upper and lower scrap baskets in both of these 
models are driving the L o f t h e  system). The CASEl and CASE2 geometries also were modeled 
with the top and bottom scrap baskets replaced with the intact fuel lattice. The results are shown 
in Figures 6-35 and 6-36 for 111 MCO fuel region loadings without scrap baskets on the ends. 

6.7.5 Radial Isotopic ProtUe Evolution During Burnup 

UrsniUm and transuranic isotope buildup in nuclear reactor fuel are functions of both the 
flux and the neutron spectnun. In a heterogeneous reactor lattice, neutrons born from fission in 
the kel escape into the moderator, .where they undergo collisions with the hydrogen in the water 
molecules and lose energy in the process @e., they become moderated). For low-enriched 
uranium metal fuel, a heterogeneous lattice increases k,, by increasing the probability that a 
neutron will moderate to thermal energies without being absorbed by one of the many resonances 
in %. This probability is increased by allowing the high energy neutrons to thermalize in the 
absence of resonance absorbers. 

Spatial self-shielding in heterogeneous lattices produces spatial flux gradients, and the 
fluxes have different shapes for different energy ranges throughout the spectrum. The fast, or 
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high energy, flux has a different spatial shape than the thermal, or lower energy, flux. This shape 
function drives the isotopic burnup equations differently as the radial position within the fuel piece 
changes. 

In addition, different nuclear reactions occur at different energies. For example, the 
depletion of z15U occurs when u5U absorbs a neutron and either fissions (80% of the time) or 
emits a gamma ray. The absorption of neutrons in 13sU is much greater for thermal neutron 
energies because of the "l/v behavior" (proportional to inverse neutron velocity) of the absorption 
cross section. The depletion reaction of z3sU is therefore maximized where the thermal neutron 
flux is maximized. In contrast, the buildup of =Vu is an indirect result of the absorption of a 
neutron in u8U. When 238U absorbs a neutron, it is transmuted into '%, which emits a beta 
particle to become "Wp, which emits another beta particle to become =Vu, Although these beta 
decays are not a h c t i o n  of the local flux spectra, the neutron absorption in 
neutron absorption in u8U occurs in the epithermal or resonance range of the spectrum. 
Plutonium production is therefore expected to be greater in those cases where the energy of a 
partially moderated neutron flux spectrum is higher than that of a fully moderated thermal 
spectrum. 

is. Significant 

Figures 6-37, 6-38, and 6-41 illustrate this effect for Mark IV fuel from N Reactor, and 
Figures 6-39, 6-40, and 6-42 present the Mark IA results. The isotopic burnup profiles inside 
N Reactor fuel were determined by the WIMS-E code (Gubbins et al. 1982). The regions shown 
in these figures correspond to the metallic fuel in the tube-in-tube assembly. The non-fuel regions 
of cladding and coolant at each fuel edge are not shown in the figures. Both the inner and outer 
elements of the N Reactor Mark IV fuel contained 0.947 wt% enriched uranium metal. The 
Mark IA fuel used a 0.947 wt% enriched uranium inner and a 1.249 wt% enriched uranium outer 
tube. The Mark IA fuel, because of its higher kr, was used as "spike" fuel to reduce radial 
peaking factors in the reactor. 

Hot operating conditions for the N Reactor fuel lattices were obtained fkom old DCODE 
(Thierer 1968) results (WIMS-E does not perform heat transport calculations, only reactor 
physics [Gubbine et al. 19821). WIMS-E performed the burnup analysis assuming 20 radial 
subdivisions in the a ~ u l a r  he1 regions. The burnup equations were driven locally for each of the 
radial intervals by the 69-group neutron flux and spectrum for that particular radial interval. 
Figures 6-37 and 6-39 illustrek the ratio of z35U and uVu content, or total fissile, to combined 
uranium and plutonium versus %el exposure for Mark IV and Mark IA fuels. The ratios in the 
bulk central regions of the fuel diminish with exposure, but the ratios at the fuel edges increase 
with exposure. Figures 6-38 and 6-40 illustrate the ratio of '%.I content in the plutonium for 
Mark IV and Mark IA fuels. The '"'Pu content, which is a thermal-spectrum neutron poison, also 
increases with exposure and is at a higher concentration at the fuel edges. Figures 6-41 and 6-42 
illustrate the ratio of 
Mark IV and Mark IA fuels. The ratios in the bulk central regions of the fuel and at the fuel 
edges increase 'with exposure. 

content to combined uranium and plutonium versus fuel exposure for 

It is observed in Figures 6-41 and 6-42 that the concentration of uVu near the surface of 
the N Reactor fuels is about twice the average concentration of '%J in the fuel region. 
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The upper bound ratio of u ~ u  to U is 0.0030 from both figures. The 
plutonium in exposed N Reactor fuel is at least 80 wt%. Therefore, the ratio of Pu to U is less 
than 0.00375 throughout the fuel region, including the outer edge of both Mark IV and Mark IA 
fuels. Therefore, the UPu atom ratio will always be greater than 267. The inclusion of corrosion 
from fuels with lower exposure and realistically deeper corrosion penetration in the central region 
of the fuel will increase this ratio significantly. Uranium and plutonium solutions will always be 
less reactive than the model based on 1.25 wt% '"U according to discussion of UPu ratio in 
Section 6.4.5.5. Additional discussion also is provided in HNF-SD-SNF-CSER-005 
(Kessler 2000). 

content of all 

The enhancement of plutonium production at the outer periphery of nuclear fuel has been 
documented in the commercial industry (Carlsen and Sah 1981) and predicted by computer codes 
(Palmer et al. 1982). In addition to radial profiles generated during irradiation because of 
neutronic effects, thermochemical migration and vapor transport effects have been considered in 
mixed oxide fuel (Olander 1976). Because of the co-extrusion process of fuels fabrication of 
Hanford Site production reactor fbel, the fbel is in intimate contact with the cladding (unlike 
commercial fuel where there is a fuel-cladding gap). Formation of intermetallic phases of 
plutonium and cladding, near the fbel-cladding interface, have also been suggested as possible 
concentrating mechamma . for plutonium in Hanford Site production reactors. However, the 
conclusion has been that formation of intermetallics of this type would not have taken place 
because of the lower operating temperatures of the fuel. Results reported in this section consider 
only the neutronics factors driving the evolution of radial plutonium profiles. 

The N Reactor b m p  results indicate a ''%I buildup effect near 'the outer surfaces of the 
fuel. In all cases, 20 mesh intervals were assumed in the fbel regions. The N Reactor results are 
likely as pronounced as they will get. These profiles look very much like the profiles in Palmer 
et al. (1982). Palmer et al. (1982) compared two independent codes (WIMS-E and RADAR) for 
the calculation of these profiles. 

In all bumup calculations reported in this section, the production of plutonium is enhanced 
at the outer surfaces of the fbel; exposure is increased near the surfaces because the impending 
thermalized neutron flux is not depleted by self-shielding as it is in the central region of the fuel. 
However, thie effect is at least partially mitigated by the fact that enhanced fissile uranium 
depletion also occurs near the fbel surfaces. In addition, the increased plutonium production near 
the surface also has a bigher % content. The overall effect on &, as discussed above and in 
Section 6.4.5.5, is that sludge modeled as 1.25 wt% u5U is more reactive than the compositions 
containing plutonium isotopes near the fuel edge. 

SARR-005.06 6-64 March 2000 



HNF-SD-SIW-SARR-005 REV 2 

Figure 6-1. Fuel Assemblies Storage Basket. 
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Figure 6-2. Fuel Scrap Storage Basket. 
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Figure 6-3. Multi-Canister Overpack and Storage Tube, 

impact Absorber --, 

impact Absorber 
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Note: The lower impact absorber is 30 in. tall and the middle impact absorber is 18 in. tall 
This figure is of a p r e l i  design and not la scale. 
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Figure 6-4. Multi-Canister Overpacks in Vault Tubes (Finite Array) 
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Figure 6-5. Multi-Canister Ovback in the Multi-Canister 
Overpack Handhg Machine. 
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Figure 6-6. Model C, Multi-Canister Overpacks in Vault Tubes 
(Infinite Lattice Cell) and Model D, One Multi-Canister 

Overpack Encased in Concrete. 
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' Figure 6-7. Input Models for Normal Case. 
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Figure 6-8. Multi-Canister Overpack Loaded with Single-Pass Reactor Fuel, 
using Mark IA Scrap Baskets. Lattice Spacing Optimized using WIMS-E. 
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Figure 6-9. Typical Process Bay at &e Cold Vacuum Drying Facility 
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Figure 6-10. kKVersus Water Level Internal to a 
Mark IV Loaded Multi-Canister Overpack. 
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SARR-005.06 

._ 

Figure 6- 1 I .  Loading Arrangement for Fuel in Multi-Canister 
Overpack to Produce Maximum K-Effective. 
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Figure 6-12. Reduced Loading for Mark IA Fuel in Multi-Canister 
Overpack (Twelve Assemblies Removed per Basket). 
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Figure 6-13. km Versus Lattice Spacing - Mark IA Fuel Assemblies. 
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Figure 6-14. MCNP Mark IA Fuel Basket Grid 
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Figure 6-15. Mark IA-Loaded Multi-Canister Overpack with Half of the 
Inner Elements Near the Inner and Outer Fuel Region Annulus Edges. 
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Figure 6-16. Mark IA-Loaded Multi-Canister Overpack with Half of the 
Inner Elements Loaded Near the Center of the Fuel Region Annulus. 
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Figure 6-17. Lattice k-In6nity and Temperature Coefficients 
for N Reactor Fuel Assemblies. 
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Figure 6-18. Drop Analysis Input Models. 
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Figure 6-19. Water-Flooded, Mark IV-Loaded Multi-Canister Overpack 
Being Lowered into a Canister Storage Building Storage Tube. 
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Figure 6-20. Interspersed Moderation for Dry Mark IV Multi-Canister 
Overpacks in the Canister Storage Building. 
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Figure 6-2 1. Interspersed Moderation for Flooded Mark IV Multi-Canister 
Overpacks in the Canister Storage Building. 
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Figure 6-22. Maximum k-Infinity Versus Rod Outside 
Diameter, Including Cladding. 
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Figure 6-24. Interspersed Moderation, Water Density 
Variation inside Multi-Canister Overpack. 
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Figure 6-25. Interspersed Moderation, Water Density 
Variation outside Multi-Canister Overpack. 
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Figure 6-26. Maximum k-Infinity Versus Outside Diameter, 
Face-Centered-Cubic Spherical versus Hexagonal Rod Lattices 
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Figure 6-27. k-Infinity Versus Exposure for 
N Reactor Hot Opetating Conditions. 
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Figure 6-28. Maximum Lattice k-Infinity Versus Exposure 
for N Reactor Fuel in Cold Water. 
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Figure 6-29. Minimum Critical Mass Ratio Versus Exposure 
for N Reactor Fuel in Cold Water. 
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Figure 6-30. Maximum Lattice k-Infinity Versus 
100-Year Decay for N Reactor Fuel. 
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Figure 6-3 1 .  Maximum Lattice k-Infinity Versus One 
Hundred-Year Decay for N Reactor Mark IV Fuel. 
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0,920 ~ ........................................... 

Figure 6-32. Loading Arrangement for Mark IV 
Fuel in Multi-Canister Overpack. 
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Figure 6-34. Reduced Intact Fuel Loading with 
Scrap Baskets -Mark IV Assemblies. 
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Figure 6-35. Reduced Intact Fuel Loading - Multi-Canister 
Overpacks Loaded with Mark IA Assemblies. 
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SARR-005.06 

Figure 6-36. Reduced Intact Fuel Loading - Multi-Canister 
Overpacks Loaded with Mark IV Assemblies. 
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Figure 6-37. Evolution of the 235U + '%I Radial Profile 
for Mark IV N Reactor Fuel 
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Figure 6-38. Evolution of the wt% 240pu Radial Profile 
for Mark IV N Reactor Fuel. 
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Figure 6-39. Evolution of the 235U +"%I Radial Profile 
for Mark IA N Reactor Fuel. 
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Figure 6-40. Evolution of the wt?h "%I Radial Profile 
for Mark IAN Reactor Fuel. 
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Figure 6-41. Evolution of the "?u Radial Profile 
for N Reactor Mark IV Fuel. 
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7.0 CONFWEMENT 

The multi-canister overpack (MCO) represettts the first confinement boundary for the spent 
nuclear he1 (SNF) during storage. The MCO is a Single-boundary system that serves the 
following uses during its lifetime: 

The innermost SNF container as part cf the transport shipping packaging 

The process vessel for the SNF during cold vacuum drying 

The container for the SNF during protess validation and interim storage at the 
Canister Storage Building (CSB). 

7.1 CONFINEMENT BOUNDARY 

shell wall, collar, and the MCO shield plug assemb T , including the metallic seal (Figure 7-1) 
The confinement boundary for the MCO is mposed of the MCO lower end cap, the MCO 

The lower end of the MCO is a machiued cap made of 304L stainless steel. 
A depression at the bottom of the capcollects bulk water for removal from the 
MCO The minimum thickness for the lower end cap is 0.5 in where it is welded to 
the shell wall. 

The shell wall of the MCO is a 24-in.-putside-diameter pipe section with a 
0.5-h-thick wall section The shell idmade of 304L stainless steel. The shell wall, 
collar, and lower end of the MCO 4 be manufactured and pressure and leak tested 
together with the shield plug assembly at the fabricator's site. 

The abield plug assembly includes the 
devim necessary for interface to op 
ends of the penetrations from the intedor of the MCO form a portion of the 
confinement boundary for the MCO 

0 g body itself and the penetrations and 
and safety equipment The devices at the 

The MCO cwfinement and pressure bound* is designed and manufactured in accordance 
with the sttndards in the Boiler and Pressure V e G l  Code (ASME 1998), Section In, 
Subsection NB. The MCO design pressure is 450 ib/in2 gauge at 132 "C (270 OF) when the 
cover cap M attached and 150 lb/in2 gauge when tile cover cap is not attached. The MCO 
maximum design temperature after he1 is inserted Into the MCO is 132 "C (270 "F) Additional 
details are provided in Sections 2 2 6 2 1 and 2 2 6 2 2, and in Chapters 4 0 and 12 0 
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7.1.1 Confinement Passages 

Passages are bored through the shield plug to the interior of the MCO. The passages 
terminate on the outside of the shield plug as port% with devices and fittings that allow the MCO 
to interface with operating and safety-related devices. Three devices are associated with the 
ports: two process valves and one pressure relief device. Fittings and covers that go over the 
devices offer additional confinement for the MCO. A fourth port is available if needed but will be 
plugged during normal conditions. 

The two process valves on the external face of the MCO are connected to process 
equipment. These process connections are used to introduce fluids into and remove fluids from 
the MCO. The long process tube path (port 3) has a bore of 0.59 in.; the path connecting to the 
internal high-effciency particulate air (HEPA) filters (port 2) has a nominal diameter of 1 in. The 
p r o w s  path from port 3 is protected by a wire screen (2-mm mesh openings) on the interior of 
the MCO to prevent larger particles from being moved out of the MCO (Figure 1-9). This defines 
confinement as the retention within the MCO of all materials greater than 2 mm in diameter. 

A bank of four HEPA filters welded to the mderside of the shield plug filters exit gases 
during vacuum drying through port 2. The HEPA filters, which are not testable after the MCO is 
assembled, are connected to two penetrations (ports 1 and 2) in the MCO shield plug. These 
HEPA mers serve to minimize the potential for escape of contamination and reduce the need for 
external MCO filtration. 

7.1.2 Seals, Welds, and Clorure 

MCO oonfinement is established by a combiaation of seals and welds. The shell wall pipe, 
collar, and MCO bottom are joined by welding, and the joints are inspected and examined before 
the MCO isloaded with firel. The shield plug penetrations are sealed during transport to the 
CSB. Mer d p t  at the CSB, a single cover cap is placed over the entire shield plug and welded 
to the MCO shell wall collar at the CSB 

The shield plug is secured to the MCO at the K Basins using a mechanical closure. 
A threaded to&q ring is placed into the MCO cdlar neck extension after the shield plug is 
insertsd. fkrcs assembled, I8 set screws in the locking ring are tightened down into the shield 
plug to push the shield plug into the seal between the MCO shell and the shield plug Information 
on the bolt torquing requirements is provided in Appendix 4 of the MCO Design Report 
(Goldmnnn 2000a). The locking and lifting ring is installed before the cask-MCO is transported 
to the Cold Vacuum Drying Facility (CVDF) The seal is maintained during thermal transients 
and drop midents by developing and maintaining sufficient preload through the seal This type 
of seal system was qualified during the prototypic testing program and by analysis, and as a result, 
only a routine examination of the main seal will be performed at the K Basins 
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The shield plug is installed in the MCO neck underwater in the load-out pit. Installing the 
locking and lifting ring and tightening the 18 set screws are accomplished in the load-out pit with 
the immersion pail system in the "up" position. Subsequently, the main seal is leakage-rate tested 
at the CVDF. 

7.2 REQUIREMENTS FOR NORMAL CONDITIONS OF STORAGE 

The MCO confmement boundary is tested at various locations to ensure the leakage rate 
requirements are met (Goldmann 2000b). When mechanically sealed, the maximum acceptable 
leakage rate is 1 .O x IO" standard cm3/satm. When in a welded sealed condition, the maximum 
acceptable leakage rate is 1.0 x 10'' standard cm3/s.atm. The MCO collar, shell, bottom end, 
shield plug assembly, and individual cover caps are leakage rate tested at the fabricator's facility 
before the subassembly is loaded with bel. The mechanical closure system will be qualified for 
suitability and only a routine examination of the seal occurs at the K Basins after fuel loading and 
MCO closing are complete. The mechanical seal of the MCO is leakage rate tested at the CVDF 
to determine acceptability for storage at CSB. It is not anticipated that the 18 set screws in the 
mechanical closure will need retorquing while the MCO is in storage at the CSB. This is based on 
test results after the prototypic MCO had gone through five thermal cycles and vibration testing. 
The mechanical seal maintained leaktightness after testing of the prototype was complete. M e r  
receipt at the CSB, a cover cap is welded to the MCO shell over the top of the shield plug and 
locking and lifting ring. The cover cap weld is capable of being volumetrically examined by 
ultrasonic inspection equipment once the MCO is sealed and prepared for interim storage in the 
CSB storage tubes. 

During sealed interim storage in the CSB, the MCO has no penetrations that are open for 
sensing or venting. The atmosphere inside the MCO is not interacting with the atmosphere of the 
CSB storage tube. 

The MCO is stored in the CSB storage tube. This tube is fitted with a shielded plug., The 
operating deck of the CSB is surrounded by the above-ground portion of the CSB's walls and by 
the roof 'lliuq under long-term storage, confinement is provided by the MCO and by the storage 
tube. The CSB is designed to withstand the loads imposed by Hanford Site hazards 
(e&, tornadoes, seismic events [see Chapter 2.01) as well as to mitigate or prevent accidents such 
as MCO drops into the storage tubes (see Chapter 3.0). 
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Figure 7-1. Schematic Diagram of Multi-Canister 
Overpack Confinement Boundaries. 
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8.0 MULTI-CANISTER OVERPACK CONFIGURATION 

The multi-canister overpack (MCO) is subjected to different environments and operations 
from the time it is transported to the K Basins until it is placed in interim storage in the Canister 
Storage Building (CSB). Chapters 3.0 and 4 0 pravide detailed evaluations of the MCO for these 
different environments and operations. Specific details of the activities that occur in each of the 
Spent Nuclear Fuel (SNF) Project facilities are presented in the respective safety analysis reports 
(SARs) This chapter briefly summarizes the processing path of the MCO and describes the 
configuration at each stage of this path A better understanding of the MCO process steps and 
the conditions that the MCO is subject to will facilitate application of the limits presented in 
Chapter 12.0 in development of the necessary techcal safety requirements and procedures and 
the maintenance and operating procedures needed for the various processing steps. 

8.1 K BASIN FUEL REMOVAL 

The MCO shell is loaded into an empty transport cask at the CSB. A protective cover 
prevents the interior of the MCO from being contaminated with foreign materials. The 
cask-MCO is unloaded from the conveyance and placed into an immersion pail that is located in 
the south load-out pit at the K Basins The cask lid is then removed, followed by the removal of 
the locking ring The pail lid is then installed and pail IS lowered 

The K Basin Fuel Retrieval System will be used to retrieve SNF and package it into MCO 
baskets in preparation for l o a m  into the MCO SNF will be moved, using the K Basin monorail 
cranes, from the baain storage locations to a storage area near the fuel retrieval equipment in the 
west bay of the basin. Fud canisters will be loaded into the fuel retrieval system's primary 
cleaning machine for cteanieg and for loosening stuck SNF scrap Following cleaning, the 
canisters will be discarded and some portion of the SNF will be visually inspected for removal of 
debris and sludge. 

SNF scrap Win be loaded into one of two types of MCO scrap baskets Intact fuel elements 
will be loaded iato one of two types of storage baskets Operational controls will ensure the fuel 
is loaded into the Gorrect MCO basket type and he1 loading limits are not exceeded. Proper 
loading protocols dl be established at K Basins Filled baskets will be moved to the MCO 
basket queue to await preparation for loading into the MCO The MCO basket queue can hold 
10 MCO baskets. 

MCO baaketa are moved manually from the loading queue to a shuttle cart The shuttle 
moves the basket through the transfer channel to a position next to the immersion pail. A loading 
funnei is placed into the neck of the MCO to prevent damage to the MCO closure surfaces during 
loading of the SNF baskets (Praga 1998b) This step may be performed before the cask-MCO is 
put into, and Booesd in, the load-out pit The MCQ basket is inserted into a cask-MCO using a 
gantry and telescoping mast. A rail structure is provided to support the gantry After the correct 
number of baskets has been loaded, the loading funnel is removed from the neck of the MCO 
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The shield plug assembly is prepared for installation while the MCO is underwater in the 
load-out pit. Assembly includes attachment of a shield plug lift fixture and installation of the long, 
axial process tube. The shield plug lift fixture is attached to the auxiliary hoist using the shield 
plug lift rig and moved over the submerged MCO containing the SNF payload. After the sealing 
surface on the MCO collar is cleaned underwater, the long process tube is inserted into the top 
basket's center pipe, and the shield plug assembly is slowly lowered down and into the MCO. 
Once shield plug insertion is complete, the cask-MCO assembly is raised up out of the water, and 
the lift fixture is decontaminated and removed from the shield plug. Any additional 
decontamination steps may occur at this time. 

The threaded locking ring is installed in the MCO and the set screws tightened. The shield 
plug valve alignment allows the MCO to "breathe" into the cask cavity after the cask lid is 
installed. Leak testing at this point is not necessary because the mechanical closure system will 
have been pressure tested and qualified at the fabricator's plant. The cask lid is installed before 
the cask is inerted and lifted from the pit. Then the cask-MCO assembly is inerted, put on the 
conveyance, and secured. The cask-MCO weighs approximately 30 tons when fully loaded with 
SNF (see Section 7.2). 

After assembly and tightening of the cask lid, the cask and MCO diving bell chamber above 
the water levels will be reduced to 1.6 vol% oxygen in the contiguous volume. The reduction of 
oxygen from the inside of the cask body will be acmmplished by gas buildup and subsequent 
release of the mixed gas from the cask. The cycle will be repeated until the desired dilution inside 
the cask body is achieved. The dilution method is described in HNF-2833, Inert Gas 
Requirements for Cask Loading (Pajunen 1998b). Although the report specifically mentions 
helium as the dilution gas, nitrogen is also being evaluated. A revision of 
HNF-SD-SNF-EXD-025, Functions and Requirementsfor K Basins Facility Upgrades for 
Transport (Ard 1998), is in the planning stages and will include the "Helium Purge System" for 
the cask-MCO assembly in the functions and requirements document for each basin's load-out 
system. The annual updates of this Topical Report will conclude this discussion. 

8.2 COLD VACUUM DRYING FACILITY 

8.2.1 General Facility Description 

The Cold Vaciuum Drying Facility (CVDF) will receive loaded MCOs from the K Basins 
The CVDF is a new, stand-alone, modular structure- located in the Hanford Site 100 K Area. The 
site selected for the CVDF is west of the 165/190 KW Building This site is close to all required 
utilities and within the inner security boundary. The new facility is located near the path the fuel 
transport truck will take leaving the 105 KW Reactor Building 

The CVDF wntaim five process bays (including one empty bay) within a single-story, 
pre-engineered metal frame and concrete panel building containing a second-level mezzanine 
Each process bay is designed as an enclosure for an MCO cask transporter, without the tractor 
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attached, and includes operational space necessary to meet the functional requirements of the 
CVDF. Process bay construction is designed to provide separation and confinement within each 
bay. Each process bay area has a width of 30 A and a nominal length of 60 A. The height of the 
process bay is nominally 32 ft, which is dictated by the manned access required at the working 
level of the shipping cask, the crane access required to remove the cask lid, and the physical 
requirements for all the operating equipment. 

Each process bay provides ground space for the following items: 

A cask transporter, without the tractor attached (a safety-related confinement zone) 

Personnel circulation ahd functional space around the cask transporter 

Seismic restraint hold-down devices for the cask-MCO, if required 

Vacuum drying system equipment and pump assemblies 

Access to the working level of the cask and transporter 

Radiological control between the process bay and the access corridor (building 
design allows for anti-C clothing installation and removal and personnel surveys 
when moving between rooms) 

Bridge crane access for removal of the cask lid and maintenance on equipment 

Auxiliary services, including inert gas, and pneumatic and electrical power 

A cabin& for supplies. 

Access to the working level of the cask is accomplished using a mezzanine level with space 
for the following items: 

Leakage rate testing equipment 

Connections from the vacuum drying system to the cask-MCO 

Heating, ventilating, and air conditioning equipment and electrical panels 

Process hood assembly and handling means 
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8.2.2 Cold Vacuum Drying 

The sequence of actions that occur within the CVDF between the time that an MCO is 
ready for shipping from the K Basins until the process bay is ready to receive another MCO can 
be summarized as follows. 

. .  . . .  
1. -. K East or K West Basin operations will be notified that CVDF 

operations is ready to receive a shipment. CVDF operations will select a bay and 
notify the truck driver, who then positions the transporter in front of the 
corresponding door. The bay door is opened and an exhauster trunk is attached to 
the truck's exhaust pipe so that diesel fumes do not enter the CVDF. The truck 
backs into the bay and locates the transporter. 

v. Once the MCO has been accepted, the trailer is secured, and 
the tractor is disconnected and driven out of the facility. 

h. Receiving inspection activities will 
be performed to comply with special nuclear material accountability requirements, 
confirm smearable contamination levels on the cask are within transportation and 
facility limits, provide dose rate data for the cask and MCO to support planning or 
radiological work, and preserve worker exposure as low as reasonably achievable 
(ALARA). When the MCO is received at the CVDF, the cask is inspected in 
accordance with the facility's requirements. 

-. m e r  the MCO assembly is secured and determined to be within 
acceptable limits for smearable Contamination, radiation monitoring instrumentation 
will be activated; water hoses attached to the cask ports; the cask lid removed and 
replaced with a cask process lid; the bridge crane carrying the process hood and seal 
ring and the proccsls connection spools put in place; then the process hoses attached 
to the MCO top ports. 

v, Cold vacuum drying activities include heating the 
MCO to the drying temperature (the water in the annulus between the MCO and the 
cask is I& in order to obtain effective heat transfer to the materials inside); draining 
the water from the MCO; executing a sequence of purge and evacuation cycles; 
performing au extended vacuum drying cycle to ensure free water removal; 
b a c m  with heliuq and ultimately, cooling the cask. All these operations are run 
from the control room. In addition, there is also a demineralized water flush of the 
process water conditioning line as part of the drain process. 

PostnrocesrnnnExaminatlon. Leakage rate testing is performed on the MCO 
mechanical seal before the MCO leaves the CVDF. 

. . .  2. 

. .  . . .  3. 

4. 

. . .  5 .  

. .  6. 

7. -. System disconnection activities are the reverse of the 
preparation activities. The process hoses are disconnected; they are to be handled as 
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contaminated items (ends are stored in the appropriate holders). The process hood is 
removed. The water in the annular space between the cask and the MCO is drained. 
The cask top is placed, sealed, and the annular space dried with instrument air. 
Instruments are removed from the transporter. The tractor arrives and is connected 
to the transporter. The transporter is released and driven away. 

8.2.2.1 Vacuum and Purge System. The function of the vacuum and purge system is to remove 
the bulk water from the MCO and to dry the SNF under vacuum using a cycle of evacuation and 
inert gas backfill and purge stages. There will be one vacuum and purge system for each of the 
process bays. The final product will be a dried MCO that has been backfilled with inert gas. The 
vacuum and purge system will be required to interface with the monitoring and control system to 
allow for computer control of the MCO during all stages of the drying operation. 

8.2.2.2 Tempered Water Control System. The MCO temperature control system maintains the 
MCO at the proper operating temperatures during all stages of the MCO drying operation. This 
includes heating the MCO during vacuum drying and cooling the MCO after vacuum drying. The 
temperature control system pumps water at various design temperatures through the annular 
space between the MCO and the cask at a rate of 20 gaYmin and a design pressure of 20 lblin’. 
During the vacuum drying phase of the operation, the temperature control system maintains a 
continuous operating temperature for a period of about 2 days per drying operation. After 
vacuum drying, the temperature control system cools the MCO and cask down to an acceptable 
temperature for shipping. The temperature control system interfaces with the monitoring and 
control system to allow for computer control of tht: MCO during all stages of the cold vacuum 
drying operation. 

8.2.2.3 Monitoring and Control System. The monitoring and control system is designed as a 
fully integrated control system that provides not only process control but data acquisition and 
management. The system uses digital signaling between a distributed network of programmable 
logic controllers and driver software, which can be handled by personal computer-sized hardware. 
Each local personal computer has a View screen with dynamic graphical display to show the 
change in the operating parameter. Each personal computer control station in the control room 
allows total access to all systems so that redundancy is achieved if a computer becomes 
inoperative. Access to the level of control can be programmed into the control system s o h a r e  
so that only authorized personnel may operate the system. A television camera located in each 
process bay allows control room personnel to view the operation on a television screen near each 
personal computer control station. 

8.3 CANISTER STORAGE BUILDING 

The CSB is located in the 200 East Area of the Hanford Site. The CSB is a hazard 
’ category 2 facility that consists of three equally sized below-grade concrete vaults, with total 

approximate dimensions of 180 ft x 165 ft x 48 ft deep, covered by a concrete operating deck. 
An above-grade steel operating area structure is located above the vaults Support functions and 
equipment are housed in a smaller building at the north side of the operations building. 
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The reference elevation of the facilities at the top of the operating deck is 709 ft above mean sea 
level. The basemat is nominally 5 ft, 6 in. thick; its surface elevation is 666 ft, 9 in. The distance 
from the surface of the basemat to the underside of the operating deck is 37 ft, 3 in. The exterior 
walls and air inlet and outlet plenums are 4 ft, 6 in. thick. Interior partition walls between vaults 
are 3 ft thick. 

A 5-ft-thick, standard, reinforced concrete operating deck structure forms the at-grade 
portion of the CSB. The operating deck and other operations areas are enclosed in a steel 
building. The operating deck contains numerous through-thickness steel sleeves (floor embeds) 
that receive the storage tubes and floor plugs for both the MCO and the MCO overpack locations 
in vault 1. Each storage tube will contain two impact absorbers, one at the bottom and one 
between MCOs, to mitigate the consequences of a dropped MCO. The impact absorbers are 
designed to prevent the breach of the storage tube and the MCO. 

MCOs are transported from the CVDF in shielded casks and received into the truck 
vestibule at the northwest comer of the CSB. The cask containing the MCO is unloaded by a 
gantry-type receiving crane and transferred to a below-grade service station at the north end of 
the operating area. In the service station, the cask lid is removed and the MCO is removed from 
the cask by the MCO handling machine (MHM) The MHM is an air-atmosphere hoist that 
provides radiation shielding and is equipped with a ventilation system and a manual control 
system. 

MCOs are seal-welded at the CSB sampling/weld stations. These stations are used to 
perform sampling of the MCOs as well. The actual procedures and forms used to perform the 
following activities have yet to be prepared. A checklist or similar form will be used for all the 
sealing and welding activities to record the equipment, process parameters, components used, 
operators, and similar information for the file. Existing CSB facilities, shielded holders, hoods, 
ventilation systems, hoists, and utilities will be used to accomplish the sealing. The welding, 
leakage-rate twthg, dye-penetrant examination, possible ultrasonic testing, and possible 
monitoring activities, along with the associated personnel, tooling, fixtures, and materials to do 
the tasks, are also provided. The cover cap closure welds are made in accordance with the 
ASME Boiler andPressure Vessel Code, Section 111, subsection NB (ASME 1998), and they are 
examined in accordance with the ASME Boiler and Pressure Vessel Code and appropriate code 
cases. 

MCOs are transferred via the MHh4 to the weld station for cover cap welding and weld seal 
leak testing. Welding, weld inspection, and leak testing are performed in a shielded receptacle 
within the samplinglweld station pits by hands-on operations and miscellaneous support 
equipment. Although not anticipated, the capability exists for any needed adjustments to the 
interior gas of the MCO to be made before the cover cap is welded in place. 

The MCO cover cap is brought in and positioned on top of the prepared MCO and its 
rotational orientation is verified. The welding head is positioned on top of the cover cap, and the 
head is physically adjusted, feed wire checked, and needed dimensions and positions verified 

SARR-oO5.08 8-6 March 2000 



HNF-SD-SNF-SARR-005 REV 2 

The locational index test wrench is removed from the cover cap penetration, the weld backer gas 
purge tool is inserted into the penetration, and the gas flow rate is adjusted 

The welding machine power supply and con@ols are activated, and the welding program is 
verified. The first weld pass (root) is made and thf pass is dye-penetrant examined The 
remaining passes are performed up to mid-weld le el, and a second dye penetrant examination is 
performed. The remaining passes are laid down t complete the weld, and the whole weld is 
leakage rate tested After successll leakage rate i sting, the exposed portions of the last weld 
passes are dye-penetrant examined. 

The test plug is tightened in the cover cap penetration, and the plug is leakage rate tested 
Upon successful plug leakage rate testing, the penetration cover plate is positioned in the 
penetration socket, and it is manually welded, wid dye-penetrant examinations performed on the 
root and final passes. 

After helium leak testing, welded MCOs are transferred from the weld station to the 
storage tubes for interim storage. Some periodic Wonitoring of the sealed MCOs is expected 
during interim storage; the only other operations Gould be conducted in response to off-normal 
events. 

When the cover cap is on the MCO, the penetration has a number of potential uses: 

Putting weld backer gas under the co er cap during welding attachment to the collar 
to reduce oxidation of the molten we1 1 metals and surrounding heat-affected areas 

Putting helium under the cover cap sqthe attachment weld may be leakage-rate 
tested with a mass spectrometer fromthe outside 

Leakage-rate testing the MCO Helicoflex main seal 

Hydrostatic testing of the cover cap after installation of the cover cap on the collar 

Mowing access to port 2 in the shield plug for gas sampling, pressure adjustment, 
andor exchange inside the MCO. 

8.4 MULTI-CANISTER OVERPACK FACJLtTY-SPECIFIC CONFIGURATION 

The previous sections have briefly described the functions of the various facilities the MCO 
will pass through or reside in. The information th@ follows describes the configuration of the 
MCO at each of the various steps in its process cytle The description for each step shows 
(1) what is installed on the MCO, (2) how the MCO is configured, (3) what components are 
active on the MCO, and (4) what the possible uselqare for the MCO in a particular configuration 
This discussion centers on the shield plug's four ports and how they are used during the MCO 
process cycle. The steps are presented sequentially so that changes to the configuration may be 
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easily identified. This allows operations to plan for these changes and will assist in determining 
the equipment, features, support, and procedures that are needed at each facility. Maintenance 
needs also are discussed to the extent that they have been identified. 

A cross-sectional view of the shield plug and a top view of the ports in the shield plug are 
provided in Figure 1-1. Port numbers are identified on the figure, and in this description, they will 
be referred to by number. To begin the description, the internal components of the MCO will be 
discussed first. 

8.4.1 Multi-Canister Overpack Internal Components 

The internal components are the internal filters, long process tube, and safety-class rupture 
disk inlet. The fie1 baskets are discussed in Section 1.2.2. The internal filters and the inlet for the 
safety-class rupture disk are protected at the bottom of the shield plug by a guard plate. The 
guard plate and side structure create an armored chamber where the internal filters and inlet for 
the rupture disk are protected from damage during drop accidents. G a s  flows from the MCO 
proper into the chamber through eight screened (2-mm mesh), 0.875-in.-diameter holes in the 
guard plate. The guard plate and supporting side structure also are shown on Figure 1-1, 

8.4.1.1 Internal Filters. The internal filters are made of metal high-efficiency particulate air 
(HEPA) filter media. The filter bank is made up of four filter elements that are in an all-welded 
assembly affixed to the inside of the shield plug face. Individual filters are each approximately 
2.6 in. in diameter and 10 in. long. Each filter has about 1.5 ftz of pleated filter medium for a total 
of 6 ft' for the assembly. These filters are specifid to maintain at least half of their flow capacity 
after design basis accident (DBA) drops, but the *PA filtering capability of the metal Nter 
media may be compromised during DBA drop events. 

8.4.1.2 Lwg PrOceM Tube. This tube is a 1-in. schedule XXS stainless steel pipe, which is used 
for bulk water removal prior to cold vacuum drying and for the introduction of process gases 
d w i q  cold vacuum drying. The tube may also be used to reflood the MCO in the event it has to 
be refilled with water once it has been drained. The bore of this pipe is approximately 0.59 in. and 
runs to the pocket at the bottom to the MCO. The pipe inserts into a cavity that is screened to 
2 mm to prevent particles larger than 2 mm from leaving the MCO. 

8.4.1.3 Safety-Clnrs Rupture Disk Inlet. The safety-class rupture disk protects the MCO 
pressure boundary. .This inlet path is also available for use by the vacuum drying system as a 
backup process exit path in the event the MCO internal filters become blinded or unusable for 
some reason. 

8.4.2 Multi-Canister Overpack Ports 

As noted, the ports play a critical role in determining the MCO configuration. Each port is 
capable of being variably equipped with a cover that can (1) be used to seal the port during the 
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handling, transportation, and storage steps, (2) afford physical protection to the appliance 
underneath the cover inside the port, and (3) include an orifice for reliably regulating gas flow 
from the MCO as needed. All three features will not be used on all ports, and all features will not 
be used at the same time on a single port. 

The ports are set up to be used as process ports A mechanical operator is fastened to the 
port (the cover has been removed prior to the installation of the operator) and operates the 
integral valve. Under normal conditions, the valve is never removed from the shield plug. 
A detachable mechanical operator will be used at each facility to open and close the valves, to 
perform maintenance, or change the appliances. 

The mechanical operator is an integral part of the facility piping system and is attached to 
the MCO before the valve in the MCO shield plug is operated. The valve can be used to slowly 
"bleed down" the MCO in the event that internal pressure has built up inside the MCO. After 
bleed-down is complete, the valve is opened hrther to accommodate gas flows and to support 
any needed interior processing of the MCO. 

The external features and internal components of the MCO are connected with four 
passageways leading through the shield plug. These passages have several bends in them to 
prevent direct unattenuated radiation from leaving the interior of the MCO. 

8.4.2.1 Port 1. Port 1 uses a 1.0-in -diameter passage leading to the internal HEPA filter bank. 
This port will likely be plugged with a removable threaded plug and not used. However, this port 
is a multipurpose port and could serve the following pressure management needs when configured 
to suit. 

This port could serve as the process pressure relief of the MCO in the unlikely event 
that excessive internal gas production be discovered. This filtered relief path allows 
the excess gases to leave the MCO at a pressure that is above surrounding 
atmospheric pressure but is still well below the safety-class pressure relief rupture 
disk setting for the MCO. When confgured to address this hypothetical excessive 
gas production, this port would have e process pressure relief valve installed at the 
port. This valve will reseat once the MCO internal pressure has been bled down to 
the reset pressure for the process pressure relief valve. This mode of operation for 
the MCO would be likely if staging of the MCOs at the CSB is required and allows 
the MCO to communicate with the surrounding atmosphere, effectively in one 
direction only (i.e., out of the MCO) 

This port also may serve as a receptack for a process rupture disk to relieve pressure 
from the inside of the MCO. After process conditioning, a rupture disk may be 
installed in this port to relieve the pressure Once actuated this rupture disk allows 
the MCO to communicate in both directions with its surrounding atmosphere. The 
relief setting for this process rupture disk, if used, would be at a pressure well below 
the actuation setting for the safety-class rupture disk. 
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As a possible hture option, this port 4.150 may serve as a receptacle for an external 
HEPA filter holder. This port, when eonfigured with an external HEPA filter, allows 
the MCO to be staged or stored at roughly CSB storage tube pressure. Using this 
option allows the MCO to communicate both ways with the surrounding atmosphere 
in the tube 

This port may have the potential for being accessed when a cap is welded on the 
MCO for long-term storage or used at the CSB for MCO gas sampling It is likely 
that the port will be sealed with a cover plate, but an appliance may also be installed 

8.4.2.2 Port 2 Port 2 uses a 1.0-in -diameter passage (same inner diameter as schedule XXS 
1-in. pipe) leading to the internal HEPA filter bank This port is used for process purposes and is 
set up to allow the use of the operator to open and close the integral valve This port also allows 
gases exiting the MCO during the cold vacuum 
much of the radioactive particulate materials ins 

8.4.2.3 Port 3. Port 3 is a process port with the iategral MCO valve and an approximately 
0.59-in.-diameter passage leading to the long axial process tube This port is used for (1) the 
removal of bulk water at the CVDF, (2) the introduction of inert gases into the MCO, and (3) the 
introduction of process mixtures needed for cold vacuum drying Reflooding of an MCO with 
water may be accomplished through this port The bolt pattern used to affix the valve operator to 
this port is different from the other ports to preclude an incorrect valve operator from being 
connected to the shield plug and subsequently used 

8.4.2.4 Port 4. Port 4 is a combination port designed to accommodate the safety-class rupture 
disk that protects the MCO wnfinement boundary while the MCO is flooded and also to serve as 
a backup exit procesa port for wld vacuum dying. This port is connected to a short inlet with a 
1 0-in.-diameter piwageway. As a process port, the valve operator is connected to the port, and 
the holder of the rupture disk is the valve plug body If this port were used as a process 
connection port, then my MCO pressure would have to be bled down at another process port 
before a procesa connection using the valve operator could be made at port 4. Because of the 
design of the rupture disk holder, the flows from the holder exit the holder laterally. In the event 
of a rupture disk burst with a blind cover plate installed, the cover plate is fidly adequate with 
margin at the 450 Ibh' design pressure to contam the flow 

step to be internally filtered to keep as 
MCO as possible. 

8.4.2.5 Port Appliances. The process valve materials are ASME SA-193 B8S or BSSA or 
SA479 UNS 21800. These materials are austenitic stainless steel and are well suited for the 
application. The shield plug is 304/304L stainless Jteel and the valve C-seals are Inconel-based 
with noble metal seal face plating. The valve mateds  are compatible with the shield plug and the 
C-seal materials. The valve system and materials are well suited for temperatures up to 375 "C 
and havc high &uctural margins based on their 150 lb/in2 gauge design The radiation levels 
experienced by the valve system in MCO service and storage are low and of no concern when 
compared to the pterials' capabilities. 
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The expected environmental conditions for &e valve systems include air, helium, argon, 
hydrogen, water, and water vapor. During storagtj and operations, pressures of up to 150 Ib/in2 
gauge and long-term temperatures of up to 132 "c during operations and storage are acceptable 
Temperatures beyond the 132 "C, but below 375 *C, during processing, off-normal events, and 
transients pose no difficulties for the valve system 

The valve systems are made of corrosion- and oxidation-resistant materials In their 
expected environmental situations during operatiols and storage, all the materials are quite 
adequate. 

The design rating of the process valves is 1% lb/in2 gauge with high margins This design 
is the same as the 450 Ib/in* gauge design that was,previously associated with the higher design 
pressure shield plug mechanical closure system n e  designs for the plug valve and the port cover 
plate sealing systems have been tested hydrostatic4y to 600 Ib/in2 gauge during test programs 
with favorable results. As a practical matter, the+plug valves are capable for 450 Ib/in2 gauge 
service even though such conditions are not anticiljated. 

For further discussions of the temperature i d  pressure capabilities of the MCO and its 
components, see Sections 2 2.6.2.1 and 2.2.6.2.2 ofthis report. 

8.4.3 Port Covers 

Port cover plates are available for use on theMCO: These covers serve multiple needs that 
may include (1) protecting appliances installed in t te port pocket (Abatt 1997), (2) sealing the 
port, (3) providing a regulating orifice for gas leavfig the MCO through the port, and (4) 
allowing unregulated flow from the port. A m q t o  seal the covers to the shield plug body at 
the port is available. These seals would be apphedb the utilization of the blind cover for sealing 
purposes and in the case of an orifice cover for regplating gas flows from the MCO 

C o w  for the ports have two bolt patterns. The covers for the long process tube at port 3 
have a five-bolt pattern. All the other port covers have a four-bolt pattern securing the cover to 
the MCO shieid plug body. The cover attachment #nay be made up using a seal in between the 
cover and shield plug. This cover would be used +hen the port needs to be sealed to ensure a 
low leakage rate or when the app l i ce  below nee+ physical protection The blind cover is the 
only cover available for use on the port 3 five-bolt pattern layout 

A large hole cover is available in a four-bolt pattern This cover would be used without a 
seal when the appliance below needs physical protection and the gas flows are not regulated by 
the 1 .O-in.-diameter cover hole. The application of a large hole cover over the safety-class 
rupture disk to protect and allow full flow out of port 1 is planned The large hole plate is 
currently planned to be used at K Basins, on the trip to the CVDF, and while the MCO is flooded 
with water. Preventing disk pieces and debris from getting into the orifice is considered in the 
design. 

SARR-005.08 8-1 1 Maroh 2000 



HNF-SD-SNF-SAM-005 REV 2 

An optional orificed cover is available in a four-bolt pattern. This cover may be made up 
using a seal in between the cover and shield plug. This cover would be used when gas regulation 
from the port is needed. This cover comes with a 0.25-in.-diameter hole to regulate gas flow. 
Application of this orificed cover over the possible process pressure relief to limit the flow out of 
the MCO to the equivalent of a 0.25-in. orifice at port 1. An orificed plate cover is also possible 
on port 4, which contains the safety-class rupture disk. It is also possible for an installed , 

appliance to serve as the restrictive orifice, thus a cover installed for orifice reasons may not be 
needed in all cases. 

Cover plates with and without holes are available for physical protection of the rupture disk 
in the port. The plates provide armor in case objects are dropped onto the MCO. The large hole 
cover has a I-in.-diameter hole in it, and when installed in the port, the system allows for full disk 
operation and matches the flow capacity of a burst rupture disk. An installed blind cover plate 
with a "C" seal and bolts effectively seals the port. 

8.4.4 Multi-Canister Overpack Cover Cap 

The MCO will be equipped with a cover cap that goes over the large end of the MCO. 
This cap is welded to the shell collar and effectively covers the four ports in the shield plug ahd 
limits the use of these ports. Once the cover cap is installed, configuration changes to the covered 
ports are not possible. The cover cap design contains a penetration that can be used to relieve 
pressure, replace the gas accumulated under the cover cap, and accommodate leakage rate testing 
of the cover cap weld. Other uses for this penetration are possible. The MCO design pressure of 
150 Ib/in2 gauge increases to 450 Ib/in2 gauge when the cover cap is welded onto the MCO. 

8.4.5 Maintenance 

Before the wver cap is welded in place, the maintenance needs of the MCO are centered 
around the four port# and the mechanical features used to support the functions of the ports The 
ability to use the port wvers and mechanical operators on all the ports at the shield plug is 
nemwry. Preservation of the sealing face and the use of the four or five anchoring bolt holes is 
importaat to this task. Preservation of the threads securing the appliance into the port also is 
necessary and includes the repair of those threads This may include installing thread inserts and 
doing machining to remove seized appliances Preservation of the sealing face for the appliance 
seal is also needed. 

On port 1, it is possible to remove and replace various appliances that may serve the 
process pressure relief function. Ports 2, 3, and 4 involve the process valves and the safety-class 
rupture disk. During operations at ports 2 and 3, the valves are not normally removed from the 
shield phg. However, on ports 2,3,  and 4, the ability to remove and replace the valve plug is 
necesaaq. Any nceded repairs to removed plugs would likely be done offline. Change out of a 
seal on the process valves or cover ports may be accomplished at the shield plug during the 
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Port 
number 

remove-and-replace operation. After welding of the cover cap and placement into interim 
storage, no maintenance of the MCO is required. 

1 2 3 4 5b 
Transport to Process Transport Receipt MCO weld 

CVDF operations at to CSB verification at 

8.4.6 Multi-Canister Overpack Process Step Descriptions 

Table 8-1 shows the lineup of the MCO ports. It describes which ports are open or closed 
and variances during the process path. This table is intended to show only the opening and 
closing cycles for the process valves and the major changes occurring at the port. 

CVDF 

Table 8-1. Multi-Canister Overpack Port Lineup. 

Sequence steps, appliance or condition' 

I CSB I 

1 3  I C I O I C I  C I C  

'Sequence steps are tied to steps in Table 8-2. 
%IS step condudes with installation of the cover cap on the rndti-canister overpack. 
cAt port 4, a safely-class rupture disk is installed in the plug valve, and the disk is always active to the 

port cavity. 

c = olosed valve or* 
CSB = CaoistOr Storage Building. 
CVDF -Cold Vacuum Drying Facility. 
MCO - multi-osnistm overpeck. 

R =rupture disk installed. 
0 = openvalve or poa. 

The configuration of the MCO ports at different steps in the process sequence leading to 
the MCO being put into sealed interim storage is summarized in Table 8-2. The numbering of the 
sequence steps in Table 8-1 corresponds to the numbering of the steps in Table 8-2. To 
determine the wnfiBuraton change and needed effort along the sequence, compare the MCO port 
states in each step and determine changes necessary to make the configuration agree with the 
step. 
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9.0 ACCEPTANCE CRITERIA AND MAINTENANCE PROGRAM 

9.1 ACCEPTANCE CRITERIA 

No maintenance or in-service inspection of the multi-canister overpacks (MCOs) is required 
while they are in normal service from the K Basins through interim storage at the Canister Storage 
Building (CSB). Process inspection and/or examination steps are planned onsite to ensure the 
MCO is properly configured and processed for interim storage. The following four steps are 
performed at the Cold Vacuum Drying Facility (CVDF) and CSB. 

1. After process drying at the CVDF, a combination of tests and procedures is 
performed to ensure the MCO residual water inventory is within allowable limits. 
The test procedure basis is described in HNF- 185 1, Cold Vacuum Dving Residual 
Free Water Test Description (Pajunen 1998a). The procedure is initiated by holding 
the MCO slightly pressurized with helium for at least 4 hours to equalize fuel and 
scrap temperatures. A pressure rebound test is then performed to demonstrate 
adequate surface water removal. Once the rebound test is satisfied, the MCO is held 
at a predefined set of conditions (<12 torr pressure, >40 "C temperature) for 
between 8 hours and 28 hours, depending on the number of scrap baskets. 
Successful completion of these procedure steps allows one to conclude the MCO free 
water content is less than 200 g. A second rebound test is performed at the 
conclusion of the drying procedure to demonstrate no inadvertent water additions 
have occurred during the drying procedure. The tests and procedures ensure that the 
MCO has been properly dried at the CVDF. 

Upon completion of cold vacuum drying processing, the MCO's mechanical seals are 
tested to ensure that they meet a 1 x standard cm'ls-atm total integrated leakage 
rate test acceptance criterion, as specified by HNF-S-0426, Performance 
Specflcation fw ihe Spnt  Nuclear Fuel Multi-Canister Overpack 
(Goldmann 2000b) and defined by ANSI N14.5-1987, For Radioactive Materials ~ 

Ledage Tests on Packages for Shipment (ANSI 1987). That acceptance criterion, 
which is based on the iimctions and requirements and operational leak rate 
~ a l c u l a t i ~ n ~  provided in HNF-2 155, Multi-Canister Overpack Combustible Gas 
M&gement Led  Test Acceptance Criteria (Sherrell 1999) will ensure that a 
positive helium gauge pressure will remain (at temperatures down to -3 1 "C) within 
any mechanically sealed MCO for well over 40 years without replenishment, and that, 
based on either barometrically induced air exchange alone or diffusion alone (both 
mechaaisms will actually be active), the hydrogen concentration within a vented CSB 
storage tube containing two mechanically sealed MCOs will never exceed 1 ~01%. 
Finally, based on a very conservative (i.e., large) allowance for the hydrogen 
inventory of an MCO during shipment from the CVDF to the CSB, 
HNF-SD-TP-SARP-017, Safely Analpis Report for Packaging, Onsite, 
Mulfi-Canisfer Overpack Cask (Smith ZOOO), calculates that the 1 x 10' standard 

2.  
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cm3/s-atm integrated leak test acceptance criterion will provide a 234-hour dry 
transfer window for that shipment. 

After welding the cover cap onto the MCO's collar at the CSB, the welded joint and 
the entire cover cap are leakage rate tested to ensure that the MCO'meets the 
1 x lO-' standard cm3/s-atm total integrated leakage rate test acceptance criterion 
specified by HNF-S-0426 (Goldmann 2000b). In addition to ensuring that the MCO 
welds are adequate to meet all current and foreseeable needs of the SNF Project for 
combustible gas management, that acceptance criterion also ensures that the MCO is 
leaktight, as defined in ANSI N14.5-1987 (ANSI 1987). 

The cover cap's attachment weld is also dye-penetrant inspected, as a minimum, after 
the root and final weld passes. This examination ensures the examined weld passes 
are of proper surface quality and is done in accordance with the American Society of 
Mechanical Engineers (ASME) Boiler and Pressure Vessel Code (ASME 1998) 
under Code Case N-595. 

3 .  

4. 

The MCOs are ASME stamped vessels, and as such, a great deal of inspection, 
examination, and testing is performed on the components prior to their ASME Code stamping as 
part of the MCO pressure boundary. Routine material and fabrication evaluations performed on 
the MCO and then documented include certified material test reports, radiography, ultrasonic 
examination,, helium leakage rate tests, dye-penetrant inspections, and hydrostatic pressure 
testing. These evaluations are needed to ASME stamp the MCO and are performed in 
accordance with the ASME Boiler and Pressure Vessel Code (ASME 1998) requirements. Test 
pressures, accaptable leakage rates, equipment arrangements, standards, examiner requirements, 
and other requirnaSntrr and acceptance criteria are provided for in the ASME Boiler and Pressure 
Vessel Code (ASME 1998). Later in this chapter, in Section 9.1.1, discussion is provided 
describing some of the ASME Boiler and Pressure Vessel Code activities performed during the 
fabrication of the MCOs. 

Although not part of the safety basis, the MCOs are monitored at the CSB in the areas of 
gas sampling, temperature, and pressure as described below. 

Several MCOs will have their interior gas periodically sampled, and the gas sample 
will be sent off for analysis. The MCOs so sampled will not have their cover caps 
welded onto the collar. When the gas sampling program is complete, the cover caps 
may then be welded onto the sampled MCOs and these MCOs sealed, if desired. 

Several MCOs will have a thermometer installed at the top of the shield plug so the 
shield plug temperature may be read while the MCO resides exposed in a CSB 
storage tube. This task is still being planned and details are being developed. The 
MCOs that are being temperature monitored will not have their cover caps welded 
onto the collar. When the temperature monitoring program is complete the cover 
caps may then be welded onto the monitored MCOs and these MCOs sealed, if 
desired. 
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The pressure monitoring plan provides for all MCOs being equipped with pressure 
monitoring units while the MCOs are in storage at the CSB. These units will 
function with and without cover caps installed on the MCO. The details of this 
pressure monitoring program are currently incomplete. The plan is to periodically 
pressure-monitor an exposed MCO &le the MCO is in a CSB storage tube. It is 
expected that the plan will not affect or impair the MCOs' performance during 
storage. 

9.1.1 Visual Inspections and Nondestructive Examination 

The fabrication specification for the MCO (Goldmann 1998) describes the examinations to 
be performed by the fabricator of the MCO. The fabrication specification requires the fabricator 
to submit a written manufacturing plan and schedule, and to submit written and approved 
examination procedures and reports for buyer approval. The drawings appended to the 
fabrication specification (Goldmann 1998) identify the welds to be examined and the type of 
examinations to be performed, and the specification text identifies the acceptance criteria. These 
requirements are presented below. 

Personnel performing nondestructive examinations shall be qualified in accordance with 
NB-5520 or NG-5520, as applicable, ASNT SNT-TC-lA, and ANSI N45.2.6. Only individuals 
qualified for nondestructive testing levels I, 11, or I11 may perform nondestmctive testing. 
Personnel qualified at level I shall not interpret the results of an examination or make a 
determination of the acceptability of an examined part. Examinations shall be performed in 
accordance with Section V, Articles 2, 6, 7, and 9 for radiographic, liquid penetrant, magnetic 
particle, and visual methods, respectively. 

All welds made by the fabricator shall be visually examined in accordance with the 
requirements ofNB-4424 and NG-4424 as required. These requirements specify that welds that 
fail to meet the requirements will be repaired as necessary and re-examined. 

The weld joining the cylindrical shell of the MCO to the bottom baseplate is a full- 
penetration circumferential weld that is to be exarnlned by radiography, with acceptance 
determined w d h g  to the criteria of NB-5320 of the Boiler and Pressure Vessel Code 
(ASME IWS), and by liquid penetrant examination, with acceptance determined according to the 
criteria of NB-5350 (ASME 1998). Defects in weld metal detected by these examinations will be 
repaired and the repair examined in accordance with NB-4450. 

Welds in the he1 baskets and associated support structures shall conform to the 
requirements of NG-4000. Some welds require liquid penetrant examination, with acceptance 
determined according to NG-5350. Defects in weld metal detected in these examinations shall be 
repaired and the repair examined in accordance with NG-4450. 

The weld joining the cylindrical shell to the collar is a full-penetration circumferential weld. 
Examination shall be by radiography, with acceptance determined according to NT3-5320 
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(ASME 1998), and by liquid penetrant examination, with acceptance determined according to the 
criteria of NB-5350 (ASME 1998). Defects in weld metal detected in these examinations shall be 
repaired and the repair examined in accordance with NB-4450. 

The MCO and shell assembly welds will be radiographically examined, and the mechanical 
closure assembly, except for the actual production Helicoflex seal (see Section 9.1,1,2), will be 
hydrostatically tested at the fabricator’s plant. These main structural parts of the MCO assembly 
outside of the shield plug penetrations, ports, connectors, and port covers will have no known 
exceptions to the Boiler and Pressure Vessel Code (ASME 1998), Subsection NB. 

With’applicstion of ASME code case N-595-1, the cover cap portion of the MCO also will 
comply with Subsection NB with no known exceptions. For closure welds on spent he1 
containers, this code case permits multipass dye penetrant inspection in lieu of volumetric 
examination and also exempts the final closure weld from pressure testing requirements. 

9.1.1.1 Shop Pressure Tests. The mechakcal closure and shell assembly will be hydrostatically 
tested, then helium leakage rate tested as an assembled unit at the fabricator’s plant. While at the 
basin load-out pit, the assembled MCO, with the shield plug and locking and l i ing  ring installed, 
will have the 18 set screws torqued down. As this will be a qualified assembly, the goal is to 
make only a routine examination or leakage rate determination at the K Basins if required 
Leakage rate testiq of the MCO’s main seal (Helicoflex) joint will occur at the CVDF. 

9.1.1.2 Shop Leakage Rate Tests. M e r  the welds joining the shell to the MCO bottom and 
collar have been completed, the entire surface of the shell, welds, collar, and bottom end cap shall 
be helium leak tested. The leak test shall be performed in accordance with ANSI N14.5-1987 
fabrication test requirements (ANSI 1987) and the ASME Code, Section V, Article 10, 
Appendix V, “Hood Technique” (ASME 1998). The leakage test shall be performed using a 
pressure differential of 1 am.  The maximum acceptable leakage is 1 .O x lo’ standard cm3/satm. 
The leak tcst system must be calibrated with a National Institute of Standards and Technology 
(NIST) traceaMe calibrated standard in the range of xlo’ standard cm3/s.atm. The leak standard 
shall bepofktimed in the system such that it represents the farthest point (at a minimum) the 
helium mwt travel to reach the helium mass spectrometer leak detector. The helium standard 
must be continuously evacuated by an auxiliary pump just before being released into the system. 
The helium ~e~ponse time and system sensitivity shall be documented. The test procedure shall 
include the method used to ensure that the helium concentration inside the hood or enclosure is 
approximately lOoO/o across the entire surface of the MCO shell, weld, and bottom end cap. 

The helium leak test of the first MCO fabricated shall demonstrate that the MCO main 
metallic sed aad the test port cover metallic seals are capable of sealing to a maximum leakage 
rate of 1 x lo4 standard cm3/satm at a pressure differential of 1 atm. The total seal leakage (main 
seal plus teat port covers) ofthe MCO shall be less than 1 x 
differential pressure of 1 am. The test shall be conducted so that any leakage is from inside of the 
MCO to the outside. After the first MCO, it is permissible to use elastomeric seals in place of the 
metallic seals. When using elastomeric seals, the use of vacuum greases shall be minimized. 
Vacuum greases shall not be silicone-based materials. The leak test procedure shall describe in 

standard cm3/satm at a 
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detail the seal testing sequence and test parameters. The leak test procedure shall be performed in 
accordance with ANSI N14.5-1987 fabrication test requirements (ANSI 1987) and the ASME 
Code, Section V, Article 10, Appendix V, "Hood Technique" (ASME 1998). The leak test 
system must be calibrated with an NIST-traceable calibrated standard in the range of xlOJ or 
xlv' standard cm3/satm. The test procedure shall include the method used to ensure that the 
helium concentration on the inside of the MCO is approximately 100%. 

M e r  the MCO cover cap has been machined, but before the cap penetration has been 
bored, the cover cap shall be helium leak tested. The leak test shall be performed in accordance 
with ANSI N14.5-1987 fabrication test requirements (ANSI 1987) and the ASME Code, 
Section V, Article 10, Appendix V, "Hood Technique" (ASME 1998). The leakage test shall be 
performed using a pressure differential of 1 atm. The maximum acceptable leakage is 
1 x lW7 standard cm3/satm. The leak test system must be calibrated with an NIST-traceable 
calibrated standard in the range of xlo' standard cm3/s.atm. The helium standard must be 
continuously evacuated by an auxiliary pump just before being released into the system. The 
helium response time and system sensitivity shall be documented. The test procedure shall include 
the method used to ensure that the helium concentration inside of the hood or enclosure is 
approximately 100% across the entire inner surface of the machined MCO cover cap. 

Requirements regarding the use of cleaners and solvents during fabrication are presented in 
HNF-0453, Specflcation for Multi-Canister Overpack Fabrication (Goldmann 1998). 
Section 13.6.3 describes the requirement for the supplier to report defects and noncompliances. 

9.1.2 Components 

The following component and material groupings are discussed in this section: 

0 MCO internal filters 

Appliances and associated materials installed in the ports 

The port covering system and associated materials used in the port cover positions 

0 The MCO main seals. 

The port appliances include the plug valves and rupture disk assembly. Also included are 
the metallic seals used to seal the appliances to the shield plug body. The individual manufactured 
piedes are dimensionaliy inspected by the manufacturer and, as required, tested by the 
manufacturer in accordance with the ASh4E Code (ASME 1998). The completed assembly is 
installed in the shield plug and leakage rate tested by the MCO fabricator. The seals used for the 
plug valves are reusable because of the crush-limiting design of the assembly Seals for the plug 
at port 1 are not nonndy reusable and would require replacement should the need arise to change 
out the appliance at MCO port 1 and effect a seal 
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The port cover grouping includes the covers, cover bolts, and cover seals. All the covers 
are inspected dimensionally by the manufacturer The blind cover is also leakage rate tested at the 
factory with a new seal installed. The port cover seals are not normally reusable, so when a seal is 
required in the cover assembly, a new seal is installed 

The MCO is weld-sealed in the Canister Storage Building. Even though no contamination 
is expected, the MCO has internal high-efficiency particulate air @PA) filters to reduce the 
potential for contamination to be released. The MCO internal filters are used for process 
purposes and are HEPA-filter rated. The HEPA filter bank assembly is first assembled with the 
shield plug, and then the shield plug guard plate is installed on the shield plug assembly. After the 
shield plug assembly is complete, the efficiency of the filter bank assembly is tested by the MCO 
fabricator to verify HEPA filter performance 

The MCO main seal interfaces with the MCO shell collar and the shield plug. This sealing 
interface is dimensionally inspected and tested by the MCO fabricator. Any seals used at the 
factory to test the sealing interface are not reused in the MCO find assembly in the K Basin 
load-out pits. With the metal main seal not being reusable, a new MCO main seal is used in the 
MCO assembly for MCO closure operations at K Basins The new main seals come directly from 
the manufacturer in sealed packages for use at the K Basins 

The cover cap attachment weld is leakage rate tested to pass a leakage rate of 
1 x l o 7  standard cm3/s.atm at the Canister Storage Building. This leakage rate test is done 
immediately after welding and before the dye penetrant test is performed on the last pass of the 
weld. Depending on how the cover cap weld is inspected, the penetration threaded mechanical 
seal may be tested separately. Ifit is tested separately it will be inspected to be less than a leakage 
rate of 1 x IW7 standard cm3/s.atm. Testing is conducted on a pass or fail basis, and no sensitivity 
band is used. 

9.1.3 Shielding Integrity 

The shield plug is the only MCO component that provides a specific shielding hnction 
The results for the shielding evaluation, presented in Chapter 5.0, are acceptable. 

9.1.4 Thermal Acceptance 

Thennal acceptance ofthe MCO closure system is based on prototype testing and design 
verification. Extensive prototype testing was performed on the closure system, and the system 
was found to be acceptable under the specified thermal cycling conditions (Crow 1996). Also, 
t h d  evaluations conducted by the design agent, Parsons Infrastructure and Technology, show 
that the design is acceptable (Goldmann 2000a) As such, additional thermal testing of the 
closure system for the production MCOs is not needed. Acceptance is based upon the prototypic 
test results and analyses. 
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9.2 MAINTENANCE PROGRAM 

No planned maintenance program or preventative maintenance activities are expected for 
the MCO or the process plug valves and port covers. The rupture disks themselves do not 
require maintenance; however, replacement of the disk assembly would be performed if the disk 
actuates in service. 

Corrective maintenance will be based on needs occurring in service because of damage or 
unforseen causes. Potential hazards include flammable gas buildup and release through any port 
and the potential for unfiltered exposure and contamination from ports 3 and 4. The MCO may 
require repair of components associated with the four ports located in the top of the shield plug. 
The repair may include removal and/or replacement of appliances, replacement of the metal seals 
on the appliances, repair of appliance or cover bolt threads, or repair of sealing faces for ports or 
appliance seals. Eguipment may be necessary to perform these operations and repairs. 

Port 1 is currently blank and plugged, and removal andor replacement of appliances in this 
port is possible. Normally, the process valve plugs associated with ports 2, 3, and 4 are not 
removed from the shield plug, so equipment will have to be developed to accomplish removal 
and/or replacement at these ports. Additional details are provided in Section 8.4.5. 

The port appliances such as rupture disk assembly, process plug valves, and plugs are 
replaced from the outside, at the top, of the MCO. Also the cover plate seals are replaced from 
the top of the MCO by removing the cover plate, replacing the seal in the cover plate cavity, and 
then rebolting the cover to the shield plug port opening. While such "replacements" are possible, 
no maintenance i s  planaed or expected. No components inside the MCO require maintenance or 
replacement under normal opexating conditions. The MCO components are all produced and 
inspected in accordance with the fabrication specifKation and drawings prior to their shipment to 
the Hanford Site. The fabricator tests include dimensional, welds, and leakage rate testing. 
During process onsite the MCOs are designed so leakage rate testing may be performed as 
appropriate for the main seal, port cover plates, cover cap attachment weld, and the cover cap 
penetration Also the cover cap attachment weld has been designed to accommodate ultrasonic 
testing and dl the welds associated with the cover cap installation are capable of being dye 
penetrant tested. Testing of safety class components inside the MCO is not required. All safety- 
class compomnts have been designed to fully consider all required maintenance for the port to 
M ita intended functions. No surveillance testing requirements are relied upon to confirm that 
the engineered safeguard features will operate during the accident conditions that have been 
analyzed. 
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10.0 RADIATION PROTECTION 

10.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES 
ARE AS LOW AS REASONABLY ACHIEVABLE 

10.1.1 Policy Considerations 

The multi-canister overpack (MCO) design, in combination with other equipment and 
facilities, incorporates features to provide radiological protection and control and to support the 
basic philosophy of reducing radiation exposure levels to values as low as reasonably achievable 
(ALARA). The MCO design takes into consideration planned inspections, handling, and possible 
repair. Design, handling, and operations will be consistent with Project Hanford radiation 
protection policies and procedures and Title 10, Code of Federal Regulations, Part 835, 
"Occupational Radiation Protection" (10 CFR 835)  requirements (see Section 2.3 .5) .  

10.1.2 Design Considerations 

Carekl consideration has been directed towards designing the MCO to ensure that 
appropriate radiological control features are incorporated and that occupational radiation 
exposure fiom MCO operations will be ALARA (see Chapter 5.0). The MCO needs to 
effectively reduce radiation exposure levels and also to perform its intended purpose efficiently. 
The MCO design uses connections that provide for remote manipulator operation or connection 
via long-handled tools to minimize, if required, the time during which a worker's hands are in 
proximity to the MCO shield plug. Sealing the MCO mechanically results in an estimated 
personnel dose of 195.6 persommem per MCO at the K East Basin and 117.6 personmrem per 
MCO at the K West Basin (Goldmann 1996b). These doses presume a 1 in 100 mechanical repair 
ratio (i.e., one M a  in every 100 will require one additional handling for repair and result in 
additional dose). For a total campaign of 400 MCOs, split equally between the two basins, a total 
personnel dose of 46 persomrem is spread out over the 2-year period. 

Radiation shielding features have been incorporated into the MCO design. The MCO shield 
plug protects workers fiom photons and neutrons emanating fi-om inside the MCO. This shielding 
will achieve an average dose rate across the top of the shield plug of 2 to 4 mredh on contact 
(within 2 in.) for the average MCO kel material to be handled. This value includes radiation 
streaming between the MCO shield plug and the MCO shell and around penetrations. For the 
worst-case spent nuclear he1 to be handled in the MCO, the average dose rate across the top of 
the shield plug on contact (within 2 in.) is less than 8 mremlh (see Table 5-7 and associated note). 
By reduchg the average intermittent radiation dose rate to 2 to 4 mrem/h for very brief 
"handtion" operations, the extremity dose is minimized while maintaining a practical and efficient 
design requiring minimal maintenance. The MCO design also has been influenced strongly by the 
desire for low maintenance, which translates into less overall radiation exposure for plant 
operations. 
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The MCO design allows for the spent nuclear fuel to be returned to the K Basins should the 
MCO be leaking, defective, or damaged. The MCO shell design includes a machined plate with a 
small liquid collection sump for water removal, and features and devices to facilitate loading the 
spent fuel baskets. 

10.1.3 Operational Considerations 

The MCO design includes features on the shell and shield plug for safe lifting and handling 
of MCO components and loaded MCOs. Hands-off handling of MCOs with lifting devices is a 
key feature in reducing overall radiation exposure 

Facility-specific operating procedures and training will have a primary focus on safety and 
radiation control (and ALARA). Controlling radiation exposure depends on the careful 
coordination of handling operations and the minimizing of residence time in radiation fields, 
Management emphasis on radiation protection and ALARA in team-building situations such as 
procedures development and training will help reinforce the appropriate safety culture and 
ALARA awareness for MCO operations. 

I 

10.2 RADIATION PROTECTION DESIGN FEATURES 

Design of the MCO also has been driven by the need for a high-integrity, high-reliability 
container. The MCO main seal and cover seals are leakage-rate tested before the MCO leaves the 
Cold Vacuum Drying Facility. The leakage rate acceptance criterion for these tests is 1 x 10” 
atmstandard m3/sec. At the Canister Storage Building the cover cap weld is leakage-rate tested 
and the criterion for acceptance is 1 x 10’ atmstandard m3/sec. 

The exposed surfaces of the MCO will be smooth to the greatest extent practicable to 
minhnize contamination. Comers and other features that could collect contamination have been 
mmmwd. Future access for gas sampling is facilitated by an internal bank of four high-efficiency 
particulate air W P A )  filters. 

. .  . 

10.3 ESTIMATED ONSITE COLLECTIVE DOSE ASSESSMENT 

Planned MCO operations on a facility-specific basis are reviewed to determine potential 
onsite dose estimates assooiated with major fimctions such as storage, handling, processing, or 
inSpectionS. Facility-specific operations will factor estimated dose rates into overall facility 
operations and radiation protection management Detailed dose assessments will be performed 
outside of this topical report to facilitate appropriate operational planning activities 
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10.4 AS LOW AS REASONABLY ACHIEVABLE CONSIDERATIONS 

ALARA principles and good practice were used in the course of designing the MCO. The 
design of the MCO collar includes a tapered section on the outside near the bottom of the shield 
plug assembly to prevent and minimize line-of-sight scattered, direct, or fluoresced radiation from 
coming out of the annulus created outside of the MCO. The cask design uses this step taper to 
create a labyrinth to minimize the dose rates emitted from the created annulus to achieve ALARA. 

The interior of the MCO includes a bank of HEPA filters for exiting process gases to 
minimize the radiological contamination risk to personnel around the MCO during the making and 
breaking of process connections on the top of the shield plug and during process operations in the 
facilities and using associate systems. This process bank of filters will retain as much of the 
process gas-swept contamination inside the MCO as possible and keep it behind the.shield plug 
main body to reduce operator dose potential. Ports that are not HEPA filtered are preceded by 
screens that retain particles greater than 2 mm in diameter inside the MCOs. These filtering and 
screening features krther demonstrate support of 4LARA principles. 

The design of the MCO shield plug reflects numerous features selected to achieve ALARA. 
The thickness of the stainless steel plug was maximized as much as possible to minimize the dose 
at the top of the shield plug. Examples of compliance with Regulatory Guide 8.8, Information 
Relevant to Ensuring ihai Occupaiional Radiation Exposures at Nuclear Power Stations Will Be 
as Low as Is Reasonably Achievable (NRC 1978), include passageways through the shield plug 
with 90" angles to prevent streaming (NRC 1978, Section 2.b.4), and shield plug appurtenances 
were designed to be actuated via both remote-operated and long-handled tooling to reduce dose 
by means of distance (NRC 1978, Section 2.b.3). The selection of the mechanical closure was 
based, in part, on study results that included detailed dose per worker hour estimates for the 
specific operation steps involved in closing the MCO and cask. 

The MCO project also has produced other shielding studies, dose maps, and reports to 
support the systems, faciities, and operations that will use and interface with the MCO and 
hardware. This information ia published in design reports, engineering studies, and shielding 
studies. The pertinent MCO specifications, reports and document numbers are listed below. 
Much of the initial and preliminary work conducted to determine direction is not included in these 
references: 

HNF-S-0426, Performance Specijcation for Spent Nuclear Fuel Multi-Canister 
Overpack (Coldmann 2000b) 

HNF-SD-SNF-CN-026, MCO Shield Plug Dose Rate Analysis (Hdlesland 1997) 

HNF-SD-SNF-DR-003, MuZii-Cani,frv Overpack Design Repori (Goldmann 2000a ) 

WHGSD-SNF-ES-02 1, Multi-Canister Overpack Closure Comparison Shrdy 
(Goldmann 1996b) 
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These paragraphs document the MCOs' compliance with the applicable requirements of 
10 CFR 835. The facility, administrative procedure, and administrative control areas' compliance 
with applicable portions of 10 CFR 835 has to be, by its nature, performed by others outside of 
the MCO subproject. 
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11.0 MULTI-CANISTER OVERPACK ACCIDENTS 

11.1 INTRODUCTION 

The multi-canister overpack (MCO) is the primary container for spent nuclear fuel (SNF) 
from the time the he1 is packaged in the K Basins through its placement into interim storage at 
the Canister Storage Building (CSB). An MCO hnctions as a container during transportation of 
the SNF, as a process vessel during conditioning of the SNF at the Cold Vacuum Drying Facility 
(CVDF), and as a storage vessel in the CSB. An MCO is the primary confinement boundary for 
SNF throughout the process cycle. The purpose of this chapter is to present the technical basis 
for determining the classifications of MCO structures, systems, and components (SSCs), which 
are summarized in Table 11-1, 

Facility hazard anslyess for the K Basins (Strickland 1994), CVDF (Powers 1998b), and 
CSB (Powers 1998a) identified credible event seqpences that could challenge the structural 
integrity of an MCO. The forcee that challenge an MCO during an accident may be internal or 
external to the MCO. Intdnaal forces are similar to external forces to the extent that each 
introduces the possibility of MCO faihue and subsequent release of SNF. Internal forces differ 
from external forces, however, in that internal forces are inherent to the MCO and SNF, and 
external forces arc impoled on the. MCO and SNF External forces are not inherent to an MCO 
and are not m e d  in this chapter. External forces that act on the MCO will be hl ly  addressed 
in the facility-sppecifc safety analysis reports 

The d d c a t a  s e l d  for analysis are derived from the hazard analyses performed for the 
K B a s h  (chatfee et al. l999), CVDF (Powers 1998b), and CSB (Powers 1998a) The hazard 
analysin procees is a systematic examination of planned activities involving an MCO in all the 
areas ofeach The hazard analyses identified scenarios that could result in releases of 
hazardow matcniats Eom sn MCO. Bounding, representative, and unique upset conditions were 
selected &om groups of hazardous conditions with similar release characteristics and event 
initiators. Those selected upset conditions that are inherent to an MCO and could be realized at 
various times during the life of an MCO are the subject of this chapter 

From the hawd analyses, the accidents selected as inherent to an MCO are (1) a criticality 
event, (2) an MCO breach caused by a thermal runaway reaction, (3) hydrogen deflagration or 
detonation in MCO, and (4) overpressurization events and continuous releases (leaks) 

puel igaition has been shown to be incredible (Plys et al 1998a) Therefore, he1 ignition is 
not addressed in this chapter. Furthermore, there is no postulated hydrogen detonation following 
a thermal runaway, so no analysis was performed 
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sc Release of radioactive contents 
that could exceed offsite 
ocposure l i t s ;  loss of 

Table 11-1 .  Safety Functions and Failure Consequences of Multi-Canister Overpack 
Structures, Systems, and Components. (2 sheets) 

Overpressurization 
Criticality 

Failure consequences I Accident designation Function I System or I wmwnent 

plate 

Shield plug 

Rupture disk 

including collar, 
shell, and bdtom 

wntingenq protection against 
nuclear criticality accident 

contain SNF. protect sc Release of radioactive contents Ompressurization 
pasomel that could exceed offiite Criticality 

exposure limits 

Protect MCO pressure SC Damage or expansion of MCO Overpressurization 
bunday boundaty Criticality 

Lookmgand 
IiRing ring and 
bolts 

cover cap 

MadrIAbaakctr, 
shchm~I&inlcus 
steel @on 

Maintain pressure on main 
seal, allow for lie of loaded 
MCO 

Seal MCO 

MnhtainMadcIAsNF 
slanadsandsgspina 
Mfo ImntigWtion 

sc 

sc 

SC 

Release of radioactive contents Overpressurization 
that could exceed offsite 
exposure limits 

Release of radioactive contents Overpressurization 
that could exceed offsite 
ocposure limits 

Loss of doubleantingency Criticality 
protection against nuclear 
criticality wident 

MarkIVbesLas 

Mark IA and IV 

ss 

HoldMarLIVSNP GS No release consequences NA 
SlsmCDtsandSOlUp 

Hold m p  and dissipate SS No release conscquenm; wppg Thermal runaway 

IMC0 I 
Long prooess tube 

is not a strudural w m p e n t  
and is used for thermal 
conductivity in the assembled 
MCO 

Inability to plooess the MCO, 
release of radioactive materials 
into the environment that 
exceeds exposure limits 

Release of radioactive materials 
fmn the MCO, pressure buildup 
within the MCO, loss of 
defense-in-depth protwtion for 
release of radioactive materials 

Mow bulk water removal, SS Innbility to m o v e  water from Hydrogen explosion 
intmdwtion of gases 
during plooessin& and 
rcnooding. ifnecessary 

MCO, inability to introduce 
gases to process MCO, inability 
to perfom prffiessing that puts 
the MCO into a safe 
contigumtion 

reaction 

Gaseous release 

Not credited in 
accident analyses 
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SC Loss of double mntingency 

SC Loss of double contingenoy 

SC 

pmteotion against 1-e 

protection against leakage 

Potential damage to filter and 
blockage to inlet; failure to 
center basket center posts 

Table 11-1 .  Safety Functions and Failure C sequences of Multi-Canister Overpack 
Structures, Systems, and 8 mponents. (2 sheets) 

Gaseous release 

Gaseous release 

Hydrogen explosion 
Criticality 

I 

Seal I Seal MCO h e l d  plug to 

Port valvc/plug 
and oover plate 
seals 

shell 

To seal appliance to GS Loss of pressure; potential NA 
shield plug release 

Failure consequences I -Accident desimtion 

from the MCO, pressure buildup 
within the MCO, loss of 
defense-mdepth protection for 
release of radioaotivc materials 

I I I 

0.25-in. orifice I Regulate gas flow from the I S S  f Valve with rupture disk becomes I Gaseous release 

I nonoperatiod, causing possible I"" I I release 
wver plates I 
Cover OI orifice Maintain seal pressure 
plate bolts I 
c o w  plates provide leaktight seal, 

disk inlet 
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11.2 CRITICALITY EVENT 

The MCO performs the function of maintaining the SNF in a subcritical geometry. Failure 
of an MCO or component and subsequent movement of SNF to an unfavorable or unanalyzed 
geometry is a violation of criticality safety. The requirement for criticality safety is a safety-class 
function, as stated in Section 1300-3.2 of DOE Order 6430.14 GeneralDesign Criteria, and 
"F-PRO-704, Hazard and Accident Analysis Process. Therefore, an MCO and the associated 
components that have a criticality safety function - the shell assembly, including shield plug 
assembly, the stainless steel structural components of the Mark L4 baskets, and the rupture disk 
- are identified as safety-class components before any estimation of accident consequences. 

11.3 MULTI-CANISTER OVERPACK BREACH CAUSED BY 
THERMAL RUNAWAY REACTION 

A thermal runaway reaction is the rapid oxldation of uranium metal occurring in an MCO if 
the temperature of the SNF is not controlled Although the oxidation reaction occurs 
continuously when water is present in an MCO, the rate of oxidation is controlled because the 
MCO is maintained at a low temperature If the fuel temperature control were lost and sufficient 
water were present, the oxidation reaction rate in the MCO would increase. Because the reaction 
is exothermic, it liberates heat, increasing the temperature in the MCO and brther accelerating the 
reaction. As the temperature and pressure inside the MCO increase, the partial pressure of water 
vapor also increases, resulting in an additional increase in the reaction rate The reaction rate 
increases exponentially with temperature and with the square root of water vapor pressure, 
eventually increasing very rapidly until the reactants are exhausted. 

CVDF-specific thermal runaway reaction analysis has been performed and is documented in 
HNF-3553, Spnt Nwkar Fuel Project Final Safety Anabsis Report, Annex B, "Cold Vacuum 
Drying Facility Final Si&& Analysis Report," Section B3.4.2.5 ("F 1999). The SSCs designed 
to prevent the MCO &om runaway reaction are designated safety class because unmitigated 
consequcnce~ Bxcdcd the &site release limit of 0 5 rem (0.005 Sv). However, the components of 
the Mark IA and Mark IV scrap basket copper shroud and copper subassembly need not be safety 
class because the copper serves to limit the fines placement and is used only to enhance thermal 
conducfivty. 

The respirable murcc term is based on the material at risk (MAR), the airborne release 
fraction (ARF'), and the respirable fraction (RF) The MAR is the sum of the amount of 
particulate created before the release and the amount of particulate created during the release 

For a thermal runaway reaction at the CVDF, the MAR ranges from 80 kg to 185 kg of 
UO,. The ARF of ell the radionuclides in the fuel, such as the fission products, may not be the 

for the uranium particulate release under very high temperature conditions. An 
resphbk rdease fraction of 5 x I O 3  bas been chosen (Crowe et al. 1999). The 

unmitigated radiological offsite dose for a thermal runaway reaction event at the CVDF is above 
the offsite release limit of 0 5 rem (HNF 1999, Annex B) 
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Calculations in HNF-3553, Annex A, "Canister Storage Building Final Safety Analysis 
Report," Section A3.4.2.5 (HNF 1999), show that a thermal runaway fbel reaction accident is not 
credible at the CSB. This conclusion is based upon the analysis confirming the proof-of-dryness 
tests and characterization data collected to date (Lew et al. 1998). Because there is no release 
expected at the CSB, no source term has been estimated, and the inhalation dose consequences 
are zero. 

11.4 HYDROGEN DEFLAGRATION OR DETONATION 
WITHIN A MULTI-CANISTER OVERPACK 

Hydrogen gas can be generated within an MCO by two mechanisms. radiolytic 
decomposition of water (free water or water bound in aluminum hydroxide or uranium hydrates) 
or oxidation of uranium metal If oxygen is present in an MCO, flammable or explosive mixtures 
could result. 

There are two scenarios for hydrogen deflagration or detonation in an MCO. The first 
involves the possibility of hydrogen and oxygen generated by radiolysis accumulating in a sealed 
MCO. The creation of a flammable mixture is not expected to occur because the oxygen 
accumulated in the MCO for the 40-year interim storage period of an MCO will not reach the 
minimum oxygen concentration needed to support combustion The accumulation of 0, and H2 is 
analyzed for the CSB in "F-SD-SNF-TI-040, MCO Internal Gas Composition and Pressure 
during Interim Storage (Duncan and Plys 1998) The report shows that a combustible mixture 
will not be reached for an MCO that has been succQssfblly processed at the CVDF. In addition, 
combustion of the hydrogan and oxygen producedby radiolysis, if it occurs, would not exceed the 
MCO design pressure after the cover cap is weldeq on because free water in the MCO is not 
sufficient. The maxirmUn pressure during combustion is calculated to be around 175 lb/in2 
absolute and no more than 192 lb/in2 absolute (F'lys 1999b). 

The second scenario involves air ingress inta an MCO containing accumulated H2 Air 
ingress into the MCO assumes a path into the MCO through which the gases from the explosion 
and any entrained particulate would vent. 

The source term associated with either scenario is based upon the physical impact of the 
explosion to the MAR in the MCO. Because the quantity of MAR is distinctly different for 
MCOS at the CVDF and CSB locations, the source term for each location has been calculated 
sepamtdy. The bounding quantity of MAR at the CVDF location is 25 kg based on particulate 
generated during processing. At the CSB, the MAR includes the 25 kg from the CVDF plus an 
a d d i t i d  9 kg formed during shipment to and storage of the MCO at the CSB for a total MAR 
of 34 kg of particulate. The calculations are documented in HNF-3553, Annex A, 
Section A3.4.2.3, and Annex B, Section B3 4 2 4 (HNF 1999) 

At the CVDF, the Unmitigated radiological effsite dose for this event is below offsite 
release limits while the unmitigated onsite dose for an anticipated event is above onsite risk 
evaluation guidelines At CSB, the unmitigated radiological offsite dose for this event is below 
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offsite release limits while the unmitigated onsite dose also exceeds onsite evaluation guidelines 
The long process tube, which enhances water removal and thereby mimmzes the potential for 
hydrogen explosion, need only be designated as safety significant at best 

11.5 MULTI-CANISTER OVERPACK INTERNAL PRESSURIZATION EVENTS 

Throughout the lifetime of an MCO, it IS possible, though remotely, that internal pressure 
could increase, with the pressure eventually being relieved in an uncontrolled fashion The SSCs 
designated to prevent or mitigate MCO overpressurization hgh-pressure blowdowns are 
designated safety class because unmitigated consequences exceed offsite release l i t s .  

At the CVDF, the uranium-water chemical reaction generates hydrogen gas, which 
pressurizes the MCO. The steam or water vapor fmm the heated liquid water ale0 increases 
MCO pressure (for an isolated MCO) and, more importantly, provides an oxidant for the exposed 
he1 in the scrap and he1 baskets The increasing gas temperature in the MCO also helps 
pressurize the MCO Blowdown at a pressure of 375 Ib/in2 gauge is assumed to occur about 
96 hours after MCO isolation ("F 1999, Annex B, Section B3 4 2.6). If the MCO were to be 
breached from high pressure, most of the gas and some suspended particulate would be carried 
out of the MCO in a very short time. The unmitigged radiological offsite dose for a high- 
pressure blowdown at the CVDF is above offsite release limits and onsite risk evaluation 
guidelines Detailed calculations are presented in HNF-3553, Annex B, Section B3.4 2.6 
("F 1999). 

The safety-class components designated to prevent or mitigate the dose consequences of 
overpressurization accidents at the CVDF are the MCO shell assembly, the shield plug, the 
rupture disk, the locking and lifting ring and bolts, and the bottom plate 

MCOs are backfilled with helium to a prescribed pressure just before being waled for 
shipment from the W D F  to the CSB. The pressure inside the MCO can increase because of the 
radiolytic decomposition of water and aluminum hydroxide, and the generation of hydrogen from 
the chemiGJ r d o n  of wafer with he1 inside the MCO Uncontrolled release of the MCO 
internal grtll presmue, referred to as a pressurized gaseous release accident, results from failure of 
the pmsure boundary conftlling the MCO gases A pressurized gaseous release at the CSB 
would lead to the entrainment and release of fuel particulate from the MCO and the creation of a 
radiological hazard (HNF 1999, Annex A, Section -43 4 2 2) 

The SSCs designated to prevent or mitigate MCO continuous releases at the CSB are 
designated safety Significant because unmitigated consequences do not exceed offsite release 
limits. ThUnmitigated radiological dose to the onsite worker from the gaseous release accident 
is caldated to be greater than the onsite risk evaluation guidelines for anticipated events 
Detailed calculations are presented in HNF-3553, Annex A, Section A3 4 2 2 (HNF 1999) 
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The safety-sigtllfcant MCO components designated to prevent or mitigate the dose 
consequences of gaseous releases at the CSB are the seal, the 0.25-in orifice cover plates, the 
cover or orifice plate bolts, and the cover plates. 

11.6 SUMMARY OF SAFETY-CLASS STRUCTURES, SYSTEMS, AND 
COMPONENTS 

The safety-class and safety-significant MCO components that provide criticality control 
contingency features or are designated to prevent or mitigate potential accidents inherent to the 
MCO are summarized in Table 1 1 - 1. 
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12.0 BASES FOR TECHNICAL CONTROLS AND LIMITS 

12.1 INTRODUCTION 

This chapter summarizes the necessary set of multi-canister overpack (MCO) key 
parameters for pressure, temperature, fuel mass, fupl type, scrap basket number, shipping 
window, free water limiting, and canister particula resulting from design considerations or 
analyses that form the basis for developing the tecbplcal safety requirements (TSRS) needed to 
establish the safe.ty envelope for MCO-related opeqtions. Specific TSRs will be developed from 
this information and from facility-specific analyses, and will be published in the facility TSRs 

tf. 

In DOE Order 5480.22, Technical Safety 
operating l i s ,  surveillance requirements, and 
Order 5480.22, TSRs shall define the operating 
thereoc safety b d a r i e s ,  and management or 
health and safety of the public and to minimize the potential risk to workers from the uncontrolled 
release of radioactive or other hazardous materials pnd from radiation exposure due to inadvertent 

rremenfs, TSRs are defined as safety limits, 
strative controls As stated in DOE 

surveillance requirements, the bases 
ive controls necessary to protect the 

criticality. The key parameters in this section as 
Report and site-specific safkty analysis reports 

other analyses in this MCO Topical 
source documents for TSRs 

12.2 KEY PAlzAMETERs 

The key panmeters in this chapter are neces#ary to ensure safe MCO performance. They 
are derived from analyses in this MCO Topical 
baseline documents, and they are summarited i 

rt and in Spent Nuclear Fuel Project technical 

12.2.1 Fuel Maximum Temperature 

Eutectice or doys with melting points lower than the separate constituents are a potential 
concern because of their structural impact and alsoibecause of the undesirability of the presence of 
molten material within the MCO. The metals in thj MCO system are stainless steel (assumed to 
act as iron for eu&ctic interactions), copper, alumidum, uranium, and zirconium. The lowest 
eutectic temperature is for aluminum-uranium at 646 "C (1,195 OF); this is close to the melting 
point of alumhum of 660 "C (1,220 OF). The nexa higher eutectic temperature is for iron- 
uranium at 725 "C (1,336 OF) Whether the physiaal contact between the solid materials could 
lead to eutectic formation is doubtful Nonethelesg since 646 "C (1,195 OF) is well beyond the 
temperatures the MCO can reasonably experience, there is merit in using 600 "C (1,112 OF) (the 
eutectic temperature with an additional decrement of -50 "C [-90 OF] for conservatism) as a 
system limit to provide M e r  protection for the MCO 
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12.2.2 Multi-Canister Overpack Pressure Boundary Maximum Temperature 

The maximum MCO pressure boundary temperature, if based solely on the ASME Boiler 
andpressure Vessel Code (ASME 1998), is 427 "C (800 OF) This is appropriate based on the 
MCO boundary, which is constructed largely of 304L stainless steel in accordance with the Boiler 
and Pressure Vessel Code, Section 111, Subsection NB (ASME 1998) Applicable components 
are the MCO shell, shield plug, MCO collar, MCO bottom baseplate, port covers, MCO cover 
cap, and weldments. Selection of 304L stainless steel effectively limits the maximum temperature 
to 427 "C (800 OF) since L grades exhibit low streagth in higher temperature ranges. The Boiler 
and Pressure Vessel Code (ASME 1998) case N 47 extends the rules of Subsection NB 
(ASME 1998) to temperatures above 427 "C (800 OF), but this case does not permit construction 
using 304L stainless steel. The 427 "C (800 OF) temperature is reduced by 50 "C as an additional 
factor of conservatism to result in a system limit of 375 "C (707 OF) This limit is only applicable 
in reference to the ASME Boiler and Pressure Vessel Code 

12.2.3 Multi-Canister Overpack External Wall Temperature 
for Canister Storage Building Storage 

The most restrictive temperature limit is 132 "C (270 O F )  at the MCO external wall (shell, 
bottom plate, shield plug external surface, or cover cap external surface). This is based on the 
concrete temperature design requirement of the Canister Storage Building (Goldtimn 2000b). 
ACI 349-85, Code Requirements for Nuclear Safe& Related Concrete Struciures, Appendix A.4, 
provides limitations for concrete temperatures during normal operations or any long-term period. 
The concrete temperature shall not exceed 150 "F 

12.2.4 Radial Temperature Gradient 

The maximum temperature difference between the MCO shell and the shield plug must be 
less than or equal to 100 "C (180 OF) between the outside of the shell and the center of the shield 
plus and less than or equal to 5°C (9°F) radially within the MCO shell wall. This criterion is 
from Section 4.9.2 of "F-S-0426, Performance Specijlcation for Spnt Nuclear Fuel Multi- 
Canisier Owpzck  (Goldmann 2000b). The parameter is required to limit thermal expansion and 
preserve the integrity of the MCO mechanical seal 

12.2.5 Multi-Canbter Overpack Internal Pressure 

TBe MCO pressure limit is based on the specific design and materials selected and is 
e of sealing. When mechanically sealed, the design pressure for the shield 
is 150 1Wi gauge (Goldmann 2000b). When a closure cap is welded over 

preasure for the MCO shell, bottom plate, and cover cap is 450 lb/ii2 
gauge (Goldmann 2000b). 

sARR005.12 12-4 March 2000 



"F-SD-SNF-SARR-005 REV 2 

12.2.6 Fuel Mass Maximum 

The total mass of the cask and MCO combination to be lifted by the crane must be less than 
the K Basins' 32-ton crane limit, as Well as less thau subsequent facilities' crane limits. The fuel 
mass portion of the total mass is based on Table 4-5 of this MCO Topical Report, which states 
that a maximum fuel load of 270 Mark IV assemblies contains 6,835 kg (15,071 Ib). This is 
derived from the maximum weight of five baskets af Mark IV fuel plus the maximum amount of 
particulate loaded with the fuel. On a single basket basis, this is 1,367 kg (3,014 Ib). This is 
consistent with the weights given in Table 3-6 of this MCO Topical Report with the additional 
weight of the fuel particulate from Table 4-5. This limit ensures that available free volumes given 
in Tables 4-3 and 4-5 are obtained in the MCO for pressure accommodation and also ensures that 
the total decay heat from the uranium fuel mass remains below the 776 W maximum assumed in 
thermal analyses. 

12.2.7 Fuel Type 

The MCO is critically safe by reliance on basket design for Mark IA fuel. Dumg accident 
conditions the Mark IA fuel and scrap baskets are relied upon to retain structural integrity, 
meeting service Level D requirements under ASME Boiler and Pressure Vessel Code, Section 111, 
Subsection NG (ASME 1998), as stated in Section 4 12 1 of "F-S-0426 (Goldmann 2000b) 
The Mark IV &el is lower in enrichment and therefbre the Mark IV fuel and scrap baskets do not 
need to maintain structural integrity to remain critioally safe, the MCO itself is relied upon to 
retain structural integrity in accident conditions, as stated in Section 4 12 2 of HNF-S-MZ6 
(Goldmann 2000b). 

Because of the differmce in fissile enrichment between the two fuel types, they are normally 
segregated and not b e d  within an MCO Mixing is allowed for the 26. I-in.-long Mark IA 
assemblies ia the K West B&n and for the small amount of Mark IA material in the K East Basin 
Analyses performed for single pass reactor fuel also require that it be loaded into a single MCO 
and not mixed with other fuel types (Sellers 1998) 

There is a limited amount of 26-in Mark IA fuel that will require additional processing to 
ensure fitting within the Mark IV basket This processing method is to be determined. 

12.2.8 Scrap Basket Number and Mass 

The criticality analyses for the MCO are applicable to a maximum of two scrap baskets per 
MCO, with one at the top position and one at the bottom position of the MCO (Kessler 2000) 
AssunaptionS of maximum reactive surface within an MCO depend on no more than two scrap 
baskets per MCO (Reilly 1998). The maximum number of scrap baskets and their position is 
specified in Sections 3.2.1 and 3.2.2 ofm-SD-SNF-OCD-001 (Pajunen 2000) 
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The total mass of scrap allowed to be loaded into a Mark IA scrap basket is limited to 
575 kg, The total amount of scrap allowed to be loaded into a Mark IV scrap basket is limited to 
980 kg. These limits are necessary to remain within limits established for the criticality analyses 
(Chapter 6.0, Section 6.1.1). 

12.2.9 Shipping Windows 

The design shipping window for transportation from the K Basins to the Cold Vacuum 
Drying Facility (CVDF) is 24 hours (Smith 2000). The available time before cask pressure relief 
is required is 32 hours for a safety basis MCO, from Section 4.4.3.1 of this MCO Topical Report. 
No excursions were predicted by the thermal analyses. 

The design shipping window for transportation from the CVDF to the Canister Storage 
Building is 135 days (Smith 2000). A safety basis MCO will not undergo a thermal excursion and 
will not require pressure relief, from Section 4.4.3.2 of this MCO Topical Report. Action may be 
required at the end of the shipping window to mitigate flammable gas buildup in the cask resulting 
from MCO leakage. 

12.2.10 Process Step Limiting Free Water Inventory 

Thermal analyses for MCO processing and storage after cold vacuum drying assume that 
less than 200 g of free water is available to react with hel. This limit is assured by a processing 
step at the end of cold vacuum drying, described in Section 3.4.1 of HNF-SD-SNF-OCD-001 
(Pajunen 2000), consisting of a hold period of at least 28 hours, for an MCO with two scrap 
baskets, at a temperature of at least 40 "C (104 OF) and at a pressure less than or equal to 12 torr 
A 20 hour or greater hold will be required for an MCO with one scrap basket and 8 hours or 
greater for an MCO with no scrap baskets 

12.2.11 Fuel Pnrameteru Necessary for Thermal Analysis 

Values are required for several parameters describing the physical and chemical properties 
of the fuel in order to perform the analyses that confirm the thermal stability of the loaded MCO 

0 

0 

0 

0 Decay heat per MCO 

Fuel surface area per MCO and per basket 
Recommended fuel reaction rates and enhancement factors 
Particulate mass and water content 

The v&oa for these parameters and the bases for their selection are given in 
HNF-SD-SNF-TI-015, Spent Nuclear Fuel Project Technical Databook (Reilly 1998). They also 
are described in Chapter 4 0, Section 4 2 1 2, and provided in hll in Tables 4-2, 4-5,4-6, and 4-7. 
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12.3 DESIGN FEATURES 

The following design features are of special importance to each of the physical barriers, 
maintenance of safety margins, and establishment of TSRs for the MCO. 

0 Pressure boundaries (from Chapter 3 0, Section 3.1.3) 

- 
- 

Shell assembly and cover cap - 450 lb/inz gauge at 132 "C (270 OF) 
Shield plug closure assembly - 150 lb/in2 gauge at 132 "C (270 OF) 

0 Criticality control (from Chapter 6.0, Section 6.1.1, and Chapter 3.0, 
Section 3.1.10.4) 

- Shell inside diameter (22.985 in. nominal) 

Central insert pipe, nominal 6.625 in. outer diameter, at longitudinal centerline 
of MCO (required for Mark IA fuel loadings only) 

Basket baseplate (required for Mark IA &el loadings only) 

- 

- 

0 Radiological shielding (from Chapter 5.0, Section 5.3.1) 

Modelhg for shielding is based on MCO characteristics described in detail in 
Chapter 1 .O, Section 1.2, and summarized as follows (only MCO characteristics are 
shown below; reflector properties assumed for shielding calculations are not given) 

- MCO shell is made of stainless steel 

MCO shield plug is made of stainless steel 

b i d e  diameter of the MCO is 23 in. and inside height is 148 in. to the bottom 
of the MCO shield plug 

MCO shield plug is 10.5 in. thick 

MCO sidewall is 0.5 in. thick and reflector sidewall is 8 in. thick for a total 
thickness of 8.5 in. 

- 
- 

- 

- 

- MCO bottom is 2.0 in. thick. 

12.4 ADMINISTRATIVE CONTROLS DURING DESIGN 

Administrative control includes control of design changes, compliance with process 
parameters, and quality assurance controls. 
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The use of the Engineering Change Notice process ensures MCO design 
configuration control and the thorough evaluation of changes and their impacts on all 
operational phases. 

The use of technical maintenance and operations procedures ensures that process 
parameters are controlled within defined limits and that specified environmental 
conditions are maintained. 

AU design changes to the MCO will be assessed by the Engineering Change Notification 
process (HNF-PRO-440). The MCO design authority will review all design changes for impact to 
safety and environmental requiremetlts and notify engineers and organizations as appropriate. 
Impact to safety and/or environmental requirements will require review and sign-off of the 
Engineering Change Notification by individuals independent from the design authority and the 
original work. 

U.S. Department of Energy (DOE) approval will be required for changes to fimctional 
design criteria, SARs, safety analysis reports for packaging, and the documentation of a positive 
unreviewed safety question, or other documents as required by "F-PRO-233, Review and 
Approval ofDocuments, but specific design changes that do not affect the safety basis, such as 
routine Engineering Change Notification or Design Change Notification forms, will not require 
DOE approval. The MCO Topical Report will be part of the authorization basis for the 
SNF Project, therefore a change to this MCO Topical Report will require unreviewed safety 
question screening and subsequent appropriate actions. 
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13.0 QUALITY ASSURANCE 

13.1 INTRODUCTION 

The Spent Nuclear Fuel (SNF) Project quality assurance program provides assurance that 
the design, procurement, fabrication, handling, shiwing, storing, cleaning, assembly, inspection, 
testing, operation, maintenance, repair, and modification, including documentation requirements 
for activities, conform to regulatory and contractual requirements. This chapter summarizes the 
SNF Project quality assurance program for activities associated with the multi-canister overpack 
(MCO) and baskets. It also provides references to documents containing additional details of the 
SNF Project quality program. 

The extent to which quality requirements are applied to the SNF Project is based on a 
graded approach reflecting safety significance and/or safety implications. Quality-affecting 
activities performed by organizations that provide equipment, services, or support to the SNF 
Project also are described in this chapter. 

Adherence to the quality assurance program will ensure that 

U.S. Department of Energy (DOE) missions and objectives are effectively 
accomplished 

Products and services are safe, reliable, and meet or exceed the requirements and 
expectations of the user 

Any hazards to the public, to Hanford Site and facility workers, and to the 
environment are minimized. 

13.2 REQUIREMENTS 

The reqdmmta  that form the basis for the quality assurance program are found in 
HNF-3552, &xmt Nuclear Fuel Project Execution Plan (williams 1998) and in 
QAPP-OCRwMd)ol, QuaIiv Assurance Program Plmjor Implementation ofthe O C R W  
QARD for the A&?# Nuclear Fuel Project (Ruth 1999) These documents provide the quality 
assurance rcquiremcnts for federal repository acceptance of SNF and satisfy U S Nuclear 
Regulatory Commission equivalency requirements Any additional requirements applicable to 
specific SNF Project facilities are identified in the SNF Project Final Safety Analysis Reports 
(FSARs). 

HNF-SP. 1228, Qua@ Assurance Program Implementation Plan for Nuclear Facilities 
(Byers 1997), and "F-MP-599, Project Hanjord Quality Assurance Program Descrption, 
provide for the implementation of Title 10, Code ofFederal Regulations, Part 830, "Nuclear 
Safety Management," Section 830.120, "Quality Assurance Requirements" (10 CFR 830) 
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The applicable quality assurance program plan (QPYPP) and the Office of Civilian Radioactive 
Waste Management (OCRWM) requirements mat+ maintained by the Fluor Hanford Quality 
Assurance organization idea@ the management prgcesses and procedures for implementing 
DOEIRW-O333P, Quality Assurance Requwenzent~ and Description (QARD) (DOEJRW 1999), 
HNF-MP-599, and project-specific quality assuramje requirements Changes that reduce 
requirements relative to these requirements shall nat occur before approval is obtained from the 
U S Department of Energy, Richland Operations Office. 

13.3 QUALITY ASSURANCE PROGRAM ORGANIZATION 

13.3.1 Program 

The governing QAPP is the overall quality W r a n c e  program and contains criteria, 
requirements, and implementation documents ctivities Applicable QAPPs are 
maintained to ensure compliance to requir 
Federal Regulations, Part 71, "Packaging and 
Subpart H, "Quality AswuaaCa' (10 CFR 71); of Federal Regulafions, Part 72, 
"Licensing Requirancats for Independent Sto 
Radioactive Waste," Subpart G, "Quality Assurand" (10 CFR 72), and DOE 0 414. I ,  Qualiry 
Assurance, as implemented by HNF-MP-599 

CFR 830 120, Title 10, Code of 
tion of Radioactive Material," 

clear Fuel and High-Level 

The QAPP quality assurance policy statement includes the following 

Compliance with the provisions of a Q W P  is mandatory 

The SNF Project has committed to im#ement an effective quality assurance program 
that is in compliance with the applicabli: DOE and federal regulatory requirements as 
presented in Section 13.2. 

Quality assurance controls are written into SNF Project implementing procedures 
that are used to control work processes 

Personnel shall be appropriately trained to the procedures they will use prior to the 
start of the work 

No work subject to the requirements of the governing documents shall be started 
prior to the development, review, approval, and issuance of the appropriate work 
documents or procedures. 

Achievgnent of quality is a line responsibility, where each performer is accountable 
for the quatity of the work assigned. Line organizations and line management are 
responsible for the effectiveness of the quality program for SNF Project. 
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The QAPP assigns prime responsibility for the implementation of the quality program to the 
SNF Project management and the managers of those organizations that support the SNF Project. 

The degree of control over activities affecting the quality of items and services ensures 
conformance to the approved SNF Project design abd is commensurate with the importance to 
safety. SNF Project personnel have the authority to stop work in accordance with approved 
procedures for unsafe situations and to control hrther operation until the conditions that created 
the unsafe conditions are corrected. Stop work actions are immediately communicated to project 
management. 

Suppliers and subcontractors providing services for the SNF Project will be required to 
implement a quality assurance program consistent with the requirements specified in the SNF 
Project procurement documents. Quality assurance programs used by subcontractors providing 
safety-related supplies and services are submitted to the SNF Project for review and approval. 

Readiness reviews are performed in accordance with approved procedures for determining 
compliance of the SNF Project and activities with applicable requirements. 

Compliance with the QAPP is achieved by implementing written procedures identified in the 
QAPP within a baseline implementation matrix, supplemental baseline implementation matrix, 
and/or quality assurance program index. A QAPP presents the overall structure of the hierarchy 
of documents to meet the quality program requirements. 

Application of procedures to project activities is described in the QAPP. Procedures 
identified in a baseline implementation matrix are applied to all SNF Project elements unless 
exceptions are justified. A supplemental baseline implementation matrix identifies additional 
procedures to implement SNF subproject-specific requirements. Requirements have been 
identified that shall be applied to structures, systems, and components (SSCs) that must also 
comply with 10 CFR 71, Subpart €I, andor 10 CFR 72, Subpart G. Implementing procedures for 
these requirements are presented in a quality assurabce program index. A quality assurance 
program index does not apply to SNF Project work being performed that is not applicable to 
these standards. The SNF Project will ensure that the quality assurance program requirements 
will remain in effect during the lifetime of the SNF Project. 

13.3.2 Personnel Training and Qualification 

Personnel performing activities affecting quatity involved with design, scientific 
investigation, software development, inspection, and nondestructive examination and testing are 
trained and qualified to perform assigned tasks in accordance with requirements specified in 
DOE/RW-O333P, paragraph 2.12.12B (DOE/RW 1999). This includes knowledge of the work 
processes, tools, equipment, and requirements The training find qualification program will 
provide for the development of personnel proficiency commensurate with the scope, complexity, 
and nature of an assigned activity Training and indoctrination needs are identified and 
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documented by management. Records shall be maintained to enable verification of personnel 
qualification and completion of required indoctrination and training. 

SNF Project management, and managers of those organizations that support the SNF 
Project, are responsible for ensuring that their staffs are sufficiently trained to perform assigned 
tasks in a manner that minimizes (1) risk to the woFker performing the task, coworkers, and the 
public; (2) negative impacts to the environment; and (3) risk of damage to equipment. Training 
and qualifications for specified job functions are based on analysis of the specified duties and tasks 
associated with the knctions. Job functional descriptions are developed that describe minimum 
requirements for education, experience, and when tequired, physical condition, and certification. 
Management is responsible to verify qualification of personnel before assigning them to do work. 
Inspection and nondestructive examination positions are certified in accordance with written 
procedures that are based on ASME NQA- 1 - 1994, Qua& Assurance Requirements for Nuclear 
Faciliiy Applications (ASME 1994), ASNT-SNT-TC- 1 A- 1992, Recommended Practice for Non- 
Destructive Testing Personnel Qualification and Cerfrficafion (ASNT 1992), or other standards 
applicable to the work performed. 

Qualiication and training requirements are periodically reviewed to ensure that they 
continue to reflect the current systems, procedures, and policies applicable to each position. 
Continuing training is provided to ensure that job proficiency is maintained. Training is provided 
by instructors having the technical and instructional skills necessary to provide the training in an 
effective manner. Training program effectiveness and efficiency is determined by training 
management through feedback from instructors, students, students' managers, and periodic 
reviews. Improvements are addressed to maintain or increase proficiency based on existing or 
new requirements. 

The SNF Project personnel training and qualifications process meets the requirements of 
Part 2, Section 2, "Personnel Training and Qualifications," of HNF-MP-599. Implementing 
procedures for personnel selection, indoctrination, training, and qualification are presented in 
the QAPP. 

13.4 QUALITY IMPROVEMENT 

The objective of quality improvement is to detect and correct problems adversely impacting 
quality and to continuously improve the quality of items and work processes. The basis of the 
approach to quality improvement is that (1) work activities can be planned, performed, assessed, 
and improved; and (2) lessons learned from this process can be used when planning subsequent 
activities to preclude recurrence of problems 

Under the quality improvement program, organizations have the authority to identify quality 
problerrm and to initiate, recommend, or provide solutions through designated channels. 
Conditions ftdvuse tu quality (iacfuding failures, dfunctions, deficiencies, deviations, defective 
material and equipment, and nonconformances) are promptly identified and corrected. 
Management systems for quality improvement include problem identification, screening, 
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evaluation, reporting and resolution; nonconformance identification, control and tracking, 
corrective action process; and tracking problems to closure. 

Item characteristics, process implementation, and other quality-related information are 
reviewed and data analyzed to identify items, services, and processes needing improvement. This 
includes an assessment of risk. Items, services, and processes that do not meet established quality 
requirements are identified, controlled, and corrected promptly in accordance with the significance 
of the problem and work. Verification of corrective action completion is also conducted. 

A problem identification process is used to identify problems that are then evaluated for an 
unreviewed safety question and Price-Anderson Amendments Act of 1988 violation subject to 
Title 10, Code of Federal Regulations, Part 820, "Procedural Rules for DOE Nuclear Activities" 
(10 CFR 820). Correction includes identifying the cause of the problem, assessing risk, 
determining corrective action for the problem, performing problem closure, and initiating any 
additional corrective actions to preclude recurrence 

The SNF Project will establish a process to review U.S. Nuclear Regulatory Commission 
Inspection and Enforcement Bulletins and Notices communicating identified defective equipment 
in the commercial nuclear power industry. Appropriate actions will be taken on similar safety- 
class equipment in the SNF Project. 

Periodic inspection of SSCs and equipment is performed to determine whether deterioration 
is taking place and to identi6 and address obsolescence that threatens personnel safety or facility 
preservation. Performance indicators, item characteristics, process implementation, corrective 
actions, assessments, and other quality-related information are reviewed and data analyzed to 
identie items, services, and processes needing improvement. When appropriate, these 
improvement evaluations include use of tools such IS root cause analysis and lessons learned. 
Problem identification processes and nonconformances are periodically analyzed to identify 
quality trends. 

The SNF Project quality improvement process meets the requirements of Part 2, Section 3, 
"Quality Improvement," of "F-MP-599. Implementing procedures for quality improvement 
requirements are presented in the QAF'P. 

13.5 DOCUMENTS AND RECORDS 

The documents and records program establishes requirements for control of the 
preparation, review, approval, issuance, use, and revision of documents that prescribe processes, 
specify requirements, or establish design. Controlled documents, including revisions, are 
reviewed for adequacy, completeness, and correctness before approval by the organization that 
originally reviewed and approved the document, or by a designated alternate organization with 
comparable technical competence and capability. After approval, controlled documents are 
released to specified users to ensure the latest approved revisions are available to personnel for 
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use at the location where the work is being performed. Compliance to these controlled 
documents is required. 

Records are specified, prepared, reviewed, agproved, maintained, and stored in accordance 
with approved procedures and instructions. Lifetiwe and nonpermanent records classification and 
records retention requirements are specified in the Srocedures that govern generation of the 
records. These procedures comply with DOE/RW*0333P, Section 17 0 (DOE/RW 1999). 
MCO- and basket-related design, fabrication, and storage information are considered lifetime 
quality assurance records 

Records are to be legible, identifiable, accurqe, complete, protected, and retrievable. 
Maintenance of records includes provisions for codection, replacement, retention, preservation, 
traceability, and accountability. Computer hardwars and software used to maintain, index, store, 
or access records are maintained and controlled to ensure accountability, reproducibility, and 
protection from loss. 

The SNF Project documents and records process meets the requirements of Part 2, 
Section 4, "Documents and Records," of HNF-MP-599 Implementing procedures for document 
and record requirements are presented in the QAPP 

13.6 QUALITY ASSURANCE P E R F O U N C E  

This section provides an overview of the p r o p s  that the SNF Project uses to ensure that 
the performed work meets requirements. Work prqcesses, design, procurement, and testing 
processes are covered in Sections 13.6.1 through 13.6.4. 

13.6.1 Work Processes 

Work prochsses include, but are not limited tp, activities involving design, analysis, 
fabrication, procurement, handling, shipping, storing, cleaning, assembly, inspection, and testing. 
Work on the SNF Project is planned, authorized, d performed under controlled conditions in 
accordruade with approved technical standards and dministrative controls using approved 
procedww, inst~ctiom, plans, or other control do mentation commensurate with the 
complexity and risk posed by the work to be perforped Such procedures, instructions, plans, or 
other control documentation contain or reference ($ of the necessary administrative and technical 
requirements, including the sequence of actions and interactions, as required to ensure that 
activities are properly performed and meet acceptance criteria or other requirements 

1 
Work procsss documents are developed, reviewed, and approved by personnel technically 

knowldgwble of the work. Work process documdnts are readily accessible to the worker. 
Supportiug documentation for work activities is re$iewed to ensure that the desired quality is 
being maintained and to identify areas for improvement Use of such controls is to ensure that 
process parameters are controlled within defined limits and that specified environmental 

SARR-005.13 13-6 March 2000 



HNF-SD-SNF-SARR-005 REV 2 

conditions are maintained. Work completion is documented and appropriate records maintained. 
Special processes (e.g., welding, heat treating, nondestructive testing) are performed by major 
subcontractors or other qualified subcontractors in accordance with approved processes. Specific 
requirements are established in procurement documents. 

Identification is maintained on items, or in documents traceable to them, in a manner that 
ensures identification is established and maintained to ensure control and maintenance of items for 
manufacture or receipt through delivery, installation, or use. Items may include hardware, 
samples, or data. This item identification and administrative control is used to prevent the use of 
incorrect or defective items and to maintain traceability for items, as required by specifications, 
codes, and standards. Handling, marking, storing, packaging, shipping, cleaning, and preserving 
materials and other items is controlled to prevent damage, loss, or deterioration. Marking and 
labeling of items is maintained throughout the processes of packaging, shipping, handling, and 
storage. Any status indicators will not be detriment.al to the item. 

Calibration and maintenance of equipment used for process monitoring and data collection 
are conducted in accordance with approved procedures. Computer software used in applications 
important to environmental, safety, health, and quality aspects shall be subject to appropriate 
controls throughout the software's life cycle. 

The fabricator is required to have an acceptable quality assurance program that shall be in 
effect throughout the fabrication, assembly, testing, inspection, packaging, and shipping of the 
MCO, including receipt inspection by the buyer. The fabricator's quality assurance program shall 
meet the applicable requirements of the American Society of Mechanical Engineer's (ASME) 
Boiler andPremrre Vessel Code, Section 111, Division 1, NCA-4000 (ASME 1998), as specified 
by HNF-S-0453, Spcijkation for Multi-Canister Overpack Fabrication (Goldmann 1998), and 
10 CFB 830, as specified in the procurement statement of work. The fabricator's quality 
assurance program shall be accredited by ASME and must be accepted by the buyer before any 
work is performed, including procurement of materials. 

Quality records shall be traceable to the items, components, or activities to which they 
apply through u8c of unique identifiers, as well as governing purchase order numbers. The 
fabrication data package shall include as-built drawings, nonconformance reports and/or 
deficiency reports including satisfactory resolutions, certified materials test reports, hydrostatic 
test reports, nondestructive examination reports, and inspection reports. The data package shall 
be traceable to each MCO and shall provide a clear history of the materials, processes, 
inspections, tests, nonconformance or deficiency reports, and repairs, and verification that 
required personnel and piocesses were qualified and that appropriate and approved procedures 
were used and complied with. These documents shall be controlled as lifetime quality records and 
shall be stored, controlled, traceable, and retrievable. The fabricator's cleaning, handling, and 
shipping plans and/or procedures shall be reviewed and approved by the buyer. 

Measurn to control the handling, storage, shpping, cleaning, and preserving of materials 
and equipment to prevent damage and deterioration are contained in Appendix 17, "Warehouse 
Plan," of HNF-SD-SNF-DR-003, Multi- Cunisfer Overpack Design Report (Goldmann 2000a). 
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The quality assurance requirements to be followed during all stages of transporting an 
MCO loaded with fuel are contained in HNF-SD-TP-SARP-017, Sufeety Analysis Report for 
Pachging, Onsite, Multi-Canister Overpack Cusk, the safety analysis report for packaging 
(SARF') (Smith 2000). Specific instruction regarding when the S A R P  requirements apply is 
contained in the SAIU? 

The SNF Project work process meets the requirements of Part 2, Section 5, "Work 
Processes," of HNF-MP-599. Implementing procedures for work processes are presented in 
the QAF'P. 

13.6.2 Design 

Sound engineering and scientific principles, codes, standards, and practices for the 
assurance of technical quality are identified and incorporated into the design of new or 
replacement items and system design requirements. The design, including design changes, 
incorporates applicable design requirements, including design bases, functional and performance 
requirements, regulatory requirements, codes, standards, and environmental conditions, and 
interfaces with new or existing items. 

The SNF Project design process meets the requirements of Part 2, Section 6, "Design," of 
HNF-MP-599. Implementing procedures for design are presented in the QAPP. 

13.6.2.1 Design Inputs. Design, including design changes, incorporates design inputs consisting 
of controlled requirements, customer expectations, and applicable design requirements, including 
design bases, filnctional and performance requirements, federal codes, DOE orders and standards, 
conceptual design criteria, national standards, specifications, drawings, environmental conditions, 
health and safety considerations, expected life cycle, reliability requirements; and interfaces with 
new or existing items. Design inputs are identified and documented and their selection reviewed 
and approved by the responsible design organization to ensure that sound engineering and/or 
scientific principles and appropriate standards are being used. 

13.6.2.2 Design Prows. Appropriate quality staadards are identified and documented as design 
input and their selection reviewed and approved. Design methods, materials, parts, equipment, 
and processes that are essential to the functions of the items affecting quality are selected and 
independently reviewed for suitability of application. Identified deviations from quality standards 
are controlled in accordance with procedures or instructions. 

Independent design reviews are performed, documented, and comments resolved, and the 
results of the reviews are identifiable, stored, controlled, and retrievable. These independent 
reviews ensure that the requirements of HNF-S-0426, Performance Specificationfor Spent 
Nuclear Fuel Multi-Canister Overpack (Goldmann 2000b), have been met and that the design is 
in accordance with the applicable portions of 10 CFR 830 and the ASME Boiler and Pressure 
Vessel Code, Section 111, Subsections NB and NG, for the baskets (ASME 1998). When a test 
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program is used to verify the adequacy of the design in lieu of other design verification methods, 
the qualification testing of the item shall include testing under the most adverse design conditions 

The design agent must execute quality assurance programs that, in addition to satisfying the 
requirements previously stated, provide the following assurances 

Performance requirements and design criteria are established, documented, and 
clearly understood. 

Studies, analyses, and design decisions are hlly documented 

Performance requirements and design criteria are met. 

Design is complete, adequate, and properly documented, 

Traceability to the requirements of the contract technical specification is maintained 

The final design of the SNF Project facilities IS related to the design bases input by 
documentation of sufficient detail to permit design verification and by identification of assemblies 
or components that are part of the item being designed. Design documents are adequate to 
support facility design evolution, construction, operation, and deactivation. The documentation 
references include the applicable codes, standards, and practices, in addition to the applicable 
regulatoy safety requirements. 

Design interfaces are identified and controlled and design efforts coordinated among the 
participating 'organizations, Interface controls are documented and include the assignment of 
responsibility and the establishment of procedures among participating design organizations for 
the review, approval, release, distribution, and revision of documents involving design interfaces. 
Design information trarumitted across organizational interfaces is documented and controlled 
Transmittals identify the.status of the design information or document provided and, where 
necessary, identi@ incomplete items that require fixther evaluation, review, or approval. 

Use of commercial-grade items is accomplished in accordance with documented processes 
using recognized industry standards. 

13.6.2.3 Design Verification and Validation. Design verification or validation of the adequacy 
of design products is accomplished by technically knowledgeable persons other than those who 
performed the work. 

Design adequacy is verifled in accordance with approved procedures by individual or 
interdisciplinary design revi'ews, alternate calculatims to verify the correctness of the original 
design calculations, or qualification testing to demmstrate adequacy of performance under 
conditions that simulate the most adverse design conditions. The extent of verification is based on 
the complexity, risk, and uniqueness of the design. 

SARR-005.13 13-9 March 2000 



HNF-SD-SNF-SARR-005 REV 2 

Design verification is performed in a timely manner and identified design errors corrected 
before approval and implementation of the design Design verification, for the level of design 
activity accomplished, is performed before release k r  procurement, manufacture, construction, or 
release to another organization for use in other design activities except in those cases where this 
timing cannot be met, such as when insufficient data exist. In those cases, the unverified portion 
of the design is identified and controlled In all cases, design verification is completed before 
relying upon the item to perform its hnction 

Engineering documents ( e g ,  drawings, specifications, design analyses, system descriptions, 
engineering studies, technical reports) are verified in accordance with approved procedures and 
instructions. 

13.6.2.4 Design Changes Design changes, includmg field changes, and nonconforming items 
dispositioned "use-as-is'' or "repair" are justified and subject to design control measures 
commensurate to those applied to the original design These measures include assurance that the 
design analyses establishing the safety basis for the SSCs are still valid. Verification and review of 
design changes are performed to the same level as performed for the original design As-built 
changes are documented and verified Design of temporary modifications receives the same level 
of control as the original design for permanent modifications 

13.6.2.5 Design Documentation and Records The final design is related to the design input by 
documentation of sufficient detail to permit design Verification, and by identification of assemblies 
and/or components that are part of the item being &signed Design documentation is adequate to 
support facility design, construction, and operation Design output documents include drawings, 
specifications, test and inspection plans, and maintenance requirements. As-built drawings and 
shop drawings are maintained to show actual plant configuration The administrative process 
clearly indicates responsibilities for design output document activities including marking-up and 
updating during construction and operation of SNF Project activities 

13.6.2.6 Computer SofhRlre. Computer programs used for design analysis are verified to show 
that they produce correct S O ~ U ~ ~ O I M  for the encoded mathematical model within defined limits for 
each parameter employed. Computer programs also are verified to show that the encoded 
mathematical model produccs a valid solution over the range of applications to the physical 
problem rtsociated with the particular application Computer programs are controlled to ensure 
that changes are documented and approved by appropriate personnel, control requirements 
include devslopment, acquisition, use., modification, and configuration management of software 
used in computer systems The requirements of DOE/R.W-O333P, Supplements land V 
@OE/RW 1999), are applicable to MCO and basket QARD-related activities 

13.6.3 Procurement 

Procunmant of items and Services by the SNF Project, or by its subcontractors, is 
documented and controlled to ensure that regulatory requirements, design, and other necessary 
quality requirements are included or referenced in the documents used for procurement of items 
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and services, and that they perform as specified. Procurement documents are controlled to ensure 
that applicable requirements, design bases, testing and inspection requirements, acceptance 
criteria, and other requirements necessary to ensure adequate quality are included or referenced in 
documents for procurement of items and services. Critical parameters and requirements are 
specified including submittal, product-related documentation, nonconformance requirements, 
administrative documentation, personnel or materials qualifications, tests, inspections, and 
reviews. 

A graded approach is used when establishing the stringency of procurement requirements to 
ensure they are commensurate with the importanceof the purchased item or service. Applicable 
quality assurance requirements are applied to suppliers through the procurement documents 
issued to these suppliers. Changes also are communicated to suppliers in the procurement 
documentation. Such changes are evaluated in the same manner and use the same criteria as the 
original documents. The procurement documents dso specify the right of access to suppliers' 
(including subtier suppliers') facilities for surveillance of work activities, inspection of facilities 
and programs, review of plans and program reports, processing of change information, and review 
of disposition of nonconformances. 

Controls are established to ensure that purchased items and services conform to the 
procurement documents. These controls include provisions for source evaluation and selection, 
objective evidence of inspection at the contractor or subcontractor source, examination of items 
or services upon delivery, and assessments. Requirements that the supplier report defects and 
noncompliances of safety-class and safety-significant items and services are incorporated into 
procurement documents. Nonconformance procedures are in place for disposition of items or 
services that do not meet procurement requirements 

Documentary evidence that an item conforms to code, regulation, or contract procurement 
requirements is completed before installation or use of the item. Methods established for the 
acceptance of an item firnished by suppliers may consist of one or more of the following. 

Supplier certification and release (Certificate of Conformance) 0 

Source veritlcation or inspection 
Receivinginspection 

0 Acceptance testing. 

Supplier-generated documents are controlled in accordance with the requirements in 
Section 13.5. 

An Bggessment to determine the effectiveness of the control of quality by the supplier is 
conducted, evaluated, and documented before selecdion and periodically during supplier 
performance at intervals consistent with the importance, complexity, and quantity of the items or 
services. The evaluation and selection of procurement sources is based on specified criteria. The 
evaluation includes one or more of the following. 

SARR-005.13 13-1 I March 2000 



HNF-SD-SNF-SARR-005 REV 2 

Evaluation of the supplier's quality history of providing an identical or similar product 
that performs satisfactorily in actual use 

Review of the supplier's current qualitative and quantitative information that can be 
objectively evaluated 

Direct evaluation of the supplier's facilities, personnel, and quality assurance program 
implementation to determine the technical and quality capability of that supplier. 

Assurance is obtained that approved suppliers can continue to provide acceptable items and 
services based on a documented evaluation of their past performance. Suppliers are periodically 
reevaluated and either retained on the basis of continued satisfactory performance, or removed 
from a list of acceptable suppliers. This performance history evaluation includes the following 
items: 

Evaluations of the supplier's nonconformance report history relative to received items 
or services 

Communications with the purchasing organization to determine whether any 
contractual problems have been encountered 

Communications with the supplier to determine whether any changes have occurred 
to their quality assurance program since their initial acceptance. 

Safety-class and safety-significant materials that must meet the requirements of the ASME 
Boiler and Pressure Vessel Code (ASME 1998) shall be procured from suppliers or manufacturers 
whose quality aswu~llce programs have been evaluated and found to be acceptable for compliance 
with the requirements of the ASME Boiler and Pressure Vessel Code, Section 111, 
Subsection NCA-3800 (ASME 1998). The QAPP requires that safety-class and safety-significant 
items and services be procured from suppliers, vendors, or manufacturers who possess evaluated 
and approved quality assurance programs Appropriate ASME code cases may be used with 
buyer's agreement prior to the initiation of material procurement 

Tho= aafety-significant materials that are not designated as having to meet the 
requiremcuts of the ASME Boiler and Pressure Vessel Code (ASME 1998) shall be procured 
from suppliers or manufacturers whose quality assurance programs have been evaluated and 
found to be acceptable for compliance with the applicable requirements of the procurement 
statement of work. 

Procurement of general services materials shall meet the quality requirements, if any, and 
the technical requirements of the procurement documents. 

The SNF Project procurement process meets the requirements of Part 2, Section 7, 
"Procurement," of HNF-MP-599. Implementing procedures for procurement are presented in 
the QAPP. 
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13.6.4 Inspection and Acceptance Testing 

Inspection and acceptance testing of specified items, services, and processes are performed 
in accordance with established acceptance and performance criteria. Inspection and acceptance 
criteria are derived from engineering design documents, supplier information, construction 
procedures, and maintenance procedures. Inspectipn, surveillance, and testing of items, services, 
and processes that have the potential to affect quality during procurement, construction, repair, 
modification, maintenance, and installation are subject to these requirements on a graded 
approach based on safety class. 

Hold points (e.g., items or activities where inspection is mandatory), witness points, 
verification points, methods, acceptance criteria, checklists are established, documented, and 
implemented to ensure required inspections are performed. Test requirements and acceptance 
criteria are identified, documented, and approved. Test results are documented and their 
conformance with acceptance criteria evaluated by a responsible authority to ensure that test 
requirements have been satisfied. 

The inspection and testing process establishes the system by which the inspection and 
testing status of items is controlled to ensure that items that have not passed the required 
inspections and tests are not inadvertenfly installed, used, or operated. Status of inspection and 
test activities is identified either on the item, by markings such as stamps, tags, labels, or routing 
cards, or in documents traceable to the items, including heat number, part number, serial number, 
or other appropriate means throughout fabrication, installation, and use. 

Controls provide for the identification of items that have satisfactorily passed required 
inspections and tests where necessary to preclude inadvertent bypassing of the inspection and 
testing. 

Inspections and tests we performed in accordance with approved procedures, instructions, 
or inspection plans by qualified personnel to demonstrate that the SSCs will perform satisfactorily 
in service. This documentation contains the following information: 

0 

0 

0 

0 

0 

References to applicable documents such as drawings, specifications, and procedures 

Type of inspection and testing to be performed 

Mandatoly hold points, when required 

Characteristics to be inspected and tested 

Qualification and individuals or groups responsible for performing the inspection and 
testing 

0 Acceptance and rejection criteria (explicit or by reference) obtained from 
specifications, drawings, supplier instructions, and standards 
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0 Suitable environmental conditions 

0 Description of the inspection and testing method and equipment to be used, or 
reference to an appropriate procedure (including adequate testing instrumentation, 
equipment, calibration requirements, and environmental conditions) 

0 Required safety measures 

0 

0 

Frequency of inspection, testing, or sampling plan 

Results of inspections and tests 

Inspection and test results are evaluated and verified by authorized personnel to document that all 
requirements have been satisfied. Records will identify the item examined, date of examination, 
examiner or data recorder, results, observations, acceptability (ensuring that all prerequisites for 
the given test are met), and action taken concerning any deviations noted. 

Measuring and testing equipment used for inspections and tests is calibrated, maintained, 
and verified to be of the required precision and accuracy for use by personnel performing 
inspections and tests. Where possible, instruments have calibration certifications traceable to 
nationally recognhi standards. Instruments are calibrated at specified intervals, before and after 
use, or just prior to use, as determined by required accuracy, intended use, frequency of use, 
stability characteristics, and other conditions affecting performance. Instruments are labeled, 
tagged, or otherwise controlled to indicate calibration status and to ensure traceability to 
calibration test data. Instruments found out-of-calibration or out-of-tolerance are tagged or 
segregated and not used until they are successfully recalibrated. The acceptability of items or 
processes measured, inspected, or tested with out-of-tolerance instruments is evaluated and 
measurements and tests repeated as required. 

The SNT Project inspection and acceptance testing process meets the requirements of 
Part 2, Section 8, "Inspection and Acceptance Testing," of HNF-Mp-599. Implementing 
procedures for inspection and acceptance testing are presented in the QAPP. 

13.6.5 Assessments- 

This section briefly describes performance of management self-assessments and independent 
assessments to detemine the adequacy of the quality program. The independent assessments are 
performed by Fluor Hanford, Incorporated (FH) 

13.6.5.1 Management Assessments. Management assessments are planned, scheduled, and 
conducted by organization managers to regularly assess how well the organization is meeting its 
customers' requirements and expectations. 
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Management self-assessments also include the following activities: 

0 Processes including planning, orgamzational interfaces, use of performance 
indicators, training and qualifications, dupervisory oversight, and support 

Routinely observing personnel performing activities and/or interviewing workers, 
reviewing documentation, and conducting drills or exercises 

Assessing performance indicators and other information for trends in improving or 
deteriorating conditions 

Measuring performance based on objective standards, clearly defined goals, review, 
and feedback processes 

0 

0 

0 

Any barriers that are hindering the accomplishment of management objectives are identified, 
response actions documented, and corrective actions implemented. 

The SNF Project management assessment pr9cess meets the requirements of Part 2, 
Section 9, "Management Assessments," of HNF-Mp-599 and SNF Project administrative 
procedures. Implementing procedures for management assessments are presented in the QAPP 

13.6.5.2 Independent Assessments The indepedent assessment program (1) provides for the 
measurement of item and service quality, requir s compliance, and work performance, and 
(2) promotes improvement. The assessment p ncorporates a performance-based approach 
with emphasis on the results of work processe mpliance with requirements. Assessments 
are conducted on activities that most directly final objectives and emphasize safety, 
reliability, and product performance. 

The type of independent assessment performfd and the frequency with which an assessment 
is performed are based on the status, complexity, a$d importance of the activity or process being 
assessed, and the past performance of the activity q process being assessed Assessments shall be 
scheduled in a manner to provide coverage and cogdination with ongoing quality assurance 
program activities. As a minimum, assessments shquld be performed on an annual basis The 
assessment schedule shall be reviewed periodically d revised as necessary to ensure that 
coverage is maintained current. Independent asses E ents may include methods such as 
inspections, peer and technical reviews, audits, su illance, and customer interviews. These 
independent assessments are conducted by technizy qualified staff, knowledgeable in the 
activity or process being assessed, who have sufficient authority and freedom from the line 
organizations to carry out their responsibilities An independent assessment evaluates the 
following areas: 

0 

0 

0 Improvement opportunities 

Work performance and process effectiyeness 
Abnormal performance and potentlal problems 

SARR-005.13 

.. e *  
13-15 March 2000 



HNF-SD-SNF-SARX-005 REV 2 

Results documentation 
Satisfactory resolution of reported problems verification 

The independent assessment activity verifies by procedures, such as checking, assessing, 
and inspection, that activities affecting the finctioq important to safety have been correctly 
performed. Persons and organizations performing these quality assurance hnctions report to 
a management level to ensure that the required auqority and organizational freedom are provided, 
including sufficient independence from cost and schedule considerations when these 
considerations are opposed to safety considerations 

Strengths and weaknesses identified by the iqdependent assessment are documented and 
presented to the management of organizations respbnsible for performance of the subject 
activities or processes. Areas of weakness are the used to formulate corrective actions to 
promote improvements. Actions are tracked and t adequacy of corrective actions, including 
those taken to minimize or prevent recurrence, are $ erified. Lessons learned are communicated to 
other orgaukationa with similar a d t i e s  or c o n e  . Follow-up action, including a subsequent 
assessment of the activity or process, is initiated if $" ppropriate to determine effectiveness of the 
corrective action. 

The SNF Project independent assessment pr cess meets the requirements of Part 2, 
Section 10, "Independent h s s m e n t s , "  of HNF- & -599 Implementing procedures for 
independent assessments are presented in the Q M @  

13.6.6 Orgmkationrl Structure 

PH is responsible to DOE, Richland Operatiqns Office (DOE-RL), for planning, integrating, 
and managhg SNF Project activities, including programs, projects, and operations. FH is 
supported by subcontractors, collectively referred tp as the Project Hanford team Chapter 17.0 
of "P-3553, Spent Nuclear Fuel Project Final Sqety Analysis Report ("F 1999), contains a 
detailed deucription of the SNF Project organizatiop In addition, other onsite contractors (e g , 
Pacitlc Northwest National Laboratory, Hanford S e medical contractor), have existing contracts 
with DOE-RL for Hanford Site support services. d igure 13-1 depicts the Project Hanford 
OrganiEPtion; the roles of the DOE-RL, FH, Project Hanford Team, and enterprise companies are 
shown in Figure 13-2. As shown in Figures 13-1 and 13-2, the Project Hanford management and 
integration roles are divided between FH, major subcontractors, and the enterprise companies 

As noted in Figure 13-1, the FH Vice Presidgnt, Environment, Safety, Health, and Quality 
Assurance, among others, reports directly to the prpsident and chief executive officer of FH and 
provides oversight to ensure institutional safety provisions are implemented 
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Figure 13-1. The Project Hanford Organization 
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