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SAFETY ANALYSIS REPORT FOR PACKAGING (ONSITE)
. MULTICANISTER OVERPACK CASK

PART A: DESCRIPTION AND OPERATIONS

1.0 INTRODUCTION

1.1 GENERAL INFORMATION

The Multicanister Overpack (MCO) and the MCO Cask are used to transport
irradiated fuel from the storage basins in the 100 K Area to the Canister
Storage Building (CSB) in the 200 East Area of the Hanford Site. Individual
fuel elements are removed from their canister storage containers in the
K Basins, cleaned, and placed in baskets. The baskets are then top loaded
into the MCO. The MCO and MCO Cask are then closed with the MCO vented to the
cask interior through a high-efficiency particulate air (HEPA) filter. The
package is transferred to the Cold Vacuum Drying Facility (CVDF) with the MCO
and MCO Cask filled with water. The MCO Cask provides containment for the
spent fuel during transfer to the CVDF. Cold vacuum drying (CVD), which
involves water circulation and vacuum drying of the fuel elements, is
performed at a CVDF in the 100 K Area. After CVD is complete, the MCO Cask is
transported to the CSB, where hot conditioning of the fuel and Tong-term
storage of the MCO occurs. The MCO Cask provides containment for the spent
fuel during transport to the CSB.

This safety analysis report for packaging (SARP) provides the analyses
and evaluation necessary to demonstrate that the design of the MCO Cask shown
in Part'A, Section 10.0 (Transnuclear, Inc, [TN], drawings, dated October-21,
1996) meets the requirements and acceptance criteria for both Hanford Site
normal transport conditions and accident condition events for a highway route
controlled quantity Type B fissile package. These criteria were documented
and approved in HNF-SD-TP-PDC-030 (Edwards 1997). This SARP evaluates the
package during transfer .of water-filled MCOs from the K Basins to the CVDF and
sealed and cold vacuum dried MCOs from the CVDF in the 100 K Area to the CSB.
The packaging meets all WHC-CM-2-14, Hazardous Material Packaging and
Shipping, requirements for the Hanford Site. Evaluation by analysis and
initial leak testing per American National Standards Institute (ANSI) N14.5
(ANST 1987) demonstrate packaging performance and safety. Hanford Site
packaging safety acceptance criteria (Mercado 1994) are satisfied.

The scope of this SARP includes evaluating the cask design and
demonstrating that it meets the onsite transportation safety requirements.
This SARP also establishes operational, acceptance, maintenance, and quality
assurance (QA) guidelines to ensure that the transportation of the MCO Cask is
performed safely in accordance with WHC-CM-2-14.
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1.2 SYSTEM DESCRIPTION

R . The MCO_ Cask is an onsite, interarea packaging for transferring highway
route controlled quantity,; Type B, fissile, radioactive material on the :
Hanford Site in accordance with WHC-CM-2-14. The analyses and evaluations
performed in this SARP demonstrate that this packaging complies with the
‘onsite transportation safety criteria and the safety-related requirements of
the packag1ng design cr1ter1a (Edwards 1997).

. IN des1gned the MCO Cask to meet the des1gn cr1ter1a of the MCO Cask

- specification- (WHC 1996). - This SARP was prepared by Rust Federal Services
‘Inc., Northwest Operations, comp]ete]y 1ndependent of all: ana]yses performed,

by TN . S e . o .

The MCO Cask is a vertical, cylindrical steel transport cask that,
contains one MCO. The MCO Cask consists of a body fabricated from stainless
steel forgings and a bolted stainless steel 1id with a 1ifting device. The
MCO Cask, not including Tifting trunnions, is 101.12 cm (39.81 in.) in
diameter and 432.44 cm (170.25 in.) tall. The overall dimensions of the
packaging assembly, including the 11ft1ng device, are 111.33 cm (43 83 in.) in
diameter and 483.24 cm (190.25 in.) in height. The cask cavity is 63.98 ctm
(25.19 in.) in diameter and 407.67 cm (160.50 in.) tall. The gross weight of
the system is less than 27,000 kg (60,000 1b). The package is transported
vertically on a trailer designed specifically for shipment of the MCO Cask.
The gross weight of the package, tractor, and trailer is approximately
47,000 kg (104,000 1b).

The SARP is based on the MCO prototype design (August 1996). The MCO is
a stainless steel cylinder which is top loaded into the MCO Cask éavity. The
MCO body consists of a 1.27-cm- (0.50-in.-) thick stainless steel cylinder
with an outside diameter of 60.96 cm (24.00 in.) and a length of 406.40 cm
(160.00 in.). A 30.48-cm- (12.00-in.-) thick shield plug is retained inside
the top end of the MCO by a mechanical closure system. Five baskets
containing 54 Mark IV fuel elements each, or six baskets containing 48 Mark IA
fuel elements each, are placéd in each MCO. One fuel scrap basket may be
substituted for one fuel basket in each MCO.

1.3 REVIEW AND UPDATE CYCLES

This SARP is subject to periodic reviews and updates. The reviews shall
be performed every five years to ensure that all SARP evaluations and other
inciuded information meet new or revised regulatory and/or company
requirements. The first complete review and update of the MCO Cask SARP will
be as soon as the MCO and fuel basket designs are finalized. Development of
the fuel parameters is still ongoing. Any revisions to the fuel source term
will be evaluated to ensure that the fuel parameters within the SARP remain
conservative. 1If not, the revised source term will be incorporated into the
SARP. Single Pass Reactor fuel will be addressed by a future revision of the
SARP. The review shall be conducted in accordance with the formal process per
Part A, Section 7.6.
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2.0 PACKAGING SYSTEM
2.1 -CONFIGURATION AND DIMENSIONS.

2.1.1 MCO Cask

: “The MCO Cask.(Figure A2-1) is a verticdl, -cylindrical, stainless steel

transport cask. The MCO Cask is 101.1 cm (39.81 in.) in diameter and 432.4 cm
(170.3 in.) tall.. The overall dimensions of the packaging assembly, -including
the 1ifting device, are 111.3 cm (43.83 in.) in diameter -and 483.2 cm :
(190.3 in.) in height. -The cask cavity is 63.98 cm (25.19 in.) .in diameter
and 407.7 cm (160.5 in.) tall. The cask consists of a forged, 18.6-cm- (7.31-
- in.-) thick, 432.4-cm- (170.3-in.-) long, stainless steel cylinder with an

integral]y welded stainless steel bottom head that is 15.6 cm (6.13 1in.)
thick. : .

Figure A2-1. Multicanister Overpack Cask.

(T Lifting Device
l Vent Port
Cask Lid »
ask Lid Closure Bokt
Cask Body——3

The 1id is a stainless steel forging with a 8.89-cm- (3.50-in.-) thick
top and 7.62-cm (3.00-in.) sides, an outer diameter of 80.01 cm (31.50 in.),
an inner diameter of 64.77 cm (25.50 in.), and a height of 27.94 cm
(11.00 in.). The 1id has a 10.2-cm~ (4.00-in.-) tall, 10.6-cm- (4.16-in.-)
wide flange at its base, which makes the diameter of the 1id 101.1 cm :
(39.81 in.) at the flange. The base of the 1id has an O-ring groove that has
an inner diameter of 80.19 cm (31.57 in.). The interior of the base of the
1id also has a 5.49-cm- (2.16-in.-) wide, 2.77-cm- (1.09-in.-) tall notch that
mates with a similar-sized extension in the cask shell. The 1id is bolted to

A2-1
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the cask body with 12, 1.50-in.-diameter bolts, which are arranged on a circle
with a 92.56-cm (36.44-in.) diameter. A single Butyl' rubber O-ring seal
“will form the containment boundary between the cask body and 1id. The 1id is
guided by two alignment pins that are integral to the cask body.

Two Tifting brackets are welded to the cask Tid for Tifting of the cask
and the 19id. A 10.2-cm- (4.00-in.-) diameter trunnion is welded to each
1ifting bracket. The brackets protrude 50.8 cm (20.0 in.) from the 1id
surface.

_The cask also has one vent port and one drain port. The center of the

. vent port is located 12.7 cm (5.00 in.) from the exterior of the cask 1id,
while the drain port is positioned in the side of the cask body, 12.2 cm
(4.79 in.) from the bottom. The drain port is closed with quick-disconnect
couplings 1.60 cm (0.63 in.) in'diameter. The drain port is covered by a
15.2-cm- (6.00-in.-) diameter, 1.91-cm- (0.75-in.-) thick cover that is bolted
onto the cask with four 0.50-in. bolts. The vent port is also closed with a
quick-disconnect coupling, 1.12 cm (0.44 in.) in diameter. The vent

- port is covered by a 15.2-cm- (6.00-in.-) diameter, 1.91-cm- (0.75-in.-) thick
cover that is bolted onto the 1id with four 0.50-in. bolts. Both cover plates
utilize butyl rubbeir O-ring seals as the containment boundary.

2.1.2 MCO

) The MCO (Figure A2-2) is a vertical, cylindrical stainless steel
container that retains the spent fuel. The overall dimensions of the MCO,
without the canister cover, are 60.96 cm (24.00 in.) in diameter by 406.4 cm
(160.0 in.) tall. The wall thickness is 1.30 cm (0.50 in.). The shell is
welded to a stainless steel bottom forging 60.96 cm (24.00 in.) in diameter.
The bottom forging is 4.47 cm (1.76 in.) thick with a center area 2.20 cm .
(0.88 in.) thick. A 30.48-cm- (12.00-in.-) thick shield plug is inserted into
the top of the MCO. The shield plug has a 10.4-cm- (4.09-in,-) wide, 15.9-cm-
(6.25-in.-) tall annular section cut out of the top, where the MCO Tocking and
Tifting ring is placed. The locking and 1ifting ring is threaded on the
outside, which mates with threads on the interior of the MCO. Eight 1.00-in.
screws penetrate the locking and 1ifting ring to further compress the MCO
seal. The top of the shield plug has four penetrations, which connect to two
quick-disconnect couplings that are used for conditioning the fuel inside the
MCO (dip tube and short draw tube), a rupture disk, and a relief valve
downstream from a HEPA filter. For shielding purposes, all four penetrations
have double bends as they penetrate the shield plug.

1Butyl is a trademark of Dewitt Products.
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Figure A2-2. Multicanister Overpack Body.

MCC Pénctratioﬁ )+
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2.2 MATERIALS OF CONSTRUCTION
The structura1 mater1a1s for the MCO Cask are -as fo]]ows

o ~ Cask Shell: Amer1can Soc1ety of Mechan1ca1 Eng1neers (ASME) SA-336, .
Type 304 stainless steel

_; Bottom Head: ASME SA—336, Type 364 st&in]eSS'sfeel" -

« Lid: ASME SA-336, Type 304 stainless steel N

o Closure Bolts: ASME SA-479-XM19

« Trunnions: Type 304 Stain1ess.stee1.
The following are other materials of construction used in the MCO Cask:
. Butyl rubber O-ring seals
. Vent and drain ports quick-disconnect couplings, Type 303 sta1n]ess
. 3£§$]and drain port covers, Type 304 stainless steel.
The structural materials for the MCO are as follows:

e MCO Shell: ASME SA-312, Type 304L stainless steel

o Bottom Forging Assembly: ASME SA-182, Type 364L stainless steel

o Shield Plug: American Society for Testing and Materials (ASTM) A108
carbon steel )

e Llocking and Lifting Ring: 4140 carbon steel
e Locking and Lifting Ring Bolts: ASTM A574 carbon steel.

2.3 MECHANICAL PROPERTIES OF MATERIALS

The mechanical material properties for the MCO Cask and MCO are presented
in Part B, Section 7.1.2. These properties are taken from ASME Boiler and
Pressure Vessel (B&PV) Code, Section II, Part D (ASME 1995a).

2.4 DESIGN AND FABRICATION METHODS

The MCO Cask is a Category I package (as defined in Regulatory
Guide 7.11, Table 1 [NRC 1991]). Therefore, NUREG/CR-3854 (Fischer 1985)
indicates that design, fabrication, and testing of the MCO Cask containment
boundary is performed to the intent of the requirements of the ASME B&PV Code,
Section III, Subsection NB, Class 1 (ASME 1995b). The containment boundary
design fo]1ows the cr1ter1a from Section II1I. The structural ana1yses
criteria meet Section III requirements. However, the MCO Cask is not code
stamped.
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Fabrication of the MCO Cask was in accordance with the guidelines of
NUREG/CR-3854 (Fischer and Lai 1985). "All welds and ‘weld joints meet criteria
., in NUREG/CR-3019 (Monroe et al. 1984). and.-were .examined-in accordance -with - .

* ASME. B&PV Code, .Section III, Subsection NB; by inspectors qualified per
American Society of Nondestructive Testing SNT-TC-1A (ASNT 1993). All
containment welds were radiographed per ASME B&PV Code, Section III,
Subsection NB-5000 (ASME 1995b). -During fabrication, welds were made
- suff1c1ent]y smooth to enable easy decontamination. Consideration was given
- in the design, to the greatest extent practicable, to avoid potential -
contam1nat1on traps.

~ During. fabrication, inspections and containment leak testing of the MCO
.Cask were performed per. ASME B&PV Code, Section III (ASME 1995b), and
ANST N14.5, respectively.

The MCO was designed, fabricated, -inspected, and examined to the
requirements of the ASME B&PV Code, Section III, Subsection NB, for all
components except for plate and shell supports, which meet the requirements of
Subsection NF, and the spent fuel basket assembly, which meets the
requirements of Subsection NG. A1l MCO welds were completed and examined in
accordance with ASME B&PV Code, Section III, Subsection NB, and Section IX.
Consideration was given in the design, to the greatest extent practicable, to
avoid potential contamination traps.

2.5 WEIGHTS AND CENTER OF GRAVITY

The expected weights of the MCO, MCO Cask, contents, and ancillary
equipment are shown in Table A2-1. The total weight of the MCO Cask with a
9,164-kg (20,160-1b) water-filled MCO is 26,872 kg (59,120 1b), while the
total weight of the MCO Cask with an 8,612-kg (18,946-1b) cold-vacuum-dried
MCO is 26,320 kg (57,903 1b). The MCO Cask has the center of gravity located
on the vertical centerline of the cask, regardless of whether the MCO is water
filled or dry. Because the cask is nearly symmetrical, the center of gravity
of the cask is near the geometrical center.

Table A2-1. Multicanister Overpack (MCO)
Cask and MCO Weights.

Component Yeight kg (lb)
MCO_empty, no shield plug 864 (1,900)
MCO shield plug 618 (1,360)
Five fuel baskets with 54 Mark IV elements per basket | 7,130 (15,685)
Water inside MCO (K Basins to Cold Vacuum Drying 552 (t,215)
Facility transfer) .
Cask shell 15,590 ¢34,300)
Cask_bottom 1,032 ¢2,270)
Cask lid 859 (1,890)
Lifting attachment 227 (500)
Total (dry MCO) 26,320 (57,903)
Total (water-filled MCO) 26,872 (59,120)
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2.6 CONTAINMENT BOUNDARY .

.  The MCO. Cask provides the containment boundary under. normal transfer and

_accident. conditions specified-in this.SARP, while the MCO retains.the package.
conténts during transfer from the CVDF to the CSB. ' The MCO relief valve is
removed and the MCO vented to the MCO Cask cavity through the HEPA filter for
the transfer from the K Basins to the CVDF. The MCO Cask containment boundary
consists of the following items as shown in Figure A2-3:

Cask 1id

Cask shell

Cask bottom

Weld of cask shell to .cask bottom

Cask 1id 0-ring seal

Vent and drain port covers

Vent and drain port covers O-ring seals.

¢ o o 0o 0 0o o

Figure A2—3.' Multicanister Overpack Cask Containment Boundary.

O-ring Seal
|

CaskLid
Yent Port
Closure
Bolt
Oe-;ilng . -~ gg‘d];
§ - .
Closure Bolt
Cask Lid Seal
1g—Drsin Port
Cover
- O-ring
Seal
Drain Port
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The MCO Cask closure Tid uses a butyl rubber O-ring face seal to maintain

a Jeaktight (10'7 std cc/s) seal as defined in ANSI Standard Ni4.5

(ANSI 1987). The seal is located on the interface surface between the flange

on:the closure.-1id and the MCO Cask shell. . This.seal is placed in an O-ring
groove in the closure 1id flange. The O-ring is compressed by tightening 12,

1.50-in. bolts on the 1id: The face seal is required to meet leaktight -
. requirements upon initial loading of the cask and will maintain containment as
- shown in Part B, Section 4.0, through Hanford Site normal transfer conditions

and all accident conditions. : .

' _.There is one:containment weld located on the MCO Cask. The -weld is used
to seal the cask shell to the cask bottom head. These welds are required to
be radiographically or ultrasonically examined in accordance with ASME B&PV
Code, Section III, Subsection NB-5300 (ASME 1995b). The weld procedures are
qualified to ASME B&PV Code, Section IX (ASME 1995b).

There are two penetrations into the MCO Cask. One penetration is through
the cask 1id for the vent port, while the other is through the side of the.
cask for the drain port. Both the vent and drain ports are quick-disconnect
couplings attached to coupling adapters, which are recessed from the exterior
of the cask. No credit is taken for the containment provided by those )
couplings. Leaktight containment for those ports is provided by cover plates
and butyl rubber O-ring face seals. An O-ring groove is cut into each cover
plate, and the cover is attached by four 0.50-in. bolts.

An additional boundary for the spent fuel, which this SARP does not take
credit for, is established by the MCO during transfer from the CVDF to the
CSB. The primary purpose for the MCO i5 to be the long-term storage container
for the spent fuel. Therefore, the MCO was designed to meet 10 CFR 72
criteria for long-term storage of spent fuel.

The MCO boundary consists of the following items:

Shield plug

MCO shell

MCO bottom -

Welds of shell to bottom

Mechanical closure of shell-to-shield plug
Four shield plug penetrations.

A weld joins the MCO shell to the MCO bottom forging assembly. This weld
was made in conformance with ASME B&PV Code, Sections III and IX. The weld
was radiographically or ultrasonically examined in accordance with ASME B&PV
Code, Section III, Subsection NB-5300 (ASME 1995b). The MCO shield plug is
connected to the MCO shell via a metallic seal, which is compressed by the
locking and 1ifting ring and eight locking ring bolts to maintain a
confinement seal.

There are four penetrations through the MCO shield plug. Two
penetrations are fitted with quick disconnects, which are used for
conditioning the spent fuel; one is a relief valve downstream of a HEPA
filter; and the last penetration is for a rupture disk. For the first leg of
transport .between the K Basins and the CVDF, the relief valve on the MCO is
removed and the MCO is vented to the cask cavity through the HEPA filter.

A2-7
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2.7 CAVITY SIZE

The MCO Cask cavity is 63.98 cm (25.19 in.) in diameter and 407.7 cm
(160.5 in.) high. The MCO cavity, without considering the filter that
protrudes from the bottom of the shield plug, is 58.42 cm (23.00 in.) in
diameter and 371.9 cm (146.4 in.) high.

2.8 HEAT DISSIPATION

_ The MCO has a maximum total allowable decay heat load of 835 W. Heat is
also produced by the chemical reaction of exposed uranium metal from the fuel
and water. Heat is dissipated passively.

2.9 SHIELDING

The stainless -steel cask and carbon steel shield plug on the MCO provide
at least 18 cm (7.0 in.) of radiation shielding for the spent fuel. The drain
port penetration on the cask is 1.60 cm (0.63 in.) in diameter, and the vent
port penetration on the cask 1id is 1.12 cm (0.44 in.) in diameter. Ajl
penetrations through the MCO shield plug are 2.54 c¢m (1.00 in.) in diameter
and have double bends to preclude radiation streaming.

2.10 LIFTING DEVICES

The 1ifting device for the cask consists of two 1ifting brackets with a
trunnion welded to each bracket. Two existing Hanford “J" hooks attach to the
trunnions. A 1ift arm actuating device is used to place the 1ifting arms over
the trunnions on the cask 1id. The brackets, 50.8 cm (20.00 in.) tall and
27.9 cm (11.00 in.) wide, are welded to the cask 1id. Each bracket is
supported by a gusset, which is also welded to the cask Tid.

2.11 TIEDOWN DEVICES

The MCO Cask is transported on a semi-trailer that is procured as a
commercial-grade item with no nuclear QA. The tiedown configuration is shown
in Figure B10-1.



HNF-SD-TP-SARP-017 Rev. 0
3.0 - PACKAGE CONTENTS

3.1 GENERAL DESCRIPTION

The authorized contents for the MCO Cask consist of the MCO loaded with
irradiated uranium metal fuel elements. The authorized payload also includes
* fuel fragments and corrosion products. The fuel is loaded into the MCO-in the
K East and K:West Basins located in the 100 K Area and transferred to the CVDF .

s while full of water. Once at the CVDF, -the MCO is .drained of water and cold

_ vacuum dried before transfer from the 100 K Area:  .The MCO .is described in
Part A, Section 2.1.2..

3.1.1 N Reactor Fuel

. N Reactor fuel assemblies consist of two concentric tubes of uranium
metal coextruded in Zircaloy-2 cladding. During the fabrication process, each
‘uranium tube was encased in an inner and outer sleeve of Zircaloy-2 with an
outer sheath of copper. The tube ends were closed by placing a braze ring,
made of Zircaloy-2 and 5% beryllium, and a Zircaloy-2 end cap in the recess in
each end of the fuel. A detailed physical description of these fuel
assemblies is provided in Table A3-1.

There are several configurations of the fuel elements. A Mark IV fuel
assembly is shown schematically in Figure A3-1. Mark JA fuel assemblies are
similar. There is a small amount of fuel with 0.71% %°U content, which was
designated as Mark IVB fuel and has the same dimensions and weights as-the
66.3-cm (26.1-in.) Mark IV fuel.

The newest fue1 stored in the K Basins is from the N Reactor, which was
shut down in April 1987. Some corrosion products will still be adherent to
the fuel, including uranium oxides and hydrides.

3.2 CONTENT RESTRICTIONS

3.2.1 Content Matrix

Maximum weight of the package, including the weight of the MCO Cask and a
water-filled MCO, is 26,872 kg (59,120 1b). The maximum weight of the package
after CVD will not exceed 26,320 kg (57,905 1b). The maximum weight of the
MCO is 9,164 kg (20,160 1b) when water-filled and 8,612 kg (18,945 1b) when
dry. No more than one scrap basket can be Joaded into each MCO.

3.2.2 Radioactive Materials

The MCO Cask can contain one MCO loaded with no more than 270 irradiated
Mark IV fuel elements or 288 irradiated Mark.IA fuel elements from the
N Reactor. Single Pass Reactor fuel was not evaluated, so it is not
authorized for shipment. The total decay heat load of the cask shall not
exceed 1000 W.
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Table A3-1. N Reactor Fuel Assembly Description.
Mark IV Mark IA
preirradiation >5°U_enrichment 0.947% 1.25%0.947%
Type-length code* E S A [4 M T F

Length (cm)

66.3 62.5 58.9 44.2

53.1 49.8 37.8

Element diameter (cm)

6.15

1. Outer of outer 6.10

2. _Inner of outer 4.32 4.50

3. outer of inner 3.25 3.18

4. Inner of inner 1.22 1.11
clédding mass (kg)

1. outer element 1.09 1.04 0.99 0.79 0.88 0.83 0.66

2. Inner element 0.55_ 0.52 0.50 0.40 0.54 0.51 0.40
Mass of uranium in outer (kg)

1. (0.947% %0y 16.0_15.0 14.1 10.5

2. .2s% B . 1.1 10.4 7.85
Mass of uranium in inner (kg) 0.947% 230y 7.48 7.03 6.62 4.94 5.49 5.12_3.90
Weighted average of uranium in element (kg) 22.7 16.3
Ratio of Zircaloy-2 to uranium (kg/MTU) 70.0 70.8 71.6 77.1 85.5 86.3 90.4
Weighted average for Zircaloy-2 (kg/MiU) 70.3 85.7
Percentage of total elements 63 37
percentage of length type of each fuel 78 10 7 5 87 10 3 )
Disptacement volume (L/MTU)' 67 67

MTU = Metric ton of uranium.

*Letter code differentiates the different

j.e., a type “E" element is 66.3 cm long.

{engths of the Mark‘ IV or Mark 1A fuel elements;

A3-2
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N Reactor Fuel Assembly.

Figure A3-1.
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Additional heat will be generated from the reaction of exposed uranium metal
with water in the MCO. No other radicactive materials may be placed in the
MCO. :

3.2.3 Nonradioactive Materials

Nonradioactive materials shipped in the MCO cask consist of the MCO and
the fuel baskets. The MCO is described in Part A, Section 2.1.2. The fuel
baskets, which are stacked five (Mark IV) or six (Mark IA) high inside the
MCO, are stainless steel, cylindrical baskets with circular sockets in the
bottom to retain the fuel elements. The bottom of the basket is supported by
a grating that permits effective water and gas flow. Each basket has a center
‘tube that provides handling capability and dip tube access.

- The Mark IA-baskets are 57.468 cm (22.625 in.) in diameter and 60.419 cm-
(23.787 in.) high with a center tube 15 cm (6 in.) in diameter. The Mark IA
basket holds 48 fuel elements, and the center tube also provides criticality
control. The Mark IV fuel basket is similar except the height is 68.20 cm
(26.85 in.), the center tube is 6.985 cm (2.75 in.) in diameter, and the
basket holds 54 elements. : :

The MCO is filled with 552 kg (1,215 1b) of water during the transfer
from the K Basins to the CVDF. This gquantity of water fills the MCO to within
10 cm (4 in.) of the bottom of the shield plug. During the transfer from the
CVDF to the CSB, water inside the MCO is limited to the amount that causes a
pressure rise of 1.4 kPa (0.2 psi) per hour at 75 °C. That amount is
monitored via pressure rise measurements at the CVDF (see Part A, Section
6.2.2). Because hydrogen is produced by the reaction of water with exposed
uranium from damaged fuel, the MCO is backfilled with 20.7 kPa (3.0 psig) of
nitrogen during the transfer from the K Basins to the CVDF and 20.7 kPa -
(3.0 psig) of helium during transfer from the CVDF to the CSB to prevent
production of an explosive gas mixture inside the MCO. The cavity between the
MCO Cask and the MCO is also backfilled with 20.7 kPa (3.0 psig) of helium.

No other materials are authorized to be placed inside the MCO Cask or MCO.
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4.0 TRANSPORT SYSTEM

4.1 TRANSPORTER

The transporter consists of the three axle trailer provided by TN and
Nelson Manufacturing Company attached to a standard Hanford Site three-axle
jeep (wheeled trailer-like platform between the tractor and the trailer that
spreads the weight distribution on the tires) and tractor. The trailer is
procured as a commercial grade item.

4.2 TIEDOWN SYSTEM

The tiedown system (see Figure A4-1), as designed by TN in conjunction
with Nelson Manufacturing Company (TN 1996), is a fixed system, which-is an
integral part of the conveyance system. The conveyance system is based on a
custom double-drop semi-trailer designed specifically for securement ‘and
transport of the MCO Cask. The cask is transported in the vertical position
and fits into the cask support device, which is a 39.47-cm- (15.54-in.-) deep
well located beneath the deck of the trailer. Approximately 300 cm (118 in.)
above the deck of the trailer, the cask is secured by a cask tiedown device
mounted onto a fixed frame constructed of structural tube members, braced to
the trailer deck with four structural tube members. The tiedown system is
constructed of a rectangular, structural steel tubing (ASTM A500, Grade B

Figure A4-1. Multicanister Overpack Cask Tiedown.

SK HOLD DOWN DEVICE

TS 8" X 8" X 62"
AS00, GRADE B
2 REQD.

M \Ne x 627 X 6100" LG.
AS88
2 REQD.

TS 7" X 7" X 50"
AS00, GRAPE 8
8 REQD.

—

CASK SUPPORT DEVICE.
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[ASTM 1989]) frame, which is welded to the transport trailer bed. The cask
tiedown device is designed as a hinged clam-shell ring where each half section
pivots about a fixed 3.81-cm (1.50-in.) hinge pin and is secured with three .
1.50-in. hex head bolts. The inside diameter of the clamping ring is
constructed of 6061-T6 aluminum and equipped with a neoprene abrasion pad
which forms a tight fit with the cask. Attached to the clamping ring are
four cask hold-down brackets, equally spaced around the circumference, which
restrain vertical movement of the cask.

4,3 SPECIAL TRANSFER REQUIREMENTS

4.3.1 Routing and Access Control

The cask is authorized for onsite exclusive-use transport only. The
first transport leg consists of less than 0.8 km (0.5 mi) between either the K
East or K West Basin and the CVDF. The second leg consists of an 12.9-km
(8.0-mi) route following Route 1 out of the 100 K Area, followed by
Routes 4N and 7 to the CSB. )

4.3.2 Radiological Limitations
Dose rate limitations are as follows.

o The general surface dose rate on the accessible surface of the
package must be below 200 mrem/h (2 mSv/h).

e The maximum surface dose rate at any radiation hot spot on the
package does not exceed 1000 mrem/h (10 mSv/h), is less than
10 mrem/h (0.1 mSv/h) at 2 m (78.74 in.) from the package, and is
Tess than 2 mrem/h (0.02 mSv/h) in the cab of the transporter
(49 CFR 173.441). .

« Areas that are only accessible with Tong-reach tools may have
contact dose rates up to 1000 mrem/h (10 mSv/h).

External contamination limits are as shown in Tab]e'A4—l for the exterior

of the cask. Internal contamination 1imits are 100 times the Timits shown in
Table A4-1 for the cask cavity.

Table A4-1. External Container Contamination Limits.

- Maximum permissible limits
Contaminant > >
uCi/cm dpm/cm
Beta-gamma-emitting radionuclides; all radionuclides with half-Llives 10-5 22
less than ten days; natural uranium; natural thorium; uranium-235;
uranium-238; thorium-232; thorium-228 and thorium-230 when contained
in ores or physical concentrates
ALL other alpha‘emitting radionuclides ) 1076 2.2

Source: 49 CFR 173.443, 1996, “Shippers--General Requirements for Shipments and Packagings,
Code of Federal Regulations, as amended

A4-2
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4.3.3 Speed Limitations

. The transport vehicle shall follow all speed limits along the route of

"transportation.

4.3.4 Environmental Conditions

- If extreme fog, ice, or adverse snow conditions exist, the package shall

' “not-be transported. If the ambient air temperature is 4 °C (40 °F) or less,

.personnel -shall drive the shipping route to ensure there is no ice or snow on

the road -immediately prior to shipment. . If there is-ice or snow on the road,
the. shipment .shall not be made. If visibility is Tess than 400 m (0.25 mi)
due to fog,the shipment shall not be made. ) .

4.3.5 Frequency of Use and Milage Limitations

The frequency of use is limited by the radiological risk evaluation
(Part B, Section 3.0), which limits the number of transfers from the 100 K
Area to the 200 Area to fewer than 225 trips per year. .

4.3.6 Escort and Emergency Response

Escorts are not required for the transport of the MCO Cask. An emergency
response plan shall be in place before a shipment occurs. That emergency
response plan will provide detailed procedures for responding to accidents,
including’ beyond-shipping-window conditions (Part A, Section 6.4).

4.3,7 Driver Training Requirements

The driver of the vehicle shall meet the Site requirements for a heavy-
duty driver, be qualified as a.radiation worker, and have specific training
for transporting highway route controlled quantities of radioactive material.
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- 5.0 - ACCEPTANCE OF PACKAGING  FOR USAGE

5.1 NEW PACKAGE ACCEPTANCE TESTING

- Acceptance teésting and inspections are performed to evaluate the

- .- performance of. the MCO Cask per the requirements of this SARP...The acceptance. ...

inspections -and tests: are.categorized as fabrication, performance, and prior -
to first -use.. S o IS - - U

During fabrifation of all MCO Cask components, therA plan or equiv§1en£
described in Part A, Section 7.0, will be~imp1ementgd. . ER

The follewing are requirements for the inspection and testing of the
packaging. Specific procedures with appropriate Quality Control (QC) hold
points, shall be written by the fabricator or user, prior to use, to ensure
the packaging is not damaged during inspection and testing operations.

5.1.1 Acceptance Requirements

. Acceptance criteria for the pressure testing are found in ASME B&PV Code,
Section III, Subsection NB (ASME 1995b). Nondestructive examination (NDE)
acceptance criteria for welds are found on the drawings and in ASME B&PV Code,
Section ITI, Subsection NB. The fabrication leakage rate tests require a Teak
rate equal to or less than leaktight, as defined in ANSI N14.5 (1.0 x

1077 atm std cc/s, air). Acceptance criteria for the dimensions are stated on
the drawings found in Part A, Section 10.0. i

5.1.2 Inspection and Testing
5,1.2.1 Fabrication Inspection and Testing.

5.1.2:1.1 Fabrication Inspection. The cask components shall be
inspected after final assembly to verify compliance with the drawing
dimensions given in Part A, Section 10.0. Visual, liquid penetrant,
radiography, or ultrasonic NDE shall be performed on the applicable welds per
the drawing requirements.

5.1.2.1.2 Pressure Test. Each MCO Cask containment barrier will be
pressure tested. Pressure tests will be performed at ambient temperature on
each fully assembled MCO Cask with the butyl rubber O-ring seals installed.

The pressure test will be performed at 150% of design pressure if
hydrostatically tested, or 125% of design pressure if tested pneumatically.
The design pressure of the MCO Cask is 1,034 kPa (150 psig). The pressure
test will be conducted in accordance with Section III, Subsection NB, of the
ASME B&PV Code (ASME 1995b).

5.1.2.1.3 Leakage Rate Testing. Each comp1éte MCO Cask containment
boundary shall be leakage rate tested upon completion of fabrication. The
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tests will be performed at ambient temperature after final assembly of the |

- . pressure.boundary is compieted.: The leakage .rate tests will.be performed: in.... « .«

accordance with ANST N14.5 (ANSI . 1987). .. ...

5.1.2.1.4 Proof Load Test. A proof load test of the 1ifting point will ~
be performed on.each cask. The proof load will be 150% of ‘the maximum loaded-
. .MCO_ Cask weight.of 27,273 kg (60,000 1b). This.load is held’ for.10 minutes,. ™
-then released. .A pre-test and post-test evaluation of each trunnion, — -
.. consisting-of a visual inspection and -1iquid penetrant: examination,. shall be ' -
performed ‘and documented. o . : P o

. 5.1.2.2. First Article Testing. The following :operational: tests will be

'1ﬁ”»pekfonmed on the: first MCO -Cask to. verify .its performance... These fests will.:

be performed upon arrival at Hanford.

5.1.2.2.1 Handling, Loading, and Unloading Operational Tests. The test
will use the cask 1ifting assembly to move the MCO Cask onto and off of the
transport trailer. The tiedown system, which is a integral part of the
trailer, will be used to secure the cask to the trailer. This test shall
verify that the cask and tiedowns perform as designed.

5.1.2.2.2 Cask Seal Assembly Tests. Consistent proper assembly of the
main closure seal on the MCO Cask shall be verified. The cask 1id shall be
installed by following approved procedures for cask closure that are based on
the requirements of Part A, Section 6.0. Upon completion of 1id installation,
a leakage rate test shall be performed on the MCO Cask to confirm that the
seal is leaktight as defined in ANSI N14.5 (ANSI 1987). This test shall be
repeated five times to demonstrate the cask closure procedures are adequate to
ensure formation of a leaktight containment boundary.

5.1.2.3 Prior to First-Use Inspections. Prior to first use, inspections
shall be performed to ensure the cask meets the SARP requirements and can be
assembled to meet the leaktight acceptance criteria. Also, before first use,
the packaging shall be labeled with its gross weight, tare weight, and drawing
number. Each MCO Cask shall be inspected prior to first use as described
below. Each inspection shall be documented as stated in Part A, Section
5.1.3. The inspections shall be performed to ensure that the packaging has
maintained the original fabricated configuration, including dimensional
verification.

_ Each MCO Cask shall be leakage rate tested per Part A, Section 5.1.2.1.3,
following fabrication and prior to shipment from the fabricator. The
first-use inspections shall consist of the following steps.

1. Visually examine the MCO Cask and 1ifting and tiedown equipment for
damage due to storage or transport from the fabricator.

2. Visually inspect all seals for damage.
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“3. "Visually examine all bolts to ensure that none exhibit headmarks
that match those on the U.S. Department of Energy "Suspect Fastener
Headmark List" .and that none exhibit.any degradation or-dinged, :
damaged, or deformed threads.

4. Visually examine cask for c1ean11ness, ensure the packaging is
cleaned of any dirt or dust.

5 1. 3 Documentation
‘ Acceptance testing and 1nspect1on ver1f1cat1on (1nc1ud1ng resu]ts
_therefrom) shall be documented with QC verification and maintained for the
1ife of the package or five years, whichever is longer.
5.2 PACKAGING FOR REUSE

The following applies to MCO Casks that have already been used to
transport Toaded MCOs.
5.2.1 Acceptance Requirements

The visual acceptance criteria shall be no container material degradation.
that could affect the containment of the package. The cask shall be cleaned
to nonfixed external contamination levels (Table A4-1). Transport
requirements, appropriate at time of transport, shall be followed.

The inspections shall consist of the following steps.

1. Visually examine the MCO Cask and 1ifting and tiedown equipment for
damage due to storage.

2. Visually inspect all seals for damage.

3. Visually examine all bolts to ensure that none exhibit headmarks
that match those on the U.S. Department of Energy "Suspect Fastener
Headmark List" and that none exhibit any degradation or dinged,
damaged, or deformed threads.

4. Visually examine cask for cleanliness; ensure the packaging is
cleaned of any dirt or dust.
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5.2.2 Inspection

. For .MCO.Cask shipment after extended storage, the MCO Cask shall have:
o The c]osure 1id inspected to ensure no.degradation’has occurred

. e The closure 1id, drain port, and vent port butyl rubber O-rings = . .
~ " inspected to ensure no degradation has occurred and that the serv1ce..
life.of the O-rings has not been exceeded

<o The tiedown equipment and trailer inspected for damage due to.
storage.

5.2.3 Documentation

A1l inspections shall be documented in procedures and/or inspection
checklists and verified by QC. The documentation shall be maintained for the
life of the package or five years, whichever is longer.
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6.0 OPERATING REQUIREMENTS
.'6.1. GENERAL REQUIREMENTS = . .

The following afe requirements for the use of the MCO Cask. Each
facility shall prepare operating procedures based on the following

‘ “vequirements; K Basin fuel characteristics; and Fluor Daniel Hanford, Inc.

- . (FBH),; safety requirements. Prior to use, the specific operating procedures
.- with- appropriate Quality Assurance/QC hold points, shall.be written by the
user and approved in accordance with WHC-CM-2-14.

'~, vFor;]oading/un1oad1ng operations,- the following shall be performed.
.1. Visually inspect seals.and sealing surfaces for damage.

2. Visually inspect MCO and MCO Cask for cracks or damage. Visually
examine cask for cleanliness; ensure the cask is cleaned of dust or
dirt. '

3. Visually inspect Tifting attachments for cracks or damage.

4, Verify 1oading and closure of the MCO and MCO Cask are performed in
accordance with procedural requirements.

5. Verify shipping time window is not exceeded.
6. Verify dose rates are acceptable prior to shipment.

7. Verify MCO Cask external contamination 1imits per Table A4-1 are met
prior to transport.

8. Verify tiedown of MCO Cask to transportér.

9. Verify appropriate shipping paperwork is prepared and signed by a_
certified shipper.

10. Verify proper removal from transporter.

Prior to initial loading, the cask shall be helium leakage rate tested
during fabrication per Part A, Section 5.1.2.1.3. Also, an annual leakage
rate test shall be performed per Part A, Section 8.2.2,

6.2 LOADING AND UNLOADING PACKAGE
The MCO and MCO Cask operational requirements shall be included in

detailed plant operating procedures. The following are items required for the
safe transport of the MCO and MCO cask.
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"6.2.1 Operations at K Basins

. The-MCO.-is . ]oaded with fuel baskets at-the K Basins and prepared for - ..
-_transport:to the.CVDF. :The following safety items:are: required in the plant -
operating procedures for the safe transport of the MCO and MCO Cask.

1.

‘The.MCO Cask.shall be decontaminated when. appropriate and surveyed

before release for conveyance.

_Visually. inspect MCO Cask seals and sealing surfaces for damage

...The MCO shield p]ug shall be installed, and the bolts sha11 be

torqued to 759 N-m (560 ft-1b) and ver1f1ed

The MCO cask 1id shall be installed, and the bolts shall be torqued
to 407 N-m (300 ft-1b) # 14 N:m (10 ft-1b) and verified
(Figure A6-1}.

The tiedowns shall be secured and verified before transport.

Mark IV fuel baskets shall only be filled with Mark IV fuel elements
and scrap baskets shall only be Toaded into the top or bottom
position within the MCO, but only one scrap basket can be Toaded
into each MCO.

The package must be backfilled with 21 kPa (3.0 psig) of helium Qas.

The shipping time window (see Part A, Section 6.3.1) is 24 hours for
transfer from the K Basins to the CVDF.

Figure A6-1. Multicanister Overpack Cask Lid Torque Sequence.

BOLT TIGHTENNG SEQUENCE

A6-2
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6.2.2 0perat1ons at CVDF

. The. CVDF receives the fue] from the K Bas1ns processes 1t and. then - '

“prepares the-package for transport to the CSB. The following safety items are'A

required in the plant operating procedures for the safe transport of the MCO
-and MCO Cask.

1. "The seals and surfaces of the MCO Cask sha11 be 1nspected for
degradation. .

-2. -The MCO Cask Tid shall.be mstaned' and the bolts shall be torqued
: to 407 N-m (300 ft-1b). + 14 N-m (10 fi- 1b) and ver1f1ed
(Figure A6-2).

3. .Prior to transport the bulk temperature of the package must be less
than 15 °C (see Part B, Section 8.0).

4. The gas generation rate inside the MCO at 75 °C shall be measufed,
and it shall not exceed 1.4 kPa (0.2 psi) per hour (see Part B,
Section 8.0).

5. The shipping tlme window (see Part A, Sect1on 6.3.2) is 36 hours for
transfer from the CVDF to the CSB.

6. The MCO must be backfilled with 21 kPa (3.0 psig) of helium gas.
7. The tiedowns shall be secured and verified before transport.

8. The MCO Cask shall be decontaminated when appropriate and surveyed
before release for conveyance.

9. The MCO pressure relief devices shall be verified for nonblockage.

6.3 SHIPPING-TIME WINDOW

Included in the detailed operating procedures written for each fac111ty
shall be a maximum shipping-time window. If the shipping-time window is
exceeded, then the transport becomes an off-normal condition (Section 6.4).

6.3.1 K Basins to CVDF

The shipping-time window between the K Basins and the CVDF must be less
than 24 hours. The time clock starts at the K Basins when the air space
within the MCO is purged with helium. The time clock runs continuously to the
CVDF and is stopped when the cask is vented at the CVDF. The.average time
estimated for this shipping-time window is 8 hours.

6.3.2 CVDF to CSB
The shipping-time window between the CVDF and the CSB must be less than
36 hours. After cooling to 15 °C, the time clock starts at the CVDF

A6-3
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- ~immediately after the cask/MCO annular space'is'drained,’dried; and purged -

. :withshelium, « The:time clock runs-continuously to the CSB-and is stopped:when. ...

~.the venting. package is installed and.venting .of. the.MCO beg1ns -The..average .-
time est1mated for. this shipping tlme window "is .14 hours. T P T S

6.4 BEYOND SHIPPING WINDOW

o oo A beyond-shipping-window condition. exists when the:time exceeds the -
.. normal:shipping. window. - Detailed procedures for responding.to:these beyond--

- shipping-window-conditions and accidents-shall be provided in‘the emergency -

v response plan-discussed in Part A, Section 4.3.6. - That -emergency response"
.plan:shall:include detailed procedures implementing the requirements of .the ..
following two sections. Part B, Section 8.6, demonstrates that these
procedures prevent both overpressur1zat1on of the package .and a runaway
uranium-water reaction.

6.4.1 K Basins to CVDF Transport

The recovery procedure, for the.time when the package has left the
K Basins, but has not arrived at the CVDF within 24 hours, is as follows.

1. Vent the cask using a venting device that connects to the vent port
quick disconnect, but prevents air from fiowing back into the cask.

2. The venting system can be either continuous into a closed volume or
opened periodically. If a periodic system is used, vent the cask
every 12 hours to prevent an overpressurization.

6.4.2 CVDF to CSB Transport

The recovery procedure, if the package has not arrived at the CSB within
36 hours, is as follows.

1. Connect water hoses to the vent and drain ports for cooling the cask
and MCO.

2. Pump 29 °C (85 °F) or cooler water at least 76 L/min (20 gpm)
through the cask annulus. This operation must occur continuously
until the cask is moved into the CSB and can only be stopped for
actual movement of the transport sytem.

6.5 EMPTY PACKAGE (PACKAGING)

When empty MCO packages are transported the following steps must be
performed.

Empty packages shall be prepared for transport per 49 CFR 173.428 under
the conditions that the smearable internal contamination levels and the
smearable external contamination levels are acceptable per 49 CFR 173.443 (see
Table A4~1). Otherwise, the package shall be reassembled and transported per

AG-4
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Part A, Section 6.2, except that temperature limits and shipping windows do
not-apply.. Shipment of an empty package does not count towards the Part A,
Section 4.3.5, limit of 300 trips per year.
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7.0. QA REQUIREMENTS

© 7.1 INTRODUCTION e T T e e

This section describes the QA requirements for the design, procurement,
fabrication, and maintenance of the MCO Cask. The format and requirements are
taken from WHC-CM-4-2, Quality Assurance Manual; Regulatory Guide 7.10,

- Establishing Quality Assurance Programs for Packaging Used:in the Transport of

. . Radioactive.Material (NRC 1986); WHC-IP-0705, Quality Assurance Program Plan

for the Hazardous Materials Transportation and Packaging Program (WHC 1995);
49 CFR 173; and 10 CFR 71, Subpart,H. o . - o

7.2 GENERAL REQUIREMENTS

These requirements apply to activities which could affect the safety
basis or quality of the MCO Cask and associated hardware. The overall MCO Cask
assembly is classified per WHC-CM-4-46, Nonreactor Facility Safety Analysis
Manual, Section 9.0, as "Safety Class.”

Specific components of the MCO are assigned quality categories based upon
Regulatory Guide 7.10 (NRC 1986) and are used to show that each individual
component meets the requirements of the overall MCO Cask safety
classification. :

7.3 ORGANIZATION

The organizational structure and the assignment of responsibility shall
be such that quality is achieved and maintained by those who have been
assigned responsibility for performing work. Quality achievement is to be
verifieg by persons or organizations not directly responsible for performing
the work.

Packaging Engineering and cognizant Spent Nuclear Fuel (SNF) project
managers are responsible for the quality of the work performed by their
respective organizations and for performing the following activities:

« Follow current requirements of this SARP, WHC-CM-4-2, and
WHC-1P-0705 (WHC 1995).

e Provide instructions for implementing QA requirements.
The Director, Quality Assurance, is responsible for establishing and
administering the FDH QA program as stated in HNF-CM-4-2.
7.4 QA PLAN AND ACTIVITIES
Each cognizant engineer involved with design, procurement, fabrication,
use, or maintenance of the MCO Cask is responsible for ensuring that the

assigned tasks are performed in accordance with controlling plans and
procedures, which must, in turn, conform to the requirements of these QA

A7-1
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requirements: QA requirements for tasks are-determined and documented in-the * -
plans and procedures used by the.involved-organizations.n..n = = oo v

il ,Qua]ity Catégohiesnl; 2 or 3,‘as.defihed7below; establish a‘gradéd

approach for determining applicable quality assurance requirements for MCO o

Cask-components. The Quality Categories are based upon Regulatory Guide 7.10
(NRC 1986).

.. ;. The.QA requirements applicable. to:design, procufement, and fabrication of -
- each MCO Cask..component is based.upon the quality:categories below... . = =

‘Quality Category 1--Critical: Includes items-and activities that could:

C.directly impact public radiological health and safety. This
classification includes.items and activities -for which omission, error,
or.failure could directly result in consequences exceeding the
requirements specified in or based upon applicable federal regulations.

These items and activities are critical to safety. An unsafe condition
could result from the single failure of one of these items.

Quality Category 2--Major: Includes items and activities for which
failure could indirectly affect public radiological health and safety.
This classification encompasses items and activities whose failure would
indirectly adversely impact performance of critical items or
occupational radiclogical health and safety. An unsafe condition could
result only if failure of this item or system occurred in conjunction
with the failure of another item or system in this category.

Quality Category 3--Minor: Includes items and activities for which
failure is unlikely to result in a predictable, significant, adverse
impact on public health and safety regardless of other failures in this
category. :

The extent of the QA requirements application to a given activity is
controlled by the quality category assigned and its attendant QA requirements.
The QA requirements for each quality category are listed below.

Quality Category l1--Critical: Al1 documentation for these items and
activities require $,Q (Safety, Quality Assurance) and possibly D

(U.S. Department of Energy, Richland Operations Office) review and
approval. Design and fabrication shall meet the QA requirements of the
ASME B&PV Code, Section III (ASME 1995b), as required by NUREG/CR-3854
(Fischer and Lai 1985).

Quality Category 2--Major: All documentation for these items and
activities require Q and designated S review and approval. Design and
fabrication shall meet the quality assurance requirements of the ASME
B&PV Code, Section II1 (ASME 1995b), as required by NUREG/CR-3854
(Fischer and Lai 1985).

Quality Category 3--Minor: A1l documentation for these items and
“activities require only review and approval of the cognizant engineer and
manager. these items shall be fabricated using ASTM, ANSI, American
Institute of Steel Construction, Association of American Railroads, or
other recognized national standard.

A7-2
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- --Requirements are imposed on organizations by direct reference in plans .
:zand, procedures. . Table A7-1;-"Functional Responsibility Matrix," shows S

_documentation .review. requirements. . This matrix assigned responsibility for -
review and. approval to-the appropriate organization either designing or using - -
the 'MCO Cask. U.S. Department of Energy, Richland Operations Office, approval”
is required for all changes to the SARP. :

Table A7-1. Functional Responsibility Matrix;‘

Document PE ‘ SNF Quality | safety SNF
Engineering Assurance . Operations
MCO Cask Safety Analysis Report. for | P,R,A R,A R,A .. | RA R,A
Packaging - X
MCO_Cask drawings R P,R,A R,A R,A R,A
- MCO Cask purchase order. R P,R,A R,A RA R;A
Operating procedures R R,A R,A R,A P,R,A
Maintenance procedures R R,A R,A R,A P,R,A
MCO Cask fabrication/nonconformance R,A P,R,A R,A R R
reports
Leakage rate test procedures R,A R,A R,A R,A P,R,A
= Approval.
MCO = Multicanister Overpack.
= primary responsibility (organization responsible for developing the document).
PE = Packaging Engineering.
R = Review. .
SNF = Spent Nuclear Fuel.

7.5 QUALITY REQUIREMENTS

7.5.1 Design Control

Quality categories for design control of MCO Cask components are shown in
Table A7-2. Classification of components into these quality categories
ensures that critical parameters of a given component are reviewed in a manner
consistent with their importance. The design and analysis shall correspond to
the QA requirements of the assigned quality category.

Table A7-2. Design Quality Categories.

Component Quality
category

Closure bolts

Trunnions

Multicanister Overpack Cask body

Multicanister Overpack Cask lid

0-ring seal

Vent and drain ports

Vent and drain port covers

PR ENTR [T PN S P VYR B

Vent and drain port seals

A7-3
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7.5:1.1 ~Design Inputs. Design inputs for the MCO Cask are taken from the

.., component:drawings ‘as présented in this SARPi.. Any.-changes to.these drawings ' ..

> shall.be identified, .documented, approved, and controlled .in.the same manner... ... .
in-which the drawings were released. @ For those componénts designed.by offsite "
fabricators; a:design review shall be conducted to ensure that the submitted::: -~
design meets the requirements-of this SARP. - Cen

7.5.1.2 Design Process. The MCO Cask was designed .by TN. Cognizant. SNF
“.. personnel .shall ensure-that the MCO Cask.components meet. the: design

requirements. of the governing design specification.: SR ,:'*...”:;eff

7.5.1.3 Design Vériffcation. Design'adequaéy of the MCO Cask is demonStraféd
by this SARP.. -Any. changes to the final design of the MCO Cask-may-require... .
revision of this SARP. : : :

Design adequacy of the MCO Cask shall be verified. SNF Engineering shall
conduct a design review in accordance with HNF-CM-6-1, Standard Engineering
Practices, EP 4.1, as required by WHC-CM-4-2, QR 3.0. The final design of the
MCO Cask shall meet all requirements of this SARP; otherwise, a SARP revision
will be required.

7.5.1.4 Documentation and Records. Design documentation and records
providing evidence that the design verification processes were performed in
accordance with the requirements of this SARP shall be collected, stored, and
maintained for the 1ife of the package.

7.5.2 Procurement and Fabrication Control

7.5.2.1 Procurement Document Control. Procurement documentation for MCO Cask
items is initiated by the SNF engineer responsible for the MCO Cask design.
The standard FDH purchase requisition (PR) contains both the technical and QA
requirements. Specifications shall be written for complicated or critical
component procurement items. The PR information is converted to a purchase
order (PO) by the FDH Purchasing organization. The cognizant Quality -
Assurance engineer or Quality Assurance manager reviews and approves ail PRs
and specifications per WHC-CM-4-2.

Changes to the PR, or subsequent PO, are subject to the same review and
approval requirements as the original PR. QA requirements are imposed by. FDH
specifications, engineering drawings, or other QA documents. The quality
categories for procurement of MCO Cask components are shown in Table A7-2.

7.5.2.2 Control of Purchased Items and Services. The procurement of MCO Cask
items and services shall be documented and controlled to ensure conformance to
specified requirements of WHC-CM-4-2.

7.5.2.3 Identification and Control of Items. The identification of purchased
items shall be at initial receipt and maintained through installation and use.
The identification of items fabricated or assembled onsite shall be

_established at the earliest practical time in the fabrication or assembly
sequence. i
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** The identification of items shall relate each to an applicable design or

- other pertinent:specifying document;.such: as. the govern1ng PO, spec1f1cat1on, e

,.test plan, procedure or draw1ng(s) S s e

" Physical 1dent1f1cat1on mark1ngs, such as stamp1ng and etch1ng, sha11 be"”v

used-to  the maximum extent possible on the MCO Cask components to ensure that
the ‘mavkings remain durabie as long 'as possible. -

. Where required, items and material having limited calendar -or -operating
~1ives-or-cycles are identified and controlled to. preclude use.of items with
expired shelf 1ife or insufficient operating life.

Provisions shall be made for the preservation of identification marking
consistent with the planned use of the MCO Cask. Such provisions shall
include criteria for the maintenance and replacement of markings damaged
during use of the MCO Cask and/or aging.

7.5.2.4 Control of Operations/Processes. Processes affecting the safety
basis or quality of MCO Cask items shall be controlled by instructions,
procedures, drawings, checklists, or other appropriate means. These means
shall ensure that process parameters are controlled within defined limits and
that specified controls will be applied as defined in WHC-CM-4-2.

Special processes performed onsite and by suppliers that control. or
verify quality, such as those used in welding, heat treating, and NDE of
containment boundary items, shall be performed by qualified personnel using
applicable qualified procedures.

Records shall be maintained in accordance with 10 CFR 71, Subpart H, for
currently qualified personnel, processes, and equipment for each special
process (if a procured item) or by the shop performing the process, per
HNF-CM-4-2 (if onsite).

7.5.3 Control of Inspection and Testing

i In-process and final inspections shall be performed in accordance with
the following guidelines.

7.5.3.1 Inspection/Test Personnel. Inspection for acceptance shall be
performed by SNF Quality Assurance personnel.

7.5.3.2 Fabrication Inspection/Testing. Fabrication inspections for the MCO
Cask include the following, which are performed in accordance with HNF-CM-4-2:

We1ding and NDE personnel qualifications
Material certifications/marking

NDEs

Proper assembly of the MCO Cask

Proper torquing of bolts

Welding certification records

Testing of the assembly.

e ¢ 0 o o 0o 0
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7.5.3.3 In-Service Inspection/Testing. Loading/unloading procedures shall be
. written-by SNF :Operations with appropriate-reference to maintenance:procedures
. and. shall. be used.to ensure adequate.loading,.operation, and -maintenance of. ... ..

H“;'i the MCO Cask..: The mainténance procedures-identify the.items.to be maintained,

criteria for acceptability or replacement, -and the frequency and type of
- inspection assigned to the item.. A1l procedures shall require that the
"Master Safety Rules" are met as required by WHC-CM-1-10,.Safety Manual.

QA inspection planning is estabiished to ensure that final inspection, .
.prior to use,. verifies compliance.with the following items.. LT

« - The MCO Cask is properly assembled.
e A1l acceptance criteria are met for its use.
« A1l shipping papers are properly completed. -

¢ The MCO Cask is conspicuously and durably marked as required by.
HNF-CM-2-14 and 49 CFR 173.

s Measures are established to ensure that an individual trained and
certified as an onsite shipper, designated by the user of the MCO
Cask, signs the shipping papers before authorization for shipping.

. Oberationa1 and maintenance procedures are properly compieted.

7.5.3.5 Acceptance and Records. Acceptance of an item shall be documented
and approved by authorized facility Quality Assurance/QC personnel per
HNF-CM-4-2. Inspection documentation shall be maintained for the 1ife of the
MCO Cask.

7.5.4 Test Control

These.requirements apply to activities associated with the testing of the
MCO Cask and associated hardware involving Quality Category 1, 2, or
designated 3 items.

Tests required to verify conformance of MCO Cask components to this
SARP's requirements and to demonstrate satisfactory performance for service
shall be planned, performed, and documented. Characteristics to be tested and
test methods to be empioyed shall be specified. Test results shall be
documented, and their conformance with acceptance criteria shall be evaluated.

Test procedures for activities classified as Quality Category 1, 2, or
designated 3 are subject to review and approval. Logbooks for activities
classified as Quality Category 1, 2, or designated 3 items shall be maintained
and controlled in accordance with WHC-CM-4-2. :

7.5.4.1 Test Requirements. Test requirements and acceptance criteria for the
MCO Cask are identified, documented, and approved within this SARP. Test
requirements and acceptance criteria for the MCO Cask are per the ASME B&PV
Code and 10 CFR 71. Required procedures for design analysis tests,
fabrication tests, operations tests, and maintenance tests shall be controiled.
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7.5.4.2° Test Procedures. Test procedures shall incorporate and be traceable
. to.these: SARP requirements-and include. the minimum information required by

L HNF-CM-4-2.

 7.5;4.3 Test Rééuits. ’Test:resﬁlfs shall be documehféd aﬁdvevéluatéd by the k
engineering group not directly involved in the performance of the test to .
ensure that test requirements have been satisfied and that appropriate Quality

Assurance acceptance was obtained. - :

7.5.4.4 Test Records. ' Test records shall be written and maintained as QA
records, following the requirements of WHC-CM-4-2 and Part A,.Section 7.5.9.
7.5.5 Control of Meésuring and Test Eduipment“

The requirements for measuring and test equipment apply to the tools used
for testing the MCO Cask and torquing of closure bolts. Accuracy, standards,

_ recall system, and calibration shall meet the requirements of WHC-CM-4-2.

7.5.6 Checks and Controls

The maintenance procedures establish, as appropriate, criteria for
maintenance tests to be conducted by the user to ensure the MCO Cask maintains
containment and is free of excessive contamination. The maintenance
procedures also establish qualification criteria for responsible personnel whe
document and evaluate test results.

7.5.7 Control of Nonconforming Items

These QA requirements shall apply when the nonconformance will affect new
or existing Quality Category 1, 2, or designated 3 items.

A1l items procured or fabricated for, or in use with, the MCO Cask shall
be inspected prior to use for compliance with the governing PO, specification,
or fabrication drawing. The cognizant engineer, with Quality Assurance
assistance, shall define the acceptance and nonconformance criteria.

7.5.7.1 Identification. Identification of nonconforming items shall be by
marking or tagging or by other suitable methods that do not adversely affect
the end use of the item per WHC-CM-4-2.

7.5.7.2 Evaluation and Disposition. Nonconforming characteristics shall be
reviewed, and recommended dispositions of nonconforming items shall be
proposed and approved in accordance with WHC-CM-4-2.

7.5.8 Corrective Action
Nonconformances or conditions adverse to quality are evaluated as
described in Part A, Section 7.5.7.2, and the need for corrective action is

determined in accordance with WHC-CM-4-2. For Quality Category 3 items,
cognizant engineers are responsible for implementing and monitoring the
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effectiveness of any corrective action taken. For Quality Category 1,72, and
~:designated -3 items, appropriate action shall be taken by Quality Assurance to-

.ensure prompt implementation by. follow-up .reviews and submission.of a.report . e

.-to: the: upper management level(s) documenting the nonconformance, its. causes,
and the corrective action taken. :

7.5.9 QA Records and Document Control

Records: that furnish documentary evidence of quality shall be specified,
- prepared, -and-maintained per WHC-CM-4=2. - A11 documents- used-tp.perform and/or
.verify quality-related activities shall be controlled. Controlled documents
.include (but are not Timited to) the following: ' L . R

Drawings

Specifications

POs

Inspection and test plans and procedures
Reports

Verification data

Nonconformance reports

Corrective action reports

This SARP

Operational and maintenance procedures.

e ¢ 06 06 0 0 0 0 s 0

The document control system embodies the following features.

» Document changes are controlled in the same manner as the original
issue.

» Interfacing documents are properly coordinated and controlled..

¢ A reference system is in use that provides access to the current
issues of project documents.

The cognizant engineer is responsible for ensuring accessibility to the
latest issue of all such documents. Use or mainienance of the MCO Cask shall
not start until ail required documents are readily available.

A1l records associated with hazardous material packaging and
transportation shall be retained for the 1ife of the packaging. A1l lifetime
storage QA records required for the MCO Cask shall be appropriately stored by
Packaging Engineering or the responsible user organization, depending upon the
purpose of the document (see Table A7-3).

7.5.10 Audits

The FDH internal and external audit processes are guided by and shall be
in accordance with WHC-CM-4-2.
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Table A7-3. Retention and Location Matrix.

Document Retention period Location

_Packaging design criteria/safety analysis report for Lifetime Packaging Engineering
packaging

Maintenance procedures Lifetime User facility
Leakage rate test procedures Lifetime - User facility
| Inspection plans/procedures Lifetime User facility
Operating procedures Lifetime User facility

Qual ity Assurance/Quality Control inspection reports Lifetime Qual ity Assurance/ISS
‘Nonconformance .reports Lifetime Quality Assurance/1SS
MCO Cask specification and drawings - Lifetime SNF/1SS

Purchase orders Lifetime Procurement/i$S

MCO Cask data acquisition report Lifetime SNF/ISS

Data packages Lifetime SNF/18S

Corrective action reports ) Lifetime .SNF/!ss

1SS = Information and Scientific éystems.

MCO = Multicanister Overpack.
SNF = Spent Nuclear Fuel.

7.5.11 Hand]ing, Storage, and Shipping

QA requirements, specified in WHC-CM-4-2, apply to activities involved in
handling, storage, and shipping of Quality Category 1, 2, and designated 3
items. - .

Transportation Logistics will oversee the use of the MCO Cask, including
marking/Tabeling and proper shipment records, to ensure compliance with
HNF-CM-2-14.

7.6 SARP CONTROL SYSTEM

This SARP is a copy controlled supporting document to ensure that only
up-te-date approved versions are used. Any changes made to this SARP will be
by engineering change notices, which are distributed to users through the Copy
Control System and incorporated into the SARP.

. Any review comment records produced during the initial release or
subsequent changes will be on file with Packaging Engineering.
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8.0 MAINTENANCE

8.1 GENERAL REQUIREMENTS

The MCO Cask 'is a passive system designed to requ1re minimal maintenance
during its use. Maintenance of the MCO Cask during use is limited to a visual
inspection. No hands-on changing of parts is necessary between uses unless'a
degradat1on is noticed or component service lives are exceeded The MCO Cask
is cons1dered a contact- hand]ed system
8.2 INSPECTION AND VERIFICATION SCHEDULES

These inspections are only required as maintenance of the MCO Cask. They
are to be performed at the CSB or prior to use at the K Basins. If operations
require, inspections may be performed during use.
8.2.1 Regular Inspections

The following are regular maintenance inspections to be performed at the
CSB before transport back to the K Basins.

1. Determine cask external contamination levels and document.
Determine cask external dose rates and document.
Visually inspect package markings for deterioration.

Visually inspect 1id'bo1ts for deterioration (such as stripping).

[ I L

Visually inspect O-rings for deterioration (such as cracking,
extrusion, shrinkage, overstretching, or foreign particles).

6. Inspect Tifting attachment area for indications of demage.

8.2.2 Scheduled Ma1ntenance

1. Replace the butyl O-ring of the cask annually with a Parker 3- 912
B612-70 or equivalent gasket.

2. Replace the vent port cover Oering annually with a Parker 2-328
B612-70 or equivalent gasket.

3. Replace the drain port cover O-ring annually with a Parker 2-341
B612-70 or equivalent gasket.

4, After replacement of the O-rings, perform a leakage rate test in

accordance with ANSI N14.5 (ANSI 1987) to confirm the Teaktightness
of the containment boundary.
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8.2.3 Lifting/Tiedown Inspections

These maintenance visual 1nspect1ons shall be performed on the t1edown
system prior to-each use.

- 1. Inspect the tiedown 1ifting points prior to each use for plastic
.deformation or crack1ng Any indication. of cracking or distortion
:shall be .repaired prior to further use of ‘the 1ifting or tiedown

device.

2. Inspect .the tiedown turnbuckle attachiment plates and the bearing pad - -

“.surfaces. .Any indication of cracking or distortion shall be
repaired prior to further use.

. Annual load testing of the 1ifting devices in accordance with ANSI
Standard N14.6 (ANSI 1993) is required.

8.2.4 Subsystems Maintenance

8.2.4.1 Fasteners. All threaded parts, including the closure bolts for the
cask and tiedown system bolts, will be inspected prior to use for deformed or
stripped threads and heads. Any damaged parts shall be replaced prior to
further use. Bolts which are found to exhibit headmarks matching those on the
DOE-HQ "Suspect Fastener Headmark List" shall be segregated and processed in
accordance with WHC-CM-4-2. Bolts shall be lubricated with Neolube,’ or

other appropriate lubricant, as necessary.

8.3 RECORDS AND DOCUMENTATION
Visual inspections shall be documented, including QC verification and
maintained for the 1ife of the article or five years, whichever is Tonger.
8.4 SPARE PARTS
The following spare parts are recommended for the MCO, MCO cask and
tiedown system. Comp]ete descriptions of the recommended spare parts are
Tisted on the drawings in Part A, Section 10.0.
o 0-ring, butyl--Parker 3-912 B612-70 or equivalent (10),
Parker 2-341 B612-70 or equivalent (10), Parker 2-328 B612-70 or
equivalent (10)
o ASME SA-540, Grade B24, Class 1, 1.50-in.--6UNC x 3.00-in. bolts (5)
e ASME SA-193-B8 or equivalent, 0.50-in.--13UNC x 0.50-in. bolts (4)

o ASME SA-193-B8 or equivalent, 0.25-in.--20UNC x 1.00-in. bolts (4).

2Naolube is a trademark of Huron Industries Inc.
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Om EQUV,,

E

oP

4 PLACES

A

[™~—STD O-RING PORT PER
J514, 10625"—12F T

/.m.. X 125" UNDERCUT

DRLL .56 £.03" DIA. THRU

NOTES:

CBORE .80":.03" DIA
.50'z.03" DEEP

187"+/—010"
TO SHARP CORNERS |

L FOR CASK ASSEMELY SEE DWG. 3035-3, SHEET 1

2. TOLERANCE, INLESS OTHERWISE SPECFED: +/-.12"

3. REMOVE ALL BURRS & WELD SPLATTER AND -
‘BREAK ALL SHARP EDGES.

4. SURFACE FINSH, UNLESS OTHERWISE SPECFED: mm\

5. RADUS TO BE SPECFED BY FABRICATOR

375

01" DIA.

Rev. 0

RASED §om fe

umm mmj. -

3/4 NPT X 38" DEEP
(FLAT BOTTOM DRLL)
1 PLACE

SO 96025

50"=13UNC x 75" LG SCREW 479" R
50° SOCKET HEAD AFTER PLATNG DETAL B. 4 PLACES - : 3 [ see oon 5035- 4Bl pslps] Jep
PER ANSI B183 4 FROM BHE BiSS SET 2 SEE NOTE 5 . 2 |7,] scE pon 3035-8 Prslps|es ] [eo.
ey NOTE: DRAN IS LOCATED AT o 1 |75 see pon 3035-3 Jinc]es{es| {en.
157"+ /~.002" [ NO. DATE] REVISIONS — [OWN G 10, 0\>_32
N ~ APPROVALS]DATE|
it 1588 TRANSNUCLE AR, INC.
Om.—.\/zl _nl TR HAWTHORNE, N.Y.
ITEM 8 e /s 1S TN-WHC CASK
: . TRANSPORTATION SYSTEM
fero. s o s | 5 CASK BODY DETALS
. PS. [ 4 _1—
; WHC SPECFICATION NO, WHC—S—-0396 o g LY zobmzo s Mowwmwwum 3
WHC PURCHASE ORDER NO. MIK-SPX—452727 |, 5 e | NORE m_m oIk,
a. 3 » 2 SHEET 3 OF 5

A10-7/8




HNF-SD-TP-SARP-017 Rev. 0

S2096 05

88)

A . . R . PARTS LIST
1 3 . ﬁ T3 |28 NOMENCLATURE [DE SCRPTION MATERIAL
4 - 210" +/-010" 7" UA ReF 1| ~ [ ASSEMBLY —_—
2081 DiA, REF. ot DA _AJ 4 : AT SEE_FELD SRR,
. . s e 3 | |OELETED - _
09" +/-03 ~— + e
wl\ 1 15 G Lomtris Sl Y . 4 | 1 |PORT COVER __[SRE oo S04 SST
3007 REF, @ i NOTE 8 % | 5 | 1 |0DSC. COPLNG _|HANSEN FHHK-LLIK—4 | 303 55T
y i 3987 DA, REF. — NOTE 8 % | 6 | 1 |COUPLNG ADAPTER Sl e o™ 04 ST
- &Y v - 245" 4 /- 010" AANOTE 8 % | 7 | 2 |0-RNG (ADAPTER)|PARKER 3-904 Yk
SEE DETAL C 70 SHARP CORNERS /A NOTE 10 [ 8| & [SOC FD CAP SCREW [B0G P k%
4 PLACES A NOTE 1 [9 | 2 [QUSSET SEE FELD 304 ST
—— 068"1.03" SEE NOTE 5 - . /A NOTE 11 | 01 2 ILFTNG BRACKET |SEE FELD 204 SST
DETAL C i | 2 [TRUNNON SEE FELD - 304 SST @
DETAL B A A\ (2] raco eooe rsexi £ 185-BCN-0500 | SST
162" +/— 03" DIA. CBORE X 300" OP.. . /AL 13| 1 [PORT COVER O-RNG|PARKER 2-341 P07 Al
150"~6UNC X 100" AT TOP
100"+ /—03" ON 36.440" +/- .010" DBC. NOTES:
12 PLACES AS SHOWN : 1 FOR CASK ASSEMBLY SEE DWG, 30353, SHEET 1
184071 06 403 pallcli bl b 2. TOLERANCE, UNLESS OTHERWISE SPECFED:
350" 205 - 2 PLACE DECMALS: +/- 12"~
BOLT TIGHTENNG SEQUENCE Zicao - 3 PLACE DECMALS: +/— 010"
SEE DETAL H ON AR % ANGLES: +/— 1°
DWG. 3035-3, SHEET 5 séo S5/ ) |
- i 7507 29810"%£.010 DA. | 3. REMOVE ALL m_.m.ﬁm & WELD SPLATTER AND
Looe | 315072 o s ;8 Bt ROt F BREAK ALL SHARP EDGES. )

. R =<{ I SO0 [N Nm.wo,w.mw,. 1D. 398V DA | 4 SURFACE FINSH, UNLESS OTHERWISE SPECFED: 25/ )
162" 4/~ 05 Dix HOLE. TF SR . A BT \ NS . ST : 5. RADUS TO BE SPECFED BY FASRCATOR, <
ON 364407 +/-:000" DBC." X L ] NS X .. - 6.DELETED - . S

. e Ny st oeran ol HI\N/: . . o 7. FABRCATOR HAS OPTION TO USE SA-240, TYPE 304
T > Lo B80T A .>.m ‘.:omqm%m..u.oum»m. e SEE DETALB - - <.~ -7 . .- " PLATE, WELDED TOGETHER, RT & PT REQURED, ~ ~
E t m A ' 400 = HOLE ROTATED NTO SECTION . 8. % NOICATES NON SAFETY RELATED ITEM,
TJOP VEW SECTION A=A : 9. THS PARTS LIST IS FOR SHEETS 4 AND 5 OMLY.
- (LD ASSEMBLY 10. BOLTS TO BE CHROMUM PLATED ( THREADS ONLY)
4385 REF PER 00~C-320-8, CLASS 2, TYPE 1(0002" ML THK).
43, . 11 TOLERANCE THCHNESS PER PLATE MANUFACTURER
re—3881" & 08" . A mnmo_n_oﬂjoz,” DURING FABRICATION, LOCALIZED SURFACE
: 200" DA HOLE THRU - RREGULARITIES, ETC. PER TOLERANGE FROM NOTE 2.
er YP. :
PT - -
” 2544 oEl S
D e N comoncocoro_z_ - | [FEESTSSEommr I
" . — | SE — S . G
\@ 2Ry | 4007 DA putnorizea sy 2 oMEC 3 1044 2 FdSeE oo 3055-sluroles[es| el ca
»_ ﬂ Y1 [Pl SEE DON 3035-4fua1s] ps.| es. £0.] 66 N ~m~mm
7007 DAL 5— 4 1 Noo“— DA U . : NO. DATH REVISIONS DWN.C-KDI .. C/AIPRD] !
NEONTROLLEDCOPY T sorsovas [OATE
2000° b w3 RANSNUCLEAR, INC:
: 400" e 50" ot ¢ HAWTHORNE, N.Y, - %
301+ 06" orn 8 TN-WHC CASK ®)
Lu.oo TYP: . . — TRANSPORTATION SYSTEM [O
—_ @ TRUNNON, TEM NO. 7 el WHC DWG _w% H-1-81535 o
—- M NO. Ps. | . NO. H=1— ’ :
: WHC SPECFICATION NO. WHC—S-0396 . Y 3 - Q
VIEW E~EF WHC PURCHASE ORDER NO. MK—SPX-452727 |, 316 [5¢ | MOE | B 3035-3 |4 \(D

h._. _ Nw + N _ m.:.mmq 4 0F 5

N 2 A10-9/10



HNF-SD-TP-SARP-017 Rev. 0

|
4 | 3 < 2 | |
% 05" SOT-BUNG x 757 LG SCREW me.mmﬂmmg ASSEMBLY SEE DWG. 3035-3, SHEET 1
. =384 — 000" DA~les . 50" SOCKET HEAD \ AFTER PLATNG . :
W ) . PER ANSI B1B3 . =4 : 2. TOLERANCE, UNLESS OTHERWISE SPECFED:
O\ 203" DA, THRU O15'R 45 o e . 2 PLACE DECMALS: +/- .12" ..
_ﬂ/u\. %Lm\yzw. m.Mm._.,wv. 025"R i ' 3 PLACE DECMALS: +/- 010"
o . , oagtOIS", M8 A ANGLES: +/~ 5
! wmm? . —0o0™ 3. REMOVE ALL BURRS & WELD SPLATTER AND
500" |10 DETAL G BREAK ALL SHARP EDGES.
105" “ e HEX 688" - o : 4. SURFACE FINSH, UNLESS OTHERWISE SPECFED: Y/
T = _ ACROSS FLATS 5. RADMS TO BE SPECFED BY FABRICATOR. B
L 25" ReF (T ;
B b : 6. TEXT SIZE .50" HIGH, METHOD TO BE PERMANENT
1 . - BOLT TIGHTENNG SEQUENCE IDENTIFICATION MARKING.
330 | 4375"~20UNF 24 SEE NOTE & At c )
06" X.06"" 2 PLACES 7. LUBRCATE BOLTS WITH NEOLUBE AS NEEDED!
CHAMFER, TYP.
ITEM B__

CONTROLLED COPY NO. 2. 270: . “n_ s0*

{ Authorized By @m\_ Om»mmmﬁ mm w@m ]

¥

375%0UDA  ,SEE.DETAL F
?mmoﬂ»om\. T
1/.0

LI R TO

- L0672 03"
- 325 Rer/ % |
180° R Ve =5 or
: : G 75201
. Ay ==
DETAL H | e -] | (AAT BOTIGN ORLL)
FROM DWG. 3035-3, SHEET 4 DRLL .56 +.03" DIA. THRU 600" DA 1 PLACE
00" CBORE .80.03" DA, . = .
25 g R 50%.03" DEEP A =
At \ .ﬁ.._o;r . BT4/-00" . :
R TO SHARP CORNERS 3 [9hisee oo 3035—18 [q@|ps|pS] D
5 w_mmq%xowwz_mmmn% RT A g ’ 2 |7%]see Don 303510 |416les|es|  |eo.
. A g vt . 4 PLACES ¥ o83 1 [7yiseE DON 30355 |erc]es |ps. ED.{GG.| wm_
50-13UNC x 50" DP 267" SEE NOTE 5 . NO.DATH _ REVSIONS TOWNIGKOIND | 0/ AlP0d] SlanieJene
ELICOL INSERT 812 1 APPROVALS o>Hm N .
BSR4 g o e L THBIRANICLEAR, NGy efofie
| 4 PLA LelAL D 2 % A :
: FROM DWG. 3035-3, SHEET 4 . len® I TN-WHC CASK m
‘ DETAL F | TRANSPORTATION SYSTEM- (D -
TEM N, 7 B e OWe, NG, He1-81535 |0
. PS | % . L F— 1 .
W R 0 O B ool ] B 18] 35 13)op
5 . v d - = " own. BY. | % SCALE  lsize CWG. NO. REV.
b. B w + N _ SHEET 5 OF 5

. - Alo-11/12



HNF-SD-TP-SARP-017  Rev. 0

CROSSVENMEERS, REF. -
ppspematintsguoipummie s opm— NOTES:

1 FOR DETALS SEE DWG, 30357, SHEETS 2 & 3.

2. TOLERANCE, UNLESS OTHERWISE SPECFED: +/- 127

3. STEEL COMPONENTS SHALL BE PANTED WITH -
- - u . AMERON AMERLOCK 400 PRVER, AVERON AVERCOAT

4S0HS FiNSH COAT, RT-8304 WHITE.

4. REMOVE ALL BLRRS, ERCAK ALL SHARP ECGES AND REMOVE
WELD SPLATTER FROM AREAS WHCH CASK WLL CONTACT -

\mmm NOTE 6

AND NTERFERE WITH CPERATNG OF THE TEOCWN SYSTEM,
AP, REF. 12000° REF. 48" REF. 5000 TYP, 5. SURFACE FINSH, LNLESS OTHERWSE SPECFED: 250/
T 6. TRALER MANFACTURER TO NSTALL NECPRENE AS RECUARED
TO MANTAN A MAXMM 12" GAP, AT FNAL FIT UP WITH CASK
%, /) < AS SHOWN. ADHESVE PER MANCFACTURE RECOVENDATION
e o = = - i 7. NON-SAFETY RELATED.
CASK, REF: : - -- > e
access areA. |1 8. LUBRCATE BOLTS WITH NECLUBE. AS REQURED.
' NG : 50" PL x 800" X 10.00”
CASK TE DOWN . H oﬂzMommm Caers |1 oss 9. TOROLE CLAVP 8OLTS TO 200 FT. LES.
e . o . S AREA TYP. 10. AL MATERAL PROPERTES (NCLUDNG REOPREAE) USED FOR
L oe—mii—ee . L e DESGN OF THE TEOOWN SYSTEM SHOULD BE TAKEN AT 150°F.
L. 48.00" LOADED
BETWEEN 8" X 875 :
p——5150" TYP:
TOP VIEW

DECKNG NOT SHOWN
LOCATION CF CROSSBEAMS ARE PICTORAL CALY

N 1
CASK TE DOWN DEVICE.
SEEDETAL ON_ — *“
DWG. 3035~7, SHEET 2 (1 ) +OLD DOWN ARM, REF.
A : . ASK HOLD DOWN DEVKE CASK LD, REF, \ S
BT X 8 _ SCE OETAL ON ’ T E .\ .
4500, SRace o T DWG. 3035-7, SEET 2 ’ :
l_. 1 [ ~|| f|| . I
= _ ~ = H 3
N v \ i £
' 1 [ - - - . !
\ ) . [N Ww Wm.mw X B1CQ" LG, —_— /.Amovmm_/m
» S 4
2075" RSF. _ _ ~ SEE NOTE 6 _
1S 4" x 47 X 50 - &
< »m%%o wa,Om B 075" REF H ! , . 21" 10 %ﬁnn»% ¢
. i€0.75 . Rt L
LOACED 10.12" fenf fen _ _ _ o~ 8 »
T X ke CASK HCLD DOWN ki
t 1] ’
146,12" REF, _ * _
48.75" TYP. LOADED ' § ' . i | N N T S |
. M _ _ e NO. DATE REVISIONS DWNICKOI MDD 10 /AFROJ
APFROVALSDATE| T
| — S S RANONUCLEAR. N
\I!lll-- e - . psos, 45 N\\& HAWTHORNE, N.v!
| i et o/ 2D_|%] TN—-WHC CASK
Y -38" THK GUSSET,TYP. TRANSPORTATION SYSTEM
VEW A — [y 7 -CASK SUPPORT CEVICE, SEE CETAL ﬁo% oum Q«“ e T DOWN SYST m_<_x
~ CRAN ACCESS CPENNG N Mso. uowwxw. SHEeT 3 o L WHC DWG. NO. H-1-81539
- ITEM NV CHX'0. BY
SDE VIEW WEC SPECFICATION NUVBER WHC~S-0356 DI, zozm_ B _ 3035-7 0
WHC PURCHASE CRCER MUVEER MK~SPX-452727 | © | scare” lsize OWG. NO. g

SHEET 1 CF 3

A10-13/14



HNF-SD-TP-SARP-017 Rev. 0

ER, TYP. - NOTES:
8007 TYP. 1 ECR TE DOWN SYSTEM ASSENELY SEE DWG. 3035—7, S-EET 1
300" FOR ADOTCNAL DETALS SEE DWG, 30357, ST 3.
400" TYP.
. . . 2. TOLERANCE, UNLESS, OTHERWISE SPECFED:
s TR e i 3 FEAE beants ooy 17 %0
. X +/~
MATY: 6061-T65H 975" TYP, ANGLES: +/-2"
275 e}
. . . - 3. REMOVE ALL BURRS, BREAK AL SHARP ECCES AND REMOVE
200" 0D, TLBAE x 563" LG. y : WELD SPLATTER FROM AREAS WiiCH CASK WLL CONTACT
L D, 1 PACE e 3507 0D, TUEE, 5637 LG, AND NIERFERE WITH GRERATAG OF THE TEOGHN SYSTEM.
/\ %.r 0. 52 FLACES 4. SURFACE FNSH, UNLESS OTHERWSE SPECFED: 250/
TJOP VEW 5. WHEN RSTALLNG LOCKNUTS, £E SURE NOT TO OVER TIGHTEN
P THUS ALLOWNG FOR CLAMP TO SWNG FREELY.
m&.owqmmrmowm.ﬁ s sst 6. DRLL HOLE TO ACCOVODATE MOUNTING AT ASSEMELY.
VA V2 DA, MATL: B209 6051-T6
# 90293A413 CR EQUV. . TP
4 REQD. CLAMP DETAL 8.00 .
150"-6UNC FEX BOLT 2 REQD. -
00" LG, 150" HEX NUT e BOLL R : . 3 TP
MATL: A-479, XMig SFEET 3 ' T .
T ROLLED. & mm%w.mmz WASHER TO BOLT FEAD m.om* S REF.
NYLON SPA ,
BRACKET, 175" LD, x 3.5° OD\=5+ 2557 <3 FLACES SECTION THRU ALL BOLT HOLES
66" THK. 2 REQD. PER ! EACH CLAVP _
ERACKET WASHER, REF. - Y 231" TYP,
SEE DWG. 3035-7, 357 x 8" PAD, REF.
~ Sfer 3 16071 SECTION A—A
L SPACER, REF.
. | .
g oot saer o
L . MATL: STEEL 38" THK, SHM . - oA T
WELCED TO 8" x 8° MUST FIT (ADER BOLTNG EAD AREAS -~ -89 =05" D THRY — 62" TYP.
. 6 D, . TYP 5 BOTTOM ONLY (830" x 975 \« NI
3 . 150"-6UNG LOCKNUT - T
- JACK WELD ) MATL: ZNC PLATED STEEL SECTION C-C | . o5
o 3 FLATS 5= . 6 R6D T
TYP. - Y o .
CASK TIE DOWN AND HOLD DOWN DEVICE . . I .
27— 1/2UNG LOCKNUT ﬁmo 160" THK. PAD, REF,
MATL: 2K FLATED STee 1305”0 roLe Ty UL
- SEE NOTE 5 2 WA ER 150"—ed” Funwuﬂmao..
75" s o - . MATL: SST - —SS0
.._ 560" - _ 2 REQU.
i 4 0D, TUBE, ReF. ) . . _
~ iB | ~zoxsonxes : HOLD DOWN BRACKET DETAL
rw : 103" ReF 3 MeVASTER-CARR § 833K57 MATL: B209 6061-T6
u.oo,\ s00T i _ SRy 8 REQD. :
b m.wmmpmmzmommo.& . f 1 SHIMREF. :
= o, S STEEL NSEDLE ROLLER : L] L LI 1 1 |
SEE OWG. 3035-7, L £L NG THRUST BEARNG ——
(o7 6) 500" I — S9357 &m..x»m\m%mmwm)wwm By AR \“m%bwwu = REVISION, DWNIGKOTMO.L [0 7APROJ.
g : R N 12" WASHER!
1111505 o, re T 275" 0D, Tt x 852" Lo——tmmecd | 1 McMASTER-CARS. # 5S00K69 4%, vw%..:u@PZWZCO:MEN _ZO
h L] 10, ) .S TEL - CR ECLW, RO, /4 b= 3 .
. _ 205" 1D, MATUSTEEL Eo o HAWTHORNE, N.Y’
(NOTZ 6) u.wo 2 REQU. d 2 SETS ReQo. o €D 124, TN=WHC CASK
L = )
1 TYP, TUBNG TO 80X BEAM - - X
wsw/ AT TOP 7 FLATE AT EOTTOM 25 TRANSPORTATION SYSTEM
. g N B :
M2 - A-514. 3 == . . . — =0l
ATL: A ww..mmw.om.Aj. TYPE A) CLAVP PN AND LGCKNUT NOT SECTIONED ITEV NUVBER 7 k. 8Y % 4 _
=Q0. WHC SPECFICATION NUMBER WHC-S~0385 nﬁw 21 NONE | B 3035-7 0
ViC PURCHASE CROER MVBER MK-SPX-452727 lowd 30 M &8 LB 0WG, MO, £V,

SHEET 2 OF 3

Al0-15/16



HNF~SD-TP-SARP-017

SUPPORT PLATE
480°W x 47.00L x 75" THK

- 2007 TYP. ~ - FOR ADOTIONAL DETALS SEE 3035-7, SHEET 2. -
- 2. TOLERANCE, UNLESS OTHERWSE SPECFED:
R T T o o : SuE Eaus
SEE NOTE 5 o
L -GusSET * . ANGLES: +/~2°
MATY: 6063-16 SEE NOTE 5
TAPER, REF.—] 17.00° x 15507 x 75" . 3. REMOVE ALL BURRS, BREAK ALL SHARP EDCES AND REMOVE
™~ f 5200 A TO FIT WELD SPLATTER FROM AREAS WHCH CASK WLL CONTACT -
| _—03rs on _ \.mwm. A TUEE AND NTERFERE WITH OPERATNG OF THE TEDOWN SYSTEM.
THRU BOTH
=g | I SOES OF TUBE 4. SLRFACE FINSH, LNLESS OTHERWISE SPECFED: 250/
. rs 800" TYP. 6 PLACES
4700 I i i 6200" 5 WHEN TRALER § N THE UNLOADED CONDITION, MATCH MARK
- 00" TV - HOLES FROM CLAVP, THEN WIEN TRALER S AT LOADED
Ty & : - L COROTION (DURNG LOAD TEST) MATCH MARK HOLES FROM
ES f CLAVP, THEN LOCATE AND DRLL HOUES AND WELD TUEES
< M BETWEEN THE TWO SETS OF MATCH MARKS TO ASSLRE
75—10UNC X 20” LG, To fiT PROPER BOLT ALGNVENT.
MATL: AIS3-B7 OR : -
S TG PLATED EQUAL wTMc oA, Tuee Lsee NoTE 5 300"
Al
= . p v.r|omm. EQUALLY SPACED B
e 2 PLACES 50"-13 UNC FLAT HEAD
. 2° LG, FIT AND NSTALL
AT ASSEMBLY TO 8 x 8
-.|--|.--.||n--.lm|--ll-.|--l-- L | 2 REQD. PER SPACER
_ . |
9.007 DIA. CUTCUT THRU MAN BEAM -
~ 4007 3.007
900" X B.00" MATL: 6053~T6 _f
S CUTQUT THRU CUP : N i
’ -WLO. TYTE L 5007
550" . 175" DA HOLE THRU-1 | 390" 7]
,\4 1T ~jp-te0” TYP. 2 PLACES
y MAN BEAM ......uw
L REF. ~ F—e-2.00° 95"
mwo i \I.._ -
&g Mw. '
seg” !
) e SPACER .
-- MAT'L: B209 606116
GUSSET DETAIL 1 REQD{SHOWN)
w 75~10UNC LOCKNUT 1 REQD. (OPPOSITE)
) MATL: ZNC PLATED STEEL
CASK SUPPORT DEVICE T
CROSS MEVEER, PEF, N
MATL:A572, GR. 50 —20.00" REF.—
200% p——18.00"—
C6'R ey o
400 0D . \ 127X 12
153" 10. ) T 3 CHAER i - | 1 1 %
—ola .50 REF.~=t 300" oA, ¥ NO_DAT REVISIONS _zzh.é_ MO ___j0/AFRO
100" nyxlsmwo 1895" DIAL 2-4 1/2UNC APPROVALSDATE]
FL 22 98 IRANNUCLEAR, I\C.
507 T CRAVFER PROL 7 2 HAWTHORNE, N.Y
1507 KEX FEAD 150°-6NC CLAMP PN DETAL . on B |7, TN-WHC CASK
FER ANSI B3 4007 VN THD. LG. MATL: >mmwmoogx«%%%q_ ROLLED TRANSPORTATION SYSTEM
N cQD. 5 17 1TIE DOWN SYSTEM DETALS)
2 REQ wetH. OFs. | 774
WASHER CLAMP BOLT DETAL 75 Ty WHC DWG. NO. H-1-81539 .
MATL: SST MATL: A-479, X9 HOT ROLLED ITEM NUVBER 7 okoer |44 35—
5 2 N VMG SPECFICATION NUMBER WHC-S-0395 7| NONE —
4 REQD. § REQD. Ve ARG AL CROes PeR 452727 |onliD [N m%. £ _m_r DWG. NO. _»m<.

*

SEE NOTE u//

NOTES:
1 FOR TE DOWN SYSTEM ASSEMELY SEE DWG. 3035~7, SFEET 1

SHEET 3 OF° 3
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HNF-SD-TP-SARP-017 Rev. 0

40'-0" QVERALL LENGTH

17-0" ir-2" _ 7o
173"
56> . \.O>wx VENT PORT, REF. .\OOQA mC%mm.v REF.
e 27" Mmm,n. LT pOWN BOLT

8 REQD. H ;
© TE DOWN~} t 1 \ | i3 | -CASK & TRALER ¢
HNGE PONT i ! f \
~_|
A

SR == T i B T
o . I v L CASK LETING
. 28" ~CASK LD BOLT, REF. P 50 N g ATTACHVENT
‘ TRALER DECKING B REF i H:./ CASK HOLD DOWN DEVICE
\\m £ 2| . / - . /
POWER LEG CONTROL . \ . mT Mmﬂg i ﬁ
PANEL CASK TIE DOWN DEVICE, REF: WORK PLATFORM TRALER DECKING ||
REMOVABLE SECTION TE DOWN BOLT il
WORK PLATFORM T0P VEW T OUN BT e g - _ .
S0 Vie W 175" DIA. N PLATFORM CASK TE DOWN DEVICE, ReF.—52 ; S — . :
8 FOLES, TYP. N DEVICE, REF. o . E— . ]
" CASK TE DOWN omsom/, o . . o g )
= ——CASK HOLD DOWN DEVICE, REF. L
=t g 3
| TN—WHC CASK, REF. :
5 CASK TE DOWN
I SUPPORT SYSTEM, REF.
S .
| . . WORK PLATFORM
. ©-10 3/4 A \.~”” ACCESS STARS looe 5578 (OleT]
- -1 3/4"
76 3/4” : f .
i son  OVERAT g0 . _ =
AR SUSPENSION : i A
mom«._mom S0 FEGHT PLATFORM .
FEIGHT SEISMC HOLDDOWN LUG REAR VIEW.
ACCESS STARS REMOVED FOR CLARTY
= ——— | .
) N =7 |
: \ L. i _ _‘" I as” [NO,OATE _ _REIVISIONS ___ IOWNJCWDI MO i0/AlPsed] p\W\AN»P
ot T N por20vALS|CATE]
SEISMC HOLODOWN LUG— I IHy O Q \ Q LOAJED - AT Mwwnam\»zmzco_rm%n INC,
| cascoman Rer/ 25067\ | e 2 T
\CASK SUPPORT DEVICE Loz TRANSPORTATION SYSTEM
DE ViEW edims[7hy  ARRANGEMENT DWG.
SOE VIEW : S  |Z5PEWHC DWG. NO. H-1-81533
B O oS sy oD || NONE [B] 303551 2]

A10-19/20



DOOR #157 AI -t

(-0

_FT

HNF-SD-TP-SARP-017 Re
. . IMMERSION PAIL
_.I} (24-6") CRANE TRAVEL li SEE DWG, H-1-81544
_" PAL LID STORAGE AREA i i
o X r Al
Y
CASK TRAVEL PATH £
_ =]
CASK LD Ao
(STORAGE POSITION) \ ¢ : RAL STOP, REF. e
_ : BACK STOP, REF.
: N CASK & TRALER
% MAX. CRANE TRAVEL
40"
“HI.:
17°-10"
POWER LEG CONTROL = 8\ 0
PANEL, REF. N
CASK TE DOWN DEVICE, REF,
SEE DWG. H-1-81539 ~ _ EXISTNG HANFORD
"J' HOOK, REF.
b — o%mo%mzo |
, : ATTACHMENT : :
— — 190" \\ L\ -0 b Vi
REMOVABLE SECTION /q_m DOWN BOLT e e
&mmxmmrm«mmmz (%) STORAGE AREA :
TOP VIEEW = =
CASK TIE DOWN DEVICE, REF. -F7
.PI d 4 = ERCC)
| TN=WHC CASK; REF.
.7_ SEE DWG. Inmuw_wuw
; WORK PLATFORM
T SEE DWG. H-1-81548 REAR VIEW
810" ACCESS STARS REMOVED FOR CLARITY
AR SUSPENSION P gl R MAX. HT. OF CASK
CONTROL 4 i . EL. ' 66.75" W_Mm(mﬂn\uo ,ﬁmxzarmmﬂwmw NO.DAT, REVISIONS WH KO .0, Q/A[PROL
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_ GENERAL NOTES: s onsrust seeomeo) PARTS /MATERIAL LIST _
[T
ats 1. DIVENSONNG AND TOLERANCRG PER ANSI Y14.5U-1082, TGl o] P/VS MABR | NOWENCLARE / DESCRIPTION watk /ot sen|
r OMENSKHS ARE 1N RCHES,
TOLCRRCES: INGUAB 17 P T
eeeee 2. SHELD PLUG SUBASSDMELY GTEN S) AND OP TUBL (TTEN 8) ART FELD INSTALLEO. o RSO, VECHL CLOSURE 1>
y D= pompes mnsen s s g o e
HE SHELL. HE WELD SHALL MINSMT,
f A TO KDY INTERTEHE Wik TNE TRINSHER CAGE. SRHOMG. 2030 | TocmeLy. ECHONCAL CLOSURE ]s}”
7 15 70 BE AVDIOLO WHEN POSSIELE AND MNIMIZED WNERE (5% U
REQUIRED V[ -040 | sueasstuaLy, goriow eLaTL 114
4, WELOMG AND NOE SHALL SE N ACCORDAKE WITH
ASUE B & PV CODE, 1995 COMION, SECTION f, OMISION 1, AR 00 |SUBASSENBLY, SHELO PLUS 2]
SUBSLCTION N8 FOR CLASS 1 COMPONEMTS, ]
SPECIICATION:  WHC-S-0453 =
v MARK I ASSY =010 (ITEM 1) CAN MAVE A TOTAL OF 5
— - MARK IV BASKET ASSEMBUES {RTEM 10) QR 3 MEM 10 BASKET 1111 |Sk~2-300462-001 | Cs# Tuse 8 p—
— - SRNEHES N e L BRSKET ASSCURES AR 1 |1 [ ] 5%-2-300398-001 | sHELL 9
GIZLZZZZ7 77 /) . T By T 1 — -
L . BEFiou O Tt WiLBeD CLosunt ASsEsBn O AR 5% 2- 00375070 | v v ST memiCK Skt eS| - 0
4 [TE vadk 14 assy ~020 (mem 2) can wavr A TOTAL OF 6 AR|[SH=1-80208-010 | UARK 1A SNF STORAGE BASKET ASSY 1
Vi MARK 1A BASKET ASSEMBLIES (NEM 11) OR 4 MEM 11 BASKET
/ SRR TR I e 00 o | ol s st i e z
s nre M — D220, Y e B BLACED AT ST ASSTMBLIES ARE 3R} SK-1-60209-010 | SCRAP MARK IV SNF BASKET ASSEMBLY 3
. BOTFOM OF THC WELOEQ CLOSURE ASSEWBLY. AR|  [SK=1-80210-010 [SCRAR MARK Ik SNF GASKET ASSEMBLY Ml
[ wemuror@seur ApEsve TIPS, GTF NULEAR GRADE, 005 TK, 1 SK=2-300402~070 | ATERHAL FILTER, PARTAL HANIFOLO 15
MAIUFACTURED BY EGC ENTERPRISES INCORP.. SHALL B¢ USED FOR
INSTALLATION OF AL THREADED FITTINGS {TELIS 36 & 37). 2 SK=2-300407- 010 | ASSEMBLY., 5 1/7 TP 18
VIEW A 5% 60 [Eoo> seAL FETANNG SCREWS SUPPLICO WITH SEAL (TEw 440}, ' SK-2-300407-020 | ASSEMELY, £ CAP i
Rr Ty a— //'_ _Vv JELO 4o INSPLCT PLR SECTON 11, ON. 1. OF THE ASWE BONER WiD ! SK-2-300407-030 | ASSEBLY. S AP il
il BOTTOM PLATE SUBASSEMBLY FhLSSUTE MESSEL COOE ONEL 08 THREADED PLUC 10 TAGLTATE WELO. 1 SK=2-300378-001 | SHILL SOTIOM MACHINED FORGNG 19
4 MATERIAL SHALL BE WELDABLE STANLESS STEEL, WHICH IS 1 SK=2-300383-001 | tiP TUBE GUIDE GONE 2
— COMPATIBLE WITR THE BASE WATERWL, ASVE SA-182. TYRE 304L.
sou: 1/6 {8 WELDS MUST B COMPLETED N THE FOLLOWING OROER, s SK2730038) 7001 | BASKEY SURROAT ANTE 2
1Y GASKET STABUZER (MEW 26) WELOED 10 SHELD PLUG (iEM 2! 20300405~
»M BARTAL VAOLD (TS 165 WELGER 10 SHELD. PLOR (T 259 2 SHo2- 300405001 |LOKNO & LA ANO z
3) ANGLE (MEW 27) AND ENO PLATES (TEM 28) WELDEO TO 7 SK=2-300405-002 | CANSTCR COVER 23
PARTIAL MANIFOLD (1TEM 15) AND SHIELD SLUG (€M 25)
” o THIS WELO IS SHOWN FOR ILLUSTRATION OMLY
CANSTER COVIR (1TEM 23) Loaeies WELDED 70 MCO LNTL 45TER ) SK=2-300406-003 | CANSTER COLLAR n
HOT CONDATIONING OF FUEL.
o (AR v 10.69) (MARK 1A 9.94) FOR CONTINUATION SEL SHEET 2 ZONE F4 TR SEC SHEEF 2 20NE £Z o
{16348 2.
(14819 2.92)
RK IV GASKETS 137.50 *.22) (MARK 1A BASKETS 13825 £.25)
2=
P
] - h fotrn
T )
3 \ ¢
°
110
"
10) MEM ¢ fuakc ) asSY owLY, orY 5 A possate [l (2 S T & e ey (2 ()
o .
-] 13} MEM T ASSY (MARK M) OMLY, OFY 2 EA POSSBLE ”V ROOT AND [T
#T (7 LEELS)\ COVER t
COMER 11} fTEM 2 (WARK 1A) ASSY ONLY, OTY 8 [A. POSSIBLE [
FINAL
INSSECT FiNAL PASS 14} TIEM 2 (ARK 1A) ASSY ONLY, OTY 2 EA. POSSIBLE sceview A 3 '
PER WHC-§-0453 o
12) MEM 3 (SPR) ASSY ONLY, OTY 10 EA. 1
) MECHANICAL CLOSURE ‘ASSEMBLY 4
8 SCALE: 1/8 o
MARK IV BASKCIS SHawn B
MECHANICAL CLOSURE ASSEMBLY
(2 M TYP SPACING)
_ AR 1% ASKETS ShaLe [ |
PPV PROTOTYPE FARRCATIGN
MECHANICAL CLOSURE ASSEMBLY § )
SR R ® APPROVED FOR TESTING.
PR BASKETS SMILAR NOT APPROVED FOR PLANT SERVKCE.
s==z=z==zzd |~ BA WSINGER] .S, OEPANIMENT OF ENERGY
_I.Im [——_ L1 RoaisoH 9/18/9%| 00{ 1w Office, Mehkond
* STRAINER 175~ e TWTIESTTY T A
£ | [ 1] | | | || | o] VECHANICAL CLOSURE
zoﬁw&”.w “hﬂ 1S A VENOOR SUPPUIEO ] § E_sunit ASSEMBLY
] |52 500208 | wmoHes s vy ERESTBN. | = i sl lmEE=E=
T AT 4 40008 ST S T BBE
INFORMATION DMLY, 1 LTS
T %, Frons
o vsto o ERID_ITEM [Siomy - ¥sGeweTA____ |cavcoor WH35 307 12 035,
EEerc b 7 s s
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a 7 - — 8 5 « ‘4 3 N 2 _ 1
_ {CONTINUED. FROM SWEET 1 ZONZ 04} PARTS /MATERIAL LIST _(CONVINVED FROM SHEET 1 ZONE 03)
(27 4rree PROTOTPE FAGRICATION OF THIS MCO, MARK v FUEL e /0K ACLAT 1P WITRR / RECE o
ASKET CE80N WAS SSABLD. QEFERTO. oG ima o1t ogwikoupeion] P/ MAKR NOUENCIATLRE / DLSCRIPTION AL i B
NEW BASKET DESKN OELETES CENIERING SPACER (SK—2-300343), 1 $K=2-300404-001 | SHELD pLUC 25
AD CRAPELE (=2-306377) HAS BIEW REDESIGNLOD PER
DRAMNG SK-1-80215, 1 SK—2-300403~001 | BASKET SIABILIZER EXTINSION 26
[T suoom enos or e eaw screw (e, Enaate cum and sase foces) 1 SX-2-300%99-001 | AGLE 3 ¥ 2 ¥ 174 04 S5V, AT K276 7
N
I 10 AV0ID GOUGNG THE LOCKING RING WHEN ASSEMBUNG, F3 'SK~2-300393-002 | END FLNTE 175 THOK 3041 SST, ASTM AZ4O i
T TAKE SPECUL CARE TO ENSURE THAT THREADS OM LOCKING BNG AND COLUR
ARE. SCRUEULOUALY CUEMN NG FREE OF BURRsy Corn BT et s 2R | SK-2-300377 SHF_RERACK BASHET GRAPPLE ADAFTER 2
NEGLUBE (GRAPHITE /ALCOMOL) BEFORE ASSEMELY. )
WHEN THREADING LOCKING RING INTO COLLAR. USE A LOAD CELL ON MOSTING
OEVCE, THIS WILL ASSIST 4 KEEPNG WEKHT OFF OF THREADS. 3
W LOCKING RING THREADS MUST BE HARDENED TO AVOID GALLING WITH THE COLLAR ] STRANER, 483 WRE 440 J63 VDTICAL 00 | JORNSON SCREENS. [ 1 | 32
THREADS. W/2.0 MM SLOTS NG, 304L SST
] ? GRAFOIL RING GASKET, 5.25 0D X ucar B
451D ¥ 125 THICK CARBON COWPANY BC.
1 crASQIL RING GASKET, ueaR b
475 00 X 4.00 1D X 125 ik | CARBON COMPAW B,
1 GRAFOIL RNG GASKET, ucaR 33
375 00 X 3.00 10 ¥ 125 THICK | CARBON COUPANY INC.
[ TOW FLOW FEFA FILTER. & 75 NUQLEAR FILTER )
UQLEL NUCFL 053 DRUM VENTING | TECMNOLOGY, INC.
t FILTER ASSEMBLY 304t SANESS sTEey 3
1 UODEL NO. RUPTURE OISK, 61.00 SPECIAL orse 7
0138=042 ‘WELCEQ, SCORED, REVERSL ACTNG
CSK ASSEMGLY ASuE SA-192 o
SA-312, TPE 3161
WALTHER PRAZISION,
! ra=032-0- QUICK DISCONNECT COUPLING, | CARL KLRT WALTHER 4
¥xaoy @32, GMBH 2 €O, KG.
Y03-R1 304L STAMESS STEEL
THER FRAZISION.
— ! YroH-032-0- QUICK ISCOMECT COUPLORS, | AR S Waaath »p—
X002 32U, GMBH & €O, KG
VO5-R1 304 STANLESS STEEL
v 1 H- 304388 AL HELICOFLEX 40
T~ TACE TYPC_NIEWDL PRESSURE,
2 614U51-0041-2 [ CLASS 3 OURTY GUADE. SLVIR-CONTED NeoHEL “
STAL 00 2.802° +.000", ~.008"
SCAL FRIE HOGHT: 1/87 [CAC PRISSURL SOEMCES
8 SCREW, SOC KO CAP, csn 42
: 1"-8NC-24 X T LG ASTH AB72 o
SECTION 8-8
> SALE: 172 [+
ROIATED 41 CCW
36
¢ 14 <
21 °
N
i3
i3
.
Ol . ,
il : Tk g
N &
TR v \ﬂ DN seA. i 3
SR WO - [ \ - > 4
[ v - ¥
Z
. s FOR GENERAL NOTES AND
PARTS LIST SEE SH 1.
g e
[>ar SECTION C-C
. 7 st wewo > SALE: 172 :
4 ROTATED 131 CCW L
SEA WELD APPROVLD TR PROTOTYFE FABICATICH.
15— 78
» * APPROVED FOR TESTING. .
0 D seers NOT APPROVED FOR PLANT SERVKE.
/8 seu velo -u U.S. DEPARTUENT OF ENERGY
0DE i Ofoe, Fenond
+ e MDA pron .
\ _ _ _ _ _ MECHANICAL CLOSURE
) _ _ ASSEMBLY
— = hEEEE ..
RU_MARCY L - e | e rroms WA i TR T ~
e oz i A e P [ gk—2-300461[0
ORAWMNG TRACLABILTY LIST WCX! USEO ON CAOFRL X30045610 CADCOOE WSS ACD2 12 055 \wur 1/2
BT —"— - _ 5 5 4 3
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1

eu PLACES

\ - SHIELD PLUG (NN 25), PARTAL MANIFOLD {ITEM 15}

@)

s >

VIEW D=D s 2

SCMLE, 1/2 T
|
.
b
FOR GENERAL NOTES AND
PARTS LIST SEE SH 1.
| |
APPROVED FOR PROTOTYPE FABRICATICH,
APPROVED FOR TESTING.
HOT_APPROVED FOR PLANT SERVICE.
T EA VESSNGER| U.S. DEPARTMENT OF ENERCY
[~ LJ ROGNCOM 9/18/96] 001 Firld Office, Richiond
77 gl NIELSEN 9/18/%) a
| et 850 MECHANICAL CLOSURE
T _ _ _ _ _ _1_ _ KE_ SR ASSEMBLY
R — 1 —  laElEEEEEE
M9 WO e REFERINCES =" ROVTONS had d
ORAWING TRACEABILITY U431 NEXT USED ON [CADFRL H300461C [CADCOOC  WINGS ACO2 12 055 PARSONS ENG. INC.| g0
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1]

. . . s { . ; -~ : | : N
: . PARTS/MATERIAL_LIST _
IOk _pum/oues moueeo | mowbicunes/ocsonsnon AT AT [
-010 AsSEMELY K
2
3 r
B
1 ~601 LOCKING & LFTNG RING 5% 215
° 1 ooz CANISTER COVER wib e |36
§ v 1 ~003 CANISTER COLLAR sdpeson 4|7 ]
‘8
) i \\ o 9
&
5716 (3/8), \ R “ 10
“ 1| FZI00 | seioms mus 1
16 oy I
- 13
1
7
1| w-30ie8 sesL HEUCORLEX 15
SCREW. 50C HD_CF, i o
8 YoBNG-24 Y T 10 ASTM AS74
SEE VIEW-A
o
CANISTER {SUPPLICO
Y OTHERS)
e
GENERAL NOTES: (UNLESS OTHERWSE SPECIFIED)
1. CIMENSIONING AND TOLERANCING PER ANSI Y14.5:-82,
CIMENSIONS ARE IN INCHES,
ASSEMBLY 2. TOLERANCES:  OEOMAL: ¥m £.03 XK = .005
SCALE: 1/2 IRACTIONS: ¢ 1/18 <
aouLR; 4 1
3 AL MACHNED SURFACES SHALL BE 3 OR BETTER N ACCORDANCE
WITH ANS) 846,17,
4. BREAC ALL SHARP [0GES & REMOVE ALL BURRS,
5. MACHINED FILLEY RADY SHALL @1 03 MAY,
0. SEAL RETAWING SCREWS SUPPLIED WITH SEAL (WeM §12). o]
|
'
1
M
"
&
)
|
.S, DEPARTMENT OF ENERGY
DOC Fiyld Oifice, Fichiond
Vaslinghause Horferd Compony N
| _ _ _ _ _ _ _ - MULTI CANISTER OVERPACK
t = ind ASSEMBLY & PARTS LIST
— T | — JalaREEE === =
TR, T FFEOINCES = (R R l 212-0| 2450 | SK-2-300406 | O
ORAWEIG TRACTARLITY UST e Usto on EWD_EM et ¥300i06A [cibeoet TS AVS T id PR IIe T S I P B
BT —— 7 s s A 3 2
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924,00

18.25

18.75

°15.88

R.94 8 PLCS

1°~BUNC-28, CAORE ¢ 156
¥ 1.5 DEER, & PICS €O 5P ON
2175 ac

LOCKING & LIFTING RING

5

SCME: 1/2

245 - 259-0,5 BUTT-24
{2 SURT) ANSI B19.9 (1973}

FOR GENERAL NOTES & PARTS LIST SEE SH-1

PROTOTYPE

Fa- To)

5~2-300408

1.5, QEPARIMENT OF ENERGY
00F Fieid Offfca, Fichbrd
Westiaghouse Honiérd Comoony.

MULTI CANISTER OVERPACK
LOCKING & LIFTING RING DETAIL
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925.25 -
2038
13
#1925 .
918,73 ) \/_q )
,. hn 125% 015
) 1
3 .00 r 136 RO93 015 —
%, - u.mu (24.49) ] [ 0B0E 015
T4
)AA ~ 550
\/ \ 2| Jau °

02425 VIEW-B
o249 "
SEE VIEW-8
CANISTER COVER
SOALE: 172
¢
(o
:
FOR GENERAL NOTES & PARTS LIST SEE SH-1 =
8
:
E
| |

PROTOTYPE

U.S, DEPARTMENT OF ENERGY
00¢ Felg Office, Bichiord
Veainghouse Harfird Comaony.

MULTI CANISTER OVERPACK
CANISTER COVER DETAIL

||| =
z — _lal=[=EE Fl212-u] 2450 | sk~2-300406 [ 0
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I 3 5 { P 3 2 ] ' T
v
0602 .015
ROI: 015
1. 025 w
.50 9 v 15
: € VIEW-¢ 3
924,04
24,5 - 250 -~ 0.5 GUTT 28 N I;
{2 START) ANS! 819.9 (1973) { H
> .
Y
A4 ‘ L—
394
ﬁ VIEW-C
8.3
731 .04
894
WIN THREAD RELIEF o
.
SEL MEW-D
©23.00 |l
I 02400 —
<
CANISTER COLLAR
SCALE: 1/2
VIEW-D 1]
\
FOR GENERAL NOTES & PARTS LIST SEE SH-—1 N
g
:
)
¥
U e ey o
Veinghouse Kanfgeg Compomy R
1 _ _ _ _ _ _ _ _ [ CML__1 MULTI CANISTER OVERPACK
! - _ CANISTER COLLAR DETAIL
T = - A ] o el e =
T o = R A T S F[ 2v2-n] 2450 | Sk-2-300406 5
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PARTS /MATERIAL LIST _
PAR/USH HAIBR | NOUENCLATURE / OESCRIPION | WATERM / RIFIRINE [ s

-001 | sHcLo PLuG ot Tl T wien

53

s908 29 v027 L4

GENERAL MNOTES: (uuiess omemns soreoy

VUENSIONING AND TOLERANCING PER ANSI Y14.594- 1987,
ONENSQHS ARE 1N INCHES,

TOLERANCES: DECWALS: Y = 2.8 XX = 2,03, WX = £.015 —
ANGUUR: % 1727

3. AL HAGHNED mRE.M_Qo» BETIER IN ACCORONNCE
WITH JNSI 46,1,

6 X §4-40 UNC-28 ¥.25 4 BREAK AL SHARP EDGES & RIMOVE ALL QURRS,
EQ P OM 23.693 .00% &C.
[S counttasine AS REQURED £0R 125 bk WELD PReP, ¢

v_oc:_l PLR HS-B5-0015, TYPE 5 (ELECTROCHEMICAL EICH), Witk
ORAWING NUMBER AND ORAMING REASION NUMBER. N APPROXINATE
LOCATION SHOWN, USING .12 MINAUM HKH CHARACTERS.
[T ioewiry pin Hs—8s-0015, TWPE 5 (ELECIROGHEMICAL £1CH),
AS SHOWN, USNG .12 WININUM HICH CHARACTERS.

vzsn CESTH SPEAINED IS TO POINT OF ORILL BIF
vno.. PRODUCTION VERSION, INCREASE IS 10 4,285
{17/64),"3.005, =.007 .
SECTION D~D [T rom_PRoDLCTION VIRSION. INCREASE TS 10 92530

ROTATED 90" €W +.005, -.001
SCALE: fulL

«5482 283 3016

) |
ET 2
s _4|...~$ el 4250

423.950

15780
VIEW C
2 ooms .

SHEET 3 _ /\\ ..... ~..

=7 ==\
== |

—

NN
A\
g

12,000

/ e_oon.ooq«qm'
45452803 y 1172 W - \u_v.os (==
> [ f A Jo %

1 ﬂ _ TEFRINED FOR PROTOTVPE FAGRICATON,
5000 T T e’ APPROVED FOR TESTING.
ﬁ \_ e ﬁ NOT APPROVED FOR PLANT SERMIE.

62 88 v3ar[E>

SK=2-300404

A

LI #4280 §.50
IS s1.0027 7330
-.003 U.S. DEPARTMENT QF ENERGY
s o [=> Wi ey, .
MCO PROTOTYPE

022900 |

_ & H. 1m0:b*.._z__mo_.w_. vm._coowcxm
. ST J00406.__| ALY CHRE OO KK BORT X ATE U\ n_ == —!. === SHi
I LT - S \ il it R v i 1 T | 1 K- 4
- e e AQVRE, o TFRI ad 1 .M_ _gn 300 .oa._«o |
T ; T . T _ s T Bl =0 T, 1]
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9100493} 71408

SECTION _A—A suer 1

HEPA FILTER PORT

SECTION B—B suer ¢

ROTATED 1317 COW

SCALE: FULL

RUPTURE DISK PORT

R .

. 3 2 | 1
r
=13 -~
f—————————{4.520) | —
o 93,000 ———+ -
1-6 UN-28 V x 56 UN-28
¥ \ f
+.020 | _ +.020
_.asl.os { x 1000 005 3
|* ! 1 THREAD REVIEF
OFTIONAL THREAD REUEF AS REQURED .16 | oo 7 25 SEouiREd .16
i
3/4-18 z.uwl\
o
[ 1~ apv

T AR, e

RCrEPTNGES =

oA [eaornE

= > a
<
3.0c0
|
FOR GENERAL NOTES AND 3
PARTS LIST SEE SHEET 1. 8
TFPRVED FOR FROTOTTPL FAARCATON, |
APPROVED FOR TESTING.
NI APPROVED FOR PLANT SERVCE,
S I
=y e e g S,
e Rt WCO PROTQTYPE A
L MECHANICAL CLOSURE
e Rt SHIELD_PLUG
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1]

1]

5 1/2 -6 LN-28

45615

(95320}

409

(94.285)

_ ¥
T
i | d 1.000 2420
Y ; { |
OFTIONAL THREAD RELIEF AS REQUIRED ._aL [ { ] AR
4.3/8 =12 W-28 " a5 X\ f
2750 2§78
# 3.661 2938
U
¥ | _ \A&
K] ) 630 $:990
1100 3.002 | 2920
R.020 £.005 _ | 005 2448
_ 0250% 908
;L%lﬁ

B>

-1
VIEW C

SCALL: FULL

t="02,520%:003 —

2,812+ 0% — o

fr— 1,693 X 002

SHEELT 1

2 PORIS FOR WALTHER OUICK OISCONNECT
DIP_TUBE PORT
SHORT DRAW TUSE PORT

5-0000- G705/}

FOR GENERAL NOTES AND
PARTS LIST SEE SHEET 1.

APPROVED FOR PROTORYPE FABRICATION,
APPROVED FOR TESTING,
NOT APPROVED FOR PLANT SERVCE.

U.S. OEPARTMENT OF ENERGY
OOF Fing ONice, Bctiond
Vasinghoirve Horiors Compory.

o |
d

s -

SK=2-300404

MCO PROTOTYPE
MECHANICAL CLOSURE
SHIELD PLUG
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SEE NOTE §

+.652.303
[ER L he
v .66
LI Y L)
a\Y

- 4005
s a3t 302
3 68

1/2-13 UNC-28
¥.53

1/2-13 UNC-28
v.63

3

HEPA FILTER FLANGE

SCALE: 1/1

(b
N

[OT.5)
e

{s5788}
1/2-13 UNC-26 /
L d
y VIEW A

@ _u__u._.cmmwxom._.OE)S.—CEmﬂgZOm
PYCRY

5018
250000

2% RO3Y

\3442.,008

d\ldl 2% 274 _/.WN #

i

I D ’ &) S VIEW A
_ _l‘ll?ragl|/ﬂ_vxsﬁ/ Tsoue 21

E.aﬁ.w
)

RUPTURE DISK FLANGE

PARTS/MATERIAL LIST

Ty MOUCHLATUAL /¢ SSTPTION.

WL /RERROCE | TEY

-001 ©iP TUBE/SHOAT DRAW TUBE a0iv 300 SERES SST| 1 [ 1
FANGE, PLOE

002 RUPTURE OISX FLANGE, PLNE ANy 300 SERES SST] 1 | 2

=003 HEPA FILTER FLANGE. PLATE ANY 300 SERIES SST| 9 | 3

GENERAL NOTES: (uuess orwerust sProrio)
1. ALL DIMENSKONS ARE IN INCHES
2. DIMENSIONING AND TOLERANCING PER ANSI Y14.3M-1982.

3, TOLERANCES: QECIMAL

X - .03
XXX - £,005
ANGULIR £ 1

4. REMOVE ALL BURRS AND BREAK ALL SHARP EOGES.

5. ALL MACHINED SURFACES SHALL BE

25

WITH ANSI B46.3,

6, MRK TEM WITH ORANNG NUMBER, PART NUMBER AND LATEST REVISON
NUMBER IN APPROYIMATE AREA SHOWN, MBRA-ETCH. STAMR. OR {LECIRO-
CHEWCAL ETCH ARE ALL ACCEPTABLE MARKING MEANS.

OR BETTER IN ACCOROANCE

APPROVED F0R PROTOTYPE FARRICATION,

APPROVED FOR TESTING.

NOT APPROVED FOR PLANT SERMCE.

T -2 ]e]

SH=-2-300388

UNET] WE

SCALE: 1/1

Lt ROBINSORY. fj- LS, OEPARTMENT OF ENERGY

MCO PROTOTYPE

LDED CLOSURE
FLANGES

| |
T xu_ J— ..4a_wa..|.h

_ 7

BEESS

0556
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j 8 ~ i s « ‘ 3 2 | f |_|_
_ PARTS/MATERIAL LIST _
T2 T ot/ aeco WA RLATRE /OCSCPETN IO TR [tet] T
“oto ASSEVBLY 1
GENERAL NOTES: (umsss onewse speciigo) 2
1 AL OMENSIONS ARE IN (NCHES, DIMENSIONING AND TOLERANCNG PER ANS! Y14.5u- 1982 3
F TOLERANCES: 4 F
. e . s
Crowaist w03 e 003 1 ~001 GO0V, BAR, o4 ¥ 595 LONG ANV 300 SERES SST 5
2. REMOWD ALL GURRS. BREAK SWARR EOGES. N
3. ALL MACHINED SURFACES SHALL 8L 123/ PER ANSI B45.1.  ALL MACHNED RADI 8
] SHALL 8E 030 X, P \DP1a-S FIN, DOWEL, 86MM X 243 LONG. FIC CESGN N
V IDENTIFY WITH THE DRAWING NUMBER, PART NUMBER, ANO LATEST REV IN THE AROENLO 70 36-42 ROCKWELL C TYPE 416 SST —
AREA INDICKTED WITH 1/8 HIOH CRARACTERS PER HS-85-0015, TYPE 2,
3 t
™30
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A H v ASSEMBLY -
|
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8
£
. 4
X
APPROVED FOR PROTOTYPE FABRCATION
APPROVED FOR TESTING
NOT APPROVED FOR PLANT SERMICE
E UeS. DEPARTHENT OF ENERGY
o DOE Fivk) Qifice, Pchiond
A oo MO B TRE R
| | L] ] (e SHIELD PLUG
T - o o PROCESS PORT. ADAPTER
=t N = EEEEE
FETCRRES, = [
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s vIEW A

e 8/1

A.n.v moo,x.

mu ASSEMBLY

Tt

2 1
PARTS/MATERIAL LIST
S0y s aaetn | - =R
oo ASSEMELY 1
2
s
4 12
1 ~001 BODY, BAR, 62 X 4.00 LOVG ANY 300 SEMIES SST 5
N —002 CASKET, SHECT, 16 CA (065 TWK), | COAPER ALLOY 110 .
HOT ROLLED, {S0fT) ASTM 8 152
GENERAL NOTES: usss omerwse seecreo) . ¢
N ML DIMENSIONS. ARE N SNCHES. OIMCNSIONING AND TOLERANCING PER ANSL Y1d,3M- 1982,
TOLERANCES:
OLCHALS:  ¥m 4,03 JXe 3.003
ANGLES: E2
2 REMOVE ALL BURRS. BREAX SHARP £0GLS
3 ALL MACHINED SURFACES SHALL BE 133/ PLR ANSI 848.1.  ALL MACKINEO RADN
SHALL BE 030 MAX, —
[ mtumry ik THe oRaWING NUMBER, PART NUNEER, ANO LATEST BTV It THE
ARCA INOICATED WITH 1/8 HIGH CHARACTERS PER HS-ES-0015, TVRE 2,
°
e
¢
o
|
'
4
L
E:
APPROVED FOR PROTOTYPE FABRICATION
APPROVED FOR TESTING
NOT_APPROVED FOR PLANT SERVKE
— &) _PaLovel U.S. OEPARIMENT OF ENERGY
= 00¢ Fivg Otfce, Sonong
d MECHROROTRTeRE R
LT e SHIELD PLUG
T s PROCESS ADAPTER PLUG
=l=]
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) 8 4 - 5 s « 4 _ 3 - _ 2 _ 1
PARTS /MATERIAL LIST .
_ GENERAL NOTES:  ¢umess ommimwise SPECIFIED) EEe] wot/uel NABR | NOMENCLATLRE / DISCRIPTION | WATRA /RITERINE |sen] 18 _
1. ALL OIMENSIONS ARE IN INCHES AND OEGREES, 001 | vCo PROTOTYRE SHEWL FOR WEoweeaY SPE. 20 NoWNAL 0]
2. REMOVE ALL BURRS AND BREAX ALL SHARP EOGES. > poppagiiotin oL 85, tfe
3. DIMENSIONING AND TOLERAGING PER ANS Y145M ~1982, 3040 55,
TOLERRKES: XX = % 03
XX = 3 005 B I3
v 4, ALL UNSPECIRED MACHIED SURFACES SHAL BE '/OR BETIER,
5. ALL DIMENSKONS ARE APPLICABLE A7 88" F AND ALL TOLERANCING APPLIES
KER WELDING AND FINAL MACHINING,
[ e iy Bc £0HER SEAMLESS 45 NOIATEO N PARTS LIST OR FABRICAED
FROW PLATE 75,40 W X 146,67 L ¥ 50 THK, ASTM A240, TVPE XiL
VATH ONE LONGITUOINAL WELD,
v ¥ LONGTLOWAL WELD IS USED, 1 SWACLL BE MADE ACCORONG
TO LONIUDINAL SERM WELD DETAL SHOWN IN SECTION A=A | —
—] EQUVALENT FLLL PENETRATION DETAIL WAY 8€ SLOMIIED FOR APPROVAL
AL EXTERIOR SURFACES SHALL BE GROUND FLUSH WITH FINISH AS NOTED,
WELD MAY NOT FROTRUDE INSIOE SHELL. MINIMUM WALL THCKNESS SHALL
NGT BE VIOLATED.
[B>- 1 LONGTUDINAL WELD 1S USED, THE WELD SHALL BE RADIOGRAPHIALLY
EXAINED (X~RAYED).
Vsmz.j PER HS-85-0015. TV 5 {ELECTROCHEMICAL ETCH), WIH
ORAWING NUMBER, PART NUMBER AND ORAWING REVISION MUMBER,
HEAR BOTTOM END OF SHELL I CLEAR OF WELD AREA, 3
3 USING 5 MINWUM HIGH CHARACTERS.
VIEW C—\ VIEW B
1727 NOM, WALL A
PER ASTM K O
’ L’
o
2 &
25 NOM, ID W e e e B e Y ———————— —
PER ASTM TOLERANCES 3y = 0
o bl Q
= E
o
o
A
] ].b' B NI o
¢
¢
L( 148.87
MR ESESEN}
B
'
A
0 & o}
. /
SECTION A-A LONGITUDINAL SEAM WELD 2
(ROATCO 90 CW) m
souE 2/t b
[ APPROVED FOR PROTOTYPE FABRICATION, 3
NS [ APPROVED FOR TESTING. _s
— 3 [ NOT APPROVED FOR PLANT SERVCE. L L
045 2,015
VENDOR INFORMATION
W
E <_m w U.S. DEPARTMENT QF ENERGY
SOLE: 41 SOAE: 471 o 818 O, s X
MCO PROTOTYPE SHELL
Fi HANICAL
[5K =2~ 3004 06] WIY EHETP GL@I0 BT & W 5 _ _ _ _ _ _ _ OPWMCWMOPMwmmmC«
JSK=2-3003 78 SHEIL_BOTEOH WICHIRED FORGIHG I\~ H_ = — 1
. = —{r[ 7 B K-2-300398[0) |
fad I L) 513856 71
PR 7 i 2 =B = DS 1
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VIEW_ A

SCRLTY 271

30 ae

R 11,000 %.015

[
M\Sz& 3036 92400 3.03

2% uba‘\_u
R.500 £.410
N

VIEW >|\V/ ~

PROTOTYPE SHELL BOTTOM

L JWHG-5- 0453 MT-QHTY MK PIOROIN _
[$K-3-300379|MCO_PROTOYYPE SHELL fH~2-826303[WT- CRNSIER OVCRPAOC ASSINEY I\~ n_
SK= 2~ 30030 [ W0 FROIOWE BISAT SFPORT AAE | Res Mawka | e

GENERAL NOTES: amess omemase seecreo

1. OMENDIONNG ANO JOLERANCING PER ANSI Y14,58-1982,
ONENSIONS ARE M INCHLS.

2. TOLERNCES ARE SPEQITED,

3 AL weHED surraces S0 eETIER W accoRouNCE
WITH ANS) B4B 1.

4, SREAK ALL SHSP EOGLS & RENOVE ALL BLRRS,
DENTIFY PER HS-BS~0015 TYRE § (ELECIROCKEUCK, £TCH) WTik

ORAVNG NLMBLR, PART NUNBER AND DRAWNG RESION NLMBER 1Y
LOCATON NOICATED USING .5 MMNUM HGH CHARACIERS.

[+ v fol

$%-2-300378

[~ &% VESINGERR /TRTag u.s. DEPATIMENT 9, ENERGY
Wentinghouss Harlord Compory

MCO PROTOTYPE
| || T SHELL BOTTOM

oy MACHINED FORGING
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FARTS /MATERWAL UST _
EUA P —— HOMENCLATLRS /00 SORETON wpm pevenc | [sac] e
-010 WELDED ASSEMBLY [
\ 2
L J Ny :
oy e e e e = o — ey /A\ R
_ _ _ 1 | ~00 WIGLE 3 1 7 x 174 HICK 3041 557, ASTM 4276 | & |
7 ANGLE 7 ¥ 1 172 ¥ 174 THCK |304L 55T, ASTH A278 s
n PAL FATER G165 0
3 8
s
375 2 o
16687 2 0 5
2750 + 0% 2
b 3625 = 090 —] -
1487 2 030 ~o] L as% 125 2 0%
: H
-~ -— - -4 i
//\/ 100 2 30 h _”_
4x 91188 + 005 L
ANGLE GENERAL_NOTES: NLESS OTHERWISE SPECITIED
1. DWENSONNG AND TOLERANCING PER ANS! Y14.50- 1962.
ML GIMENSONS AFE IN NCHES
TOLERANCES: ANGLES: 3
125,
2. AL WCHINED SURTACES \/ N ACCORDUKE WITH ANSI B¢8.1 o
{LAIEST REVISION)
3 BREAK AL SURP EOGES. REMOVE AL BURRS.
1687 = .0%0
750 & 0

po——15.625 1 030 —i

4P v‘lﬂ. REF i
1/8 | [=—1687 = 030
_Ilsbe
L
_ :[

— _ll ax N._ww 2 03 ¢
t REF
1 i ]
€1900 3 — 7 \\\\@

=T

;

o

= — g

\ lad 430 o

0 S 8

REF W._
ol S S - e —

VENDOR INFORMATION
BOTTOM VIEW

US. QEPATIMENT OF ENERGY
Wrlinghouse Har'ord Compony

MCQ INTERNAL FILTER
PARTIAL MANIFOLD

WELDED ASSEMBLY

m_a_—ﬂr_ml.ﬂ?wxuooém_m
=77 J-_sis [— 1T =T

T

|
=0 ' ||_
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ﬁlll a ’ 7 - 6 5 * 4 3 : 2 _ 3 |ll._
_ ) GENERAL NOTES:  (waess amerwst seckioy _

1, OMENSOMNG AD TOLERANCING PER ANSI Y1454~ 1982,
OWENSIONS ARC IN NCHES,

2. OLCOMNES. DIQHALS: XY = £03, 40X = 3015
ANGULR; 3 T, F
3 au Mo suraces 'S/ or aerie m accomounce
WK ANSI 8461,
4 GRENC ALL SARP E0GTS & REMOVE AL BURRS,

v_omz__? PER H5-85-0013, TYPE 5 ([LECTROCHEMKCAL ETCH), WITH
ORAWNG NUMEZR ANO ORAWING REVISON NUMEER, IN APPRONDATE —
LOCATION SHOWN, USING .12 MNMUM HCH CRARACTERS,

6. ALL UNSPECEIED MACHNE T00L RAOI SHRLL BE .03 LAYAILM,

1

10.08

BASKET SUPPORT PLATE
1/7 AR, ASME SA-240, TYPE 3041
SCALE: FULL

T -2 5]

:
4
_
_y

USRI ve g o oo

== 5

= W et \

TS B e [ MCO PROTOTYPE

N2 876303 MAT-CMISTER ORPMX ASSVELY.
SK=2-300383 [0 PROIGOE D6 TUOY CUOE COIE.
[SK=2-300378[ SYELL_S0TOU MICHMED FORGING
LITT) e

RIFEPANGES.
o u3o ow ENO_ITEM

L] s BASKET SUPPORT

34-0006- 075/ ~

a 7 . 8 5
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SEE HOTE &

14538

AU OIP_TUuBE

PARTS/MATERIAL LIST

AN WAL MOUICUATIAS ESIOH uoome /ot [seaty TV
OF TWGL. PIPE, 1/2 4510 4312, 00 0 K
oot SCHEO 20 SULS 304 557

GENERAL NOTES: (uniess omerise SPECFIED)

1. ALL DIMENSIONS ARE N INCHES.
2. OMENSIONING AND TOLERANCING PER ANS! Y14,5M~$982,
3, TOLERANCES: DECIMAL
XX = .03
NGUUR 45
4. RIMOVE AL BURRS AND BREAK AL SR £0GES.
5. ALL MACHINED SURFACES SHALL BE V OR BETFER IN ACCONDANCE
WITH ANSL 846.1
6. MARK ITEM WITH ORAWING NUMGER, PART NUMBER AND LATEST REVISION
NUMBER IN APPROXIMATE ARCA SHOWN. VERA-ETCH, STAMP, QR £LECTRO-
CHEMIGAL EXCR ARE ALL ACCEPTARLE MARKING UEANS, R

ASPROVED FOR PROTOTYPE FABRICATION,
APPROVED FOR TESTING.
0T APPROVED FOR PLANT SERVKCE,

4 -v o]

- 2-300462

¥

— WCO MECHANICAL
| | e CLOSURE PROTOTYPE

OIP_TUBE

u
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_ 8 7 - _’ 8 5 « 4 3 ‘ 2 _ 1
GENERAL NOTES:  (umess omeawse seeareny
1, DMENSIONNG AN TOLERANGING PER SNS) Y14.5U- 1987,
DMENSONS ART IN INCHES
| 2 TORERINCES: DEGMALS: ¥ = .03, 34X = 2010 v
OUAT, 3 T
3. wacweo sueacts '8/ or sene w accoraance
WITH ANSI 846.1.
4. GREAK KL SHUP COGES & RCWIVE ALL BURRS
5. AL UNSPICIFED MACHINE TOOL RADE SHALL BE .03 MAYMUM, —
[ tocwury £k 13-85-0015, IYPE 5 (ELECTROCHEMCAL ETCH), WITH
ORAWING NUMBER ANO DRAWING REVISION NUMBLR, IN APPROXIMATE
370) LOCATION SHOWN, USING .09 MINIMOM HIGH CHARACTERS
1.
13 3
———— e} —— - —-— w060 287
o _ o
et =
— 815 —f
3 ¢
DIP_TUBE GUIBE CON
MATL: ASTM A-479 TYPE 304l
SCALE: 2/1
10|
'
3
e
3
4
!
3|
== B\ MESINOEATs /TATae U.S. QEPARTMENT OF ENERGY
e Venghorie ariged Gorooms R
x — ] | MCO PROTOTYPE
€07~ 300378 [SRELL BUTION WACHATD TORGHG _ _ _ _ _ _ _ A
T M R e R T . o DIP TUBE GUIDE CONE
= 2= 626303 | IMTF CMISIER (MAEAX ASSERELY ]\ u_ n...._m.._mm ===z
Rer s o ST =T = =
o o s A o Fl 2 [ 5 5K-2~3003830] |
RAWNO TRACEABLIY LSt %01 usto o FNO _TEM LY 0058 vl e g 2| 807585 | S W
B —— 2 s s 4 _ 3 2 =0 =0 1
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1]

1| ACVISCD PIA £CN 606261

GENERAL NOTES: quaess omerwse srecrieo)
1. ALL DMENSIONS ARE IN INCHES.

2. DMENSIONING AND TOLERANCING PER ANSI Y14,50-1982,
3. TOLERANCES: DECIMAL X = 31

ANGUUR 1%
4. REMOVE AL BURRS AND BREAK E..wu»zv £0CES.
5, AL MACMINED SURFACES SHALL BE V OR SETIER IN ACCORDANCE
WK ANSI 8483,

8, MATERWL SHALL BC ASTM A-450, TYPE 304U

[Foom v T ORAWING HUMBER AND LATEST REVISION MUMeER IN
3/32 INGR HICH CHARACTORS. VIBRA-ETCK, STAMP, OR ELECTRO=
CHEMICAL £7CH ARE ALL ACCESTABLE MARKING MEAWS.

8, THIS PART REPLACES WEM KO, 32 OM PARSONS ENGINEERING
ORAWING H-~2-326303, SHEET 9.

TFPAOVID FOR PROTORIPE FABRICATIN,
APPROVED FOR TESTING,
N APPROVED FOR PLANE SERVCE.

_

[

S~ 2300362

00C Flpkd Offfea, Richond
Wesinghovse Hawerd Compony

U.S. QEPARTMINT OF ENERGY

MCO PROTOTYPE

[lecagual 1 SNF RERACK BASKET

qua_m === [N I R BOTTOM_RING

7 |=0* =0 '
A10-61/62
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1]

1

e

ISOMETRIC VIEW

SCALE. NOHE

4X R.312. 2PL

2% RaZ

- tee— 2% 585
e 2¥ 343

_!nux .38, 201

__‘_L

$1.625¢.030 THRY
62375 X 90

THREAD RELIEF .25 !»xk

N
1
1
1
i |
1
a\
_
-
-
EURS
! m | ar
2% R BLIND ! ]
NOTE: RQUNO OFF f 1 1
BACK SKE. 2 P i !
| |
| i
+ t
1 t )
' 1 1.000
} [
1 T 1
1 t T
T : 1373
: q |
4-B =24

[WHIG 504 3| MCT-CANSTL? A SPKT SPCTONOn

[SK—2- 300384 | GRADSLE_MALL_PLUG.

[SK=2-300386|NCO PROTGIPE_SHELD PLUG.
SK= 2300376 SHELL_BOTIO WICHNED FORUING

TN s

GENERAL NOTES; quess omerwst sproreo)

1, ALL GMENSIONS ARE IN INCHES. °
2. IMENSIONING AND TOLERANCING PER ANSI Y14,50-1382,
3. TOLERANCES: OECMAL X = 4.1
X = 203
XXX = *.005
ANGULAR £1°
4. REMOVE ALL BURRS AND BREAK ALL SHARR EOCES.
5, AL WACHWED SURFACES SHALL B '3/ OR BETIER IN ACCORDANCE ==
WK ANSI 848.1.
6. ALL MACHINE TOOL RADIE SHALL BE .03 MAXIMUM,
7, ACCEETABLE ALOYS ARE 5
YVIELD STRENGTH | ULTIMATE STRENGTH
MATERIL s o
A540-524 | 130-150 145-165
Sas40-822 | 105 ¢
540-821 | 130-150
saa37-849 | 105
suzr-gac | 85
SASEA- 630 107
ASTM A434 8C 85
(ALLOY 4142}
8. MARK WITH ORAWING NUNBER AND LATEST REVISION NUMEER
VIBRA-EICH, STAMP, OR ELECTROCHEMICAL C1CH ARE ALL b—-
ACCEPTABLE MARKING MEANS. |
9. IF ALLOY SUBSSITUTIONS ART REOUIRED OLE TO UNAVAILABILIY =
OF SPECIMIED MATERUL, STRENGTH PROPEATIES OF THE SUASITUTE :
ALLOY MUST BE EQUAL 10 OR LKRGER THAN THE FOLLOWING:
VIELD STRENGTHRE1.500 PSI 7
ULTMATE TENSILE STRENGTH= 102.500 PSI I
30 ASSURE ADEQUATE RESISTARCE 10 SHOCK LOADING, CRACK
INTATION, OR BRITLE FRACTURE, THE SUBSTITTC ALLOY MUST
ALSO HAVE PROPERTIES EQUAL 10 OR LARGER THAN THE
FOLLOWING: g
ELONGATION: 20% &l
REQUCTION OF AREA: 30K T
CHIRRY V-NOTCH MPACT RESISTANCE: 15 F1-LES MIN, <
(20 F1-L8S PRIFERRED) Es
APPROVED FOR PROTORYPC FASRICATION,
APPROVED FOR TESTING,
NOT_APPROVED FOR PLANT SERVCE.
us. uminoulms Mant ENERCY
welPgronse Hastiea Oumony R

2

MCO PROTOTYPE
SNF RERACK BASKET

OTAWNG VRACEABITY ST

B

WEFEOTNGES

[T

HOR U310 on _SK—2- 300387

[CADAE Y3003 77A

4

T 1
REVISED PER ECN 806261 |l
— & | | H

A10-63/64
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[ 2 s .

[3 1 5/16-12 UN-38-
¥ 1.25

/ @.127 £,002 THRU EMS 4 AND §

° ﬁn@%&ou‘
| ‘
i _ |
-} _ 2.50
I
I/A_\\\ lg’
RS 25 W Y S o
T S
80 |
' '
‘ _ |
AR i _
]
' '
I
I
R25
(26)—f
8
@ GRAPPLE MALE PLUG ASSEMBLY
’

E ICO_FROYOTYFE SHIELD FLUGH

PARTS /MATERIAL LIST

T VTR /0T e I e
610 ASSEVGLY, GRAPPLE MRLE PLUG f
2
3
4 [ -001 BB, 01 1/2 SEE NOTE & 'S &
A AR, #5/5) SEE MOTE 6 s
1 { 79-028-125- 1500] ROLLPN, ¢1/8 X 1.50 L ML-STANLESS INC &
3
GENERAL NOTES: (unitss omieamse seecmico)
1. ALL DIMENSKONS ARE 1N INCHES.
2. DIENSKNING AND TOLERANCING PER ANSI Y14.5-1952,
& ToLgRACES: SEChAL x'o 4.t
) o
Kxx - 2 005
ANGULAR 3 ¥
4, REMOVE ALL BURRS AND BREAX bﬁr¢W0!§ EOGES.
5. AL MACHINED SURFACES SPALL BE v OR GETTER I ACCORDANCE
WIHANS) B46.1.
6 ACCEPTABLE ALLOYS ARE :
ftpn
MEILD STRENGTH ULTIMATE STRENGTH
el x50 s
SA340-824 130-150 1451685
SA%40-822 105 120
540821 130-150 145-165
SA37-848 105 145
SAA37=G4C as 15
sisei-630 | 107 135
<

7. MARK WITH QRAWING NUMBLR, PART NUMBIR AND LATEST REVISKON
NUMBER.  VIBRA=ETCH, STAMP, OR ELECTROCHEMICAL ETCH ARE AL
ACCEPTABLE MARKING MEANS,

APPROVED FOR PROTOTYPE FABRICATION,
APPROVED FOR TESTING,
NOT_APPROVED FOR PLANT SERVICE.

S%=2-30038¢

U.S. DEPARTMINT 0F ENERGY
Vesinghouse Ha'ird Compony

ES RUFT MCO PROTOTYPE

CHNED FORGIMY

IR éll REVISED PER Ec 66261 [y

o] SNF RERACK BASKET
“lrawirr—| GRAPPLE MALE PLUG _
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Rev,
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11

0

PARTS /MATERIAL LIST
Toug]  PT/OSH AR HOMNCLATLART /USRI oL AEREME [ sweer] T
o0 ASSEwELY 1
2
3
B ]
[ oot B0DY. PLATE, 5/8 THKK. ANY 300 SERIES ST 5
s
281 7
s
[=— 1,408 —e={
- P, DOWEL, 8378 X 1 174 LONG I oesoN
— N \l 4 RO30 MAX M 022-12%0 | 4 0ENg0 10 36-42 ROCKWELL € |  TYPE 416 S5 S
lm../ ﬂ+
5082988 50 -
\\ ~A 2 £
3 2812 a ﬂ/ 1 i €
1406 2 .uuu”%l* !
a GENERAL NOTES: whess owerwse seecmeo)
. . ) 1. AL OMENSONS AE I INCNES. OIMENSIONING AND TOLERANGING PER ANSI Y1454~ 1282,
TCLERANCES:
QECIMALS: . Xm &1 O0(m .03 Wkm £ .005
ANGLES: E2 4
2 ROWVE AL BURRS, GRUAK SHARP €OOTS
vnw%%momouo._.mw 475 3 ALL MACHINED SURFACES SHALL BE 133/ PER ANSH B46.1.
INTERFERENCE FIT v IDENTIFY WITH THE DRAWING NUMBER, PART NUNBER, AND LATEST R{V IN THE
i 9372 coueL o AREA INDATED WITH 1/4 MIGH CHARACTERS FER HS~B5-0015, TVPE 2.
. o
2 45 % 08
e \\\\
o | | ]
enso [ D LYo 0]
T i L 4
] N A |
| O]
A¥ 45" X 032
I Job 1
1t A} ks 1
¢ 0825 i N— + T ¢
* < ¥ > mgu
N D °
A_dc» A\ 1 -
_ R84
I
viEw A |
SOALE: 2/1 ASSEMBLY '
St 171
f
APPROVED FOR PROTOTYPE FABRICATION 5
N APPROVED FOR TESTING
NOT_APPROVED FOR PLANT SERMICE
“:?LME US. QEPARIMENT OF ENERGY
. e MU PR T YRE R
H‘:ﬁ SHIELD PLUG
o o
} ! |_ _ _ _ _ _ _ e ] COLLAR SPANNER WRENCH
SK=7-300398| 1c0_SHELD PLGS AS8v I\ | — J— == i=m= ==
CT) AL ._ !_t._ﬁ_qlz_ﬂ._q
LT 3 Ve B Toeeon
ORAWING TRACTAGILITY LIST (MCXT L3I0 OM END NEM caDrE X30Q 4604 CADCOOL  DOS 8.22:A002:12:55
540000+ O77(5/29) -8 7 s s 4 3
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7 ] s * 4 3 2 _ '
PART/MATERML LIST
s N L) P R
-010 ASSEMALY, BE
1 020 BASS PLATE 22
3
625 i I
xw PIPE. 0 6 SCHED XS (864 WALL) SULS Bl f».umuuwu, 315
5 BAR, ROUND ot 3/8° 12 304 Gncaon sst] 31 6
[ SHEET METAL, 18 (05 THK) GA X 11" X 71 L a,.§_. P KK
1 GUSHING, BAR ROUNO & & X 10° L 3 w.ﬁkm.rmm._ 3]s
& 1 COUPLING, BAR ROUND ¢ 6 1/4° X 3 L .mauo._.wﬁ N
' PLAIE. 3* THK 15 nu“m\auo.r ssil 2
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R 8AR. FUT 1/4° X 1/ _»lw:waow.aneuo._. ss1| 3 |13

—& : | | "

GENERAL _NOTES: °

. ALL PARTS AND MATERUAL AS SPECINED OR ENCINEERING APPROVED EQUAL,

f
e 2. AGBREVWTKNS ARE IN ACCORDANCE WITH ASME V1.1,
3. WELOING SMBOLS ARE IN ACCORDANCE WITH AWS AZ.4.
4. SURFACE TEXTURE SYMEOLS ARE IN ACCORDANCE WITH ANSI/ASME V14,30,
SURFACE TEXTURE VALUTS ARE N MICROINGHES AND ARE 3 .
ACCORDANCE WITH ANSI/ASME 8461 12
5. ALL UNSPECIED MACHINED SURFACES SHMLL BE /wg EBETIER
6. AEMOVE ALL BURAS ANO BREAK ALL SRR COGES 70 .05 MAYMUM,
7. AL UNSPECIRED MACKINE TOOL RADN SKALL BT .03 MAXIMUM.
T i M M 6% (REF) 8 WELDED SURFACES SHALL € SMOOTH AND UNIFORM IN ABDEARAICE
WITHOUT ABRUPT CHANGES 14 COUTCUR.
meF ReF o woees Sty vt A T M ™0 b
\mvu.mq INCLUDED ANGLE EQUAL Y0 OF SLKHILY. LARGER THAN THE MAJR ¢
THREAD DIALETER,
2% '
——V MARK WITH TOWG NUMEER H-2-827539. "ENPTY, APPROX IGHT =X e,
g AND “NOT FOR USE" PER HS=BS-0015 TYPE 1 AN =
L 1 | A I WPE 2 (OIE STAMP) QVER PANT USING 1/47(MIN) HIGH CHARACTERS, <
sir t | t 1. CALCULATED WEIGHT = XXX L6, LR
! 22787 . @\\ 12, WELD AND NSPECT PER MS-V-S-0013 PT FINAL PASS. N
. - N
™ 13, PAINT ALL HOM STAINLESS PARTS WITH INGRGANIC ZINC-RICH PRIMER -l
= BRIGR 10 KOTE 10, (CARBOLWNE CARBO ZINC $1 OR EQUAL) =]
RN mo 14, MATE PARTS IN_ACCORDANCE WITH, SHAINK FIT FER FN2 PER
i~ L/ ANSI 84.1-1987, R1979,
I NI i ]
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. N
/ = = = =
t ! £2033
X
2
> &)
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. PART/MATERIAL LIST
oTs] PARI/OASH MR MOLOWCLATUH /OCSTTPTION ATERUL/RETCRDNE pater| e,
-010 ASSEMBLY 1 1
1 BASE PLATE SEE NOTE 13 212
1 ~001 PEE, ¢ 6 SCHED ¥x$ (864 WALL) SuLS T o st | 3] °
) PLAE 1/4" THK X 22,25 W X 71°21/16L T4k GaoouL st | 1] 4l e
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1 SHZET MOUAL, 30 GA (0125 THK) 4 5/8°w X 7172 1/16L [ 13 Mo Ea0s0a 51 | 1] 8
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E
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GENERAL NOTES:

1. ALL PARTS AND MATERIAL AS SPECIIED OR ENCINEERING APPROVED EQUAL.
2. ABEBREVIHONS ARE $N ACCORDANCE WATH ASME Y31,

3. WELOING SYMBOLS ARE IN ACCORGANCE WITH AWS A2.4.

. SURFACE TEXTURE SYMBOLS ARE I8 ACCORDANCE WITH ANSI/ASME Y14.36.
SURFACE TEXTURE VALUES ARL IN MICRONCHES AND ARE N
ICCORDANCE WITH ANSI/ASME 946.1. 12e -

. ALL UNSPECIED MACHINEQ SURFACES SHALL BE /w\oa SETTER.

REMOVE ALL HURRS ANG BREAX AL SHAR® [O0GES TO 05 MAINUM.

ALL UNSPECINED MACHINE TOOL RADI SHALL BE 03 MAXIUUM.

WELOED SURFACES SHALL BE SMOOTH AND UNIFORM $H APPEARANCE
WITHOUT ABRUBT CHANGES IN CONTOUR.

SCREW THREADS SHALL B N ACCORDANCE WITH ANSI BY.1. ALL
THREAQED HOLES SHALL FAVE A LEAD-IN CHRAMFER OF 90 TO 108"
INCLUDID ANGLE ECUAL TO OR SLIGHTLY LARGER THAN THE MAJOR ¢
THREAD DIMLTER.

MARK_ WITH “OWG NUMBER Ma2~327300°, "EMTTY ADEROX WEIGHT =230 16",

>

» ZNow

f B>

/
T/

AND "NOT SOR USE. PER H5-B5~0015 TYPE 1 (MBRATORY) GR
TYPL 2 (OIE STAMP) USING _\mw?s HGH O TLRS |
11, CACULKTED WEGHT = 230 LB. cl
12, WELD AND INSPECT PER HS=V-S-0013 PT FINAL PASS, N
13. PERFORATED PLATE 1/4" THX, W/a 1/& X 1 1/2° CENTER STAGGERED -
PATIERN SST 304. (eMICHOLS €O 5
14, WATE PARTS [N ACCORDANCE WITH, SHRINK FIF FER FN2 PER )
ANS 84,1-1987, R1STS,
&
2

1/8;
¢ 1/8 oLt o zicuiens APPROVED FOR PROTOTYPE FABRICATION
APPROVED FOR TESTING
NOT APPROVED FOR PLANT SERVICE
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.D SECTION
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BAR ROUND ¢ 6.25"

SCALE: 172

SECTION
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SE NOTE 14
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SECTION
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1. FOR GENERAL NOTES AND PARTS LIST SEE SH 1.
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NOT APPROVED FOR PLANT SERVICE
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ASSEMBLY
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QIUINATONING AND TOLERANCING SIAL B DRERPRLILO POR

onwstons

oCIMAL X 44

g oy
S B

ANST Y34 S 1082
ARE [N JNCKDS LR 1S3 GTHERWIST SPECIIED

UNSPEOITIEO TOLERANCES LY Bt

EEY2)
ANGUAR 2 7

0% ANGLES UL BE PIRPENDICLLAR WITHIN

a0 3,010

ATEST TOLEMALE OF 1€ LINEAR QJUINSIONS.

M con
087

YIAL FEATLRES SOLL 61 COMCHRIT WITHIN
DLAUCICR, UNICSS OTMERWISE SPICIFIIO,

FOR WELD & WELD
MAP SEE DETAIL 2 SH 3

DETAIL
SCALE: 1/4

PART/UATERAL LIST

—o70] or0l PAAI/SH KA MOVENCLATURE /0L SCHETOH WATERIAL /REFLAONCE pate| T
-o10 ASSEMELY T

1 -020 84S PIATE K]

AR -001 TUBING, & 275 00 X 500 WLl T A g s |21

1 SHEET METAL 13 GA (05 THKY1 X 747 | 3374 .mmoui.. o |14

& -002 BAR, ROUND #1 1/4" i % .oMauo# ss7 315

! PLATE, 3 THK WA e 1210
il PLATE 3/8 X t 174 IS o 1317
» AR FLAT 1/4° X 3/8" WITB_ o 1318

GENERAL NOTES:

ER O

11, CALCULKIED WEIGHT = 160 18,
12, WELD AND INSPECT PER MS~V-S=0013 PT FINAL PASS.
13, PAINT AL NON STAINLESS PARTS WITH INORCANIC ZINC=RICH PRIMER

4, WATE PARTS I8 ACCORDANCE WITH, SHRINK FIT PER FN2 PER

® @Nawm

. ALL PARIS AND MATERIAL AS SPECINED QR ENGINELRING APPROVED £OLAL.
. AQBAEVWHONS ARE (N ACCORDANCE WITH ASME Y1.1.

WELOING SYMBOLS ARL 1N ACCOROANCE WSTH AWS AZ.4.

SURFACE TEXTURE SYMBOLS ARE IN ACCORDANCE WITH ANSI/ASME Y14.36.
SURFACE TEXTURE VALULS ARE IN MICRONCHES AND ARE IN

ACCORGANCE WATH ANSIZASME B46.1. 12

ALL UNSPECIRIED MACHINED SURFACES SHALL 8E /w\on BETIER,

REMOVE ALL BURRS AND BREAK AL SHARP [OGLS TO 0 MAXMUM.

. ALL UNSPECIFED MACHINE TOOL RADN SHALL BE /03 MAXIKUM.

. WELDED SURFACES SHALL BZ SUOGTH AND UNIFORM IN APPEARANCE
WIMHGUT AGRUPT CHANGES 1N CONTOUR,
. SCR HALL BE 1 ACCORDANCE WITH ANSI BY.Y. AL
FoREoR Tioces sty Tt TR SRR B B ro” Yo
INCLUDED ANGLE ECUAL TO OR SLIGHTLY LARGER THAN THE MAJKOR
THREAD DUMLTER.
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- . . PART/UATERIAL LIST
T O URTIAL RSO o jereroRt ey

o0 ASSEMBLY
1 aAst SLATE ste_wore 13
1 a0t TUBING, 9 275 00 X 500 Wall T e, ot
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t
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)

(02250 Qb £ .
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s GENERAL NQTES:
. ALL PARTS AND MATERUL AS SPECIILO OR ENGINEEAING APPROVED EOUAL.

), WELOING SYMBOLS ARL IN ACCORDANCE WITH AWS AZ2.4,

. SURFACE TEXTURE SYMBOLS ARE IN ACCORDANCE WITH ANSIZASME Y14.36,
SURFACE TEXTURE VALUES ARE IN MICRONCHES AND ARE N e
JCCORDANCE WITH ANSI/ASME €451,

1
2. ABBREVWIIONS ARE IN ACCORDANCE WITH ASMC Y1.1,
3
4,

/e .

12
. AL UNSPECIFIED MACHINED SURFACES SHALL BE /w\on SETTER,
REMOVE AL BURRS AND BREAK ALL SHARP {OGES T0 0§ MAYIMUM.
. ALL UNSPECIIED MACHINE TOOL RADN SHALL BE .03 MAXIUM,

WELOED SURFACES SHALL BE SMOOTH AND UNIFORM 1N APPEARANCE
WITHQUT ABRUPT CHANGES IN COMIOUR,

. SCREW THREADS SHALL BT 1N ACCORDANCE WITH ANSI BT, ALL
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" PART B: PACKAGE EVALUATION

1.0 INTRODUCTION

1.1 SAFETY EVALUATION METHODOLOGY

: »w'TheiMUTIicaniﬁtek.dverpéck (MCO) Casthas~beén analyzed to meet thé‘i SR

-requirements of WHC-CM-2-14, ‘Hazardous Material Packaging and:-Shipping, for :.
the.onsite: transport of Type B, fissile material:-and the MCO Cask specific
~requirements:.of the packaging design criteria ‘(Edwards 1997). :The onsite :

normal transport conditions and. accident conditions were analyzed. as
demonstrated in this part. The MCO Cask meets the criteria for those
conditions. ) )

The MCO Cask was designed by Transnuclear, Inc. (TN) under contract with
Westinghouse Hanford Company. The design has been formally reviewed at
Hanford in accordance with the requirements of WHC-CM-6-1, Standard
Engineering Practices.

The analyses detailed in this part for normal transport conditions
include a 0.3-m (1.0-ft) drop onto a concrete surface in an orientation to
cause the most damage, elevated and reduced external pressure, increased
internal pressure, hot and cold conditions, penetration, vibration normally
incident to transportation, 1ifting, and tiedown loadings. Accident
conditions evaluated include a 9.1-m (30-ft) drop onto a concrete surface when
the MCO is dry; a 6.4-m (21-ft) drop onto a concrete surface when the MCO is
water-filled; and a 6-minute, fully engulfing, 800 °C (1475 °F) fire followed
by a quench. The analyses show that the MCO Cask maintains leaktight
containment of the spent fuel through all normal transport and accident
conditions. ~Therefore, the MCO Cask system meets onsite transportation safety
criteria (Mercado 1994). based on MCO Cask system design and operational
control.

Fabrication leakage rate testing and assembly leakage rate testing are
performed per American National Standards Institute (ANSI) Standard N14.5
(ANSI 1987). That leak testing will demonstrate that the MCO Cask was
fabricated and assembled in a manner in which leaktightness {(per ANSI N14.5)
is ensured. Part B, Sections 4.0 and 7.0, demonstrate that ieaktight
containment boundary is maintained for the postulated onsite accidents.

1.2 EVALUATION CONCLUSIONS

The MCO Cask is safe for the onsite transfer of MCOs Joaded with fuel
elements from the N Reactor as demonstrated by this safety analysis report for
packaging (SARP). A11 operations and acceptance requirements and tests shall
be conducted and documented as stated in Part A of this SARP.
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1 2 1 Contents

. The contents eva]uated in Part B Sect1on 2 0 of th1s SARP are the MCO .
,1f111ed with- 270 Mark IV or.288 Mark . IA fuel: e]ements from the: N. Reactor

1.2.2 Radio]ogica] Risk

: ~The-radiological risk evaluation in Part B, Section 3.0, demonstrates "
.that the system design meets.the onsite transportat1on safety cr1ter1a . e
(Mercado 1994) as: requ1red by WHC-CM-2- 14 . -

1.2.3 Conta{nment

Part B, Section 4.0, together with the structural analyses in Part B,
Section 7.0, demonstrates that the MCO Cask Teaktight containment boundary is
maintained throughout all normal transport conditions and onsite accident
conditions. Part B, Section 4.7.2, demonsirates that the leakage rate testing
of the containment boundary will result in a higher dose to test personnel
than a leaking MCO Cask. Therefore, leakage rate testing of the containment
boundary will not be performed prior to each shipment.

1.2.4 Shielding

As shown by Part B, Section 5.0, the general surface dose rate on the
accessible surface of the package is maintained below 200 mrem/h on contact,
and the maximum surface dose rate at any radiation hot spot on the package
does not exceed 1000 mrem/h. The package shielding is maintained below 10
mrem/h at 2 m during normal transport conditions, and below 1000 mrem/h at 1 m
for accident cond1t1ons Therefore, the package meets transportation
criteria.

1.2.5 Criticality

Subcriticality of the package is demonstrated in Part B, Section 6.0,
which shows that k. is less than 0.95 for all conditions when the fuel is
dry. In order to s%ow subcriticality when the MCO is fully flooded with
water, any baskets of fuel scrap loaded into the MCO must be at the top or
bottom of the MCO, not in the center.

1.2.6 Structural

The structural analysis (Part B, Section 7.0) shows that the MCO Cask
package meets criteria identified in the packaging design criteria
(Edwards 1997) for all onsite normal transport and -accident conditions. The
structural analysis shows there are sufficient safety factors for the MCO
Cask, which is demonstrated by stress levels observed in the package remaining
below Service Level A stress allowables specified in American Society of
Mechanical Engineers (ASME) Boiler and Pressure Vessel (B&PV) Code,
Section III, Subsection NB (ASME 1995), during normal conditions of transfer

B1-2
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and-below Service Level D Stress allowables specified in ASME B&PV Code, -

+-Section 1115 Subsection NB .(ASME 1995),:during 'dccident .conditions.’ ‘The:MCO EE N
...center. eriticality control tube for Mark -IA fuel is:demonstrated to-remain-.....-

.~intact and.within 5.cm (2 in.) of the:cénter of the MCO: dur1ng a11 accident -
conditions.

S 129 Thermal

. The package- coritents have a maximum decay heat of 835 W .per cask.  As-

- -shown in Part B, Section 8.4.4.2, the gas generation rate in the MCO at 75 °C-
-must be.less than 1.4 kPa (0.2 psi) per .hour after.completion of the cold.
-.vacuum drying -(CVD) process in order to prevent.a runaway uranium-water
corrosion-reaction during the transfer from the Cold Vacuum Drying Facility

- (CVDF) to the Canister Storage Building (CSB). If that runaway corrosion
reaction was to occur, venting the package -or cooling the cask with water
would not be able to stop the reaction. The shipping window for the package
is 24 hours from the K Basins to the CVDF and 36 hours from the CVDF to the
CSB. If those shipping windows are exceeded, the act1ons described in Part A,
Section 6.4, must be taken.

1.2.8 Gas Generation

As shown in Part B, Section 9.0, the package contents can produce
hydrogen through the react1on of uranium and residual water in the MCO.
Backfilling both the MCO Cask and the MCO with helium will prevent flammable
or explosive mixtures of gas from forming within the package. The total
pressure inside the MCO Cask or the MCO will not exceed their 1034-kPa
(150-psig) design pressures within the applicable shipping windows.

1.2.9 Tiedown System

The MCO Cask tiedown system was designed specifically for the MCO Cask.
Part B, Section 10.0, shows that the tiedown system keeps the cask on the
transport trailer under all transfer conditions.

1.3 REFERENCES

ANSI, 1987, American National Standard for Radioactive Materials--Leakage
Tests on Packages for Shipment, ANSI Standard N14.5-1987, American
National Standards Institute, New York, New York.

ASME, 1995, Section III, Subsection NB, ASME Boiler and Pressure Vessel Code,
American Society of Mechanical Engineers, New York, New York.

Edwards, W. S., 1997, Packaging Design Criteria for the MCO Cask,
HNF~SD-TP-PDC- 030 Rev. 4, Rust Federal Services Inc., Northwest
Operations, R1ch1and wash1ngton
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Westinghouse Hanford Company, R1ch1and Washington.

WHC-CM-2-14, Hazardous Material Packag7ng and Sh7pp1ng, West1nghouse Hanford k
Company, R1ch]and Wash1ngton .
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2.0 CONTENTS EVALUATION

2.1 CHARACTERIZATION

Spent-nuclear reactor fuel has been stored in water from-the beginning of
. operations.at the Hanford Site... Fuels in the K Basins have been in storage
for up to-about 23 years, and even the youngest fue1s have been in the bas1ns
for at least 7 5 years.

‘A detailed descr1pt1on of ‘the source terms used in evaluating K Basin
fuel.is provided in Willis (1995).  Separate :source terms were developed in -
Wi111s-(1995) to represent the worst-case shielding,. dose consequence,’ EN
heating, and criticality. Source terms were evaluated according to the 1ength

. of time. the fuel has been in the reactor and the decay time between discharge
and expected shipment. The 1eq%th of time an assembly has been irradiated is
proportional to the amount of ®py in the discharged fuel and will be used as
a reference for the amount of burnup, or exposure time in the reactor,
throughout this document.

Development of the source terms emphasized providing a best estimate of
the actual bounds of material compositions with a minimum of conservatism.
The decay date selected for presenting radionuclide inventories and bounds was
December 31, 1997.

Accountability records were used as a basis for the quantity, exposure
variation, and decay time variation of stored fuel. Radionuclide estimates
were derived using the RADNUC computer code (Schwarz 1995), which generates
radionuclide inventories by interpolating ORIGEN2 data (Schmittroth 1994)
using the exposure and decay time information from the accountability
database.

The ®Kr data provided in these tables assumes there has been no release
of this gaseous isotope from the fuel. Single Pass Reactor fuel is not
included in this eva]uation.

As more characterization data become available, these source terms may be
revised. Changes to the source term will be evaluated by Packaging
Engineering, and those evaluations will be maintained in Packaging Engineering
files. If those evaluations determine that the existing SARP source term is
conservative, this section may not be updated. If the new source term is
conservative, this section will be updated.

2.1.1 Shielding Source Term

The shielding source term was_selected on the basis of the fuel having
the highest 7Cs content, because 'Cs is the maJor contributor to the gamma-
rag source term. The fue1 with the highest 137Cs content is Mark IV fuel with

%u content of 15.74% when discharged from the reactor. For conservat1sm,
the shielding source term is defined as Mark IV fuel with 16% *°py that has

-been aged 13 years to December 31, 1997. Table B2-1 lists the curie
inventories per MTU and per MCO, where one MCO full of Mark IV fuel contains
6.34 MTU for the shielding source term as reproduced from the Willis (1995)

B2-1
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document. The neutron and photon source terms are both derived from the™
values shown in Table B2-1.

féb_]‘é 82;1. Shié1ding ahd ‘Hev;'xit‘vGeAneriéfi‘on Sotlrce

for a Multicanister Overpack (MCO).

S| et | dcthin | At ] wsewpe | R | Aty
30 4.17 E+01 | 2.6 E*02 127m, 3.0 E-10 2.0 E-09 '
Yoo -~ |s.27E01 3.3 £400 129, 4.88 E-03 3.1 E-02
5ke ’ 5.85 E+00 3.7 E+01 134cs - 1.23 402 7.8 E+02
60co | 6.62 400 4.2 E+01 5 5.77 £-02 3.7 E-01
i 3.03 E-02 1.9 E-01 1375 1514 Ev04 7.2 E+04
8343 3.55 E+00 2.3 E+01 137mg, 1.08 E+04 6.8 E+04
Tse 6.23 E-02 3.9 £-01 144ce 2.53 E+00 1.6 E+01
85 6.38 E+02 4.0 E+03 1o 2.50 E+00 1.6 E+01
90sp 8.27 E+03 5.2 £+04 1abmg . 3.03 E-02 1.9 £-01
90y 8.27 E£+03 5.2 E+04 147pp 1.18 E+03 7.5 E+03
9Bar 2.83 E-01 1.8 E+00 Blsy 1.08 E+02 6.8 E+02
9gp 2.16 E-17 1.4 E-16 152, 1.24 E+00 7.9 E+00
93myp, 1.35 E-01 8.6 E-01 154y 2.08 E+02 1.3 E+03
Pyp 4.78 E-17 3.0 £-16 155gy 3.63 E+01 2.3 E+02
95myp 1.60 E-19 1.0 E-18 15364 6.04 E-06 3.8 €-05
97 2.08 E+00 1.3 E401 1601 9.46 E-19 6.0 E-18
1060y, 1.25 E+01 7.9 E+01 24y 3.92 £-01 - | 2.5 E+00
106en, 1.25 E+01 7.9 E+01 235 1.31 E-02 |83E02
1075y 1.44 E-02 9.1 E-02 238y 7.12 E-02 4.5 E-01
10pg 6.31 E-06 4.0 £-05 238 3.35 E-01 2.1 E+00
110myg 4.73 E-04 3.0 E-03 ™ 4.42 E-02 2.8 E-01
13mey 4.06_E+00 2.6 E+01 238y, 1.28 E+02 8.1 E+02
13my, 6,42 E-11 4.1 E-10 239y 1.68 £+02 1,1 E+03
s - | s.42 -1 4.1 E-10 - 240py,. 1.28 E+02 8.1 E+02
119mg, 7.14 E-04 4.5 E-03 2415y 9.62 E+03 6.1 E+04
121mg,, 6.74 E-02 4.3 E-01 242p,, 7.46 E-02 4.7 £-01
123, 9.12 E-09 5.8 E-08 ) | 2.85 E+02 1.8 E+03
1265y, 1.22 E-01 7.7 £-01 2620 3.20 E-01 2.0 E+00
125, 1.09 E+02 6.9 £402 2hamy, 3.22 E-01 2.0 E+00
1265 1.71 E-02 1.1 E-01 23 2.22 E-01 1.4 E+00
126mg,, 1.22 E-01 7.7 £-01 2420, 2.65 E-01 1.7 E+00
123mre 2.85 E-13 1.8 E-12 2bhen 4.69 E+00 3.0 £+01
125mp, 2.66 E+01 1.7 E+02 Total 5.15 E+04 3.3 E+05
127y, 3.04 E-10 1.9 E-09

MTU = Metric ton of uranium.
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2.1.2 Dose COnsequence Source Term

The dose consequence source term was selected by determ1n1ng wh1ch fue]

iﬁtifnou1d restli in.-the highest estimated- dose. to- peop]e if.exposed-to a‘unit. of

material. Americium, plutonium, strontium,. and ces1um are estimated to be the
major contributors to the dose consequence source. The dose consequence
.-source:term..is -from N Reactor Mark IV.fuel with 16. 72% %4°Py -when dlscharged
from the reactor on February 20, 1979, and decayed to December 315 "1997.-

- Table.B2-2::shows the curie inventories~for:the.dose'conSequence SOunce.term.-.f R

2.1.3 Heat Generation Source Term
. The heat generation source term was selected by determining the fuel with
the greatest heat generation. A comparison was made of.the decay heat
produced by different source terms, including the most recently d]scharged
fuel (29 W/MTU), the shielding source term (137 W/MTU), the dose consequence
source term (121 W/MTU), and a 13.4% 20py fuel that was. decayed for 8.5 years
after discharge (113 W/MTU). As shown by the heat generation numbers

presented above, the shielding source term will also generate the most heat.
This source term is shown in Table B2-1.

2.1.4 Criticality Source Term

Unirradiated Mark IV fuel was used as the basis for the cr1t1ca11ty
source term. Table B2-3 shows the isotopic 1nventory for Mark IV fuel in an
MCO that consists of a total of 6.34 MTU with a *°U eprichment of 0.947%
(Willis 1995). Mark IV fuel also contains 70 ppm of Z“U and 400 ppm of 26y,

2.2 RESTRICTIONS

The MCO Cask can contain one MCO Toaded with no more than either
270 Mark IV fuel elements or 288 Mark IA fuel elements from the N Reactor.
The design of the fuel baskets that hold the fuel elements placed into the MCO
will prevent overloading the MCO. Additional fuel elements are beyond the
scope of the criticality analysis in Part B, Section 6.0, and are not
authorized.

No more than one scrap basket can be placed into an MCO, and that scrap
basket must be positioned as the top or bottom basket within the MCO. The
source terms presented in Section 2.1 include one scrap basket per MCO. Scrap
is defined as pieces of fuel elements that have at least one dimension greater
than 0.64 cm (0.25 in.). The restriction on number of scrap baskets results
from assumptions made about the surface area of exposed uranium metal w1th1n
the MCO. The worst-case surface area with one scrap basket is 1,200,000 cn’,
which is based on WHC-SD-SNF-TI-026 (Cooper 1996). Additional surface area
would cause the gas generation rate and temperature and pressure buildup
resulting from uranium corrosion to exceed the values calculated in the
thermal and gas generation analyses in Part B, Sections 8.0 and 9.0. Part A,
Section 6.0, prectudes loading an MCO with more than one scrap basket. The
worst-case amount of corrosion products in an MCO after loading in.the

B2-3
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K Basins is 142 kg (Pajunen 1996). By the time hot conditioning is comp]eted,‘
there.will:be - up to 300 kg of corrosion products in -an-MCO (Pajunen 1996). -

Table B2-2. Dose Consequencé Sour‘ée for a Mu]t'icanistér 'Ovekpéck (MCO).

Isotope .. Activity Activity Isotope Activity Activity
: <o | (CT/ZMTR) (Ci/MCO) . (Ci/MTU) (Ci/MCO)

3y | 2.67 ot 1.7 E+02 129, 5,16 E-03 3.3 E-02

A -] 5.53 E-01 3.5 E+00 Bhes - 7.62 6400 | 4.7 E+01
55k - 6.05 E-01° 3.8 E+00 135 6,64 E-02 3.8 E-01
80¢o 2.21 E+00. 1.4 B401 137¢s .74 E+03 6.2 E+04
5%i 3.18 £-02 2.0 £-01 137mg, 9.22 E+03 5.8 E+04
8yi | 3.48 Ev00 2.2 E+01 1 144ce 1.15 E-03 7.3 £-03
"se 5.56 E-02 4.1 E-01 144y, 1.13 £-03 7.2 E-03
85¢p 3.80 E+02 2.4 E+03 14hmy . 1.37 E-05 8.7 E-05
90 7.00 £+03 4.4 E+04 147pn 1.22 E+02 7.7 E+02
90y 7.00 E+03 4.4 E+04 A 1.02 £+02 6.5 £+02
Bgp 2.95 E-01 1.9 E+00 152, 8.62 E-01 | 5.5 E+00
By 1.91 £-01 1.2 E+00 154gy 1,16 E+02 7.4 E+02
99y¢ 2.19 E+00 . | 1.4 £+01 155g, 1.12 E+01 7.1 E+01
106ey 3.41 E-02 - 2.2 E-01 15359 8.00 E-10 5.1 £-09
106gh 3.41 E-02 2.2 E-01 234 3.84 E-01 2.4 E+00
10754 1.56 E-02 9.9 E-02 B3y 1.27 E-02 8.1 E-02
10pg 1.09 E-09 6.9 E-09 236 7.6 E-02 4.5 E-01
Momyy | 8.20 E-08 5.2 E-07 38y 3.31 E-01 2.1 E+00
M3mey 2.83 E+00 1.8 E+01 BTy 4.66 E-02 3.0 E-01
13, 3.38 £-19 2.1 £-18 238, - 1.34 E+02 8.5 E+02
135, 3.37 E-19 2.1 E-18 5%, 1.73 E+02 1.1 E£+03
119mgp, 9.42 E-08 6.0 E-07 24605, 1.37 E+02 8.7 E+02
12img,, 6.31 E-02 4.0 E-01 215, 6.96 E+03 4.4 E+04
1235 3.85 E-16 2.4 E-15 262y, 8.71 E-02 5.5 E-01
1264, 1.29 E-01 8.2 £-01 2 4.29 E+02 2.7 E+03
1254y, 1.31 E+01 8.3 E+01 262y 3.72 E-01 2.4 E+00
126, 1.81 E-02 1.1 E-01 2h2m, 3.73 E-01 2.4 E+00
126mg, 1.29 €-01 8.2 £-01 24350 2.78 E-01 1.8 E+00
123mpe 3.60 £-21 2.3 £-20 22, 3.08 E-01 2.0 E+00
125mre 3.20 E+00 2.0 E+01 244 4.54 E+00 2.9 E+01
127y, 5.54 E-19 3.5 E-18 Total 4.16 E+04 2.6 E+0S
127mre 5.66 E-19 3.6 £-18

MTU = Metric ton of uranium.



HNF-SD-TP-SARP-017 Rev. 0

‘Table B2-3." Criticality Source for
E a Multicanister Overpack.*

Isotope Mass (g/MCO) Activity (ci/Mco)
234y 4.44 E+02 2.77 E-01
235 6.00 E+04 1.30 E-01
236, 2.54 403 1.64 E-02
238 .6.28 E+06 2.11 E+00
| Total 6.34 E+06 2.53 E+00

*Mark 1V fuel initial composition.

The total decay heat load of the payload does not exceed 835 W. Heat
will also be produced by the chemical reaction between water in the MCO and
exposed uranium metal. Higher thermal loads are not authorized because they
would increase the temperature of the MCO faster than the predictions from the
thermal analysis in Part B, Section 8.0. Higher thermal loads would also
increase the hydrogen generation rate from the reaction among the residual
water and exposed uranium metal in the MCO.

The MCO and the cavity between the MCO and the MCO Cask are filled with
water during transportation from the K Basins to the CVDF in the 100 K Area.
The water in the MCO is slightly contaminated water directly from the
K Basins, while the water in the cask cavity is demineralized water. The )
water Tevel in the MCO is approximately 10 c¢cm (4 in.) below the bottom of the
shield plug, while the water level in the cask cavity is at the same level,
which is 41.4 cm (16.3 in.) below the top of the cavity. The MCO is vented
through a high-efficiency particulate air (HEPA) filter to the cask cavity
during this transfer to provide a larger volume for the gas generated from
corrosion.

The gas generation rate within the MCO after the CVD process is measured.
If more than 1.4 kPa (0.2 psi) per hour of gas is produced in the MCO during
the measurement, then the CVD process must be repeated until the criterion is
met. During this transfer from the CVDF to the CSB, the MCO is sealed.

Both the MCO and the annulus between the MCO Cask and the MCO must be
backfilled with 21 kPa (3 psig) of helium. As shown in Part B, Section 9.0,
the hydrogen gas concentration inside the MCO may exceed 5% under some
conditions, so the only way to prevent an explosive mixture from forming
within the MCO cavity is to backfill that cavity with an inert gas. The
annulus between the MCO Cask and the MCO is also backfilled with helium to
provide a buffer between the outside air and the MCO cavity.

2.3 SIZE AND WEIGHT

The MCO Cask is a vertical, cylindrical, stainless steel transport cask.
The overall dimensions of the MCO Cask are 101.12 cm (39.81 in.) in diameter
by 432.44 cm (170.25 in.) in height. The cask cavity is 63.98 cm (25.19 in.)
in diameter by 407.67 cm (160.50 in.) in height. The MCO (WHC 1996) is a
vertical, cylindrical, stainless steel container that will retain the spent
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fuel. ~The overall dimensions of the MCO are 60.96 cm (24.00 in.) in diameter
..by 406.40.em (160.00 in.) in height:. The MCO cavity. .is 58.42..cm:-(23.00 in.)
.in diameter.and 371.93 cm (146.43 in.) long. Weights for the MCO package
components.are shown in Tabie B2-4. The maximum weight of the MCO package
“cannof exceed 27,270 kg (60,000:1b). R .

“"Table B2-4. Multicanister- 0verpack
(MCO) Cask and MCo' We1ghts L

Component We1ght kg (1b)
MCO empty, no shield plug 864 (1,900)
MCO shield plug ) 618 (1,360)

Five fuel baskets with 54 Mark IV | 7,130 (15,685)
elements per basket .

Water inside MCO (K Basin to Cold | 552 (1,215)
Vacuum Drying Facility transfer)

‘Cask shell 15,590 (34,300)
Cask bottom 1,032 (2,270)
Cask 1id 859 (1,890)
Lifting attachment 227 (500)

Total (dry MCO) 26,320 (57,905)
Total (water—filled MCO) 26,872 (59,120)

2.4 CONCLUSIONS

270 Mark IV fuel elements or 288 Mark IA fuel elements from the N Reactor
are authorized for transport in the MCO Cask package. MCOs that exceed the
source term descriptions shown in Tables B2-1 through B2-3 and MCO packages
that exceed the weights shown in Table B2-4 are not authorized and would
require additional evaluation to demonstrate that the package eva1uat1on
provided by this SARP is met
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3.0 RADIOLOGICAL RISK EVALUATION

3.1 INTRODUCTION

The- MCO Cask:is used-to transport unprocesseds - irradiated nuciear-fuel- S
- from storage +in the K Basins.  The.MCO-Cask provides containment-and shielding. - ...
- during-transportation. The first part of each shipmént takes'place between =~ = -
=~ the K-Basins. and-a nearby. CVDF. -After-processing at.ithe CVDF.the loaded:MCO:
~Cask travels: by highway to.the CSB in.the-200 East:Area.-  Radiological risks:. A
- are-evaluated. to:determine compliance with.onsite :safety requirements for each.. . ...
..leg of the shipment campaign. The risk evaluation:addresses only the
. transportation portion of. the MCO Cask- operation; -handling of the package at
the facilities is addressed separately:in the appropriate documents.

- The K Basin campaign is scheduled to extend over a period of two years.
The CVDF transport Teg covers a distance of Tess than 0.8 km (0.5 mi), and the
CSB leg covers approximately 12.9 km (8.0 mi). The assumptions for the
radiological risk evaluation are the following:

e Highway shipment mode
e One cask per shipment

e 400 total shipments

e 225 shipments per year maximum.

The cask and cask contents are assumed to weigh 26,872 kg (59,120 1b)
when water filled and 26,320 kg (57,903 1b) post-cold vacuum dried. The
tractor and trailer with the tiedown system are assumed to weigh 20,682 kg
(45,500 1b). These parameters are used in determining conditional
probabilities for the highway mode. They produce conservative values for
shipments of greater weight.

The MCO Cask is designed to withstand normal transportation conditions.
For accident environments, the cask must meet onsite transportation safety
requirements as outlined in WHC-CM-2-14 and Mercado (1994). The requisite
safety is determined by a radiological risk evaluation, which uses risk -
acceptance criteria, MCO Cask failure threshold values, and Washington State
truck accident frequencies. For the evaluation, all accidents are binned to
‘fall into four groups: impact, crush, puncture, and fire. Immersion as an
accident scenario is ignored, because the transport route is not adjacent to
water.

Risk acceptance criteria are outlined in Section 3.2. Dose consequence
are discussed in Section 3.3. Failure thresholds are given in Section 3.4 and
the analysis of accident release frequencies in Section 3.5. For MCO Cask
shipments, the accident frequencies provide the necessary input to evaluate
risk acceptance.

The MCO Cask shipments originate at the K Bas1ns, a remote Tocation on
the Hanford Site. Due to the isolation of the originating facility, vehicle
traffic is minimal. Routine public access to this area is prohibited. The
first leg of the shipment is less than 0.8 km (0.5 mi) and takes place
entirely within the 100 K Area. During the first shipment leg, the MCO is
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-vented to the interior of the MCO Cask. The MCO is mechanically sealed prior
-~ to: the second transport leg between the CVDF and the CSB, a distance of 12.9
km . (8 m1) .

: The MCO. Cask packagxng system, 1nc1ud1ng the MCO, is a system of mu1t1p1e ’
barriers designed to:contain-the-contents in the event of an accident. These
barriers include the cask wall, 1id, and bottom, which are solid steel .
forgings, and the MCO.  The accident evaluations presented in this chapter,
however,-take credit for the MCO Cask alone in order to simplify the analysis
while ensuring conservatism in the results. This approach also maximizes the
flexibility of the design as.the MCO and MCO Cask design efforts proceed in
parallel.

The accident evaluation addresses all primary funct1ons of the MCO Cask
1nc1ud1ng subcriticality, sh1e1d1ng, and conta1nment

3.2 RISK ACCEPTANCE CRITERIA

Graded dose limitations for probable, credible, and incredible accident
frequencies ensure safety in radioactive material packaging and transportation
(Mercado 1994). The dose limitations to the offsite and onsite individual for .
probabie, credible, and incredible accident frequencies are shown ‘in
Table B3-1.

- Table B3-1. Risk Acceptance Criteria Limits.
Description ‘ fﬁggﬁggcy dogfﬁgzﬁt* doggf?};?t*
Sv (rem) Sv_{rem)
Incredible < 107 None None
Incredible 107 t0 < 107 | None .25 (25)
Credible 107 to 1073 .05 (5) .005  (.5)
Probable 107 to 1 .002 {.2) L0001 (.01)

*Effective dose equivalent.

The analysis of the MCO Cask shipments initially focuses on determining
whether the total annual accident frequency is less than 10° If so, the
necessity of determining the potential dose consequence resulting from the
release of the payload is eliminated. If not, dose consequence calculations
would be performed to allow comparisons to be made to risk acceptance
criteria.

B3-2
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3.3 DOSE CONSEQUENCE ANALYSIS

.The dose .consequence .of a failure. of the MCO Cask is not.calculated. for

"f\the purposes. of the risk analysis because the magnitude: of. the annual. acc1dent:. 

frequencies is m1n1ma1 placing the probability of cask failure well in the
incredible range. Th1s approach is justified by requiring that the accident
scenarios evaluated encompass any event-that wou]d resu1t in a 1oss of
effectiveness of the MCO Cask.

3.4 PACKAGE FAILURE THRESHOLD ANALYSIS

Accident performance of a package is determined by the probability.given
an accident that a package is subjected to a force more severe than the
package failure threshold ievel for that force. Failure threshold values for
the: package are accordingly necessary input parameters for determining the
subsequent probability of cask failure and material release. Failure
thresholds were determined for the MCO Cask for impact, puncture, crush, and
. fire:

e Impact: Survives a 40.3-km/h (25.0-mi/h) velocity change for CVDF
leg and a 48.3-km/h (30.0-mi/h) velocity change for CSB
leg with no containment boundary-failure (Part B,
Sections 3.4.1 and 7.0)

e Puncture: . Minimum thickness of 8.9-cm (3.5-in.) equivalent steel
(H&R 1995)

e Crush: Survives a 7,257-kg (16,000-1b) crush force with no
containment boundary failure (see d1scuss1on in
Section 3.4.3)

e Fire: Survives a 6-minute fully engulfing fire with no
containment boundary failure (Part B, Sections 3.4.4 and
8.5).

3.4.1 Impact

The structural analysis of the post-cold vacuum dried MCO Cask (Part B,
Section 7.0).determined that the cask containment boundary is maintained,
jncluding welds and seals, when subjected to the forces corresponding to a
48.3-km/h (30.0-mi/h) change in velocity for the CSB leg. A 40.3 km/h
(25.0 mi/h) change in velocity for the water-filled cask during the CVD Teg is
also analyzed and shows that the cask containment boundary is maintained.
Shifting of the contents of the cask is bounded by the shielding analysis
(Part B, Section 5.5). The criticality analysis (Part B, Section 6.4.3) shows
that subcriticality is maintained under impact conditions. The criticality
analysis relies on the structural analysis, which shows that the Mark IA.
basket center tube does not buckle or shift farther than 5. 08 cm (2 in.) under
impact conditions.
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- 3. 4 2 Puncture

. The threat. of puncture to the cask body is cons1dered neg11g1b1e due to B

"/;the thickness. of the steel shell and cask 1id, a minimum of 8.9 cm (3.5 in.).

However, the puncture accident mode is also considered to include the
scenario where the cask vent or drain port cover strikes a puncture bar or
“similar structure. If this event occurs, the port cover is ‘assumed to lose
~oiitscsealy - This. approach is conservative because 1mpact to a port cover will

i not always resu1t 1n a ]oss of the seal’s L

3.4.3 Crush

. "The forces potentially generated by an inertial crush accident where the-
7,300-kg (16,000-1b) trailer hits the MCO Cask are bounded by the forces
evaluated for the impact event. The worst-case g-Toads that the cask
experiences during the impact event, as determined in Part B, Section 7.3, are
on the order of 25g. The magnitude of these forces greatly exceeds the weight
of the trailer. Because the cask containment is maintained when subjected to
the worst-case g-loads, the cask is considered fo survive a static crush
event, which would have much smaller g-loads, with no loss of containment
shielding, or criticality control.

3.4.4 Fire

The thermal evaluation (Part B, Section 8.5) shows that the failure
threshold of the port cover seals is slightly more than six minutes in an
all-engulfing fire. As shown in Table B3-3, fires with durations longer than
six minutes are not credible and do not need to be analyzed further to show
that onsite transportation safety criteria (Mercado 1994) are satisfied.

For information, Part B, Section 8.5, also evaluates the 10 CFR 71-
specified fully engulfing fire duration of 30 minutes during transfer from the
CVDF to the CSB. That evaluation, along with Part B, Section 7.4, shows that
the cask retains the MCO during a 30-minute fire and that a runaway chemical
reaction does not occur within the MCO. .

3.5 ACCIDENT RELEASE FREQUENCY ASSESSMENT

3.5.1 Approach

The accident release frequency assessment is based on the assumption that
a single failure mode is appropriate for each of the different forces
described as impact, puncture, crush, and fire. Packages on the Hanford Site
do not encounter immersion accident environments. The union of the package
conditional release probabilities corresponding to different scenarios with
similar consequences is multiplied by the frequency of truck accidents to
arrive at a total release frequency.
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: The annual frequency (F) of a truck accident is the product of the annual -
~number: of trips,. the number of miles per trip; and the accident rate per mile.  -.

= 225 trips miles accidents
year trip mile

The truck accident rate is the Saricks.and Kvitek (1994) value for ‘the
- Hashington State .accident rate for secondary (rural) state:highways..:This. ..
: rate is-1.17:x.107 accidents per mite. For the Hanford site,.this rate:is-
~reduced by a:factor of 40 as recommended in Appendix ‘B of Recommended -Onsite
Transportation Risk Management Methodology (H&R 1995). Appendix B of the H&R:
report summarizes statistics from the U.S. Department of Transportation- and
the studies conducted by Sandia National Laboratory on accident responses of
small and large packages. The report recommends reducing truck accident rates
by -10 for "safe" truck drivers, a factor of two for travel north of the Wye
barricade and another factor of two for shipment of radioactive material.
These reduction factors are based on the following logic:

« Safe truck drivers: Hanford Site truck drivers have special
training. Drivers must complete several driver's education courses,
have a valid commercial driver's license with hazardous endorsement,
complete specific training for highway route controlled quantities
of radioactive material, and complete radiation worker and hazardous
materials training. References show that drivers that participate
in special safety programs reduce single-vehicle accident rates by
up to a factor of 100. The H&R report (H&R 1995) recommends using
an overall accident reduction factor of 10.

« Travel north of the Wye Barricade: The general population is
excluded north of the Wye barricade. The roads are straight and
generally flat. These conditions eliminate conditions caused by
after-work activities, such as alcohol consumption and travel during
Timited visibility. Statistics show that the difference between
travel during day and night leads to an accident reduction of 2.67.
Therefore, although the MCO is not limited to travel during daylight
hours, because there is a constraint on traveling during adverse
weather conditions, which may affect visibility, and because no
alcohol consumption is permitted on the Hanford Site during the day
or at night, a conservative factor of two reduction is recommended
for travel north of the Wye Barricade.

« Radioactive material: An additional factor of two is recommended
based on the higher level of training required for drivers of
vehicles carrying radioactive material and the higher level of
caution that would be expected from drivers of cargos consisting of
radicactive material.

K Basin to CVDF:

- idents
, . 1.17 x 1077 2cgidents

225 trips x 0.5 mi mi
yr trip 40 (reduction factor)

F=3.3 x 107 accidents
. =5
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CVDF to CSB:

- accidents
225 trips , 8mi 1.17 x 10 i
yr trip 40 (reduction factor)

F=5.3 x 10 &accidents
. —

The freguency of accidents is multiplied by the union of the.conditional
release probabilities determined in Section 3.5.2 to arrive at an annual
accident release frequency. The anpua] release frequency is then compared to
the risk acceptance criteria of 107, : :

3.5.2 Accident Release Frequency Analysis

Information for the probability of occurrence and conditional
probabilities of failure is taken from Severities of Transportation Accidents
Involving Large Packages (Dennis et al. 1978), Severities of Transportation
Accidents Volume III--Motor Carriers (Clarke et al. 1976), and H&R (1995).

A simplified generic flow chart, shown in Figure B3-1, has been developed
using statistics presented in Clarke et al. (1976) and Dennis et al. (1978).
It visually depicts events that may occur as a result of a truck accident on
the Hanford Site. Scenarios that are not pertinent to the shipment of
radioactive material on the Hanford Site are not inciuded. These include
accidents such as immersion and fires not involving the cargo. Package
failure and material reléase may occur from fire, impact, crush, and puncture,
which, for purposes of the joint probabiiity calculations, are assumed to be
independent events. The crush force in the flow chart represents static
crush. For large packages such as the MCO, inertial crush falls under the
category of an impact force. Impact failure thresholds are accordingly
evaluated for either impact or inertial crush failure, whichever is the
Timiting value.

The probability of an event in the flow chart given a preceding event is
determined from the studies presented with large and smali packages in
Clarke et al. (1976) and Dennis et al. (1978). Thus, as can be seen in
Figure B3-1, the probability of a fire only given a truck accident is 0.0110,
and the probability of an accident resulting in collision or overturn is
0.8935 (Clarke et al. [1976], p. 13). Trivial accidents are defined as those
that do not affect the payload. These accidents may not result in trivial
damage to other vehicles or the transport vehicle.

The probability of static crush given a collision or overturn accident is
found in Dennis et al. (1978 [p. II-25]) as 0.05. This means that 1 in
20 collision or overturn accidents results in static crush to the package.
Use of the 0.05 value is recommended in Dennis et al. (1978) even though the
study. states that.accident statistics indicate a Tower rate would be more
representative of accident conditions. Conditional release probabilities for
crush are either 1.0 for failure or 0 for no failure. Failure occurs if the
static crush failure threshold for the package is less than the weight of the
truck trailer. The MCO Cask will survive the crush force from a 7,300-kg
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- (16,000-1b) truck trailer, as discussed in Section 3.4.3, and therefore the
~.conditional probability: of failure -due.to crush is. essent1a11y equal to zero.

. The impact environment may result in puncture or impact failure.

Dennis et al. (1978) cites a value of 0.8020 for the probability of an impact
‘environment given an accident. Accordingly, the probability of an impact
force, as shown in Figure B3-1, occurring given a collision or overturn is
calculated to be 0.8976 (0.8020/0.8935). The conditional probability of
release from impact forces given an impact event (PIF) represents the
.probability. that the package will be subjected to an impact resulting in a
velocity change. greater than that which could fail the package. As previously -
stated, inertial crush is included in this category.

‘The values for the 1mpact conditional release probab111t1es aré found 1n
Dennis et. al. (1978 {p. II-23]).- They are based on the expected system
velocity change resulting from the collision or overturn event. The impact
failure threshold for the cask was determined to be a 40-km/h (25-mi/h) change
in velocity onto a typical Hanford Site surface for the CVDF leg and a 48-km/h
(30-mi/h) change for the CSB leg. The conditional probability of failures for
the respective legs are 0.0072 and 0.005 (Dennis et al. [1978]).

The conditional probability of release from puncture given an impact .
event (PPF) represents the probability that an impact event will result in a
puncture force large enough to penetrate and fail the equivalent steel
thickness of the package. The PPF values are found in Dennis et al.(1978
[p. II-35]) and are tabulated as the probability that given an accident with
an impact force, a package of an equivalent steel thickness will undergo
puncture failure. The MCO Cask has an equivalent steel thickness of at least
8.9 cm (3.5 in.), which has a conditional probability of failure of
approximately zero. However, an impact event may result in a puncture threat
to the port covers. The port covers are 1.9 cm (0.75 in.) thick, and although
the port covers are less than 1% of the total surface area of the cask, the
puncture failure conditional probability is based on a cask thickness of
1.9 cm (0.75 in.). The PPF value for-an equivalent steel thickness of 1.9 cm
(0.75 in.) is 2.04 x 107°

In a similar manner, the conditional probability of fire given a
collision or overturn is calculated from a fire frequency per accident of 1.6%
(Dennis et al. [1978], p. 1I-15) and the value for the fire-only scenario of
0.0110. The conditional probability of release from failure from fire (PFF)
is determined from an H&R report (H&R 1995), which incorporates Hanford Site
information for emergency response time and fire duration. The value
represents the probability that the fire duration is greater than the length
of time determined to be the failure point for the package. Although the
structural elements of the massive MCO Cask will not respond negatively to a
6-minute fire, the thermal section (Part B, Section 8.5.5) shows that a fire
Tonger than 6 minutes will result in failure of the cask drain port seal.
Therefore, because containment has been breached, a 6-minute fire failure
threshold is assumed, and a PFF value.of 0.72 is used.

Conditional release probabilities and failure thresholds are summarized
in Table B3-2. The joint probability is calculated by taking the union of
events (McCormick 1981). The equation represents the sum of the probabilities
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of 1ndependent events while the subtracted terms eliminate double count1ng
- arising from the over1ap caused by the.intersection :of : the events. - The
general equation is given as:

PAy+24. .. +Ay) —E pP(a,) - ¥ EN: P(A,A,) +~
v (- 1)”‘iP(A AIz=1 m=Z:)
where
P(fia). = the probab11ity of fire given:that an accident has -occurred
P(fcla)- = the probab111ty of fire and" crush given that an accident has
occurred
and. _
‘P(FTE fIf) = the probability that the failure threshold is exceeded by

fire given that a fire has occurred, etc.

Likewise, I = impact and p = puncture. Then the above equation .can be
expanded and written as:

£) + P(cla) P(FTE cic) + P(I{a) P(FTE I1) +
p) - P(fcla) P(FTE f'f) P(FTE clc) -
1) P(FTE I1I) -

P = P(fla) P(FTE f!
P(p.a) P(FTE p!
P(fiia) P(FTE f

Thus the values from the flow chart in Figure B3-1 and the conditional
probabilities from Table B3-2 yield a total conditional release probability of
0.019 for the CVDF leg and 0.017 for the CSB leg.

Table B3-2. Failure Thresholds and Conditional Reledase Probabilities.

Force type Failure threshold Conditional release probabitity
Crush 16,000 Lb . Does not fail (70
Puncture 0.75 in. 2.04 x 1072
Fire 6 minutes to toss of seat | 0.72
Impact--Cold Vacuum Drying Facility leg | 25 mi/h 0.0072
Impact--Canister Storage Building leg 30 mi/h 0.005

3.6 EVALUATION AND CONCLUSION

Table B3-3 shows the risk evaluation summary. The table summarizes the
accident frequency per year, the union of the conditional release
probabilities, and the resulting annual accident release frequency. As can be
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seen in the table, the accident release frequenciés foy both .the CVDF and CSB
legs are less than the risk acceptance criteria of 107,

Table B3-3. Summary of the Radiological Risk Evaluation.

. Leg . . Frequency ' Union of conditional Annual accident
. g . Caccidents/year) release probabilities .release frequency
|- cotd Vacuum drying Facility | 3.3 x 1077 . 1.9 x.1072 ez x10?
-] cantster storage Building . | 5.3 x 10°¢ 1.71 x 1072 9.0 x 1078
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4.0 CONTAINMENT EVALUATION

4.1 INTRODUCTION

-The MCO Cask is designed and fabricated to meet the leaktight criteria of
ANST N14.5 (ANSI 1987) and maintains containment of the spent fuel through
--normal transport-conditions and accident conditions on the Hanford Site. The-
.MCO will retain:the spent fuel during normal transfer and - acc1dent cond1t1ons,
but no credit is taken for that boundary. . :

--The MCO Cask c]osure 1id uses a Buty1 rubber 0- rlng face seal to
maintain-a leaktight (10 std cc/s) seal. The seal-is Tocated on the
interface surface between the flange on the closure Tid and the MCO Cask
shell. This seal is placed in an O-ring groove in the closure 1id flange.

The O0-ving is compressed by tightening 12 1.5-in. bolts on the 1id. There are
two penetrations into the MCO cask for the vent port and the drain port. .Both
of these ports are quick-disconnect couplings attached to coupling adapters,
which are recessed from the exterior of the cask. These couplings are not
considered to be containment boundaries. Leaktight containment for these
ports is provided by cover plates and Butyl rubber O-ring face seals. An
0-ring groove is cut into each cover plate. At the drain port, the O-ring is
compressed by four 0.5-in. bolts. At the vent port, the O-ring is compressed
by four 0.5-in. bolts.

The primary purpose for the MCO is to be the long-term storage container
for the spent fuel, so the MCO meets criteria for long-term storage of spent
fuel. The MCO retains the spent fuel under all normal and accident
conditions. During the transfer from the K Basins to the CVDF, the MCO is
vented via a HEPA filter to the cask interior. The MCO 1id/shield plug
assembly is mechanically secured to the MCO shell by a threaded Tocking ring.
A Helicoflex? seal serves as the primary seal between the shield plug and the
MCO. Eight 1.0-in. screws penetrate the Tocking ring to further compress the
seal. There are four penetrations through the MCO 1id/shield plug assembly.
The two process penetrations will be covered by a blind flange and a flexible
graphite gasket that maintains a seal, while the penetrations for the rupture
disk and relief valve are uncovered. The covers for the two process
penetrations are closed by eight 0.625-in. bolts, while the other two covers
‘are closed by four 0.625-in. bolts. :

4.2 CONTAINMENT SOURCE SPECIFICATION

The authorized contents for the MCO Cask is the MCO filled with
270 Mark IV fuel elements or 288 Mark IA fuel elements from the N Reactor.
The dose consequence spurce term described in Part B, Section 2.1.2 (see
Table B4-1), was used as the basis for all containment calculations, because
that source term would result in the highest estimated dose to receptors
exposed to the material.

1Butyl is a trademark of Dewitt Products.

2Helicoflex is a érademark of Helicoflex Corporation.
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Table B4~1. Dose Consequence Source for a’
: Multicanister Overpack.:(MCO). - v
ilksotope Activity ) Isotopew 7 Acéivity
(curies/MCO) {curies/MCO)
3y 1.7 E+02 127y 3.6 E-18
g 3.5 E+00 129 3.3 E-02
53¢e 3.8 £+00 13¢5 4.7 E+01
80¢cq 1.4 E501 135¢¢ 3.8 £-01
5%; 2.0 E-01 137 6.2 E+04
63y 2.3 £401 157mg, 5.8 £404
se 4.1 E-04 14hee 7.3 £-03
8¢ 2.4 E+03 T4hpr 7.2 E-03
90sp 4.4 E+04 14émp,. 8.7 E-05
90y 4.4 E+06 W7o 7.7 E+02
93ar 1.9 E+00 5isn 6.5 E+02
93my, 1.2 E+00 152g, 5.5 E+00
e 1.4 £+01 154ey 7.4 E+02
1065y 2.2 E-01 155¢, 7.1 £+01
106gp 2.2 £-01 1536q 5,1 E-09
107pg 9.9 E-02 234y 2.4 E+00
10,9 6.9 E-09 235 8.1 E-02
110m, g 5.2 £-07 236, 4.5 E-01
13mey 1.8 £+01 238, 2.1 E+00
13min 2.1 €18 BTy 3.0 E-01
135, 2.1 E-18 238p, 8.5 E+02
195, 6.0 E-07 3%y 1.1 E+03
121mgy 4.0 £-01 240p, 8.7 E+02
123, 2.4 E-15 241y 4.4 E+04
1265 8.2 E-01 242p, 5.5 £-01
1255 8.3 E+01 2 2.7 E+03
126, 1.1 E-01 262y, 2.4 E+00
126mgp, 8.2 E-01 2h2myny 2.4 E+00
123my¢ 2.3 E-20 243 1.8 E+00
125mpq 2.0 E£+01 262, 2.0 E+00
1277¢ 3.5 E-18 24 2.9 E+01
Total 2.6 E+05
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A fabrication verification leak test of the MCO Cask containment boundary -

©- oL will:be.performed:at the manufacturer. : That.deak .test: will. demonstrate-thatii.# =

-.the .MCO-Cask.can meet the 1077 std cc/s leak.rate:defined as-leaktight by :
. ANST N14.5 (ANSI 1987). P R A

4.3 . NORMAL TRANSFER CONDITIONS

4.3.1. Conditions To Be Evaluated

...~ The conditions to be evaluated for normal transfer are pressurization of. .

- the MCO and MCO.Cask, seal temperature .range, and seal- integrity. .The MCO.
Cask must remain leaktight, and the MCO must provide containment under all
normal transfer conditions. : ’ :

The normal transfer conditions involve exposure to temperatures as low as
-33 °C (-27 °F) and as high as 46 °C (115 °F) while exposed to maximum solar
insolation. The containment boundary must survive external pressure
fluctuations as Tow as 24.5 kPa (3.5 psi) and as high as 140 kPa (20 psi) as
well as a maximum internal pressure of 1034 kPa (150 psi). The containment
boundaries also must survive a water spray; vibration normally incident to
transport; impact of a 3.2-cm- (1.25-in.-) diameter, 6-kg (12-1b), vertical
steel cylinder dropped from @ height of 1 m; a 0.3-m (1-ft) free drop onto a
Hanford Site concrete surface when the MCO is dry; and a 5g impact onto the
flat bottom of the cask when the MCO is water-filled.

4.3.2 Containment Acceptance Criteria

. The MCO Cask design must meet -external release rate requirements with a
containment system that satisfies the ANSI N14.5 (ANSI 1987) leaktight
criterion (leakage rate less than 107 std cc/s). Leaktightness is proven
when the MCO Cask containment boundary is shown to meet ASME B&PV Code,
Section III (ASME 1995), Service Level A stress allowables during all normal
transfer conditions.

As stated in Section 4.2, the MCO Cask will undergo a fabrication leak
test to demonstrate a leaktight design. The MCO will undergo a fabrication
leak test to demonstrate that containment requirements for long-term storage
are met. Since there is a significant dose associated with performing an
assembly leak test, an analysis was done comparing the dose to a worker
performing the Teak test to the dose received from an improperly sealed cask.
The supporting analysis, given in.Part B, Section 4.7.2, shows the dose
received from.an improperly sealed cask to be less than the dose received from
performing a Jeak test. Therefore, an assembly leak test is not required

. prior to every shipment. .

4.3.3 Containment Model

The structural analyses of the MCO Cask are provided in Part B,
Section 7.0. The results of the normal conditions of transfer analyses are



HNF-SD-TP-SARP-017 ~ Rev. .0

presented in Part B, Section 7.3.4.3. These structural analyses demonsirate
that. the MCO. Cask maintains a leaktight containment boundary during normal
- transfer conditiops. T I o

4.3.4 Containment Calculations B

The structural analyses summarized in Part B, Section 7.3.4.3,
~demonstrate that the MCO Cask satisfies ASME B&PV Code, Section IIl
(ASME.1995), Service Level A stress allowables during normal transfer
- conditions. -Since the Service Level A stress allowables -are met, the cask -
remains leaktight during normal transfer conditions.

4.4 ACCIDENT CONDITIONS

4.4.1 Conditions To Be Evaluated

The conditions to be evaluated for accident scenarios are pressurization
of the MCO Cask and MCO and performance of the MCO Cask and MCO Cask seal
during the drop, puncture, and fire.

The accident conditions listed are evaluated at an ambient temperature
between -32 °C (-27 °F) and 46 °C (115 °F), whichever is more severe for the
individual accident. The impact accident is simulated by a free drop of 9.0 m
(30 ft) of the dry package or a free drop of 6.4 m (21 ft) of the water-filled
package onto a typical Hanford Site concrete surface. The puncture is a 1-m
free drop of the package onto a 15-cm- (6.-in.-) diameter mild steel bar. The
thermal accident is simulated by exposure of the package to a 6-minute, 800 °C
(1475 °F) engulfing fire during transfer from the CVDF to the CSB, which is
followed by a quench.

4.4,2 Containment Acceptahce Criteria

The package must satisfy external release rate requirements for defined
accident conditions. The MCO Cask containment boundary remains Teaktight
during defined accident scenarios. The containment boundary must be shown to
satisfy ASME B&PV Code, Section III (ASME 1995), Service Level D stress
allowables during the accident conditions. Proper squeeze must aiso be
" maintained on the MCO Cask 1id seal. Squeeze is defined as the percent
reduction in the cross-sectional diameter of the O-ring due to compression.

4.4.3 Containment Model

The structural analyses of the MCO Cask and the MCO are provided in
Part B, Section 7.0. The results of the accident condition analyses are
presented in Part B, Section 7.4.4.3., and the thermal evaluation is presented
in Section 7.4.4.2. These analyses demonstrate that the MCO Cask maintains a-
Jeaktight containment boundary and the MCO Cask provides containment during
all accident conditions. . :

B4-4
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~4.4.4  Containment Calculations

The structural.analyses summarized in Part.B,--Section.7.4.4.3,

" demonstrate both the MCO Cask and the MCOsatisfy ASME B&PV Code, Section IIT .

(ASME '1995), Service Level D.stress allowables during all accident, conditions.
Since the Service Level D stress allowables are met and proper squeéze is
maintained on all MCO Cask seals (as shown in Part B Sect1on 4.7.1), the cask
meets containment criteria.

: 4.5 CONTAINMENT EVALUATION AND CONCLUSIONS
Structural analyses.show that Teakiightness of the MCO.Cask packaging .
system containment is maintained for onsite normal transfer conditions and for
defined accident conditions. The MCO also retains the spent fuel during all
conditions. .
4.6 REFERENCES
ANSI, 1987, American National Standard for Radioactive Materials - Leakage
Tests on Packages for Shipment, ANSI Standard N14.5-1987, American = .
National Standards Institute, New York, New York.

ASME, 1995, ASME Boiler and Pressure Vessel Code, American Society of
Mechanical Engineers, New York, New York.

Parker, 1992, Parker 0-Ring Handbook, Parker Hannifin Corporation, Cleveland,
0h1o

4.7 APPENDIX

4,7.1 Squeeze Calculation

This calculation shows that proper squeeze is maintained on the MCO Cask 1id
seal after the defined accident condition drop test.

Given:

Inside diameter (ID) of O-ring = 31.31 in.

ID of 0-ring groove = 31.57 in +/- .01 in.
Cross-sectional diameter of o-ring = 0.275 in.
Groove depth = 0.210 in +/- 0.01 in.
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Find normal transfer conditions
max o- ring stretch (31 58 - 31 31)/31 31 0. 86%
o reduct1on in cross sect1ona1 d1ameter (from Parker)

% red

-0.005 + 1.19(.86) - 0.19(.86) - 0.001(.86) + 0.008(.86)4
% red

0.88%

instailed.cross-sectional diameier of o-ring = (1 - 0.88%)(0.275) = 0.2726 in

(0.2726 ~ 0.20)/0.2726
(0.2726 - 0.22)/0,2726

maximum squeeze
minimum squeeze

27%
19%

[}
gon

Accident conditions

Parker recommends a minimum squeeze of 0.007 in. for static seals. To obtain
this amount of squeeze, the groove depth would be (0.2726 - 0.007) = 0.2656

The minimum recommended squeeze, in %, is 0.007/0.2726 = 2.57%

The groove depth for accident conditions will take into account the bolt
strain.

e = Ayge + (1) (€)

where: due = groove depth for accident conditions (in.)
dyre = groove depth for normal transfer conditions (0 22 in.
©omax.)
1, = bolt length, unthreaded (4.25 in. max. )
¢ = bolt strain, from Part B, Table B7-23, the worst-case

drop scenario (0.006)
dye = 0.2455 in.
squeeze = (0.2726 - 0.2455)/0.2726 = 9.94%

Adequate squeeze is maintained for accident conditions.
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4,7.2 Dose Comparison Analysis

. : - ENGINEERING SAFETY EVALUATION ) o
"It Subjéct_ Dose Comparison for MCO Cask Assembly N . Page: 1 of 28
7 Opiginator _J. 8. Boéitger/A. V. Savito ~ ¢f i Dite_01/09/96_ "~

Checker. UJ £ My, 4 v Date_01/09/96

"I Objectives:

" Spent fuel from the K Basins is to be shipped in the MCO cask assembly. The MCO cask
design is such that the cask will remain leaktight under normal conditions of transport (NCT)."
.In order to keep dose rates ALARA, it is desired to transport each MCO cask assembly
without performing a leak test after the cask lid has been assembled. This evaluation
compares the dose to the worker performing a leak test to the dose received should the cask
1id fail to seal properly.

II.  References:
ANSI N14.5, 1987, American National Standard for Radioactive Materiais - Leakage Tests on
Packages for Shipment, American National Standards Institute, New York, New
York.

ASME, 1995, ASME Boiler and Pressure Vessel Code, American Society of Mechanical
Engineers, New York,ANew York.

Chemical Rubber Publishing Company, 1961, Handbook of Chemistry and Physics, The
Chemical Rubber Publishing Company, Cleveland, Ohio.

Y.  Results and Conclusions:
The following table summarizes the results calculated using the methods described in

Section IV of this report.

Table 1. Dose Comparison

15 min. exposure time 30 min. exposure time
K Basins to CVD - MCO is 1.1 mrem 2.2 mrem
vented/filtered, Cask leaking
CVD to CSB - MCO confines | 6.1 x 10 mrem ) 1.2 x 10® rem
spent fuel, Cask leaking

CVD to CSB - MCO is 0.61 mrem 1.2 mrem
leaking while Cask is leaking :

Dose to worker performing .
leak test (worker standing at 3.5 mrem 6.9 mrem
side of cask, 1m away) ‘

Results from the shielding analysis, Section 5.0, state that the dose rate from the side of the
MCO Cask at a distance of 2 m is 6.9 mrem/hr. Because the diameter of the MCQ Cask is
small compared to its length, the dose rate at 1 m falls off as 1/r. Therefore, at a distance of

B4-7
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ENGINEERING SAFETY EVALUATION

* . Subject_Dose Comparison for MCO Cask Assembly =~ ~ .. _Page 2 of __2§
- .. Originator ._J.-S. Boettger/A. V. Savino . : : Date_01/09/96 -

Checker, ﬂ/{;// : : Date,_01/09/96

v,

1 m, the dose rate is doubled, or 13.8 mrem/hr. It is important to note that the dose from the
leak test is received each time aleak test is performed. For the remaining cases, the dose is
received only if the MCO and/or MCO Cask were improperly sealed. Since an approved
procedure will be used to assemble the cask lid, the probability of receiving these doses is
reduced. This is especially true for the case where both the MCO and MCO Cask are | |
leaking, since both conditions would have to exist simultaneously. The actual time spent 1 m
away from the cask during the leak test is estimated to be approximately 20 minutes.

Engineering Evaluation:
Table 2 shows the dose consequence source term used in this evaluation. The activity per
MCO is based on 270 Mark IV fuel elements per MCO. Following the table is a description

of each transport scenario. “All supporting calculations are found in the Appendix of this
evaluation. .
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Table 2: MCO Source Term
Isotope . ‘Acﬁvity Act'.'\\'ity Isotope Activity Activity
R (CYMTU) (CI/MCOY) " (CYMTU) (CI/MCO)
Fission and Activation Products -

H-3 2.67¢+01 1.7e+02 Sn-123 3.85¢-16 2.4¢-15
C-14 5.53¢-01 3.5¢+00 $n-126 1.29¢-01 8.2¢01
’Fc-SS 6.05¢-01 3.8¢+00 Sb-124 0.00c+00 0.00¢+00
Co-60 2.21e+00 1.4e+01 Sb-125 1.31e+01 3.3¢ 401
Ni-59 3.18e-02 2.0e-01 $b-126 1.81e-02 1.1e-01
Ni-63 3.48¢+00 2.2¢401 Sb-126m 1.29¢-01 8.2¢-01
Se-79 6.54¢-02 4.1¢-01 Te-123m . 3.60e-21 2.3e:20
Kr-85 . 3.80c+02 24¢+03 Te-125m 3.20¢+00 2.00+01
8190 7.00¢+03 4.4e4+04 Te-127 5.54¢-19 3.5¢-18

¥-90 ) 7.00c+03 4.4e+04 Te-127m 5.66¢-19 3.6e-18
Zr93 2.95¢-01 1.9¢+00 . § I-129 5.160-03 3.3e-02
Nb-93m 1.91¢-01 1.2¢+00 Cs-134 7.42¢+00 4.7c+01
Te-99 2.19¢+00 14e+01 Cs-135 6.04¢-02 3.8¢-01
Ru-106 3.41e-02 2.2¢-01 Cs-137 9. 74403 6.2¢+04
Rh-106 3.41e-02 2.2¢-01 Ba-137m 9.22¢+03 5.8¢+04
Pd-’107 1.56e-02 9.9¢-02 Ce-144 1.15¢-03 7.3¢-03
Ag-110 1.09¢-09 6.9¢09 § Prisa '1.136-03 7.2¢.03
Ag-110m 8.20e-08 5.2¢-07 Pr-144m 1.37¢-05 8.7e-05
Cd-113m 2.83¢+00 1.8¢+01 Pm-147 1.22¢+02 7.7e+02
In-113m 3.38¢-19 2.1e-18 Sm-151 1.02e+02 ° 6.5¢+02

Sn-113 3.37¢-19 2.1e-18 Eu-152 8.62¢-01 5.5¢4+00
Sn-119m 9.42¢-08 6.0¢-07 Eu-154 1.16e+02 7.‘4e+02
Sn-12Im 6.31e-02 4.0c-01 Eu-155 1.12¢+01 7.1e+01
Gd-153 8.00c-10 5.1¢09

Fission and Activation Product Totals 3.38c404 2.14¢+05
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-~ Originator _J. 8. Boettger/A. V. Savino . I Date, 01/09/96 -~ e :vv

Checker, Jel Date_ 01/09/96..
Actinides

v © 384001 240+00 § Pu24i 6.966-+03 440404
U3 12702 8.1e02 § Pu2e2 8.71e-02 5.5¢-01
U236 7.160-02 45001 § Amod1 429402 276403
U . 33101 216400 || Am242 3.72:.01 246400
Np237 4.660-02 3.0001 | Am242m 3.73¢-01 © 240400
Pu-238 1.34e+02 8.5e+02 | Am-243 2.78¢-01 1.8e-+00
Pu-239 1.73c402 11e+03 | cm242 3.08¢-01 2.00+00
Pu-240 1.37e402 8.70+02 | cmosm 4546400 : 296401

Actinide Totals 7.84¢403 4.980+04

K Basins to CVD
MCO is Vented, Cask is Leaking

During this leg of the shipment, the MCO is vented to the MCO Cask cavity. The vent port
is equipped with a particulate filter, such that only the tritium and Kr-85 are vented. The
MCO Cask is also leaking. The shipping time is 24 hours. Since the MCO is open to the
MCO cask, the void spaces for each are modeled a3 a single void space. A theoretical hole
diameter of 2.54 x 10 cm is assumed as the leak path through the MCO Cask. This value is
based on what an inspector can reasonably detect during a visual inspection. The dose from
inhalation and submersion is found for both a 15 and 30 minute exposure starting at the end
of the 24 hour shipping time.
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CVD to CSB

MCO Provides Containiment, Cask is Leaking

In this scenario, the MCO provides containment of the spent fuel, which limits the leak rate
from the MCO into the cask cavity to no greater than 1 x 10* std cc/s. The MCO cask is

assumed to be leaking. All of the gases are able to escape through this leak path. Also, it is

. assumed that a certain portion of the solid activity will aerosolize and become part of the
gaseous mixture. The shipping time is 36 hours.” It is conservatively assumed that ail
radioactive material released into the MCO Cask during this time is there throughout the
shipping time. A theoretical hole diameter of 2.54 x 10? ¢m is assumed as the leak path
through the MCO Cask. This value is based on what an inspector can reasonably detect
during a visual inspection. The dose from inhalation and submersion is found for both a 15
and 30 minute exposure starting at the end of the 36 hour shipping time. .

MCO and MCO Cask are Leaking

This scenario assumes that both the MCO and MCO Cask are leaking. Again, all of the gases
are able to escape through this leak path, and a certain portion of the solid activity will
aerosolize and become part of the gaseous mixture. The shipping time is 36 hours. It is
conservatxvely assumed that all radioactive material released into the MCO Cask during this
time is in the cask cavity throughout the shipping time. A theoretical hole diameter of 2.54 x
10° em is assumed as the leak path through both the MCO and the MCO Cask. This value is
based on what an inspector can reasonably detect during a visual inspection. The dose from
inhalation and submersion is found for both a 15 and 30 minute exposure starting at the end
of the 36 hour shipping time.
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V. Appendix
Leak Rate Calculations

. .Note: : All. solubility and viscosity values were taken from the Handbook of Chemistry and.Physics,
43rd. edition. : )

Release Scenarios:
i) From K Basins to CVD: MCO is vented, MCO Cask is leaking
. Given: Shipping window from X Basins to CVD = 24 hours
Void Volume of MCO = 27 L
Void Volume of Cask cavity = 15 L
*H activity = 170 Ci
BKr activity = 2400 Ci
Assume: - Vent filter prevents all particulates from escaping MCO. Therefore, only
gaseous isotopes are considered. .
1. Since MCO is open to cask for this leg of .the transfer, consider MCO and MCO Cask void
volumes as a single void volume.

2. Determine volume of *H and ®Kr in source term.

My = 6 g/mol
My.s5 = 85 g/mol

Specific activity of °H = 9700 Ci/g
Specific activity of ¥Kr = 390 Ci/g

From the Ideal Gas Law, at 25°C, the volume of a gas per mole is 24.5 L/mol.

For °H, the volume is: (170 Ci)(24.5 L/mol)/(6 g/mol)(9700 Ci/g) = 0.0716 L = 71.6 cc
Similarly, the volume of *Kr in the source term is 1770 cc.

3. "*H and *Kr are soluble in water. Determine equilibrium conditions to find volume of
radioactive gases in vapor space.

s, = (5,0 (%‘) (v)
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Where:

= solubility of nuclide "x" in water, 25°C (H3: 19. 1 ce/L; Kr85: 60 cc/L) .
vx = volume of nuclide "x" in vapor space (cc)
v, = volume of water in MCO and MCO cask (635 1)
v, = void volume in MCO and MCO cask (42000 cc)
$,» = volume of nuclide "x" in solution at 25°C (cc)

Also, v,+S, = v, where v, is the total volume of nuclide “x" in the source term. For Hj, v,
= 71.6 cc, and for Kry,, v, = 1770 cc.

Solving these two equations for v, gives:

v, = _.________Vc—_..
* 7.35(s,,) (v,)
14 STkl D e

(v,)

The factor.of 7.35 is due to the increased solubility due to the internal MCO pressure of
7.347 atm (108 psia), from Fig B8-8.

*H: v, =229 cc
8Ky v, = 231 ce

Converting back to Ci, this gives:

°H: 54.4°Ci
®Kr: 313 Ci

The total activity concentration, A,, is (313 + 54.4 Ci)/42000 cc = 2.44 x 10° Ci/cc

Find leak rate from MCO Cask, L., assuming a 2.54 x 10® ¢m diameter hole. This
represents the diameter of an unobservable crack.

Given: P, = upstream pressure = 7.347 atm (108 psia), from
Fig B8-8,-MCO
internal pressure

P, = downstream pressure = 0.95 atm
P, = P+PY2 = 4,149 atm
a = leak path length = (.6223 cm (o-ring width)
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T = Temp of fill gas (He) = 311 X (avg. SNF temp)
R, = Gas constant : = 8.31 x 107 erg/gmol X
k = Ratio of specific heats = 1.66 for He (ANSI N14.5,
: Table B1
M = Molecular weight of He =.4.0 g/mol
D = Leakage hole diameter = 2.54x 10% em

The pressure ratio P,/P, = 0.129. Since this ratio is less than the critical pressure ratio for
helium, 0.487 (ANSI N14.5, Table B1), the flow is choked and equation B7 of ANSI N14.5
can be used. ' '

7 = ®D? lﬂ(_z_) "
4 N\ M(k+1)  k+1

Solving for L, gives 2.95 x 10 cc/s.
Find release rate, R, from cask.

L, = 2.95x 10 cc/s (step 4)
A, = 2.44 x 10° Cifce (step 3)

R, = (L)(A)B3600 sthr) = 2.59 Cifhr total
Using the ratio of *H to ®Kr in the vapor space, the release rates are:

3.83 x 107 Ci/hr of °H
2.21 Ci/hr of ¥Kr
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From.CVD to CSB: MCO provides containment, MCO Cask is leaking

= Find: . Reference air hole diameter, D, for leak rate of 1 x 10 cc/s from the.MCO.: .
. Given: P, = ypstream pressure = 1.0 atm (ref. condition)

P, = downstream pressure = 0.01 atm (ref. condition)

P, = (P,+PJ2 = 0.505 atm

R, = gas constant = 8.31 x 10" erg/gmot K

k = specific heat ratio =-1.4 for air

T = Temp of fill gas (air) = 298 K (ref. condition)

M = Molecular weight of air = 29.0 g/mol

L = Allowable leak rate for

for MCO containment = 1 x 10 std cc/s

‘The pressure ratio is 6.01, which {s less than the critical pressure ratio for air, 0.528.
Therefore, the flow is choked, and equation B7 of ANSI N14.5 will be used.

L = ®D? 2kR, T T ) iy
4 N\ M{k+1) k+1

Substituting and solving for D gives D = 7.99 x 10° cm. This represents the maximum hole
diameter that can exist to remain within the requirements for containment.

Determine actual leakage conditions, L., based on maximum allowable hole size.

Find: Actual leakage rate from MCO based on 7.99 x 10°* cm hole.
Given: P, = upstream pressure = 11.2 atm (150 psig MCO design
pressure)
P = downstream pressure = 1.204 atm (3 psig He fill gas)
P, = P, +P/2 = 6.204 atm
R, = gas constant ='8.31 x 10” erg/gmol K
T = Temp of fill gas. (He) = 353 K (max SNF temp after 36
hours, Fig B8-13, Thermal
Section)
k = specific heat ratio = 1.66
M = Molecular weight of He = 4.0 g/mol
D = Leakage hole diameter =7.99 x 10° cm
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Again, the pressure ratio is less than the critical pressure ratio, so the flow is choked and
equation B7 is used.

Solving for L, gives 3.12 x 10* ccfs,

Find release rate, R, from MCO to cask cavity based on 3.12 x 10* cé/s leak rate,

a) Find activity concentration, A, of mixture in Ci/cc.

Total activity from solids present in the MCO {(See Table 1 in this report) = 2.61 x 10° Ci
Total grams of solids = 6.26 x 10° g (See Table 1)

Aerosol Density = 9.0 x 10° g/ce (see Example 31 in ANSI N14.5)

A,, for solids = (9.0 x 10° g/cc)(2.61 x 10° CD/(6.26 x 10° g) = 3.75 x 107 Cilce.

Total activity from gases = 2570 Ci
MCO void volume = 560 L = 560000 cc

A, for gases = 2570 Ci/560000 cc = 4.59 x 10° Ci/cc.
A, for solid is < < A, for gases, so total A,; = 4.59 x 102 Ci/ce.

b) Multiplying the leak rate by the concentration and converting to Ci/hr gives R, =
5.15 x 10° Cifhr.

In 36 hours, which is the shipping window for the transfer from CVD to CSB, the MCO will
leak 1.85 x 10 Ci.
Find activity concentration, A,,, in cask cavity after 36 hours.

Activity = 1.85 x 10* Ci .
Volume of cask cavity = 122 L = 122,000 cc

A, = 1.85x 10" Ci/122,000 cc = 1.52 x 10 Ci/cc.
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'5.-  * Find leak rate from cask, L‘, assuming a 2 54 x'10° cm dlameter hole Thxs represents the
dxameter of an unobservable crack.

1.463 atm (conservativé)

Given: P, = upstream pressure =

P; = downstream pressure = 0.95 atm

P, = (P,+P)/2 = 1.207 atm

a = lesk path length = 0.6223 cm (o-ring width)

T = Temp of fill gas (He) = 313 K (40°C avg. cask wall
temp after 36 hours)

u = He viscosity at T ) = 0.0203 cP :

M = Molecular weight of He = 4.0 g/mol

D = Leakage hole diameter =2.54x 10°cm

The pressure x;atio is 0.649, so the flow is unchoked and Equation B2 of ANSI 14.5 is used.
L, = (Fc'+F,,,.) (P,~Py)
where
= 2.49 x 10° D4/ (au) cm’/s'
F, =3.81 x 103 D* JT/H /(aP,) cm®/s
Solving for L., gives L, = 4.59 x 10° cc/s
6. Find release rate, R,, from éask.

L. = 4.59'x 10% c¢/s (step 5) -
A, = 1.52 x 10% Cilcc (step 4)

[

R, = L)AN3600 s/r) = 2.51 x 10° Ci/hr

1

7. Determine release rate of each radionuclide.
Given: Source term in PDC

From step 4a, the release fraction attributed to the gases is 0.99992 ‘and the release fraction
- attributed to the solids is 0.00008.
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Example: Rpess = Activity of Feys released (Ci/hr).
) Arss = Activity of Feg in source term (3.8 Ci)

A, = Activity of all solids in source term (2.61 x 10° Ci)
P, = Fraction of reledsed activity that is a’solid (0.00008)
R, = Release rate from cask (2.51 x 10° Ci/hr) .

Rpess = (Arss) PIRIA)
Rpess = 2.93 x 10 Ci/hr

The release for each radionuclide is given in the dose consequence section at the end of this
evaluation.
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From CVD.to CSB:- MCO is leaking, MCO Cask is leaking .

Find: ) Leakage rate, L, from MCO to cask cavity.
Given: P, = upstream pressure =-11.2 atm (150 psig MCO design
pressure)
P, = downstream pressure = 1.204 atm (3 psig He fill gas)
P, = @ +PH2 © = 6.204 atm
R, = gas constant . = 8.31x 107 erg/gmol K
T = Temp of fill gas (He) = 353 K (max SNF temp after 36
hours, Fig. B8-13, Thermal
Section)

k = specific heat ratio . = 1.66 (ANSI N14.5, Table 1)
M = Molecular weight of He = 4.0 g/mol
D = Leakage hole diameter =2.54x10%cm

Solving for L,, similar to Part ii, step 2, gives L, = 3.16 x 10" cc/s.

Find release rate, R,., from MCO to cask cavity based on 3.16 x 10" cc/s leak rate.
a) Find activity concentration, AG,, of mixture in Ci/cc.

A, for solids = 3.75 x 107 Cx/cc (Same as in Part ii, step 3)
A, for gases = 4.59 x 10° Ci/cc. (Same as in Part ii, step 3)

A, for solid is << A, for gases, so total A, = 4.59 x 10 Ci/ec.

b) Multiplying the leak rate by xhe concentration and converting to Ci/hr gives R, =
5.22 Ci/hr.

In 36 hours, the MCO will leak 188 Ci.
Find activity concentration, A, in cask cavity after 36 hours.

Activity = 183 Ci
Volume of cask cavity = 122 L = 122,000 cc

A, = 188 Ci/122,000 cc = 1.54 x 10° Ci/cc.

Find leak rate from cask, L., assuming a 2.54 x 10 cm diameter hole.
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The solution is identical to that:in part ii), step 5.

L, = 4.59 x 10% ccfs -

Find release rate, R,, from cask.

L. = 4.59 x 10% cc/s (step 4)
A, = 1.54 x 102 Cifcc (step 3)
R,

= (L)(A)(B600 s/hr) = 2.55 x 102 Ci/hr

Determine release rate of each radionuclide.
Given: Source term in PDC

" From step 2a, the release fraction attributed to the gases is 0.99992 and the release fraction
attributed to the solids is 0.00008.

Example: Rpss = Activity of Fess released (Ci/hr)
Arss = Activity of Feg in source term (3.8 Ci)

A, = Activity of all solids in source term (2.61 x 10° Ci)
P, - = Fraction of released activity that is a solid (0.00008)
R, = Release rate from cask (2.55 x 10 Ci/hr)

Rress = (Arss) PIRI(A)
Rpess = 2.97 x 10 Ci/hr

The release for each radionuclide is given in the dose consequence section at the end of this
evaluation.

B4-20



HNF-SD-TP-SARP-017 Rev. 0

ENGINEERING SAFETY EVALUATION

Subjectmwmblv e e e ‘Page_liof,.Z_S o
Originator - J.. S. Boettger/A. V. Savino : S Date_-01/09/96
. Checker. dé Date_01/09/96
Table i MCO Solid Source Term
Specific
A'ctivity ‘Activity N Quantity
" Nuclide Ci Cilg g
c4 3.50c+00 . 4.500+00 778001
FESS 3.800+00 " 2400403 1.58¢-03
Co60 1400 +01 1.106403 127602
NI59 2.00¢-01 8.00¢-02 2506400
NI63 © 2200401 5700401 3.860-01
SE79 ’ 4,10¢-01 7.00e-02 5.86e+00
SRO0 4400404 1.40e+02 3.14e+02
Y% 4.400+04 5.400+05 : 8.15¢-02
ZR93 1.906+00 2.500-03 7.6004+02
NB9EM 1205400 ' 2.400402 5.000-03
TCY9 140401 1.70e-02 8.24c+02
RU106 | 2.2001 - 3.300+403 6.676:05
RH106 2.20e.01 3.460+09 . 6.360-11
PD107 9.90c-02 1.90¢-05 5.21e+03
AG110 6.50e-09 ' 417409 1.65¢-18
AGHOM 5.200-07 4700403 : 1.11e-10
cpI3M 1.80c+01 2200402 8.18¢-02
INTIBM 2.10e-18 1.67¢+07 1.26025
SN113 $2.10e-18 ] 1.00c+04 210622
SN119M 6.00¢-07 3.700+03 1.62¢-10
SNI2IM 4.006-01 5.40c+01 7.41c-03
SN123 2.400-15 8200403 2.93¢-19
SN126 8.20¢-01 2.80e-02 2.93¢+01
sB125 8.300-+01 1.00c+03 ' 8.300-02
sBi26 11001 ' 8.400-+04 131606
SBI26M 8.20¢.01 7.85¢407 1.04¢-08
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TEI23M | 230620 . 890403 ¢ . 2.58e24
TEI2SM : - 2,006401 - 1.80+04 1.11e-03
TE127 " 3.50e-18 2.60e+05 ’ 13524
. TEI2TM 3.60¢-18 9.40¢+03 383
1129 3.30¢-02 1.802-04 1.83c4+02
csi34 . 4.70e+01 1.30e-+03 . 3.62e-02
Cs135 . 3.80e01 1.20e-03 3.17e+02
cs137 6.20e4+04 8.70c+01 7.13e+02
BAIZM | 5.80e+04 5.38c+08 - 1.08¢-04
CE144 7.300.03 3.20+03 2.28¢-06
PR144 7.206-03 7.566+07 9.52¢-11
PR144M 8.70c-05 1.81e+08 4.81e-13
PM147 7.70e4+02 9300402 8.28¢-01-
SM151 ‘ 6.50c+02 ) 2.60e+01 2.50e+01
EUI52 5.500400 " 1.80e+02 3.06e-02
EUIS4 | 7.40e+02 ' 2.60c+02 2.85¢+00
EUISS 7.106+02 4.90+03 1.45¢-01
GDI53 5.100-09 3.500-+03 1.460-12
U234 2.40c+00 6.200-03 3.87c+02
U235 8.10e02 - 2.206-06 3.68¢+04
U236 : 4.50e-01 6.50¢-05 6.92¢403
U238 2.10e+00 3.40¢-07 6.18c+06
NP237 3.00-01 71008 - . 4236402
PU238 ) 8.50c+02 1.70¢+01 5.000+01
PU239 1.10c+03 6.200-02 1.77c+04
PU240 8.70¢+02 2.30¢-01 3.78¢+03
PU241 4406404 1.006+02 ' 4.40e+02
PU242 5.50¢-01 3.90¢-03 1.4le+02
AM241 2.70c+03 3.400+00 7.94c+02
AM242 2400400 8.08c+05 - 2.97¢-06
AM242M 2.406+00 9.70¢+05 2.47¢-06
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AM243 - 1.800+00 2.00601 - - 9.00e-£00
oMz 2006400 3300403 . 6.060-04
CM244 2.90¢+01 8.100+05 - 3.580-05
Totel 2.61c+05 6.260+06
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MCO Leak Rate Worker Dose g;alcula'tic‘)n; -

“. .- Worker inhalation and submersion doses were calculated for three different source terms and
two exposure times. The first two source terms address particulate leakage from the MCO cask, and
the third addresses leakage of the gases present in the MCO. The first case, which will be labeled
“Particulate Case 1," applies to conditions where the MCO and MCO cask both have leakage paths
corresponding to a 1 mil thick crack. The second case, called "Particulate Case 2," applies to
¢conditions where the MCO maintains confinement to a level of 1 x 10 ccfs, and the MCO cask has a
1 mil leakage path. The third source term assumes that the MCO HEPA filter remains functional,
therefore, only gases are released. .

For each of the three source terms it is assumed that the worker is Jocated inside the Canister
Storage Building (CSB) for a 15 min and 30 min exposure period. The calculations were made
assuming the radioactivity in the MCO had been leaking into the CSB and had reached an equilibrium
activity concentration (C., Ci/m®). The worker was assumed to breath at 2 rate of 3.3 x 10* m?/s
(ICRP 1975), which is the breathing rate associated with light activity. Doses were computed using
the GENII dose conversion factors for a 50 year dose commitment period. The leakage rates (Ci/)
for the particulate cases are listed Table 1. The leakage rates for the gas case are 3.83 x 10" Cifh of

" H-3, and 2.21 Ci/h of Kr-85.

The equilibrium concentration (C,,, Ci/m®) is equal to the activity leakage rates (L,, Ci/h)
divided by the CSB ventilation flow rate (F, 6250 ¢fm = 10619 m?/h). The equilibrium -
concentrations for the particulate.cases are listed Table 1. Note that no credit is taken for removal of
the particulates from the air inside the CSB as a result of the HEPA filtration system. This will result
in very conservative equilibrium activity concentrations.

The following equation is used to calculate the inhalation and submersion Committed Effective
Dose Equivalent (CEDE) for a single involved worker.

D{rem) = Ceq(ci/m“) X typls) X BR(m3/s) x DCF(rem/Ci)

where,

C., = equilibrium activity concentration, Ci/m* = LJF,
where, L, = activity leakage rates, Ci/h
F = CSB ventilation flow rate, 10619 m*h

t,, = Duration of worker exposure = 15 min (900 s) or 30 min (1800'5)
BR = Typical acute breathing rate, 3.3 x 10 m¥/s (light activity)
DCF = dose conversion factor for each radionuclide, rem/Ci

The GENII computer code (Napier 1988) was used to calculate the CEDE for each case for a

15 min exposure duration. As evident from the equation above, the dose for a 30 min exposure
* duration is simply two times that for a 15 min duration.
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: Thé CEDE from GENII is 0.6 mrem for a-15 min exposure diifation and 1.2arem for a 30 . .-«

.,‘.‘mm duration using the equilibrium activity concentrations in Table 1 for Particulate’ Case 1. The .
' ~CEDE for Particulate Case 2 is 6 x 10** mrem for'a-15 min exposure duration’ and 1.2 % 10% mrém
for a 30 mm duration. .

The CEDE is 1.1 mrem for a 15 min exposure duration fbr an equilib‘rium activity
concentration of 3.6 x 10 Ci/m® (0.383 Ci/h /10619 m*/h) of H-3, and 2.1 x 10* Ci/m®.(2.2 Ci/k
110619 m®/h) of Kxr-85. The CEDE is 2.2 mrem for a 30 min exposure duration.

The results for each case are summarized below.

Exposure
Duration Dose
Case min mrem

Particulate Case 1 15 0.61
Particulate Case 1 30 . 1.2
Particulate Case 2 15 6.1E-4
Particulate Case 2 30 1.2E-3
GasCasel - 15 1.1

Gas Case 2 30 2.2

An example GENII input is included below. The GENII libraries used were as follows:
. GENII Default Parameter Values (28-Mar-90 RAP)
Radionuclide Library - Times <100 years (23-July-93 PDR)

External Dose Factors for GENII in person Sv/yr per Bg/n (8-May-90
Worst-Case Solubilities, Yearly Dose Increments (23-Jul-93 PDR)

References:
ICRP, 1975, Report of the Task Group on Reference Man, International Commission on Radiological

Protection Report No. 23, Elmsford, New York.

Napier, B. A., et al., December 1988, GENII - The Hanford Environméntal Radiation Dosimetry
Software System, Pacific Northwest Laboratory, Richland, Washington, PNL-6584 Vol. 1, UC-600.
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Table 1 - Releases from the MCO Cask Due to Leéakage’

Particulate Case 1 . ‘Particulate Case 2

Nuclide Leakage Rate Equil. Conc. Leakage Rate . |- Equil. Conc.
Ci/h (Ci/m®) Cilh ¢ (Ci/m®)
H3 1.7E-03 1.6E-07 1.7E-06 1.6E-10
C14 ©27E-1 2.5E-15 2.7E-14 2.5E-18
FES5 . 3.0E-11 2.8E-15 2.9E-14 2.7E-18
CO60 1.1E-10 1.0E-14 1.1E-13 1.0E-17
NI59 1.6E-12 1.5E-16 1.5E-15 1.4E-19
NI63 1.7E-10 1.6E-14 1.78-13 1.6E-17
SE79 3.2E-12 3.0E-16 3.2E-15 3.0E-19

KR85 2.4E-02 2.3E-06 2.3E-05 22809

SR90 3.4E-07 3.2E-11 3.4E-10 - 3.2E-14
Y 90 3.4E-07 3.2E-11 . 3.4E-10 3.2E-14
ZR93 1.5E-11 1.4E-15 1.5E-14 ) 1.4E-18
NB93M 9.4E-12 8.9E-16 9.2E-15 8.7E-19
TC99 1.1E-10 1.0E-14 1.1E-13 1.0E-17
RU106 1.7E-12 1.6E-16 1.7E-15 1.6E-19
RH106 1.7€-12 1.6E-16 1. L7E15 1.6E-19
PD107 7.7E-13 7.3E-17 7.6E-16 7.2E-20
AG110 5.4E-20 5.1E-24 5.3E-23 5.0E-27
~AG110M 4.1E-18 3.9E22 4,0E-21 3.8E-25
CDI3M | LAE-10 13B-14 | 14E13 |  13B17
IN113M 1.6E-29 1.5E-33 1.6E-32 1.5E-36
SN113 1.6E-29 1.5E-33 1.6E-32 1.5E-36
SN119M 4.7E-18 4.4E-22 4.6E-21 ' 4.3E-25
SNi21M 3.1E-12 2.9E-16 3.1E-15 . 2.9E-19
SN123 1.9E-26 1.8E-30 1.86-29 . 1.7E-33
SN126 6.4E-12 6.0E-16 6.3E-15 5.9E-19
SB125 6.5E-10 . 6.1E-14 é.4E—13 6.0E-17
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“SBI126 8.6E-13 BIEDT 8.5E-16 8.0E-20
sB126M | 64E-12 6.0E-16 63E15 59E-19
TE123M 1.8E31 1.7E-35 1.8E-34 1.7E-38
TEI25M | 1.6E-10 1.5E-14 1.5E-13 1.4E-17
TE127 2.7E-29 2.5E-33 2.7E-32 2.5E36
TE12TM 2.8E29 2.6E-33 2.8E-32 2.6E-36
1129 2.6E-13 2.4E-17 . 2.5E-16 2.4E20
Cs134 3.7E-10 3.5E-14 3.6E-13 . 3.4E-17
CS135 3.0E-12 2.8E-16 2.9E-15 2.7E-19
CS137 4.9E07 4.6E-11 4.8E-10 4.5E-14
BAI137TM 4.5E07 4.2B-11 4,5E-10 4.2E-14
CE144 5.7E-14 5.4E-18 5.68-17 5.3E21
PR144 56E-14 5.3E-18 5.5E-17 5.2E-21
PR144M 6.8E-16 6.4E-20 6.7E-19 6.3E23
PMI147 6.0E-09 5.7E-13 5.9E-12 5.6E-16
SMI51 5.1E-09 4.8E-13 5.0E-12 4.7E-16
EU152 43E-11 4.0E-15 4.2E-14 4.0E-18
EU154 5.8E-09 5.5E-13 5.7E-12 " 5.4E-16
EU155 5.6E-09 5.3E-13 5.5E-12 5.2E-16
GD153 40520 3.8E24 - 3.9E-23 " 3.9E27
U 234 1.9E-11 1.86-15 1.8E-14 1.7E-18
U 235 6.3E-13 5.9E-17 6.2E-16 5.8E-20
U 236 3.5E-12 3.3E-16 35BS 3.3E-19
U238 1.6E-11 - 1.5B-15 -~ 1.6B-14 1.5E-18
NP237 2.3E-12 2.2E-16 - 2.3E-15 2.2E-19
PU238 6.7E-09 6.3E-13 6.5E-12 6.1E-16
PU239 8.60E-09 8.1E-13 8.50E-12 3.0E-16
PU240 6.80E-09 C6.4E-13 6.70E-12 6.3E-16
PU241 3.40E-07 32E-11 3.40E-10 32E14
PU242 4.30E-12 4.0E-16 4.20E-15 4.0E-19
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AM241 " 2.10E-08 . 2.0E-12 2.10E-11 2.0E-15
TAM242 1.90E-11 1.8E-15 1.80E-14 . L7TE-18
AM242M 1.90E-11 - 1.8E-15 1.80E-14 _1.7E-18
TAM243 1.40E-11 1.3E-15 1.40E;14 1.3E-18.
CM242 1.60E-11 1.5E-15 1.50E-14 1.4E-18
CM244 2.30E-10 2.2E-14 2.20E-13 2.1E-17
TOTALS | . 2.6E-02 2.5E-05
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Example GENII input for Particulate Case 1

SHEARE SRR EAREREBRARAEEE Program GENII Input File #######t#ni## 8 Jul 83 ####
Title:: MCO Worker Inh/Sub Dose - Particulate Case 1 - 15 min

\SAMPL\G-AIR.AC Created on 01-22-1990 at 07:30.
Default

F Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused

F  Population dose? (Individual) release, single site .
T Acute release? (Chronic) FAR-FIELD: .wide-scale release,

" Maximum Individual data set used ) multiple sites

. Complete Complete
TRANSPORT OPTIONS============ Section EXPOSURE PATHWAY
OPTIONS = === = Section
T Air Transport 1 F Finite plume, external 5
F Surface Water Transport 2 T Infinite plume, external 5
F Biotic Transport (near-field) 3,4 F Ground, external 5
F Waste Form Degradation (near) 3,4 F Recreation, external 5
-, T Inhalation uptake 5,6

REPORT OPTIONS=========s============== F Drinking water ingestion
7,8 _ .
T Report AEDE only F Aquatic foods ingestion 7,8
F Report by radionuclide * F Terrestrial foods ingestion 7,9
F Report by exposure pathway F Animal product ingestion . 7,10
F Debug report on screen F Inadvertent soil ingestion

HAFTRBHATHRTINN ARHAAA T

INVENTORY ##### AR TR R AR R AR #

4 Inventory input activity units: (1-pCi 2-uCi "3-mCi 4-Ci 5-Bq)
0 Surface soil source units (1- m2 2-m3 3-kg)
Equilibrium question goes here

—eeere|--Release Terms-----}---------Basic Concentrations--—----|
Use when| transport selected | near-field scenario, optionally |
S— : _
- Release | Surface Buried | Surface Deep  Ground Surface|
Radio- {Air Water Waste |Air  Soil Soil Water Water |
puclide [/yr  /yr  /m3  {/m3 it /m3 /L /L |
|

H3 1.6E-07
C14 2.5E-15
FE55 2.8E-15
CO60  1.0E-14
NI59  1.5E-16
NI63  1.6E-14
SE79  3.0E-16
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ENGINEERING SAFETY EVALUATION

‘Subject_Dose. Comparison for MCO Cask Assembly: ~ .- Page 24 of 28
Originator _J.'S. Boetiger/A. V. Savino. . AMdaes - - Date_.01/09/96
Checker__See Rec Reyien Cheekiis - . _..__Date_01/09/96 - ..

KR85  2.3E-06

SR90  3.2E-11
Y90 3.2E-11

ZR93  1.4E-15
NB93M  8.9E-16
TC9  1.0E-14
RU106 1.6E-16
PD107 7.3E-17
AGLI0M 3.9E22
CD113M 1.3E-14
INII3M  1.5E-33
SN113  1.5B-33
SN1I9M 4.4E-22
SNi2IM 2.9E-16
SNI23  1.8E-30
SNI126  6.0E-16
SBI25 6.1E-14
SB126  8.1E-17
SBI26M. 6.0E-16
TE123M 1.7E-35
TE125M 1.5E-14
TE127 2.5B-33
TE127M  2.6E-33
1129  2.4E-17
CS134 * 3.5E-14
CS135  2.8E-16
CS137  4.6E-11
CEl44 5.4E-18
PRI44 5.3E-18
PRI44M 6.4E-20
PM147 5.7B-13
SMi51  4.8E-13
EUIS2 4.0E-15
EUI54  5.5E-13
EUIS5 5.3E-13
GD153 3.8E-24
U234 L8EI5
U235 5.9E-17
U236 3.3E-16
U238 1.5E-I5
NP237 2.2E-16
PU238  6.3E-13
PU239  8.1E-13
PU240  6.4E-13
PU241  3.2E-11
PU242  4.0E-16
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ENGINEERING SAFETY EVALUATION c S
:Subject Dose. So Page 25 of 28> .« =«
Orjginator _J.'S: Boettger/A. V. Savino Mo e Date 01/09/96 ;. .
".Checker__-See Rer Review - Checklisd e Date: 01/09/96. . -

AM241  2.0E-12

AM242  1.8E-15 -

AM242M  1.8E-15

AM243  1.3E-15

.CM242 1.5E-15 -

CM244 2.2E-14.

----n-| -~-Derived Concentrations-----|
Use when]  measured values are known |
Release |Terres. Animal Drink Aquatic|
Radio- |Plant Product Water Food |
nuclide {/kg kg /ML kg |

B

TIME SRR R R AR R R R R R AR R AR AAY

Intake ends after (yr)
0 Dose calc. ends after (yr)
Release ends after (yr)
No. of years of air deposition prior to the intake period
No. of years of irrigation water deposition prior to the intake period

[N =J T WY

FAR-FIELD SCENARIOS (IF POPULATION DOSE) #

L dda gl

0 Def'mmon option: 1-Use population grid in file POP.IN
0 2-Use total entered on this line

NEAR-FIELD SCENARIOS ####tH# e E U B R AR BB B RS

Prior to the beginning of the intake period: (yr)
When was the inventory disposed?. (Package degradation starts)
When was LOIC?. (Biotic transport starts)
Fraction of roots in upper soil (top 15 cm)
Fraction of roots in deep soil
Manual redistribution: deep soil/surface soil dilution factor
Source area for external dose modification factor (m2)
TRANSPORT ## AR AR R AR AR R R F R R RRARRHRR RRRHRHRS
====AIR
TRANSPORT = ==ccosm=cosooocoooSoooosoo oo s = s s === ==SECTION

[=N-NoNeNoNal

0-Calculate PM 0 Release type (0-3)

1 Option: 1-Use chi/Q or PM value |F Stack release (T/F)
2-Select MI dist & dir |0 Stack height (m)
3-Specify MI dist & dir |0 Stack flow (m3/sec)

900. Chi/Q or PM value ~ 10 Stack radius (m)

9 MI sector index (1=S§) 10 Effluent temp. (C)
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:. Originator _J. S. Boettger/A. V. Savino oo - - Date. 01/09/96 .
‘Checker__ e Rer Review, Checklisl - - - Date_01/09/96

100.0 MI distance from release point (m)]0 Building x-section (m2)

S - T - Use jf data, (T/F) else.chi/Q grid{0 _ Building height (m).
====SURFACE WATER . .
TRANSPORT==========s====s=s=====z===SECTION2=====
0 Mixing ratio model: 0-use value, ‘1-river, 2-lake :
0 Mixing ratio, dimensionless
0 Average river flow rate for: MIXFLG=0 (m3/s), MIXFLG=1,2 (m/s),
0 Transit time to irrigation withdrawl location (hr)

If mixing ratio model > 0:

0 Rate of effluent discharge to receiving water body (m3/s)

0 Longshore distance from release point to usage location (m)

0 Offshore distance to the water intake (m)

0 'Average water depth in surface water body {m)

0 - Average river width (m), MIXFLG=1 only

0 Depth of effluent discharge point to surface water (m), lake only
~ ====WASTE FORM

AVAILABILITY=============s=ss=s========SECTION3===== °

] Waste form/package half life, (yr)

0 Waste thickness, (m)

(1} Depth of soil overburden, m

BIO;FIC TRANSPORT OF BURIED

SECTION4=====
T Consider during inventory decay/buildup period (T/F)?
T Consider during intake period (T/F)? | 1-Arid non agricultural
0 Pre-Intake site condition.............. | 2-Humid non agricultural

| 3-Agricultural

EXPOSURE #########FERERRARE R AR H T

====EXTERNAL
EXPOSURE=====ms===========s===s=sz=========§ECTION
Smm==m=
Exposure time: | Residential irrigation:
0 Plume (hr) ST Consider: (T/F)
0 Soil contamination (r) | 0 . Source: I-ground water
0 Swimming (hr) | 2-surface water
0 Boating (hr) |0 Application rate (in/yr)
0 Shoreline activities (hr) | 0 Duration (mo/yr)
0 Shoreline type: (l-river, 2-lake, 3-ocean, 4-tidal basin)
0 Transit time for release to reach aquatic recreation (hr)
1.0 Average fraction of time submersed in acute cloud (hr/person hr)
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8766.0  Hours of exposure to contamination per year

0 0-No resus- .1-Use Mass Loading 2-Use Anspaugh model
0 pension = Mass loading factor (g/m3) Top soil available (cm)

="===INGESTION : :
POPULA’I'ION=============================SECTION7===== .
0 Atmospheric production definition (select option): -
0. 0-Use food-weighted chi/Q, (food -sec/m3), enter value on this line

1-Use population-weighted chi/Q

2-Use uniform production

3-Use chi/Q and production grids PRODUCTION will be overridden)
Population ingesting aquatic foods, O defaults to total (person)
Population ingesting drinking water, O defaults to total (person)
Consider dose from food exported out of region (default=F)

Moo

Note below: S¥ or Source: 0-none, 1-ground water, 2-surface water
3-Derived concentration entered above ’
==== AQUATIC FOODS / DRINKING WATER
INGESTION=========8ECTION8====

F Salt water? (default is fresh)

USE TRAN- PROD- -CONSUMPTION- |
? FOOD SIT UCTION HOLDUP RATE |
T/FTYPE hr kglyr da  kglyr| DRINKING WATER

F FISH 0.00 0.0E+00 0.00 0.0]0  Source (see above)
F MOLLUS 0.00 0.0E+00 000 00|T  Treatment? T/F
F CRUSTA 0.00 0.0E+00 0.00 0.0]0  Holdup/transit(da)
. F PLANTS 0.00 0.0E+00 0.00 0.0]0  Consumption (L/yr)
TERRESTRIAL FOOD
===========s====ss======SECTION9=====
USE GROW  --JRRIGATION-- PROD- --CONSUMPTION--

? FOOD TIME SRATE TIME YIELD UCTION HOLDUP RATE
T/F TYPE da  *infyr mofyr kg/m2 kglyr da kglyr
F LEAFV 0.00 0 0.0 0.0 0.0 0.0E+00 00 0.0
F ROOTV 0.00 0 0.0 00 0.0 0.0E+00 00 0.0
F FRUIT 0.00 0 0.0 0.0 0.0 0.0E+00 00 0.0
F GRAIN 0.00 0 0.0 00 0.0 0.0E+00 0.0 0.0
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/ Subject_Dose Comparison for MCO Cask Ajﬁem?lv __ Page 28 of 28
- QOriginator _J. S. Boettger/A V. Savino AN Jlor .- .. . Date 01/09/96 .. --

Checker__ See Peer Pesitn Cheeklisl f T Date 01/0019%
=== =ANIMAL PRODUCTION : :
CONSUMPTION====================SECTION0====
; ~~HUMAN—~— TOTAL DRINK ---rrvs-r--STORED FEED--crrcrrrmos
USE.  CONSUMPTION PROD- WATER DIET. GROW -IRRIGATION- . STOR-

? FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE
T/F TYPE kglyr da kg/yr FRACT. TION .da *in/yr mo/yr kg/m3 da

F BEEF 00 0.0 000 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F POULTR 00 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F MILK 0.0 00 000 000000 0.0 0 0.0 0.00 0.00 0.0
F EGG 0.0 0.0 000 000 000 0.0 0 0.0 0.00 0.00 0.0
N FRESH FORAGE--s--nwrraen
BEEF ' 0.00 0.0 0 0.0 0.00 0.00 0.0
MILK 0.00 0.0 0 0.0 0.00 0.00 0.0

bl b it e i i d i idadad i dadd i siid it
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. . : " dated 1/4/97.

Scope of Review: Entire Document

Yes No NA
Q(] [1.L1%* Previous reviews complete and cover analysis, up to scope of
' this review, with no gaps.

[RITT101 Problem completely defined:

R{101 Accident scenarios developed in a clear and loglcal manner,

MLY1L0] Necessary assumptions explicitly stated and supported.

KI[TI1L1 Computer codes and data files documented. ..

B IT111 Data used in calculations explicitly stated in document

K101 Data checked for consistency with original source information
as ‘applicable.

(@101 Mathematical derivations checked 1nc]ud1ng dimensional

. _ consistency of results.

KLl Models appropriate and used within range of validity or use
outside range of established validity justified.

RILILD Hand calculations checked for errors. Spreadsheet results

. should be treated exactly.the same as hand calculations.

SsEEEW Software input correct and consistent with document reviewed.

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

[1{1g Limits/criteria/guidelines applied to analysis results are
appropriate and referenced. Limits/criteria/guidelines

: . checked against references.

L1101 Safety margins consistent with good engineering practices.

T<EEE ?onc]usions consistent with analytical results and applicable

imits. .
[Tﬂ [1¢(1 Results and conclusions address all points required in the

problem statement.
[1fi11g Format consistent with appropriate NRC Regulatory Guide or
other standards

[1] [z] * Review calculations, comments, and/or notes are attached
Moirr Docume:;yroved.
Paul Rittmann P mf/}/\ 1’7"‘97
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* Any calculations, comments, or notes generated as part of this review should
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qualified third party.
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6.0 SHIELDING EVALUATION
5.1 INTRODUCTION

: This shielding- evaluation supports the transport of N Reactor-fuel from-
K Basin to"the CSB in an MCO Cask.. The MCO Cask shielding consists: of a cask

“:body, cask-1id, and the shield p]ug -on the MCO. - A bounding-source term
'cons1st1ng of 6 34 ‘MTU of Mark IV. fue1 was used for sh1e1d1n

~calculations asi -
shown in Part B, Table B2-1. R A

- The -dose:limits -for this package are 200 mrem/h- at- aﬁy accessible. point:

’on the exterior surface.of the package, 1000.mrem/h.at.any-point on.the.

surface of the package that is only accessible by long-reach too]s, 10 mrem/h
at a distance of 2 m from the package,..and less.than 2 mrem/h in any normally"
occupied space: in the transport vehicle:(6 m). - After the cask is subJected to
accident COhd]thhS, the Timit is 1 rem/h at 1 m.

Both normal transport conditions and accident conditions are analyzed.
The normal transport condition considers both a water-flooded and a dry MCO
with the cask 1id in place. The dry MCO was found to be the bounding case.
Dose rates for the cask containing a dry MCO are given in Table B5-1.

Table B5-1. Dose Rates for a Dry Multicanister
Overpack (MCO) for Normal Conditions.

Total dose rates in mrem/h
Location relative to cask (MCNP_uncertainty®)

Contact 2m 6m
side ] 49 (1% 6.9 (1%) 1.5 ¢1%)
TopPr© 0.60 (2% w/ad w/ad
Botton® 43 (%) N/ N/A®
Bottom, centerf 63 (9%) N/A® N/AS
strgaming through shield plug portsc d

Dip tube port . 1.2 (7%) N/Ad N/Ag

short draw tube port 2.4 (6%) N/A N/A
Vent_port 0.55 (3%) nzad wad
brain porth 310 (7% 3.6 3% 1113w
Maximum dose rate above radial side of cask! 1.9 (3% 'N/Ad N/Ad

MCNP = Monte Carlo N-Particle (computer code).
2The one standard deviation statistical uncertainty (relative) in MCNP calculation.
'Average over 30 cm (12 in.) radius, corresponding to the radius of the MCO.

Cphoton dose rates were calculated using top 4 in. of source, and have been scaled by a
1.05 correction factor (see Section 5.2.1).

Contact dose rate meets the criteria for 2 m and 6 m.

®pose rates at 2 m and 6 m from bottom are beneath ground level in this condition.
frhere is a small recess in the center of the bottom plate of the MCO.
Scalculation of neutron dose shows total dose will drop betow the 2 mrem/h Limit.
ﬁDose rates along axis of drain port.

Tpose rate "D" on Figure B5-1.
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The bound1ng accident condition is defired as a vertical drop in which~
~the fuel is condensed in the bottom of ‘the MCO.. This configuration increases-

dose rates at the side and bottom of the cask.. The ratio of.the height of the. . .

.source region to its diameter-under riormal conditions ‘is.move than five.
Consequently, for a given percentage of compaction, vertical compaction of the
source due-to a-vertical cask drop will have-a much more dramatic effect on
the spatial distribution of the source region than will compactioen of. the
source if the cask is dropped on its side. As the height of the source region
approaches the:diameter, dose rates near .the surface will increase. A side

- . drop would:vesult in hor1zonta1 compaction and possibly vertical expansion of

.-~ the source. Therefore, maximum vertical compaction of the source is
-considered the worst case, and the effects of a side drop on the dose rates
are not ana]yzed in this sect1on PR 2 .

. . The maximum contact dose rates at the s1de and bottom of the cask are
54 mrem/h and 110 mrem/h, respectively (Table B5-2). Compaction of the fuel
at the bottom of the cask will decrease dose rates at the top of the cask.

Table B5-2. Contact Dose Rates for a Dry Multicanister
Overpack (MCO) Under Accident Conditions.

Location Dose type D(‘;dsc‘ilp"a:ri:se:t';i“::;;“)h Output file
Photon 46 (2%) oacc
Side Neutron 7.6 (1%) onace
Total 54 (%)
Photon 47 (1%) . oacc
Bottom, averageb Neutron 7.3 (2%) onace
Jotal 54 (1%
Photon 100 (11%) oac
Bottom, center® Neutron 11 (7%) onacc
Total 110 ¢10%)
Photon ~ 1180 ¢11%) oacc
brain port Neutron 2.4 (1%) onacc
Total 190 ¢(11%)

MCNP = Monte Carlo N-Particle (code).

2The one standard deviation statistical uncertainty (relative) in MCNP
calculation.

Average over 30 cm (12 in.) radius, corresporiding to the radius of the MCO.
There is a small recess in the center of the bottom plate of the MCO.

5.2 DIRECT RADIATION SOURCE SPECIFICATION

. The source used for these evaluations represents a worst-case source
loading for shielding analysis. A1l shipments are bounded by this_evaluation.
The source consists of 6.34 MTU of Mark IV fuel irradiated to 16% *°Pu as
given in Part B, Table B2-1.

The source geometry for normal conditions consists of five tiers
(baskets) placed one on top of the other inside the MCO. The baskets were
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modeled as 68.2 cm (26.9 in.) tall with each containing 54 Mark IV series’E
_fuel-assemblies. The total length of each assembly is 66.3 :cm*(26.1 in): ..
_ including end-caps (Short 1995). The end-caps are.up to 0.635 cm (0.25 in.)
long (WHC 1979). - Rather than modeling the end-caps, .the source material was -
extended to include the full 66.3-cm Tength. This 2% increase in length will
have a negligible effect on:dose rates.  Scrap baskets have approximately the
same. internal volume as fuel baskets and should be bounded by the worst- -case
fuel basket Toading used in this ana1ys1s

For theiaccident condition, it was assumed that there is a vertical drop

- ~that causes all the fuel to be condensed in the bottom of the MCO. For -

shielding. purposes, maximum compaction of the source volume will give the ‘most -

. -conservative dose rates. Therefore, the accident condition source is a

cylinder 129.0 cm (510 in. ) tall w1th a radius of 58.4 .cm (23 0 in.),
consisting of uranium metal fuel with a density of 18.77 g/cm

5.2.1 Gamma Source

The ORIGENZ (Schmittroth 1994) computer code was used to calculate the
gamma-ray source based on the shielding source term shown in Part B,
Table B2-1. Table B5-3 shows the photon source per MCO. The total photon
strength is 5.71 E+15 photons/s/MCO.

For photon dose rates above the cask, only the top 10 cm (4 in.) of the
top tier were included as the source for calculational efficiency.
A caiculation of photon dose rates at the bottom of the MCO shield plug
indicates that the top 10 c¢m (4 in.) of source contribute 96% of the total
photon dose (Table B5-4) above the MCO shield plug. All results above the MCO
shield plug using only the top 10 cm (4 in.) of -source will be scaled by this
factor (multiplication by 1.04). Similarly, a calculation of dose rates at
the top of the gap between the MCO and the cask indicates that the top 10 cm
(4 in.) of source contribute 95% of the total photon dose (Table B5-4) above
the gap. A1l results above the gap us1ng the top 10 cm (4 in.) of the source
will be multiplied by 1.05.

Table B5-5 shows the flux-to-dose rate conversion factors used to
calculate the gamma-ray dose rates. These conversion factors are the
ANSI/ANS-6.1.1-1991 (ANSI/ANS 1991) conversion factors and conservat1ve1y
- assume the radiation exposure is from an anterior-posterior exposure.
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Table B5-3. Photon Source Term for the
‘Multiple-Canister Overpack {(MCO):

. *Mark IV fuet
Energy (MeV) 16.0% #40py
{photons/s/MCO)
1.50 E-02 | 1.65 Ex15
2.50 E-02 3.52 E+14
3.75 £-02 3.97 E+14
5.75 E-02 - - C ] 3.33 Eee
. 8.50 E£-02 1.84 E+14
1.25 E-01 < | 1.37 E+14
2.25 E-01 1.55 E+14
3.75 E-01 - 7.35 E+13
6.62 E-01* 2.33 E+15%*
8.50 E-01 5.87 E+13
1.25 £+00 3.37 £+13
1.75 E+00 1.04 E+12
2.25 E+00 8.85 E+09
2.75 E+00 6.34 E+08
3.50 E+00 : 8.31 E+07
5.00° E+00 3.95 E+05
7.00 E+00 4.51 E+04
1.10 E+01 5,16 E+03
Total 5.71 E+15

*Changed from_0.575 MeV to 0.662 Mev to
accurately reflect Mga gamma ray.

**Scaled to conserve energy as a result of
changing energy bin from 0.575 MeV to 0.662 MeV.

Table B5-4. Calculations Showing Contribution to Photon
Dose Rates by Top Four Inches of Source.

Photon dose rates (mrem/h)

Top of gap between Multi- Bottom of shield plug

canister Overpack and cask
Top 10 cm (4 in.) of source 500 (1%) 6.27 E+5

Output file = onormt2 Output file = onormt
Full source . 520 (10%) 6.53 E+>

OQutput file = onorm2 Output file = onorm
Ratio (top 10 cm [4 in.] fultl 1.05 1.04
source)
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Table B5-5. Photon Dose Conversion Factors.

Energy (HeV) 1es Sveon/ohoton | caren/maycohorensent/s)
1.00 E-02 0.0620 ‘| 223285 : )
1.50 E-02 . 0.1570 : 5.625 E-5
2.00 £-02 0.2380 | 8.568 E-5
3.00 E-02 0.3290 1.184 E-4
4,00 E-02 0.3650 1.314 E-4
5.00 E-02 0.3840 - ] 1.382 E-4
600 E-02 0.4000 1.440 E-4
8.00 E-02 0.4510 1.624 E-4
1.00 E-01 0.5330 1,919 E-4
1,50 E-01 0.7770 2.797 E-4
2.00 E-01 1,0300 3.708 E-4
3,00 E-01 1.5600 5.616 E-4
4,00 E-01 2.0600 7.416 E-4
5,00 E-01 2.5400 9.144 E-4
6.00 E-01 2.9900 1.076 E-3
8.00 £-01 3.8300 1.379 €-3
1.00 E+00 4.,6000 1.656 E-3
1.50 E+00 6.2400 2.246 E-3
2.00 E+00 7.6600 2,758 E-3
3.00 E+00 10.2000 3.672 E-3
4.00 E+00 12.5000 4.500 E-3
5,00 E£+00 14,7000 5.292 E-3
6.00 E+00 16.7000 6.012 £-3
8.00 E+00 1 20.8000 7.488 E-3
1.00 E+01 24,7000 : 8.892 E-3
1.20 E+01 28.9000 1.040 E-2
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5.2.2 Beta Source

The direct contribution of the beta source to the dose outside the cask
will. be prevented because of the attenuation provided by the self shielding of
the fuel elements as well as the steel shielding of the cask, cask 1id, and
MCO shield plug. :Bremsstrahlung photons within the source region are included
in the ORIGEN2 (Schmittroth 1994) calculation of the photon source.

5.2.3 Neutron Source

The neutron source term was generated using the ORIGEN2
(Schmittroth 1994) computer code and the shielding source term shown in
Part B, Table B2-1, of this SARP. The source includes both spontaneous
fission and (alpha,n) reactions as shown in Table B5-6. The (alpha,n)
contribution was calculated assuming an oxide fuel. Because N Reactor fuel is
not an oxide fuel (Short 1995), the (alpha,n) contribution conservatively
bounds oxidation of the fuel and the presence of any light trace elements or
impurities. With 6.34 MTU per MCO, this resultis in a total neutron source
strength of 1.17 E+7 neutrons/s/MCO.

Table B5-6. Neutron Source Term for the
_ Multicanister Overpack (MCO).

Component of source éﬁgﬂgﬁ;;ﬁ?:?ﬁgg;
(a,n) 3.95 x 10°
Spontaneous fission 7.79 x 10°
Total _|1a7 x 107

There is a small difference among the energy shapes of the spontaneous
fission spectra of the different isotopes. The watt spectrum used is given
by:

f(E) = C exp(-E/.906) sinh( [3.848E1°" ),

where E is the neutron energy in MeV and C is a normalization constant so that
the integral over f(E) is unity--this fission spectrum is for “*Cm and has an
average neutron energy of 2.15 MeV (Breismeister 1993). A tabulation of this
spectrum is shown in Table B5-7. The energy distribution of the (a,n)
neutrons is shown in Table B5-8, where the average neutron energy of this
distribution is 2.01 MeV (Jobs and Liskien 1990). Induced fission neutrons
are generated by the Monte Carlo N-Particle (MCNP) calculation.
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Table B5-7.  Energy Distribution of
Neutrons from Spontaneous Fission Events.
Upper energy -Cumuiative Probability
(MeV)  probability of bin
0.00 0.00000 0.00000
©0.10 0.01194 0.01194
. 0.20 .| 0.03167 0.01972
0.30 0.05590 0.02424
0.40 0.08316 0.02726
0.50 0.11250 0.02934
0.60 0.14326 0.03076
0.70 0.17493 1 0.03167
0.80 0.20711 0.03218
0.90 0.23950 0.03238
1.00 0.27182 0.03232
1.20 0.33550 0.06368
1.40 0.39690 0.06140
1.60 0.45523 0.05832
1.80 0.50997 0.05475
2.00 0.56087 0.05090
2.20 0.60782 0.04695
2.40 0.65083 0.04301
2.60 .| 0:69001 0.03917
2.80 0.72550 0.03549
3.00 0.75752 0.03202
3.20 0.78628 0.02876
3.40 0.81202 0.02574
3.60 0.83499 0.02297
3.80 0.85542 0.02043
4.00 0.87353 0.01812
4.20 0.88956 0.01603
4.40 10.90371 0.01415
4.60 0.91616 0.01246
4.80 0.92711 0.01095
5.00 0.93671 0.00960
5.50 0.95578 0.01907
6.00 0.96931 0.01354
6.50 0.97884 0.00953
7.00 0.98550 0.00665
7.50 0.99011 0.00461
8.00 0.99329 0.00318
9.00 0.99695 . 0.00366
10.00 0.99863 0.00169
11.00 0.99940 0.00076
12.00 0.99974 0.00034
13.00 0.99989 0.00015
14.00 0.99995 0.00007
.00 9.99998 0.00003
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Table B5-8. Energy Distribution of
Neutrons from (o,n) Events.
Upper energy Cumulative Probability
(MeV) probability of bin

0.00 0.00000 0.00000
0.10 0.01059 0.01059
0.20 0.02243 0.01184
0.30 0.03396 0.01153
0.40 0.04766 0.01371
0.50 0.06636 0.01869
0.60 0.08738 0.02103
0.70 0.11044 0.02305
0.80 0.13567 0.02523
0.90 0.15981 0.02414
1.00 0.17975 0.01994
.1 1.10 0.20062 0.02087
1.20 0.22321 0.02259
1.30 0.24860 0.02539
1.40 0.27601 0.02741
1.50 0.30405 0.02804
1.60 0.33349 0.02944
1.70 0.36542 0.03193
1.80 0.40093 0.03551
1.90 0.43785 0.03692
2.00 0.47664 0.03879
2.10 0.51558 0.03894
2.20 0.55623 0.04065
2.30 0.59751 0.04128
2.40 0.63707 0.03956
2.50 0.67492 0.03785
2.60 0.71137 0.03645
2.70 0.74611 0.03474
2.80 0.77819 0.03209
2.90 0.80935 0.03115
3.00 0.83863 0.02928

3.10 0.86449 0.02586 -
3.20 0.88879 0.02430
3.30 0.90966 0.02087
3.40 0.92664 0.01698
3.50 0.94097 0.01433
3.60 0.95327 0.01231
3.70 0.96324 0.00997
3.80 0.97181 0.00857
3.90 0.97928 0.00748
4.00 0.98536 0.00607
4.10 0.99081 0.00545
4.20 9.99439 0.00358
4.30 0.99720 0.00280
4.40 0.99891 0.00171
4.50 1.00000 0.00109
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Table B5-9 shows the flux-to-dose rate conversion factors used to
calculate the neutron dose rates.

Table B5-9. Neutron Flux-to-Dose Rate Conversion Factors.*

 Energy (MeV) s secnts | Granhey Gocntre)
2.50 E-08 10.2 | 3.68 E-3
1.00 E-07 10.2 3.68 E-3 -
1.00 E-06 12.4 4.46 -3~
1.00 E-05 12.4 4.46 E-3
1.00 E-04 12.0 4,31 E-3
1.00 E-03 10.2 3.68 -3
1.00 £-02 9.92 3.57 E-3
1.00 E-01 60.3 2.17 E-2
5.00 E-01 257 9.26 E-2
1.00 E+00 ' 367 1.32 E-1
5.00 E+00 . 433 1.56 E-1
7.00 E+00 408 1.47 E-1
1.00 E+01 408 1.47 E-1
1.40 E+01 | 578 2.08 E-1

*Source: Phillips, J. D., Sr., 1996, Spent Nuclear Fuel Project Canister
Storage Building - Neutron Quality Factors (external letter 9650748 to E. R. Jacobs,
Fluor Daniel, Inc., February 13), Hestlnghouse Hanford Company, Richland,
Washington.

5.3. SUMMARY OF SHIELDING PROPERTIES OF MATERIAL

Shielding consists of the MCO Cask, cask 1id, MCO, and MCO shield plug.
The transport cask, 1id, and MCO are made from 304 stainiess steel.
Table B5-10 shows material properties. The shielding attenuation properties
are obtained from the data 1ibrary for the MCNP computer code
(Breismeister 1993 and Carter 1996).
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Table B5-10. Materials and Densities Used for Shielding.

Material - {- 2;7?;?; . Lo - . - Remarks
304 Etainless steet | 8.0 . Used in the cask cask lid, Multicanister 0verpack (Mco), and MCO -
. plug (ORNL 1976)
Air . 0.00123 Air outside cask (Lide 1992) :
Uranium - - |18 . Fuel elements are modeled as 238y u1th 0.947% 25y (Short 1995)
‘Zircaloy 6.55: - Fuel cladding (Short 1995) - -
Soil . ) : 1.67 - Hanford Waste Vitrification Plant dirt (Broiin 1992)
Concrete ) - | 2.26 . Hanford ordinéry concrete (Cartér 1933)

Brown, R. C., 1992, "Soil Density and Mass Attenuation Coefficients for Use in Shielding
-Caleculations at the Hanford Waste Vitrification Plant", Proceedings of New Horizons in Radiation
Protection and Shielding Topical Meeting, American Nuclear Society, Inc., La Grange Park, Illlnots
- . Carter, L. L., 1983, “Bulk Shield Design for Neutron Energ!es Below 50 MeV" Nuclear
echnologx[Fusxon, vol. 3, pp- 165-168.

Lide, D. R., Edltor In-Chief, 1992 Handbook of Chem\strx and Physics, 72nd Ed|t|on, 1991- 1992
Student Edition, CRC Press, Inc.,

ORNL (Oak Ridge Natlonal Laboratory) 1976, Nuclear Systems Materials Handbook, Volume 1, DeSISn
Data, TID 26666 volume 1, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

short, S. M., 1995 Spent Nuclear Fuel Project Technical Databook, WHC-SD-SNF-TI-015, Rev. O,
Hestlnghouse Hanford Company, Richland, Washington.

5.4 NORMAL TRANSPORT CONDITIONS

This section addresses the shielding analysis for the package for the
normal transport condition. For this analysis, the presence of the trailer is
ignored, and the exterior surface of the package is assumed to be the outside
surface of the MCO Cask.

5.4.1 Conditions To Be Evaluated

The normal transport condition is defined as a water-flooded or dry MCO
with the cask 1id in place. Dose rates are calculated at the surface and 2 m
and 6 m from the radial side and top of the cask. Only the contact dose is
calculated for the bottom of the cask because the bottom of the MCO is less
than 2 m from the ground during iransport. Additionally, the dose rates due
to streaming through the ports in the MCO shield plug, the drain port, the
vent port, and through the gap between the MCO Cask and the MCO are
calculated. The effects of reflection of radiation off the ground are also
included.

5.4.2 Acceptance Criteria

The dose rate at the surface of the cask, including dose rates from
streaming, must be Tess than 200 mrem/h on accessible surfaces and less than
1000 mrem/h on surfaces only accessible by long-reach tools. The dose rate at
2 m must be less than 10 mrem/h. The dose rate in any normally occupied space
in the transport vehicle (here assumed to be 6 m) must be less than 2 mrem/h.

B5-10
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5.4.3 Shielding Model

. The. cask, cask 1id, MCO,.and- MCo sh1e1d p]ug are. made from sta1n1ess

:.JJSféé] The inside diameter of the MCO is 58.42 cm (23 in:), sand the inside

height is 372 cm (146 in:) to the bottom of the MCO plug:  The MCO plug is
30.48 cm (12 in.) thick, and the cask 1id is 8.89 cm (3.5 in:) thick for a
total top shield th1ckness of 39.4 cm (15 5 in.)." The MCO sidewall is 1.27 cm
(0.54n.) thick, and the cask sidewall is 18.6 cm (7.31 in.) thick for a total
thickness of 19.8 cm (7.81 in.). The bottom of the MCO is 4.47 cm (1.76 in.)
thick. .-The bottom of the cask is 15.6.cm (6.13 in.) -thick for a total bottom
shield thickness of 20.0 cm (7.89 in.). Figure B5-1 shows a cross section of
the top of the MCO Cask and MCO shield plug.

5.4.4 Shielding Calculations

The MCNP computer code (Breismeister 1993 and Carter 1996) was used to
perform the dose rate calculations. MCNP has powerful geometry routines and
uses Evaluated Nuciear Data Files (ENDF/B) for cross sections (BNL 1991). The
ENDF/B system is maintained by the National Nuclear Data Center at Brookhaven
National Laboratory under contract from DOE. The quality assurance
documentation of MCNP for use at the Hanford Site is given in Carter (1996).

The dose rate was calculated at the surface and 2 m and 6 m from the side
of the cask for the normal transport condition. Only the contact dose was
calculated for the bottom of the cask because the bottom of the MCO is less
than 2 m from the ground during transport. Contact doses at the top of the
cask were also calculated. With the exception of some dose rates through the
drain port, all dose rates were calculated using MCNP surface tallies. A
summary of dose rates is shown in Table B5-1.

Contact dose rates will bound dose rates at distances further from the
cask. As photons get further from the source, they will generally disperse
over a larger area. Because the dose rate is proportional to the number of
photons per unit area, dose rates decrease as the distance from the source to
the dose location is increased (thus, the "inverse square law" for point
sources). Dose rates also decrease due to attenuation in air. In instances
where the dose at contact is low enough to meet dose rate limits at all other
distances, no further effort was made to calculate dose rates at further
distances.

The water in a flooded MCO will provide additional self shielding;
therefore, the dry MCO will give higher dose rates for photons. Filling the
interior of the MCO with water will increase neutron multiplication due to
fission, thus providing a mechanism for increasing neutron dose rates.
However, this moderation process will also decrease neutron energies, and the
water will act as self-shielding, thus introducing a reduction in dose rates.
Calculations of neutron dose rates for both flooded and dry MCOs were made to
find the bounding case. The highest radial neutron contact doses for the dry
and flooded cases, as shown in Table B5-11, were 5.7 mrem/h and 2.8 mrem/h,
respectively, indicating that neutron dose rates are highest when the cask is
dry. Since the dry MCO gives higher dose rates for both photons and neutrons,
the remainder of the analysis considers a dry MCO only.

B5-11
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Table B5-11. Comparison of Dry Versus Flooded
Multicanister Overpack Neutron Dose Rates. .-

Dose. rates in mrem/h’ R
{MCNP_uncertainty*) Output file
Flooded 2.8 (6%) owet
Dry 15.7 (1%) odry

MCNP = Monte Carlo N-Particle (code). -
*The one standard deviation statistical uncertainty (relative) in MCNP
calculation. .

For-shielding analysis, the MCO was assumed to contain fuel baskets only.
Since scrap baskets are more reactive than. fuel, a comparison of nominal k
for the MCO containing scrap baskets (.86, case:plan_150) and a case with fuel
only (.87, case CSBI) given in Miller (1996) shows that there is very Tittle
increase. in neutron production using scrap baskets in normal, flooded
conditions.

The bottom of the cask was modeled to be 51.4 cm (20.3 in.) above the
ground. Ground was modeled as Hanford soil (Brown 1992) throughout this
analysis. However, additional calculations were made to compare the effect of
using concrete instead of soil for ground material. Dose rates below the
cask, where reflection from the ground is most pronounced, are shown in
* Table B5~12. The results of these calculations show that the difference in
ground reflection when using concrete rather than soil is negligible.

~Table B5-12. Comparison of Soil and Concrete Reflection.

Dose Rates in mrem/h
Reflective | o type (MCNP unFer?a1nty*) 1 Output
material Bottom surface Ground file
of cask Tevel
Photon 39 (2%) 15 (3%) onorm
Soil Neutron | 4.4 (1%) 1.5 (2%) | odry
Total 43 (2%) - 17 (2%)
Photon 40 (3%) 16 (4%) onormc
Concrete - | Neutron 4.2 (6%) 1.3 (12%) | odryc
Total 44 (3%) - 17 (4%)

MCNP = Monte Carlo N-Particle (code).
*The one standard deviation statistical uncertainty (relative) in MCNP
calculation.

There is a 2.2-cm (0.88-in.) recess in the bottom plate of the MCO.
Table B5-13 shows an average dose rate at the bottom of the cask and a dose
rate at the center, just below this recess.
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... Table B5-13. Dose Rates at Bottom of Multicanister Overpack Cask..

|- . Dose Contact doseﬂrgtes e

. .7 Dose area type S dn mrem/h' co Output file

(MCNP “uncertainty®)
- . Photon [ 39 (2%) "} onorm” .
Bottom, averageb‘ Neufron 4.4 (1%) . odry
' : Total - |43 (2%) :
o Photon 58-(9%) : ~ | onorm
Bottom, center® Neutron | 5 (9%) < | odry
Total | 63 (9%) .

MCNP = Monte Carlo N-Particle (code).

8The one standard deviation statistical uncertainty (relative) in MCNP calculation.
Average over 30-cm (12-in.) radius, corresponding to the radius of the MCO.
There is a small recess in the center of the bottom plate of the MCO.

The maximum total dose rates for the radial side of the cask were found
to be 49 mrem/h, 6.9 mrem/h, and 1.5 mrem/h at contact, 2 m, and 6 m,
respectively. Dose rates were calculated from 1.05 m below to 1.05 m above
the center of the fuel region in 30-cm increments. The highest dose rate at
each radial distance is reported. Table B5-14 shows neutron, photon, and
total dose rates. . :

Table B5-14. Side (Radial) Dose Rates.

2332 Dose rates in mrem/h (MCNP uncertainty*) output file
Contact 2m 6 m

Photon 43 (2%) 6.3 (1%) 1.3 (1%) onorm

Neutron | 5.6 (1%) L 0.63 (1%) [ 0.12 (1%) | odry

Total 49 (1%) 6.9 (1%) 1.5 (1%)

MCNP = Monte Carlo N-Particle (code).
*The one standard deviation statistical uncertainty (relative) in MCNP calculation.

There is a drain port in the side of the cask near the bottom. The total
dose rate at contact was found to be 310 mrem/h. Details are shown in
Table B5-15. In terms of shielding, the presence of this por{ represents a
displacement of shielding material, contributing to an increase in dose rates
in its vicinity. It is worth noting that the space between the bottom of the
MCO and the bottom of the fuel (3.8 ¢m or 1.5 in.) provides a streaming path
from the bottom of the fuel toward the drain port.
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- Table B5-15.. Drain Port Contact Dose..

" Dose type D s e “Output file
Photon ) 310 (7%) ‘ odrainc
Neutron 3.0 (16%) | odry
Total . ) 310 (7%)

MCNP = Monte Carlo N-Particle (code).
*The one standard deviation statistical uncertainty (relative) in MCNP calculatlon

Table B5-16.shows photon dose rates for various distances from the cask
due to potential streaming through the drain port. Because of the orientation
of the port relative to the source, any streaming through the port could
potentially be directed toward some angle below the axis of the port. The
results shown in Table B5-16 indicate that either the dose rate due to
streaming through the port drops off quite rapidly with distance or the dose
stream is angled such that it reaches the ground before a 2-m radial distance
is reached. In any case, the photon dose rates are less than those listed for
the side (radial) dose rates given above.

Table B5-16. Photon Dose Rates Due to Streaming
Through the Drain Port. :

: Photon dose rates® in mrem/h
Up angle (°) {MCNP uncertainty”) Output file
2m 6m
0 3.6 (3%) 1.1 (3%) odrain
-5 3.2 (3%) NA ) odrain
-10 2.8 (4%) NA odrain
Ground level® | 2.7 (4%) 0.96 (3%) odrain

MCNP = Monte Carlo N-Particle (code).
2ose rates calculated with point detectors.

The one standard deviation statistical uncertainty (relative) in MCNP
calculation.

CGround level for 2 m is at an up angle of -12.9°. Ground level for 6 m is at
an up angle of -4.3°,

Dose rates above the top of the cask and the short draw tube and dip tube
ports in the MCO shield plug are shown in Table B5-17. The dip tube and short
draw tube ports are the deepest and widest cavities in the MCO shield plug.

As with the drain port discussed previously, the presence of each port

represents a displacement of shielding material, contributing to an increase
in dose rates. There are two other ports in the MCO:  one used for a relief
valve downstream of a HEPA filter, the other for a rupture disk. Because the
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displacement of shielding material for these two’ ports is less, they are
- considered: Tessproblematic in terms of. comprom1s1ng sh1e1d1ng effect1veness Iy
- and-are not ana]yzed : : :

Table B5-17. Dose Rates at the Top of
the Cask for Normal Conditions.

Location Dose type mrggjﬁ :ztizq;gcg Oggggt
(MCNP _uncertainty®)
Photon® 0.14 (4%) onormt
Top® Neutron 0.47 (1%) odryt
Total 0.6 (2%)
Photon® 0.58 (8%) | onormt
Dip tube port Neutron 0.60 (10%) odry
Total 1.2 (7%)

Photon® 1.7 (8%) onormt
ggg;t draw tube | noyiyon 0.67 (9%) odry
Total 2.4 (6%)

Photon® 0.13 (13%) onormt
1 vent port Neutron® 0.42 (2%) : odry
Total 0.55 (3%)

MCNP = Monte Carlo N-Particle (code).

2The one standard deviation statistical uncertainty (relative) in MCNP
calculation.

Average over 30 cm (12 in) radius, corresponding to the radius of the MCO

SPhoton dose rates were calculated using top 4 in. of source, and have been
scaled by a 1.04 correct1on factor (see Section 5.2.1).

Neutron dose rate is based on average over annulus at top of lid with an-inner
radius of 23.81 cm (9.375 in.) and an outer radius of 32.05 cm (12.62 in.).

There is a 3.81-cm (1.50-in.) vent port in the cask 1id. The vent port
is 27.31 cm (10.75 in.) from the cask centeriine, which is outside the radius
of the ports-in the MCO shield plug. Because of the vent port's small
diameter and its relatively large offset from the centerline, it does not
present a problem in terms of dose rate streaming.

The calculated dose rate at contact above the short draw tube port is
2.4 mrem/h. To demonstrate that the dose rate will drop to less than 2
mrem/h at 6 m, the neutron dose rate at 2 m was calculated using an MCNP point
detector (output file odrytp). The neutron dose rate at 2 m was calculated to
be 0.049 mrem/h, with an MCNP one standard deviation statistical uncertainty
(relative) of 1%.
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Dose rates above the radial 'side of the cask, as shown in Figure B5-1, ; C
Al e

- are given:in Table B5-18.. Tabie B5-18..shows. dose rates:only: at contact:
. dose rates.due to penetrat1on of. the - sh1e1d1ng in-this v1c1n1ty w1]1 be

“. bounded by the contact ddse ratés shown .in Table B5-18.

F1gure B5-1. Monte Carlo N-Particle Model: for
Mu1t1canlster Overpack and Transport Cask.

A
v
lid
B
grapple
C
E D
plug
cask 0.13" gap
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Table B5-18. Dose Rates Above the Radial Side
of Cask for Normal Conditions.

. Dose rates in | )
Location Dose Type mrem/h at contac -+ Output file
{MCNP_uncertainty”)
. . Photon? 0.10 ¢(9%) onormt
Position “A" in Figure
B5-1 . Neutron 0.36 (7% odry
Total 0.47 (6%)
. L. Photon 0.15 9%y . . onorm
Position "B" in Figure
B5-1 Neutron 0.52 (2%) odry
Total 0.67 ¢2%)
. . Photon 0.77 (9%) onorm
Position MC" in Figure
B5-1 . Neutron 1.1 ¢2%) odry
Total 1.9 .4%)
. . Photon 0.80 (7% onorm
Position "D" in Figure [
B5-1 Neutron 1.1 ¢2%) odry
Total 1.9 3%
R o Photon 0.21 (8%) onorm
Position “E" in Figure
B5-1 Neutron 0.57 ¢2%) odry
Total 0.78 (3%)

MCNP = Monte Carlo N-Particle (code).

3The one standard deviation statistical uncertainty (relative) in
MCNP calculation.

Photon dose rates were calculated using top 4 in. of source, and
have been scaled by a 1.05 correction factor (see Section 5.2.1).

Except for the drain port, maximum dose rates for normal conditions are
at the radial side of the cask. Dose rates at the side of the cask are
49 mrem/h, 6.9 mrem/h, and 1.5 mrem/h at contact, 2 m, and 6 m, respectively.
The contact dose for the drain port is 310 mrem/h.

5.5 ACCIDENT CONDITIONS

This section addresses the shielding analysis for the package for
accident conditions. For this analysis, the presence of the trailer is
ignored, and the exterior surface of the package is assumed to be the outside
surface of the MCO Cask.

5.5.1 Conditions To Be Evaluated

For this analysis, 'it is assumed that the worst-case credible accident
would involve a vertical drop, resulting in a compaction of the fuel in the
bottom of the cask. This will cause not only an increase in dose rates at the
side and bottom but also a decrease in dose rates at the top of the cask.
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5.5.2 Acceptance Criteria

- The dose rate 1 m from the surface.of the cask must be less. than l.rem/h... .

5.5.3 Shielding Model . »
©-Shielding-includes the cask, MCO, and MCO shield p]ug'a§vdescribed
previously in Section 5.4.3.

5.5.4 Shielding Calculations

Again, the MCNP computer code (Breismeister 1993 and Carter 1996) was
‘used to perform the dose rate calculations. All dose rates calculated. are
contact dose rates. This should prove sufficient in-showing that the criteria
of 1 rem/h at 1 m is met. .

For the accident condition, it was assumed that there is a vertical drop
that causes all the fuel to be condensed in the bottom of the MCO. For
shielding purposes, maximum compaction of the source volume will give the most
conservative dose rates. Therefore, the accident condition source is a
cylinder 129.0 cm (51.0 in.) tall with a radius of 58.4 cm (23.0 in.),
consisting of uranium metal fuel with a density of 18.77 g/cm{

As shown in Section 5.4.4, the dry MCO gives higher dose rates than a
flooded MCO. For this reason, analysis in this section is for a dry MCO only.
The bottom of the cask was modeled to be 51.4 cm (20.3 in.) above the ground
as it was for normal conditions. However, since the dose rates reported are
contact dose rates, the effects of ground shine are negligible. Dose rates at
the bottom and side of the cask are shown in Table B5-2.

The highest dose rate is the drain port contact dose (190 mrem/h). This
is Tower than for normal conditions because of the elimination of the gap
between the bottom of the fuel and the bottom of the MCO. The side and bottom
dose rates, on the other hand, have increased as expected.

5.6 SHIELDING EVALUATION AND CONCLUSIONS

The shielding calculations have shown that for normal and accident
transport conditions, the dose rates calculated meet the acceptance criteria.
The contact dose rate at the cask drain port is 310 mrem/h, which exceeds
200 mrem/h, but .the drain port will only be accessible with long-reach tools
when the cask is loaded onto the trailer. Close access to the drain port will
be controlled, and facility ALARA procedures will be followed during loading
and unloading to guarantee worker safety.

A number of uncertainties affect the accuracy of the results presented.
Inctuded are uncertainties in material compositions and densities and in data
in the MCNP library. Conservatism in the source term will result in
conservative dose rate calculations.
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5.8 APPENDICES
5.8.1 MCNP Tally Results

With the excéption of side dose rates and the "top radial" contact dose-
rate; all dose rates calculated are based on averages constructed from radial -

- sp11ts using the following:

. Dose in region 1 = D1
Area in region 1 = Al
Uncertainty in region 1.= Ul
Total area. = A = Al + A2 + ....
Average dose = D = (D1*Al + D2*A2 +... )/A
Average uncertainty = sqrt( (D1*Al*U1)7*2 + (D2*A2*U2)*2 + ...) }/(D*A)

The addition of photon and neutron dose, which used the same areas, was
calculated from:

Photon dose = DP

Photon dose uncertainty = UP

Neutron dose = DN

Neutron dose uncertainty = UN

Total Dose = T = DP + DN

Uncertainty = sqrt( (DP*UP)? + (DN*UN) /T

5.8.2 MCNP Input and Output Files

The files are currently stored in CFS file
/home/w80395/MCO/sarp/final.tar.Z in compressed, tarred format. Included in
this section is a Tisting of one MCNP input file, called "inorm," and the
ORIGIN input file used to create the source strength and energy specirum,
called "sarp." Rather than reprinting the remainder of the MCNP input files,
they are related to inorm by the use of the UNIX command "diff." The "diff"
command indicates with a "<" changed lines as they appear in the first file,
and a ">" indicates lines as they appear in the second file..
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ORIGIN INPUT FILE (osarp)
Library files orig2l, orig60, and origél used

1 MTU OF 16% Pu240 MARK 1V FUEL FROM RADNUC, DECAYED 13 YEARS
0090 N | ) .
0123381382383930143

101 102 103 10

1 Liter

11 -1 -1 1

1 10 1.0
1.0 1.2 4 1
5.0 23 40
10.0 3 4 4 0
50.0 45 4 0

100.0 5 6 40

200.0 6 7 40
1.0 7850
2.0 8 950
5.0 910 5 0
10.0 101 5 0
20.0 1112 5 0

5 1.€-20 7 1.E-20 9 1.E-20 -1
ACTIVATION PRODUCTS OUTPUT TABLE OPTIONS

OPTL 888878787888888888888888

FISSION PRODUCTS QUTPUT TABLE OPTIONS
888878787888 8888888888
ACTINIDE AND DAUGHTER OUTPUT TABLE OPTIONS

OPTA 888878787888888888888888

MOMNNNNNN = =3 WWWWWWWWRWWWNW W

=

122110

.599E+00 360850 1.020£+01
+558£-02 390910 0.000E+00
.517E-21 410950 7.672E-21 -
.000E+00 451031 0.000E+00
769402 471100 9.595E-15
.000E+00 501191 1.005E-06
.029E-16 511240 0.000E+00
J716E+01 511260 1.316E-06
.120E-13 521290 0.000£+00

10030  2.694E-02 60140 7.404E-01 340790 5
380890 0.000£+00 380900 3.812E+02 390900 ¢
400930 0.716E+03 410931 3.043E-03 400950 6
410951 2.626E-24 430990 0.767€+03 441030 0
441060 2.361€-02 451060 2.219E-08 461070 1
471101 6.315E-07 481131 1.199E-01 481151 0
501211 7.273€-03 501230 7.057E-12 521231 2
511250 6.683E-01 521251 9.439E-03 501260 2
511261 9.804E-09 521270 7.200E-16 521271 2
521291 0.000E+00 531290 1.756E+02 551340 6.029E-01 551350 3.214E+02
551370 0.828E+03 561371 1.264E-04 581410 0.000E+00 591430 0.000E+00
581440 5.016E-03 591440 2.118€-07 591441 1.048E-09 611470 8.091E+00
611480 0.000E+00 611481 0.000E+00 621510 2.585E+01 631520 4.568E-02
641530 1.078E-08 631540 4.816E+00 631550 4.9456-01 651600 5.316E-22
10030 0.000E+00 60140 0.000E+00 260550 1.480E-02 280590 2.509E+00
270600 3.715E-02 280630 3.729E-01 400930 0.000€+00 410931 0.000E+00
400950 0.000E+00 410950 0.000E+00 410951 0.000E+00 491131 2.451E-17
501130 4.084E-14 501191 0.0Q0E+00 501211 0.000E+00 511250 (¢.000E+00
521251 0.000£+00 000000 0.000E+00 000000 0.000E+0C 000000 0.000E+00
922340 4.001E+02 922350 3.840E+04 922360 6.956E+03 000000 0.600E+00
922380 6.247€+06 932370 3.972E+02 942380 4.732E+01 942390 1.769E+04
942400 3.5556+03 942410 0.592E+03 942420 1.231E+02 952410 0.524E+03
952421 2.058E-01 952420 2.474E-06 952430 7.023E+00 962420 5.142E-04
962440 3.708E-01 000000 0.000E+00 000000 0.000E+00 000000 0.000E+00
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MCNP INPUT FILE inorm

MCO Final SARP, photon modél, lid-on

Pt o~ Ld & n
2 T K] ] K]
> > > > >
D [ D o @
- - = - —
= AUMITINONORO ~NMIINVMNOOO- —OAMINVNDBOOT —ANMINVONVOOT —AMINONONO =
: H - . - - - - -
DAADRAANNAPAD AADANRRADIAN HAANRAANRARN AROBAPRANARAPRN VRN AARRANRNOH
T L I e L L R L N L L R T T N T AT T VU T T L R T S R S N I T A R A R I I T R ]
-
X
K] NAMMMAUNMANNANNSNNMMMIAUNNNNNTANMMIMAUAUNNNAENANMMM NN NN NSTNONM M0 N NN NN
u._d NEAMPMMMMNNNNMNMMMIMIMNNGNMNMIMIMIMMPM AN AMMIMPMPREANANNMMMPM MM AN 9
[ .
" AMMMMMMMANNNANMMMIMIMMANNNNMMMMMIPIMANNNNMMIMMMMMINSNNNNMMIM AN NN N
n
v e ANMMMMMIMMMAN-NMMMMIMIMIMIMANCANMMIMIMMMMIAINNCAMMIMMMMMP NSNS NN e
0

fill

NAUMMMAMMMANONMMMMAMMMANONNMMMANMMMNNONNMMMANMMMANONANMMIMNMMIINNO

[
0:4

22333333332422333333332422333333332,_IZ2333333332422333333332..1

-52
4 -5
-5:5

7_223333333?.0_22233333332..12223.3333332~.1_22233333332«122233333332_1

-5:5

- 22223333332&.22223333332322223333332522223333332822223333332-\_4

31
2

t

1

2222233322%22222233322%22222233322/.422222233322/.»22222233322%

~20
-1
f

22222222222:.)22222222222522222222222522222222222:.4222222222225
. ' 3

0
main lattice along cask length
-3

0

1
2

$ 4" shield side
$ 5" shield side

$ 1" shield side
$ 2v shield side
$ 34 shield side

$ MCO pipe wall

(582:-583)
(-584:582:-583)

-52
(-584:582:-583)

-207 32
(-214:-210) 216 $ gap

-594 -320 -216 (217:300) 21 $ gap
24 -25 57 -52

(20:-31)
57 =22
223 -23 57 -52
23 -24 57 -52
25 -26 33 -52
26 -27 34 -52

0
0
0
0
0

-8.0

21
-8
-8
-8
-8
-8
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10 304 -8.0 27 -28 35 -52 - (-584:582:-583) $ 6" shield side
11 304 -8.0 28 -29 36 -52 (-584:582:-583:585) $ 7% shield'side .
12 304 -8.0 .29 -30 37 -52 (-584:585:582:-583)(587:-586) $ 8" 'shield side
13 0 61 -578 -526 (-255:252:258) . % outside. the cask .
14 0 (578:526:-581) © $ outside world
15 7 0. 0000512 18 .-53 - -u=3 $ between fuels . -
16 3 -6.55" -18 17 -53 u=3 $ zr-2 clad -
17 5 -18.77 -17 16 -53 u=3 $ 0.947% U-235
18 3 -6.55 -16 15 -53 u=3 $ Zr-2 clad
19 7 0.0000512 -15 14 53 u=3 H20 .
20 3 -6.55 -4 13 -53 u=3 $ 2r-2 clad -
21 5 -18.77 =13 12 -53 u=3 $ 0.947% U-235.
22 3 ~6.55 - -2 -1 -53 . u=3 $ 2r-2.clad
23 7 0.0000512 -11 -53 u=3 $ H20 .
24 7 0.0000512 -51 N u=2 $ fictitious cl ==
25 7 0.0000512 52 -500 -20 $ 2" gap at top
26 7 0.0000512 53 u=3 $ gap at top of fuel
30 7 0.0000512 596 -256 -250 (30 515) $ Air, top, up to 1m
31 7 0.0000512 38 -256 -596 (30) $ Air, side, out to m
32 7 0.0000512 ° 61 -256 -38 $ Air, bottom, down to 1m
33 7 0.0000512 596 -257 -251 (250:256) $ Air, top, up to 2m
34 7 0.0000512 61 -257 -596 (256) ©$ Air, side, out to 2m
35 221 -1.67 254 -257 -61 $ Air, bottom, down to 2m
36 7 0.0000512 596 -258 -252 (257:251) $ Air, top, up to 3m
37 7 0.0000512 61 -258 -596 (257) $ Air, side, out to 3m
38 221 -1.67 581 -578 -61 (-254:257) $ Air, bottom, down to 3m

40 0 56 -32 -21 $ bottom of MCO, air space

41 304 -8.0 310 -56 -21 311 $ bottom of MCO, top .88"
42 304 -8.0 -310 57 -21 $ bottom of MCO, bottom .88"
43 0 310 -56 -311 $ divit at bottom of MCO

44 304 -8.0 -57 33 ~25 (-584:585:582:-583) $ 1 shield bottom
592

45 304 -8.0 -33 34 -26 (-584:585:582:-583) $ 2" shield bottom

. (-583:590:584) (-591: 592) (583:591:590:592)

46 304 -8.0 -34 35 -27 (-584:585:582:-583) $ 3" shield bottom

47 304 -8.0 -35 36 -28 (- 584 585 582:-583) $ 4" shield bottom
48 304 -8.0 -36 37 -29 $ 5" shield bottom
49 304 -8.0 -37 38 -30 (587:-586) $ shield bottom
500 0 19 -20 500 -509 $ gap: plug/MCO wall
501 304 -8.0 500 -501 -19 542 546 (541:-561) $ 1" shield top
502 304 -8.0 501 -502 -19 $ 2" shield t
546 (544:-564) (541:-561) 542 $(546:-420)t0546, (- 562 542:-561) to 542
(551:421:-546:-544) (556:-557:-546:-544)
503 304 -8.0 502 -503 -19 $ 3“ shield top
(546) (544:563:-564) $from E1
(542) (541:-561:560) $from E2
(556:558:-557) $from 1 X
(-540:551:421:-541) . $(546:-4620)t0 546,
504 304 -8.0 503 -504 -19 $ 4" shield top;

1-405:-544)(544:563:-564)  $ #537 #538
05:(-556 557):(-551 -421)) & #533

2420:-544)(542:-541:562) $ #540 #536
(541:560:-561)(556:-557:558:-546:-544) $#535 #550
(550:-551)(555:-556) $ #545 #549
(551:-540:421:-541) $ #546

505 304 -8.0 504 -505 -19 $ 5" shield top
543 538 555 (556 558) 550 (551 -540) $(544: 563)to(544 563:-564)
506 304 -8.0 505 -506 - $ 6" shield top
535 534 555 550 .
507 304 -8.0 506 -507 -19 X $ 7" shield top
535 534 555 550 $(427 428 425:-426:-429)
508 304 507 -508 -19 $ 8" shield top
597 598 555 550 $(427 428 425:-626:-429)
. 509 304 -509 -19 $ 9" shield top
597 598 554 550 3(427 -428:425:-426:-429)
510 304 -8.0 509 -510 -300 597 598 554 550 (-305:-306) $ 10" shield top$
511 304 -8.0 510 -511 -306 597 598 554 549 $ 11" shield top
512 304 -8.0 511 -512 -306 537 536 553 548 $ 12¢ shield top
c 530 0 426 -425 429 -512 428 -427 $ grapple cutout
c (-432:431) (-430:-434:433)
520 0 -300 305 306 -59
531 .0 -534 505 -507. $ Short Draw Port bottom
532 0 -535 505 -507 $ Dip Tube Port bottom
533 0 -538 503 541 -505 (556:-557) (551:421) $ Short Draw Port top pipe
535 0 -541 -560 561 $ Short Draw Port horizontal pipe
536 0 -542 500 541 -562 $ short Draw Port bottom pipe
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537 0 -543 405 _-505 544 . $ Dip Tube Port top pipe ’
538 O -S44 -563 564 0 1o C - . $ Dip Tube Port: horizontal. pipe
540 0 -546 500 -420:544- . - $ Dip Tube Port.-bottom pipe -
541 304 -8.0 -536 511 <512 . $ short Draw Port-Flange -
5,2 304 -8.0 ~-537 511 <512 C $ Dip Tube Port flange :
i 543 304 -8.0 ~-548 511 =512 ° $ HEPA Filter port flange
- 544 O =549 510 -511 . $ HEPA Filter port middle
545 © -550 503 -510 851 - $ HEPA Filter vertical pipe
546 0 -551 540 -421 541 $ HEPA Filter horizontal pipe
. e 547 304 -8.0 -553 511 -512 . $ Rupture Disk Flange
W 548 © -554 508 -511 : $ Rupture Disk middle .
. 549 0 -555 503 -508 556 $ Rupture Disk vertical pipe
I ..+ 5 ,. 550 0 -556 557 -558. 546 544.541 $ Rupture Disk horizontal pipe
. 562 0 -582 583 584 ~585 ¢ drain port cavity R
A . 563 0 586 -30.-587 . $ airspace just outside of drain port cover
565 0 -584 583 -590 $ horiz drain pipe
566 0 591 (590:-583) -592 =57 $ vert drain pipe
567 0 -591 -583 -590 -592 $ drain pipe elbow
570 0 -598 507 -511 $ Short Draw Port Middle
571 0 -597 507 -511 $ Dip Tube Port middle
580 - 0 518 -30 519 -515 $ above cask body
581 304 -8.0 ~-513 596 28 -(594:323) (-516:-506) . $ first 1" of Lid

(215:595)

582 304 -8.0 ((-514 506 -29 (513:516) (-517:-507)) $ second 1" of lid
$(596 -506 28 =29 ) )

583 304 -8.0 ¢(-515 507 -30 (514:517) (-518:-519) ) $ third 1" of lid
+(596 ~507 29 -30 ))

584 304 -8.0 596 -215 323 -595 $ lip

585 0 512 -594 -306 $ Air space sbove plug, under Llid

c
< MCO wall
590 304 -8.0 20 -207 52 -500 $ MCO pipe wall fuel to plug bottom
591 304 -8.0 20 (-21:-217) -303 500 -501 $ MCO pipe wall {#+plug bottom
592 304 -8.0 20 -217 -303 501 -502 $ MCO pipe wall 2n+plug bottom
593 304 -8.0 20 -303 502 -503 $ MCO pipe wall 3uiplug bottom
594 304 -8.0 20 -303 503 -504 . $ MCO pipe wall 4n+plug bottom
595 304 -8.0 20 -303 504 -505 $ MCO pipe wall gu+plug bottom
596 304 -8.0 20 -303 505 -506 $ MCO pipe wall 6"+plug bottom
597 304 -8.0 20 -303 506 -507 $ MCO pipe wall 7+plug bottom
598 304 -8.0 20 -303 507 -508 $ MCO pipe wall 8u+plug bottom
599 304 -8.0 20 -303 508 -509 $ MCO pipe wall 9"+plug bottom
c side shield - top of fuel to bottom of plug
600 304 -8.0 223 -23 52 -214 $ 1v shield side
601 304 -8.0 214 22 .23 52 -500 216 $ 1" shield side
602 304 -8.0 23 -24 52 -500 $ 2» shield side
603 304 -8.0 24 -25 52 -500 $ 34 shield side
604 304 -8.0 25 -26 52 -500 $ 4" shield side
605 304 -8.0 26 -27 52 -500 § 54 shield side
.606 304 -8.0 27 -28 52 -500 $ 64 shield side
607 304 -8.0 28 -29 52 -500 $ 7 shield side
608 304 -8.0 29 -30 52 -500 $ 8" shield side
c side shietd - 1% above bottom of plug
611 304 -8.0 323 -23 500 -502 22 $ 1" shield side
612 304 -8.0 23 -24 500 -502 $ 2" shield side
613 304 -8.0 24 -25 500 -502 $ 3# shield side
614 304 -8.0 25 -26 500 -502 $ 4n shield side
615 304 -8.0 26 -27 500 -502 $ 5% shield side
616 304 -8.0 27 -28 500 -502 ¢ 6" shield side
617 304 -8.0 28 -29 500 -502 $ 7% shietd side
618 304 -8.0 29 -30 500 -502 ¢ 8" shield side
c side shield - 2" above bottom of plug
621 304 -8.0 323 -23 502 -503 $ 1" shield side
622 304 -8.0 23 -24 502 -503 ¢ 2n shield side
623 304 -8.0 24 -25 502 -503 $ 3" shield side
624 304 -8.0 25 -26 502 -503 $ 4v shield side
625 304 -8.0 26 -27 502 -503 $ 5% shield side
626 304 -8.0 27 -28 502 -503 $ 6% shield side
627 304 -8.0 28 -29 502 -503 $ 7% shield side
628 304 -8.0 29 -30 502 -503 $ 8" shield side
c side shield - 3" above bottom of plug
631 304 -8.0 323 -23 503 -504 $ 1v shield side
632 304 -8.0 23 -24 503 -504 $ 2" shield side
633 304 -8.0 24 -25 503 -504 $ 3v shield side
634 304 -8.0 25 -26 503 -504 -$ 44 shield side
635 304 -8.0 26 -27 503 -504 $ 5" shield side
636 304 -8.0 27 -28 503 -504 $ 6 shield side
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637 304 -8.0 28 -29 503 -504 $ 7%shield side
638 304 -8.0 29 -30 503 -504 -..'$ 8% shield side
side shield - 4" above bottom of plug- ¥
641 304 -8.0 323 -23 504 -596 -$ 1" shield side
642 304 -8.0 23 -24 504 -596 $ 2" shield side
643 304 -8.0 24 -25 504 -596 $ 3" shield side
644 304 -8.0 25 -26 504 -596 $ 4" shield side
645 304 -8.0 26 -27 504 -596 $ 5 shield side
646 304 -8.0 27 -28 504 -596 $ 6" shield side
647 304 -8.0 28 -29-504 -596 $ 7% shield side
648 304 -8.0 29 -30 504 -596 $ 8" shield side
MCO wall
650 304 -8.0 207 -208 32 -38.. $ MCO .pipe wall from bottom of MCO
651 304 -8.0 207 -208 58 -59 $ MCO pipe wall from bottom of MCO
652 304 -8.0 207 -208 59 -60. $ MCO pipe watl from.bottom of MCO
653 304 -8.0 207 -208 60 -52 $ MCO pipe wall from bottom of MCO
654 304 -8.0 207 -208 52 -500 $ MCO pipe wall fuel to plug bottom
657 304 -8.0 303 -302 -217 -503 $ MCO pipe wall 3"+plug bottom
658 304 -8.0 303 -302 503 -504 $ MCO pipe wall 4"+plug bottom
659 304 -8.0 303 -302 504 -505 $ MCO pipe wall 5%+plug bottom
660 304 -8.0 303 -302 505 -506 $ MCO pipe wall é6"+plug bottom
661 304 -8.0 303 -302 506 -507 $ MCO pipe wall 7"+plug bottom
662 304 ~8.0 303 -302 507 -508 $ MCO pipe wall 8"+plug bottom
663 304 -8.0 303 -302 508 -509 $ MCO pipe wall 9"+plug bottom
MCO wall
670 304 -8.0 208 -209 32 -58 . $ MCO pipe wall from bottom of MCO
671 304 -8.0 208 -209 58 -59 $ MCO pipe wall from bottom of MCO
672 304 -8.0 208 -209 59 -60 $ MCO pipe wall from bottom of MCO
673 304 -8.0 208 -209 60 -52 $ MCO pipe wall from bottom of MCO
674 304 -8.0 208 -209 52 -500 $ MCO pipe wall fuel to plug bottom
677 304 -8.0 302 -301 -217 -503 $ MCO pipe wall 3u+plug bottom
678 304 -8.0 302 -301 503 -504 $ MCO pipe wall 4"+plug bottom
679 304 -8.0 302 -301 504 -505 $ MCO pipe wall 5"+plug bottom
680 304 -8.0 302 -301 505 -506 $ MCO pipe watl é"+plug bottom
681 304 -8.0 302 -301 506 -507 $ MCO pipe wall 7"+plug bottom
682 304 -8.0 302 -301 507 -508 $ MCO pipe wall 8"+plug bottom
683 304 -8.0 302 -301 508 -509 $ MCO pipe wall 9"+plug bottom
MCO wall .
690 304 -8.0 209 -21 32 -58 $ MCO pipe walt from bottom of MCO
691 304 -8.0 209 -21 58 -59 $ MCO pipe wall from bottom of MCO
692 304 -8.0 209 -21 59 -60 $ MCO pipe wall from bottom of MCO
693 304 -8.0 209 -21 60 -52 . $ MCO pipe wall from bottom of MCO
694 304 -8.0 209 -21 52 -500 $ MCO pipe wall fuel to plug bottom
697 304 -8.0 301 -300 -217 -503 $ MCO pipe wall 3%+plug bottom
698 304 -8.0 301 -300 503 -504 . $ MCO pipe wall 4"+plug bottom
699 304 -8,.0 301 -300 504 -505 $ MCO pipe wall 5%+plug bottom
700 304 -8.0 301 -300 505 -506 $ MCO pipe wall é"+plug bottom
701 304 -8.0 301 -300 506 -507 $ MCO pipe wall 7"+plug bottom
702 304 -8.0 301 -300 507 -508 $ MCO pipe wall 8"+plug bottom
703 304 -8.0 301 -300 508 -509 $ MCO pipe wall 9"+plug bottom
cask wall
710 304 -8.0 22 -221 57 -58 $ 1% side shield from bottom of MCO
711 304 -8.0 22 -221 58 -59 $ 1" side shield from bottom of MCO
712 304 -8.0 22 -221 59 -60 $ 1" side shield from bottom of MCO
713 304 -8.0 22 -221 60 -52 $ 1% side shield from bottom of MCO
714 304 -8.0 22 -221 52 -214 $ 1" side shield fuel to plug bottom
715 304 -8.0 214 216 210 -22
718 304 -8.0 (320:216) -321 500 -503 $ 1" side shield 3"+plug bottom
719 304 -8.0 320 -321 503 -594 $ 1" side shield 4"+plug bottom
cask wall
720 304 -8.0 221 -222 57 -58 $ 19 side shield from bottom of MCO
721 304 -8.0 221 -222 58 -59 $ 1" side shield from bottom of MCO
722 304 -8.0 221 -222 59 -60 $ 1" side shield from bottom of MCO
723 304 -8.0 221 -222 60 -52 $ 1" side shield from bottom of MCO
724 304 -8.0 221 -222 52 -214 $ 1" side shield fuel to plug bottom
728 304 -8.0 321 -322 500 -503 $ 1" side shield 3"+plug bottom
729 304 -8.0 321 -322 503 -594- $ 1 side shield 4"+plug bottom
cask wall
730 304 -8.0 222 -223 57 -58 $ 1" side shield from bottom of MCO
731 304 -8.0 222 -223 58 -59 $ 1" side shield from bottom of MCO
732 304 -8.0 222 -223 59 -60 $ 1" side shield from bottom of MCO
733 304 -8.0 222 -223 60 -52 $ 1" side shietd from bottom of MCO
734 304 -8.0 222 -223 52 -214 $ 1" side shield fuel to plug bottom
738 304 -8.0 322 -323 500 -503 $ 1" side shield 3"+plug bottom
739 304 -8.0

HNF-SD-TP-SARP-017  Rev. 0

322 -323 503 -594 $ 1" side shield 4"+plug bottom
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cz
cz
cz
cz
cZ

kz

pz
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P 0.86602540 -0.5
[ © 0.86602540 -0.5
P 0.86602540 0.5
] 0.86602540 0.5
pY A
Py -
cz 0.6083 3
cz 0.6591 $
cz 1.5481 $
cz 1.6243 k3
cz 2.1603 $
cz 2.2110 $
cz 3.0163 $
cz 3.0798 3
cz 29.083 $
(<3 29.2% $

29.78 - $ gap region
30.18 $ gap region
30.38 $ gap region
30.480 $ MCO outer wall

fuel

Zr-2 clad

plug radius-
MCO inner wall -

30.7975  $ cask Lip inner radius
390.8171 1 -1 $ bottom of jog in cask

386.6896 $ top of lip

kz 339.3821 1 1 $ top of jog in cask
1 kz -30.48 11

cz
cz
cz
cz
cz
cz
cz
cz

cz
pz
kz
cz
cz
cz
cz

31.9913  $ shd inner watl
32.0913 $ gap region
32.2913 % gap region
32.6913  $ gap region
32.0548 $ upper gap region,
31.9548 $ upper gap region,
31.7548 $ upper gap region,
31.3548 $ upper gap region,

inner edge
imp region
jmp region
imp region

pz  25.0698 $ bottom of plug grapple region
23.8125 $ inside radius of plug grapple region
2.352 $ split in bottom of MCO

-0.9579429 0.9886686 1.0 $

MCO bottom divit cone

32.385 $ Top of cask, inner radius

32.485 $ top of cask, inner imp zone
32.685 $ top of cask, inner imp zone
33.085 $ top of cask, inner imp zone

cz 33.655 $ .69" shield
cz 36.195 $ 1.69" shield
cz 38.735 $ 2.69" shield
cz 41.275 $ 3.69" shield
cz 43.815 $ 4.69" shield
cz 46.355 $ 5.69" shietd
cz 48.895 $ 6.69" shield
cz 50.5587 $ 7.31" shield
pz 8.25501 $ bottom of fuel region
pz 8.255 $ 1.76" + 1.49" above bottom -
pz -2.540 $ 1" from bottom
pz -5.080 $ 2" from bottom
pz -7.620 $ 3" from bottom
pz -10.160 $ 4" from bottom
3 -12.7 $ 5" from bottom
-15.5702 $ 6.13" from bottom
cz 10000.000 $- for u=1 purpose
fuel = 4(76.4540-8.255)+8.255 +(74.5744-8.255) = 347.3704
pz 347.3705 $ lattice height
pz 74.5744 $ fuel height
pz 76.4540 $ individual lattice height
pz 8.2550 $ bottom of lattice
pz 4.4704 $ 1.76" above bottom of MCO
pz 0.00 $ bottom of MCO
pz 88.96
177.93
266.895
-67.0052

512.0896 $ im from top
612.0896 $ 2m from top
1012.0896 $ 6m from top
-115.5702 $ 1m from bottom
-215.5702 $ 2m from bottom
-615.5702 $ 6ém from bottom
150.5587 $ 1m from side
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257 cz © 250.5587 $ 2m from side
258 cz  650.5587 % 6m from side
259 cz 3.175 $ inner rad of divit
260 cz 15 -

bottom of fuel = 8.255

center of fuel: (8.255+347.3704)/2 = 177.8127
265 pz 72.8127 $ 177.8127 -105
266 pz 102.8127 $ 177.8127 - 75
267 pz 132.8127 $ 177.8127 - 45
268 pz 162.8127 $ 177.8127 - 15
269 pz 192.8127 $ 177.8127 + 15
270 pz 222.8127 $ 177.8127 + 45
271 pz 252.8127 $ 177.8127 + 75
272 pz 282.8127 $ 177.8127 +105

404 1 pz 5.08

405 1 pz 7.62

420 5 px 8.25 $changed from -19.5 to 8.25
421 6 px 19.2257 $21.50

500 1 pz 0.000 $ top of MCO open area/bot.of plug
507 1 pz 2.540 $ 1" shield

502 1 pz 5.2578 $ 2" shield

503 1 pz 7.540 $ 3 shield

504 1 pz 10.160 $ 4" shield

505 1 pz 12.44092 $ 5% shield

506 1 pz 15.900 $ 6" shield

507 1 pz 18.641 $ 7 shield

508 1 pz 20.032 $ 8" shield

509 1 pz 23.490 $ 9" shield

510 1 pz 25.430 $ 10" shield

511 1 pz 27.940 $ 11% shield

512 1 pz 30.480 $ 128 shield

514 pz 409.5496
515 pz 412.0896 $ top of 3" lid
516 cz 34.5313
517 cz 37.0713
518 cz  40.005 $ radius of lid

519 pz .394.3096 $ top of lid bottom

526 1 pz 4000 $ top of 3" lid (402.515) + 20m

530 cz 3.81

534 c/z ~-9.576 -6.957 3.200 $ Short Draw Port bottom radius

535 c/z 6.957 9.576 3.200 $ Dip Tube Port bottom radius

536 c/z +9.576 -6.957 7.1311 $ Short Draw flange

537 c/z 6.957 9.576 7.1311 $ Dip Tube flange radis

538 c/z -9.576 -6.957 1.27 $ short Draw top pipe

540 6 px -1.70

541 2 cx 1.27 $ short braw horizontal pipe

542 3 cx 1.27 $ Short Draw bottom pipe

543 c/z 6.957 9.576 0.635 $ Dip Tube top pipe

544 4 cx 0.635 $ Dip Tube horizontal pipe

546 5 cx 0.635 $ Dip Tube bottom pipe

548 c/z 9.483 -9.483 5,226 $ HEPA Filter flange

549 c/z 9.483 -9.483 2.54 $ HEPA Filter middle

550 c/z 9.483 -9.483 0.9525 $ HEPA Filter vertical pipe

551 6 cx 1.27 $ HEPA Filter horizontal pipe

553 cfz -10.633 10.633 7.112 $ Rupture Disk flange

554 c/z ~10.633 10.633 3.81 $ Rupture Disk middle

555 c/z -10.633 10.633 1.27 $ Rupture Disk vertical pipe

556 7 cx 1.27 $ Rupture Disk horizontal pipe

557 7 px -17.61856 $-19.55

558 7 px 1.70

560 2 px 3.00 $ inside edge of E2 vent mid segment; 0.70 to 2.00
561 2 px -10.00 $ outer edge of E2 vent mid segment:-8.00 to -10
562 3 px 8.25 $ outer edge of E2 vent lower segment:3 px -24.90 to 3 px 8.25
563 4 px 2.00 - $ outer edge of E1 vent mid segment

564 4 px -13.5 $ inner edge of E1 vent mid segment 19.50 to -13.5

p:

578 cz 4000 $ 6 m is at 652

581 pz -4000 $ 6 m is at -612

582 c¢/x 0 -3.4036 0.0001 $ 4.79" from bottom of cask, 3.12" dia
582 c/x 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12" dia
583 px 0

584 px 38.0873 $ Outer cask wall - 4.91"

585 px 48.0187 $ Outer cask wall - 1»

586 px 49.9237 $ Outer cask wall - .25%

587 c¢/x 0 -3.4036 0.0001
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¢/x 0 -3.4036 10.16 s
168.88-(24-13.5)-6.5 = 151.88 -
c/x 0 -3.4036 .0001 $ Horizontal drain pipe
c/x .0.-3.4036 .8001 $ Horizontal drain pipe

pz  -3.4544

..¢z . .,0001 $ Vertical drain pipe

cz .8001 $ Vertical drain pipe
pz 403.1996 $ bottom of lid
cz 37.7952 $ radius of lip
pz 384.1496 $ top of cask sidewall .
c/z 6.957 9.576 5.599 $ Dip Tube Port middle radius

-¢/z -9.576.-6.957 5.599 $ short Draw Port middle radius .

pz -3000
pz -2500
pz -2000
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721 cz 682.5
722 cz 800
723 ¢z 900
724 cz 1090.87
725 cz 1200
726 ¢z 1500
727 ¢z 2000
728 cz 2500
729 ¢z 3000
*tr1 0 0 371.4496 "'$ bottom of plug
*tr2 . -9.576 ~6.957 379.0696 $ E2 vent mid segment -16.46 -6.30 to -9.567 -6.957
36.0 54.0 90.0 $ changed from 37.493 72.32%1 58.163
*tr3  -15.925 . -11.571 371.4496 $ E2 vent bottom segment:0 0 to -15.925 -11.571
90.0 90.0 0.00 . $ changed from 24.294 69.583 102.597
*trd  6.957 9.576 379.0696 $ E1 vent mid segment; 13.49 11.33 385.445t0 6.957 9. 576 384.81
54.0 36.0 90.0 $ test model E1 vent m1d segment on xy plane 45 deg to X,y
*tr5 . 0.000 0.000 371.4496 $ E1 vent bottom segment move to xy at 0.000 0.000
90.0 90.0 0.0 $ E1 vebt bittin seg straight up // Z axis
*tré 9.483 -9.483 379.0696 $ F2 vent mid segment
187.550 82.45 90.00
*tr7 -10.633 10.633 379.0696 $ F1 vent mid segment
93.439 -3.439 90.000
mode P
c .
c 2nd entry=1 of phys:p turns off brehmmstralung
c 3rd entry=1 of phys:p turns off coherent scattering
c (procedure suggested for dxtran use)
phys:p i1
c 12 34 400 5 6 7 8 9 10 11 1213
imp:p 11321 1 32 64 128 156 512 1024 2048 4096 r
c 1415 16 17 18 19 20 21 22 23 24 25 26
o1 1T 111111111
30 3 33 34 35 36 37 38
131072 4096 8192 131072 4096 -4096 131072 4096 4096
c 40 41 42 43 46 45 46 4T 48 49
32 64 128 1 256 512 1024 2048 4096 8192
¢ 500 501 502 503 504 505 506 507 508 509 510
1 32 64 128 256 512 1024 4096 8192 8192 8192
[ 511 512 520
8192 8192 8192
c 531 532 533 535 536 537 538
11 11
c 540 541 5642 543 544 545 546 547 548 549
1 16384 16384 16384 1 1 1638 1 1
[ 550
1
¢ 562 563 565 566 567
101
¢ 570 571
1 1
c 580 581 582 583 584 585
1 32768 65536 131072 4096 1
c 590 591 592 593 594 595 596 597 598 599
32 256 256 512 1024 2048 4096 4096 4096 4096
¢ 600 601 602 603 604 605 606 607 608
128 128 64 128 256 512 1024 1024 1024
c 611 612 613 616 615 616 617 618
256 256 256 256 512 1024 2048 4096
c 621 622 623 624 625 626 627 628

512 512 512 512 512 1024 2048 4096
631 632 633 634 635 636 637 638
1024 1026 1024 1024 1024 1024 2048 4096

c 641 642 643 644 645 646 64T 648
2048 2048 2048 2048 2048 2048 2048 4096
c 650 651 652 653 656 657 658 659 660 661 662 663
32 32 32 32 32 512 512 512 4196 4196 6196 4196
c 670 671 672 673 674 677 678 679 680 681 682 683
32 32 32 32 32 512 1024 4096 4096 4096 4096 4096
c 600 691 692 693 694 697 698 699 700 701 702 703
32 32 32 32 32 512 1024 4096 4096 4096 4096 4096
c 710 711 712 713 714 715 718 719
32 32 32 32 32 64 4096 4096
c 720 721 722 723 724 728 729
32 32 32 32 32512 4096
¢ 730 731 732 733 734 738 739
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32 32 32 32 32 512 4096
c $8-304L from Nuclear Systems Materials Handbook Rev.'36
m304 6000.50c -0.0003 25055.50c -0.02 15031.50c -0.01
28000.50c -0.0925. . 24000.50c -0.19 26000.55¢ -0.6872

w3 40000.60c -1.00000 : $ zirc cladding
5 © 92235.50c '-0.00947 92238.50c -0.99053: - $ inner fuel
w7 8016.50c  0.22000  7014.50c  0.78000 $ Air

ms 1001.50c 1 8016.50c 2 . $ Water
m221 8016.50c -0.511 14000.50c -0.2782 20000.50c -0.0717 $ HWVP Dirt
26000.55¢c -0.1091 13027.50c -0.08326 12000.50c -0.03142
.19000.50¢ -0.01155 11023.50¢ -0.02022.22000.50c -0.01655
25055.50c -0.00178%1 15031.50c -0.0024

¢ .
sdef cel=dl - . pos=0 0 0 axs=0 0 1 ext=d3
rad fcel dé  erg=d? wgt=5.71e15
sc7 Energy spectrum from Willis ccmail
# si? sp’ sb?7
{ : d d
1.50€-02 1.65E+15  ° 1.65E+13
2.50E-02 3.526+14 5.71E+12
3.75E-02 3.97E+14 3.97E+13
5.75E-02 3.33e+14 3.33e+13
8.50E-02 1.84E+14 3.67E+13
1.25E-01 1.376+14 2.73E+13
2.25€-01 1.55E+14 7.77€+13
3.75E-01 7.35E+13 3.68E+13
6.62E-01 2.33E+15 2.33E+15
8.50E-01 5.87E+13 5.87E+13
1.25E+00 3.376+13 6.74E+13
1.75E+00 1.04E+12 5.71E+12
2.25+00 8.85E+09 5.71E+12
2.75E+00 6.34E+08 5.71E+12
3.50E+00 8.31E+07 5.71E+12
5.00E+00 3.95E+05 5.71E+12
7.00E+00 4 .51E+04 S.71E+12
1.10€+01 5.16E+03 5.71E+12
c TOTAL 5.71E+15 p/s
si1 L 1:2¢ 1 <4 0):17 - 1:2¢ 2 -4 0):17  1:2( 3
1:2¢-1 -3 0):17  1:2¢ 0 -3 0):17  1:2( 1
1:2¢ 2 -3 0):17  1:2( 3 -3 0):17  1:2( 4
1:2¢-2 -2 0):17  1:2¢-1 -2 03:17  1:2(¢ 0
1:20 1 -2 0):17  1:2¢ 2 -2 0):17  1:2( 3
1:2¢ 4 -2 03317 1:2(-3 -1 0):17  1:2(-2
1:2¢-1 -1 0):17  1:2¢ 0 -1 03:17  1:2¢ 1
1:2¢ 2 -1 O):17  1:2¢ 3 -1 0):17  1:2( 4
1:2¢-3 0 0):17 1:2¢-2 0 0):17 1:2¢-1
1:2¢ 1 0):17  1:2( 2 0 0):17  1:2( 3
1:2¢-4 1 0):17  1:2(-3 1 0):17  1:2(-2
1:2¢-1 1 0):17  1:2¢ 0 1 0):17  1:2( 1
1:2¢ 2 1 0):17 1:2¢3 1 017 1:2(-4
1:2(-3 2 0):17  1:2(-2 2 0:17  1:2(-1
1:2¢ 0 2 0):17 1:2¢( 1 2 0:7  1:52( 2
1:2(-4 3 0):17 - 1:2¢-3 3 0):17  1:2(-2
1:2¢-1 3 0):17  1:2¢ 0 3 0):17  1:2¢ 1
1:2(-3 4 0):17  1:2¢-2 4 0317 1:2¢-1
1:2¢ 1 -4 1):17 1:2¢ 2 <4 17 1:2( 3
1:2¢-1 -3 1):17  1:2¢ 0 -3 1:17  1:2¢ 1
1:2¢ 2 -3 1317 1:2( 3 -3 1):17 1:2( 4
1:2¢-2 -2 1):17  1:2(-1 -2 1):17  1:2( 0
1:2¢ 1 -2 1:17 1:2( 2 -2 1):17 1:2( 3
1:2¢C 4 -2 1):17 1:2(-3 -1 147 1:2(-2
1:2¢-1 -1 1217 1:2¢ 0 =1 D17 1:2¢ 1
1:2¢ 2 -1 117 1203 -1 17 1320 4
1:2¢-3 0 D17 1:2¢-2 0 D17 1:2(-1
1:2¢1 0 1:17 1:2¢2 0 N:17 1:2( 3
1:2¢-6 1 D17 1:2(-3 1 D7 1:2(-2
1:2¢-1 1 17 1:2¢ 0 1 17 1:201
1:2¢2 1 D70 15203 1 D7 1:2(-4
1:2¢-3 2 1:17 t:2¢-2 2 D7 1:2(-1
1:2¢ 0 2 1):17  1:2(1 2 117 1:2( 2
1:2¢-6 3 1317 C1:2(-3 3 1):17 1:2(-2
1:2¢-1 3 117 1:2¢ 0 3 17 1:201
1:2¢-3 & 1317 1:2(-2 4 117 1:2(-1
1:2¢ 1 -4 2):17  1:2( 2 -4 2):17  1:2( 3
1:2¢-1 -3 2):17  1:2( 0 -3 2):17  1:2( 1
1:2¢ 2 -3 2):17 1:2( 3 -3 )17 1:2( 4
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4,210 4.210 4.210° 4.210 4.210° 4.210°
4.210 4.210 4.210: 4.210- 4.210" 4.210"

1.962 1.962 1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962 1.962 1.962



Rev. 0
pi and h cancél(ed

HNF-SD-TP-SARP-017
1.962 1.962

1.962 1 1.962 1.962 1.962 1.962 1.962
74.5744

1.962 1.962 1.962 1.962 1.962 1.962
1.962 1.962 1.962 1,962

pir2*r2-ri*r1)*h  pi(ré*ré-r3*r3)*h,

255

8

si3
- dsk

AN NN 1A 1A LA LA 1A 1A LA 1A 1N 100 1A 1A 10 1A LA A 0 LA WA 10 10 10 1030 20 30 20 10 3020 3030 1020 20 101010 10 10 100 10 10 03 00 0 0 0 00
: 5555555555555555555555555555556666666666666666666666,66666666
LA LA W BRI R LN LA A A L0 10 D 1 0 20 T B0 LA 1A U0 LA LA 1A I A BN 1D LN LN S0 10 30 1030 10 %0 30 10 Y010 20 20 10 10 10 10 N0 10 0 10 020 10 10 0 20 10 0 0
5555555555555555,.:55555555555556666666666666.66666666666666666
LA A 1A 17 10 10 10 10 1A 11 IR LA 1A LA 16 10 U0 1A LA EN A A WD 010 10 1N N0 N0 10 2010 3010 00 100 00 00 0 0 00 00000000000
_..355555555555555555555555555555666666666666666666666666666666
_..255555555555555555555555555555666666666666666666666666.666666
555555555555555555555555555555666666666666666666666666666666

555555555555555555555555555555666666666666666666666666666666

s
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215 .20 .30

3.0163

1.5481
.01 .015 .02 .03 .04 .05
.40 .50 .60 .80 1.0 1.5
2.0 3.0 4.0 5.0 6.0 8.0

.06 .08 .10
10. 12.

.6591

2.2110
-21

-21
ansi/ans-6.1.1-1991 fluence-to-dose,photons(mrem/hr/(p/cm**2/s)

log

si5
sp5
sié
spb
c

c

de0
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‘dfo log 2.232e-5 5.652e-5 8.568e-5 1.184e-4 1.314e-4 1.382e-4
1.440e-4 1.624e-4 1.919e-4 2.797e-4 3.708e-4 5.616e-4
7.416e-4 9,14be-6 1.076e-3 1.379e-3 1.656e-3 2.246e-3
2.758e-3 3.672e-3 4.500e-3 5.292e-3 6.012e-3 7.488e-3
8.892e-3 1.040e-2

< ~60: dump runtpe every 60 min
prdmp j-60 1

c .
fhp (13 30 31 32 33 34 35 36 37 38 580)
fsk  -3000000 44 29 2
601 602 603 604 605 606 607 608 609 610
611 612 613 614 615 616 617 618 619 620
621 622 623 624 625 626 627 628 629 630
631 632 633 634 635 636 637 638 639 640
641 642 643 644
701 702 703 704 705 706 707 708 709 710
711 712 713 714 715 716 717 718 719 720
721 722 723 724 725 726 727 728 729
583 583
fc12 Dip Tube Port contact, tm, 2m, ém
f12:p 515 250 251 252
fs12  -543 -535 -597 -537
c r=0.635->1.2668 r=3.2->30.9031 r=5.599->66.3153 r=7.1311->61.2730
sd12 1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 120
1.2668 30.9031 66.3153 61.2730 1e20
fc22 Short Draw Port contact, im, 2m, ém
f22:p 515 250 251 252
fs22  -538 -534 -598 -536
c r=1.27->5.0671 r=3.2->27.1028 r=5.599->66.3153 r=7.1311->61.2730
sd22 5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 120
5.0671 27.1028 66.3153 61.2730 1020
fc32 Top dose, contact, lid
£32:p 515
fs32  -260 -306 -300 -320 -518 -28
fc52 Top dose
f52:p 250 251 252
fs52  -260 -306 -300 -320 -518 -30 -709 -710 -711
fc62 within gap, bottom of lid top

f62:p 594

fs62 -300 -

fc72 side of Lid

£72:p 518

fs72 -510

fc82 Top of lid bottom
f82:p 519

fs82 -27

c top of gap will not work for Lid-on
c fc92  Top of gap
c 92:p 215
¢ fs92 -300 -320
fc112 Next to lip
f112:p 596
fs112 -595 -27
fc122 Side of plug
00

fs122 -596 -215 -508

fc132 Bottom

£132:p 38 61

fs132  -259 -21

e132  .01.1.2.512510 20

fcl42 Side

f142:p 30 256 257 258

fs142 -265 -266 267 -268 -269 -270 -271 -272 -519 -594
eté2 .07 .1 .2 .5125 1020

c fc152 Dose at drain port cover

c f152:p 586

c fs152 -582

c ¢ r=3.9624->49.3249 r=10. 16 >274.9679
< sd152  49.3249 274.9679

fc162 dose at bottom of plug

f162:p 500
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fs162 -20
ctme 4000
DIFFERENCE BETWEEN inorm AND inorm2
68c68,69
< 400 -594 -320 -216 (217:300) 21 $ gap

0
> 400 [ ~215 -320 -216 (217:300) 21 $ gap
> 401 .-594 -320 300 215
559,560c560,561
<c

12 34 400 5 6 7 8 9 10 11 1213
< imp:p 11321 1 32 64 128 156 512 1024 2048 4096 r

(=]

> ¢ 12 34 400401 5 6 7 8 9 10 11 1213
> imp:p 11321 1 132 64 128 156 512 1024 2048 4096 r
1063¢1064,1067

< ctme 4000

> fci72  dose at top of lip

> fi72:p 215

> fs172  -320

> ctme 900
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DIFFERENCE BETWEEN inorm AND inormt

et
< MCO Final SARP, photon modet, lid-on

> MCO Final SARP, photon model, Lid-on, top dose

1726172 .

< : (215:595)

> (215:595) (565:-367)
174174

< $(596 -506 28 -29 ) )

> (596 -506 28 ~29 ) ) 565
176176

< :(596 -507 29 -30 ))

> 1(596 ~507 29 30 3) (565:566)
178179

> 586 0 -565 -566 567 $ vent port
4442446,448

> 565 cfz 27.305 0 1.905

> 566 pz 410.1846 .

> 567 pz 405.3078

560c564

< imp:p 11321 1 32 64 128 156 512 1024 2048 4096 r
> imp:p 11321 111 1 1 1 1 1 1 r
564¢568

< 131072 4096 8192 131072 4096 4096 131072 4096 4096
> 131072 1 1 131072 1 1 131072 1 1
566570

< - 32 64 128 1 256 512 1024 2048 4096 8192

> 171 11 1 1 1 1 1 1
581,582¢585,586
<c 580 581 582 583 584 585

< 1 32768 65536 131072 4096 1

>c 580 581 582 583 584 585 586

> 1 32768 65536 131072 4096 - 1 1

596c600

< 32 32 32 32 32 512 512 512 4196 4196 4196 4196
> 11 1 1 32 512 512 512 4196 4196 4196 4196
598602 .

< . 32 32 32 32 32 512 1024 4096 4096 4096 4096 4096
> 11 1 1 32 512 1024 4096 4096 4096 4096 4096
600c604

< 32 32 32 32 32 512 1024 4096 4096 4096 4096 4096
> 1 1 1 1 32 512 1024 4096 4096 4096. 4096 4096
602¢606

< 32 32 32 32 32 64 4096 4096

> 1T 1 1 1 32 64 4096 4096

604c608

< 32 32 32 32 32 512 4096

> T 1 1 1 32 512 4096

606c610

< 32 32 32 32 32 512 4096

> 1 1 1 1 32512 4096

6182623 N

>c 5.71e15 *1/5 *10/(74.5744-8.255) =1.72e14

620c625

< rad fcel d4  erg=d7 wgt=5.71e15

> . rad fecel d4 erg=d7 wgt=1.72e14

643,715¢648

< sil bo1:201 -4 0):17  1:202 -4 0):17 1:2¢ 3 -4

< 1:2¢-1 -3 0):17  1:2¢ 0 -3 0):17  1:2¢ 1 -3
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dose at bottom of plug

500
-20
4000
p 305

> f$162 -19 t

> fs142 -265 -266 -267 -268 -269 -270 -271 -272

1060, 1063¢811,823
> fe162 Horizontal of grapple

< fc162
< f162:p
< fs162
< ctme
> f162



VVVVVYVVVYY

HNF-SD-TP-SARP-017 Rev. 0

fc172 Vertical of grapple o oo
f172:p 306 LR N
£s172 -511 ¢ P
£c182 dose at bottom of lid

f182:p 5% - oo

15182  -306

fc192 dose at bottom of plug

fi92:p :

15192 -20

ctme 3600
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DIFFERENCE BETWEEN  inormt AND inormt2

68c68,69

< 400 0 -594 -320 -216 (217:300) 21 $ gap .

> 400 0 -215 -320 -216 (217:300) 21 $ gap

> 401 0 -594 -320 300 215

563,564c564,565 .

<c 12 34 400 5.6 7 8 9 10 1. 1213
< imp:p 11321 111 1 11 1 1 v
>c 12 34 400 4015 6 7 8 9..10 11 1213
> imp:p 11321 A 1M1 1 1 1 1 1 1 r
823¢c824,827

< ctme 3600

> fc202 dose at top. of lip

> f202:p 215

> fs202  -320

> ctme 900
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DIFFERENCE BETWEEN inorm AND idrain

11
< MCO Final SARP, photon model,

> MCO Final SARP, photon medel,
69,76¢69,84-

FAAAAAAA

< 5 304 -8.0 223 -23 57 -52 S 14 shield side
6. 304 -8.0 23 -24 57 -52 $ 2" shield side
7 304 -8.0 24 -25 57 -52 ( 584:582:-583) $ 3" shield side
8 304 -8.0 25 -26 33 -52 (582:-583) . $ 4" shield side
9 304 -8.0 26 -27 34 -52 (-584:582:-583) $ 5" shield side

10. . 304 -8.0 . 27.-28 35 ~52 . (-584:582:-583) $ 6" shield side

11 304 -8.0 28 -29 -52 (-584:582:-583:585) $ 7% shield side

12 304 -8.0 29 -30 37 52 ( 584:585:582:-583)(587:-586) $ 8 shield side
> . 5 304 -8.0 223 -23 57 -52 (-599:600:58) $ 1" shield side
> 105 304 -8.0 223 -23 57 -58 599 -600 $ 1" shield side
> 6 304 -8.0 23 -24 57 -52 (-599:600:58) $ 2" shield side
> 106 304 -8.0 23 -24 57 -58 599 -600 (-588:589) $ 2¥ shield side
> 7. 304 -8.0 24 -25 57 -52 (-599:600:58) $ 3" shield side
> 107 304 <8.0 24 -25 57 -58  (-588:589) 599 -600 $ 3" shield side
> 8 304 -8.0 25 -26 33 -52 (582:-583) (-599:600:58) $ 4" shield side
> 108 304 -8.0 25 -26 33 -58 (-588:589) 599 -600 $ 4" shield side
> 9 304 -8.0 26 -27 34 -52 (-584:582:-583) (-599:600:58) $ 5" shield side
> 109 304 ~-8.0 26 -27 34 -58 (-588:589) 599 -600 $ 5" shield side
> 10 304 -8.0 27 -28 35 -52 (-584:582:-583) (-599:600:58) $ 6" shield side
> 110 304 -8.0 27 -28 35 -58 (-588:589) 599 -600 $ 6" shield side
> 11 - 304 -8.0 28 -29 36 -52 (-599:600:58) $ 7" shield side
> 111 304 -8.0 28 -29 36 -58 (-588:589) 599 -600 $ 7" shield side
> 12 304 -8.0 29 -30 37 -52 (587:-586) (-599:600:58)$ 8" shield side
> 112 304 -8.0 29 -30 37 -58 (-588:589)(587:-586) 599 -600 $ 8" shield side
92,93¢100,101 -
< 31 7 0.0000512 38 -256 -596 (30) $ Air, side, out to Im
< 32, 7 0.0000512 61 -256 -38 $ Air, bottom, down to im
> 31 7 0.0000512 58 -256 -596 (30) $ Air, side, out to 1m
> 32 7 0.0000512 61 -258 -58 (30:-38) $ Air, bottom, down to 1m
95¢103
< 34 7 0.0000512 61 -257 -596 (256) $ Air, side, out to 2m
> 34 7 0.0000512 58 -257 -596 (256) $ Air, side, out to 2m
98c106 - }
< 37 7 0.0000512 61 -258 -596 (257) $ Air, side, out to 3m
> 37 7 0.0000512 58 -258 -596 (257) $ Air, side, out to 3m
104c112
< 44 304 -8.0 -57 33 -25 (-584:585:582:-583) $ 1" shield bottom
> 44 304 ~8.0 -57 33 -25 (-588:589) $ 1% shield bottom
106c114 .

45 304 -8.0 -33 34 -26 (-584:585:582:-583) $ 2" shield bottom
> 45 304 -8.0 -33 34 -26 (-588:589) $ 2" shield bottom
108,109¢116,117 .
< 46 304 -8.0 -34 35 -27 (-584:585:582:-583) $ 3* shield bottom
< 47 304 -8.0 -35 36 -28 (-584:585:582:-583) $ 4" shield bottom
> 46 304 ~8.0 -34 35 -27 (-588:589) $ 3" shield bottom
> 47 304 -8.0 -35 36 ~28 (-588:589) $ 4" shield bottom
121¢129
< (-540:551:421:-541) $(546:-420)to 546,
> (-540:551:421) $(546:-420)to 546,
167a176 .
> 568 304 -8.0 588 -589 -586 (-584:582:585)(590:584)
238,239¢247,248
< 650 304 -8.0 207 -208 32 -58 $ MCO pipe wall from bottom of MCO
< 651 304 -8.0 207 -208 58 -59 $ MCO pipe wall from bottom of MCO
> 650 304 -8.0 207 -208 32 -58 599 -600 $ MCO pipe wall from bottom of MCO
> 651 304 -8.0 207 -208 32 -59 (-599:600:58)$ MCO pipe wall from bottom of MCO
251, 252c260 261
< 304 -8.0 -208 -209 32 -58 $ MCO pipe wall from bottom of MCO
< 671 304 -8.0 208 -209 58 -59 $ MCO pipe wall from bottom of MCO

lid-on

lid-on, drain port analysis
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> 670 304 -8.0 -208 -209 32 -58 599 -600 $ Mo pipe wall from bottom of MCO

> 671 304 -B.0 208 -209 32 -59 (-599:600: 58)$ MCco p\pe wall from bottom of MCO
264, 265c273 274

< 4 -8.0 209 -21 32 -58 $ MCO plpeAyall from bottom of MCO

R 691 304 -8.0 209 -21 58 <59 .. --$ MCO pipe wall from bottom of MCO -

> 690 304 -8.0 209 -21 32 -58 599 -600 $ MCO pipe wall from bottom of MCO

> 691 304 -8.0 209 -21 32 -59 (-599:600:58) $ MCO. pipe watl from bottom of MCO
277,278¢286,287

< 710 304 -8.0 22 -221 57°-58 $ 1" side shleld from bottom of MCO

< 711 304 -8.0 22 -221 58 -59 $ 1" side shield from bottom of MCO

> 710 304 -8.0 22 -221.57 -58 599 -600 $ 1" side shield from bottom of MCO

> 711 304 -8.0 22 -221 57 -59 (-599:600:58) $ 1" side shield from bottom of MCO

286,287¢295,296
< 720 304 -8.0 221 -222 57 -58 $ 1" side shield from bottom of MCO
< 721 304 -8.0 221 -222 58 -59 $ 1" side shield from bottom of MCO

> 720 304 -8.0 221 -222 57 -58 599 -600 $ 1¥ side shield from bottom of MCO
> 721 304 -8.0 221 -222 57 -59 (-599:600:58) $ 1 side shield from bottom of MCO
294 295¢303,304
730 304 -8.0 222 -223 57 -58 $ 1" side shield from bottom of MCO
< 731 304 -8.0 222 -223 58 -59 $ 1" side shield from bottom of MCO
> 730 304 -8.0 222 -223 57 -58 599 -600 $ 1" side shield from bottom of MCO
> 731 304 -8.0 222 -223 57 -59 (-599:600:58) $ 1% side shield from bottom of MCO
442¢451

< 562 3 px 8.25 $ outer edge of E2 vent lower segment:3 px -24.90 to 3 px 8.25
> 562 3 px 8.25 $ outer edge of E2 vent tower segment:3 px -24.90 to 3 px 8.25
447 ,448¢456,457

< 582 ¢/x 0 -3.4036 0.0001 $ 4.79" from bottom of cask, 3.12" dia
<c 582 cfx 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12" dia
> ¢ 582 c¢fx 0 -3.4036 0.0001 $ 4.79" from bottom of cask, 3.12" dia
> 582 c¢/x 0 -3.4036 3.9624 $ 4.79% from bottom of cask, 3.12" dia
453 454¢462,465

587 ¢/x 0 -3.4036 0.0001
< ¢ 587 c¢/x 0 -3.4036 10.16

> ¢ 587 c/x 0 -3.4036 0.0001

> 587 ¢/x 0 -3.4036 10.16

> 588 px 35.5473 $ suface for scattering region around drain port
c¢/x 0 -3.4036 6.5024 $ surface for scattering region around drain port

456 457:467 468

590 ¢/x 0 -3.4036 .0001 $ Horizontal drain pipe

< ¢ 590 c/x 0 -3.4036 .8001 $ Horizontal drain pipe

> ¢ 590 c¢/x 0 -3.4036 .0001 $ Horizontal drain pipe

> 590 ¢/x 0 -3.4036 .8001 $ Horizontal drain pipe

459 460470, 471
cz .0001 $ Vertical drain pipe

< ¢ 592 cz .8001 $ Vertical drain pipe

>¢ 592 cz .0001 $ Vertical drain pipe

> 592 ¢z .8001 $ Vertical drain pipe

4652477 ,478

> 59 p 1100

> 600 p -1100

557,564¢570,579

<c (procedure suggested for dxtran use)

< phys:p i1

<c 12 34 400 5 6 7 8 9 10 11 1213
< imp:p 11321 1 32 64 128 156 512 1024 2048 4096 r
<c 14 15 16 17 18 19 20 21 22 23 24 25 26

< 01 1 111 1 1T 11111

<c 30 32 34 35 36 37 38

< 131072 4096 8192 131072 4096 4096 131072 4096 4096
>¢ (procedure suggested for point detectors and dxtran use)
> phys:p j 1

>c 12 3 4 400 5 105 6 106 7 107 8 108 9 109

> imp:p 11321 1 2 324 648128 16 256 32 512
>c 10 °110 11 111 12 112 13

> 66 1024 128 2048 256 4096 256
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>c 14 15 16 17 18 19 20 21 22 23 24

> ¢ 1 +1 1111111 - -
>c 2526, 30 31 32 33 34 35 36 37 3807
> 1.1, 1 4096 8192 1 4096 4096 1 4096 4096
567,568c582,583 C g
<c 500 501 502 503 504 505 506 507 508 509- .510

< 1 32 64 128 256 512 1024 4096 8192 8192 8192

>c 500 501 502 503 504 505 506 507 508 509 510

> f I P T R 1 11 1 1

570c585

< 8192 8192 8192

> 1 1
573,574c588,589
T <e¢ 540 541 542 543 544 545 546 547 548 549

< 1 16384 16384 16384 1 1 11638 1 1
>c 540 ‘541 542 543 544 545 546 547 548 549
> 1 1 1 17 1 1 1 1 1 1
577,578c592,593

<c 562 563 565 566 567

< 11 1 1 1

>c 562 563 565 566 567 568

> 1 1 1 1 11638

581,582c596,597

<c 580 581 582 583 584 585

< 1 32768 65536 131072 4096 - 1

> ¢ 580 581 582 583 584 585

> 1 1 1 1 1 1

584¢599

< 32 256 256 512 1024 2048 4096 4096 4096 4096
> 1 1t 1 1 1 1 1 1 1 1
586¢601

< 128 128 64 128 256 512 1024 1024 1024

> 11 1 1 1 1 1 1
588c603

< - 256 256 256 256 512 1024 2048 4096

> 1 1 ' 1 4% 1 1 .1 1

590c605

< 512 512 512 512 512 1024 2048 4096

> T 1 1 11 1 1 1

592607

< 1024 1024 1024 1024 1024 1024 2048 4096

> 1 1 1 1 1 1 1 1
594c609
< 2048 2048 2048 2048 2048 2048 2048 4096
> 1 1 1 1 1 1 1 1
596c611
< 32 32 32 32 32 512 512 512 4196 4196 4196 4196
> 32 1 1 1 1 1 1 1 1 1 1 1
598c613
< 32 32 32 32 32 512 1024 4096 4096 4096 4096 4096
> 32 1 1 1 1 1 1 1 1 1 1 1
600c615
< 32 32 32 32 32 512 1024 4096 4096 4096 4096 4096
> 2 1 1 1 1 1 1 1 1 1 1 1
602c617
< 32 32 32 32 32 64 4096 4096

.> 2 11 1 11 1 1
604c619
< 32 32 32 32 32512 4096
> 2 1 1 1 11 1
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606¢621
< 32 32 32 32 32 512 4096
> 32 1 1 1 1 1 1
618d632 -
<c :
912a927,1016 .
> sbi d 4.210 4.210 4.210 4.210 4.210- 4.210.
> 4,210 4.210 4.210 4.210 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210° 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210. 4.210
> 4.210 4,210 4.210. 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4,210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> 4,210 46.210 4.210 4.210 - 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
T 4,210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210° 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> . 4.290 - 4.210 4.210 4.210 4,210 4.210
> 4.210 4.210 4.210 4.210 4.210 4,210
> 4.210 4,210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> 4.270 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> 4.210  4.210 4.210 4.210 4.210 4.210
- > 4.210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> 4.210 4.210 4.210 4.210 4.210 4.210
> 4,210 4.210 4.210 4.210 4.210 4.210
> 42,10 42.10 42.10 42.10 42.10 42.10
> 42.10 42.10 42.10 42.10 42.10 42.10
> 42,10 42.10 42.10 42.10 42.10 42.10
> 42.10 42.10 42.10 42.10 42.10 42.10
> 42,10 42.10 42.10 42.10 42.10 42.10
> 42,10 42.10 42.10 42.10 42.10 42.10
> 42,10 42.10 42.10 42.10 42.10 42.10
> 42,10 42.10 42,10 42.10 42.10 42.10
> 42.10 42.10 42.10 42.10 42.10 42.10
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962° 1.962
> 1.962 1.962 1.962 1.962 1.962 1,962
> 1.962- 1.962 1.962 1.962 1.962° 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1,962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1,962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
> 1.962 1.962 1.962 1.962 1.962 1.962
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-
0
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o
~
0
o
N
-
0
o
~
0
o
Y
-
o
o
~

993¢1097
< prdmp j -60 1
> prdmp j -600 1
995,1063¢1099,1117
th: p (13 30 31 32 33 34 35 36 37 38 580)
sé&  -3000000 44 29 2
601 602 603 604 605 606 607 608 609 610
611 612 613 614 615 616 617 618 619 620
621 622 623 624 625 626 627 628 629 630
631 632 633 634 635 636 637 638 639 640
641 642 643 644
701 702 703 704 705 706 707 708 709 710
711 712 713 714 715 716 717 718 719 720
721 722 723 724 725 726 727 728 729
583 583
fc12 Dip Tube Port contact, 1m, 2m, 6m
f12:p 515 250 251 252
fs12 - -543 -535 -597 -537
[ r=0.635->1.2668 r=3.2->30.9031 r=5.599->66.3153 r=7.1311->61.2730
sd12 1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 120
1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20
fc22 Short Draw Port contact, im, 2m, ém
f22:p 515 250 251 252
fs22  -538 -534 -598 -536
c r=1.27->5,0671 r=3,2->27.1028 r=5.599->66.3153 r=7.1311->61.2730
sd22 5.0671 27.1028 66.3153 61.2730 1e20
© 5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 1e20
fc32 Top dose, contact, lid
f32:p 515
fs32  -260 -306 -300 -320 -518 -28
fc52 Top dose
f52:p 250 251 252
fs52  -260 -306 -300 -320 -518 -30 -709 -710 -711
fc62 wWithin gap, bottom of 1id top
f62:p 594
fs62 -300
fc72  side of lid
f72:p 518
fs72 -510
fc82 Top of lid bottom
82:p 519
fs82 -27
c top of gap will not work for lid-on
(3 fc92  Top of gap
c f92:p 215
< fs92 -300 -320
fc112 Next to lip
f112:p 596
fs112 -595 -27
fc122 Side of plug

2

AI.\AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
. >
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< f122:p 300 .

< fs122 -596 -215 -508

< fc132 Bottom

< f132:p 38 61

< fs132  -259- -21

<el32° .01.1.2 51251020

< fc142 side

< f142:p 30 256 257 258

< 5142 -265 -266 -267 -268 -269 -270 -271 -272 -519 -594
<el42 .01 .1.2.51251020

<c fc152 Dose at drain port cover

<c f152:p 586

<c §s152 -582

<c ¢ r=3.9624->49.3249 r=10.16- >274 9679
<c sd152  49.3249 274.9679

< fc162 dose at bottom of plug

< f162:p 500

< fs162  -20

< ctme 4000

> fc152 Dose at drain port cover

_> f152:p 586

> fs152  -582

> ¢ r=3.9624->49.3249 r=10. 16-5274.9679
> sd152  49.3249 274.9679

> £c295 200cm up 0 degrees

> f295:p 250.5587 0 -3.4036

> f¢305 200cm up -5 degrees

> f305:p 249.7976 0 -20.8347 3

> fc315 200cm up -10 degrees

> 315:p 247.5203 0 -38.1332

> fc325 200cm up -12.8842 degrees calculated from z pos

> £325:p 245.5232 0 -48 3 $ -50 close to ground level
> fc345 600cm up 0 degrees

> £345:p 650.5587 0 -3.4036

> fc355 &00cm up -4.26257 degrees calculated from z pos

> f355:p 648.899 0 ~48 3 $ 50 close to ground level
> ctme 4000 .

>
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- DIFFERENCE BETWEEN idrain AND idrainc

el

< MCO Final ‘SARP, photonimodel, lid-on, drain port analysis’

> MCO Final SARP, photon modet, lid-on, drain port analysis, contact

1104 1115d1103 -
295

200c 0 degrees
< f295 p 250. 5587 0 -3.4036 3
< fc305 200cm up -5 degrees
< f305:p 249.7976 0 -20.8347
< fc315 200cm up -10 degrees
< f315:p 247.5203 0 -38.1332 . o
< fc325 200cm up - - ~12.8842 degrees calculated from z pos
< f325:p 245.5232 . ] -48 3 $ -50 close to ground level
< f¢345 600cm up 0 degrees :
< f345:p 650.5587 0 -3.4036 3
< fc355° *600cm up -4,26257 degrees calcutated from z pos
< f355:p 648.899 [} -48 3 $ -50 close to ground tevel
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DIFFERENCE BETWEEN inorm AND inormc

icl
< MCO Final SARP, photon modet,

> MCO Final SARP, photon model

9696

< 35
> 35
99¢99

T«

> 38
610c610
. <3

> m3
614 617c614,616

< m221
<
<
<

>

221
210
221
210

1,67
-2.258
-1.67
-2.258
40000.60¢
40000.50¢

254
254
581
581
-1
-1

-257
-257
578
-578

00000
.00000

Lid-on
lid-on, concrete ground

-61 $ Air, bottom, down to 2m

61 $ Air, bottom, down to 2m
-61 (-254:257) $ Air, bottom, down to 3m
-61 (-254:257) $ Air, bottom, doun to 3m _

$ zirc cladding

$_zirc cladding

8016.50c -0.511-14000.50¢ -0.2782 20000.50c -0.0717 $ HWVP Dirt
26000.55¢ -0.1091 13027.50c -0.08326 12000.50c -0.03142

19000.50¢ -0.01155 11023.50c -0.02022 22000.50¢ -0.01655

25055.50c -0.001781 15031.50c -0.0024

Hanford ordinary concrete
> m210 1001.50c 0.0642 8016.50c 0.5916 14000.50c 0.2405

1063c1062
< ctme 4000
> ctme 1800

20000.50c 0.0738 26000.55¢ 0.0299
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DIFFERENCE ‘BETHEEN inorm AND iacc

4
MCO Final SARP, photon model, lid-on

1,66¢c1

fill

-20 31 -52
main lattice along cask length

0.

1

o

=2

{at

L u=t

-4 2 -3 4 -5 6 -54 55
-5:5 -5:5  0:4

0

2

fill

vVVYVVy

Level ?
level 2
tevel 3.
level 4
level 5

ENMGINONOCOO T “ANMIINONOOD = —AMEINONOOO - —ANMINONOONDT ~AMITINOhOOD
4 L - - - -

RARARANABRARYN AAAOANAAAANARIGH ARAARPDANARNID BROANNANARG AAAPARANANAG

%.2227.222222522222222222522222222222522222222.2225222222222225
223332222224?_23332222224?_2333222222422333222222%223332222224
23331..-33222232333.33322223233333322223233333322223233333322223
23333~L332222233333332222233333332222233333332222233333332222
23333333322123333333322123333333322123333333322.1233333333221
2233323332202233323332202233323332202233323332202233{2333220
22333333332422333333332.”.223333333321..22333333332..!223333333324.1
22233333332J..22233333332%222333333324.222333333320_2223333333ZJ.
22.2233333321_‘.222233333323222233333321.422223333332822223333332%
27..222233322/.~2222223332..4/.*22222233322/.*22222233322/.*22222233322/.4

22222222222:.422222222227.5222222222225222222222225222222222225
] ' ]

o © o © o
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

$ MCO pipe wall

€20:-31) -207 32 -52

-8.0

304

v

$ MCO pipe wall

-52

$ air above fuel region
$ fuel region
-207 .32

39 -52
-20 32 -39
(20:-32)

-8.0

-18.77

> MCO Final gARP, photon model, accident condition
1 -20
2 5
3 304

-351,352c289

>
>
>
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< 31 pz 8.25501 $ bottom of fuel region -
- < 32 pz 8.255 R B 76" + 1‘49" above ‘bottom
32 pz 4.4705 $ squushed spacer S
358a296 ’ T
. 39 133.9246 - S top of scrunched fuel

pz
382 391¢320,328
<c bottom of fuel = 8.255

FAAAAAAAA

< ¢ center of fuel: (8.255+347. 3704)/2 = 177.8127
pz  72.8127 $ 177.8127 -105
266 pz 102.8127 $ 177.8127 - 75
267 pz 132.8127 $ 177.8127 - 45
268 pz 162.8127 $ 177.8127-- 15
269 pz 192.8127 $ 177.8127 + 15
270 pz 222.8127 $ 177.8127 + 45
271 pz 252.8127 $ 177.8127 + 75
272 pz 282.8127 $ 177.8127 +105
> ¢ bottom of fuel = 4.4704
> ¢ top of fuel = 133.9246
> ¢ center of fuel: (133. 9246 4.4704)/2 = 64.7271
> 266 pz 26.7271 $ 64.7271 - 40
> 267 pz 44.7271 $ 64.7271 - 20
> 268 pz 59.7271 % 64.7271 - 5
> 269 pz 69.7271 $ 64.7271 +5
> 270 pz 84.7271 $ 64.7271 + 20
> 271 pz 104.7271 $ 64.7271 + 40
447,448c384

< 582 c¢/x 0 -3.4036 0.0001 $ 4.79" from bottom of cask, 3.12" dia
< ¢ 582 cfx 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12" dia
> 582 ¢/x 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12" dia
453,454c389

< 587 c¢fx 0 -3.4036 0.0001

< ¢ 587 c/x 0 -3.4036 10.16

> 587 c¢/x 0 -3.4036 10.16

456,457¢391

< 590 ¢/x 0 -3.4036 .0001 $ Horizontal drain pipe
< ¢ 59 c¢/x O -3.4036 .8001 $ Horizontal drain pipe

> 590 c¢/x 0 -
459,460c393

< 592 ¢z .0001 $ Vertical drain pipe
< ¢ 592 cz .8001 $ Vertical drain pipe

w

.4036 .8001 $ Horizontal drain pipe

> 592 ¢z .8001 $ Vertical drain pipe

559,560c492, 493

<c 34 400 56 7 8 9 10 11 1213
< imp:p 1 1 321 1 32 64 128 156 512 1024 2048 4096 r

>c 12 34 400 5 6 7 8 9 10 11 1213
>dmp:p 0 11 321 1 32 64 128 156 512 1024 2048 4096 r
619,620c552,553

< sdef cel=dl pos=0 0 0 axs=0 0 1 ext=d3

< rad fcel dé erg=d7? wgt=5.71e15

> sdef pos=0 0 0  axs=0 0 1 ext=d3
rad dé  erg=d7 wgt=5.71e15
643 978¢576,578

< 511 L 1:2¢ 1 -4 0217 1:2( 2 -4 0):17 3 -4 0):17
< 1:2(-1 =3 0):17  1:2¢ 0 -3 0):17 1-3 0):17
< 1:2¢ 2 0):17  1:2¢ 3 -3 0):17 (4 -3 0):17
< 1:2(-2 1 1:2¢-1 -2 0):17 2¢ 0 -2 0):17
< 1:2¢ 1 1:2¢ 2 -2. 03:17 2¢ 3 -2 0):17
< 1:2¢ 4 1:2¢-3 -1 0):17 (-2 -1 0):17
< 1:2(-1 1:2¢ 0 -1 0):17 2¢1 -1 0):17
< 1:2¢ 2 1:2¢ 3 -1 0):17 2 4 -1 0):17
< 1:2¢-3 1:2¢-2 0 0):17 2.1 0 0):17
< 1:2¢ 1 1:2(2 0 O:7 203 0 03:17
< 1:2¢-4 1:2¢-3 1 0):17 s2¢(-2 1 0):17
< 1:2¢-1 1:2¢ 0 1 0):17 201 1 0):17
< 1:2¢ 2 1:2¢ 3 1 0):17 2(-4 2 0):17
< 1:2¢-3 1:2¢-2 2 O:17 2¢-1 2 0):17
< 1:2¢ © 1:2¢ 1 2 0):17 (2 2 0):17
< 1:2(-4 1:2¢-3 3 0):17 2(-2 3 O:17
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1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962
1.962 1.962 1.962 1.962
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si3
ds4

s

pi(r2*r
8.255
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v

OGO GO GRRGOOAUNUVIVTUIVIVVIVIVIVI VBBV TVB VTR v BB v i it

1.962
2-r1*r1)*h
74.5744

NG ARGOOGRGCGGAVIVIVIVTUIVIVIVVIVI VIV VTV VT TN T B B B B i aan

1.962 1.962
1.962 1.962
1.962 -1.962

1.962

HNF-SD-TP-SARP-017

1.962
1.962
1.962 1. 1.9

piCré*r4-r3*r3)*h, pi and h cancelled

5 5"
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< - 6 [} 6 ] ] ] 6 ] [}
< 6 6 6 ] 6 [ 6 ] 6
< o6 é [ [ 6 6 6 6 6
< [ 6 6 . 6 -] 6 [ 6 6
< 6 ] é 6 6 6 6 6 é
< 6 [ 6 .6 6 é 6 6 6
< 3 6 6 é 6 6 6 6 6
< [ 6 6 6 [ ] 6 6 6
< 6 [ ) [ 6 6 3 6 6
< 3 6 6 6 6 6 6 é 6
< 6 ] é 6 6 6 6 [ 6
< ] 6 6 6 é T é 6 6 6
< si5 2.2110  3.0163

< sp5 -21 1

< sié L6591 1.5481

< spb 21 1

> si3 4.4704 133.9246

> si4 29.21

sph m

992 993¢592,593
~60:

< prdmp j -60

>c -600: dump runtpe every 600 min
> prdmp j =600 1
995, 1046d594
thr p €13 30 31 32 33 34 35 36 37 38 580)
fs4  -3000000 44 29 2
601 602 603 604 605 606 607 608 609 610
611 612 613 614 615 616 617 618 619 620
621 622 623 624 625 626 627 628 629 630
631 632 633 634 635 636 637 638 639 640
641 642 643 644
701 702 703 704 705 706 707 708 709 710
711 712 713 714 715 716 717 718 719 720
721 722 723 724 725 726 727 728 729
583 583
fc12 Dip Tube Port contact, im, 2m, ém
£12:p 515 250 251 252
fs12  -543 -535 -597 -537
c r=0.635->1.2668 r=3.2->30.9031 r=5.599->66.3153 r=7.1311->61.2730
sd12 1.2668 30.9031 66.3153 61.2730 1620
1.2668 30,9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20
fc22 Short Draw Port contact, 1m, 2m, ém
f22:p 515 250 251 252
fs22  -538 -534 -598 -536
c r=1.27->5.0671 r=3.2->27,1028 r=5.599->66.3153 r=7.1311->61.2730
sd22 5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 1e20
fe32 Top dose, contact, lid
£32:p 515
fs32  -260 -306 -300 -320 -518 28
fc52 Top dose
152:p 250 251 252
fs52  -260 -306 -300 -320 -518 -30 -709 -710 -711
fc62 within gap, bottom of lid top
94

dump runtpe every 60 min
1

f62:p

fs62 -300

fc72  side of lid

f72:p 518

fs72 -510

fc82 Top of Lid bottom
f82:p 519

fs82 -27

c top of gap will not work for l1d on
c fc92  Top of gap

c f92:p 215

c fs92 -300 -320

fe112 Next to lip

f112:p 596

f8112 -595 -27

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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< fc122 Side of plug

< f122:p 30

< £§122 -596 -215 -508

1050d597

< e132 01.1.2.51 251020

1052, 1059c599 605

< f142 p 30 256 257 258 -

< fs142 -265 266 -267 -268 -269 ~270 -271 -272 <519 -594
<et42 .01 .%.2.51251020

< fc152 Dose at drain port cover

<c f152:p 586

<c fs152 -582

<c ¢ r=3.9624->49.3249 r=10,16->274.9679
<c sd152  49.3249 274.967%

> f142:p 30

> fs142 | -32 -266 -267 -268 -269 -270 -271 -39
> fc152 Dose at drain port cover

> f152:p 586

> 5152 -582

> ¢ r=3.9624->49.3249 r=10.16->274.9679

> sd152  49.3249 274.9679

1063¢609

< ctme 4000

> ctme 900
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DIFFERENCE BETWEEN idry AND idryc

1t
"-< MCO Final SARP, neutron modél, lid-on

> MCO Final' SARP, neutron model, lid-on, concrete ground

96c96 . .

< 35 221 -1.67 254 -257 -61 $ Air, bottom, down to 2m
C> 35 210 -2.258 254 -257 -61 $ Air, bottom, down to 2m -~

¢ . . . .

< 38 221. -1.67 581 -578 -61 (-254:257) $ Air, bottom, -down to 3m

> 38 210 -2.258 581 -578 -61 (-254:257) $ Air, bottom, down to 3m

447¢c447,448 -

< 582 c/x 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12" dia

> 582 c¢/x ~0 -3.4036 0.0001 $ 4.79" from bottom of éask, 3.12" dia

> c 582 c¢/x 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12" dia

452c453,454

< 587 c/x 0 -3.4036 10.16

> 587 c¢/x 0 -3.4036 0.0001

> ¢ 587 c/x 0 -3.4036 10.16

454¢456,457

< 590 c¢/x 0 -3.4036 .8001 $ Horizontal drain pipe

> 590 ¢/x 0 -3.4036 .0001 $ Horizontal drain pipe

> ¢ 590 ¢/x 0 -3.4036 .8001 $ Horizontal drain pipe

456¢459,460

< 592 cz .8001 $ Vertical drain pipe
> 592 cz .0001 $ Vertical drain pipe
> ¢ 592 cz .8001 $ Vertical drain pipe

606,609c610,611

< m221 8016.50c -0.511 14000.50c -0.2782 20000.50c -0.0717 $ HWVP Dirt
< 26000.55¢ -0.1091 13027.50c -0.08326 12000.50c -0.03142

< 19000.50c -0.01155 11023.50c -0.02022 22000.50¢ -0.01655

< 25055.50c -0.00178% 15031.50c -0.0024

> m210  1001.50c 0.0642 8016.50c 0.5916 14000.50c 0.2405

> 20000.50c 0.0738 26000.55c 0.0299

1040, 1045¢1042, 1047

< fc152 Dose at drain port cover

< f152:n 586

< fs152 -582

< ¢ r=3.9624->49.3249 r=10.16->274.9679
< sd152  49.3249 274.9679

< ctme 2400

>c fc152 Dose at drain port cover
>c f152:p 586

>¢c fs152 -582

>¢c ¢ r=3.9624->49.3249 r=10.16->274.9679
>c sd152  49.3249 274.9679

> ctme 360
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DIFFERENCE BETWEEN idry AND idryt

< MCO Final SARP, neutron model, lid-on

> MCO Final SARP, neutron model, tid-on, top

44TC44T,448
< 582 cfx 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12" dia
> 582 c¢/x 0 -3.4036 0.0001 $ 4.79" from bottom of cask, 3.12" dia
> ¢ 582 c¢fx 0 -3.4036 3.9624 $ 4,79 from bottom of cask, 3.12" dia
452¢453,454 .
< 587 c¢/x 0 -3.4036 10.16
> 587 c¢/x 0 -3.4036 0.0001
> ¢ 587 c¢/x 0 -3.4036 10.16
454¢456,457
< 590 c/x O -3.4036 .8001 $ Horizontal drain pipe
> 590 c¢/x 0 -3.4036 .0001 $ Horizontal drain pipe
> ¢ 590 c/x 0 -3.4036 .8001 $ Horizontal drain pipe
456¢459,460
< 592 ¢z .8001 $ Vertical drain pipe
> 592 cz .0001 $ Vertical drain pipe
> ¢ 592 cz .8001 $ Vertical drain pipe
551,552¢555,556 )
<c 12 34 400 5 6 7 8 9 10 11 1213
< imp:n 81 88 8 88 8 8 8 8 8 88
>c 12 34 4005 6 7 8 9 10 11 1213
> impin 11 11 2 T T B B 1 1 11
554558
< 0 88 8 88 8 8 883881
> 111111111111
556560
< 8 8 8 8 8 8 8 8 8
> 32 1 1 32 1 1 32 1 1
558c562
< 8 8 88 8 8 8 8 8 8
> t1 1Tt 1 1 1 1 1
560c564
< 8 8 8 8 8 8 8 8 8 8 8
> 132 r ¢ .1 r " r r r
562¢566
< 8 8 8
> r r 32
564568
< 8 8 8 8 8 8 8
> 32 32 ¢ r r r v
566¢570
< 8 8 8 8 8 8 8 8 8 8
> r r v ror rr r ror
568¢572
< 8
- r
570c574
< 8 8 8 8 8
> r r r r r
572¢576
< 8 8
> Foor
574¢578
8 8 8 8 8

< 8
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> r r r r T T

576c580 N

< - 88 8 8 8 8 8 8 8 8

> r r r r r r r r r r

578¢582

< 8 8 8 8 8 8 8 8 8

> r r r r r r r v r

580c584

< 8 8 8 8 8 8 8 8

> . T r r r r r r r

582¢586

< 8 8 8 8 8 8 8 8

> r r r r r o r e

584c588

< 8 8 8 8 8 8 8 8

> T r r r r r r r

586¢590

< 8 8 8 8 8 8 8 8

> r r r r r r r r

588c592

< 8 8 8 8 8 8 8 8 8 8 8 8
> Tt 1 1 32 r ror r r r T
590c594

< 8 8 8 8 8 8 8 8 8 8 8 8
> 11 1 132 or roor r r r r
592¢596 .

< 8 8 8 8 8 8 8 8 8 8 8 8
> 11 1 1 3 r ror r r r r
594598

< 8 8 8 8 8 8 8 8

> 11 1 13 r r r

596¢600

< 8 8 8 8 8 8 8

> M1 1 132 r o

598c602

< 8 8 8 8 8 8 8

> 11 1 132 r r

977,978¢981,982

<c

-60: dump runtpe every 60 min
< prdmp j-60 1

>c -60: dump runtpe every 600 min
j 1

> prdmp j -600

1040, 1045¢1044, 1049

< fc152 Dose at drain port cover

< f152:n 586

< fs152 -582

< ¢ r=3.9624->49.3249 r=10.16->274.9679
< sd152 | 49.3249 274.9679

< ctme 2400

> fc152 Dose at drain port cover

>c f152:p 586

>c fs152 -582

>c ¢ r=3.9624->49.3249 r=10.16->274.9679
>c sdi52  49.3249 274.9679

> ctme 900
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DIFFERENCE BETWEEN 1dryt AND 1drytp

984, 1049c984,992
< thn (13 50 31 32 33 34 35 36 37 38 580)
-3000000 44 29 2
601 602 603 604 605 606 607 608 609 610
611 612 613 614 615 616 617 618 619 620
621 622 623 624 625 626 627 628 629 630
631 632 633 634 635 636 637 638 639 640
641 642 643 644
701 702 703 704 705 706 707 708 709 710
711 712 713 714 715 716 717 718 719 720
721 722 723 724 725 726 727 728 729
583 583
fc12 Dip Tube Port contact, im, 2m, ém
£12:n 515 250 251 252
fs12  -543 -535 -597 -537
¢ r=0,635->1,2668 r=3.2->30.9031 r=5.599->66.3153 r=7. 1311->61.2730
sd12 1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20
< fe22 Short Draw Port contact, im, 2m, 6m
< f22:n 515 250 251 252
< fs22  -538 -534 -598 -536
<c r=1.27-55.0671 £=3,2->27.1028 r=5.599->66.3153 r=7.1311->61.2730
< sd22 5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 120
5.0671 27.1028 66.3153 61.2730 120
5.0671 27.1028 66.3153 61.2730 1e20
< fc32 Top dose, contact, lid
< £32:n 515
< fs32  -260: -306 -300 -320 -518 -28
< fe52 Top dose
< £52:n 250 251 252
< f$52  -260 -306 -300 -320 -518 -30 -709 -710 -711
< fc62 within gap, bottom of iid top
< fé2:n 59
< fs62 -300
< fc72 Side of lid
18

A
-
%

S

AAAAAAAAAAAAAAAAA

AAA

< fs72 -510
< fc82 Top of lid bottom
< f82:n 519
< fs82 -27
c top of gap will not work for lid-on
c fc92 Top of gap
c f92:p 215
[ fs92 -300 -320
fc112 Next to lip
< fi12:n 596
< fs112 -595 -27
< fc122 Side of plug

00

AAAAA

< fi22:n

< fs122 -596 -215 -508

< f¢132 Bottom

< £132:n 38 61

< fs132  -259 -21

<ef32 .01.1.2.51251020

< fc142 Side

< f142:n 30 256 257 258

< fs142 ~265 -266 -267 -268 -269 -270 -271 -272 -519 -594
< e142 01 .1.2.5125 1020

< fc152 Dose at drain port cover

< c f152:p 586

<c fs152 -582

<c ¢ r=3,9624->49.3249 r=10.16->274,9679
<c sdi52  49.3249 274.9679

< ctme 900

> fc5 2m above Short Draw Port

> f5:n -9.576 -6.957 612.0896 50

> fc15 6m above Short Draw Port
> f15:n -9.576 -6.957 1012.0896 100
> fc25 2m above Dip Tube Port
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f25:n
fc35
£35:n
ctme

HNF-SD-TP-SARP-017

6.957 9.576 612.0896 50

ém above Short Draw Port

6.957 9.576 . 1012.0896 100
1800
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DIFFERENCE BETHEEN idry AND iwet

tct
< MCO Final SARP, neutron model, lid-on

> MCO Final SARP neutron model, lid-on, flo&ded

67,68¢67,68
< 4 0 21

~22 (-214:-210) 216 $ gap

57
< 400 O -594 -320 -216 (217:300) 21 $ gap

> 4 8+1.0 21 57 -22 (-214:-210) 216 $ gap

> 400 8 -1.0 -594 -320 -216 (217:300) 21 $ gap

79¢79

< 15 7 0.0000512 13
> %5 8 -1.0 18
83c83

< 19 7 0.0000512 -15 14
> 19 -1.0 -15 14
87,90¢87,90 ,

< 23 7 0.0000512 -1

< 24 7 0.0000512 -51

< 25 7 0.0000512 52 -500
< 26 7 0.0000512 53

> 23 8 -1.0 -11.

> 26 8 -1.0 -51

> 25 8 -1.0 52 -500
> 26 8 -1.0 53
447ch47,4648

-53
-53
-53

-20

u=3
u=2

us3

u=3
u=2

u=3

$ between fuels
$ between fuels
s 120 '
$ H20

$ H20

$ fictitious cl

$ 2" gap at top

$ gap at top of fuel

$ H20

$ fictitious cl

$ 2" gap at top

$ gap at top of fuel

< 582 c/x 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12% dia

> 582 cfx 0

> ¢ 582 ¢/x 0

452¢453,454 -

< 587 c¢/x 0 -3.4036 10.16

> 587 c/x 0 -3.4036 0.0001

> ¢ 587 c¢/x 0 -3.4036 10.16

454¢456,457

< 590 ¢/x 0 -3.4036 .8001 $ Horizontal drain pipe
> 590 c¢/x 0 -3.4036 .0001 $ Rorizontal drain pipe
>¢590 c/x 0

456c459,460

< 592 cz .8001 $ Vertical drain pipe
> 592 cz .0001 $ Vertical drain pipe
> ¢ 592 cz .8001 $ Vertical drain pipe
605a610

> mt8 iwtr.01t

977,978¢982,983

<c -60: dump runtpe every 60 min

< prdmp i -60

>¢ -600: dump runtpe every 600 min
J -600_ 1

> prdmp

1040, 1045c1045 1050

< fci52  Dose at drain port cover

< f152:n 586

< fs152 -582

< ¢ r=3.9624->49.3249 r=10,16->274.9679

< sd152  49.3249 274.9679

< ctme 2400

>c fc152 Dose at drain port cover
£152:p 586
fs152  -582

sd152  49.3249 274.9679

>c
>c
>c ¢ 1=3.9624->49.3249 r=10.16->274.9679
>c
> ¢

tme 360

-3.4036 .8001 $ Horizontal drain pipe
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HNF-SD-TP-SARP-017

DIFFERENCE BETWEEN idry AND inacc

Level 1
levet 2
level 3
level 4
level 5

CNMFINOMNGORO T  —ANMTINVMNOOO = ~NMIINOMOOROT —ANMINONROOT —ANMINONDOS T
- e : - - - -

PDARARNARAPAND ANAARBADNANGD NAPARNANARDANN BPRPAARARANAY PARPDAAARANDAH

NN NN AN AN AN NI A NN NN NNONNNNANNNNNNNINANNNNNNNNNNNNNNNNNNNN NN

=2

’
lat

2233321222242233322222242233322222242233322222242233322222.24
- 2333333222232333333222232333333222232333333222.23233333322223
233{3333222223333333222223333333?_222?33333332222233333332222

- ANMMMMMMMMANCENMMMMMMMMANT-NMMMMMIMMMENNCNMMMMIMMANN N MM MMM A e

NOAMMMAMMMAUNCONNMMMAMMIAUNOSANNMMAMMMMANONNMMPAINMMMANONNMMMAMMMANO

6
0:4

-5

2233333333Z..I22333333332422333333332..0223333333324223333333324

&
-5:5

222333333324.22233333332&.222333333320_22233333332Q22233333332J.

31 -52
main lattice along cask length

-20

222222222224.22222222222522222222222422222222222.\..222222222225
]

0

1
2

() . ) . 2] o o o
VYV YVYVYVYVYVVYYVVVYVVYVVVVYVVVYVVYVVYVVVVYVYVVYVVVVVVYVVVVYVYVVVYVYVVVVVVVVVYVY

1,68¢c1,6
- < MCO Final SARP, neutron model,

$ MCO pipe wall

-207 32 -52
(-214:~210) 216 $ gap

(20:-31)
-594 -320 -216 (217:300) 21 $ gap

-22

-8.0
57

4 0 21

3

vvy

> MCO Final SARP, neutron model, accident condition

$ air above fuel region
$ fuel region

~52
-20 32 -39

39

-20
-18.77

0
5

>
>

1
2
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> 3 304 -8.0 €20:-32) -207 32 -52 $ MCO pipe watl

> 4 1] 21 57 -22 (-214:-210) 216 $ gap .

> 400 0 -594 -320 -216 (217:300) 21 $ gap

79c17 L. -
c< 15 7 0.0000512 18 -53: ©u=3- $-between fuels: -
> 7 - 0.0000512 18  -53 u=3 3 between fuels
83c21 :

< 19 7 0.0000512 -15 14 -53 u=3 $ K20

> 19 7 0.0000512" «15 14 -53 u=3 $ H20
87,90c25,28 . . .

< 23 7 0.0000512 -n -53 .ou=3 $ H20 -
< 24 7 0.0000512 =51 u=2 . $ fictitious cl- -
< 25 7 0.0000512 52 ~500 -20 $ 2" gap at top
< 26 7 0.0000512 53 u=3 $ gap at top of fuel
> 23 7 0.0000512 -1 -53 u=3 . $ H20

> 24 7 0.0000512 -51 : u=2 $ fictitious cl
> 25 7 0.0000512 52 -500 -20 $ 2" gap at top
> 26 7 0.0000512 53 u=3 $ gap at top of fuel
351,352¢289 < :

< 31 pz 8.25501 $ bottom of fuel region

< 32 pz 8.255 $ 1.76% + 1.49"% above bottom

> 32 pz 4.4705 $ squished spacer

3584296

> 39 pz 133.9246 $ top of scrunched fuel

382,391c320,328 .

< ¢ bottom of fuel = 8.255

< ¢ center of fuel: (8.255+347.3704)/2 = 177.8127

< 265 pz 72.8127 $ 177.8127 -105

< 266 pz 102.8127 $ 177.8127 - 75

< 267 pz 132.8127 $ 177.8127 - 45

< 268 pz 162.8127 $ 177.8127 - 15

< 269 pz 192.8127 $ 177.8127 + 15

< 270 pz 222.8127 $ 177.8127 + 45

< 271 pz 252.8127 $ 177.8127 + 75

< 272 pz 282.8127 $ 177.8127 +105

> ¢ bottom of fuel = 4.4704

> ¢ top of fuel = 133.9246

> ¢ center of fuel: (133.9246-4.4704)/2 = 64.7271

> 266 pz 26.7271 $ 64.7271 - 40

> 267 pz  44.7271 % 64,7271 - 20

> 268 pz 59.7271 ¢ 64.7271 - 5

> 269 pz  69.7271 $ 64.7271 + 5

> 270 pz 847271 $ 64.7271 + 20

> 271 pz 104.7271 $ 64.7271 + 40

447c384,385 ’

< 582 c¢fx 0 -3.4036 3.9624 $ 4.79" from bottom of cask, 3.12% dia

> 582 c¢/x 0 -3.4036 0.0001. $ 4.79" from bottom of cask, 3.12" dia

> ¢ 582 c/x 0 -3.4036 3.9624 $ 4,79 from bottom of cask, 3.12" dia
452¢390,391

< 587 c/x 0 -3.4036 10.16

> 587 ¢/x 0 -3.4036 0.0001

> ¢ 587 c/x 0 -3.4036 10.16

454¢393,394

< 590 c¢/x 0 -3.4036 .8001 $ Horizontal drain pipe

> 590 c¢/x 0 -3.4036 .0001 $ Horizontal drain pipe

> ¢ 590 c¢/x 0 -3.4036 .8001 $ Horizontal drain pipe

456¢396,397

< 592 ¢z .8001 $ Vertical drain pipe

> 592 ¢z .0001 $ Vertical drain pipe

> ¢ 592 cz .800% $ Vertical drain pipe

549c490

< mode n

> mode n

5502492

> totnu

552c494
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c
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1.962
1.962
1.962
1.962

1.962

4,210
4.210
4.210
4.210

HNF-SD-TP-SARP-017

4.210
4.210
4.210
4.210

1.962
1.962
1.962
1.962

. 6
pi(r2*r2-ri*r1)*h  pi(ré*ré-r
76.5744

8.255

[EXCRCIVIC IR RV RV IV IV IV RV RV VRV REAV AV AVRV IV, 1

VI IL I RCIC U RV UV TRV IV IV IV I RE RV RVRY. ]

PV IIV I R SCRV AV T IV RU RV ET IURV IV RV AL RV V)

VIV IV R IV AL R RVRV RV IV VRV IV VAV IV IV )

LTIV IV IR EC RV RCRVAV AV VAV RV IV IV RV AV.IV, |

IV ILICICIC U TC R I RV EEYC IV RV VIRV AV RV I¢]

VIV IVICICRCRCRU R RURV RV RV RV RV RCSVSVAVAC IV |
T LI IR RLRC RERAVRE SV VU RE TV IV IV RV IV, |
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o~o~0~;>~mo~o~o~o~o~o~o~o~o~mo~o~o~o~o~o~o~o~o~o~o~o~o~o~o~mmmmmmmm
o~a~o~o~o~o~o~o~o~o~o~o~o~o~o~o~o~0°~o~o~o~o~o~o~o~o~o~t‘>-o~mmm\;|u1mv|m
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< si5 2.2110  3.0163
< sp5 -21 1
< sié L6591 1.5481
< spb =21 1
> si3 4.4706  133.9246
> sié 0 29.21
sph -21
977 978¢586,587
c ~60: dump runtpe every 60 min
< prdmp j -60
>c -600: dump runtpe every 600 min
> prdmp J -600 1
980,1031d588

AAAAAAAAAAAAAAAAAAAAAA

f4:n (13 30 31 32 33 34 35 36 37 38 580)

fs4  -3000000 &4 29 2
602 603 604
612 613 614
622 623 624
632 633 634
642 643 644
702 703 704
712 713 714
722 723 724
583

o
S
-

611
621
631
641
701
gy
721
583
fci2 Dip
£12:n 515 250 251 252

fs12  -543 -535 -597 -537

605 606 607 608 609 610
615 616-617 618 619 620
625 626 627 628 629 630
635 636 637 638 639 640

705 706 707 708 709 710
715 716 717 718 719 720
725 726 727 728 729

Tube Port contact, 1m, 2m, ém

COOOCOCORORRORRARROOOOCROOGRGVIVTIRVTIVIILN

Rev. 0

c r=0.635->1.2668 r=3.2->30.9031 r=5.599->66.3153 r=7.1311->61.2730

sdi2

1.2668 30.9031 66.3153 61.2730 1e20

1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20
1.2668 30.9031 66.3153 61.2730 1e20

fc22 Sshort Draw Port contact,

f22:n 515 250 251 252
fs22  -538 -534 -598 -536

m, 2m, 6ém

c r=1.27->5.0671 r=3.2- >27.1028 r=5.599->66.3153 r=7. 1311 >61.2730
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sd22 5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 1e20
5.0671 27.1028 66.3153 61.2730 1e20
$.0671.27.1028 66.3153 61. 2730 1e20
fc32 Top dose, contact, Lid

1

—
W
N
>

w1

5
fs32  -260 -306 -300 320 -518 -28
fc52 Top dose
£52:n 250 251 252
fs52  -260 -306 -300 -320 -518 -30 -709 -710 -711
fcb2 uitzin gap, bottom.of lid top
. 9 .

fsé2 -300

fc72 Side of Llid

f72:n 518 .

fs72 -510

fc82 Top of lid bottom

f82:n 519

fsg2 -27

< top of gap will not work for lid-on
c fc92 Top-of gap

c f92:p 215

£s92 -300 -320

fc112 Next to lip

f112:n 596

fs112 -595 -27

fc122 side of plug

f122:n 300

fs122 -596 -215 -508

10354591

<el32 .01 .1.2.51251020

1037, 1046¢593,598

< f142:n 30 256 257 258

< 8142 -265 -266 -267 -268 -269 -270 -271 -272 -519 -59%4
<eld2 .01 .1.2.51251020

< fc152 Dose at drain port cover

< f152:n 586

< fs152 -582

< ¢ r=3.9624->49.3249 r=10.16->274.9679
< sd152  49.3249 274.9679

AAAAAAAAAAAAAAAAAAAAAAAARAARAAARN
o

< ctme 2400
< totnu
> f142:n 30

> 5142 -32 -266 267 -268 -269 -270 -271 -39
> fc162 dose at bottom of plug

> 162:n 500
> fs162  -20
> ctme 360

B5-73



HNF-SD-TP-SARP-017 Rev. 0

CHECKLIST FOR INDEPENDENT‘ TECHNICAL REVIEW. .

- DOCUMENT REVIEWED_ Chapter BS of Multiple Cansister Overpack Transport Cask
. AUTHOR(s)_ Karl Hillesland o SRR - o

1. Method(s) of Review

{ «#J Input data checked for accuracy
(- Independent calculation performed:
{ ) Hand calculation .
{ ~7 Alternate computer code: ZSOSHLD
(. ) Comparison to experiment or previous resulis
{ ) Alternate method (define) )

II. Checklist (either check or enter NA if not applied):

Task completely defined

Activity consistent with task specification

Necessary assumptions explicitly stated and supported

Resources properly identified and referenced

Resource documentation appropriate for this application

Input data explicitly stated

Input data verified to be consistent with original source’
Geometric model adequate representation of actual geometry

Material properties appropriate and reasonable

Mathematical derivations checked including dimensional consistency

Hand calculations checked for errors :

Assumptions explicitly stated and justified

Computer séftware appropriate for task and used within range of
validity :

Use of resource outside range of éstablished validity is justified
Software runstreams correct and consistent with resultis

Software output consistent with input

Results consistent with applicable previous experimental or
analytical findings :

Results and conclusions address all points and are consistent with
task requirements and/or established 1imits or criteria .

C?nc1usions consistent with analytical results and established

imits
Uncertainty assesment appropriate and reasonable
Other {define)

SETNRRNASASY

32

I
ALY
A

S 33

I1I. Comments:

Iv. REVIENER:/W/%_ DATE: s1/22/9L.
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6.0 CRITICALITY EVALUATION

S This section discusses the criticality features$. and-analysis of the MCO -
Cask and its contents. The performance: requ1rements are spec1f1ed in

10 CFR 71.55 and 10 CFR 71.59 and are shown in Table B6-1." The main
criticality performance requirement of. the MCO Cask. package is to maintain
Ke¢¢ 1ess than 0.95.

L The. irradiated. fuel and fuel scraps are loaded into baskets and- Toaded
- into:the MCOs and MCO. Casks at the K Basins. The'MCOs.and’shipping casks are

.. used to. ship irradiated N Reactor fuel:-.from the.K Reactor Basins: to. the CVDF. -
-’ After .emptying. the water from the MCOs and casks at the CVDF, the MCO Casks

are shipped from the CVDF to the CSB where the MCOs are removed from the
casks, staged, hot conditioned, and placed into long-term storage. The
payload is identified as irradiated Mark IA and Mark IV fuels and scraps from
those fuels. Table B6-2 shows the material and material configuration, the

25 wt% enrichment of the material, the configuration of fuel in the MCO-in
which the material will be shipped, and the quantity per MCO.

This section is divided into seven subsections. Section 6.1 gives the
discussion and results, Section 6.2 is the package fuel loading, Section 6.3
discusses model specifications, and Section 6.4 presents the criticality
calculations. Section 6.5 discusses the critical benchmark experiments for
the computer codes used for the calculations, Section 6.6 Tists the
references, and Section 6.7 comprises the appendices.

6.1 DISCUSSION AND RESULTS--IRRADIATED N REACTOR
MARK IA AND MARK IV FUELS

MCOs containing Mark IA and Mark IV N Reactor fuel are packaged for
shipment in the MCO Cask. There is one MCO per shipping container. A weight
limit of 7,682 kg (16,900 1b) is imposed on the MCO contents. This weight
limit is not a criticality safety feature requirement. Shipping cask and MCO
dimensions are given in Part A, Section 2.1. The design features of the MCO
that affect criticality safety are the MCO inside diameter (ID) and the
central insert of the Mark IA baskets.

The MCO Cask criticality analyses were performed with the MCNP code
(Breismeister 1993, Carter 1995). The analyses were performed for a three-
element array of undamaged containers and for two cases (vertical and side
drop) of single damaged containers. The analysis models were based on
conservative assumptions and demonstrated the most reactive prescr1bed
arrangement of material. The analysis results are presented in terms of mean
reactivity (k.¢), standard deviation (o), and 95% confidence level reactivity
including ca]cu]at1ona1 bias. The 95% confidence level reactivity and
calculational bias is described in Section 6.5. Table B6-3 summarizes the
most limiting calculational results of shipping casks under normal and
accident conditions. It shows that shipments of the Mark IA and Mark IV MCOs
will vemain safely subcritical for all normal transfer conditions and def1ned
accident events.
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Table B6-1.  Performance Requirements.

- 8ingle package

Criteria for subcr1t1cal1ty under spec1f1c moderat)on and reflect!on cond\t\ons per 10 CFR 71.55 and
10 CFR 71.59.

General requirements

A package must be subcritical if water were to leak into the ‘containment system underr the following
conditions:

1. Most reactive credible configuration consistent with the chemical and physical form of the
material.

2 Moderation by water to the most reactive credible extent.

3 Close full refléction of the containment system by water on atl sides or ‘such greater reflection

of the system as_may be provided by the material of the packaging.

Normal conditions of transport

1 The contents would be subcritical.
2 The geometric form of the package contents would not be substantially altered.
3 There would be no leakage of water into the containment system unless in the evaluation of

undamaged packages it is assumed that moderation is present to cause maximum reactivity.

&4 No substantial reduction in the effectiveness of the packaging:

. No more than 5% reduction in totat volume

. No more than 5% reduction in effective spacing

. No occurrence of an aperture in the outér.surface of the packaging large enough to admit
a 4-in. cube.

Accident conditions

The package is subcritical under the following conditions:

1 Most reactive credible configuration consistent with the chemical and physical form of the
material

2 Moderation by water to the most reactive credible extent

3 Full reflection by water on all sides

Standards for arrays

A package must be controlled to assure than an array remains subcritical. Derive a number N such that
assuming packages are stacked together in any arrangement and with close full reflection on all sides of
the stack by water:

1 5 times N undamaged packages with nothing between the pack would be subcritical
2 2 times N damaged packages would be subcritical with optimum interspersed hydrogenous mederation
3 N=20.5

Transport index (T1)

Divide 50 by N: TI = 100 if N = 0.5

10 CFR 71, 1996, “Packaging and Transportation of Radioactive Material,® Code of Federal
Regulations, as amended.

B6-2
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Table 'B6-2. . .Multicanister Overpack Shipping Containers. .
- R . . : “Contents per Containers ‘per

. Ma;egla} S wt% 23$U Basket: - containé? shipment (by weight:

RN Limit)
Mark IA fuel 1.15 average | Mark IA 288 pieces . 4,776 kg
. Mark 1V fuel 0.95 Mark 1V 270 pieces 6,345 kg

Table B6-3. Summary of N Reactor Sh1pp1ng Cask

Criticality Evaluation.

‘MCO type

Wy 2

Kot

Array of three undamaged shipping casks
with optimum moderation and pitch

Mark IA 1.25 and 0.95 0.8964
Mark IV 0.95 0.9029
Array of single damaged shipping

cask with optimum moderation
Mark IA 1.25 and 0.95 0.8940
Mark IV 0.95 0.9360

Table B6~4 shows the criticality transport index (TI) and the value of N,

MCO = Multicanister Overpack.

a number which was used to determine the TI.

Section 6.4.3.1.

The corresponding TI was 100 in all cases.

TI and N are defined in

The value of N was 0.5 for all undamaged and damaged cases.

Table B6-4. Criticality Transport Index
for Mark IA and Mark IV MCOs.
MCOs 2 xN
Fuel type per damaged N TI
cask MCOs
"Mark IA 1 1 0.5 100
Mark IV 1 1 0.5 100

MCO = Multicani

ster Overpack.

B6-3
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6.2 PACKAGE FUEL LOADING-—N REACTOR MARK IA AND MARK IV FUELS

Irrad]ated Mark IA and Mark v fue] and scrap w1]1 be 1oaded 1nto baskets h
and p]aced 4nto-MCOs in.the K Reactor .basins: :

Reactor fuel and the loading of the MCO.

6 2.1 N Reactor Fue1 Descr1pt1on

Th1s section.describes the N-

The fuel d1mens1ons are shown in Tab]e B6 5.
enrichments for the fresh (unirradiated) fuel before it was loaded in the

N Reactor.

This table Tists the

Table B6-5. Description of N Reactor Unirradiated Fuel Elements.

Mark 1V

Mark IA

Pre-irradiation enrichment of 235y

0.947% enriched

1.25-0.947% enriched

Type-length code1*

ESAC MTF
_ Length (cm) 66.3 62.5 58.9 44.2 53.1 49.8 37.8
Element diameter (cm)
1. outer of outer 6.15 6.10
2. Inner of outer 4.32 4.50
3. outer of inner 3.25 3.18
4. Inner of inner 1.22 1.1
Cladding mass (kg)
1. Outer element 1.09 1.04 0.99 0.79 0.88 0.83 0.66
2. Inner element 0.55 0.52 0.50 0.40 0.54 0.51 0.04
Mass of uranium in outer (kg)
1. (0.947% 20y 16.0 15.0 14.1 10.5
2. (1.25% 2P0 1.1 10.4 7.85
ga;z ofzgganlum in inner (kg) 7.48 7.03 6.62 4.94 5.49 5.12 3.90
Weighted average of uranium in 22.7 16.3
element (kg)
Ratio of zircaloy-2 to uranium 70.0 70.8 71.6 77.1 85.5 86.3 90.4
(kg/MTU)
Weighted average (kg/MTU) 70.3 85.7
% of total elements 63 37
% of length type of each fuel 781075 87 10 3
Displacement volume (L/MTU) 67 67

*Letter code differentiates the different lengths of the Mark IV or Mark IA fuet elements (i.e., a

type “E" element is 66.3 cm [26.1 in.]1 long).

MTU = Metric tons of uranium.
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‘Aﬁa1yses“on,the effects of burn‘Up and’ fission products”decay show that
i~ the.unirradiated: N .Reactor fuel is more-reactive:{higher .infinite criticality -
factor. k,ﬁ) than the spent fuel in spite of the.presence.of. plutonium : :

'. products-in:the spent fuel (Schwinkendorf. 1997), - Reduced uranium enr1chment"‘:

and the presence of fission products compensate for any incirease:in k; nf due -

to the plutonium content in the spent fuel. WHC-SD-SNF-CSER-005, Critlca]1ty

Safety Evaluation Report for Spent Nuclear Fuel.Processing -and Storage
Facilities (Schwinkendorf 1997) provides Jjustification for use of the
unirradiated fuel characteristics.in the. ana]yses presented in this sect1on
.- As.such, all the criticality a@nalyses discussed.in this. sectioniare -

‘ conservat1ve]y performed with the unirradiated. N Reactor fuel.

= .- As shown_ in.Table B6<5, there are two types of fuel assemblies, Mark IA:- .. - -

and Mark IV, with different uranium enrichments and sets of lengths. Each
fuel assembly consists of two holiow, coaxial, cylindrical elements separated
by spacers. Each of the elements is clad with zircaloy; i.e., zircaloy-clad
tube-in-tube metallic uranium geometry. .The Mark IA fuel assembly has two
uran1um enrichments: the inner element has an enr]chment of 0.947% (0.95%)
23y, and the outer element has an enrichment of 1.25% U, with a weighted
average enr]chment of 1.15% 2°U. The Mark IV assembly has one enrichment,
0.95% . Some fresh Mark IV fuel assemblies contain natural uranium
(0.71% B U) and are designated Mark IVB. Those assemblies are conservatively
treated as the 0.95% “°U fuel in the analyses presented in this section.

The impact of the Mark IA fuel's higher enrichment on the design of the
MCO and the fuel baskets is discussed below.

6.2.2. MCO Fuel Basket Description

The design parameters for the fuel baskets and fuel loadings for Mark IV
and Mark IA fuels are shown schematically in Figures B6-1 and B6-2,
respectively. Scrap baskets for Mark IV and Mark IA fuel scrap, are shown
schematically in Figures B6-3 and B6-4, respectively. The spent fuel that is
to be shipped to the CVDF and CSB is stored in the K East and K West Basins.
It is estimated that about 35% of the fuel assemblies are in a highly damaged
or corroded condition. The broken pieces of the fuel assemblies will be
treated as scrap and packed separately in different baskets specifically
designed for loading scrap into the MCOs. The Mark IA fuel and fuel scrap
baskets have a centrally located hollow cylinder insert, which is a section of
6-in. schedule XXS pipe. The fuel assemblies, when loaded in the baskets,
form a tight lattice with minimal separation between the neighboring fuel
assemblies. Slots in the base of each basket hold the intact fuel assemblies
in discrete positions. The lattice has a hexagonal center-to-center pitch of
about 7.1 cm (2.8 in.) compared to about 6.1-cm (2.4-in.) 0D of the fuel
assemblies, as shown in Table B6-5. The fuel scrap also is tightly packed.

The Mark IA fuel, if placed in an optimum geometry, will not meet the
criticality criterion of K, < 0.95. As such, the fuel baskets for the
Mark IA fuel loading were deSIQHQd with a standard pipe insert 16.8 cm in
outside diameter (OD) installed along the central line of the fuel basket, as
shown in Figure B6-2. The Mark IA fuel baskets are also shorter in height.



HNF-SD-TP-SARP-017 Rev. 0~

- Figure B6-1. Loading Arrangement -for Mark IV Fuel in MCO Container.

25 cm Sh_ol finer and cask

4075 in, 24 1n,

- Water refloctor

Figure B6-2. Loading Arrangement for Mark IA Fuel in MCO Container.

25 cm

Stalnless stool Insert

Steel liner and cask

40.75 In. 24 In.

‘Water reflector
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Mark IV Fuel Scrap Storage Basket.

‘Figure B6-3.
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Figure B6-4. Mark IA Fuel Scrap Storage Basket.-
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This central insert reduces the number of Mark IA fuel assemblies or the

- amount. of.scrap that .can be loaded in each: basket. : Most “importantly,: the.

.. central insert dincreases neutron leakage. and absorption..to reduce the ..

" criticality. potential for the Mark IA:fuel.in the MCO..: Part B, Section 7.5,
shows that the central insert maintains 1ntegr1ty and or1entat1on after the .
application of accident conditions. :

- :The Mark IV fuel basket is designed to hold 54 Mark IV fuel- assemblies,
and the Mark IA basket is designed to hold 48 Mark IA ‘fuel -assemblies. An MCO
- i's designed to hold a tier of five baskets, four containing Mark IV fuel.

assenblies-and one containing scrap, or-.a tier of six-baskets, five containing
. Mark IA fuel assemblies and one containing scrap.. As shown in Table B6-5, the
..Mark -IA fuel -assemblies are shorter in . length than the Mark IV assemblies, = ...
except for Mark IV fuel type C, thus 1imiting the mass of fuel per Mark IA
-basket while permitting six baskets of Mark IA fuel per MCO. The fuel baskets
are designed for the largest fuel assemblies of Mark IA and Mark IV design.

6.2.3 MCO Description

The MCO is a steel cylinder with a removable 1id on.top.  The MCO is
406 cm (160 in.) Tong with a-61-cm (24-in.) OD and a 1.30-cm (0.50-in.) wall
thickness. A total of five Mark IV fuel baskets and six Mark IA fuel baskets
are loaded in an MCO, respectively. The dimensions of the baskets are such
that the combined active height of the fuel or fuel scrap .inside the MCO is
the same, irrespective of the type of fuel. Only one fuel type is allowed in
an MCO. Mixing of fuel basket types in an MCO is not allowed. Also, Mark IA
fuel is not allowed in a Mark IV MCO. Sketches of the MCO and normal fuel
loadings with Mark IA and Mark IV fuel and scrap baskets are shown in
Figure B6-5. Only one scrap basket is allowed in each MCO, as either the top
or bottom basket. However, this analysis ‘assumes the presence of a .scrap
basket in both the top and bottom positions within the MCO.

6.2.4 MCO Loading -

The authorized contents for the MCO transportation cask is one MCO filled
with 270 Mark IV fuel elements or 288 Mark IA fuel assemblies from the
N Reactor. Based on the weight of these fuels, the total cask spent fuel
payload is not to exceed 6,835 kg (15,070 1b). This weight Timit and other
weights discussed in this section are not required for criticality safety.

The fissionable material is N Reactor Mark IV and Mark IA fuel assemblies
and scrap material from the same fuel. Based on the weights for the longest
intact fuel assemblies, the maximum loading for a basket of Mark IV assemblies
is 1,269 kg (2,798 1b).. For five basket tiers, this results in 6,345 kg
(13, 991 1b) total Mark IV fuel per MCO-loaded cask. For the six basket tiers
of Mark IA assemblies, the masses are 796 kg (1,756 1b) per basket and
4,776 kg (10,531 1b) per cask. These data for fuel baskets of the Tongest
assemblies were assumed as the maximum loadings for criticality safety
evaluations.

The scrap baskets may be loaded with fuel scrap or segments of fuel
assembly components, with or without cladding. The volume of scrap will be

B6-9
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limited to that of a full basket, with a ‘maximum height of 67.3 cm (26.5 in.)
for-Mark IV-.and 53.3 cm (21 in.) for Mark: IA.baskets. - If scrap has a higher

.-..packing fraction than intact fuel assemblies, a scrap basket could contain

.more-uranium.mass than a basket of whole elements. The.actual mass. of. scrap
- .may exceed the mass corresponding to the calculational model, which was based
*on optimum particle size and spacing. The scrap weight Timit per basket may
be determined. by the basket, MCO, or cask weight Timits, which will not affect -
this criticality evaluation.

6.3 MODEL SPECIFICATION--N REACTOR FUEL MCO

... This section describes the computer models of the shipping cask and
assembled MCOs containing Mark IA and Mark IV fuel and scrap baskets that were
used for the analyses.

6.3.1 Description of Calculational Model

Even though thermal and gas.generation considerations (Part B,
Sections 8.0 and 9.0) set a 1imit of one scrap basket per MCO, for
conservatism MCO Casks are modeled as an outer cask containing an MCO that is
Toaded with either four Mark IA fuel baskets and two Mark IA scrap baskets or
three Mark IV fuel baskets and two Mark IV scrap baskets. The dimensions of
the shipping cask, MCO, fuel and scrap baskets, and fuel used in the
calculations for Mark IA and Mark IV cases are shown in Figure B6-5.

The shipping casks containing MCOs are not explicitly modeled (see
Sections 6.4.2.3 and 6.4.2.4 for details of the model). The models of the
package contents under normal transfer and accident conditions utilize
conservative representations of design parameters. Examples of these design
parameters are using longest fuel lengths, unirradiated uranium enrichments,
and optimum scrap particle size and moderation. A friangular lattice of three
shipping casks in contact containing MCOs conservatively represents 5 x N
undamaged packages with material reflection and no moderation. For the
accident events, cases of single shipping casks containing Mark IA and Mark IV
fuel inside an MCO are modeled using optimum conditions of moderation,
reflection, and contents damage, where applicable. These arrays represent the
contents of 2 x N damaged packages. The value of N is 0.5.

6.3.2 Package Regional Densities

N Reactor Mark IA and Mark IV fuel are zircaloy-clad uranium metal tubes
enriched to 0.947 + 0.006 wt% U and 1.25 + 0.006 wt% “°U. Material
densities and atomic number densities for the constituent nucliides of alil
materials used in the N Reactor ingot calculations models are shown in
Table B6-6. For the 1.25 wt% U, all values in Table B6-6 apply except for
the weight fraction of 23y,

B6-10
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Figure B6-5. Monte Carlo N-Particle Input Models for
‘Normal Mark IA and-Mark IV MCOs: Axial Geometry..’ &
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Table B6-6. Material Densities and Weight
Fractions Used in Calculations.

TR

s Ne »Dens1ty | R .
Material No. | (g/cm 3. - Isotope “fraction-
Mark IV inners ml | 18.58 | ¥y 0.009471
: , : I B! 0.990529
' Zircaloy c]addjng _| m2 6.55 Ir (e]ementa]); 1.000
Stainless steel 304 . | m3 | 8.03 2. 0.0004
v v %M 0.0200
Si. (etemental) -| 0.0100
Cr (elemental) | 0.1900
Ni (elemental) | 0.0925
Fe (elemental) | 0.6871°
Water m4 | 1.000 H 0.1119
% 0.8881

6.4 CRITICALITY CALCULATIONS--N REACTOR TRANSFER CASK AND MCO

This section describes the calculational method used for the analyses.

6.4.1 Calculational Method

The MCNP and WIMS-E computer codes were used for this criticality
evaluation. MCNP was developed at the Los Alamos National Laboratory (LANL)
and 'is now used extensively both in the United States and throughout the -
world. The MCNP code is a general-purpose, continuous-energy, generalized-
" geometry neutron and photon transport code that calculates eigenvalues for
criticality evaluations.

The MCNP code uses continuous energy cross sections that are thoroughly
documented in Appendix G of Breismeister. These cross sections are defined
with a high-energy resolution. A1l the cross sections used for these analyses
were generated from either Evaluated Nuclear Data Files (ENDF) or LANL
evajuations.

The WIMS-E 1attice transport code (Gubbins et al. 1982) was used to
calculate the relationship of infinite neutron multiplication factors and rod
diameter and lattice spacing representing scrap and fractured fuel. The
WIMS-E code is a deterministic model, which is the most consistent and
sensitive method available to represent the effects of parametric studies such
as this application. The resuits from the parametric studies performed by the
WIMS-E studies were incorporated into the MCNP model of the MCO.

B6-12
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6.4. 2 Contents Loading 0pt1m1zat1on T

The. MCO 1oad1ng can be varied by the se]ect1on of fue]s -of various

-lengths,.exposures, and: degrees of corrosion; numbers._of scrap baskets; and .'4¢ -

- quahtities and particle size of fuel pieces in the scrap'baskets The
following section discusses the variations that can occur in the MCO loading
and the conservatism or . optimization that.was. used in the modeling to ensure
that the criticality safety 1imit would not be exceeded.

- .. 6.4.2.1 "General MCO Model. The MCO is modeled for the two cases of each
- -spent fuel type contained in the-baskets designated for- that type of fuel (see
The
Mark IA basket holds 48 Mark IA fuel assemblies and has- a central pipe insert,
15.2-cm (6-in.) ID and 16.8-cm (6.625-in.) OD, specifically designed for
criticality control. (The cr1t1ca11ty evaluation was based on an earlier MCO
design that utilizéd a thicker pipe for the Mark IA central pipe insert than
is used in the current MCO design. However, this yields conservative results,
so the analysis is acceptable as is.) The Mark IA fuel scrap basket also has
a similar 15.2-cm- (6-in.) diameter central insert. The Mark IV basket holds
54 fuel assemblies and does not have the centrally located pipe insert for
cr1t1ca11ty control. Both types of baskets have a centrally located, 6.6-cm-
(2 6-in.-) 0D tube for installation of a dip tube for vacuum dry1ng the fuel
in the MCO.

The MCO and fuel and scrap basket loading is described in Section 6.2.3.
The normal and accident loadings of the MCOs are shown in Tables B6-7 and B6-8
for Mark IA and Mark IV MCOs, respectively. For conservatism, each MCO was
modeled with two scrap baskets, one at the top and the other at the bottom.
As discussed in Section 6.0, only one scrap basket will actually be loaded
into an MCO. One MCO is handled at a time in all transport operations. For
the accident conditions model, the basket material separates the fuel material
in tiers, and the tiers compact, reducing the water and air volumes.

Table B6-7. Monte Carlo N-Particle Model of Mark IA Multicanister
Overpack With Normal and Accident Loading.
Basket contents by tier number (from top)

Tier 1 Tier 2 Tier 3 Tier &4 Tier 5 Tier 6 Condition
1.25 wt% scrap | 48 Mark IA | 48 Mark IA 48 Mark IA | 48 Mark 1A | 1.25 wt% scrap | Normal
1.25 wt% scrap 1.15 wt% 1.15 wt% 1.15 wt% 1.15 wt% 1.25 wt% scrap Damaged

‘| _rubble rubble rubble rubble

Table B6-8. Monte Carlo N-Particle Model of Mark IV Multicanister
Overpack With Normal and Accident Loading.
Basket contents b).' tier number (from top)
Tier 1 Tier 2 Tier 3 Tier 4 Tier 5 Condition
0.95 wt¥% scrap 54 Mark IA 54 Mark 1A 54 Mark IA 0.95 wt% scrap Normal
0.95 wt% scrap 0.95 wt% rubble | 0.95 wt% rubble 0.95 wt% rubble | 0.95 wt% scrap | Damaged
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" The MCOs and cask will be shipped from the K Reactdr basins to the CVDF™ ™~
in-the flooded condition. "This is the most limiting:condition as shown'in "’

"' Table B6-9...The MCOs:- will be-shipped- from-the .CVDF to the CSB.emptied-of -

‘water-and partially dried. The concerns for potential criticality incidents
are significantly reduced for the MCOs that are emptied of water and partially
dried.” Because the flooded MCO-bounds the most limiting condition, the safety
.evaluation for. the fiooded MCO was used for both shipping from the K Reactor

basins to the CVDF and shipping from the CVDF to'ihé‘CSB.

. Table B6-9. 'Undémaged Mu]ficéﬁistér Ovérback Sﬁippiﬁg Cask Reactivities;”

iy MCO water Cask gap-- { Standard 95% C.L. . .

. MCO type density density Kets deviation plus bias Input file
moderator

Mark IA 1.0 0.0 0.8964 0.0023 0.9074 i1.1A.10
Mark 1A 0.7 0.0 0.8260 0.0020 0.8370 i1.1A.70
Mark 1A 0.5 0.0 0.7480 0.0020 0.7590 i1.1A.50
Mark IA 0.3 0.0 0.6301 0.0016 0.6408 i1.1A.30
Mark IA 0.0 0.0 . 0.2979 0.0009 0.3084 i1.1A.00
Mark 1V 1.0 0.0 0.9029 0.0014 0.9136 i1.1v.10
Mark IV 0.7 0.0 0.8379 0.0017 0.8487 §1.1V.70
Mark IV 0.5 0.0 0.7542 0.0015 0.7649 i1.1v.50
Mark 1V 0.3 0.0 0.6148 0.0016 0.6256 i1.1v.30
Mark 1V .1 0.0 0.0 0.3246 0.0010 0.3351 i1.1v.00

6.4.2.2 Rod Geometry Model for Scrap and Rubble. The fuel scrap and
fragmented or vubblized fuel assumed to occur after .a drop accident are in an
uncontrolled geometry. The fuel scrap was modeled in the most optimum
condition with respect to particle size and water moderation. The fuel scrap
was modeled as uranium rods in triangular pitch with optimum spacing.

The' rubblized fuel was modeled in optimally sized pieces that were
assumed to be less optimally spaced in water due to realistic considerations
that places an upper bound- on the particle spacing. The forces acting on fuel
from a drop accident are crushing from the weight of fuel in upper baskets.
The rubblized fuel will change from .a packing fraction of 0.443 for intact
Mark IV fuel and 0.392 for intact Mark IA fuel, which are calculated from
actual fuel array dimensions, to a nominal packing fraction of 0.4. The
nominal packing fraction of 0.4 was used to be consistent with MCO accident
scenarios developed for the MCO facility criticality safety evaluation report
(Schwinkendorf. 1997).

6.4.2.3 Shipping Cask Model. The shipping cask, shown in Figure B6-5, is:
modeled as a steel cylinder container surrounding the MCO. The cask model
dimensions differ from actual cask measurements and are conservative. The
model side thickness is 22.9 cm (9.00 in.), the floor is 22.9 cm (9.00 in.),
and the top is 22.9 cm (9.00 in.). These thicknesses exceed actual cask
dimensions and represent an infinite material reflector region. The infinite
reflector region in the model is conservative for all shipping cask
thicknesses. A gap of 1.27 cm (0.50 in.) was modeled between the MCO and °
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~4nner cask -side. A gap of 25.4 cm~(10.0 in.) was modeled between the MCO top ~ -

~and 1id. of the: shipping cask. These-gap thicknesses are upper limit levels: of ¢

_the final.cask. design. The water.gap thickness is conservative for all design
variations. B .

- 6.4.2.4 Undamaged Shipping Cask Models. The undamaged shipping cask, shown
in Figure B6-6; was modeled as three shipping casks arranged in triangular
pitch. -The shipping casks were modeled in contact with one another, which is

-+ .the most reactive configuration. Each shipping cask contained an MCO that was .-

- filled with. fuel and scrap baskets, as described invthe previous section.

Figure B6-6. Triple Array of Undamaged. Shipping Cask.

Aol
Ly
Wwww P\&
Xy ey
12" Waler Relieclor JLRARTARALS,
5 R
N iy
/%
Space Between Gasks (Void) - 74 A PN
T2 REREREAR o
¥ ,SG’QG
- £
MCO Cadt ~~—
Tk o Vi,
POt Pt !
LEietis DD WDEREREN
MCO - P :

A,

: T
R 4 ~é£§§t

T A A

e R R R e Y
P N IR P A A N I W T W N

Water of various densities was modeled inside the MCO and in the regions
between the shipping casks. Inside the MCO, water moderator was modeled in
the fuel coolant channels and in the interstitial regions between the fuel
assemblies and uranium rods used to model the scrap. The gap between the MCO
and shipping cask was modeled as a void.

6.4.2.5 Damaged Shipping Cask Models. The single damaged shipping cask,
shown in Figures B6-7 and B6-8 for Mark IA and Mark IV MCOs, respectively, was
modeled in the vertical position after the postulated accident. The single
damaged shipping cask, shown in Figures B6-9 and B6-10 for Mark IA and Mark IV
MCOs, respectively, was modeled in the side position after the postulated
accident. In the vertical case, the fuel and scrap baskets were assumed to
fall to the bottom of the MCO by the forces of the drop. An upper region
formed by the basket displacement was modeled as water. The fuel regions and
baskets were modeled containing optimum-diameter uranium rods at a spacing
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Figure 86;7. Damaged Mark IA Multicanister Overpack
and Shipping Cask in Vertical Drop Position.
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“Figure B6-8. Damaged Mark IV Multicanister Overpack - -~ -
2~ ":.and Shipping Cask in'Vertical Drop Positioni:: . . -
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e - Figure B6-9. - Damaged -Mark -IA-Multicanister Overpack
: s and Shipping Cask in Side Drop Position.. -.

i

. MKIA MCO Horizontal Drop Case

Figure B6-10. Damaged Mark IV Multicanister Overpack
and Shipping Cask in Side Drop Position.
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- corresponding to a packing fraction-of 0.4 representing fragmented rubble:

" The-scrap. regions .and baskets were modeled containing optimum-diameter uranium
rods at.a spacing.corresponding to an optimum packing fraction. . The central..

- insert.of the Mark IA MCO-was assumed to :be offset at: its: maxXimum:deflection
~0of 5.08 cm (2.00 in.). Mixing of fuel arnd scrap was not considered as

10 CFR 71 does not require the removal-of all fuel barriers in accident

analysis.

In the:'side case, the fuel and scrap baskets were assumed to. remain in
their original- positions after the forces of the drop. - An: upper flat void
region in each- basket, formed by the crushed fuel.and scrap displacement to
the gap regions originally at the top of each basket, was modeled as water.
The. fuel baskets were modeled containing optimum-diameter uranium rods at a
spacing corresponding to a packing fraction of 0.4 vepresenting fragmented
rubble. The scrap baskets were modeled containing optimum-diameter uranium

- rods at a spacing corresponding to an optimum packing fraction. The central
insert of the Mark IA MCO was assumed to be offset at its maximum deflection
of 2.00 in. :

Water of various densities was modeled in the moderation and reflective
regions of the damaged model. The first region was the interstitial
moderating regions between the uranium rods representing scrap and fuel
rubble. The second region was the gap between the MCO and shipping cask. An
outer water reflector of 30.5 cm (12.0-in.) thickness, representing an
infinite material region, surrounded the shipping cask.

The first set of calculations were for various water-densities between
the fuel elements and void in the gap between the MCO and shipping cask for
Mark IA and Mark IV fuels. The second set of calculations was for full water
density between the fuel elements, which is the most reactive case, and
various water densities in the gap between the MCO and shipping cask for
Mark IA and Mark IV fuels.

6.4.3 Criticality Results

To ensure criticality safety, the calculated k. plus code bias and
uncertainties must be less than 0.95 (Section 6.5). N Reactor MCO Casks are
subcritical under both normal transfer and accident conditions. Calculations °
show that finite arrays of the Mark IA and Mark IV MCO types are subcritical
under optimum conditions of moderation, refiection, and geometry. The K.
values for all undamaged cases are shown in Table B6-9. The K. values For
all damaged cases are shown in Tables B6-10 and B6-11 for the vertical and
side drop cases, respectively. Figure B6-11 shows the plotted data for the
undamaged cases. Figures B6-12 and B6-13 show the plotted data for the
damaged vertical cases with the gap between the MCO and shipping cask voided
and flooded, respectively. Figures B6-14 and B6-15 show the plotted data for
the damaged side cases with the gap between the MCO and shipping cask voided -
and flooded, respectively.

The vertical drop cases are generally more limiting than the side drop
cases from a criticality safety perspective. The vertical drop cases model
the fuel in a more compact and reactive form. The results of calculations
characterizing the side drop accident are shown in Table 6B-11.
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--- Figure B6-11. -Undamaged MCO Reactivity Versus Fuel Region Water Density.
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--Figure B6-12. k¢ Values for Vertical Damaged Shipping Cask, Gap Voided.
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Figure B6-13. K Va]ues.for Vertical Damaged- Shipping
Cask, Mu f’mcam‘ster Overpack Flooded.
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. Figure B6-14. k., Values for Side-Damaged Cases, Gap Voided.. .
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Figure B6-15. k Values for Side-Damaged Cases,
Multicanister Overpack Flooded.. .
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- Table B6-10., Damaged Multicanister Overpack Cask in Vertical Position.

| uco water cask gap | .. standard |  95% C.L. -
MCO type. | density - density Ko ‘deviation plus bias | Input file
Sl X moderator N . B o ' ;
Mark 1A 1.0 0.0 0.8940 0.0033 0.9057 i2.1A.10
Mark TA 0.7 0.0 0.8275. | 0.0028 0.8389 12.1A.70
Mark 1A : | 0.5 0.0 0.7605 - - | 0.0032 0.7521" §2.1A.50
Mark 1A - |.0.3 0.0 ] 0.6219 0.0022 . 0.6329 §2.1A.30 °
Mark 1A 0.0 0.0 0.3193 0.0015 0.3300 i2.1A.00
Mark IA 1.0 1.0 0.8757 0.0028 0.8871 i2.1A.11 -
Mark 1A 1.0 0.7 0.8954 0.0025 0.9066 i2.1A.17
Mark 1A 1.0 0.5 0.8892 0.0025 0.9004 i2.1A.15
Mark IA 1.0 0.3 0.8890 0.0032 0.9007 i2.1A.13
Mark 1A 1.0 0.0 0.8940 0.0033 0.9057 i2.1A.10
Mark 1V - 1.0 0.0 0.9355 0.0010 0.9460 §2.1v.10
Mark 1V 0.7 0.0 0.8668 0.0032 0.8785 42.1V.70
Mark 1V 0.5 0.0 0.7814 0.0026 0.7927 §2.1v.50
Mark 1V 0.3 0.0 0.6406 0.0029 0.6521 §2.1v.30
Mark 1V 0.0 0.0 0.3272 0.0015 0.3378 i2.1v.00
Mark 1V 1.0 1.0 0.9255 | 0.0028 0.9369 L i2.van
Mark 1V 1.0 0.7 0.9316 0.0026 0.9429 i2.1V.17
Mark 1V 1.0 0.5 0.9298 0.0028 0.9412 i2.1v.15
Mark 1V 110 | 0.3 0.9360 0.0027 0.9474 i2.1v.13
Mark IV 1.0 0.0 0.9355 0.0010 0.9460 §2.1v.10
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Side Drop Position.

MCO water

Standard -

i .Cask_gap . ) 95% C.L. T

" MCO type density © density D Kage deviation plus bias Input file
§ o . moderator : s R
Mark 1A - 1.0 0.0 0.8738 " 0.0032 0.8855 i2.1A.1

Mark IA 0.7 0.0 0.8089 0.0026 0.8202 - i2.1A.2
Mark 1A 9.5 6.0 0.7367 0.0029 0.7482 i2.1A.3
Mark IA 9.3 0.0 0.6227 '0.0026 0.6340 i2.1A.4
‘Mark 1A . 0.0 0.0 0.3125 0.0018 0.3233 i2.IA.5

Mark IA 1.0 1.0 0.8640 0.0022 ‘ 0.8750 i2.1A.6
Mark IA . 4 1.0 0.7 0.8773 0.0026. 0.8886 ° i2.1A.7.
Mark IA 1.0 0.5 0.8772 0.0036 0.8892 i2.1A.8
Mark 1A 1.0‘ 0.3 0.8736 0.0029 0.8851 i2.1A.9
Mark IA 1.0 0.0 0.8738 0.0032 0.8855 i2.1A.10
Mark IV 1.0 0.0 0.9333 0.0010 0.9438 i2.1v.1

Mark IV 0.7 0.0 0.8634 0.0011 0.8740 i2.1v.2
Mark IV 0.5 0.0 0.7805 0.0010 0.7910 i2.1v.3
Mark IV 0.3 0.0 0.6337 0.0010 0.6442 i2.1v.4
Mark IV 0.0 0.0 0.3266 0.0007 0.3371 i2.1vV.5
Mark 1V 1.0 1.0 0.9275 0.0010 0.9380 i2.1V.6
Mark 1V 1.0 0.7 0.9296 0.0012 0.9402 i2.1v.7
Mark 1V 1.0 0.5 0.9304 0.0010 0.9409 i2.1v.8
Mark IV 1.0 0.3 0.9332 0.0010 0.9437 i2.1v.9
Mark 1V 1.0 0.0 0.9361 0.0016 0.9468 i2.1v.10
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. 6.4.3.1 TI. The TI is a dimensionless number. placed on the label of a

package -to designate the degree of control to:be exercised by the .carrier -:
during transportation. For criticality.control. purposes the TI is.the number
obtained by dividing 50 by the .number "N."™ The number "N" is based.on:the-
following conditions being satisfied, assuming packages are stacked together
in any arrangement and with close fu]] refiection on all sides of the stack by
water: .

e 5 x"N" undamaged packages w1th noth1ng between the packages wou]d
be subcritical.

e 2 x "N" damaged packages with opt]mum 1nterspersed hydrogenous
moderation would be subcritical. :

e The vaTue of "N" cannot be 1ess than 0 5.

When "N" is equal to 0.5, 5 x "N" is rounded to yield a va]ue of 3. -The
results shown in Table B6-12 1nd1cate that arrays of three undamaged shipping
casks, with optimum configuration and moderation, are subcritical for Mark IA
and Mark IV MCOs. The calculations support the minimum value of N = 0.5 for
the most limiting of the undamaged and damaged cases. Criticality TIs are
shown in Tables B6-12 and B6-13.

Table B6-12. Transport Index for Undamaged
N Reactor Multicanister Overpacks.

Number of ;
Contents casks - N Tra:ggirt
subcritical
Mark ITA fuel 3 0.5 100
Mark IV fuel 3 0.5 100

Table B6-13. Transport Index for Damaged
N Reactor Multicanister Overpacks.

Number of ]
Contents casks N Tra:gg;rt
subcritical
Mark IA fuel 1 0.5 100
Mark IV fuel 1 0.5 100

6.5 CRITICAL BENCHMARK EXPERIMENTS
The MCNP computer code (Breismeister 1993) is utilized all over the world

and has been extensively tested with its ENDF/B-V-based cross sections. The
‘ code development group at LANL, where MCNP was developed, has a set of
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25 calculationial benchmarks that exteiisively test various options within the .
. 2 code.: zAdditionaldy, MCNP-has been certified fov.use.on Hanford computer .- :iniv. . -
RSTRN p:p1atforms {Carter 1995).-. This -section: justifies the: validity of the. .. - -.:-r o
...+ ‘~.calculational:methods and neutron cross sections used by report1ng the resu]tSﬁ
of critical benchmark ‘experiment analyses.’

6.5.1 Benchmark Experiments and Applicability

.o v oo - Benchmark analyses-havé been-performed with MCNP and-the' associated-cross- -~ "%
-« .+ - sections; as.documented in Appendix G.of MCNP--A General Monte Carlo Code: )
.. N-Particle Transport Code, Version 4a (Breismeister.1993)... These analyses
- were performed. for both fast and thermalized benchmark: problems (Whalen 1991).-
Six experiments were identified to represent various.uranium critical systems
- simitar to the MCO application. In addition to these experiments, experiments
with N Reactor fuel and Tow-enriched uranium (LEU) were performed that are
particularly applicable to the MCO models. These experiments and results are
discussed below.

6.5.2 Introduction

An evaluation of K Basin criticality was made by Wittekind (1992) that
included a validation of the MCNP code (Carter 1991). Comparisons were made
to several criticality experimentis and to other criticality codes,
specifically the WIMS (versions D and E) code (WTC 1992). The comparisons
prov1de good support for the use of MCNP in LEU systems typical of N Reactor
fuel in the K Basins.

The experimental support for the validation of this study was reexamined
(Schmittroth 1996) to determine a calculational bias to be used in further
criticality evaluations. New validation calculations were not undertaken.

Two experiments reported by Wittekind were considered: an early report
on U0.-H,0 solutions (Neeley and Handler 1961) and a lattice experiment using
actuaﬁ M%rk IA N Reactor fuel elements (Brown et al. 1965). A third
experiment performed by Douglias United Nuclear in the 105 N Fuel Storage Basin
(Neilson and Toffer 1975) reported k. values that were often well below the
MCNP vesults. Finally, results from a benchmark experiment using 2.35%
enriched fuel (Briggs et al. 1992) are included.

The experimental results, a statistical analysis, and analysis results
and recommendations are discussed in detail in Schmittroth (1996). A few
details are provided below from that report.

6.5.3 Experimental Results
6.5.3.1 U0,-H,0 Solution Measurements. The homogeneous wet uranium U0;-H0
solution exper1ments consisted of 12 measured values.for three d1fferent

enrichments and a range of hydrogen-to-uranium ratios from 3.73 to 7.45.
Table B6-14 shows numerical values for both the experiment and MCNP results.
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Table B6-14. Monte Carlo N-Particie (MCNP) Calculations and -
Exper1menta] Results. for Homogeneous U05~H,0- Systems..

Enr1chment H/U MCNP Exper1ment Eﬁﬁﬁ;;ﬂfnt
1.0059 13.772 | 0.9898 0.9920 0.0060 .
4.999 0.9945 ~ | 0.9925 | 0.0050°
6.614 0.9830 - |0.9875 - - | 0.0058
6.881  -|0.9761 - | 0.9821 1.0.0054
7.449 1.0.9680 . . | 0:9702. .-|.0.0070
1.0704 3.728 1.0125 | 1.0063 0.0070
5.778 1.0103 1.0064 0.0080
7.075 . 0.9964 0.9957 0.0061
1.1586 3.728 1.0358 1.0298 0.0060
5.926 1.0412 1.0330 0.0051
6.838 1.0311 1.0313 0.0032
7.449 1.0240 1.0209 0.0051

H/U = Hydrogen to uranium (ratio).

6.5.3.2 Mark IA Lattice Experiment. A set of criticality measurements was
made using a lattice of actual unexposed N Reactor Mark IA fuel elements
(Brown et al. 1965). The experiment consisted of three distinct types of
measurements (exponential pile, neutron multiplication, and pu]sed neutron)
and two fuel lattice configurations (Mark IA outers and tube-in-tube
assemb11es) ~ Several different lattice pitches (2.8 in., 3.1 in., and

3.4 in.) were also included. The experiment was representative of actual

N Reactor fuel conf1gurat1ons, with fuel elements of metallic uranium with
density close to 18.64 g/cm However, experimental uncertainties were not
reported either in the initial report or by Wittekind (1992). Representative
MCNP statistical uncertainties were determined.to be 2 mk. An experimental
uncertainty of 5 Mark IA outers or tube-in-tube assemblies was determined
which corresponded to an uncertainty of £0.005 in k,

Experimental and calculated values were compared by fitting curves to the
calculated points. Ratios of the MCNP-fitted curves to the experimental
values were found to-be 0.9979, 0.9968, and 1.0077 for the lattice pitches
2.8 in., 3.1 in., and 3.4 in., respectively.

6.5.3.3 Benchmark Experiment for 2.35% Enriched Lattice. A set of
measurements was performed at Pacific Northwest National Laboratory critical
mass laboratory and designated as LEU-COMP-THERM-001 (Briggs et al. 1992).
Results are given for eight water-moderated U0, (2.35% enriched) 1att1ces,
mostly grouped in three ciusters. The reporteﬁ benchmark value for k.. is
0.9998 + 0.0031. (The value less than one accounts for a small correct1on
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fmmamwhc1nhceMamsomtmdfmthImmT) mebmdmwkrwm1
+ also includes .MCNP -results with statistical errors ‘for compar1son (~ mk)
--Resulting values are shown in Table B6-15..

Table B6-15. Monte Carlo N-Particle Calculations From
. Benchmark Report LEU-COMP-THERM-001.* . . .. ...

. Case:. “‘Number of Clustéer dimensions © Monte' Carlo
" number - clusters (No. of rods, X x Y) N-Particle
1 1. 20 x 18.08 0.9987 + 0.0016"
2 3 20 x 17 0.9977 £ 0.0017°
3 13 20 x 16 0.9956 + 0.0016
4 3 20 x 16 (center) 0.9992 + 0.0014
22 x 16 (two outer)
5 3 20 x 15 0.9970 + 0.0016
6 3 20 x 15 (center) 0.9955 + 0.0015
24 x 15 (two outer)
7 3 20 x 14 . 0.9968 + 0.0017
8 3 19 x 16 0.9921 + 0.0015

*Source: Briggs, J. B., et al,, 1992, International Handbook of Evaluated Criticality Safety
Benchmark Experiments, Volume IV, Low Enriched Uranium Systems, NEA/NSC/DOC(95)03/1V, Nuclear
Energy Agency, Organization for Economic Co-operation and Development OECD, Paris.

6.5.4 Statistical Analysis

The results of the above cases were used to determine a calculat1ona1
bias, b, defined by

Kook b

where k represents the calculated estimate of Kk

calc

A lower tolerance 1imit b_was established such that one is 95% confident
that 95% of the population is above the limit. The non-central t-distribution
gives a prescription (Resnikoff and Lieberman 1956) for this Timit:

bL=bav¢ -Kbs b

where b, is the mean value and s, is the corresponding sample variance. The
multiplier K, was found from statistical tables of the non-central
t- d15tr1but1on that depended on the number of degrees of freedom for the

supporting measurements.

Table B6-16 shows the results: the average bias, baw, and the
associated sample variance (expressed as a standard deviation, s,) for each of
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"the three individual data sets and for the pooled total set of data. The
average assigned exper1menta1 uncerta1nty, mave, is shown for compar1son

Table B6-16. Statistical Monte Carlo N-Particie Bias
Resuits for Three Experiments and the Pooled Data.

_Description n. | b mk | s, mk Cpaves Mk | sb/o, ...
-l U0g-H;0 selution ¢ . 12 f12 |44 BB l0.76
Mark IA elements - |3 ~~|0.8-~ 6.0  -~|5.0 --- |1.20
Benchmark experiment | 8 -3.2 2.2 3.5 0.64
Pooled data 23 | -0.4 3.8 49 0.78
Based on the results in Table B6-16, the pooled bias of b, = ~0.4 mk

was chosen for the final result. This cho1ce includes the Tower values of the
benchmark. data, giving a conservative resuit. A standard deviation of s

5.0 mk was chosen in favor of the somewhat lower value of 3.8 mk assoc1a%ed
with pooled sample variance. The latter value assumes that all the data
points are independent, while the larger value is generally consistent with
the results in Table B6-16.

Finally, a value of the multiplier K, was determined. A precise value
for K_ can only be determined for a known number of degrees of freedom.
Never%he]ess for a 95/95 toierance limit, standard non-central t-distribution
tables show that K, ranges from 2.4 to 1.9 as the degrees-of-freedom range
from 20-100. G1ven that a somewhat conservative value was already chosen for
s, a conventional and rounded value of K, = 2.0 is a good practical choice.

The final result for the Tower to]eraﬁce limit of the bias (calculated to
two significant figures and rounded up to be conservative) is

b, = -0.4 - (2)(5.0)
= -11 mk

Therefore, +11 mk should be added to MCNP criticality computed results prior
to checking for other prescribed limits.

To account for MCNP statistical uncertainties, an additional value
1.645 g, is added in quadrature to the bias uncertainty. This means that the
MCNP statistical uncertainties are not correlated to the uncertainty in the
bias when compared to experiment. The value of 1.645 is the number of
standard deviations in the standard normal distribution required to yield 95%
confidence in the calculation. For example, a value of 0.=2.0 mk would yield
a combined 1imit of:

-0.4-[10%+(1.645x2)%1"2 = -10.9 mk.
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6.5.5 Results.

The results are summarized by
Icm,,»o.ooo4:',/0.0102»'(1.645%,,‘)2 < K

where k., ..and 0., represent the calcutated value for k.. and its standard. -
:-..deviation. respectively. The limit, K¢ ‘is-an establisHed Timiting value.

- The multiplier -of 1.645 was obtained'%rom~tab1es‘of the normal-distribution. -
This multiplier ensures that 95% of the MCNP popuiation .is.bounded by the
Timit and assumes that there is no uncertainty- in the standard deviation,
o'calz:‘

An alternative calculation can be made by assuming a value of g,  that
is larger than that accepted by almost all criticality calculations done by

specialists using MCNP is 0.004 k. For this value, the bias Timit would be:

Kia15+0.0004+/0. 0102+ (1.645%0.004) 2 < k.00

kcalt,'(klimit—o 013k

S0
k_,;.t0.013k < Kyjpi,

A1l resulting values are rounded up'to be conservative.

Using the above calculated bias value means that the k. computed from a
new MCNP run would have to be below K ;;. = 0.013 k in meeting the allowable
Timit on K. For a k.. of 0.95, k., would have to be less than 0.937 to
be within acceptable 1imits. If this particular value is used for the
acceptable 1imit, the o, must be Tess than 0.004 for each calculation.
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6.7 APPENDIX:" MCNP CODE INPUT LISTINGS

The _following. files were .used in the criticality.analysis.
CFS (Common File System) in /w80395/mco/sarpcrit.tar.Z:

1A.
IA.

AL
IA.
IA.

il.
il

41
Sl
S

il.
il.

i2.1IA.
iz, IA.

i2.IA.
i2.1A.
i2.IA.
i2. IA.
i2.IA.

Iv.
Iv.

i1.1V.
1.1V,
i1.1V.

10
30

50.
70
00

10
30

50
70
00
10
30
50

A hardcopy of this file is printed
Like 11.IA.10, but the pattern’"4

0.30" in all cells except cell

Like-i1.7A.10, but the pattern:

0.50" in all cells except cell
Like i1.IA.10, but the pattern
0.70" in all cells except cell
Like.11.1A.10, but the pattern

" ih all cells except cells 437

437
"

vy
437
vy

A hardcopy of this file is printed

Like 11.IV.10, but the pattern
0.30" in all cells except cell
Like i1.1V.10, but the pattern
0.50" in all cells except cell
Like i1.1V.10, but the pattern
0.70" in all cells except cell
Like i1.1V.10, but the pattern
" in all cells except cell 480

"y
480
LY
480
LY
480
"4

A hardcopy of this file is pr1nted
"4

Like i2.IA.10, but the pattern
0.30" in all cells except cell
Like i2.IA.10, but the pattern
0.50" in all cells except cell
Like i2.IA.10, but the pattern
0.70" in all cells except cell
Like i2.IA.10, but the pattern
" in all cells except cell 427
Like i2.1A.10, but the pattern
1.00" in cell 430

Like i2.IA.10, but the pattern
0.30" in cell 430

Like i2.IA.10, but the pattern
0.50" in cell 430

Like i2.IA.10, but the pattern
0.70" in cell 430

427
"4
427
LY}
427
Il4

"0
"0
"0
'0

A hardcopy of this file is prlnted
ug

Like i2.1V.10, but the pattern
0.30" in all cells except cell
Like i2.1V.10, but the pattern
0.50" in all cells except cell
Like 12.1V.10, but the pattern
0.70" in all cells except .cell
Like i2.I1V.10, but the pattern
" in all cells except cell 470
Like i2.1V.10, but the pattern
1.00" in cell 473

470
ll4
470
|l4
470
Il4

"o
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below-
-1.00"

© 1,00
437+ . -
--1.00"

~1.00"

below

~1.00" 1§
-1.00" i
-1.00" i
-1.00" i

below

-1.00" i

-1.00"
-1.00"
-1.00"

below

-1.00" i
-1.00" i
~-1.00" i
-1.00" i

0

is
is

is

is.

is
is
is

is

replaced

replaced
replaced

rep]acéd

replaced
replaced
replaced

replaced

replaced
replaced
replaced
replaced
replaced
replaced
replaced

replaced

replaced
replaced
replaced
replaced

replaced

They. are

with

with

wifﬁ‘

with

with
with
with
with

with
wifh
with
with
with
with
with
with

with
with
with
with

with

stored .in:. ..
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i2.1V.13 Like i2.1V.10, but ‘the pattern "0

© " is replaced with "4 -
0.30" in.cell 473 o

#2.1V.15 Like 12.1V.10, but the pattern *0 " is replaced with "4 -
0.50" in cell 473 . T . . .
©42.1V.17 Like §2.1V.10, but the’ pattern “0 " is-replaced with "4 -

0.70" in cell 473

FILE i1.IA.10°
message: :

MCO SARP, Normal condition, MKIA, MCO water density 1.0, -annulus 0.0~
-1 388 -38

14 -1.00 S u=1 1S inner water..... position 1
22 -6.55 1 -2388 -389 u=1i $ zr clad
31 -18.58 2 -3388 -38 u=11i $ inner fuet
42 -6.55 3 -4 388 -389 u=1 $ zr clad
54 -1.00 4 -5 388 -389 u=1 $ water
62 -6.55 5 -6 3838 -389 u=t $ zr clad
7 6 -18.58 6 -7388 -389 u=t $ outer fuel
82 -6.55 7 -8388 -389 u=1 $ zr clad
94 -1.00 -9 388 -389 u=1 $ inner water..... position 2
102 -6.55 9 -10 388 -389 u=1 $ zr clad
111 -18.58 ~ 10 -11 388 -389 u=1 $ inner fuel
122 -6.55 11 -12 388 -389 u=1 $ zr clad
13 4 -1.00 12 -13 388 -389 u=1 i $ water
142 -6.55 13 -14 388 -389% u=1 i $ zr clad
15 6 -18.58 14 -15 388 -389 u=1 i $ outer fuel
16 2 -6.55 15 -16 388 -389 u=1 i $ zr clad
17 & =1.00 -17 388 -389 u=1 i $ inner water..... position 3
18 2 -6.55 17 -18 388 ~-389 u=1 i $ zr ctad
19 1 -18.58 18 -19 388 -389 u=1 i $ inner fuel
20 2 -6.55 19 -20 388 -389 u=1 i $ zr clad
21 4 -1.00 20 -21 388 -389 u=1 i $ water
222 -6.55 21 -22 388 -389 u=1 i $ 2r clad
23 6 -18.58 22 -23 388 -389 u=1 i $ outer fuel
24 2 -6.55 23 -24 388 -389 u=1 i $ zr clad
25 4 -1.00 -25 388 -389 u=11i $ inner water..... position 4
26 2 -6.55 25 -26 388 -389 u=1 i $ zr clad :
27 1 -18.58 26 -27 388 -389 u=1 i $ inner fuel
28 2 -6.55 27 -28 388 -389 u=1 i $ zr clad .
29 4 -1.00 28 -29 388 -389 u=1 i $ water
302 -6.55 29 -30 388 -389 u=1 i $ zr clad
31 6 -18.58 30 -31 388 -389 u=1i $ outer- fuel
322 -6.55 31 -32 388 -389 u=1i '$ zr clad
334 -1.00 -33 388 -389 u=1 i $ inner water..... position 5
342 -6.55 33 u=1 i $ zr.clad
351 -18.58 34 i $ inner fuel
362 -6.55 35 i $ zr ctad
374 -1.00 36 i $ water
38 2 -6.55 37 i $ zr clad
39 6 -18.58 38 i $ outer fuel
40 2 -6.55 39 i $ zr clad
4% 4 -1.00 ~41 388 -389 u=1i $ inner water..... position 6
42 2 -6.55 41 -42 388 -389 u=1 i $ zr clad
43 1 -18.58 42 -43 388 -389 u=1 i $ inner fuel
44 2 -6.55 43 -44 388 -389 u=1 i $ zr clad
45 4 -1.00 44 -45 388 -389 u=1 i $ water
46 2 -6.55 45 -46 388 -389 u=1 i $ zr clad
47 6 -18.58 46 -47 388 -389 u=1i $ outer fuel
48 2 -6.55 47 -48 388 -389 u=1 i $ zr clad
49 4 -1.00 -49 388 -389 u=1 imp:n=1 $ inner water..... position 7
50 2 -6.55 49 -50 388 -389 u=1 imp:n=1 $ zr clad
51 1 -18.58 50 -51 388 -389 u=1 imp:n=1 $ inner fuel
522 -6.55 51 -52 388 -389 u=1 imp:in=1 $ zr clad
53 4 -1.00 52 -53 388 -389 u=1 imp:in=1 $ water
54 2 -6.55 53 -S54 388 -389 u=1 imp:n=1 $ zr clad
55 6 -18.58 54 -55 388 -389 u=1 imp:n=1 $ outer fuel
56 2 -6.55 55 -56 388 -389 u=1 imp:n=1 $ zr clad
57 4 -1.00 -57 388 -389 u=1 impin=1 $ inner water..... position 8
58 2 -6.55 57 -58 388 -389 u=1 imp:n=1 $ zr clad"

B6-35



HNF-SD-TP-SARP-017 Rev. 0

591 -18.58 58 -59-388 -389 u=1 i $ inner fuel
»60 2 -6.55 -0 59- -60°388 -389 u=1 i $ zr clad
614 .-1.00 ~ -60 --61 388 -389 u=11i $ ‘water
. 622 -6.55 . .61. -62.388 -389 u=1i $ zr clad
- 63 6 -18.58 - 62 -63-388 -389 u=1 i $ outer fuel
T64 2 -6.55.7 63. -64-388. -389 u=1i $ zr clad N .
65 4 -1.00 -65 388 -389 u=1 i $ inner water..... position 9
66 2 -6.55 65 -66 388 -389 u=1 i $ zr clad
67 1 -18.58 66 -67 388 . -389 u=1 i $ inner fuel
68 2 - -6.55 67. -68 388 -389 u=1 i $ zr clad
-69 4 -1.00 68 -69 388 -389 u=1 i $ water
70 2 -6.55 - 69 -70-388 -3B89 u=1 i $ zr clad -
71 6 -18.58. © 70 -71:388 -3B89 u=1 i $ outer fuel
722 -6.55 - 71 -72-388 -389 u=t i $ zr clad -
734 -1.00 -73.388 -389 u=1 i $ inner water.....position 10
74 2 -6.55 73 -74 388 -3B89 u=1 i '$ zr clad
75 1 -18.58 74 -75 388 -389 u=1 i $ inner fuel
76 2 -6.55 75 =76 388 -389 u=1 i $ zr clad
774 -1.00 76 -77 388 -389 u=1 i $ water
782 -6.55 77 -78 388 -389 u=1 i $ zr clad
79 6 -18.58 78 -79 388 -389 u=1 $ outer fuel
80 2 -6.55 79 -80 388 -389 u=1 $ zr clad
81 4 -1.00 -81 388 -389 u=1 $ inner water..... position 11
822 -6.55 81 -82 388 -389 u=1 $ zr clad
83 1 -18.58 82 -83 388 -389 u=1: $ inner fuel
84 2 .-6.55 83 -84 388 -389 u=1 $ zr clad
85 4 -1.00 84 -85 388 -389 u=1 $ water
86 2 -6.55 85 -86 388 -389 u=1 $ zr clad
87 6 -18.58 86 -87 388 -389 u=1 $ outer fuel
88 2 -6.55 87 -88 388 -389 u=1 $ zr clad
89 4 -1.00 -89 388 -389 u=1 $ inner water..... position 12
96 2 -6.55 89 -90 388 -389 u=1 $ zr clad
91 1 -18.58 90 ~91 388 -389 u=1 $ inner fuel
92 2 -6.55 91 -92 388 -389 u=1 $ zr clad
934 -1.00 92 -93 388 -389 u=1 $ water
94 2 -6.55 93 -94 388 -389 u=1 $ zr clad
95 6 -18.58 94 -95 388 -389 u=1 $ outer fuel
96 2 -6.55 95 -96 388 -389 u=1 $ zr clad
97 4 -1.00 -97 388 -389 u=1 $ inner water..... position 13
98 2 -6.55 97 -98 388 -389 u=1 $ zr clad
99 1 -18.58 98 -99 388 -389 u=1 $ inner fuel
100 2 -6.55 99 ~100 388 -389 u=1 $ zr clad
101 4 -1.00 100 -101 388 -389 u=1 $ water
102 2 -6.55 101 -102 388 -389 u=1 $ zr clad
103 6 -18.58 102 -103 388 -389 u=1 $ outer fuel
104 2 -6.55 103 -104 388 -389 u=1 $ zr clad
105 4- -1.00 -105 388 -389 u=1 $ inner water..... position 14
106 2 -6.55 105 -106 388 -389 u=1 $ zr clad
107 1 -18.58 106 -107 388 -389 u=1 $ inner fuel
108 2 -6.55 107 -108 388 -389 u=1 $ zr clad
109 4 -1.00 108 -109 388 -389 u=1 $ water
110 2 -6.55 - 109 -110 388 -389 u=1 $ zr clad
111 6 -18.58 110 -111 388 -389 u=1 $ outer fuel
1122 -6.55 111 -112 388 -389 u=1 $ zr clad
13 4 -1.00 -113 388 -389 u=1 $ inner water..... position 15
114 2 -6.55 113 -114 388 -389 u= $ zr clad
115 1 -18.58 $ inner fuel
116 2 -6.55 $ zr clad
117 4 -1.00 $ water
118 2 -6.55 $ zr clad
119 6 -18.58 $ outer fuel
120 2 -6.55 $ zr clad
121 4 -1.00 $ inner water..... position 16
122 2 -6.55 $ zr clad
123 1 -18.58 $ inner fuel
126 2 -6.55 $ zr clad
125 4 -1.00 $ water
126 2 -6.55 $ zr clad
127 6 -18.58 $ outer fuel
128 2 -6.55 $ zr clad
129 4 -1.00 $ inner water..... position 17
130 2 -6.55 $ zr clad
131 1 -18.58 $ inner fuel
132 2 -6.55 $ zr clad
133 4 -1.00 $ water
134 2 -6.55 $ 2r clad
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135 6 -18.58 134 -135 388 -389
136 2 -6.55 135 -136 388 -389
137 4 -1.00 -137-388 * -389
138 2 -6.55 137 -138.388 -389

outer fuel

zr clad @ @ - S
jnner water.....position 18
zr-clad - - R

-18.58 150 -151 388 -389
-6.55 151 -152 388 - -389
-1.00 ~153 388 -389
-6.55 153 -154 388. -389

-18.58 154 -155 388 -389
-6.55 155 -156 388 -389

157 4 -1.00 156 -157 388 -389

158 2 -6.55 157 -158 388 -389

159 6 -18.58 158 -159 388 -389

160 2 -6.55 159 -160 388 -389

1614 -1.00 -161 388 -389

162 2 -6.55 161 -162 388 -389

163 1 -18.58 162 -163 388 -389

164 2 -6.55 163 -164 388 -389
-1.00 164 -165 388 -389
-6.55 165 -166 388 -389

-18.58 166 -167 388 -389
-6.55 167 -168 388 -389
-1.00 -169 388 -389
-6.55 169 -170 388 -389

-18.58 170 -171 388 -389

outer fuel

zr clad ..
inner water..... position 20
2r clad

inner fuel

zr clad

water

zr clad

outer fuel

zr clad

inner water..... position 21
zr clad

inner fuet

zr clad

water

zr clad

outer fuel

2r clad

inner water..... position 22
zr clad

inner fuel

139 1 -18.58 138 -139 388 -389 inner fuel -
140 2 -6.55 139 -140 388 -389 zr-clad
141 4 -1.00 140 -141 388 -389 water
142 2 -6.55 141 -142 388 -389 zr clad
143 6 -18.58 142 -143 388 -389 outer fuel
144 2 -6.55 . 143 -144 388 -389 zr clad- ° o
145 4 -1.00 -145 388 * -389 inner Water..... position 19
146 2 -6.55 145 -146 388 -389 2r clad ~ :
147 1 -18.58 146 -147 388 -389 inner fuet
148 2 -6.55 147 -148 388 -389 zr clad
149 4 -1.00 148 -149 388 -389 water
150 2 -6.55 149 -150 388 -389 2r clad
6
2
4
2
1
2

A A R L N L A W S O W A G A R A A Qe . e - Y Y Yo W i QL QA W i Y W W Y Y

TARBEAG AR AN ARGERAA R AR A an Gk ARRAARL 00T AR

CCCCCECCCOCCECCCCECCCCCCGCCCCCCCECECCOCCCCCCCCCCCOCCCCERECaCE

I

2

6

2

4

2

1
1722 -6.55 171 -172 388 -389 zr clad
173 4 -1.00 172 -173 388 -389 water
174 2 -6.55 173 -174 388 -389 u=1 i zr clad
175 6 -18.58 174 -175 388 -38% u=1 i outer fuel
176 2 -6.55 175 -176 388 -389 u=1 2r clad
177 4 -1.00 -177 388 -389 u=1 inner water..... position 23
178 2 -6.55 177 -178 388 -389 u=1 zr clad
179 1 -18.58 178 -179 388 -389 u=1 inner fuel
180 2 -6.55 179 -180 388 -389 u=1 zr clad
181 4 -1.00 180 -181 388 -389 u=1 water
182 2 -6.55 181 -182 388 -389 u=1 i zr clad
183 6 -18.58 182 -183 388 -389 u=1 i outer fuel
184 2 -6.55 183 -184 388 -389 u=1 i zr clad
185 4 -1.00 -185 388 -389 u=1 i inner water..... position 24
186 .2 -6.55 185 -186 388 -389 u=1 i zr clad
187 1 -18.58 186 -187 388 -389 u=1i inner fuel
188 2 -6.55 187 -188 388 -389 u=1 zr clad
189 4 -1.00 188 -189 388 -389 u=1 water
190 2 -6.55 189 -190 388 -389 u= z2r clad
191 6 -18.58 190 -191 388 outer -fuel
192 2 -6.55 191 -192 388 zr clad
193 4 -1.00 -193 388 inner water..... position 25
194 2 -6.55 193 -194 388 zr clad
195 1 -18.58 194 -195 388 inner fuel
196 2 -6.55 195 -196 388 zr clad
197 4 -1.00 196 -197 388 water
198 2 -6.55 197 -198 388 zr clad
199 6 -18.58 198 -199 388 outer fuel
200 2 -6.55 199 -200 388 zr clad
201 4 -1.00 -201 388 inner water..... position 26
202 2 -6.55 201 -202 388 zr clad
203 1 -18.58 202 -203 388 inner fuel
204 2 -6.55 203 -204 388 zr clad
205 & -1.00 204 -205 388 water
206 2 -6.55 205 -206 388 zr clad

207 6 -18.58 206 -207 388
208 2 -6.55 207 -208 388
209 4 -1.00 -209 388
210 2 -6.55 209 -210 388

outer fuel

zr clad

inner water..... position 27
zr clad

D T P P P R RV T ST R R R R R R yr e v e 3 R R B R T X T T T P T L T XXX
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-211 388 -389 u=1 i $ inner fuel
-212:388 =389 u=1 i $ zr ctad. - [ERON
-213 388 -389 u=1 i $ water. - R
-214 388 -389 u=1 i $ zpr clad .
-215-388 -389 u=t i $ outer fuel:
-216:388 -389 u=1 i =1 $ zr clad B . - :
~217 388 -389 u=1 imp:n=1 $ inner water.....position 28
-218 388 -389 u=1 imp:n=1 $ 2r clad - .
-219 388 -389 u=1 imp:n=1 $ inner fuel
-220.388 -389 u=1 imp:n=1 $ zr clad
-221 388 -389 u=1 imp:n=1 $ water
. -222.388 -389 u=1 imp:n=1 $ zr clad
-223 388 -389 u=1 imp:n=1 $ outer. fuel
~224 388 -389 u=1 imp:n=1 $ zr clad- - s
~225 388 . -389 u=1 imp:n=1 $ inner water.....position 29
-226 388 -389 u=1 imp:n=1 $ zr clad
~227 388 -389 u=1 imp:n=1 $ inner fuel
-228 388 -389 u=1 imp:n=1 $ zr clad-
-229 388 -389 u=1 imp:n=1 $ water
-230 388 imp:n=1 $ zr clad
-231 388 i =1 $ outer fuel
-232 388 $ zr clad
-233 388 $ inner water.....position 30
-234 388 $ zr clad
-235 388 $ inner fuel
-236 388 $ zr clad
-237 388 $ water
-238 388 $ zr clad
-239 388 $ outer fuel
-240 388 $ 2r clad
1-241 388 $ inner water.....position 31
-242 388 $ zr clad
-243 388 $ inner fuel
-244 388 $ zr clad
-245 388 $ water
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c/z
c/z
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c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

- 1422399

- 17.78000

10.66799
1422399

-18.47752
-12.31835
-12.31835
-12.31835
14.22399 -12.31835
14.22399 -12.31835
14.22399 -12.31835
14.22399 -12.31835
14.22399 -12.31835
17.78000 -6.15918
17.78000 -6.15918
-6.15918
-6.15918
-6.15918
-6.15918
-6.15918
-6.15918
~.00002
-.00002
-.00002
-.00002
-.00002
-.00002
-.00002
-.00002
6.15917
6.15917
6.15917
6.15917
6.15917
6.15917
6.15917
6.15917
12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
18.47752
18.47752
18.47752
18.47752
18.47752
18.47752
18.47752
18.47752
2463669
24.63669
2463669
2463669
2463669
24.63669
24.63669
2463669
2463669
2463669
2463669
163669
2463669
24.63669
163669
.63669
163669
163669
2463669
24.63669
2463669
163669
163669
163669
47752
47752
18.47752

14.22399

17.78000
17.78000
17,78000
17.78000
17.78000
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
24,.89200
24,89200
24.89200
24.89200
24.89200
24.89200
24.89200
24.89200
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
17.78000
17.78000
17.78000
17.78000
17.78000
17.78000
17.78000
17.78000
7.11200
7.11200
7.11200
7.11200
7.11200
7.11200
7.11200
7.11200
.00000
.00000
.00000
.00000
00000
.00000
.00000
.00000
~7.11200
-7.11200
-7.11200
-7.11200
-7.11200
-7.11200
-7.11200
-7.11200
-17.78000
-17.78000
-17.78000
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3.0531
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0.6223
1.4808
1.5824
2.2403
2,2962
2.9896
3.0531
0.5588
0.6223
1.4808
1.5824
2.2403

2.9896
3.0531

1.4808
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0.6223
1.4808

0.5588
0.6223
1.4808
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2.9896
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1.4808
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0.6223
1.4808
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outer fuel
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cladding
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cladding

outer fuel
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inner water..... position 31
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water..... position
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water..... position
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water.....position
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water..... position
cladding

inner fuel

cladding

water region
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outer fuel

cladding

inner water..... position
cladding

inner fuel
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outer fuel
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c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

c/z

c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

-17.78000
-17.78000
-17.78000 -
-17.78000
-17.78000
-21.33600
-21.33600
-21.33600
-21.33600
-21.33600
-21.33600
-21.33600
~21.33600
-24.89200
~24.89200
-24.89200
~24.89200
-24.89200

-24.89200 |

-24.89200
~24.89200
~24.89200
-24.89200
-24.89200
~24.89200
~24.89200
~24.89200
-24.89200
-24.89200
~21.33600
-21.33600
-21.33600
-21.33600
-21.33600
-21.33600
-21.33600
-21.33600
-17.78000
-17.78000
~17.78000
-17.78000
~17.78000
~17.78000
-17.78000
-17.78000
-7.11201
-7.11201
-7.11201
~7.11201
~7.11201
-7.11201
-7.11201
-7.11201
~.00001
-.00001
-.00001
-.00001
~.00001
-.00001
-.00001
-.00001
7.11199
7.11199
7.11199
7.11199
7.11199
7.11199
7.11199
7.11199
17.77999
17.77999
17.77999
17.77999
17.77999
17.77999
17.77999

18.47752
18.47752
18.47752
18.47752.
18.47752

12.31835 -

12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
.15918
.15918
.15918
-15918
.15918
.15918
.15918
.15918
-6.15917
-6.15917
~6.15917
-6.15917
~6.15917
-6.15917
-6.15917
-6.15917
~12.31834
-12.31834
-12.31834
-12.31834
-12.31834
~12.31834
-12.31834
-12.31834
-18.47751
~18.47751
~18.47751
-18.47751
~18.47751
~18.47751
-18.47751
-18.47751
~24.63669
-24.63669
~24.63669
-24.6366%
-24.63669
-24.63669
~24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
~24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
~24 63669
-24.63669
-24.63669
-24.63669
-18.47753
-18.47753
-18.47753
-18.47753
-18.47753
-18.47753
-18.47753
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1.5824
2.2403
2.2962
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0.5588
0.6223
1.4808
1.5824
2.2403
2.2962
2.9896
3.0531
0.5588
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1.4808
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2.2962
2.9896
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outer fuel
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cladding

outer fuel
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inner fuel
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cladding

outer fuel

cladding
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cladding

inner fuel

cladding
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cladding

outer fuel
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inner fuel
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cladding

outer fuel

cladding
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cladding

inner fuel

cladding

water region
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outer fuel
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c/z - AT.T7999 -18.47753 3.0531 $ cladding :
c/z 21.33599 -12.31836° 0.5588 $ inner water..... position 47
c/z - 21.33599 -12.31836 0.6223 $ cladding =~ o
c/z 21.33599 -12.31836 1.4808 " $ inner fuel.
c/fz - 21.33599 -12.31836 1.5824 $ cladding
c/z 21.33599 -12.31836 2.2403 $ water region
c/z 21.33599 -12.31836 2.2962 $ cladding
c/z - 21.33599 -12.31836 2.9896 $ outer -fuel
c/z 21.33599 -12.31836 3.0531 $ cladding
c/z . 24.89200 -6.15919: 0.5588 $ inner water..... position. 48
c/z 24.89200 -6.15919 0.6223 $ cladding :
c/z 246.89200 -6.15919 1.4808 $ inner fuel
c/z : 24.89200 -6.15919 - 1.5824 $ cladding
c/z 24.89200 -6.15919 2.2403 $ water region
c/z 24.89200 -6.15919 2.2962 $ cladding
c/z 24.89200 -6.15919 2.9896 $ outer fuel
c/z 24.89200 -6.15919 3.0531 $ cladding
cz 29.21001 . $ basket radius 11.375%
cz 8.41375. $ ss insert outer radius
cz 7.3025 $ ss insert inner radius
pz  -170.4975 © $ lowest scrap position
pz 171.45 $ highest scrap position
cz 0.70 $ optimum scrap radius
cz 0.76268 $ scrap token clad radius
24 1.22848 $ lattice hexagon planes
px -1.22848
P -0.57735 1.0 0.0 1.41853
P 0.57735 1.0 0.0 -1.41853
P 0.57735 1.0 0.0 1.41853 .
P -0.57735 1.0 0.0 -1.41853 :
cz 28,8925 $ basket radius 11.375"
cz 30.48 $ meo opening radius 124
cz 50.5587 $ outer steel radius
cz 50.5588 $ water outside mco
cz 8.41375 $ ss insert outer radius
cz 7.3025 $ ss insert inner radius
pz 196.6975 $ top of water reflector
pz 171.4499 $ top of scrap basket #1
pz 115.2525 $ top of ss plate #1
pz 114.3 $ top of water gap #e
pz 111.1377 $ top of intact fuel #2
pz 58.1025 $ top of ss plate #2
pz 57.15 $ top of water gap #3
pz 53.9877 $ top of intact fuel #3
pz 0.9525 $ top of ss plate #3
pz 0.0 $ top of water gap #h
pz -3.1623 $ top of intact fuel #4
pz -56.1975 $ top of ss plate #4
pz -57.15 $ top of water gap #5
pz -60.3123 $ top of intact fuel #5
pz -113.3475 $ top of ss plate #
pz -114.3 $ top of scrap basket #6
pz  -170.49749 $ top of ss plate #6
pz  -171.45 $ top of ss end cap
pz  -195.2752 $ bottom of ss end cap
pz  -195.2753 $ water below mco
cz 29.21 $ meo liner
cz 31.9913 $ water gap
pz 227.1775
pz | 236.0675
pz 218.2875
cz 39.37
pz  236.0676
py -50.5587
p -1.73205 1 0 101.1174
p 1.73205 1 0 276.2578
p 1.73205 1 0 -50.5587
p -1.73205 1 0 -225.6991
py 112.8495
py -81.0387
p -1.73205 1 0 162.0774
p 1.73205 1 0 337.2178
pz  -225.7553
pz 266.5476

101.118 0 0

B6-46




‘HNF-SD-TP-SARP-017 Rev. 0

tr2 + 50.5588 87.571
mode n
keode 3000 0.5 10 50
ksrc 9.82784 0.0 143.35125 $ start of first cask
-9.82784 0.0 143.35125
0.0 9.67545  84.6201 -
0.0 -9.67545 84.6201
0.0 9.67545 27.4701
0.0 -9.67545 27.4701
0.0 9.67545  -29.6799
0.0 -9.67545  -29.6799
0.0 9.67545.  -86.8299
0.0 -9.67545 - -86.8299
9.82784 0.0 -142.39875
-9.82784 0.0 -142.39875 .
110.94584 0.0 143.35125 8 start of second cask
91.29016 0.0 143.35125 $ +101.118 added to x
101.118 9.67545 84.6201 : . i

101.118  -9.67545 84,6201

101.118 9.67545 27.4701

101.118  -9.67545 27.4701

101.118 9.67545  -29.6799

101.118  -9.67545  -29.6799

101.118 9.67545  -86.8299

101.118  -9.67545  -86.8299

110.95584 0.0 ~142.39875

91.29016 0.0 -142.39875

60.38664 87.571 163.35125 $ start of third cask
40.73096 87.571 143.35125 $ +50,5588 added to x
50.5588 97.24645 84.6201 $ +87.571 added to y
50.5588 77.89555 84.6201

50.5588 97.24645 27.4701

50.5588 77.89555 27.4701

50.5588 97.24645  -29.6799

50.5588 77.89555  ~29.6799

50.5588 97.24645  -86.8299

50.5588 77.89555  -86.8299

60.38664 87.571  -142.39875

40.73096 87.571  -142.39875

1 92235.50c -0.009471 92238.50c -0.990529 $ mkia inners

3

m2 40000.50c  -1.000 $ zr clad
c $5-304L from Nuclear Systems Materials Handbook Rev. 36
3 6000.50¢ -0.0003 25055.50¢ -0.02 15031.50c -0.01
28000.50¢ -0.0925 24000.50c -0.19 26000.55¢ -0.6872
m 1001.50¢c  -0.1119 8016.50c -0.8881 $ water
mt4 Lutr.01t .
ms 6000.50¢c  -0.0003%6 $ borated stainless steel 304

25055.50c -0.0198 $ (8.03 g/cc)

14000.50¢  -0.0099

24000.50c -0.1881

28000.50c  -0.091575

26000.55¢  -0.680229

'5010.50c  -0.00199

5011.55¢ -0.00801
ms 92235.50c  -0.012491 92238.50c -0.987509 $ mkia outers
m? 92235.50¢ - -0.011494 92238.50¢c -0.988506 $ mkia scrap
m8 8016.50c  0.22000 7014.50c  0.78000 $ Air
totnu
ctme 350.
dben 7j 20000
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FILE i1.1v.10

message:

MCO- SARP, normal condition, MKIV, MCO density 1.0, anrulus density 0.0
14 -1.00 =1.436 -437 imp:n=1 u=1 $ inner water.....position
22 -6.55 i u=1$ zr clad
31 -18.58 u=1 $ inner fuel
42 -6.55 u=1 $ zr clad
54 -1.00 u=1 $ water °
62 -6.55 u=1$ zr clad
7 6 -18.58 u=1 $ outer fuel
82 -6.55 u=1$ zr clad !

94 -1.00 u=1 $ inner water..... position

102 -6.55 u=18% zr clad .

111 -18.58 u=1 $ inner fuel

122 -6.55 u=1$ 2r clad .

13 4 -1.00 u=1 $ water

142 -6.55 u=1$ zr clad

15 6 -18.58 u=1 $ outer fuel

16 2 -6.55 u=1 % zr clad

17 4 -1.00 u=1 $ inner water..... position

182 -6.55 u=1$ zr clad

19 1 -18.58 u=1 $ inner fuel

20 2 -6.55 u=1 $ zr clad

214 -1.00 u=1 $ water

22 2 -6.55 u=1$ 2r clad

23 6 -18.58 u=1 $ outer fuel

24 2 -6.55 u=1 $ zr clad

25 4 -1.00 -25 436 -437 imp:n=1 u=1 $ inner water..... position

26 2 -6.55 25 -26 436 -437 imp:n=1 u=1$ zr clad

27 1 -18.58 26 -27 436 -437 imp:n=1 u=1 $ inner fuel

28 2 -6.55 27 -28 436 -437 imp:n=1 u=1 $ zr clad

29 4 -1.00 28 -29 436 -437 imp:n=1 u=1 $ water

302 -6.55 29 -30 436 -437 imp:n=1 u=1 $ zr clad

31 6 -18.58 30 -31 436 -437 imp:n=1 u=1 $ outer fuel

322 -6.55 31 -32 436 -437 imp:n=1 u=1$ 2zr clad .

33 4 -1.00 -33 436 -437 imp:n=1 u=1 $ inner water..... position

34 2 -6.55 33 -34 436 -437 imp:in=1 u=1 $ zr clad

35 1 -18.58 34 -35 436 -437 imp:n=1 u=1 $ inner fuel

362 -6.55 35 -36 436 -437 impzn=1 u=1 $ zr clad

374 -1.00 36 -37 436 -437 impin=1 u=1 $ water

382 -6.55 37 -38 436 -437 imp:n=1 u=1 $ zr clad

39 6 -18.58 38 -39 436 -437 imp:in=1 u=1 $ outer fuel

40 2 -6.55 39 -40 436 -437 imp:n=1 u=1 $ zr clad

414 -1.00 -41 436 -437 imp:n=1 u=1 $ inner water..... position

42-2 -6.55 .41 -42 436 -437 imp:in=1 u=1 $ zr clad :

43 1 -18.58 42 -43 436 -437 imp:n=1 u=1 $ inner fuel

44 2 -6.,55 43 -44 436 -437 imp:n=1 u=1 $ zr clad

45 4 -1.00 44 -45 436 -437 imp:n=1 u=1 $ water

46 2 -6.55 45 -46 436 -437 imp:in=1 u=1 $ zr clad

47 6 -18.58 46 -47 436 -437 imp:n=1 u=1 $ outer fuel

48 2 -6.55 47 -48 436 -437 imp:n=1 u=1 $ zr clad

49 4 -1.00 -49 436 -437 impin=1 u=1 $ inner water..... position

50 2 -6.55 49 -50 436 -437 imp:n=1 u=1 $ zr clad

51 1 -18,58 50 -51 436 -437 imp:n=1 u=1 $ inner fuel

52 2° -6.55 51 -52 436 -437 imp:n=1 u=1 $ zr clad

53 4 -1.00 52 -53 436 -437 imp:n=1 u=1 $ water

54 2 -6.55 53 -54 436 -437 imp:in=1 u=1$ 2zr clad

55 6 -18.58 54 -55 436 -437 imp:n=1 u=1 $ outer fuel

56 2 -6.55 55 -56 436 -437 imp:n=1 u=1$ zr clad

57 4 -1.00 ~57 436 -437 imp:n=1 u=1 $ inner water..... position

58 2 -6.55 57 -58 436 -437 imp:n=1 u=1 $ zr clad

59 1 -18.,58 58 -59 436 -437 imp:n=1 u=1$ inner fuel

60 2 -6.55 59 -60 436 -437 imp:n=1 u=1$ zr clad

61 4 -1.00 60 -61 436 -437 imp:n=1 u=1 $ water

62 2 -6.55 61 -62 436 -437 impin=1 u=1$ zr clad

63 6 -18.58 62 -63 436 -437 imp:n=1 u=t $ outer fuel

64 2 -6.55 63 -64 436 ~437 impin=1 u=1 $ zr clad

65 4 -1.00 -65 436 -437 imp:n=1 u=1 $ inner water..... position

66 2 -6.55 65 =66 436 -437 imp:n=1 u=1 $ zr clad

67 1 -18.58 66 =67 436 -437 imp:in=1 u=1 $ inner fuel

68 2 -6.55 67 -68 436 =437 imp:n=1 u=1$ zr clad

69 4 -1.00 68 -69 436 -437 imp:n=1 u=1 $ water

70 2 -6.55 69 -70 436 -437 imp:n=1 u=1$ zr clad
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outer fuel
zr clad . . 5
inner water..... position
zr clad
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zr clad

outer fuel

zr clad Coe
inner water.,...position
zr clad

inner fuel

2r clad

water

zr clad
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inner fuel
zr clad
water

zr clad
outer fuel
zr clad
inner water.
zr clad
inner fuel
zr clad
water

zr clad
outer fuel
zr clad .
inner water..... position
zr clad

inner fuel

zr clad

water

zr clad

outer fuel

zr clad -

-6.55 147 -148 436
-1.00 148 -149 436
~6.55 149 -150 436
-18. =151

.position

$

$

$

$

$

$

$

$

$

3

$

$

$

$

$

$

$

$

$

$

$

$

$ inner water..... position
$ zr clad

$ inner fuel

$ zr clad

$ water

$ zr clad

$ outer fuel

$ zr clad .

$ inner water..... position
$ zr clad :
$ inner fuel

$ zr clad

$ water

$ zr clad

$ outer fuel

$ zr clad

$ inner water..... position
$ zr clad

$ inner fuel

$ zr clad

$ water

$ zr clad

$ outer fuel

$ zr clad

$ inner water..... position
$ zr clad

$ inner fuel

$ zr clad

$ water

$ zr clad

$ outer fuel

$ zr clad

$ inner water..... position
$ zr clad

$ inner fuel

$ zr clad

$ water

$ zr clad

$ outer fuel

$ zr clad

$ inner water..... position
$ zr clad

$ inner fuel

$ zr clad

$ water

$ zr clad,

$ outer fuel

$ zr clad

$ inner water..... position
$ zr clad

$ inner fuel

$ zr clad

$ water

$ zr clad
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~6.55 197 -198 436 -437

-18.58 198 -199 436 -437 i
-6.55 199 -200 436 -437 i
-1.00 -201 436 -437 i
-6.55 201 -202 436 -437 i

-6.55 203 -204 436 -437 i
-1.00 204 -205 436 -437 i
-6.55 205 -206 436 -437 i

-6.55 207 -208 436 -437 i
-1.00 -209 436 -437 i
-6.55 209 -210 436 -437 i

R T T T T O T T R T TR T A A A A T T A A A T A A T T L A A A R

-6.55 211 -212 436 -437 i
-1.00 212 -213 436 -437 i
-6.55 213 -214 436 -437 1§

-6.55 215 -216 436 -437 i
-1.00 -217 436 -437 i
-6.55 217 -218 436 -437 i
-18.58 218 -219 436 -437 i
-6.55 219 -220 436 -437

-1.00 220 -221 436 -437 i
-6.55 221 -222 436 -437 imp:n=1
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-18.58
-6.55
-1.00
~6.55

-18.58
«6.55

-223 436

226 436
1225 436"

-226 436
-227 436
-228 436

-244 436
-245 436

-247 436
-248 436
-249 436
-250 436
-251 436
-252 436
-253 436
-254 436
=255 436
-256 436
-257 436

-260 436
-261 436

-286 436
-287 436
-288 436
-289 436
-290 436
-291 436
-292 436
-293 436
-294 436
-295 436
-296 436
-297 436
-298 436

-437 i

-437

=437 i
-437 i
~437 i
-437 i
-437 i
-437 i
=437 i
<437 i
~437 i
-437 i

-437
~437
~437
-437
-437
-437
~437
-437
-437
-437
-437
-437
-437
~437
-437
-437

HNF-SD-TP-SARP-017

u=1 $ outer fuel
u=1$ zr.clad. .
u=1-$ inner water.....
u=1 $ zr.clad |
u=1 $ inner fuel
u=1$ zr clad
u=1 $ water
u=1$ zr clad
u=1 $ outer fuel
u=1 $ zr clad .
u=1 $ inner water
u=t $ zr-clad
u=1..$ inner fuel
u=1 $ zr clad -
u=1 $ water
u=1 $ zr clad
u=1$ outer fuel
u=1 % z2r clad .
u=1_$ inner water.....
u=1$ 2r clad
u=1 $ inner fuel
u=1 $ zr clad
u=1 $ water
u=1$ zr clad
u=1 $ outer fuel
u=1 $ zr clad
u=1 $ inner water.....
u=13$ zr clad
u=1 $ inner fuel
u=1 $ zr clad
u=1 $ water
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ outer fuel
impin=1 u=1 % zr clad
imp:n=1 u=1 $ inner water.....
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ inner fuel
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ water
jmp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ outer fuel
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ inner water.....
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ inner fuel
jmp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ water
impin=1 u=1 $ zr clad
imp:n=1 u=1 $ outer fuel
imp:n=1 u=1 % zr clad
imp:n=1 u=1 $ inner water.....
imp:n=t u=1 $ zr clad
imp:n=1 u=1 $ inner fuel
impin=1 u=1 $ zr clad
imp:n=1 u=1 $ water
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ outer fuel
imp:n=1 u=1 $ zr clad
jmp:n=1 u=1 $ inner water.....
jmp:n=1 u=1 % zr clad
imp:n=1 u=1 $ inner fuel
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ water
imp:n=1 u=1 $ 2r clad
imp:n=1 u=1 $ outer fuel
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ inner water.....
imp:n=1 u=1 % zr clad
imp:n=1 u=t $ inner fuel
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ water
imp:n=1 u=1 ¢ zr clad
imp:n=1 u=1 $ outer fuel
imp:n=1 u=1 $ zr clad
imp:n=1 u=1 $ inner water.....
imp:n=1 u=1 $ zr clad
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position-29

'pés%fi%ﬁ.#o
position 31
position 32
position 33
position 34
posftion 35
position 36
position 37

position 38
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1299 1 -18.58 298 -299 436 u=1 $ inner “fuel

300-2  -6.55- 299--300.436 u=1 $.2r clad” *

301 4 -1.00 -300 -301 436 u=1 $ water " -

302 2 -6:55 -301 -302 436 u=1 $ zr clad

303 6 -18.58 302 -303 436 u=1 $ outer fuel

304 2 -6.55 303 -304 436 u=1$ zr clad ~ .
305 4 -1.00 -305 436 u=1 $ inner water..... position 39
306 2 -6.55 305--306 436 u=1$ zr clad

307 1 -18.58 306 -307 436 u=1-$ inner fuel

308 2. -6.55 .307.-308 436 u=1 $ zr clad

309 4 -1.00 308 -309 436 u=1 $ water

310 2 -6.55 309 -310 436 u=1 ¢ zr clad

311°6 -18.58 -310 -311 436 u=1 $ outer fuel

312 2 --6.55 311:-312 436 u=t $ zr clad R
313 4 -1.00 - -313 436 u=1 $ inner. water..... position 40
314 2 -6.55 313 -314 436 u=1 $ zr clad

315 1 -18.58 314 -315 436 u=1$ inner fuel

316 2- -6.55 315.-316.436 u=1 $ zr clad

317 4 -1.00 316 -317 436 u=1 $ water

318 2 -6.55 317 -318 436 u=1 $ zr clad

319 6 -18.58 318 -319 436 u=1 $ outer fuel

320 2 -<6.55 319 -320 436 u=1 $ zr clad

321 4 -1.00 -321 436 -437 imp:n=1 u=1 $ inner water..... position 41
322 2 -6.55 321 -322 436 -437 imp:n=1 u=1$ zr clad

323 1 -18.58 322 -323 436 -437 imp:n=1 u=1 $ inner fuel

324 2 -6.55 323 -324 436 -437 imp:n=1 u=1 $ zr clad

325 4 -1.00 324 -325 436 -437 imp:n=1 u=1 $ water

326 2 -6.55 325 -326 436 -437 imp:n=1 u=1$ zr clad

327 6 -18.58 326 -327 436 -437 imp:n=1 u=1 $ outer fuel

328 2 .-6.55 327 -328 436 -437 imp:n=1 u=1 $ zr clad

329 & -1.00 -329 436 -437 imp:n=1 u=1 $ inner water..... position 42
330 2 -6.55 329 -330 436 -437 imp:n=1 u=1 $ zr clad

331 1 -18.58 330 -331 436 -437 imp:n=1 u=1 $ inner fuel

332 2 -6.55 331 -332 436 -437 impin=1 u=1 $ zr.clad

333 4 -1.00 332 -333 436 -437 imp:n=1 u=1 $ water

334 2 -6.55 333 -334 436 -437 imp:n=1 u=1 $ zr clad

335 6 -18.58 334 -335 436 -437 imp:n=1 u=1 $ outer fuel

336 2 -6.55 335 -336 436 -437 imp:n=1 u=1$ zr clad

3374 -1.00 -337 436 -437 imp:n=1 u=1 $ inner water..... position 43
338 2 -6.55 337 -338 436 -437 imp:n=1 u=1 $ zr clad

339 1 -18.58 338 -339 436 -437 imp:n=1 u=1$ inner fuet

340 2 '-6.55 339 -340 436 -437 imp:n=1 u=1 % zr clad

341 4 -1.00 340 -341 436 -437 imp:in=1 u=1 $ water

342 2 -6.55 341 -342 436 -437 impin=1 u=1 $ zr clad

343 6 -18.58 342 -343 436 -437 imp:n=1 u=1 $ outer fuel

344 2 -6.55 343 -344 436 -437 impin=1 u=1 $ zr clad

345 4 -1.00 =345 436 -437 imp:n=1 u=1 $ inner water..... position 44
346 2 -6.55 345 -346 436 -437 imp:n=1 u=1 $ zr clad :

347 1 -18.58 346 -347 436 -437 imp:n=1 u=1 $ inner fuel

348 2 -6.55 347 -348 436 -437 imp:n=1 u=1$ zr clad

349 4 -1.00 348 -349 436 -437 imp:n=1 u=1 $ water

350 2 -6.55 349 -350 436 -437 imp:n=1 u=1 $ zr clad

351 6 -18.58 350 -351 436 -437 imp:n=1 u=1 $ outer fuel

352 2 -6.55 351 -352 436 -437 imp:n=1 u=1 $ 2zr clad

353 4 -1.00 -353 436 -437 imp:n=1 u=1 $ inner water..... position 45
354 2 -6.55 353 -354 436 -437 imp:n=1 u=1$ zr clad

355 1 -18.58 354 -355 436 -437 imp:n=1 u=1 $ inner fuel

356 2 -6.55 355 -356 436 -437 imp:n=1 u=1 $ zr clad

357 4 -1.00 356 -357 436 -437 imp:in=1 u=1 $ water

358 2 -6.55 357 -358 436 -437 imp:n=1 u=1$ zr clad

359 6 -18.58 358 -359 436 -437 imp:n=1 u=1 $ outer fuel

360 2 -6.55 359 -360 436 -437 imp:n=1 u=1 $ zr clad

361 4 -1.00 -361 436 -437 imp:n=1 u=1 $ inner water..... position 46
362 2 -6.55 361 -362 436 -437 imp:n=1 u=1 $ zr clad

363 1 -18.58 362 -363 436 -437 imp:n=1 u=1 $ inner fuel

364 2 -6.55 363 -364 436 -437 imp:n=1'u=1 $ zr clad

365 4 -1.00 364 -365 436 -437 impin=1 u=1 $ water

366 2 -6.55 365 -366 436 -437 imp:n=1 u=1$ zr clad

367 6 -18.58 366 -367 436 -437 imp:n=1 u=1 $ outer fuel

368 2 -6.55 367 -368 436 -437 imp:n=1 u=1 $ zr clad

369 4 -1.00 ~369 436 -437 imp:n=1 u=1 $ inner water..... position 47
370 2 -6.55 369 -370 436 -437 imp:n=1 u=1 $ zr clad

371 1 -18.58 370 -371 436 -437 imp:n=1 u=1 $ inner fuel

372 2 -6.55 371 -372 436 -437 imp:n=1 u=1 $ zr clad

373 4 -1.00 372 -373 436 -437 imp:n=1 u=1 $ water

376 2 -6.55 373 -374 436 -437 imp:n=1 u=1 $ zr clad

B6-52



HNF-SD-TP-SARP-017 Rev. 0

375 6 -18.58 374 -375436 u=1 $ outer fuel

3762 -6.55 375 -376 436 - u=1 $ 2r clad [ .
377 4 -1.00 -377 436 u=1 $ inner water.....position 48
378.2 -6.55 377 -378 436 u=1 $ zr clad v
379 1.-18.58 378 -379 436 u=1 $ inner fuel

380 2 -6.55 .379 -380 436 u=1.$ zr clad

381 4 -1.00 380 -381 436 u=1 $ water

382 2 -6.55 381 -382 436 u=1$% zr clad

383 6 -18.58 382 -383 436 u=1 $ outer fuel

384-2 :-6.55 383 -384 436 u=1-$ zr clad- .

385 4 -1.00 -385 436 u=1 $ inner water..... position 49
386-2 -6.55 385 -386 436 u=1 $ zr clad . -
3871 -18.58 386 -387 436 H u=1 $ inner fuel

388 2 -6.55 387 -388 436 H u=1$ zr clad

389 4 -1.00 388 -389 436 3 u=1 § water

390 2 . -6.55 389 -390 436 H u=1$ zr clad

391 6 -18.58 390 -391 436 : u=1 $ outer fuel

392 2 -6.55 391 -392 436 : u=1'$ zr clad . c
393 4 -1.00 -393 436 : u=1 $ inner water..... position 50
394 2 -6.55 393 -394 436 s u=1$ zr clad

395 1 -18.58 394 -395 436 H u=1 $ inner fuel

396 2 -6.55 395 -396 436 -437 imp:n=1 u=1 $ zr clad

397 4 -1.00 396 -397 436 -437 imp:n=1 u=1 $ water

398 2 -6.55 397 -398 436 -437 imp:n=1 u=1 $ zr clad

399 6 -18.58 398 -399 436 -437 imp:n=1 u=1 $ outer fuel

400 2 -6.55 399 -400 436 -437 imp:n=1 u=1 $ zr clad

401 4 -1.00 -401 436 -437 imp:n=1 u=1 $ inner water..... position 51
402 2 -6.55 401 -402 436 -437 imp:n=1 u=1 $ zr clad

403 1 -18.58 402 -403 436 -437 imp:n=1 u=1 $ inner fuel

404 2 -6.55 403 -404 436 -437 imp:n=1 u=1 $ zr clad

405 4 -1.00 404 -405 436 -437 imp:n=1 u=1 $ water

406 2 -6.55 405 -406 436 -437 imp:n=1 u=1$ zr clad

407 6 -18.58 406 -407 436 -437 impin=1 u=1 $ outer fuel

408 2 -6.55 407 -408 436 ~437 imp:n=1 u=1 $ zr clad

409 4 -1.00 ~409 436 437 imp:n=1 u=1 $ inner water..... position 52
410 2 -6.55 409 -410 436 -437 imp:n=1 u=1 $ zr clad

411 1 -18.58 410 -411 436 -437 imp:n=1 u=1 $ inner fuel

412 2 -6.55 411 -412 436 -437 imp:n=1 u=1 $ 2zr clad .

413 4 -1.00 412 -413 436 -437 imp:n=1 u=1 $ water

414 2 -6.55 413 -414 436 -437 imp:in=1 u=1 $ zr clad

415 6 -18.58 414 -415 436 -437 imp:n=1 u=1 $ outer fuel

416 2 -6.55 415 -416 436 -437 imp:n=1 u=1 $ zr clad

417 4 -1.00 ~417 436 -437 imp:n=1 u=1 $ inner water..... position 53
418 2 -6.55 417 -418 436 -437 imp:n=1 u=1 $ zr clad

419 1 -18.58 418 -419 436 -437 imp:n=1 u=1 $ inner fuel

420 2 -6.55 419 -420 436 -437 imp:n=1 u=1 $ zr ctad

421 4 -1.00 420 -421 436 -437 imp:n=1 u=1 $ water

422 2 -6.55 421 -422 436 -437 imp:n=1 u=1 $ zr clad

423 6 -18.58 422 -423 436 -437 imp:n=1 u=1 $ outer fuel

424 2 -6.55 423 -424 436 -437 imp:in=1 u=1'$ zr clad

425 4 -1.00 -425 436 -437 impin=1 u=1 $ inner water..... position 54
426 2 -6.55 425 -426 436 -437 imp:n=1 u=1 $ 2zr clad

427 1 -18.58 426 -427 436 -437 imp:n=1 u=1 $ inner fuel

428 2 -6.55 427 -428 436 -437 imp:n=1 u=1 $ zr clad

429 4 ~1.00 428 -429 436 -437 imp:n=1 u=1 $ water

430 2 -6.55 429 -430 436 -437 imp:n=1 u=1 $ zr clad

431 6 -18.58 430 -431 436 -437 imp:in=1 u=1 $ outer fuel

432 2 -6.55 431 -432 436 -437 imp:in=1 u=1 $ zr clad

433 4 -1.00 -433 436 -437

$ water

$ ss insert

$ water inside ss
$ fuel scrap

$. fuet clad

$ lattice water
imp:n=1

434 3 -8.03 -434 435 -437 436

435 4 -1.00 -~435 437 436

436 6 -18.82 -438

437 2 -6.55 438 -439

438 4 -1.00 439 -

439 0 -440 441 -444 443 -442 445 lat=2




VOOV NN =

-oww ocou CHLINWNNF WO P HHO P UFAWOI WS UHUOPRNIWIWON

{
t
4

0

HNF-SD-TP-SARP-017 Rev. 0

top water reflector
scrap in basket #1
'ss insert in basket #1
water inside ss insert
-sS plate S
water in gap LH2
ss insert in gap 74
water inside ss insert
intact fuel - #2

-446 ~453- 454 - 450 - fill=3.
-8.03 --453- 454 -450 451

-B.03 . ~45& 455 -469 . 450

-8.03 454 456 -450 451

AR

.éz:;g

-469 -456 457 ) fill=1
-8.03- . ~457 458:-469 .1 450 .
-1.00 -458 459 -469 450

-8.03 -457- 459 -450 451

<469 - «459.. 460 - - - fill=1
-8.03 -460 ..461 -469 450

water 'in gap N 1
‘ss ‘insert in gap" #3
water ‘inside ss insert
intact ‘fuel - #3
ss'plate” - : TT#3
water in gap #h
ss insert in gap # °
water inside ss insert
intact fuel - #4
ss plate

-8.03 -460 462 -450 451

469 462 463 ' fiust
-8.03 -463 464 ~469 450

-8.03 -463 464 -450 451 u ‘ss insert in gap #4
~1.00 -463 464 -451 u water inside ss insert
-446 -464 465 450 fitl=3 u scrap in basket #5
~8.03 -464 466 -450 451 u=h i ss insert in basket #5
-1.00 -464 466 -451 usb i water inside ss insert
-8.03 -465 466 -446 450 u=h i ss plate #
-8.03 -466 467 -448 u=b i ss mco bottom end cap
-8.03 © 446 -469 -453 454 u=b i side of top steel basket
-8.03 446 -469 -464 466 u=4 imp: side of bottom basket
-8.03 | 470 -448 -473 466 u=4 imp:n=1 $ steel on side of mco

(474:472:-467)

(448:-4673473) u=4 imp:n=1
-8.03 469 -447 -452 466 u=4 imp:n=1 $ mco tiner

447 -470 -452 466 u=4 imp:n=1 $ water.gap

mp:

HLTT HLT8 #4T9 476 -4TT -L78 468 -475 479 480 -481

imp:n=1 $ interstitial
n=1

-8.03 -470 452 -471 u=4 i
-8.03 (-474 473 -472)(470:471) u=4
468 -449 -475 fill=4 i
fke 477 but trcl=1 flll 4 i
ike 477 but trct=2 fill=4 imp:n=1
-1.00 (-468:475:-476:477:2478:-479: 480 481) #4TT #478 #479
(482 -483 -484 485 -486) |mp n=1 $ water surrounding mco
(-482: 483 4843-485:486) imp:n=0 $ outside world
c/z 3.55600 6.15917 0.6095 inner water..... position 1

c/z 3.55600 6.15917 0.6605 cladding
c/z 3.55600 6.15917 1.5480
c/z 3.55600 6.15917 1.6245
c/z 3.55600  6.15917 2.1605
c/z 3.55600 6.15917 2.2110
c/z 3.55600 6.15917 3.0165
c/z 3.55600  6.15917 3.0800
c/z -3.55600 6.15917 0.6095
c/z -3.55600 6.15917 0.6605
c/z -3.55600 6.15917 1.5480
c/z - 6.15917 1.6245 cladding

c/z 6.15917  2.1605 water region

$
$
$ jnner fuel
$
$
$
$
$
$
$
$
£3
. $
c/z -3.55600 6.15917 2.2110 $ cladding
$
$
$
$
$
3
$
$
$
$
$
$
$

cladding

water region

cladding

outer fuel

cladding

inner water..... position 2
cladding .
jnner fuel

c/z -3,55600 6.15917 3.0165 outer fuet

c/z -3.55600 6.15917 3.0800 cladding

c/z -7.11200 .00000 0.6095 inner water..... position 3
c/z -7.11200 .00000 0.6605 cladding

c/z ~7.11200 .00000° 1.5480 inner fuel

c/z -7.11200 .00000 1.6245 cladding

c/z -7.11200 .00000 2.1605 water region

c/z ~7.11200 .00000 2.2110 cladding

c/z -7.11200 .00000 3.0165 outer fuel

c/z -7.11200 .00000 3.0800 cladding

c/z -3.55600 -6.15917 0.6095 inner water..... position 4
c/z -3.55600 -6.15917 0.6605 cladding

c/z -3.55600 -6.15917 1.5480 inner fuel

c/z -3.55600 -6.15917 1.6245 $ cladding

c/z +3.55600 -6.15917 2.1605 $ water region

c/z -3,55600 -6.15917 2.2110 $ cladding

c/z - -3.55600 -6.15917 3.0165 $ outer fuel
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c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

c/z

c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
cfz
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
cfz
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

~3.55600. -6.15917
3.55600 -6.15917
3.55600 -6.15917
3.55600 -6.15917
3.55600 -6.15917
3.55600 -6.15917-
3.55600 -6.15917
3:55600 -6.15917
3.55600 -6.15917
7.11200 .00000
7.11200 .00000
7.11200 00000
7.11200 00000
7.11200 .00000
7.11200 .00000
7.11200 .00000
7.11200 .00000

10.66800  6.15917

10.66800  6.15917

10.66800  6.15917 -

10.66800  6.15917

10.66800  6.15917

10.66800  6.15917

10.66800  6.15917

10.66800  6.15917
7.11200 12.31835
7.11200 12.31835
7.11200 12.31835
7.11200 12.31835
7.11200 12.31835
7.11200 12.31835
7.11200 12.31835
7.11200 12.31835

.00000 12.31835
.00000 12.31835
00000 12.31835
00000 12.31835
00000 12.31835
00000 12.31835
.00000 12.31835
.00000 12.31835

-7.11200 12.31835

-7.11200 12.31835

-7.11200 12.31835

-7.11200 12.31835

-7.11200 12.31835

~7.11200 12.31835

-7.11200 12.31835

-7.11200 12.31835

~10.66800  6.15917
~10.66800  6.15917
-10.66800  6.15917
-10.66800  6.15917
-10.66800  6.15917
-10.66800  6.15917
-10.66800 .6.15917
-10.66800 6.15917
-14.22400 .00000
-14.22400 .00000
-14.22400 .00000
-14.22400 00000
-14.22400 .00000
-14.22400 00000
-14.22400 .00000
-14.22400 00000
-10.66800 ~6.15917
-10.66800 -6.15917
-10.66800 -6.15917
-10.66800 -6.15917
-10.66800 -6.15917
-10.66800 -6.15917
-10.66800 -6.15917
-10.66800 ~6.15917

-7.11200 -12.31835
-7.11200 -12.31835
~7.11200 -12.31835
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3.0800 $ cladding o
0.6095 $ inner water.....position 5
0.6605 $ ctadding’ .
1.5480 - $ inner fuel
1.6245 $ cladding
2.1605 $ water region’
2.2110 $ cladding
3.0165 $ outer fuel
3.0800 $ cladding
0.6095 $ inner water..... position 6
0.6605 $ cladding
1.5480 $ inner fuel
1.6245 '$ cladding
2.1605 $ water region
2.2110 $ cladding
3.0165 $ outer fuel
3.0800 $ cladding
0.6095" $ inner water..... position 7
0.6605 $ cladding
1.5480 $ inner fuel
1.6245 $ cladding
2.1605 $ water region
2.2110 $ cladding
3.0165 $ outer fuel
3.0800 $ cladding
0.6095 $ inner water..... position 8
0.6605 $ cladding
1.5480 $ inner fuel
1.6245 $ cladding
2.1605 $-water region
2.2110 $ cladding
3.0165 $ outer fuel
3.0800 $ cladding
0.6095 $ inner water.....position ¢
0.6605 $ cladding
1.5480 $ inner fuel
1.6245 $ cladding
2.1605 % water region
2.2110 $ cladding
3.0165 $ outer fuel
3.0800 $ cladding
0.6095 $ inner water..... position 10
0.6605 $ cladding
1.5480 $ inner fuel
1.6245 $ cladding
2.1605 $ water region
2.2110 $ cladding
3.0165 $ outer fuel
3.0800 $ cladding
0.6095 $ inner water..... position 11
0.6605 $ cladding
1.5480 $ inner fuel
1.6245 $ cladding
2.1605 $ water region
2.2110 % cladding
3.0165 $ outer fuel
3.0800 $ cladding
0.6095 $ inner water..... position 12
0.6605 $ cladding
1.5480 $ inner fuel
1.6245 $ cladding
2.1605 $ water region
2.2110 $ cladding
3.0165 $ outer fuel
3.0800 $ cladding
0.6095 $ inner water..... position 13
0.6605 $ cladding
1.5480 8 inner fuel
1.6245 $ cladding
2.1605 $ water region
2.2110 $ cladding
3.0165 3 outer fuel
3.0800 $ cladding
0.6095 $ inner water..... position 14
0.6605 $ cladding
1.5480 $ inner fuel

B6-55



c/z
c/z
c/z
c/z

ce/z

c/z
c/z
c/z
c/z

-c/z

c/z

c/z’

c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

-efz

c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

. ©/z

c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

c/z

c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

c/z -

c/z

-7.11200 -12.31835
<7:11200. -12.31835
-7.11200 -12.31835
-7.11200 -12.31835
-7.11200 -12.31835
. -00000 -12.31835

.00000 -12.31835

.00000 -12.31835

.00000 -12.31835
. .00000.-12.31835

.00000 -12.31835

.00000 -12.31835

.00000 -12.31835
7.11200. -12.31835
7.11200 -12.31835
7.11200 -12.31835
7.11200 -12.31835
7.11200 -12.31835
7.11200 -12.31835
7.11200 -12.31835
7.11200 -12.31835
10.66800 -6.15917
10.66800 -6.15917
10.66800 -6.15917

10.66800 -6.15917

10.66800 -6.15917
10.66800 -6.15917
10.66800 -6.15917
10.66800 -6.15917
14.22400 .00000
14.22400 .00000
14.22400 00000
14.22400 .00000
14.22400 .00000
14.22400 .00000
14,22400 .00000
14.22400 .00000
17.78000  6.15917
17.78000  6.15917
17.78000  6.15917
17.78000  6.15917
17.78000  6.15917
17.78000  6.15917
17.78000  6.15917
17.78000  6.15917
14.22400 12.31835
14.22400 12.31835
14.22400 12.31835

114.22400 12.31835

14.22400 12.31835
14.226400 12.31835
14.22400 12.31835
14.22400 12.31835
10.66800 18.47752
10.66800 18.47752
10.66800 18.47752
10.66800 18.47752
10.66800 18.47752
10.66800 18.47752
10.66800 18.47752
10.66800 18.47752
3.55600 18.47752
3.55600 18.47752
3.55600 18.47752
3.55600 18.47752
18.47752
18.47752
18.47752
18.47752
18.47752
18.47752
18.47752
18.47752
18.47752
. 18.47752
-3.55600 18.47752

HNF-SD-TP-SARP-017 Rev. 0

1.6245
2,1605
2.2110
3.0165
3.0800
0.6095

3.0165
3.0800

1.5480

2.1605
22110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245

'2.1605

2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165

$ cladding

$ water region-
$ cladding -~

$ outer fuel

$ cladding ; o
$ inner water.....position.15
$ ctadding .

$ inner fuel

$ cladding

$ water region

$ cladding

$ outer fuel .

$ cladding

$ inner water..... position .16
$ cladding

$ inner fuel

$ cladding

$ water region

$ cladding

$ outer fuel

$ cladding

$ inner water..... position 17
$ cladding :

$ inner fuel

$ cladding

$ water region

$ cladding

$ outer fuel

$ cladding

$ inner water..... position 18
$ cladding

$ inner fuel

$ cladding

$ water region

$ cladding

$ outer fuel

$ cladding

$ inner water..... position 19
$ cladding

$ inner fuet

$ cladding

$ water region

$ cladding

$ outer fuet

$ cladding .
$ inner water..... position 20
$ cladding

$ inner fuel

$ cladding

$ water region

$ cladding

$ outer fuel

$ cladding

$ inner water..... position 21
$ cladding

$ inner fuel

$ cladding

$ water region

$ cladding

$ outer fuel

$ cladding

$ inner water.....position 22
$ cladding

$ inner fuel

$ cladding

$ water region

$ cladding

$ outer fuel

$ cladding

$ inner water..... position 23
$ cladding

$ inner fuel

$ cladding

$ water region

$ cladding

$ outer fuel
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c/z
c/z
c/z
c/z
c/2
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/2
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

-3.55600

-10.66800

-10.66800
-10.66800
-10.66800
-10.66800
-10.66800
-10.66800
-10.66800
~14.22400
-14.22400
=14.22400
~14.22400
~14.22400
~14.22400
~14.22400
-14.22400
-17.78000
~17.78000
-17.78000
=17.78000
-17.78000
-17.78000
-17.78000
~17.78000
-21.33600
-21.33600
-21.33600
-21.33600
~21.33600
-21.33600
-21.33600
-21.33600
~17.78000
-17.78000
-17.78000
-17.78000
-17.78000
~17.78000
-17.78000
-17.78000
-14.22400
-14.22400
-14,22400
~14.22400
~14.22400
-14.22400
-14.22400
-14,22400
-10.66800
~10.66800
-10.66800
-10.66800
-10.66800
-10.66800
-10.66800
-10,66800

-3.55601

-3.55601

-3.55601

-3.55601

-3.55601

~3.55601

-3.55601

-3.55601
.35599
+35599
.55599
.35599
.55599
.55599
.55599
55599
10.66799
10.66799
10.66799

A O G A G

18.47752
18.47752

18.47752-

18.47752
18.47752
18.47752
18.47752
18.47752
18.47752

12.31835-

12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
12.31835

-6.15917
-12.31834
-12.31834
-12.31834
-12.31834
-12.31834
-12.31834
-12.31834
-12.31834
-18.47751
-18.47751
-18.47751
-18.47751
-18.47751
-18.47751
~18.47751
~18.47751
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752
-18.47752

HNF-SD-TP-SARP-017

3.0800
0.6095
0.6605
1.5480
1.6245
2:1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480

$ cladding -

inner water....

3
$ cladding
$ inner -fuel : -
$ cladding ™ .°
$-water region:
$ cladding
$ outer fuel
cladding
inner. water....
cladding
inner fuel .
cladding
water- region
cladding
outer fuel
cladding

inner.water.....

cladding
inner fuel
cladding
water: region
cladding
outer fuel
cladding

inner water....

cladding
inner fuel
cladding
water region
cladding
outer fuel
cladding

inner water....

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$ cladding

$ inner fuel
$ cladding

$ water region
$ cladding

$ outer fuel
$ cladding
$ inner water....
$ cladding

$ inner fuel
$ cladding

$ water region
$ cladding
$ outer fuel
$ cladding
$

$

$

$

$

$

$

$

$

$

$

$

£

$

$

$

$

3

3

3

3

$

$

$

$

$

inner water....

cladding
inner fuel
cladding
water region
cladding
outer fuel

. cladding

inner water....

cladding
inner fuet
cladding
water region
cladding
outer fuel
cladding

inner water....

cladding
inner fuel
cladding
water region
cladding
outer fuel
cladding

inner water....

cladding”
$ inner fuel
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position 26

position 27

position 28

position 29

position 30

position 31

position 32
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/2
- ¢/Z

c/z

.efz
Te/z

c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

.efz

c/z
c/z
c/z
c/2z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
cl/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/2
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

- 14.22399

10.66799 -18.47752
10.66799 -18.47752
10.66799 -18.47752
10266799 ~18.47752
10.66799 -18.47752
14.22399 -12.31835
14.22399 -12.31835
1422399 -12.31835
-12.31835
14.22399.-12.31835
14.22399 -12.31835
14.22399 --12.31835
14.22399 -12.31835
17.78000°
17.78000
17.78000
17.78000
17.78000
17.78000
17.78000
17.78000
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
24,89200
24.89200
24.89200
24.89200
24.89200
24.89200
24.89200
24.89200
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600
21.33600

-6.15918
-6.15918
-6.15918

12.31835

18.47752

18.47752
18.47752
18.47752
18.47752
2463669
2463669
24.63669
24.63669
24.63669
24.63669
24.63669
24.63669
24,63669
24.63669
24.63669
24 .63669
24.63669
24.63669
26.63669
24.63669
24 .63669
2463669
24.63669
2663669
24.63669
24 .63669
24.63669

17.78000
17.78000
17.78000
17.78000
7.11200
7.11200
7.11200
7.11200
7.11200
7.11200
7.11200
7.11200
.00000
.00000
.00000
00000
00000
.00000
.00000
.00000
~7.11200
-7.11200
-7.11200
-7.11200
-7.11200
-7.11200
-7.11200

-6.15918"

HNF-SD-TP-SARP-017

cladding

1.6245 ¢

2.1605 $ water region -
2.2110 $ cladding

3.0165 $ outer fuel.
3.0800 $ cladding

-0:6095 $ inner water.....
0.6605 $ cladding E
1.5480 $ inner fuel
1.6245 $ cladding

2.1605 $ water region
2.2110 $ cladding

3.0165 $ outer fuel
3.0800 $ cladding

0.6095 $ inner water.....
0.6605 $ cladding

1.5480 $ inner fuel .
1.6245 $ cladding

2.1605 $ .water region
2.2110 $ cladding

3.0165 $ outer fuel
3.0800 $ cladding

0.6095 $ inner water.....
0.6605 $ cladding

1.5480 $ inner fuel
1.6245 $ cladding

2.1605 $ water region
2.2110 $ cladding

3.0165 $ outer fuel
3.0800 $ cladding

0.6095 $ inner water.....
0.6605 $ cladding

1.5480 $ inner fuel
1.6245 $ cladding

2.1605 $ water region
2.2110 $ cladding

3.0165 $ outer fuel
3.0800 $ cladding

0.6095 $ inner water.....
0.6605 $ cladding

1.5480 $ inner fuel
1.6245 $ cladding

2.1605 $ water region
2.2110 $ cladding

3.0165 % outer fuel
3.0800 $ cladding

0.6095 $ inner water.....
0.6605 $ cladding

1.5480 $ inner fuel
1.6245 $ cladding

2.1605 $ water region
2.2110 3 cladding

3.0165 $ outer fuel
3.0800 $ cladding

0.6095 $ inner water.....
0.6605 $ cladding

1.5480 $ inner fuel
1.6245 $ cladding

2.1605 $ water region
2.2110 $ cladding

3.0165 $ outer fuel
3.0800 $ cladding

0.6095 $ inner water.....
0.6605 $ cladding

1.5480 $ inner fuel
1.6245 $ cladding

2.1605 $ water region
2.2110 $ cladding

3.0165 $ outer fuel
3.0800 $ cladding

0.6095 $ inner water.....
0.6605 $ cladding

1.5480 $ inner fuel
1.6245 $ cladding

2.1605 $ water region
2.2110 $ cladding

3.0165 $ outer fuel
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position 35

position 36

position 37

position 38

pesition 39

position 40

position 41

position 42



c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/2
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
¢/z
c/z
c/z
c/z
c/z
c/z
cfz
c/z
c/z
c/z
c/z
c/z
c/z

s cfz

c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z
c/z

-7.11200
~17.78000
-17.78000
-17.78000
-17.78000
-17.78000
~17.78000
-17.78000
-17.78000
-21.33600
~21.33600
-21.33600
~21.33600
-21.33600
~21.33600
-21.33600
-21.33600
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-24.89200
-21.33600
-21.33600
-21.33600
-21.33600
-21.33600
-21.33600
~21.33600
-21.33600
-17.78000
-17.78000
-17.78000
-17.78000
-17.78000
-17.78000
-17.78000
-17.78000

-7.11201

-7.11201

-7.11201

-7.11201

-7.11201

-7.11201

~7.11201

-7.11201

-.00001
-.00001
-.00001
-.00001
-.00001
-.00001
-.00001
-.00001
7.11199
7.11199
7.11199
7.11199
7.11199
7.11199
7.11199
7.11199

17.77999

17.77999

17.77999

24.63669

18.47752 -

18.47752
18.47752
18.47752
18.47752
18.47752
18.47752

18.47752 .

12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
12.31835
6.15918
6.15918
6.15918
6.15918
6.15918
6.15918
6.15918
6.15918
-6.15917
-6.15917
-6.15917
-6.15917
-6.15917
-6.15917
-6.15917
-6.15917
-12.31834
-12.31834
-12.31834
-12.31834
-12.31834
-12.31834
-12.31834
-12.31834
-18.47751
-18.47751
-18.47751
-18.47751
-18.47751
-18.47751
-18.47751
-18.47751
-24.63669
-24.,63669
-24.63669
-24.63669
~24.63669
-24.63669
-24.63669
-24.63669
-24.63669
~24.63669
~24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-24.63669
-18.47753
-18.47753
-18.47753

HNF~SD-TP-SARP-017

3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110

-3.0165

3.0800
0.6095
0.6605

1.5480 -

1.6245
2.1605
2.2110
3.0165
3.0800

. 0.6095

0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800
0.6095
0.6605
1.5480

$
3
$
$
$
$
$
$
$
$
3
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
3
$
$
$
$
3
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
3
3
$
$
$
$
$

cladding
inner water.
cladding
inner fuel
cladding
water.fegion

cladding

outer fuel

cladding .

inner water..... position.44
cladding ! : .
inner - fuel

cladding

water region

cladding

outer fuel

cladding

inner water..... position 45
cladding

inner fuel

ctadding

water region

cladding

outer fuel

cladding

inner water..... position 46
cladding

inner fuel

ctadding

water region

cladding

outer fuel

cladding

inner water..... position 47
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water..... position 48
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water..... position 49
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water..... position 50
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water.....position 51
cladding

inner fuel

cladding

water region

cladding

outer fuel

cladding

inner water..... position 52
cladding

inner fuel

.position-43
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HNF-SD-TP-SARP-017

2.2110
3.0165
3.0800
-0.6095
0.6605
1.5480
1.6245
2.1605
2.2110
3.0165
3.0800

1.74842
-1.74842
1.74842
-1.74842

wwmwmwwmmmwwwmmmwwwmwmwmwwwwm

PP PP PR AP PP P A PP NP PP PANP RPNV BBV

cladding

water regioh’

cladding
outer fuel -

cladding
inner watei
‘cladding

inner fuel
cladding
water region
cladding
outer fuel
claddlng
inner waterii... pos1t1on 54
claddlng
inner fuel
cladding .
water region
cladding
outer fuel
cladding

basket

radius 11.375%

ss insert outer radius
ss insert inner radius

Lowest

scrap position

highest scrap position
optimum scrap radius

scrap token clad radius

.o position 53 ©

Rev.

scrap lattice hexagon planes

basket

radius 11.375"

mco opening radius 12"
outer steel radius 20°
water outside mco

ss insert outer radius
ss insert inner radius

top of
top of
top of
top of
top of
top of
top of
top of
top of
top of
top of
top of
top of
top of
top of
bottom

water reflector
scrap basket #1
ss plate #1
water gap #2
intact fuel #2
ss plate #2
water gap #3
intact fuel #3
ss plate #3
water gap #h
intact fuel #4
ss plate #4
scrap basket #5
ss plate #5
ss end cap

of ss end cap

water below ss end cap
mco tiner
water gap

top of
top of
top of

shield plug
cask lid
cask side

Lid radius

top of cell with fill=4

$ bottom of water reflector

~e/z 17.77999 -18.47753
ez v ATLT7999 -18.47753
c/z . 17.77999 -18.47753
c/z 17.77999 ~18.47753
c/z i 17.77999 ~18.47753
c/z = 21.33599 .-12.31836
c/z . 21.33599 -12.31836
c/z 21.33599 -12.31836
c/z 23.33599 -12.31836
c/z 21.33599--12.31836
c/z 21.33599 -12.31836
c/z 21.33599 ~12.31836
c/z 21.33599 -12.31836
c/z 24.89200 - -6.15919
c/z 24.89200 ° -6.15919
c/z 24.89200 -6.15919
c/z 24.89200 -6.15919
c/z 24.89200 .--6.15919
743 24.89200 -6.15919
c/z 24.89200 . -6.15919
c/z 24.89200 -6.15919
cz 29.2101
cz 3.302
cz 2.2225
pz  -169.545
pz 170.4975
cz 0.9
cz 0.96444
pX 1.51418
px -1.51418
3 -0.57735 1.0 0.0
P 0.57735 1.0 0.0
P 0.57735 1.0 0.0
[ -0.57735 1.0 0.0
cz 28.8925
cz 30.48
cz 50.5587
cz 50.5588
cz 3.302
cz 2.2225
pz 197.6501
pz 170.49749
pz 103.251
pz  102.2985
pz 101.346
pz 35,052
pz 34.0995
pz 33.147
pz -33.147
pz -34.0995
pz -35.052
pz  -101.346
pz  -102.2985
Pz -169.5449
pz  -170.4975
pz  -194.3227
pz  -194.3228
cz 29.21
cz 31.9913
pz  228.1301
pz  237.020%
pz  219.2401
cz 39.
pz  237.0202
py -50.5587
p -1.73205 1 0 101.1174
p 1.73205 1 0 276.2578
p 1.73205 1 0 -50.5587
p -1.73205 1 0 -225.6991
py 112.8495
py -81.0387
p -1.73205 1 0 162.0774
p 1.73205 1 0 337.2178 |
pz -224.8028
pz 267.5002

$ top of water reflector
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tr1 101.118 0 0
tr2 50.5588 87.571
mode n
kcode 3000 1.0 10 50
ksrc 6.05672 0.0 - 136.87425
: -6.05672 0.0 136.87425
6.00775 0.0 68.199
-6.00775 0.0 68.199
6.00775 0.0 0.0
-6.00775 0.0 0.0
6.00775 0.0 -68.199
-6.00775 - 0.0 -68.199 .
6.05672- 0.0 -135.92175
-6.05672 0.0 -135.92175" . $ 10 source points
107.17472 0.0 136.87425° $ start of second MCO
95.06128 0.0 136.87425 $ +101.118 added to x
107.12575 0.0 68.199
95.11025 0.0 68,199
107.12575 0.0 0.0
95.11025 0.0 0.0
107.12575 0.0 -68.199
95.11025 0.0 -68.199
107.17472 0.0 -135.92175
95.06128 0.0 -135.92175 $ 10 source points

56.61552 87.571 136.87425 $ start of third MCO
44.50208 87.571 136.87425 $ +50.5588 added to x

56.56655 87.571 68.199 $ +87.571 added to y
44.,55105 87.571 68.199
56.56655 87.571 0.0
44.55105 87.571 0.0
56.56655 87.571 -68.199
44.55105 87.571 -68.199
56.61552 87.571  -135.92175
44.50208 87.571 -135.92175 $ 10 source points
ml 92235.50¢  -0.009471 92238.50c -0.990529 $ mkiv inners
m2 40000.50¢c -1.000 $ zr clad
c $5-304L from Nuclear Systems Materials Handbook Rev. 36
w3 6000.50c -0.0003 25055.50¢ -0.02 15031.50c -0.01
28000.50¢ -0.0925 24000.50c -0.19 26000.55¢ -0.6872
mh 1001.50¢  -0.1119 8016.50c -0.8881 $ water
mté lwtr.01t
w5 6000.50c  -0.000396 $ borated stainless steel 304
25055.50c -0.0198 $ (8.03 g/ce)

14000.50¢  -0.0099
24000.50c -0.1881
28000.50¢ -0.091575
26000.55¢ -0.680229
5010.50c -0.00199
5011.55¢ -0.00801
mb 92235.50c  -0.009471 92238.50c -0.990529 $ mkiv outers
m7 92235.50¢ -0.011494 92238.50c -0.988506 $ mkia scrap
1] 92235.50c -0.012491 92238.50c -0.987509 $ 1.25 wt% scrap
m 8016.50c  0.22000 7014.50c  0.78000 $ Air
totnu
ctme 350,

FILE i2.IA.10

message:

MCO SARP Vertical Drop, MKIA, MCO density of 1.0 g/cc, gap 0.0 g/cc

1 6-18.82 -1 u=1 imp:n=1 $ MKIA fuel scrap

2 2 -6.55 1-2 u 1 imp:n=1 $ fuel clad

3 4 -1.00 2 u=1 imp:n=1 $ lattice water

4 0 -5 6-9 8-7 10 tat=2 w=2 fills1 impin=1

5 7 -18.82 -3 u=3 imp:n=1 $ MKIA fuel rubble

6 2 .-6.55 3 -4 u=3 imp:n=1$ fuel clad

7 4 -1.00 4 us3 imp:n=1 $ lattice water

8 0 -11 12-15 14 -13 16 lat=2 u=4 fill=3 imp:in=1

10 4 -1.00 -405 24 -398 17 imp:n=1 $ water in gap #1
1 3 -8.0 -40524 -17 18 imp:n=1 $ ss insert in gap #1
12 4 -1.00 -405 24 -18 imp:n=1 $ water inside ss insert
13 0 -424 -24 25 17 fill=2 imp:n=1 $ scrap in basket #
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-8.0 -2% 25 -17
-1.00 24 25 -18 -
-8.0 -25 26 -42h- 17
-h24 -26 27 17 . .
-8.0 -25 27 -17 18
<1.00 -25 27 -18. .
-8.0  -27 28 -424° 17
<424 -28 29 17 .
-8.0 -27 29 -17 18
-1.00 -27 29 -18
-8.0 -29 30 -426 17
<424 -30 31 17 .
-8.0 -29 31 -17 18
-1.00 -29 31 -18
8.0 -31 32 -42% 17
Si24 <32 33 17
-8.0 -31 33 -17 18
-1.00 -31 33 -18
8.0 -33 34 ~424 17
-398 -34 35 17
-8.0  -33 421 -17 18
-1.00 -33 421 -18
8.0 -35 421 ~424 .17
8.0 -421 422 -400
-8.6 398 -424 -405
-8.0 398 -424 -34-
-8.0 425 -400 -428
-1.00

(4002 -422:428)
-8.0 424 -399 -404

cz
cz

cz

cz
€z
cz
pz
pz

399 -425 -404 4
-423:401:430

-8.0

-425 404 -426

21

18

HNF~SD-TP-SARP-017

24
35

421
((423 -401 -430)(429:427:-422))

fill=4

fill=4

fill=4

fill=4

fill=2

1
1
1

Rev. 0

$ ss insert in basket #1
$ water inside ss insert
$ ss pkaté . - #
$ MKIA rubble #2
$ ss insert in basket #2
$ water inside ss- insert
#2

$ MKIA rubble - #3
ss insert in basket #3
water inside ss insert
s plate

MKIA rubble #4
ss insert ‘in basket #4
water inside ss insert
ss plate #4
MKIA rubble #5
ss insert in basket #35
water inside ss insert
ss plate #5
scrap in basket #6
ss insert in basket #6
water inside ss insert
ss plate #6
$ ss mco bottom end cap

POPBHHOAPARALIAY
®

$ side of top steel basket

$ side of bottom basket

n
1 $ steel on side of mco

imptn=1 $ water surround1ng meo
421

-8.0 (-429 428 -427)(425:4626)
-1.00 -404 405 -424

0.70
0.76268
1.5
1.63431
1.22848
-1.22848
-0.57735
0.57735
.0.57735
-0.57735
2.25861
-2.25861
-0.57735
0.57735

-5.08 0 7.3

81.28
144.14498
87.94748
86.99498
37.62371
36.67121
~12.70006
~13.65256
-63.02383
-63.97633
-113.3476
-114.3001
-170.49764

196.6975
171.4499

PUGNIRN
cocoo

5
025

impsny

n=1 $ mco liner

imp:n=1 $ water gap
lmp n=0 $ outSIde world

impen=1
imp:n=1

imp:n=1 $ top water reflector

$ optimum scrap radius
$ scrap token clad radius
$ optimum rubble radius

$ rubble token ctad

radius

$ lattice hexagon planes for scrap

$ lattice hexagon planes for rubble

$ thicker ss insert outer radius
$ thicker ss insert inner radius

water outside mco
top of scrap #1

top of rubble #2
top of rubble #3
top of rubble #4
top of rubble #5

POV PRAPILPNBOY

top of scrap #6

outer steel radius 20"

top of ss plate #1
top of ss plate #2
top of ss plate #3
top of ss plate #4
top of ss plate #5
top of ss plate #6

PR XX

$ basket radius 11.375"
mco opening radius 12"
outer steel radius
water outside mco

ss insert outer radius
ss insert inner radius
top of water reflector
top of scrap basket #1
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406 pz 115.2525 $ top of ss plate #1
407 pz 114.3 $ top of water gap #
408 pz 111.1377 $ top of intact fuel #2
409 pz 58.1025 $ top of ss plate #2
410 pz 57.15 $ top of water gap #3-
411 pz ‘53,9877 $ top of intact fuel #3
412 pz 0.9525 $ top of ss plate #3
413 pz 0.0 $ top of water gap #4
414 pz -3.1623 $ top of intact fuel #4
415 pz -56.1975 $ top of ss plate #4
416 pz -57.15 $ top of water gap #5
417 pz ~60.3123 $ top of intact fuel #5
418 pz  -113.3475 $ top of ss plate #
419 pz  -114.3 $ top of scrap basket #6
420 pz -170.49749 $ top of ss plate #
421 pz  -171.45 $ top of ss end cap

422 pz  -195.2752 $ bottom of ss end cap
423 pz -225.7552 $ water below mco

424 cz 29.5275 $ mco liner

425 cz 31.9913 ’ $ water gap
426 pz 227.1775
427 pz 236.0675
428 pz 218.2875

39.37
430 pz 266.5475

mode n
kcode 1000 1.0 10 S0
ksre 22.11264 0.0 109.67079
-22.11264 0.0 109.67079
22.5861 0.0 57.28964
-22.5861 0.0 57.28964
22.5861 0.0 10.15359
-22.5861 0.0 10.15359
22.5861 0.0 -36.98246
-22.5861 0.0 -36.98246
22.5861 0.0 ~84.59476
-22.5861 0.0 -84.59476
22.11264 0.0 -136.97591
-22.11264 0.0 -136.97591 $ 12 source points
ml 92235.50c  -0.009471 92238.50c -0.990529 $ mkiv inners
m2 40000.50c  -1.000 $ zr clad
c $8-304L from Nuclear Systems Materials Handbook Rev. 36
m3 6000.50¢ -0.0003 25055.50c -0.02 15031.50c -0.01
28000.50c -0.0925 24000.50c -0.19 26000.55¢ -0.6872
™ 1001.50¢c  -0.1119 8016.50c -0.8881 $ water
nté wtr.01t
ms 6000.50c  -0.000396 . - $ borated stainless steel 304
25055.50¢ -0.0198 $ (8.03 g/cc)

14000.50c  -0.0099

24000.50c -0.1881

28000.50c -0.091575

26000.55¢ -0.680229

5010.50c -0.00199

5011.55¢ -0.00801
mb 92235.50c -0.009471 92238.50c -0.990529 $ mkiv outers
m7 92235.50c -0.011494 92238.50c -0.988506 $ mkia scrap
m8 . 92235.50c -0.012491 92238.50c -0.987509 $ 1.25 wt¥ scrap
mo 8016.50c  9.22000 7014.50c  0.78000 $ Air
totnu
ctme 350,
print
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FILE i2.1V.10

message:

MCO.SARP; vertical drop, MKIV, MCO den5|ty 1.0, annutus density 0.0
-1 1

11 -18.82 =1 impz $ MKIV fuel scrap

2 2 -6.55 1-2 : . u=1 $ fuel clad

3 4 -1.00 2 u=1 imp. $ lattice water

4 0 -5.6-9 8-7 10 : lat=2 u=2 imp:n=1

5 1-18.82 -3 -ou=d i $.MKIV fuel rubble
6 2 -6.55 3 -4 . u=3 i $ fuel clad -

7 4 -1.00 4 C . u=3 ‘mp $ lattice water

8 0 -11 12 -15 14 =13 16 . lat=2 u=4 f impsn=1

10 4 <1.00 -469 22.-453 ° :n=1 $ water in gap #1

1 0 ~446 -22 23 fill=2 i $ scrap in basket #1
12 3 -8.0 -23 24 -469 $°'ss plate #1

13 0 ~469 -24 25 ©L fill=4 $ MKIV rubble #2

14 3 -8.0 -25 26 -469 $'ss plate #2

15 0 ~469 =26 27 fill=4 $ MKIV rubble #3

16 3 -8.0 -27 28 -469 $ ss plate #3

17. 0 -469 -28 29 fill=4 $ MKIV rubble #;

18 3 -8.0 -29 30 -469 $ ss plate #

19 O -446 -30 fill=2 $ scrap in basket #5
20 3 -8.0 -31 466 -469 $ ss plate #5

440 & -1.00 -452 453 -469

1 $ top water reflector
466 3 -8.0 -466 467 448

1 $ ss mco bottom end cap

467 3 -8.0 446 -469 -22 23 $ side of top steel basket
468 3 -8.0 446 -469 -30 31 n=1 $ side of bottom basket
469 3 -8.0 470 -448 -473 impsn=1 $ steel on side of mco
470 & -1.00 ((468 -449 -475)(474 472:-467))
(448:-467:473) imp:n=1 $ water surrounding mco
472 3 -8.0 469 -447 -452 466 jmp:n=1 $ mco liner
473 0 447 -470 -452 466 imp:n=1 $ water gap
474 0 - ~468:449:475 lmp n=0 $ outside world
475 3 -8.0 -470 452 -471 imp:n=1
476 3 -8.0  (-474 473 -472)(470:471) imp:n=1
1 ez 0.9 $ optimum scrap radius
‘2 cz 0.96444 $ scrap token clad radius
3 cz 1.5 $ optimum rubble radius
4 cz 1.60741 $ rubble token clad radius
.5 px 1.51418 $ lattice hexagon planes for scrap
6 px -1.51418
7P -0.57735 1.0 0.0 1.74842
8 p 0.57735 1.0 0.0 -1.74842
9 p 0.57735 1.0 0.0 1.74842
10 p -0.57735 1.0 0.0 -1.74842
11 px 2.25861 $ lattice hexagon planes for rubble
12 px -2.25861
13 p -0.57735 1.0 0.0 2.60802
16 p 0.57735 1.0 0.0 -2.60802
15 p 0.57735 1.0 0.0 2.60802
16 p -0.57735 1.0 0.0 -2.60802
17 cz 29.5275 $ basket diameter 23.25%
18 cz 50.8 $ outer steel radius 20"
19 cz 81.28 $ water outside mco
22 pz 152.5287 $ top of scrap #1
23 pz 85.2822 $ top of ss plate #1
26 pz 84.3297 $ top of MKIV rubble #2
25 pz 23.0728 3 top of ss plate #2
.26 pz 22.1203 $ top of MKIV rubble #3
27 pz ~39.1366 $ top of ss plate #3
28 pz -40.0891 $ top of MKIV rubble #4
29 pz -101.3460 $ top of ss plate #6
30 pz -102.2985 % top of scrap #5
31 pz -169.5450 $ top of ss plate #5

446 cz 28.8925  $ basket radius 11.375%

447 cz 30.48 $ mco opening radius 12" .
448 cz 50,5587 $ outer steel radius 20%
449 cz 81.0387 $ water outside mco

450 cz 3.302 $ ss insert outer radius
451 cz 2.2225 $ ss insert inner radius
452 pz 197.6501 $ top of water reflector
453 pz 170.49749 . $ top of scrap basket #1
454 pz 103.251 $ top of ss plate #1
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455 pz 102.2985
456 pz 101.346

464 pz  -102.2985

465 pz  -169.5449
466 pz  -170.4975
467 pz  -194.3227
468 pz - -224.8027
469 .cz 29.5275
470 cz 31.9913
471 pz  228.1301
472 pz  237.0201
473 pz  219.2401

39.37
475 pz  267.5001
mode n
kcode
ksrc 12.11344
-12.11344

9.03444
-9.03444

~9.03444
9.03444
-9.03444
12.11344
-12.11344

" 3000 1.0 10 100

0.
0.
0.
0.
9.03444 0.
0.
0.
0.
0.

I=R-Y-X-T-F-T-R-P-3

HNF-SD-TP-SARP-017 Rev. 0

114.3834
114.3834
50.68655
50.68655
-8.50815
-8.50815
-67.70285
-67.70285

-131.3997

0.0 -131.3997
92235.50c  -0,009471 92238.50c

top of water gap #
top of intact fuel #2
top of ss plate #2
top of water gap
top of intact fuel
top of ss plate
top of water gap
top of intact fuel
top of ss plate
top of scrap basket
top of ss plate

top of ss end cap
bottom of ss end cap
water below ss end cap
mco Liner

water gap

top of shield plug

top of cask iid

top of cask side

lid radius

$ top of cell with fill=4

VAPABIPPINAIHPPIPAIOROG
HHRBRUTG

$ 10 source points
-0.990529 $ mkiv inners
$ 2r clad

§8-304L from Nuclear Systems Materials Handbook Rev. 36
6000.50¢c -0.0003 25055.50c -0.02
28000.50c -0.0925 24000.50c -0.19 26000.55¢ -0.6872

ml
m2 40000.50c  -1.000
c
m3

me 1001.50c  -0.1119
mté lwtr.01t
ms 6000.50c  ~0.000396

25055.50c  -0.0198
14000.50c  -0.0099
24000.50c  -0.1881
28000.50¢  -0.091575
26000.55¢ -0.680229
5010.50¢ -0.00199
5011.55¢  -0.00801

8016.50¢c

mb 92235.50c  -0.009471 92238.50¢c
m7 92235.50c  -0.011494 92238.50¢
ms 92235.50c -0.012491 92238.50c

[0 8016.50¢c
totnu

ctme 350,

print

7014,

15031.50¢ -0.01
-0.8881 $ water

$ borated stainless steel 304
$ (8.03 g/cc)

-0.990529 $ mkiv outers
-0.988506 $ mkia scrap
-0.987509 $ 1.25 wt% scrap
50c  0.78000 $ Air
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This page inten:tion,a]]y Teft blank.
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7.0 STRUCTURAL EVALUATION

.- This section presents the structural performance evaluation of the MCO
Cask package. The MCO Cask package consists of the MCO Cask (designed by TN),
MCO (being designed by Parsons/VECTRA), fuel baskets (being-designed by
Parsons/VECTRA), and N Reactor fuel. The MCO Cask. tiedown and transport
system are not a structural part of the cask package and are discussed in

- Part B,:Section 10.0. Structural performance of.the MCO Cask package is

. .evaluated -for Hanford Site-specific environmental loading conditions and for
‘normal and accident conditions as defined in the Packaging Design Criteria for
the MCO Cask (WHC 1996) and the specification (WHC 1995).

The MCO Cask is designed by TN to meet the performance requirements
outlined in the WHC specification. As designed, the MCO Cask system is to
maintain containment of the payload during the NCT, and during and after
accident conditions. - The analyses summarized in this section verify the cask
package performance conforms with all applicable transportation structural
vequirements. Performance of this cask package is verified by analysis in
lieu of testing. Results of the performance evaluations demonstrate the MCO
Cask package meets all the requirements of the specification and the risk
assessment (Part B, Section 3.0).

7.1 STRUCTURAL EVALUATION OF PACKAGE

7.1.1 Structural Design Features

7.1.1.1 Design Features. The basic structural features of the MCO Cask are
described in this section.

The MCO Cask, as shown in Figure B7-1, consists of the MCO Cask, MCO,
baskets, and fuel. The MCO Cask provides the containment boundary under
normal and accident conditions of transport. Inside the MCO Cask, another
fuel retention boundary is provided by the MCO, but no credit for that
retention boundary is taken. Within the MCO are five or six storage baskets,
which hold the spent fuel assemblies in a circular array and, for Mark IA
fuel, provide criticality control via the center tube.

The MCO Cask containment structure is a heavy-walled, right circular
cylinder closed at the bottom end with welded-on forging. The top end is
sealed with a bolt-on closure 1id. Attached at 180° intervals at the top of
the closure 1id are two brackets of 304 stainless steel plate welded
construction fitted with the cask 1ifting trunnions. The cask body, bottom
end closure, and bolt-on closure Tid are of 304 stainless steel forged
construction. The Tifting brackets and trunnions are constructed of welded
304 stainless steel and attached to the cask 1id with 1.27-cm (0.5-in.) fillet
welds. Overall exterior dimensions of the cask are 101.1 cm (39.81 in.) in
diameter with a total length of 432.4 cm (170.3 in.), excluding the 1lifting
brackets. The MCO Cask cavity is 63.98 cm (25.19 in.) in diameter and
407.7 cm (160.5 in.) in length.
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Figure B7-1. Multicanister Overpack (MCO) Cask Package Sketch;~ -

Vent Port

Top Closure Lid

Clsoure Lid Bolts

i /——— Cosk Body

|, ———————nco

Spent Fuel
L~ Boskets

Orain Port

BottomEnd
Closure

Nominal wall thickness of the cylindrical portion of the cask body is
18.57 cm (7.31 in.), which provides both structural integrity and shielding.
At the top end of the cask body are 12, equally spaced, 1%-in.-6 UNC bolt
holes, which mate to the hat-shaped closure 1id. As an integral part of the
cask, the body is fitted with a 5.72-cm- (2.25-1in.-) thick, 2.54-cm- (1-in.-)
tall shear ring on the top end radial surface.

Forming the bottom closure of the cask is a 15.57-cm- (6.13-in.-)} thick
forged section, which is welded to the cask body by a full penetration weld.
Imbedded in the bottom closure forging is a cover drain port for cask

drainage. The drain port is equipped with a double shut-off quick-release
interface. :
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“The containment closure of the MCO Cask is provided by the hat-shaped
closure Fid. - Except. for. the Tifting device, the 1id. is fabricated from a

v . . single forging. . Nominal diameter.of, the flange section is 101.12 cm

©.(39.81 4n.). - Thickness of the hat section is 8.89 cm (3.50 in.). The flange

" section has a thickness of 10.16 cm (4.00 in.) and is equipped-with 12 equally

spaced ‘through holes placed on a 92.568-cm- (36.440-in.-) diameter bolt circle

for the 1%-in. closure bolts. Located on the cask mating surface of the-

* flange ‘is a dovetail seal groove (for capturing the containment 0-ring seal)

- and. a recess for the shear ring. The dovetail seal groove diameter.to -the .. .
interior edge is 80.19 c¢m (31.57 in.).. Welded to: the top of the closure 1id

- are two' 1ifting brackets. The brackets are each fitted with trunnions for
1ifting and handling both the cask and 1id. :

7.1.1.2 ‘ Design Criteria. The MCO Cask is.designed and fabricated to
performance specification (WHC 1995) and evaluated to the requirements of the
PDC. Structural design and fabrication criteria outlined in the specification
and PDC are derived from requirements for packaging and transportation that
are specific to the normal and accident conditions within the Hanford Site
boundary.

The MCO is not considered as a containment boundary. Its function in
conjunction with the spent fuel baskets is to maintain criticality control.
The center pipe of the spent fuel baskets provides structural criticality
control of the payload. This center pipe is designed and fabricated to the
intent of ASME B&PV Code, Subsection NG (1995c). As required by the PDC,
under all NCT and accident conditions the center pipe must be shown not to
deform more than 5.1 cm (2 in.) from the centerline.

7.1.2 Mechanical Properties of Materials

The MCO Cask primary structural and containment components are
constructed of forged 304 stainless steel, manufactured to ASME (1995a) SA-336
requirements. The closure bolts are fabricated from alloy steel conforming
the requirements of ASME (1995a) SA-479, XM-19 requirements. The mechanical
properties of the stainless steel and alloy steel materials used in the
containment boundary evaluation are shown in Table B7-1.
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Table B7-1. Mechanical Properties of Steels.”

+:ASTM spec./ |- Type or | . - Temp. Yield Sy1 ult. §y 2 . sz« - Moéylus :Coeff. 50f
. .comp.- . . grade . °F ! ksi . ks1 . ksi.., | (107 psi) _eXP-
R § 1078 in/in/°F
SA-336 v ' -20 to 100 30 70 20.0 - 28.3" 8.63
cask ‘body, . 200 25.0 . 66.2. 20.0 27.6 9.08
.bottem, and:.|. 304 <300 "22:5 © 615 ] . 20.0- 27.0 9.46
tid . 400 20.7 60 18.7 26.5 9.8
L 500 .. 19.4 59.3 17.5 25.8 10.10-
. ' . * *
| SA-479 ©-20 to 100 105 © 135 v 35 28.3 8.63 -
closure tid-. |~ . 200 99 . 133 T 33 . 27.6 9.08
bolts . XM-19 300 94 129 31.3 27.0 9.46
. 400 91 126 30.3 26.5 9.8
500 5 89 - 124 - 29.7 25.8 10.10
*
Assumed -20 to 100 30 70 17.5 28.3 8.63"
SA-182 - 304 200 25.0 C66.2 C16.6 Co2r.6 9.08
trunnions 300 22.5 61.5 - 155 26.5 9.46

ASTM = American Soclety for Testing and Materials.
ASME, 1995a, American Society of Mechanical Engineers Boiler and Pressure Vessel Code,
Sectlon1ll Amerlcan Society of Mechanical Engineers, New York, New York:
Part D, Table Y-1.
Part D, Table U.
Part D, Table 2A.
sPart D, Table TH-1,
sPart D, Table TE-1.
*These values are taken at 70 °F.

3

The primary containment O-ring seal, located between the Tid and the cask
body, is manufactured from Butyl rubber. This rubber is a vulcanized
petroleum product, made from co-polymerizing isobutylene and isoprene, with
h1gh resistance to gas permeation. Due to its gas permeation resistance, it
is commonly used in vacuum applications. The service temperature range for
this rubber 1s -54 °C (-65 °F) to 107 °C (225 °F). Butyl rubber has a density
of 0.92 gm/cm>, a hardness range of 45 to 80 Shore A durometer, and a tensile
strength of 21 MPa (3000 psi [Machine Design 1888]).

The MCO is constructed of materials conforming to ASME B&PV Code,
Subsection NB (ASME 1995b), Class 1 requirements. MCO components are
fabricated from ASME (1995a) SA-312, Type TP304L, and SA-182, Type 304L,
stainless steel for Class 1 components, except for the mechanical closure

_hardware. These components, the locking ring and shield plug, are
manufactured from fine-grain, low-ailoy carbon steel to prevent thread
galling. The compression bolts are manufactured from high-strength alloy
steel. Providing the seal on the MCO mechanical closure is metallic seal
manufactured by Helicoflex. The criticality control spent fuel basket center
pipe is constructed of SA-312, Type TP304 or 304L, for Class 1 components.
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7.1.3 Chemical and Ga]van1c React1ons

. -Exterior surface corrosion of the. MCO. Cask is not :a.concern since the

v,entlre containment -boundary is of 304 stainless: steel construction, and.all

. steel components in contact with the cask are painted. However, interior

surface corrosion is of concern since, during transport-from the K Basins to -
.-the CVDF, the 'spent fuel and baskets are submerged, and the MCO. and MCO.Cask

- are filled with K Basin water. Consequently, the spent fuel baskets, MCO, and

. .-‘MCO Cask are: susceptible to Tocalized corrosion. processes {e.g., pitting,

. crevice corrosion, or stress corrosion cracking) if certain aggressive

corrosive agents are present under certain conditions.

The MCOs. and baskets are fabricated using welded construction without.
post-weld heat treatment. Consequently, residual stresses (near yield
strength) in -and surrounding the weld areas may occur. This would make the
© MCO susceptible to stress corrosion cracking near the welds if aggressive.
corrosion agents are present. To minimize the potential for stress corrosion
cracking, a low-carbon. stainless steel was selected for containment
components. In addition, several operational parameters and physical
characteristics of the materials of construction preclude stress corrosion
cracking from being a problem during transport.

As with 304 stainless steel, 304L stainless steel materials develop a
passive chromium oxide film when exposed to air. Therefore, properly
fabricated and cleaned. critical components of the MCO, spent fuel basket, and
MCO Cask have a passive layer that protects against corrosion.  This passive
film is retained in natural water, whether hot or cold, with relatively high
pollution Tevels (Butler and Ison 1966). Since the conductivity of the water
in the K Basins ranges from 1 uS/cm to 5 pS/cm, which is only slightly higher
than distilled or demineralized water, the corrosion restraint properties of
critical stainless steel components are retained after the wet loading
operations, in the absence of aggressive corrosive agents. It has been
observed that at elevated temperatures (greater -than boiling), water
containing dissolved oxygen can cause stress corrosion cracking of sensitized
stainless steel (carbide precipitation at the grain boundaries). However, the
relatively low temperature of the water in the MCO and MCO Cask (less than
boiling) and the use of Tow-carbon stainless steel preclude this type of
stress corrosion cracking.

- The two most important aggressive agents of stainless steel corrosion are
chloride and fluoride ions. These two halogens will cause localized corrosion
of stainless steel in the form of pitting, crevice corrosion, or stress
corrosion cracking in moderate concentrations. The chloride content in the
K Basins is below the detectable 1imit (0.083 p/M by weight), and the fluoride
ion content is 0.248 p/M by weight. The water quality typically used for
mixing cleaning solutions, rinsing, and flushing of nuclear reactor components
requires halogen jon contents of less than 1 p/M by weight. Consequently,
neither of these halogen ions are of sufficient concentration to cause
localized corrosion during transport.

The MCO cask containment seal, manufactured from Butyl rubber, is not a
halogenated hydrocarbon and does not contain high Tevels of halogens or other
agents that are corrosive to 304 stainless steel. Butyl rubber is also highly
resistant to oxidation and ozone degradation. - .

B7-5
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~ - - There are-two possibilities for dissimilar metal contact in-the MCO and - -
. MCO Cask.during wet -transport. - The Zircaloy=2 fuel.cladding will contact.the ::

... MCO.stainless..steel baskets. Both.the. cladding. and.the. sta1n1ess steel have . . ...
"-passive.oxide: layers ‘and: exhibit the same' galvanic potential.: ConsequentTy,«~1:,.'

there is no galvanic corrosion for this alloy combination. The uranium fuel
may also come in contact with the MCO and spent fuel baskets in some-
locations. . Since the uranium is corroding.with a nonprotective -oxide layer,.
this: galvanic couple will not lead to accelerated corrosion of .the stainiess:
- -steel-baskets. During dry transport (CVDF to CSB) w1th the 11qu1d removed
ga]van1c corrosion is no longer poss1b1e .

7.1.4° Size of Package and Cavity

. The MCO €Cask is basically a hollow right circular cylinder with-an duter
diameter of 103.05 cm (40.57 in.) and length of 432.44 cm (170.25 in.). The
contents cavity is 63.98 cm (25.19 in.) in diameter and 407.67 cm (160.5 in.)
in Tength.

7.1.5 Weight and Center of Gravity

The gross weight of the package without water is 26,433 kg (57,910 1b),
with the center of gravity of the package located 211 cm (83.6 in.) from the
bottom. Empty weight of the package is 17,783 kg (39,204 1b), with the center
of gravity located 207.82 cm (81.82 in.) from the bottom of the package.
Weights of the individual components are shown in Table B7-2.

Table B7-2. Component Weights.

Component g;igﬂs
Cask body shell ] 15,895 (34,300)
Cask body bottom 965 (2,270)
Closure 1id 927 (1,890)
Empty weight of cask ' 17,783 (38,460)
Dry weight of Multicanister Overpack | = 8,310 (18,950)
Gross weight of cask (without water) 26,433 (57,910)

7.1.6 Tamper-Indicating Feature

This feature is not required due the weight of the 1id, number of closure
bolts, and MCO closure. - Removal of the 1id and MCO closure for access to the
payload requires specialized handling and 1ifting equipment.
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7.1.7 Positive Closure

. Positive closure of the MCO Cask is provided by 12, high-strength, steel
..socket head cap. screws (1%-6 UNC-2A x-7.25 in. long), which clamp the closure ..
1id to the top of the cask body. A second positive closure is prov1ded by the
mechanical closure system of the MCO. :

7.1.8 L1ft1ng and Tiedown Dev1ces

The MCO Cask is equipped with fwo trunnions (180° apart) for 11ft1ng and
handling. The trunnions are mounted on brackets .which are welded to the top
of the Tid as shown in Figure B7-2. As designed, the trunnions and brackets
are.constructed of 304 stainless steel material. The trunnions and brackets
are evaluated in Part B, Section 7.6, by classical linear-elastic methods.
Based on the yield and ultimate strength of common 304 stainless steel, the
evaluation shows the trunnion and bracket strength meets the requirements of
the PDC (WHC 1996) for Tifting of the MCO Cask.

Figure B7-2. MCO Lifting Trunnions
and Brackets.

7.1.9 Brittle Fracture

The containment boundary of the MCO Cask is constructed of 304 austenitic
stainless steel. Austenitic stainless steels are not susceptible to brittle
fracture at temperatures encountered in transport. Consequently, the use of
this material has been accepted by the U.S. Nuclear Regulatory Commission
(NRC) without testing.

The closure bolts are a high alloy ferritic steel. However,
NUREG/CR-1815 (NRC 1981) states that bolts are generally not considered a
fracture critical component. This is justified on the basis that bolts have
multiple load paths, and failure of one or more bolts can be tolerated since
failure normally does not lead to penetration or rupture of the package.
Therefore, since theré are 12 closure bolts on the package, failure of one or
two bolts in brittle fracture will not lead to penetration or rupture of the
package. Consequently, brittle fracture of the closure bolts does not need to
be evaluated or tested for this design.
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7.2 NORMAL TRANSFER CONDITIONS

7.2.1 Conditions To Be Evaluated

The following conditions or events are intended-to envelop the'effectsiof
_Hanford Site normal transfer conditions. .The structural verification of. the
MCO cask design -is contained in this section and in Part B, Section 7.7.

s, Reduced external pressure of 24.1 KPa (3.5 psia)
¢ Increased external pressure of 137.9 KPa (20 psia)
e Internal pressure load of 1.03 MPa (150 psig)

e Free drop from a height of 0.3 m (1 ft) onto a 20.32 cm (8 in.)
thick reinforced concrete surface with the fo110w1ng
characteristics:

- Concrete strength: 27.6 MPa (4,000 psi)
- Soil modulus: 193 MPa (28,000 psi)

_ Concrete reinforcement: No. 7 rebar with a yield strength
of 413.7 MPa (60,000 psi), spaced on 30.5 cm (12.0 in.)
centers with a 5.08 cm (2 in.) cover

e Package impact in the orientation expected to cause maximum damage

The most critical conditions and events are evaluated for the worst-case
environmental conditions. Load combinations for these evaluations are taken
from NRC Regulatory Guide 7.8 (NRC 1977).

7.2.2. Acceptance Criteria

_ Under the. above Hanford Site normal conditions, it must be demonstrated
that the design of the MCO Cask maintains containment and shielding of the
MCO. The containment boundary is defined as the cask structure. Stress
allowables used in the analyses are taken from NRC Regulatory Guide 7.6
(NRC 1978) and are compatible with the ASME B&PV Code, Section III, Article
NB-3000 (ASME 1995b). These stress allowables, combined with Tinear-elastic
analysis, are used to demonstrate containment during the NCT. ASME B&PV Code,
Section III, Subsection NB, Service Level A criteria are used for ana]yt1ca1
acceptance. The allowable stresses are given in Table B7-3.

NRC Regulatory Guide 7.6 recommends the use of linear-elastic analysis
stress allowables in Table B7-3. Bolts allowables are.taken from
NUREG/CR-6007 (Mok 1989). The use of these allowables prevents permanent’
deformation of the critical structural components of the containment barrier.
As specified in NRC Regulatory Guide 7.6 (NRC 1978), the NCT loads are
evaluated to Service Level A requirements.
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- Table B7-3. Cdntainment'Bpundary'stresses_Eva1uation'Criteria;

", Stress category - - “ﬁ T R co:ZET?éﬁs
. Pfiﬁary mémbrane stress intensity(® ) Sy
7 coTﬂﬁz:Pts Primary membrane + bending stress intensity(a) 1.5 Sp
than bolfs Range of primary + secondary stress intensity(b) 3.0 s
‘ Pure primary shear stresé(c)‘ ’ 0.6 Sﬁ
Average tension ' I . . I . ’ Sny
Average shear . . 0.6 s

) Average tension + average shear

Bolts Stress ratio of average stress/allowable 2 2
. Rt: Stress ratio for average tensile ‘

Rs: Stress ratio for average shear

Bolts having tensile strength of > 100 ksi 1.35 §
Tension + shear + bending + residual torsion m

@pefinitions according to: NRC, 1978, Design Criteria for the Structural Analysis of Shipping
Cask Containment Vessels, Regulatory Guide 7.6, Rev. 1, Paragraph B.4 and C.2, U.S. Nuclear Regulatory
Commissjon, Washington, D.C. .

bDefinitions according to: NRC, 1978, Design Criteria for_the Structural Analysis of shipping
Cask Containment Vessels, Regulatory Guide 7.6, Paragraph C.4, U.S. Nuclear Regulatory Commission,
Washington D.C.

Cpefinitions from: ASME, 1995b, American Society of Mechanical Engineers Boiler and Pressure

. Vessel Code, Section 111, Subsection NB-3227.2, American Society of Mechanical Engineers, New York,

New York.

Definitions from: Mok, G. C., 1989, Stress Analysis of Closure Bolts for Shipping Casks,
NUREG/CR-6007, Table 6.1, (under Lawrence Livermore National Laboratory contract to the NRC), U.S.
Nuclear Regulatory Commission, Washington, D.C., March 1978,

The normal conditions MCO Cask containment boundary consists of the cask
body, bottom end closure, top closure 1id, and O-ring seal which is compressed
by 12 closure bolts. Containment is also provided by the vent and drainport
covers and O-ring seals, each of which are compressed by four closure bolts.
The cask body, bottom end closure, and top closure 1id are thick-walled
sections manufactured from an ASME SA-336 stainless steel forging. Joining
the cask body and bottom is a full penetration ASME B&PV Code, Section III,
Subsection NB weld, forming the Tower end closure. The upper closure is
formed by the cask body and-the top closure 1id. On the mating surface of the
cask body is a 2.54-cm- (1.0-in.-) thick shear ring. This shear ring is
designed to reduce shear Toading on the bolts. The seating surface of the top
closure 1id flange section is fitted with 12, 4.1i-cm (1.62-in.}, underside
countered bore holes; a dovetail machined groove to accommodate a Butyl vubber
0-ring; and a recess for the shear ring. Twelve, 1%-in.-6 UNC closure bolts
secure the top 1id onto the cask body and compress the 0-ring seal, forming
the upper closure seal. The bolts are manufactured from ASME SA-540, Grade
B24, Class 1 material. The evaluations presented use the ASME B&PV Code
material properties given in Table B7-1. Table B7-4 shows the allowable
stresses as a function of temperature and loading.

The ASME B&PY Code stress intensity used for comparison to ASME
allowables is defined as the largest difference among the principal stresses.
For example, if ol, 02, and 03 are the three principal stresses and o1 > 02 >
03, then the ASME B&PV Code stress intensity is (ol - 03). "In all.evaluation

B7-9
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- cases, ‘the results of the finite element calculations are retrieved-and -
processed to obtain ‘the ASME B&PV Code stress:intensities. - Comparison of-the: -

h ASME B&PV. Code stress intensities versus the ASME B&PV Code allowables. are. .
~ used: to- demonstrate ‘the structural integrity and containment performance of

- the cask except in critical areas where plastic deformation’is-a primary’
factor, such as with the spent fuel baskets. . s -

*Table B7-4. ' Containment Boundary Normal Condition Allowable
. Stresses, MPa (ksi). . C

Stress category 70 °F ‘ 100 °F I 200 °F 300 °F " 400 °F
Material . SA-336, 304 stainless steel
Primary membrane stress 137.9 137.9 137.9 137.9 128.9
intensity (ksi) (20.0) (20.0) (20.0) - €20.0) (18.7)
Primary membrane + 206.8 206.8 206.8 206.8 193.7
Components | bending stress (30.0) (30.0) (30.0) (30.0> 8.1
bolts intensity (ksi) .
Range of primary + 413.7 413.7 413.7 413.7 386.8
secondary stress (60.0) (60.0) (60.0) (60.0) 6.1
intensity (ksi)
Primary shear stress 82.7 82.7 82.7 82.7 77.2
(ksi) (12.0) (12.0) (12.0) €12.0) 11.2)
Material ] SA-479, XM-19
i 241.3 241.3 227.5 215.8 208.9
t
Average tension stress (35.0) (35.0) 33.0) (31.3) (30.3)
Bolts 144.8 144.8 136.5 129.6 125.5
Average shear stress (21.0) (21.0) (19.8) (18.8) (18.2)
Tension + shear + 326.1 326.1 307.5 291.6 282.0
bending + residuat (47.3) 47.3) (44.6) (42.3) (49.9)

torsion

Although peak accelerations are determined, they are not used in
evaluation of the stresses. As determined from British Nuclear Fuels Limited
(BNFL) impact tests on concrete (Stokley and Williamson 1996), the use of peak
acceleration for quasi-static evaluations is overly conservative. The
integrity of the cask is a function of total impulse of the impact scenario.
Consequently, for this evaluation, the equivalent average stress over the
total impulse is used to determine the ASME B&PV Code stress intensity.

7.2.3 Structural Model

Structural evaluation of the cask system was performed using a variety of
analytical tools. Cask pressures are analyzed by the ABAQUS/Standard
(HKS 1995) finite-element analysis (FEA) program. Drop siresses and
deformation of the cask were analyzed using the ABAQUS/Explicit (ABAQUS 1995)
FEAhprogram. Lifting evaluations are performed using classic linear-elastic
methods. -

Data for benchmarking of'the analytical impact models was obtained from
cask drop tests onto various concrete and soil surfaces, which were conducted

B7-10
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- by Sandia National Laboratory (SNL) in 1986. Actual -cask impact test data is
isummarized .in an SNL report (Gonzales 1987), and pertinent:data is shown in -
Table B7-5 of this document. . e .

Table B7-5.° SNL Target Hardness Test Results.”

Maximum recorded Penetration
Test acceleration cm (in.)
(gs)
. 13 m/s (44 ft/s) . . 480 . ... 0.64 €0.25)
. Concrete .
runway 20 m/s (66 ft/s) 900 10 (4)
27 m/s (88 ft/s) 1000 20 ¢8)
13 m/s (44 ft/s) 350 10 (&
[
;ﬁ;;i;f 20 m/s (66 ft/s) -ee- 10 (&)
27 m/s (88 ft/s) 7500 48 (19)

§NL = Sandia National Laboratory. .

Gonzales, A., 1987, Target Effects on Package Response: An Experimental and Analytical
Evaluation, SAND86-2275, Sandia National Laboratory, Albuquerque, New Mexico.

This test data is used to develop and benchmark realistic two-dimensional
(2-D) and three-dimensional (3-D) models simulating cask impacts onto concrete
surfaces with the ABAQUS/Expiicit (ABAQUS 1995) general purpose finite element
program. The resulting computer simulations are used to determine
concrete/soil target behavior and simulation parameters.

Comparisons from three 2-D calibrated simulations to test.data are shown
in Table B7-6 to demonstrate the validity of the ABAQUS/Explicit FEA modeling
methods for cask impact evaluation. The 2-D 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 2-D model, the
concrete is modeled as a uniform isotropic material and the soil as nonlinear
spring elements.

Table B7-6. 2-D Model Comparison of Highway and Runway Concrete Impact.

Impact velocity Target Calculated Measured peak Calculated Measured
m/s (ft/s) peak g load . g load penetration penetration
. cm (in.) em (in.)
13.4 (44.0) concrete 583 350 9.4 (3.7 10.2 (4.0)
highway
13.4 (44.0) concrete 814 480 0.8 (0.3) . 0.64 (0.25)
runway
26.8 (88.0) concrete 1128 . 1000 13.5 (5.3) 20.3 (8.0)
runway

2-D = Two-dimensional.

Results comparing 3-D calibrated simulations to actual test data are
shown in Table B7-7 to demonstrate the accuracy and realistic representation
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of the ABAQUS/ExpTicit FEA modeling methods used: in the evaluation of casks
.. The: 3-D"model differs from 2-D model in"that the'soil and concrete-are:: . i
”.represented by. eight-node brick.elements.. ..These. changes.were.made for a. more.
-.. accurate. représentation of the concrete and ‘soit behavior. Comparison of the
2-D and 3-D modeling results with actual test ddta demonstrates the 3-D model
substantially 1mproves simulation accuracy of* cask 1mpacts onto concrete
surfaces.

.. Table-B7-7. '3-D Model Comparison-of ‘Runway Concrete Impact.

~Impact velocity Calculated Measured peak Calculated Measured
. m/s (ft/s) peak g load g load penetration penetration
cm'(in.) em (iny)
20.1 ¢66.0) 894 900 11,9 ¢4.7) 10.2 ¢4.0)
26.8 (88.0) 1343 1000 22.1 (8.7) 20.3 (8.0)

3-D = Three-dimensional.

7.2.3.1 ABAQUS/Explicit Model Description. The ABAQUS/Explicit computer code
is a dynamic FEA program that can be used for elastic, plastic, and other
inelastic analysis of structural members. The primary feature of
ABAQUS/Explicit is that it has the ability to solve impact problems.

Three different models are constructed to address different drop
conditions: the bottom end flat drop, the bottom end oblique drop, and the
top end oblique drop. ATl of these models use a half (180°) section for both
the projectile and target. The 1id, 1ifting brackets, and payload remain the
same for all cases while the cask body's meshes are modified to have finer
meshes around the impact point. The orientation of the cask/1id is kept
unchanged for all cases (i.e., Z for the vertical coordinate, and X and Y for
two horizontal coordinates).

The target model remains the same in all cases; only the orientation is
changed. The initial impact velocity in each case is modified in X, Y, and Z
axis components to reflect the impact orientation. These techn]ques minimize
the modeling efforts.

The ABAQUS/Explicit (ABAQUS 1995) FEA computer code evaluates the impact
by modeling two parts, a projectile and target. The projectile is defined as
the cask body, closure 1id, closure 1id boits, and contents. The target
surface is defined as the reinforced concrete pad and soil. In each case, the
two. impacting parts are defined, and the contact force is calculated from the
two impacting parts.

Several contact pairs are defined -in each drop case depending on drop
orientations. There is always a contact pair between the cask (projectile)
and the concrete pad (target). The concrete pad contact surface includes a
large central portion of the concrete pad through its entire depth. Because
the concrete and the smeared vebars in this study are allowed to undergo large
deformations, the lower layers of the concrete can become contact surfaces.
The other contact surface (or surfaces) for this pair is the cask impact
surface. For example, in the bottom end oblique drop, the cask impact
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surfaces include the bottom surface of the cask, the Tower portion of the -cask
 putside wall, and the outside surface of the.drain port cover.piate.  The

contact surfaces form contact pairs from which the contact force can be

obta1ned

The 1id bottom surface and- the cask top surface form another contact
pair. These.two surfaces are allowed to move apart, but are not allowed to
penetrate one another. Relative movement of the 1id to the cask body is

‘restrained by the 12 closure bolts. The shear key on the -cask body takes up

“the shear loads, sub3ect1ng the: TTd bolts to only tens11e Toads.

] .- The'payload (MCO and spent fuel basket) inside the cask cav1ty is modeled
by two separate contact pairs. The first pair is the exterior surface of the
payload and the interior surface of the cask body; the second pdir is the
exterior surface of the payload and the interior surface of the 1id. The main
function of. the payload is to generate a total weight of 27,215 kg (60,000 1b)
of the entire cask/transportation assembly (13,607 kg [30,000 1b] in this.
ha]f—section model) by modifying its density. Assuming the payload initially
rests in the cask when the cask is dropped in the top-down orientation, the
payload is free to slide and impact the ends of the cask. This results in
additional load effects on the cask. The payload is modeled as a solid
cylindrical body to conserve computing resources. (The primary function of
this model is to simulate the loaded weight of the MCO per the section
evaluation by modifying its density. The interfaces of the payload and the
cask interior surfaces share the same nodes for this analysis.)

The cask model uses finer meshes at the bottom section and the outer
cylindrical wall of the cask. Coarser meshes are on the top section and the
inner cylindrical wall. The 180° section of the cask is divided into four
7.5° sectors and ten 15°. Finer meshes are also used around the drain port.
The 1id is modeled separately from the cask body. The 1id, shear key, and 1id
bolts are modeled with moderate detail. The 1id bolts are modeled by using
ABAQUS tensile truss element (T3D2). These truss elements can only withstand
tensile loads, but provide better simulation bolt behavior during the impact.

The bottom end drop cases are modeled with the drain port at the bottom
corner of. the cask. The drain port is fitted with a cover plate and fastened
to the cask body with four %-in.-13 UNC bolts. A contact pair is defined
between the cover plate and the drain port hole, which allows them to move
independently without penetrating each other. Movement is assumed to be
restrained by four bolts on the cover plate. The FEA model of the bottom end
flat drop is a half (180°) section of the MCO Cask and concrete pad.

In the case of the bottom-oblique-drop FEA model, the cask model is the
same as for the bottom-end-flat drop. To obtain the worst-case bottom oblique
impact, the vectors of initial velocity and gravitational load must pass
through the bottom edge of the cask. The concrete/soil target is rotated by
an angle of 13.16° to have its normal in-Tine with the velocity and
gravitational vectors. Subsequently, the axis of the cask and concrete
surface form a 76.84° angle. The impact is in both the X and Z directions for
this model. The velocity components for this model are 0.56 m/s
(21.92 in/sec) in the X direction and 2.38 m/s (93.77 in/s) in the Z
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direction. The longitudinal mesh of the cask is the same as for the
bottom-end-drop model, with a finer mesh-at the bottom impact location and
drain port area.

Due the hat-shaped geometry of the top 1id with thé trunnions brackets
extending out (as shown in Figures B7-1 and B7-2), the top oblique model has
the impact occurring 1n1t1a11y at one ‘of the trunnion brackets. The drain
port is not included in this model to conserve computing resources. The
o impact location is at the tip of one 1ifting bracket. Due to the bracket

. height (51 .cm [20 1dn.] over the top of 1id), the top of the 1id and the flange
of the Tid cannot have an impact with initial velocity and gravitational.loads -
oriented directly through the top edge of the closure 1id. Therefore, a 78.4°
impact. formed by the longitudinal axis of the cask with the target was
determined as the worst-case orientation after an examination of data from
several impact orientations. Subsequently, the.impact is in the X and Z
directions. The velocity components for this model are 0.34 m/s (13.2 in/sec)
in the X direction and 2.42 m/s (95.4 in/s) in the Z direction. The cask
model for this case has a finer mesh in the top section of the cask.

A11 the models are modeled as half-sections with the appropriate
symmetric boundary conditions specified at the symmetrical surfaces. The soil
bottom nodes are fixed in all three directions.

The concrete/soil target is also modeled as a half-section. The concrete
‘region model is composed of eight-noded brick elements and defined as a
half-section of a square block of 609.6 cm x 609.6 cm (240 in. x 240 in.) by
20.32 cm (8 in.) thick with reinforcing steel bars. However, in the end drop
cases, an equivalent circular concrete pad is used for easier incorporation of
the reinforcing steels. The reinforcing steels are smeared into the concrete
elements with the ABAQUS *REBAR command. Within the concrete region, symmetry
conditions are imposed on the nodes that are on the symmetry plane--no other
nodes are constrained. The constitutive model is a Drucker-Prager plasticity
model. The soil region in the FEA model is also composed of eight-noded brick
elements. Nodes at the bottom of the soil region are fixed, and the nodes on
‘the lateral surface have no boundary conditions. Depth of the soil region is
254 cm (100 in.). -The soil constitutive model is a Drucker-Prager plasticity
model developed originally for analysis of underground tanks (Juiyk 1994). In
all three cases, the initial velocity is defined as 2.45 m/s (96.3 in/s) for
the 0.3-m (1-ft) drop. The total time of the analysis.is carried 10 ms beyond
the cask rebound. The ABAQUS computer code selects the initial time step
based on the model element dimension and automatically adJusts the step size
for efficient processing.

-7.2.3.2 Element Model Map. As an aid to determining locations of the
stresses and strains tabulated in the following tables, element and node maps
are provided in this section. These maps are applicable for all cases in
determining the stress and strain locations. Figure B7-3 maps the general
elevation locations of elements and nodes. Figures B7-4 and B7-5 show the
location, of elements at the bottom of the cask and near the drain port.
General element layer Tocations at the drain port are shown in Figures B7-6
and B7-7. Figures B7-8 to B7-20 show specific element Tocations in the drain
port and cover plate regions. Trunnions are not shown since they are not part
of the containment boundary, nor are they evaluated in the drop evaluation.
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Figure B7-3. MCO Cask-Overall Element Map.
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Figure B7-5.- E]ement Ma{p Near Drain Port.

Figure B7-6. View of Drain Port from Inside Cask.
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Figure B7-7. Drain Port Viewed from Outside Cask.
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Figure B7-8. Drain Port Layer 1, Top Portion.
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- Figure B7-9. Drain Port Layer 1, Bottom Portion.

in Port Layer 2, Bottom Portion.

Figure B7-10. Dra
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Figure B7-11. Drain Port Layer 2, Top Portion. -

Figure B7-12. Drain Port Layer 3, Bottom Portion.
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‘Figure B7-13. Drain Port Layer 3, Top Portion.’

B7-20



HNF-SD-TP-SARP-017 Rev. 0

Figure B7-15. Drain Port Layer 4, Top Portion.

Figure B7-16. Drain Port Cover Plate (Half Section).
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Figure B7-17. Drain'Port Cover, Center Portion.
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Figure B7-19. - Drain Port Containment Boundary
Side, Center Portion.»

Figure B7-20. Drain Port Containment Boundary
Side, Half Section. ’

Element maps of the top lid are shown in Figures B7-21 through B7-26.
Figures B7-21 and B7-24 show the general orientation of the elements.
Detailed element locations are shown on Figures B7-22, B7-23, B7-25, and

© B7-26.
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Figure B7-21.

Top View of Cask Lid.

Exterior Elements of Lid.

-22.

Figure B7
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- Figure B7-23. Interior Elements of Shear Key and Cask Wall.
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Figure B7-24. Bottom View of Cask Lid.
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Figure B7-25. - Interior of Cask Lid Plate.
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7.2.4 Initial Conditions

. 7.2.8.1 Envirbhménta1iﬂeating Léédihg. <§§r£ B;,éécfjonvé;o; gjveSitﬁé . .
¢ temperatures ‘of> the MCO Cask under maximum.ambient conditions. - The-worst-case-

Toading under normal transfer conditions is-assumed-to be the design pressure

of 1.03 MPa.- (150 psi) at 20° € (70° F) under hot conditions. Since the MCO

Cask contents impose a heat load in the cask, transient and steady-state
effects of this heat load are evaluated. -

7.2.4.2 Maximum Thermal and Pressure Stresses.- Under normal conditions; the =~ -
. .steady-state thermal stresses due to a temperature gradient are based on a

design interior temperature of 75 °C (167 °F) and exterior cold temperature of
~33 °C (=27 °F) are-evaluated. Transient thermal stresses are evaluated .for a
temperature gradient ‘produced just after loading, where the cask interior
temperature is 75 °C (167 °F) and.the exterior temperature is at an.ambient of
21 °C (70 °F). The exterior cold temperature produces the largest gradient
and is considered the worst-case loading. The thermal and pressure ioadings
are combined to give the highest stress value on the cask.

The transient stress arises when the cask is heated due to the heat
generation of the contents. If the cask has an initial temperature and,
beginning at time t=0, the inside surface is heated, the transient temperature
gradients throughout the wall can be obtained. Assuming the cask is suddenly
heated on the inside surface, a skin effect is created on the inside surface.
In the transient phase, there is insufficient time for heat conduction to
occur. Consequently, a vertical thermal gradient through the wall can be
assumed. Since the mean temperature of the entire cylindrical wall is
unchanged, the axial o, and the tangential o, thermal stress at the inside
wall are equal and are: :

- EAT
0a =0y = ot
where: a = Thermal expansion coefficient, per °F

Modulus of Elasticity, psi

i1 = Poisson's ratio

AT = the difference between the mean temperature of the entire
wall section and the temperature at the desired location.

Under this condition, the skin effect of thermal stress is experienced at
the inside surface. The outer surface of the cask does not experience any
thermal stress. The axial and tangential thermal stress at the inside surface
at time zero is:

o EAT _ (8.63 +107) (28.3 -10°%) (118.5 - 167)

%2 =% =T 1-0.3)
= -16.9 ksi (116.5 MPa)
where the mean temperature is defined as: —Egiléiilgl =118.5 °F
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This shows the cask inside surface is in compression while the exterior
surface experiences no thermal stress.

During transport, the cask is assumed to be in a thermally steady-state
condition. Under steady-state conditions, the thermal gradient slope becomes
logarithmic, which can be simplified by approximating it as a linear thermal
gradient. By this simplification, the thermal stresses at the cask inside and
outside wall surfaces can be determined from the equations described above.

* The .mean temperature of the cylinder wall thickness is half the differential
between the mean temperature and the inner or outer wall temperature. The
worst-case mean temperature for the NCT is defined as:- )

(1672-27) =70 °F

The thermal stress at the inner wall surface is then:

o =g = S EAT _ (8.63 +107%) (28.3 - 10°%) (70 - 167)
£2(1-p) 2 (1 -0.3)

-16,9 ksi (116.5 MPa)

The outer wall surface thermal stress is:

6. =g = %E AT _ (8.63 -107%) (28.3 -10°) (70 + 27)
£2 (1 - 2 (1 -0.3) )

n

16.9 ksi (116.5 MPa)

The inner wall surface is in compression, and the outer wall surface is in
tension.

Loading of the MCO Cask due to the internal design pressure of 1.03 MPa
(150 psi) was evaluated using the ABAQUS/Standard (HKS 1995) FEA program
(Part B, Section 7.6). The cask is modeled with four-noded axisymmetric
elements, and the closure bolts are modeled as truss elements. This bolt
element attaches the 1id mesh to the main mesh of the cask body. The shear
force on the bolts is by spring elements between the horizontal degrees of
freedom at the top bolt node and the bottom bolt node. Contact conditions are
specified at the junctions between the 1id and cask to model the flange
action. :

Results of this analysis show that the peak stress intensity is 10.3 MPa
(1.5 ksi) at the top plate of the closure 1id. For conservatism, this maximum
stress intensity is assumed to be a primary membrane stress applied uniformly
with the cask interior. The evaluation also shows that axial loading on the
bolts is negligible and the preload stress of 87.6 MPa (12.7 ksi)
predominates.

For the NCT, the stress intensities are combined by Level A, Service
Limits (ASME 1995b), Subsection NB requirements. This requires combining the
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pressure loads with the thermal loads. In this evaluation the maximum
differential thermal stress, calculated above, is considered secondary and
acting at the maximum pressure stress intensity location. The maximum stress
intensity from the pressure and thermal loading is determined by superimposing
the thermal and pressure stresses. The maximum combined stress intensity at
the inner wall surface for thermal and pressure Toading under normal
conditions is:

Sipe = 16.9 ksi + 1.5 ksi =18.4 ksi (126.9 MPa)

Assuming the allowable stress intensity of the material is 413.7 MPa
(60 ksi) at 93 °C (200 °F), from Table B7—4, the margin of safety is:

38 ;
Mg =2 Bm g - 80.0Kksi 4 o5 36
Sipt 18.4 ksi

7.2.4.3 Normal Condition Drop Evaluations. The stresses due to an NCT drop
are determined using the ABAQUS/Explicit FEA computer code. Three models are
developed to simulate probable drop orientations, which would result in the
most damage, during a normal condition drop. These three drop orientations
are the flat-bottom end drop, bottom-end oblique drop, and top-end oblique
drop. These models are described in Part B, Section 7.2.3.

Analytically, the cask is impacted onto a 20-cm- (8-in.-) thick concrete
surface described in Part B, Section 7.2.3. The impact duration (rise time)
and deceleration load factors for the three orientations are determined by the
ABAQUS/Explicit FEA computer code. Impact duration and time-averaged
deceleration load factors are summarized in the tables for each drop case.

To illustrate the overall cask response, the acceleration due to impact
is determined by three methods. The most conservative is by dividing the
total reaction force of impact by the total cask assembly weight and defining
the peak acceleration as a function of time. The other two methods are based
on the change in velocity. The time-averaged dcceleration over the impact
period more accurately reflects actual cask global behavior by accounting for
the cask response time during the impact. Consequently, a more accurate
method to estimate the acceleration is to use the nodal velocity data. The
more conservative method is to determine a linear peak acceleration by
determining the steepest slope along the time dependent curve. An alternate
and less conservative method is to average the change in velocity over the
entire impact event. These accelerations are provided only for quasi-static
evaluation of the MCO and spent fuel baskets which use the conservative force
determined from the peak acceleration. Dynamic evaluation of the MCO Cask
Toadings, such as stress and strain determination; are performed directly by
the ABAQUS/Explicit (ABAQUS 1995) FEA computer code.

As with an actual cask test, these simulated cask impacts result in
noise from high-frequency strain waves, similar to those recorded during
instrumented cask drop tests. The frequency magnitude of these strain waves
are such that the material is not capable of reacting to them. In recognition
of this behavior,.International Atomic Energy Agency (IAEA) Safety Series 37
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" (IAEA 1990) recommends filtering out frequencies higher than 100 to 200 Hz for
a heavy package drop test. For conservatism in the following computational
impact simulation, frequencies higher than 1000 Hz are filtered out. Also, in
the following cases the peak impact acceleration is determined by dividing the
total reaction force by the total cask assembly weight. This total force is
the summation of all nodal reaction forces at the cask contact area with the
target. In some cases a sharp spike appears, resembling a high-frequency
noise, at time zero of the impact. This is a result of interaction among the
vesidual 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 also eliminates these numerical
anomalies.

The ASME Code stress intensity is defined as the largest difference among
the principal stresses. If Pl, P2, and P3 are the three principal stresses
and P1 < P2 < P3, then the ASME Code stress intensity is (P3 - Pl). Results
of the principal stresses at the most critical elements/locations of the cask
body are retrieved from the. ABAQUS run and processed to obtain the ASME Code
stress intensities. The ASME Code stress intensities of the 1id bolts are
obtained in_the same manner. These stress intensities also contain
high-frequency noise.- For simplicity and conservative consideration, the
estimated average ASME stress intensity is obtained as the larger of (1) half
of the maximum peak stress intensity or (2) the stress intensity at the end of
impact period.

The ASME B&PV Code stress intensities, determined as specified in
Subsection NB, at the most critical elements and locations are presented in
the tables for each drop case. The maximum stress intensities are summarized
in Table B7-8 for the NCT. The stress intensities are classified as primary
and secondary based on the type of loading, stress location, geometry of
structure, and deformation. By the ASME methods for stress categorization,
primary stresses are stresses required to satisfy equilibrium of the Toading,
which is a load-controlled quantity. Secondary stresses are not required to
balance the loading and are a deformation-controlled quantity that is self-
relieving. An example of secondary stresses by ASME code definition are
thermal stresses. For conservatism, all.stresses determined in this drop
evaluation are assumed to be primary membrane stresses.

The closure 1id bolt stress intensities shown in Table B7-8 are based on
the cask being equipped with a shear ring, which acts to Timit the shear
forces generated by the side and oblique drops. Consequently, the bolts are
subjected to only axial tension loading and prying forces.
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Table B7-8. Overall Maximum Stress Intensity of
the 0.3-m (1-ft) Drops.

Cask body/closurje Lid Lid boltsb
Orientation Exterior . Containment tement stkre_ss
Bottom end drop 25030 (22-21;) 20109 (3416702) 9907 (11284'-1923)
Bottom oblique drop 21336 (;g?gg) 20695 - é?{gﬁ% 9907 (ZI&Z)
Top oblique drop - 5664 (694.-3226) 3652 (5748152) 9907 (231:1999)

7.2.4.3.1 0.3 m (1 ft) Bottom-End Flat Drop. In this case the MCO Cask
performance is evaluated for a 0.3-m (1-ft) bottom-end flat drop on the
concrete/soil target. The unfiltered impact acceleration history is shown in
Figure B7-27.. After filtering out frequencies higher than 1000 Hz, the
acceleration history appears to have an impact period of about 26 ms
(Figure B7-28). As seen in Figure B7-28, the peak acceleration is found to be
21.0g.

Figure B7-27. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Acceleration History (Unfiltered).
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Figure B7-28. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Acceleration History (Filtered at 1000 Hz).
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Three velocity plots at the bottom of the cask, the center-of-gravity Tevel
of the cask, and the top of 1id, respectively, are shown in Figures B7-29 through
B7-31. The data points are the center of the plate (except the center-of-gravity
Tevel does not have this point), 0° point, and 180° point from the drain-port in
the circumferential direction. A1l three figures indicate that the 0.3-m (1-ft)
drop impact period of about 26 ms. The cask has an initial impact velocity of
2.4 m/s (96.3 in/s). In the initial 15 ms the cask is seen to have a linear
average peak acceleration of approximately 13.2g.  However, averaging the
velocity change over the impact period the cask has an average acceleration of
10.4g. Pertinent impact acceleration data are shown in Table B7-9.
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Figure B7-29. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Velocity History at.the Bottom of Cask.
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Figure B7-30. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Velocity History at the Center of Gravity of Cask.
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Figure B7-31. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Velocity History at the Top Lid.
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Table B7-9. Impact Acceleration Data of the 0.3-m (1-ft)
Bottom-End Flat Drop.

Linear peak Average Peak Impact
acceleration | impact-period acceleration period
(9) acceleration (9) (ms)

(9)
13.2 10.4 21.0 24 -

Stress Intensity. The estimated average ASME Code stress. intensities are
shown in Table B7-10 at the most critical cask exterior shell and containment
boundary locations and at all 1id bolts. The stress intensity plots at the most
critical locations are shown in Figures B7-32 through B7-35. The stress
intensity plots of 1id bolts are shown in Figures B7-36 through B7-42.
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Table B7-10. Estimated AVerage ASME Code Stress Intensity
at Critical Locations from the 6.3-m (1-ft) Bottom-End Flat Drop.

Cask body/lid Lid bolt
Exterior Containment boundary
Element _Stress Element _ Stress Element _Stress
intensity intensity intensity
- MPa (ksi) MPa (ksi) WPa (ksi)
21336 11.93 (1.73) 614 13.58 (1.97) . ‘9901 123.21 (17.87)
21337 17.93 (2.60) 615 14.82 (2.15) 9902 122.38 ¢17.75)
21338 - 25.72 (3.73) 616 27.1 (3.93) 9903 113.62 (16.48)
21339 11.79 (1.71) 21310 16.82 (2.44) 9904 107.56_(15.60)
21340 15.44 (2.24) 21305 - 19.10 (2.77) L9905 112.52 (16.32)
21341 13.93 (2.02) 21300 23.99 (3.48) 9906 120.59 ¢17.49)
21342 20.27 (2.94) 21295 15.86 (2.30) 9907 124.93 (18.12)
21343 26.41 (3.83) 21290 13.03 (1.8
21344 14.62 (2.12) 21285 16.34 (2.37)
21345 18.00 (2.61) 21280 23.17 (3.36)
21311 18.00 (2.61) 21275 23.10 (3.35)
21316 12.13 (1.76) 21270 19.10 ¢2.77)
21346 7.45 ¢1.08) 20720 21.37 (3.10)
25030 29.16 (4.23) 20715 26.61 (3.86)
25029 21.72 (3.15) 20710 30.41 (4.41)
25020 16.96 (2.46) 20705 21.79 (3.16)
25019 23.65 (3.43) 20695 30.61 (4.44)
25010 23.79 (3.45) 20690 26.48 (3.84)
25009 21.51 ¢(3.12) 20685 27.37 (3.97)
20680 14.96 €2.17)
20160 19.03 (2.76)
20159 22.55 (3.27)
20158 22.61 (3.28)
20157 24.41 (3.54)
20110 29.79 (4.32)
20109 31.72 (4.60)
2010§ 30.06 (4.36)
20107 27.72 (3.73)
20106 26.34 (3.82)

ASME = American Society of Mechanical Engineers.
Average stress intensity = half of pesk stress intensity.
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Figure B7-32.- MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at the Interior
of Cask Wall (EL 20109).
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Figure B7-33. MCO Cask 6.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at the Interior
of Cask Bottom (EL 616).
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Figure B7-34. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at the Exterior
of Cask (EL 21343).
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Figure B7-35. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at the Drain Port
Cover Plate (EL 25030).
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Figure B7-36. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 1 (EL 9901).
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Figure B7-37. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 2 (EL 9902).
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Figure B7-38. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 3 (EL 9903).

Stress (ksi)
40 -

— Element SS03

30

20

i

o AIW AANAUN\NL ,A/\ﬁ

U IR

o 0.008 0.01 0.018 0.02 0.028 0.03
Time (second)

Figure B7-39. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 4 (EL 9904).
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Figure B7-40. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 5 (EL 9905).
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Figure B7-41. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 6 (EL 9906).
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Figure B7-42. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 7 (EL 9907).
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The resuiting force at the drain port cover plate area is found to have a
maximum in the range of 28,468 N (6,400 1b) (Figure B7-43). The estimated
average force is in the range of 14,234 N (3,200 1b).

Deformation Results. No plastic deformation of cask assembly has been
found in this case since the stress intensities are well below the ASME primary
membrane allowables for the cask material. Figure B7-44 shows the concrete
deformation of about 1 cm (0.4 in.) due to the ‘cask impact.
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Figure B7-43. MCO Cask 0.3-m (1-ft) Bottom-End Flat-Drop
] Force at Drain Port Cover Plate.
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Figure B7-44. MCO Cask 0.3-m (1-ft) Bottom-End -Flat-Drop
Concrete Deformation Depth.
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7.2.4.3.2 0.3-m (1-ft) Bottom-End Oblique Drop. This case evaluates the
MCO Cask for a 0.3-m (1-ft) bottom-end oblique drop onto the 20-cm (8-in.)
concrete pad. The center of gravity of the cask assembly and payload is over the
corner, or the cask axis is 13.16° from the normal axis of the concrete surface.

In this case, because of the small initial impact area, the cask penetrates
well into the target before the target can provide sufficient resistance to
noticeably affect the cask momentum. Subsequently, as shown in Figures B7-45 and
B7-46, the peak acceleration is delayed from initial contact, until sufficient
target resistance is available to begin a change in the cask momentum. As a
result of this small initial impact area, a large deformation of the target
oceurs.

This drop case results in an impact acceleration history with a sharp spike
at time zero as shown in Figure B7-45. The initial sharp spike is a result of
residual forces from many contact surfaces and do not reflect the real cask
response. By filtering out this residual force and high frequency noise over
1000 Hz, the maximum acceleration is determined to be about 7.1g (Figure B7-46).

Figure B7-45. MCO Cask 0.3-m (1-ft) Bottom-End Oblique-Drop
Acceleration History (Unfiltered).
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Figure B7-46. MCO Cask 0.3-m (1-ft) Bottom-End Ob1ique-Drop
Acceleration History (Filtered at 1000 Hz).
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Three velocity plots for the bottom of cask, the center of gravity Tevel
of the cask, and the top of the 1id are shown in Figures B7-47 through B7-49,
respectively. -The data points are the center of the plate (except center-of-
gravity level does not have this point), 0° point, 90° point, and 180° point from
the drain port in the circumferential direction. The velocity data among three
elevations do not deviate significantly. Subsequently, the velocity data at the
center-of-gravity level can be used to represent cask behavior. ° Using the
velocity data of the 90° point at the center-of-gravity elevation, from an impact
period of 58 ms, the impact average acceleration of the cask is calculated as
4.3g. Using the steep portion of the velocity curve at the center-of-gravity
elevation, the maximum acceleration is found to be 5.7g. The acceleration
results are summarized in Table B7-11. ’
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Figure B7-47. MCO Cask 0.3-m (1-ft) Bottom-End Oblique-Drop
Velocity History at the Bottom of Cask.

Velocity (in./sec)

40

20

-20

-40

-60

-80 ];

-100

-120 — Node 801 —+ Nede 21418
% Node 93¢ = Node 945

-140
Q 0.01 0.02 0.03 004 0.05 0086 007 008

Timme (second)

Figﬁre B7-48. MCO Cask 0.3-m (1-ft) Bottom-End Oblique-Drop .
Velocity History at the Center-of-Gravity Level of Cask.
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Figure B7-49. MCO Cask'0.3-m (1-ft) Bottom-End Oblique-Drop
Velocity History at the Top. of Lid.
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Table B7-11. Impact Acceleration Data of the 0.3-m (1-ft)
Bottom~End Oblique Drop.

Linear Peak Average Peak Impact
Acceleration Impact-Period Acceleration Period
(g9) Acceleration (9) (ms)
(9) .
5.7 4.3 7.1 58.0

The estimated average ASME Code stress intensities are shown in Table B7-12
at the most critical exterior shell and containment boundary lTocations and at the
1id bolts. The stress intensity plots at the most critical locations are shown
in Figures B7-50 through B7-53. The exterior boundary of the cask near the drain
port sustains high-stress intensities. However, the stress intensities at the
containment boundary of the cask are well below the yield strength of the cask
material. Consequently, containment is maintained in this case. The stress
intensity plots of 1id bolts (Figures B7-54 through B7-60) show the impact of
this drop produces very low-stress intensities on the 1id bolts.
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Estimated Average ASME Code Stress Intensity

at Critical Locations from the 0.3-m (1-ft)

Bottom-End Oblique Drop.

Cask body/Llid

Lid bolt
Exterior Containment boundary
Element _Stress Element _Stress Element _Stress

intensity intensity intensity

MPa (ksi) MPa (ksi) MPa (ksi)

21336 155.5 (22.56) 614 8.27 (1.20) 9901 5.86 ¢0.85)

21337 73.43 (10.65) 615 6.76 (0.98) 9902 4.55 (0.66)

21;38 42.89 (6.22) 616 14.34 ¢2.08) 9903 3.72 €0.54)

21339 23.79 (3.45) 21310 8.55 (1.24) 9904 4.83 ¢0.70)

21340 18.75 (2.72) 21305 5.31 €0.77) 9905 4.07 €0.59)

21341 97.35 (14.12) 21300 8.2 (1.19) 9906 5.1 (0.74)

21342 31.72 (4.60) 21295 10.27 (1.49) 9907 7.17 ¢1.04)
21343 29.3 (4.25) 21290 9.17 ¢1.33)
21344 19.58 (2.84) 21285 7.24 (1.05)
21345 16.55 (2.40) 21280 9.17 (1.33)
21311 124.2 (18.02) 21275 8.62 (1.25)
21316 91.29 (13.24) 21270 9.45 (1.37)
21346 31.65 (4.59) 20720 8.89 (1.29)
25030 90.8 ¢13.17) 20715 11.38 ¢1.65)
25029 85.22(12.36) 20710 15.58 (2.26)
25022 40.61 (5.89) 20705 9.93 (1.44)
25021 40.4 (5.86) 20695 22.82 (3.31)
25020 70.1 €10.16) 20690 16.0 (2.32)
25019 73.22 (10.62) 20685 9.58 (1.39)
25012 44.13 (6.40) 20680 8.41 (1.22)
25011 43.99 (6.38) 20160 8.14 (1.18)
25010 66.4 (9.63) 20159 8.41 (1.22)
25009 72.12 (10.46) 20158 7.93 (i.15)
25002 53.16 (7.71) 20157 8.55 (1.24)
25001 - 54.33 (7.88) 20110 9.65 (1.40)
20109 10.41 ¢1.51)
20108 10.2 (1.48)
20107 8.27 ¢1.20)
20106 8.14 (1.18)

Average stress intensity (SI) = larger of the half of peak SI or the SI at the end of

impact period.
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Figure B7-50. MCO Cask 0.3-m (1-ft) Bottom-End
Oblique-Drop Stress Intensity History at
Interior of Cask Wall (EL 20695).
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Figure B7-51. MCO Cask 0.3-m (1-ft) Bottom-End
Oblique-Drop Stress Intensity History at
Interior of Cask Bottom (EL 616).
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Figure B7-52. MCO Cask 0.3-m (1-ft) Bottom-End -

o " 0blique-Drop: Stress Intensity History at f:

Exterior of Cask (EL 21336).
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Figure B7-53. MCO Cask 0.3-m (1-ft) Bottom-End
Oblique-Drop Stress Intensity History at
Drain Port Cover (EL 25030).
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Figure B7-54. MCO Cask 0.3-m (1+ft) Bottom-End
0b1ique-Drop. Stress. Intensity History at:
Bolt No. 1 (EL 9901).
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Figure B7-55. MCO Cask 0.3-m (1-ft) Bottom-End
Oblique-Drop Stress Intensity History at
Bolt No. 2 (EL 9902).
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Figure B7-56. MCO Cask 0.3-m (1-ft) Bottom- End
: 0b11que Drop-Stress Intensity History:at’ "
. Bolt No. 3 (EL 9903).
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Figure B7-57. MCO Cask 0.3-m (1~-ft) Bottom-End
Oblique-Drop Stress Intensity History at
Bolt No. 4 (EL 9904).
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Figure B7-58. MCO Cask 0.3-m (1-ft) Bottom-End -
0b11ique-Drop: Stress- Intensity History.at -
Bolt No. 5.(EL 9905).
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Figure B7-59. MCO Cask 0.3-m (1-ft) Bottom- End
Oblique Drop Stress Intensity History at
Bolt No. 6 (EL 9906).
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Figure B7-60. MCO-Cask 0.3-m (1-ft) Bottom-End
~* -Oblique-Drop Stress Intensity History at -« :-
Bolt No. 7 (EL 9907).
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The accumulated strain at the critical locations of the cask and 1id and
at the 1id bolts are shown in Table B7-13. The accumulated strains are defined
as the range of the largest principal logarithmic strain and the smaliest
principal logarithmic strain. This is the counterpart of strain of the stress
intensity in the ASME stress intensity definition.

The strain plots at the most critical Tocations are shown in Figures B7-61
through B7-64. The largest overall accumulated strain of the entire cask is over
7.0% at the exterior bottom boundary of the drain port (Figure B7-63). The
Jargest accumulated strain on the drain port cover plate is about 0.4% (Figure
B7-64). However, the largest accumulated strain of the containment boundary of
the cask/1id is only 0.03%, occurring near the drain port region (Figure B7-61).
The strain plots of 1id bolts are shown in Figures B7-65 through B7-71. The
accumulated strains of the 1id bolts are negligible.
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vTab]e B7-13. 'Accumulated Strains at Critical Locations from

the 0.3-m (1-ft): Bottom-End Oblique Drop.

Cask body/lid : Lid bolt
Exterior Containment boundary
Elemént Strain Element strain Element Strain
- (in/in) § . (in/in) . (in/in)
21336 0.07010 614 0.00011 9901 0.00002
21337 0.00098 615 0.00009 9902 0.00002
21338 0.00057 616 0.00019 9903 0.00002
21339 0.00032 21310 0.00010 9904 0.00002
21340 0.00025 21305 0.00007 9905 0.00001
21341 0.00526 21300 0.00016 9906 0.00001
21342 0.00042 21295 0.00014 9907 0.00001
21343 0.00039 21290 0.00012
21344 0.00026 21285 0.00010
21345 0.00022 21280 0.00012
21311 0.02322 - 21275 0.00011
21316 0.00397 21270 0.00013
21346 0.000‘42 20720 0.00016
25030 0.00377 20715 0.00015
25029 0.00174 20710 0.60021
25022 0.00054 20705 0.00013
25021 0.00054 20695 0.00030
25020 0.00093 20690 0,00021
25019 0.00098 20685 0.00013
25012 0.00059 20680 0.00011
25011 0.00059 20160 0.00015
25010 0.00088 20159 0.00011
25009 0.00096 . 20158 0.00011
25002 0.00071 20157 0.00011
25001 0.00072 20110 0.00013
20109 0.00014
20108 0.00014
20107 0.00011
20106 0.00011
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MCO Cask 0,3-m (1-ft) Bottom-End Obligue-Drop -~ - -

- Strain History at the Interior Cask Wall: ¢EL::20695)..
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MCO Cask 0.3-m (1-ft) Bottom-End Oblique-Drop

Strain History at the Interior of Cask Bottom (EL 616).
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- Figure B7-63. MCO Cask 0.3-m (1-ft) Bottom-End Oblique-Drop
.Drain History at the Exterior of Cask (EL 21338). }
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Figuré B7-64. MCO Cask 0.3-m (1-ft) Bottom-End Oblique-Drop
Strain History at the Drain Port Cover (EL 25030).
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F1gure B7-65: MCO Cask 0.3-m (1-ft) Bottom-End- 0b11que Drop- o

Strain History-at Bolt No. 1 (EL 9901).
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Figure B7-66. MCO Cask 0.3-m (1-ft) Bottom-End Oblique-Drop
Strain History at Bolt No. 2 (EL 9902).
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~Figure B7-67. MCO Cask 0.3-m-(1:ft) Bottom=End 0b11que Drop ™ - -

Strain History at Bolt No. 3: (EL 9903).-
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F1gure B7-68. MCO Cask 0.3-m (1-ft) Bottom-End Oblique- Drop
Strain History at Bolt No. 4 (EL 9904).
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: Flgure B7 69. MCO Cask 0.3-m (1-ft) Bottom-End Oblique- Drop o
Strain History.at Bolt No. 5 (EL 9905).
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F1gure B7-70. MCO Cask 0.3-m (1-ft) Bottom-End 0b11que¥Drop
Stain History at Bolt No. 6 (EL 9906).
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F1gure B7-71. MCO Cask 0.3=m (1- ft) Bottom-End 0b11que Drop C
Strain History at Bolt: No. 7. (EL-9907).
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Other Results. The maximum resultant force at the drain port cover p]até
is found to be in the range of 31,137 N (7,000 1b) (Figure B7-72). The estimated
average force is in the range of 15,568 N (3,500 1b).

Figure B7-73 shows the concrete displacement of approximately 7.9 cm
(3.1 in.) at the cask impact point.
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" Figure B7=72:° MCO'Cask 0.3-m (1-ft) Bottom-End
- " = 0blique~Drop.-Force at Drain Port Cover.:i::
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Figure 87-73. MCO Cask 0.3-m (1—'ft) Bottom-End
Oblique-Drop Concrete Deformation Depth.
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- 7.2.4.3.3° 0.3-m (1-Tt) Top-End Oblique Drop. This case evaluates the MCO
-Cask performance for a 0.3-m.(1-ft) top-end oblique drop-onto the 20-cm (8-in.)
.concrete pad. Since the center of gravity of the cask assembly ‘is over the
impact point,-atithe initiation of impact, only one trunnion/bracket contacts the

concrete target. Consequently, the top-end oblique drop has an irregular impact
area shape, which consists of trunnions, brackets, and some portion of the Tid
top. The unfiltered acceleration data.is presented in Figure B7-74. When the
_ forces with higher frequencies.over 1000 Hz are filtered out, the peak
acceleration is determined to be 6.5g, Figure B7-75.

Figure B7-74. MCO Cask 0.3-m (1-ft) Top-End
Oblique-Drop Acceleration History (Unfiltered).
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- - Figure B7-75. MCO Cask 0.3-m (1-ft) Top—Eﬁd 0b1ique-Drop- -
. Acceleration History (Filtered at 1,000 Hz).w "~ =" “h»
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The three velocity plots at the bottom of the cask, the center-of- gravity
Tevel of the cask, and the top of the 1id are shown in Figures B7-76 through
B7-78, respectively, for this drop case. At the center of gravity, the data
points are the 0° point, 90° point, and 180° point from the drain port in the
circumferential direction. The data points at the bottom of the cask and the top
of the 1id are at the center of the plate, 0° point, 90° point, and 180° point
from the drain port in the circumferential direction. A17 three elevations show
about the same impact period of 40.0 ms. The velocities at.each elevation also
converge to indicate the thick-wall cask behaves as a rigid body motion although
the velocity data at the top of the 1id is somewhat scattered due to its
proximity to the impact. Based on the average impact period of 40.0 ms, the
average impact-period acceleration of the 0.3-m (1-ft) top-end oblique drop is
calculated as 6.2g. The linear peak acceleration (the steepest slope of the
velocity curve) taken at the center of gravity of the cask is 8.6g. The
acceleration results -are summarized in Table B7-14. The peak acceleration is
based on the reaction force history of the cask contact area as stated above.
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Figure B7-76. MCO Cask-'0.3-m (1-ft) Top-End 0b11que Drop
Velocity History at: the Bottom of Cask..
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Figure B7-77. MCO Cask 0.3-m (I-ft) Top-End Oblique-Drop
Velocity History at the Center of Gravity of Cask.
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* Figure B7-78. MCO Cask 0.3-=m (1-ft) Top-End Oblique-Drop S
IR Velocity History ‘at-the Top. Lid. - = fi7w i

Velocity (in./sec)
120

— Node 5801
100 < —+ Node 5916
-¥% Node 8924
80 —= Node 5930 .
.
60
40 c T
20
0
-20 3
-40’
0 0.01 0.02 0.03 0.04 0.08 0.06
Time (second)
Table B7-14. Impact Acceleration Data of the 0.3-m (1-ft)

Top-End Oblique Drop.

Linear peak Average Peak Impact
acceleration impact-period acceleration period
(9) acceleration (9) (ms)
(9
8.6 6.2 6.5 40.0

Stress Intensity. In this case, some of the stress intensities do not have
sharp spikes as a result of numerical anomalies. For those locations, the peak
stress intensities are used and shown appropriately in Table B7-15. In this 0.3-
m (1-ft) top obligue drop, the highest stress intensity on the containment
boundary occurs at the 1id wall between the top plate and the 1id flange at a
stress level of 54 MPa (7,830 psi). At the exterior surface, the maximum stress
intensity is a little higher at about 64 MPa (9,300 psi). The stress intensity
plots at the most critical locations are shown in Figures B7-79 through B7-84.
The average stress intensity plots of 1id boits are shown in Figures B7-85
through B7-91, in which the average stress intensity is assumed to be half of the
peak stress intensity. OF all the NCT cases evaluated, this impact orientation
produces the highest average stress intensity in the 1id bolts at 22 MPa (3,190
psi) above preload. }
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- Tabte B7-15.  Estimated Average ASME Code Stress Intensity at the
... Bottom Critical Locations from-the 0.3-m (1-ft) Top-End Oblique Drop.

* = peak stress intensity.
Average stress intensity (S

period.

B7-66

Cask body/lid Lid bolt
Exterior Contajnment boundary
Element Stress intensity Element Stress intensity Element Stress intensity
MPa (ksi) i HPa (ksi) MPa (ksi)

5650. 39.02 (5.66)* 5214 35.85 (5.200% 9901 1.52 €0.22)
5664 64.26 (9.32)* 5215 20.48 (2.97)* 9902 1.24 (0.18)
5678 25.23 (3.66)* 5216 32.2 (4.67)* 9903 4.62 (0.67)
5450 52.4 (7.60)* 5217 35.09 (5.09)* 9904 10.51 (1.51)
. 5464 57.23 (8.30)* 5218 27.79 (4.03)* 9905 14.82 (2.15)
5478 48.26 (7.00)* 5250 53.99 (7.83)* 9906 20.06 (2.91)
5264 44.26 (6.42)* 5251 51.57 (7.48)* 9907 21.99 €(3.19)

5278 35.78 (5.19)* 5252 43.64 (6.33)*

5064 39.16 (5.68)* 5253 41.44 (6.01)*

5078 47.92 (6.95)% 5050 51.37 (7.45)*

5051 48.13 (6.98)*

5052 46.61 (6.76)*

5053 43.85 (6.36)%

4850 37.85 (5.49)*

4851 36.12 (5.25)*

4852 35.58-(5.16)*

4853 34.89 (5.06)*

4650 33.44 (4.85)*

4651 32.96 (4.78)*

4652 32.75 (4.75)*

4653 32.68 (4.74)*

4450 36.68 (5.32)*

4451 35.37 ¢5.13)*

4452 34.34 (4.98)*

4453 32.61 (4.73)*

4250 46.47 (6.74)*

4251 46.06 (6.68)*

4252 40.95 (5.94)*

4253 37.09 (5.38)*

4264 47.49 (6.96)*

4265 44.33 (6.43)*

4266 43.99 (6.38)*

4267 39.37 (5.7T1*

3650 29.99 (4.35)*

3651 46.82 (6.79)*

3652 54,12 (7.85)*

3450 28.89 (4.19)*

3451 42.82 (6.21)*

3452 50.19 (7.28)*

3453 28.75 (4.17)*

1) = targer of the half of peak 81 or the SI at the end of impact
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‘Figure B7-79. MCO Cask 0.3-m (1-ft) Top-End Oblique=Drop

Stress Intensity History at' the Interjor of Lid (EL:5217).:0 —. ngoni
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Figure B7-80. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Stress Intensity History at the Interior Lid Wall (EL 5250).
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Figure B7-81. MCO Cask 0.3-m (1-ft) Top-End
Oblique-Drop Stress Intensity History-at the
Interior Lid .Flange (EL 4264).
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Figure B7-82. MCO Cask 0.3-m (1-ft) Top-End Ob%ique-Drop
Stress Intensity History at the Shear Key (EL 3652).
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Figure B7-83. MCO Cask 0.3-m (1-ft) Top-End-
Oblique-Drop Stress Intensity History: at the = -
Interior of Cask Wall (EL 3452). .
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Figure B7-84. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Stress Intensity History at the Exterior of Lid (EL 5664).
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Figure B7-85. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 1 (EL 9901).
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Figure B7-86. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 2 (EL 9902).
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Figure B7-87. MCO Cask 0.3-m (1—?t) Top-End 0blique-Drop
Stress Intensity History at Bolt No. 3 (EL 9903).
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Figufe B7-88. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 4 (EL 9904).
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Figure B7-89. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 5 (EL 9905).
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Figure B7-90. MCO Cask 0.3-m {1-ft) Top-End Oblique-Drop
Stress Intensity History at Boit No. 6 (EL 9906).
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Figure B7-91. MCO Cask 0.3-m (1-ft). Top-End Oblique-Drop
) Stress Intensity History at Bolt No. 7 (EL 9907).
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Deformation Results. For the NCT, the strain data are included as
reference only. The accumulated strain at the critical Tocations of the cask and
1id, and at the Tid bolts are shown in Table B7-16. The accumulated strains
reported are in the range of the Targest principal logarithmic strain and the
smallest principal logarithmic strain. This is the strain counterpart of the
ASME stress intensity.

The strain plots at the most critical locations are shown in Figures B7-92

through B7-97. The strain plots of 1id bolts are shown in Figures B7-98 through
B7-104. A1l accumulated strains in this case are negligible.
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Table B7-16. Accumulated Strains at the Bottom Critical
Locations from the 0.3-m (1-ft) Top—End_Ob]ique Drop.

Cask body/lid

Lid bolt

Exterior . Containment boundary.
Element Strain Element Strain Element Strain
_(in/in) ¢in/in) ¢insind
5650 0.00026 5214 0.00024, 9901 0.00001
5664 0.00043 5215 0.00014 9902 0.00001
5678 0.00017 5216 0.00021 9903 0.00005
5450 0.00035 5217 0.00023 9904 0.00010
5464 0.00038 5218 0.00019 9905 0.00015
5478 0.00032 5250 0.00036 9906 0.00020
5264 0.00030 5251 0,00034 9907 0.00022

5278 0.00024 5252 0.00029 '

5064 0.00026 5253 0.00028

5078 0.00032 5050 0.00034

5051 0.00032

5052 0.00031

5053 - 0.00029

4850 0.00025

4851 0.00024

4852 0.00024

4853 0.00023

4650 0.00022

4651 0.00022

4652 0.00022

4653 0.00022

4450 0.00024

4451 0.60024

4452 0.00023

4453 0.00022

4250 0.00031

4251 0.00031

4252 0.00027

4253 0.00025

4264 0.00032

4265 0.00030

4266 0.00029

4267 0.00026

3650 0.00020

3651 0.00031

3652 0.00036

3450 0.00014

3451 0.00029

3452 0.00033

3453 0.00019
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Figure B7-92. - MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at the Interior of Lid (EL 5217).
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Figure B7-93. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at the Interior of Lid Wall (EL 5250).
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Figure B7-94. MCO Cask 0.9-m (1-ft) Top-End Oblique-Drop
Strain History at the Interior of Lid Flange (EL 4264).
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Figure B7-95. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at the Shear Key (EL 3652).
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Figure B7-96. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at the Interior Cask Wall (EL 3452).
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Figure B7-97. MCO Cask 0.3-m (1-ft) Top-End 0blique-Drop
Strain History at the Exterior of Lid (EL 5664). .
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Figure B7-98. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at Bolt No. 1 (EL 9901).
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Figure B7-99. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at Bolf No. 2 (EL 9902). )
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Figure B7-100. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at Bolt No. 3 (EL 9903).
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Figure B7-101. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at Bolt No. 4 (EL 9904).
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Figure B7-102. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at Bolt No. 5 (EL 9905).
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Figure B7-103. MCO Cask 0.3-m (1-ft) Top-End Oblique-Drop
Strain History at Bolt No. 6 (EL 9906).
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Figure B7-104. MCO Cask 0.3-m (1-ft) Top-End Obiique—Drop
: Strain History at Bolt No. 7 (EL 9907).
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_Other Results. The drain port is not modeled in this evaluation.

case, the fimpact does not affect the structural integrity at the drain port
region. Figure B7-105 shows the concrete displacement of about 5.1 cm (2 in.)

at the trunnion impact point.
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Figure B7-105. MCO Cask 0.3-m (1-ft) Top-End 0blique-Drop
. Concrete Deformation Depth.
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7.2.4.4 Structural Evaluation and Conclusions. . From the above evaluations,
it is shown that the worst drop orientation, which causes the most severe
loading to the cask body, closure 1id, and closure 1id bolts, is the
bottom-end oblique (corner) drep. In this case, exterior locations on the
cask body and closure 1id are subject to high localized stresses above the
ASME primary stress allowabies for the material. However, these stresses are
Jocalized around the exterior surfaces and are a combination of primary and
secondary stress intensities. Only in the impact region do the combined
stress levels exceed the yield strength of the material. These exterior
surface stresses are localized in the impact area, causing only minor surface
damage to the cask. The combined primary and secondary stress intensities, -
however, remain below ASME allowables. A1l interior containment boundary.
combined stresses remain well below ASME allowables for primary membrane. The
most vulnerable area is the drain port region of the cask. In this area, the
maximum accumulative strain is slightly over 7% on the exterior surface. The
maximum interior strain is 0.03%, which is well under the elastic strain of
the cask and bolting material. In all drop orientations, the peak stress
intensities at the interior of the cask (containment boundary) are well below
the ASME allowables for primary membrane stress. Consequently, for the
worst-case drop orientation, the cask will experience minor surface damage,
but the containment performance of the cask is not affected.

The primary stress intensities develioped in the 0.3-m (1-ft) drop are
_Tow compared to the combined ASME primary and secondary stress allowables.
The worst-case overall containment boundary maximum primary plus secondary
stress intensity occurs for a top end oblique drop at the inside the cask at
the shear key. The stress intensity value at this location is 54.12 MPa
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(7.85 ksi), well below the primary stress intensity allowable. Combining this
with the stress intensity from thermal and pressure loading stress intensity
of 126.9 MPa (18.4 ksi) from Part B, Section 7.3.4.2, vesults in a combined
primary and secondary stress intensity of 181.0 MPa (26.3 ksi). Consequently,
the margin of safety based on the ASME allowable stress intensity for the
combined primary plus secondary stress at 93 °C (200 °F) is:

38,

MS = ———2 - -1=1.2
o 26.3 ksi 8

The containment boundary is retained during NCT as demonstrated by the
worst-case interior stress intensities remaining below ASME values for Level A
Service Limits.

7.3 ACCIDENT CONDITIONS

’ The stresses due to accident conditions are determined using the
ABAQUS/Explicit FEA computer code. Five models are developed to simulate
probable drop orientations, which would result in the most damage, during an
accident condition drop. These drop orientations are the flat-bottom end
drop, bottom-end oblique drop, top-end oblique drop, flat-top end drop, and
side drop. These models are described in Part B, Section 7.3.3.

Analytically, the cask is impacted onto a 20-cm- (8-in.-) thick concrete
surface described in Part B, Section 7.2.3. The impact duration (rise time)
and deceleration load factors for the three orientations are determined by the
ABAQUS/Explicit FEA computer code. Impact duration and time-averaged
deceleration load factors are summarized in the following tables.

To illustrate the overall cask response, the acceleration due to impact
is determined by three methods. The most conservative is by dividing the
total reaction force of impact by the total cask assembly weight and defining
the peak acceleration as a function of time. The other two methods are based
on the change in velocity. This time-averaged acceleration over the impact
period more accurately reflects actual cask global behavior by accounting for
the cask response time during the impact. Consequently, a more accurate
method to estimate the acceleration is to use the nodal velocity data. The
more conservative method is to determine a linear peak acceleration by
determining the steepest slope along the time curve. An alternate and less
conservative method is to average the change in velocity over the entire
impact event. These accelerations are provided only for quasi-static
evaluation of the MCO and spent fuel baskets. For this evaluation, the
conservative force determined by the linear peak acceleration is -used in
quasi-static evaluations of the MCO and spent fuel baskets. Dynamic
evaluation of the MCO Cask loadings, such as stress and strain determination,
are performed directly by the ABAQUS/Explicit (ABAQUS 1995) FEA computer code.

As with an actual cask test, the simulated cask jmpacts result in noise
from high-frequency sirain waves, similar to those recorded during
instrumented cask drop tests. The frequency magnitude of these strain waves
are such that the structure is not capable of reacting to them. In
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recognition of this behavior, International Atomic Energy Agency Safety
Series 37 (IAEA 1990) recommends filtering out freguencies higher than 100 to
200 Hz for a heavy package drop test. For conservatism in the following
computational impact simulation, frequencies higher than 1000 Hz are filtered
out. Also, in the following cases the peak impact acceleration is determined
by dividing the total reaction force by the total cask assembly weight. This
total force is the summation of all nodal reaction forces at the cask contact
area with the target. In some cases a sharp spike appears, 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.

The ASME Code stress intensity is defined as the largest difference
among the principal stresses. If Pl, P2, and P3 are the three principal
stresses and P1 < P2 < P3, then the ASME Code stress intensity is (P3 - P1).
Results of the principal stresses at the most critical elements/locations: of

the cask body are retrieved from the ABAQUS run and processed to obtain the
ASME Code stress intensities. The ASME Code stress intensities of the 1id
bolts are obtained in the same manner. These stress intensities also contains
high-frequency noise. For simplicity and conservative consideration, the
estimated average ASME stress intensity is obtained as the larger of (1) the
half of the maximum peak siress intensity or (2) the stress intensity at the
end of impact period.

The ASME Code stress intensities, determined as specified in
Subsection NB, at the most critical elements and locations are presented. The
stress intensities are classified as primary and secondary based on the type
of loading, stress location, geometry of structure, and deformation. By the
ASME methods for stress categorization, primary stresses ave stresses required
to satisfy equilibrium of the loading, which is a load-controlled quantity.
Secondary stresses are not required to balance the Toading and are a
deformation-controlled quantity that is self-relieving. An example of
secondary stresses by ASME code definition are thermal stresses. For
conservatism, all stresses determined in this drop evaluation are assumed to

be primary membrane stresses.

7.3.1. Conditions To Be Evaluated
"The following canditions or events are intended to envelop the effects
of Hanford Site accident transport conditions. Verifications of the MCO Cask
are presented in Part B, Section 7.7. The following scenarios related to
accident conditions are addressed:
e - Free drop from a height of 9 m (30 ft) with a dry MCO and 6.4'm
(21 ft) for a water-filled MCO onto an 20-cm- (8-in.~) thick
reinforced concrete surface with the following characteristics:
- Concrete strength: 27.6 MPa (4,000 psi)

- Soil modulus: 193 MPa (28,000 psi)
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- Concrete reinforcement: No. 7 vrebar with a yield strength
of 413.7 MPa (60,000 psi), spaced 30.5 cm (12 in.) apart
with 5.08 cm (2 in.) cover

e Package impact in the orientation expected to cause maximum damage

o Exposure of the MCO Cask to 800 °C (1475 °F) fully engulfing fire
for 30 minutes, with 45 minutes of quenching. Part B,
Section 3.4, shows that the failure threshold for the MCO cask is
exposure to a six minute fully engulfing fire. However, if the
MCO cask can be shown to maintain its structural integrity during
a 30 minute fully engulfing fire, then it will survive a six
- minute fire.

The most critical conditions and events were evaluated for the worst
case environmental conditions and external pressures. :

7.3.2 Acceptance Criteria

Under the above accident conditions, verification of the preliminary
design must demonstrate that the MCO Cask maintains containment and shielding
of the MCO. Structural adequacy is demonstrated by showing the stress in the
containment boundary does not exceed the limits specified for Level D Service
Limits of the ASME B&PV Code, Section III, Subsection NB (ASME 1995a), Class 1
nuclear components. Guidance for stress allowables is obtained form NRC
Regulatory Guide 7.6 (NRC 1978) and NUREG/CR-6007 (Mok 1989).

Both NRC Regulatory-Guide 7.6 and NUREG/CR-6007 recommend the
containment boundary stress allowables in Table B7-17, which are comparable to
Article F-1000" of the ASME B&PV Code, Section 111 Appendices. These
allowables prevent ductiie rupture of the structural components of the
containment boundary, which is defined as the cask body, bottom end closure,
top closure 1id, and closure bolts. These stress allowables coupled with
1inear-elastic or plastic-elastic analysis are used to demonstrate maintenance
of containment during accident conditions loading. The ASME B&PV Code,
Section III, Subsection NB (ASME 1995a), Service Level D criteria are used for
analytical acceptance. Table B7-18 shows the allowable stress as a function
of temperature.

7.3.3 Structural Model

With two exceptions, the cask and target models used for accident
evaluations are the same as those used for evaluation of the NCT. The
ABAQUS/Explicit computer code models not described in Part B, Section 7.2.3.1,
are the side drop and 6.4-m (21-ft) water-filled bottom-end oblique drop. '
These two models are described below. As with the NCT evaluation, a
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Table B7-17. Containment Boundary Stress Evaluation Criteria.
Stress category Accident conditions
primary membrane stress intensity(® segsgr of 2.4 S and
iy
Components @ -
other primary membrane + bending stress intensity Lesser of 3.6 S, and S
than bolts o
Range of primary + secondary stress intensity( ) 28,
Pure primary shear stress(c) 0.42 S,
Average tension 0.7§, or §,
: Average shea 0.6 S, or
@ rege shear 0.42"s,
Bolts
Average tension + average shear
Stress ratio of average stress/atlowable RE2 + RsZ < 1
Rt: Stress ratio for average tensile .
Rs: Stress ratio for average shear

Definitions according to:
Cask Containment Vessels, Regulatory Guide 7.6, Rev.

NRC, 1978, Design

D.C., March 1978:

Spefinitions from:
Vessel Code, Section 111, Subsection NB-32

2paragraph C.6.
Paragraph C.4 and C.6.
ASME, 1995b,

Criteria for the Structurat Analysis of Shipping

1, U.S. Nuclear Regulatory Commission, Washington,

American_Society of Mechanical Engineers Boiler and Pressure
27.2, American Society of Mechanical Engineers,

New York,

New York.
dDefinitions from: Mok, G. C., 1989, Stress Analysis of Closure Bolts for shipping Casks,
NUREG/CR-6007, Table 6.3, (under Lawrence Livermore National Laboratory contract to the NRC), U.S.
Nuctear Regulatory Commission, Washington, D.C.
Table B7-18. Containment Boundary Accident Condition
Allowable Stresses (ksi).
Stress category 70 °F | 100 °F I 200. °F I 300 °F 400 °F
Material SA-336, 304 Stainless Steel
Primary membrane stress 289.5 289.5 274.4 256.5 249.6
Components | intensity (ksi) (42.0) 42.0) (39.8) (37.2) - (36.2)
other than | primary membrane + 4304 436.4 412.3 384.7 375.1
?:ﬂ?;ng stress intensity (63.0) €63.0) (59.8) (55.8) (54.4)
si
Primary shear stress 202.7 202.7 191.7 117.9 173.8
(ksi) (29.4) (29.4) (27.8) (25.8) (25.2)
Material SA-479, XM-19
A tension st 651.5 651.5 661.9 622.6 608.1
Bolts verage tension strese (94.5) (94.5) ©3.1 (90.3) (88.2)
390.9 390.9 385.4 373.7 364.7
t
Average shear stress (56.7) (56.7) (55.9) (54.2) (52.9)
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combination of ABAQUS/Explicit and ABAQUS/Standard computer codes are used to
evaluate cask performance. The cask impact performance under accident
conditions -is evaluated using the ABAQUS/Explicit computer code. Accident
condition MCO and spent fuel basket drop evaluations are performed by the
ABAQUS/Standard (HKS 1995) FEA code. The ABAQUS/Standard computer code is
also used to -evaluate the accident condition thermal performance of the MCO
Cask. For cask impact evaluations under accident conditions, the velocity
input parameters are changed to simulate a 9-m (30-ft) or 6.4-m (21-ft) drop.

The side-drop FEA model is a half-section (180°) mode]l of the cask and
target. The orientation of the cask model is unchanged. The target model has
been rotated by 90° to have its top surface impact the cask side. The impact
direction <in this case is in the X direction. The 180° symmetric section of
the cask is divided into 12 sections with a finer mesh at the impacting edge.
This model mesh is coarser than for the bottom-end drop. However, the mesh
size of the cask body at the impact edge in both radial and circumferential
directions is the same as for the bottom-end-drop model. In the Tongitudinal
direction, the cylindrical wall is divided into 15 equal sections. The
closure 1id is divided into 12 sectors with a finer mesh at the impacting
edge. Seven closure 1id bolt elements are modeled. At the symmetric edges
are two half-bolt areas with the remaining five having full-bolt areas. To
Zimulate the side drop, the gravity and velocity are applied in the X

irection.

The MCO Cask 6.4-m (21-ft) water-filled drop model is the same as for a
9-m (30-ft) bottom obiique drop with two exceptions: (1) the Tower drop
height and (2) addition of a water simulation model. The water is treated as
a simple ABAQUS hydrodynamic material model with zero shear strength and a
bulk response defined as p = K €, where p is the pressure, K is the bulk
moduius of elasticity, and € is the volumetric strain. The ABAQUS equation of
state (*EOS) with USUP type is specified. When a hydrostatic simplification
is assumed, this yields the relationship K = p, cf, where p_ is the density of
water and c, is the speed of sound in water. The water model consists of
solid elements (C3D8R) with the water density at 1 kg/L (62.4 1bf/ft3), a bulk
moduius of elasticity 2,068 MPa (300,000 psi), and sonic speed of 1,422 m/s
(56,660 in/s).

7.3.4 Initial Conditions

Initial conditions required for hypothetical accident evaluations are
the same as those required for the evaluation of NCT. See Part B,
Section 7.2.4.

7.3.4.1 Environmental Heat Loading. The fire accident condition is assumed
to be independent of all other accident conditions. Also, for conservatism,
it is assumed that the fire duration is for 30 minutes. Thermal evaluation of
the hypothetical accident conditions are provided in Part B, Section 8.0.
Based on these assumptions, the thermal loads are evaluated during an accident
fire. :

7.3.4.2 RAccident Condition Drop Stresses. The accident condition drops are

evaluated in the same manner as for the normal conditions with the addition of
three cases. The additional cases are the side drop, top-end flat drop, and a

B7-87



HNF-SD-TP-SARP-017 Rev. 0

6.4-m (21-ft) bottom-end oblique drop with thé cask and MCO filled with water.
The highest ASME Code stress intensities at critical elements and locations
are shown in Table B7-19. .

Table B7-19. Maximum Stress Intensity and Location
Accident Condition Drops.

Cask body/closure Lid Lid bolts
Drop orientation Exterior Containment Stress
Element 5
Element Stress Element Stress WPa Cksi)
. MPa (ksi) MPa (ksi)

Bottom end 25009 149.13 (21.63) 20110 102.87 (14.92) 9901 109.69 (15.91)
Bottom end’ 21336 417.4 (60.54) 616 81.7 (11.85) 9905 40.82 (5.92)
corner
Side : 25001 257.8 (37.39) 20695 98.18 (14.24) 9907 177.26 ¢25.71)
Top end oblique 5478 67.91 (9.85) 3652 103.14_(14.96) 9907 55.16 ¢8.00)
Top end flat 5078 119.48 (17.33) 4850 70.81 €10.27) 9905 | 27.37 (3.97)
6.4-m (21-F1) ) .
bottom oblique, 21336 264.07 (35.40) |. 616 68.39 (9.92) 9907 39.44 (5.72)
filled with . . N
wWater

7.3.4.3 Accident Condition Drop Evaluation.

7.3.4.3.1 9-m (30-ft) Bottom-End Flat Drop. This case evaluates the
MCO Cask. performance for a 9-m (30-ft) bottom-end flat drop onto the 20-cm
(8-in.) concrete pad. The total run time of this case is 100 ms. This drop
results in an impact acceleration history with high frequency noise as shown
in Figure B7-106. After filtering out frequencies higher than 1000 Hz, the
peak acceleration is determined to be approximately 57.6g (Figure B7-107).
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‘ Figure B7-106. MCO Cask 9-m (30-ft) Bottom-End Flat- Drop
: ) Acceleration History (Unf11tered)
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Figure B7-107. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Acceleration H1story (Filtered at 1000 Hz).
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Three velocity plots at the bottom of the cask, the center-of-gravity
Tevel of the cask, and the top of the 1id, respectively, are shown in :
Figures B7-108 through Figure B7-110, The data points are the center of the
plate (except center-of-gravity Tevel does not have this point), 0° point, and
180° point from the drain port in the circumferential direction. A1l three
figures indicate a 9-m (30-ft) drop impact period of about 114.5 ms.
Pertinent impact acceleration data are shown in Table B7-20.

Figure B7-108. MCO Cask 9-m (30-ft) Bottom-End Fiat-Drop
Velocity History at the Bottom of Cask.
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Figure B7-109. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Velocity History at the Center of Gravity Level of Cask.
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Figure B7-110. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Velocity History at the Top of Cask Lid.
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" Table B7-20. Impact Acceleration Data of the 9-m (30-ft)-
Bottom-End Flat Drop.
Linear peak Average Peak . Impact
acceleration | impact-period | acceleration period
(9) acceleration (g9) (ms)
(9).
28.6 11.9 57.6 114.5

Stress Intensity. The estimated average ASME Code stress intensities
are shown=in Table B7-21 at the most critical exterior shell and containment
boundary locations and at all 1id bolts. :The stress intensity plots at the
most critical locations are shown in Figures B7-111 through B7-114. The
stress intensity plots of 1id bolts are shown in Figures B7-115 through
B7-121. :

B7-92



HNF-SD-TP-SARP-017 Rev. 0

Table B7-21. ASME Code Stress Intensity at Critical Locations from
the 9-m (30-ft) Bottom End Flat Drop.

Cask_body/tid

Lid bolt
Exterior Containment boundary
Element Stress Element Stress Etement Stress
intensity intensity intensity
MPa (ksi) MPa (ksi) MPa (ksi)

21336 52.12 (7.56) . 614 66.81 (9.69) 9901 109.69 (15.91)
21337 54.33 (7.88) 615 51.16 (7.42) 9902 103.97 (15.08)
21338 46.81 (6.79) 616 86.46 (12.54) 9903 103.83 (15.06)
21339 55.57 (8.06) 21310 72.05 (10.45) 9904 107.14 ¢15.54)
21340 49.30 (7.15) 21305 62.26 (9.03) 9905 106.25 (15.41)
21341 93.42 (13.55) 21300 56.40 (8.18) 9906 104.94 (15.22)
21342 64.05 (9.29) 21295 52.61 (7.63) 9907 101.90 (14.78)
21343 62.95 (9.13) 21290 76.05 (11.03)
21344 72.53 ¢10.52) 21285 72.39 (10.50)
21345 77.36 €11.22) 21280 59.91 (8.69)
21311 77.29 (11.21) 21275 48.74 (7.07)
21316 87.77 (12.73) 21270 57.09 (8.28)
21346 72.81°(10.56) 20720 81.63 (11.84)
25030 51.99 (7.54) 20715 57,29 (8.31)
25029 64.60 (9.37) 20710 63.57 (9.22)
25022 48.33 (7.01) 20705 54.81 (7.95)
25021 43,78 (6.35) 20695 66.60 (9.66)
25020 47.71 €6.92) 20690 67,43 (9.78)
25019 108.59 (15.75) 20685 65.84 (9.55)
25012 89.97 (13.05) 20680 60.53 (8.78)
25011 81.49 (11.82) 20160 87.77 €12.73)
25010 v111.21 €16.13> 20159 72.05 (10.45)
25009 149.13 (21.63) 20158 67.29 (9.76)
25002 90.73 (13.16) 20157 . 54.47 (7.90)
25001 103.35 (14.99) 20110 102.87 €14.92)

20109 84,32 (12.23)

20108 100.59 ('114.59)

20107 56.88 (8.25)

20106 61.22 (8.88)
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Figure B7-111. MCO Cask 9-m (30-ft) Bottom-End
Flat-Drop Stress Intensity History at the
Interior of the Cask Wall (EL 21295).
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Figure B7-112. MCO. Cask 9-m (30-ft) Bottom-End Flat-Drop
Stress Intensity History at the Interior
of the Cask Bottom (EL 614).
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Figure B7-113. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Stress Intensity History at the Exterior
’ of the Cask (EL 21346).
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Figure B7-114: MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Stress Intensity History at the Drain Port
Cover Plate (EL 25002).
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Figure B7-115. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
: Stress Intensity History at Bolt No. 1 (EL 9901).
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Figure B7-116. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 2 (EL 9902).
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Figure B7-117. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 3 (EL 9903).
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Figure B7-118. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Stress Intensity Hi;tory at Bolt No. 4 (EL 9904).
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N
Figure B7-119. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No 5 (EL 9905).
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Figure B7-120. MCO Cask 9-m (30-ft) Bottom-End Fiat-Drop
Stress Intensity History at Bolt No. 6 (EL 9906).
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Figure B7-121. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Stress Intensity History at Bolt No. 7 (EL 9907).
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Deformation Results. The accumulated strain at the critical Tocations
of the cask and 1id and ‘at ‘the 1id bolts are shown in Table B7-22. The
accumulated strains are the range of the largest principal Togarithmic strain
and the smallest principal Togarithmic strain. This is the strain counterpart
of the stress intensity in the ASME stress intensity definition.

The strain plots at the most critical Tocations are shown in
Figures B7-122 through B7-125. The largest accumulated strain is 0.633% at
the drain port cover plate. The largest accumulated strain on the containment -
boundary of the cask/1id is 0.47%, occurring in the drain port region.

The strain plots of 1id bolts are shown in Figures B7-126 through

B7-132. The maximum accumulated strains of the 1id bolts are approximately
1.0% during this 9-m (30-ft) bottom-end flat drop.
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Table B7-22. Accumulated Strains at Critical Locations from the 9-m
(30-ft) Bottom End Flat Drop.

Cask body/tid
Lid bott
Exterior Containment boundary
Element Strain Element Strain Etement strain
(in./in.) (in./in.) ¢in./in.)
21336 0.00168 614 0.00109 9901 0.00902
21337, 0.00213 615 0.00205 9902 0. 00964
21338 0.00210 616 0.00221 9903 0.01006
21339 = 0.00158 21310 0.00174 9904 0.01001
21320 0.00108 21305 0.00158 9905 0.00938
21341 0.00099 21300 0.00232 . 9906 0.00865
21342 0.00148 21295 0.00421 9907 0.00841
21343 0.00192 21290 0.00465
21344 0.00120 21285 0.00169
21345 0.00114 21280 0.00183
21311 0.00068 21275 0.00151
21316 i 0.00228 21270 0.00129
21346 0.00283 20720 0.00175
25030 0.00035 20715 0.00186
25029 0.00043 20710 0.00200
25022 0.00032 20705 0.00178
25021 0.00029 20695 0.00188
25020 0.00032 20690 0.00179
25019 0.00072 20685 0.00134
25012 0.00060 20680 0.00087
25011 0.00054 20160 0.00211
25010 0.00074 20159 0.00157.
25009 ) 0.00099 ‘ 20158 0.00119
25002 - 0.00060 20157 0.00099
25001 0.00069 l 20110 0.00190
20109 0.00191
20108 0.00155
20107 0.00165
20106 0.00157
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Figure B7-122. MCO Cask-9-m (30-ft) Bottoﬁ-End Flat-Drop
Strain History at the Interior of the Cask Wall (EL 21290).
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Figure B7-123. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Strain History at Interior of the Cask Bottom (EL 616).
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Figure B7-124. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Strain History at the Exterior of the Cask (EL 21346).
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Figure B7-125. MCO Cask 9-m (30-ft) Bottom-End Fiat-Drop

Strain History at the Drain Port Cover Plate (EL 25030).
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Figure B7-126. MCO Cask 9-m (30-ft) Bottom-End F]af—Drop
. Strain History at Bolt No. 1 (EL 9901).
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Figure B7-127. MCO Cask 9-m (30-ft) Bottom-End Fiat-Drop
Strain History at Bolt No. 2 (EL 9902).
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Figure B7-128. MCO Cask 9-m (30-ft) Bottom—End Flat-Drop
Strain at Bolt No. 3 (EL 9903).
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Figure B7-129. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Strain History in Bolt No. 4 (EL 9904).
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Figure B7-130. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Strain History at Bolt No. 5 (EL 9905).
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Figure B7-131. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Strain History at Boit No. 6 (EL 9906). '
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Figure B7-132, MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
. Strain History at Bolt No. 7 (EL 9907).
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Other Results. Evaluation of the four cover plate cap screws shows the.
drain port cover plate remains secured to the cask body and containment is
maintained. Since the bolt pattern ‘is symmetrical, only two of the four bolts
is shown. The low bolt stress shows that the cover plate remains secured to
the cask body. The Tow axial strain on the bolts shows that there is only
minor axial deformation, and consequently containment is maintained. The cap
screws are manufactured from SA-193, Grade B8 material, with an ASME tensile
strength of 517 MPa (75 ksi) and a yield strength of 207 MPa (30 ksi). The
plasticity of the cap screws material is represented by a bilinear curve with
a stress of 207 MPa (30,033 psi) at 0% plastic strain, and a rupture stress of
672 MPa (97.5 ksi) at 30% plastic strain. As shown in Figures B7-133 through
B7-135, the maximum tensile stress of the cap screws is 96.66 MPa (14.02 ksi)
an axial strain of 0.58%. The maximum shear stress in the cap screws is only
1.2 MPa (180 psi). Figure B7-136 shows the concrete deformation is
approximately 41.91 cm (16.5 in.).
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Figure B7-133. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Drain Port Cover Plate Cap Screw Axial Stress.
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Figure B7-134. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Drain Port Cover Plate Cap Screw Shear Stress.
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7.3.4.3.2 9-m (30-ft) Bottom-End Corner Drop. This case evaluates the
MCO Cask performance for a 9-m (30-ft) bottom-end corner drop onto the 20-cm
(8-in.) concrete target. The center of gravity of the cask assembly and
payload is over the impacting corner. The total duration of this case is

62 ms at the impact point.

In this case, because the initial impact area is very small, the cask
penetrates well into the target before the target can provide sufficient
resistance to noticeably affect cask momentum. Subsequently, the peak
acceleration is delayed from initial contact until sufficient target
resistance is available to begin a change in cask momentum (Figures B7-135 and

B7-136).

The drop results in an impact acceleration history filled with a few
sharp spikes as shown in Figure B7-135. The spikes are the results of
residual forces from many contact surfaces, which are numerical errors, not
the real cask responses. After smoothing out these sharp spikes, the maximum
acceleration is found to be about 34.5g (Figure B7-136).

Figure B7-135. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Drain Port Cover Plate Cap Screw Axial Strain.
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Figure B7-136. MCO Cask 9-m (30-ft) Bottom-End Flat-Drop
Concrete Deformation Depth.
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Three velocity plots at the bottom of the cask, the center-of-gravity
Tevel of the cask, and the top of the 1id, respectively, are shown in
Figures B7-137 through B7-139. The data points are the center of the 1id and
bottom plates (center-of-gravity level does not have this point), 0° point,
90° point, and 180° point from the drain port in the circumferential direction
(middle curve). The typical (or average) data point is the 90° point. Using
the 90° point data, the bottom of cask has an-impact period of 57 ms, which is
shorter than the impact period of the center-of-gravity level of the cask of
65.2 ms. The top of the 1id has the Tongest impact period of a Tittle over
82 ms. The impact periods for the center of gravity and the top 1id Tlevels
are extrapoiated from the time curves. The maximum acceleration is determined
from the steepest slope of these velocity curves. They are 35.7g at the )
bottom of the cask, 33.3g at the center-of- gravity level of the cask, and
28.7g at the top of the 1id. Using the impact durations at different
elevations, the average accelerations are found to be 24.0g, 21.0g, and 16.7g
at the bottom, center-of-gravity, and top elevations, respectively.

The acceleration results are shown in Table B7-23. The linear peak
acceleration is obtained from the steepest slope of the velocity curve. The
average impact-period acceleration is calculated frem
(528-0)/ (impact period)/(386.4). The peak acceleration is obtained from the
reaction force history at the bottom of the cask. .
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Figure B7-137. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Velocity History at the Bottom of the Cask.
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Figure B7-138. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Velocity History at the Cask Center of Gravity.
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Figure B7-139. MCO Cask 9-m (30-ff) Bottom-End Corner-Drop
Velocity History at the Top of the Lid.
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Table B7-23. Impact Acceleration Data of the 9-m (30-ft)
Bottom-End Corner Drop.
Location Linear peak Average Peak Impact
acceleration | impact-period | acceleration period
(9) acceleration (9) (ms)
(9)
Bottom 35.7 24.0 34.5 57.0
Center of 33.3 21.0 NA 65.2
gravity
Top 28.7 16.7 NA 81.7

Stress Intensity.

The estimated average ASME Code stress intensities

are shown in Table B7-24 at the most critical exterior shell and containment

boundary locations and at all.T1id bolts.

The stress intensity plots at the

most critical locations are shown in Figures B7-140 through B7-143. The
exterior boundary of the cask near the drain port has experienced a high
stress intensity; however, the containment boundary of the cask stress

intensity is well below the allowable stress of the cask material.

The stress

intensity plots of the 1id bolts are shown in Figures B7-144 through B7-150.
The impact of this drop produces very low stress intensities on the Tid bolts.
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Table B7-24. ASME Code Stress Intensity at Critical Locations from’
the 9-m (30-ft) Bottom-End Oblique Drop.

B7-112

Cask body/Llid
Lid bolt
Exterior Containment boundary
- Element _Stress Element _ Stress Element _ Stress
intensity intensity intensity
MPa (ksi) MPa (ksi) - MPa (ksi)
21336 416.78 (60.54) 614 23.65 (3.43) 9.901 10.82 (1.57) -
21337 236.83 (34.35) 615 24.89 (3.61) 9902 8.27 (1.20)
21338 180.29 (26.15) 616 81.70 (11.85) 9903 16.55 (2.40)
21339 106.18 (15.40) 21310 12.62 ¢1.83) 9904 38.89 (5.64)
21340 86.04 (12.48) 21305 13.68 ¢2.01) 9905 40.82 (5.92)
21341 259.72 (37.67) 21300 23.86 (3.46) 9906 33.99 (4.93)
21342 1564.23 (22.37) 21295 34.54 ¢5.01) 9907 25.79 (3.74)
21343 80.05 (11.61) 21290 38.47 (5.58)
21344 55.29 (8.02) 21285 13.58 ¢1.97)
21345 34.34 (4.98) 21280 14.89 €2.16)
21311 334,11 (48.46) 21275 14.96 (2.17)
21316 250.41 (36.32) 21270 19.30 (2.80)
21346 146.17 (21.20) 20720 16.34 (2.37)
25030 197.12 (28.59) 20715 18.62 (2.70)
25029 191.46 27.77) 20710 22.82 (3.31
25022 95.83 (13.90) 20705 19.99 (2.90)
25021 83.91 (12.17) 20695 21.37 (3.10)
25020 150.58 (21.84) 20690 20.37 (2.94)
25019 171.68 (24.90) 20685 33.09 (4.80)
25012 91.56 (13.28) 20680 20.41 €2.96)
25011 85.01 (12.33) 20160 19.93 ¢2.89)
25010 98.52 (14.29) 20159 20.68 (3.00)
25009 128.79 (18.€8) 20158 20.13 (2.92)
25002 115.28 (16.72) 20157 24.54 (3.56)
25001 82.32 (11.94) 20110 25.85 (3.75)
’ 20109 22.61 (3.28)
20108 31.92 (4.63)
20107 28.06 (4.07)
20106 25.58 (3.71)
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Figure B7-140. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at the Interior
of the Cask Wall (EL 20110).
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Figure B7-141. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at the Interior
of the Cask Bottom (EL 616).
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Figure B7-142. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at the Exterior
of the Cask (EL 21336).
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Figure B7-143. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
) Stress Intensity History at the Drain
Port Cover Plate (EL 25030).
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Figure B7-144. MCO Cask 9-m (30-ft) Bottom~End Cdrner—Drop
Stress Intensity History at Bolt No. 1 (EL 9901).
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Figure B7-145. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at Bolt No. 2 (EL 9902).
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Figure B7-146. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at Bolt No. 3 (EL 9903).
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Figure B7-147. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at Bolt No. 4 (EL 9904).
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Figure B7-148. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at Bolt No. 5 (EL 9905).
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Figure B7-149. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at Bolt No. 6 (EL 9906).
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Figure B7-150. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Stress Intensity History at Bolt No. 7 (EL 9907).
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Deformation Results. The accumulated strain at the critical Tocations
of the cask-and 1id and at the 1id bolts are shown in Table B7-25. The
accumulated strains reported are in the range of the largest principal
Jogarithmic strain and the smallest principal logarithmic strain. This is the
counterpart of strain of the stress intensity in the ASME stress intensity
definition.

The strain plots at the most critical Jocations are shown in
Figures B7-151 through B7-154. The Targest overall accumulated strain of the
entire cask is over 15.3% at the exterior bottom boundary of the drain port
(Figure B7-153). The largest accumulated strain on the drain port cover plate
is about 1.8% (Figure B7-154). However, the largest accumulated strain of the
containment boundary of the cask/1id is only 0.05%, occurring near the drain
port region (Figure B7-151).

The strain plots of 1id bolts are shown in Figufes B7-155 through

B7-161. The accumulated strains of the 1id bolts are very small, about 0.02%
during this 9-m (30-ft) bottom-end corner drop. :
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Table B7-25. Accumu1atéd Strains at Critical Locations from
the 9-m (30-ft) Boftom-End Oblique Drop.

Cask body/tid

B7-119

Lid bolt

Exterior " Containment boundary

Element ’ Strain Element Strain Element strain

(in./in.) (in./in.) ¢in./in.)

21336 0.1527 614 0.00016 9901 0,00006

21337 0.01745 615 0.00017 9902 0.00004

21338 0.00298 616 0.00054 9903 0.00009

21339 0.00071 21310 0.00008 9904 0.00020

21340 0.00057 21305 0.00009 9905 0.00021

21341 0.02153 21300 0.00016 9906 0.00018

21342 0.00345 21295 0.00023 9907 0.00014
21343 0.00053 21290 0.00026
21344 0.00037 21285 0.00009
21345 0.00023 21280 0.00010
21311 0.07338 21275 0.00010
21316 0.02172 21270 0.00013
21346 0.00119 20720 0.00011
25030 0.04425 20715 0.00012
25029 0.02092 20710 0;00015
25022 0.00515 20705 0.00013
25021 0.00793 20695 0.00014
25020 0.01742 20690 0.00014
25019 - 0.01053 20685 0.00022
25012 0.00276 20680 0.00014
25011 0.00364 : 20160 0.00018
25010 0.00418 20159 0.00014
25009 0.00459 20158 0.00013
25002 0.00128 20157« 0.00016
25001 0.00141 20110 0.00017
20109 0.00015
20108 0.00021
20107 0.00019
20106 0.00017
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Figure B7-151. MCO Cask 9-m.(30-ft) Bottom-End Corner-Drop

Strain History at the Interior of the Cask Wall (EL 21290).
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Figure B7-152. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Strain History at the Interior of the Cask Bottom (EL 616).
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Figure B7-153. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
~Strain History at the Exterior of the Cask (EL 21336).
Strain (in/in.)
0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

— EL 21336

0
0 0.0l 0.02 0.03 0.04 0.08 0.06 0.07 0.08 0.09 0.1
Time (second)

Figure B7-154. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Strain History at the Drain Port Cover Plate (EL 25030).
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Figure B7-155. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Strain History at Bolt No. 1 (EL 990I).
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Figure B7-156. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Strain History at Bolt No. 2 (EL '9902).
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Figure B7-157. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Strain History at Bolt No. 3 (EL 9903).
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Figure B7-158. MCO Cask 9-m (30-ft) Boitom-End Corner-Drop
Strain History at Bolt No. 4 (EL 9904).
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Figure B7-159. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Strain History at Bolt No. 5 (EL 9905).
Strain (in/in.)
0.00025

0.0002

0.00018 /

0.0001

0.00005

Mo

-0.00008 y g
0 0.01 0.02 0.03 0.04 0.08 0.06 0.07 0.08 0.09 0.1

— EL 9908

Time (second)

Figure B7-160. MCO Cask 9-m (30-fi) Bottom-End Corner-Drop
Strain History at Bolt No. 6 (EL 9906).
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Figure B7-161. MCO Cask 9-m (30-ft) Bottom-End Corner-Drop
Strain History at Bolt No. 7 (EL 9907).
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Other results. Evaluation of the four cover plate cap screws shows the
drain port cover plate remains secured to the cask body and containment is
maintained. Since the bolt pattern is symmetrical, only two of the four bolts
is shown. The low bolt stress shows that the cover plate remains secured to
the cask body. The Tow axial strain on the bolts shows that there is only
minor axial deformation; consequently, containment is maintained. The cap
~ screws are manufactured from SA-193, Grade B8 material, with an ASME tensile

strength of 517 MPa (75 ksi) and a yield strength of 207 MPa (30 ksi). The
plasticity of the cap screws material is represented by a bilinear curve with
a stress of 207 MPa (30,033 psi) at 0% plastic strain, and a rupture stress of
672 MPa (97.5 ksi) at 30% plastic strain. As shown in Figures B7-162 to
B7-164, the maximum tensile stress of the cap screws is 194.4 MPa (28.2 ksi)
with an axial strain of 0.8% (0.008 in/in). The maximum shear stress in the
cap screws is only 0.6 MPa (81 psi). Figure B7-165 shows the concrete
deformation is approximately 39.4 cm (15.5 in.).

7.3.4.3.3 9-m (30-ft) Side Drop. This case is to study an accident
condition of the MCO Cask having a 9-m (30-ft) side drop onto the 20-cm
(8-in.) concrete target. The side of the cask assembly is assumed to be
perfectly horizontal just before impact such that all side points contact the
concrete pad at the same time. The total run time of this case is 40 ms. The
side drop has a large impact area, which is difficult to control both in
actual testing and in numerical analysis. This results in an initial impact
acceleration of 2,050g at time zero. This numerical anomaly due to the
Targely distributed contact areas, not the real cask response (Figure B7-166).
After smoothing out this initial spike and filtering out forces with high .
frequencies over 1,000 Hz, the maximum peak acceleration is found to be about
177g (Figure B7-167).
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Figure B7-162. MCO Cask 9-m (30-ft) Bottom~End Obligque-Drop
Axial Stresses at Drain Port Cover Plate Cap Screws.:
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Figure B7-163. MCO Cask 9-m (30-ft) Bottom-End
Oblique-Drop Drain Shear Stresses at Port
Cover Plate Cap Screws.
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Figure B7-164. MCO Cask 9-m (30-ft) Bottom-End Oblique-Drop
Axial Strain at Drain Port Cover Plate Cap Screws.
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Figure B7-165. MCO Cask 9-m (30-ft) Bottom-End
Obligue-Drop Concrete Deformation Depth.
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Figure B7-166. MCO Cask 9-m (30-ft) Side-Drop
Acceleration History (Unfiltered).
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Figure B7-167. MCO Cask 9-m (30-ft) Side-Drop
Acceleration History (Filtered).
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Four velocity plots at the bottom of the cask, the center-of-gravity
level of the cask, the flange of the 1id, and the top of Tid are shown in
Figures B7-168 through B7-171, respectively. At the bottom of the cask and at
the center-of-gravity and the 1id flange levels, the data points are the 45°
point, 90° point, 135° point, and 180° point from the drain port in the
circumferential direction. The data points at the top of the 1id are at the
center of the plate, 0° point, 90° point, and 180° point from the drain port
in the circumferential direction. The velocities at each elevation converge
well to indicate the thick-wall cask behaves Tike a rigid body motion.
Although the top of the cask rebounds a few milliseconds earlier than the
bottom of the cask, the initial maximum accelerations show the opposite
behavior. The maximum acceleration (the steepest slope of the velocity curve)
at the bottom of the cask is higher than that of the top of the cask. The
calculated linear peak.acceleration of the cask is 60g at the center-of-
gravity level. The average impact period is about 30 ms, which gives the
average impact-period acceleration of the side drop as 45.5g. The
acceleration results are summarized in Table B7-26. The peak acceleration is
‘obtained from the reaction force history of the cask contact area.

Figure B7-168. MCO Cask 9-m (30-ft) Side—Drop Velocity
History at the Bottqm of the Cask.
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Figure B7-169. Mco Cask 9-m (30-ft) Side-Drop Velocity
History at the Cask Center of Gravity.
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Figure B7-170. MCO Cask 9-m (30-ft) Side-Drop
Velocity History at the Flange of the Lid.
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Figure B7-171. MCO Cask 9-m (30-ft) Side-Drop Velocity
’ History at the Top of the Lid.
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Table B7-26. Impact Acceleration Data of the 9-m
. (30-ft) Side Drop.
Linear peak Average Peak Impact
acceleration impact-period acceleration period
(9) acceleration (9) (ms)
(9}
60.0 45.5 177 30.0

Stress Intensity. The estimated average ASME Code stress intensities
are shown in Tables B7-27 and B7-28 at the most critical exterior shell and
containment boundary locations and at all 1id bolts. The highest stress
intensity occurs on the exterior of the cask near the drain port cover plate.
At the end of impact, the stress intensity at this Tocation is over 317 MPa
(46 ksi). Other exterior boundary locations of the cask at the bottom of the
drain port also sustain high stresses. However, at the end of the impact,
these stresses drop to a level below the yield strength of the material. The
containment boundary (interior locations of the cask) stress intensities are
well below the yield strength of the cask material. The stress intensity
plots at the most critical locations are shouwn in Figures B7-172 through
B7-177. The stress intensity plots of 1id bolts are shown in Figures B7-178
through B7-184. The impact produces low stress intensities on the 1id bolts
compared with the yield strength of 1id bolt material.
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Estimated Average ASME Code Stress Intensity
at -the Bottom Critical Locations from the 9-m (30-ft) Side Drop.

Cask_body/lid

' tid bolt
Exterior Containment boundary
Element Stress Element Stress Etement Stress
Intensity Intensity Intensity
MPa (ksi) MPa (ksi) MPa (ksi)
21336 184.77 (26.77) - 614 41.02 (5.95) 9901 129.41 (18.77)
21337 156.1 (22.64) 615 47.02_(6.82) 9902 128.38 (18.62)
21338 98.94 (14.35) 616 68.88 (9.99) 9903 140.72 (20.41)
21339 83.98 (12.18) 21310 54.54 (7.91) 9904 125.21 (18.16)
21340 70.46 (10.22) 21305 50.26 (7.29) 9905 138.52 ¢20.09)
21341 137.62 (19.96) 21300 78.6 (11.40) 9906 118.52 (17.19)
21342 87.98 (12.76) 21295 65.29 (9.47) 9907 177.26 (25.71)
21343 86.37 (12.60) 21290 53.92 (7.82)
21344 83.01 (12.04) 21285 50.88 (7.38)
21345 80.32 (11.65) 21280 51.09 (7.41)
21311 156.17 (22.65) 21275 41.92 ¢6.08)
21316 129.28 (18.75) 21270 57.23 (8.30)
21346 110.04 (15.96) 20720 94.8 (13.75)
25030 224,01 (32.49) 20715 57.5_(8.34)
25029 170.58 (24.74) 20710 70.53 (10.23)
25022 233,25 (33.83) 20705 73.36 _(10.64)
25021 205.6 (29.82) 20695 98.18 (14.24)
25020 319.92 (46.40) 20690 70,4 (10.21)
25019 199.67 (28.96) 20685 73.77 (10.70)
25012 167.4 (24.28) 20680 66.95 (9.71)
25011 226,22 (32.81) 20160 91.77 ¢13.31)
25010 257.04 (37.28) 20159 77.2 ¢11.20)
25009 238.21 (34.55) 20158 77.36 (11.22)
25002 223.6 (32.43) 20157 62.47 (9.06)
25001 257.8 (37.39) 20110 90.74 (13.16)
20109 87.29 (12.66)
20108 54.88 (7.96)
20107 65,36 (9.48)
20106 52.95 (7.68)

Average stress intensity (SI) = larger of the half of peak SI or the SI at the end of impact

period.
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Table B7-28. Estimated Average ASME Code Stress Intensity
at the Top Critical Locations from the 9-m (30-ft) Side Drop.

Cask Body/Lid

Lid Bolt
Exterior Containment Boundary
Element Stress Element Stress Element Stress
Intensity Intensity Intensity
MPa (ksi) MPa (ksi) MPa (ksi)
5664 81.29 (11.79) 4078 86.6 (12.56). - —---
5678 50.54 (7.33) 4079 - 86.39 (12.53)
5064, 39.85 ¢5.78) 5050 54.47 (7.90)
5078 71.15 (10.32) 3650 79.22 (11.49)
5650 43.3 (6.28) 3651 67.78 (9.83)
3652 67,22 (9.75)
3450 50.81 (7.37)

Average stress intensity (SI) =

period.

Figure B7-172.
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Figure B7-173. MCO Cask 9-m (30-ft) Side-Drop Stress
Intensity History at the Interior of the
Cask Bottom (EL 616). :
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Figure B7-174. MCO Cask 9-m (30-ft) Side-Drop Stress
Intensity History at the Exterior of the Cask (EL 21311).
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Figure B7-175. MCOCask 9-m (30-ft) Side-Drop Stress
Intensity History at the Drain Port Cover Plate (EL 25020) .
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Figure B7-176. MCO Cask 9-m (30-ft) Side-Drop Stress
Intensity History at the Interior of the Lid (EL 4078).
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Figure B7-177. MCO Cask 9-m (30-ft) Side-Drop Stress
Intensity History at the Exterior of the Lid (EL 5664).
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Figure B7-178. MCO Cask 9-m (30-ft) Side Drop Stress
Intensity History at Bolt No. 1 (EL 9901).
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Figure B7-179. MCO Cask 9-m (30-ft) Side-Drop Stress
Intensity History at Bolt No. 2 (EL 9902).
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Figure B7-180. MCO Cask 9-m (30-ft) Side-Drop Stress
Intensity History at Bolt No. 3 (EL 9903).
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Figure B7-181. MCO Cask 9-m (30-ft) Side-Drop Stress
Intensity History at Boit No. 4 (EL 9904).
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Figure B7-182. MCO Cask 9-m (30-ft) Side-Drop Stress
) Intensity History at Bolt No. 5 (EL 9905).
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Figure B7-183. MCO Cask 9-m (30-ft) Side-Drop Stress
Intensity History at Bolt No. 6 (EL 9906).
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Figure B7-184. MCO Cask 9-m (30-ft) Side Drop Stress
Intensity History at Bolt No. 7 (EL 9907).
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Deformation Results. The accumulated strain at the critical locations
of the cask and 1id and at the 1id bolts are shown in Tables B7-29 and B7-30
at the bottom portion and top portion of the cask, respectively. The
* accumulated strains reported in the tables are the range of the largest
principal Togarithmic strain and the smallest principal logarithmic strain.
This is the counterpart of strain of the stress intensity in the ASME stress
intensity definition.

The strain plots at the most critical Tocations are shown in .
Figures B7-185 throtgh B7-190. The Tlargest overall accumuiated strain of the
entire cask is approximately 9.6% at the drain port cover plate
(Figure B7-188). The largest accumulated strain of the cask exterior is about
7.1% at the bottom of the drain port (Figure B7-187). However, the largest
accumulated strain of the containment boundary of the cask/1id is only 0.61%,
occurring near the drain port region (Figure B7-185).

The strain plots of 1id bo]ts'are shown in Figures B7-191 through

B7-197. The accumulated strains of the 1id bolts are inconsequential, about
0.1% during this 9-m (30-ft) side drop.
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Accumulated Strains at the Bottom Critical
Locations from the 9-m (30-ft) Side Drop.

Cask body/lid

Lid Bolt
Exterior Containment boundary
Element Strain Element Strain Element strain
(in/in) ¢in/in) (in/in)
21336 0.02340 614 0,00246 9901 0.00129
21337 0.01465 615 0.00269 9902 0.00125
21338 0.00624 816 0.00206 9903 0.00141
21339 0.00295 21310 0.00416 9904 0.00125
21340 0.00270 21305 0.00356 9905 0.00139
21341 0.00371 21300 . 0.00440 9906 0.0011¢9
21342 0.00205 21295 0.00541 9907 0.00177
21343 0.00290 21290 0.00398
21344 0.00294 21285 0.00199
21345 0.00275 21280 0.00068
21311 0.07104 21275 0.00056
21316 0.00913 21270 0.00231
21346 0.00443 20720 0.00418
25030 - 0.09518 20715 0.00076
25029 0.03752 20710 .0.00169
25022 0.01649 20705 0.00234
25021 0.07841 20695 0.00614
25020 0.08656 20690 0.00224
25019 0.04745 20685 0.00271
25012 0.03147 20680 0.00234
25011 0.06366 20160 0.00417
25010 0.08662 20159 0.00244
25009 0.05680 20158 0.00240
25002 0.05869 20157 0.00189
25001 0.04130 20110 0.00317
20109 0.00114
20108 0.00100
20107 0.00103
20106 0.00087
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‘Accumilated Strains at the Top Critical
Locations from the 9-m (30-ft) Side Drop.

Cask body/Llid

Lid bolt

Exterior Containment boundary

Element Strain Element Strain Etement strain

¢in/in) (in/in) (in/in)

5664 0.00133 4078 0.00149 --=- [l

5678 0.00067 4079 0.00118
5064 0.00053 5050 0.00073
5078 0.00095 3650 . 0.00106
5650 0.00058 3651 0.00090
| 3652 0.00090
3450 0.00068

Figure B7-185.
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Figure B7-186. MCO Cask 9-m (30-ft) Side-Drop Strain
History at the Interior of the Cask Bottom (EL 615).
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Figure B7-187. MCO Cask 9-m (30-ft) Side-Drop Strain
History at the Exterior of the Cask (EL 21311).
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Figure B7-188. MCO Cask 9-m (30-ft) Side-Drop Strain
History at the Drain Port Cover Plate (EL 25030).
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Figure B7-189. MCO Cask 9-m (30-ft) Side-Drop Strain
History at the Interior of the Lid (EL 4078).
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Figure B7-190. MCO Cask 9-m (30-ft) Side-Drop Strain
History at the Exterior of the Lid (EL 5664).
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Figure B7-191. MCO Cask 9-m (30-ft) Side-Drop Strain
History at Bolt No. 1 (EL 9901).
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Figure B7-192. MCO Cask 9-m (30-ft) Side-Drop Strain
History at Bolt No. 1 (EL 9901).
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Figure B7-193. MCO Cask 9-m (30-ft) Side-Drop Strain
History at Bolt No. 3 (EL 9903).
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Figure B7-194. MCO Cask 9-m (30-ft) Side-Drop Strain
History at Bolt No. 4 (EL 9904).

Strain (in./in.)
0.0014

0.0012

©0.001 |—
AO.OOGQ
0.0006 mv 1

0.0004
0.0002 Ll ‘{ n A\/
° | A h} /\/\ W

i W\\ |

-0.0002 1

-0.0004

— EL 9904

0.008 0.01 0.015 0.02 0025 0.08 0.035 0.04
Time (second)

Figure B7-195. MCO Cask 9-m (30-ft) Side-Drop Strain
History at Bolt No. 5 (EL 9905).
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Figure B7-196. MCO Cask 9-m (30-ft) Side-Drop Strain
History at Bolt No. 6 (EL 9906).

Strain (in./in.)

0.0014

0.0012

0.001

0.0008

0.0006

0.0004

0.0002
’ \lr
I
!

AN
e

1 T

-0.0002

— EI. 9906

-0.0004
0 0.005 0.01 0.015 0.02 0.025 0.083 0.03 0.04

Time (second)

Figure B7-197. MCO Cask 9-m (30-ft) Side-Drop Strain
History at Bolt No. 7 (EL 9907).
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Other Results. Since the drain port cover plate is recessed into the
cask, thé cover plate is not subjected to large impact forces. The maximum
predicted resultant force in the vicinity of the drain port cover plate area
is 435,916 N (98,000 1b [Figure B7-198]). The estimated average force is
217,958 N (49,000 1b).

Figure B7-198. MCO Cask 9-m. (30-ft) Side-Drop
Force at Drain Port Cover Plate.
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Figure B7-199 shows the concrete displacement of about 16.8 cm (6.6 in.)
at the cask impact point. The concrete pad is noi totally penetrated in this
drop case. '
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Figure B7-199. MCO Cask 9-m (30-ft) Side-Drop
Concrete Deformation Depth.
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7.3.4.3.4 9-m (30-ft) Top-End Oblique Drop. This case is to evaluate
MCO Cask performance for a 9-m (30-ft) top-end oblique drop onto a 20-cm
(8-in.) concrete target. In this case only one trunnion/bracket impacts the
concrete target initially, and the center of gravity of the cask assembly is
over the impact point. :

The top end oblique drop has an irregularly shaped impact area, which
consists of trunnions, brackets, and some portion of the 1id top. This
complex configuration of the impact area results in numerical instabilities
beyond a 50-ms drop duration. The unfiltered acceleration data is presented
in Figure B7-200. When frequencies higher than 1000 Hz are filtered out, the
peak acceleration is found at 19.9g (Figure B7-201).
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Figure B7-200. MCO Cask 9-m (30-ft) Top-End 0blique-Drop
Acceleration History (Unfiltered).
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Figure B7-201. MCO Cask 9-m (30-ft) Jop-End 051ique—Drop
Acceleration History (Filtered at 1000 Hz).
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Three velocity plots at the bottom of the cask, the center-of-gravity
Jevel of the cask, and the top of the 1id are shown in Figures B7-202 through
B7-204, respectively. At the center of gravity, the data points are the 0°
point, 90° point, and 180° point from the drain port in the circumferential
direction. The data points at the bottom of the cask and the top of the 1id
are at the center of the plate, 0° point, 90° point, and 180° point from the
drain port in the circumferential direction. Because the run was stopped at
50 ms, it is impossibie to predict the impact period of this drop based on the
available data. However, the maximum acceleration (steepest slope of velocity
curve) within this 50-ms period is about 26g. The experience from other drop
analyses indicates a higher acceleration will come at a later stage, but may
not be much higher than this. The acceleration results are shown in
Table B7-31. The peak acceleration is based on the reaction force history of
the cask contact area as mentioned above.

Figure B7-202. MCO Cask 9-m (30-ft) Top—End 0b1ique-Drop
Velocity History at the Bottom of Cask.
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Figure B7-203. MCO Cask 9-m (30-ft) Top-End Ob1ique-Drop
Velocity History at Center-of-Gravity Level of ‘Cask.
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Figure B7-204. "MCO Cask 9-m.(30-ft) Top-End Oblique-Drop
“Velocity History at the Top of the Lid.
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Table B7-31. Impact Acceleration Data of the 9-m (30-ft)
Top-~End Obiique Drop.

Linear Peak Average Peak Impact
‘Acceleration Impact-Period Acceleration Period
(9) Acceleration (9) (ms)
(9) :
> 26 NA 19.9 NA

Stress Intensity. The stress intensity piots at the most critical
Jocations -are shown in Figures B7-205 through B7-210. In this 9-m (30-ft)
top-end oblique drop, the highest stress intensity on the containment boundary
occurs at the shear key near the impact edge at a sfress Jevel of 103 MPa
(14,960 psi [Figure B7-208]). The adjacent cask wall and the mating 1id
surface stresses are lower at 74.8 MPa (10,830 psi) and 69.1 MPa (10,060 psi),
respectively (Figures B7-209 and B7-207). At the exterior surface, the
maximum stress intensity is approximately 69.3 MPa (10,450 psi). The stress
intensity plots of 1id bolts are shown in Figures B7-211 through B7-217, from
which the average stress intensity is assumed to be half of the peak stress
intensity. The impact of this drop produces the highest average stress
intensity of the 1id bolts at 55.2 MPa (8,000 psi) for the bolt farthest from
the impact point. The stress intensities at the most critical locations are
shown below in Table B7-32.

- Figure B7-205. MCO Cask 9-m (30-ft) Top-End 0b1ique-Drop
Stress Intensity History at the Interior
of the Lid (EL 5218).
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Figure B7-206. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Stress Intensity History at the Interior Lid Wall (EL 4450).
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Figure B7-207. MCO Cask 9-m (30-ft) Top-End Obligque-Drop
Stress Intensity History at the Interior
of the Flange (EL 4080).
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Fﬁgure B7-208. MCO Cask 9-m (30-ft) Top-End 0b11ique-Drop
Stress Intensity History at the Shear Key (EL 3652).
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Figure B7-209. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Stress Intensity History at the Interior
of the Cask Wall (EL 3453).
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Figure B7—210. MCO Cask 9-m (30-ft) Top-End 0b11que;Drop
Stress Intensity History at the Exterior
i of the Lid (EL 5664).
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Figure B7-211. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 1 (EL 9901).
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Figure B7-212. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 2 (EL 9902).
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Figure B7-213. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 3 (EL 9903).
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Figure B7-214. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 4 (EL 9904).
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Figure B7-215. MCO Cask 9-m (30-ft) Top-End Ob1ique-Drop
Stress Intensity History at Bolt No. 5 (EL 9905).
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Figure B7-216. MCO Cask 9-m (30-ft) Top-End Obligue-Drop
Stress Intensity History at Bolt No. 6 (EL 9906).
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Figure B7-217. MCO Cask 9-m (30-ft) Top-End Oblique-Drop )
Stress Intensity History at Bolt No. 7 (EL 9907). )
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~ Table B7-32. "Estimated Average ASME Code Stress Intensity .
:at the Critical Locations from the 9-m :(30-ft): Top-End Oblique Drop. :

Cask_body/lid : L
Exterior Containment boundary Lid bolt
Element Stress intensity Element Stress intensity Element Stress intensity
MPa (ksi) 3 MPa (ksi) MPa (ksi)
5650 39,92 (5.79) 5214 35.71.(5.18) 9901 12,69 ¢1.84)
- 5664 - 72.05 (10.45) 5215 33.58 (4.87) -1 - 9902: . . 6.55 (0.95)
5678 46.33 (6.72) 5216 36.54 (5.30) 9903 -, "14.89¢2.16)
5450 . . 43.57 (6.32) 5217 34,82 (5.05) - 9904 42.4 (6.15)
5464 66.95 €9.71) 5218 . 38.27 (5.55) 9905 45.02 (6.53)
5478 67.91 (9.85) 5250 54.88 (7.96) 9906 49.37 (7.16)
5264 48.33 (7.01) 5251 49.92 (7.24) 9907 55.16 (8.00)
5278 57.71 (8.37) 5252 47.71 ¢6.92)
5064 49.23 (7.14) 5253 43,02 (6.24)
5078 62.6 (9.08) 5050 42.75 (6.20)
5051 36.82 (5.34)
5052 35.03 (5.08)
5053 31.92 (4.63)
4850 47.64 (6.91)
4851 37.85 (5.49)
4852 29.464 (4.27)
4853 36.4 (5.28)
4650 49.85 (7.23)
4651 35.85 (5.20)
4652 32.47 (4.71)
4653 35.51 (5.15)
4450 65.35 (9.48)
4451 47.57 (6.90)
4452 57.43 (8.33)
4453 41.58 (6.03)
4250 47.99 (6.96)
4251 36.89 ¢5.35)
4252 52.06 (7.55)
4253 48.33 (7.01)
4078 . 49.23 (7.14)
4079 ©47.78 (6.93)
4080 69.36 (10.06)
4081 42.06 (6.10)
3650 60.81 (8.82)
3651 98.87 (14.34)
3652 103.15 (14.96)
3450 53.02 (7.69)
3451 71.08 (10.31)
3452 66.88 (9.70)
3453 74.67 (10.83)
Average stress intensity (SI) = larger of the half of peak SI or the SI at the end of impact

period.
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‘ Deformation Results. The accumulated strain at the critical locations -
. of the. cask and 1id and at the 1id bolts are shown in Table:B7-33.. The
- accumulated strains- reported herein are the range of the largest principal

logarithmic strain. and the smallest principal logarithmic strain. This is the. -

counterpart of strain of the stress intensity in the ASME stress intensity
definition.

The strain plots at the most critical locations are shown in
Figures B7-218 through B7-223. The strain plots of 1id bolts are shown in
Figures B7-224 through B7-230. In the 50-ms period, all accumulated strains
in this case are negligible, with the largest one of about 0.4% at the shear
key (Figure B7-221). .
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-33. " Accumulated Strains at the Critical Locatjons
from the 9-m (30-ft) Top-End Oblique Drop.

cask_body/Lid Lid bolt
__Exterior - Containment boundary
Element Strain Element Strain Element Strain
¢in/in) {in/in) (in/in)
5650 0.00053 5214 0.00048 9901 0.00013
5664 0.00096 5215 0.00045 9902 0.00007
5678 0.00062 5216 0.00049 9903 0.00015
5450 0.00058 5217 0.00046 9904 0.00042
5464 0.00089 5218 0.00051 9905 0.00045
5478 0.00091 5250 0.00073 9906 0.00049
5264 0.00064 5251 0.00067 9907 0.00055
5278 0.00077 5252 0.00064
5064 0.00066 5253 0.00057
5078 0.00083 5050 0.00057
5051 0.00049
5052 0.00047
5053 0.00043
4850 0.00063
4851 0.00050
4852 0.00039
4853 0.00048
4650 0.00066
4651 0.00048
4652 0.00043
4653 0.00047
4450 0.00087
4451 0.00070
4452 0.00077
4453 0.00055
4250 0.00064
4251 A
4252 NA
4253 0.00081
4078 0.00066
4079 0.00064
4080 0.00092
4081 0.00056
3650 0.00089 -
3651 0.00338
3652 0.00421
3450 0.00071
3451 0.00182
3452 0.00165
3453 0.00109
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Figure B7-218. MCO Cask 9-m (304ft),Top—EndﬁOb]ique—Drép

Strain History at ‘the Interior of theLid (EL 5218)- T
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Figure B7-219. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Strain History at the Interior Lid Wall (EL 4450).
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Figure B7-220. MCO Cask- 9-m (30-ft) Top-End Oblique-Drop -
Strain History at the Interior of the Flange (EL 4080). -
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Figure B7-221. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Strain History at the Shear Key (EL 3652).
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Figure B7-222." MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Strain History at the Interior of the:Cask Wall (EL: 3451).
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Figure B7-223. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Strain History at the Exterior of the Lid (EL 5664).
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: F1gure B7-224. "MCO Cask 9-m (30-ft) Top-End 0b11que Drop
o Stra1n History at Bolt No. 1 (EL 9901) .
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‘Figure B7-225. MCO Cask 9-m (30-ft) Top-End Oblique-Drop -
Strain History at Bolt No. 2 (EL 9902).
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Figure B7-226. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Strain History at Bolt No. 3 (EL:9903). .. )
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Figure B7-227. MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Stress Intensity History at Bolt No. 4 (EL 9904).
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F1gure B7-228. "MCO Cask 9-m (30-ft) Top-End Ob]lque Drop'
‘Strain History at Bolt No. 5 (EL 9905).. -
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Figure B7-229. MCO Cask 9-m (30-ft) Top-End Obligue-Drop
Strain History at Bolt No. 6 (EL 9906).
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Figure B7-230.  MCO Cask 9-m (30-ft) Top-End Oblique-Drop
Strain History at’ Bo1t No..7 (EL: 9907 )
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Other Results. Figure B7-231 shows the concrete displacement of more
than 45.7 cm (18 in. [total penetration]) at the trunnion impact point.

7.3.4.3.5 9-m (30-ft) Top-End Flat Drop. This case is to evaluate the
MCO Cask accident conditions of a 9-m (30-ft) top-end flat drop onto a 20-cm-
(8-in.~) thick concrete target. In this case, both trunnions/brackets impact
the concrete target at the same time. The top—end flat drop has an
irregularly shaped impact area, consisting of trunnions, brackets, and a
portion of the 1id top. As with the top end oblique drop, this complex
configuration can cause some numerical instability. The drop results in a-
peak acceleration of 21.95g for the unfiltered history (Figure B7-232) and
21.3g after filtering out forces with frequencies higher than 1,000 Hz
(Figure B7-233).
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.Figure B7-231. MCO Cask 9-m *(30-ft) Top-End: 0b]1que Drop
N . Concrete Deformation Depth.
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Figure B7-232. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Acceleration History (Unfiltered).
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Figure B7—233. MCO Cask 9-m (30-ft) Top-End Flat-Drop
-Acceleration History (Filtered at 1000 Hz).
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Three velocity plots at the bottom of the cask, the center-of-gravity
level of the cask, and the top of the 1id are ‘shown in Figures B7-234 through
B7-236, respectively. At the center-of-gravity elevation, the data points are
the 0° point, 90° point, and 180° point from the drain port in the
circumferential dirvection. The data points at the bottom-of-cask and the
top-of-1id elevations are at the center of the plate, 0° point, 90° point, and
180° point from the drain port in the circumferential direction. Since the
run is shortened at 44.2 ms, the maximum Tinear peak acceleration is
determined by using the steepest slope of the velocity curve, which indicates
a value of 23.7g. The acceleration results are shown in Table B7-34. The
peak acceleration is obtained from the reaction force history of the cask
contact area.
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Figure B7-234. MCO Cask 9-m (30-ft) Top-End Flat-Drop B

Velocity History at the Bottom of the Cask. -
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Figure B7-235. MCO Cask 9-m {30-ft) Top-End Flat-Drop
Velocity History at the Center of Gravity of the Cask.
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Figure B7-236. .MCO Cask 9-m  (30-ft) Top-End Flat=Drop -
Velocity History at the Top of the. Lid. - .
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Table B7-34. Impact Acceleration Data of the -9-m (30-ft)
Top-End Flat Drop.

Linear peak Average Peak Impact
acceleration impact-period acceleration period
(9) acceleration () (ms)
(9
23.7 NA 21.3 NA

Stress Intensity. In this case the impact duration cannot be defined
due to the shortened run time. Consequently, the estimated average stress
intensity is conservatively taken as half of the maximum peak stress
intensity. Table B7-35 shows the estimated average stress intensities at the
most critical exterior shell and containment boundary locations and at all 1lid
bolts. The highest stress intensity occurs at the exterior of the 1id with a
value of 119.3 MPa (17,300 psi). The containment boundary stresses are well
below this value. The stress intensity plots at the most critical locations
are shown in Figures B7-237 through B7-242. The stress intensity plots of 1id
bolts are shown in Figures B7-243 through B7-249. The impact of this drop
produces negligible tensile stresses in the 1id bolts.
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Estimated Average ASME €Code Stress Intensity
at the Bottom Critical Locations from.the 9-m.(30-ft).

Cask body/Llid

Average stress intensity (SI) =

larger of the half of peak SI.

B7-175

Exterior Containment boundary Lid bolt
Element Stress intensity Etement Stress intensity Element Stress intensity
. MPa (ksi) - MPa (ksi) MPa (ksi)

5650 47.44 (6.88) 5214 44.13 (6.40) 9901 8.83 (1.28)
5664 - 64.47 (9.35) 5215 35.58 (5.16) 9902 10.41 ¢1.51)
5678 _ 72.33_(10.49) 5216 34.68 (5.03) 9903 22.13 (3.21)
5450 70.95 ¢10.29) 5217 37.65 (5.46) 9904 40.33 (5.85)
5464 70.46 (10.22) 5218 32.41 (4.70) 9905 27.37 (3.97)
5478 69.84 (10.13) 5050 56.95 (8.26) 9906 19.17 (2.78)
5264 45.09 (6.54) 5051 65.5 ¢9.50) 9907 22.75 (3.30)
5278 57.16 (8.29) 5052 57.43 (8.33)
5064 71.08 (10.31) 5053 . 49.85 (7.23)
5078 119.49 (17.33) 4850 70.81 ¢10.27)

4851 65.16 (9.45)

4852 43.09 (6.25)

4853 34.61 (5.02)

4650 48.75 (7.07)

4651 48.75 (6.49)

4652 45.09 (6.54)

4653 28.17 (4.17)

4450 50.95 (7.39)

4451 35.99 ¢(5.22)

4452 28.34 (4.11)

4453 23.51 (3.41)

4250 39.3 ¢5.70)

4251 39.51 ¢(5.73)

4252 38.54 (5.59)

4253 27.85 (4.04)

4264 36.2 (5.25)

4265 39.44 (5.72)

4266 38.54 (5.59)

4267 30.34 (4.40)

3661 17.93 (2.60)

3662 20.68 (3.00)

3663 20.27 (2.94)

3450 21.89 (3.16)

3451 22.89 (3.32)

3452 21.93 (3.18)

3453 19.17 (2.78)
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Figure B7-237. MCO Cask 9-m (304ft) Top-End Flat-Drop
Stress Intensity History at the Interior '
of the Lid Plate . (EL 5214).
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Figure B7—23é. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress Intensity History at the Interior Lid Wall (EL 4850).
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Figure B7-239. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress -Intensity History at the Interjor o
of the Lid Flange (EL 4265).
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Figure B7-240. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress Intensity History at the Shear Key (EL 3662).
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Figure B7-241. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress Intensity History :at the: Interior . : :

Figure

of the Cask Wall (EL 3451).
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B7-242. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress Intensity History at the Exterior
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Figure B7-243. MCO Cask 9-m (30—ft) Top-End Flat-Drop
Stress Intensity History at Bolt No. 1 (EL 9901).
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Figure B7-244. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress. Intensity History at Bolt No. 2 (EL 9902).
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Figure B7-245. MCO Cask 9-m (30-ft) Top-End. Flat-Drop
" - Stress Intensity History at Bolt No. 3 (EL .9903).
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Figure B7-246. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress Intensity History at Bolt No. 4 (EL 9904).
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Figure B7-247. MCO Cask 9-m (30-ft) Top-End Flat-Drop
- . Stress: Intensity History at Bolt No. 5:(EL 9905).
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Figure B7-248. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress Intensity History at Bolt No. 6 (EL 9906).
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Figure B7-249. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Stress Intensity History at Bolt.No.:7-(EL.9907).
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Deformation Results. The accumulated strain at the critical Tocations
of the cask and 1id and at the 1id bolts are shown in Table B7-36. The
accumulated strains reported herein are the range of the largest principal-
logarithmic strain and the smallest principal logarithmic strain. This is the
counterpart of strain of the stress intensity in the ASME stress intensity
definition. The strains reported here are in the first 44.2 ms before the run
was stopped.

The strain plots at the most critical locations are shown in
Figures B7-250 through B7-255. Within the 44.2 ms, the strains are negligible
with the highest value 1.4% at the exterior of the 1id (Figure B7-255). The
strain plots of 1id bolts are shown in Figures B7-256 through B7-262. The
accumulated strains of the 1id bolts are negligible.

B7-182



HNF-SD-TP-SARP-017

Rev. 0

Table B7-36. Accumulated Strains at the Bottom Critical
Locdtions from the .9-m (30-ft) Top-End Flat Drop.
Cask body/lid
Exterior Containment boundary Lid bolt

Element Strain Element Strain Element strain
{in/in) (in/in) (in/in)
5650 0.00063 5214 0.00079 9901 0.00009
5664 0.00088 5215 0.00047 9902 0.00010
5678 0.00096 5216 0.00046 9903 0.00022
5450 0.00103 5217 0.00050 9904 0.00040
5464 0.00149 5218 0.00043 9905 0.00027
5478 0.00239 5050 0.00068 9906 0.00019
5264 0.00327 5051 0.00100 9907 0.00023

5278 0.00781 5052 0.00076

5064 0.00441 5053 0.00066

5078 0.01388 4850 0.00094

4851 0.00087

4852 0.00058

4853 0.00046

4650 0.00071

4651 0.00060

4652 0.00060

4653 0,00038

4450 0.00068

4451 0.00048

4452 0.00038

4453 0.00031

4250 0.00052

4251 0.00053

4252 0.00051

4253 0.00037

4264 0.00048

4265 0.00052

4266 0.00051

4267 0.00040

3661 0.00024

3662 0.00028

3663 0.00027

3450 0.00029

3451 0.00030

3452 0.00029

3453 0.00026
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Figure B7-250. MCO. Cask 9-i .(30-ft) .Top-End Flat-Drop
Strain History at-the Interior of the Lid Plate :(EL 5216). .
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Figure B7-251. "MCO Cask 9-m (30-ft) Top-End Fiat-Drop
Strain History at the Interior Lid Wall (EL 4252).
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Figure B7-252. MCO Cask 9-m (30-ft) Top-End Flat-Drop . ...
Strain History at the Interior of the-lid ‘Flange (EL 4266).: -
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Figure B7-253. MCO Cask 9-m (30-ft) Top;End Flat-Drop
Strain History at the Shear Key (EL 3662).
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Figure B7-254. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Strain History at the Interior of “the Cask Wall (EL 3450).
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Figure B7-255. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Strain History at the Exterior of the Lid (EL 5664).
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Figure B7-256. MCO Cask 9-m (30- ft) Top-End Flat- Drop
.. Strain History at Boit No. 1 (EL 9901). : :
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Flgure B7-257. MCO Cask 9- h (30-ft) Top-End Flat-Drop
Strajn History at Bolt No. 2 (EL 9902).
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Figure B7-258. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Strain History-at Bolt No.-3.(EL 9903). -~
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Figure B7-259. MCO Cask 9-m (30-ft) Top-End Flat-Drop -
Strain History at Bolt No. 4 (EL 9904).

Strain (in./in.)

0.0001 | ‘

-0.0001 -

. — EL 9904

0.0008

0.0004

0.0003

0.0002

-0,0002

0 0.008 0.01 0,015 0.02 0.025 0.03 0.085 0.04 0,045 0.05

- Time (second)

B7-188



HNF-SD-TP-SARP-017 Rev. 0

Figure B7-260. MCO Cask 9-m (30- ft) Top-End F1at Drop”
- Strain History at Bolt No.. 5 (EL 9905).
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Figure B7-261. MCO Cask 9-m (30-ft) Top-End Flat-Drop
Strain History at Bolt No. 6 (EL 9906).
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F1gure B7-262. MCO Cask 9-m (30-ft) Top~End Flat-Drop
Strain History at Bolt No. 7 (EL:9907).: . .
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7.3.4.3.6 6.4-m (21-ft) Bottom-End Oblique Drop with Water. This case
is to evaluate a transport accident condition of the MCO Cask from the
K Basins to the CVDF. For this accident case the MCO Cask is assumed to be
filled with water and drops 6.4 m (21 ft) onto a 20-cm (8-in.) concrete
target. As a worst case, the drop is assumed to be an oblique bottom-end
impact near the bottom draln port. The center of gravity of the cask assembly
and payload is assumed to be over the drain port corner. Water is assumed to
be inside the MCO and between the MCO and the cask cavity. The FEA model is
modified from the bottom end-drop by adding a water model between the MCO
payload and the cask inside surface up to the MCO top level.

Impact Acceleration. The total run time of this case is 80 ms. In this
case, because the initial impact area is very small, the cask penetrates well
into the target before the target can provide sufficient resistance to
noticeably affect cask momentum. Subsequently, the peak acceleration is
delayed from initial contact until sufficient target resistance is available
to begin a change in cask momentum (see Figures B7-263 and B7-264). The peak
acceleration occurs at a later stage when a Targer amount of cask momentum is
transferred to the concrete/soil target.

The drop results in an impact acceleration history with a sharp spike at’
time zero as shown in Figure B7-263. After filtering out the forces with
frequencies higher than 1000 Hz, the maximum acceleration is found to be about
24g (Figure B7-264).
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Figure B7-263. MCO Cask 6.4-m (21-ft) Bottom-End
..Corner-Drop. Acceleration History (Unfiltered). -
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Figure B7-264. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Acceleration History (Filtered).
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~ . . "Three velocity plots at the bottom. of the cask, the center-of-gravity
. level-of..the cask, and the ‘top of the 1id,. respectively,: are shown in

- Figures:B7-265 through B7-267. Except at the .center of gravity, the data

points are at the center of the plates and at the 0°, 90°, 180° points from
the drain port in the circumferential direction. The typical (or average)
data point can be seen as the 90° point from the drain port. Using the 90°
point data, the bottom of the cask has a shorter impact period (38.9 ms) than
the center-of-gravity level of the cask (40 ms). The top of the 1id has the
longest -impact period of slightly over 41.2 ms. The linear peak acceleration
is determined from the steepest slope of these velocity curves. They are

©39.4g at the bottom of the cask, 33.7g at the center-of-gravity level of the
cask, and 33.3g at the top of the 1id. The initial velocity of this drop is
11.2 m/s (441.3 in/s). Using the impact durations at different elevations,
the average impact duration accelerations are found to be 29.4g, 28.6g, and
27.7g at the bottom, center-of-gravity, and top elevations, respectively. The
acceleration results are summarized in Table B7-37. The peak acceleration is-
obtained from the reaction force history at the bottom of the cask.

Figure B7-265. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Velocity History at the Bottom of the Cask.
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Figure B7-266. MCO Cask.6.4-m (21-ft) Bottom-End...

Corner-Drop-Velocity History at the Cask Center of'Gravity;':” _
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Figure B7-267. MCO Cask 6.4-m.(21-ft) Bottom-End
Corner-Drop Velocity History at the Top of the Lid.
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. Table B7-37. . Impact Acceleration Data.of the.6. 4 -m (21 ft)
Bottom-End Obligque Drop:with Water:
Location Linear peak Average Peak Impact
acceleration impact-period acceleration period
{9) acceleration (9) (ms)
’ (9) .
Bottom : 39.4 29.4 24 38.9
Center of 35.7 28.6 “NA 40.0
gravity : )
Top 33.3 27.7 NA© T 41.2

Stress Intensity.

The estimated average ASME Code stréss intensities

are shown in Table B7-38 at the most critical exterior shell and containment
boundary locations and at all 1id bolts. The stress intensity plots at the
mest critical locations are shown in Figures B7-268 through B7-271. As can be
seen, the exterior boundary of the cask near the drain port has sustained high
stress intensities. However, the containment boundary stress intensities are
near or below the yield strength of the cask material. The stress intensity
plots of the 1id bolts are shown in Flgures B7-272 through B7-278. In this
case the impact of this drop results in very low stress intensities on the 1id
bolts.
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Table.B7-38. . Estimated Average ASME Code Stress Intensity at Critical
Locations from the 6.4-m (21-ft) Bottom-End Oblique Drop with Water. -

Cask body/lid
Lid bolt
Exterior Containment boundary
Element _Stress Element _ Stress , Element _ Stress
* intensity intensity intensity
(ksi) (ksi) Cksi)

21336 244.07 (35.40) 614 64.74 (9.39) 9901 37.23 (5.40)
21337 180.99 (26.25) 615 46.61 (6.76) 9902 34.61 (5.02)
21338 123.42 (17.90) 616 ‘ 68.4 (9.92) 9903 25.72 (3.73)
21339 59.23 (8.59) 21310 36.75 (5.33) 9904 18.34 (2.66)
21340 45.57 (6.61) 21305 65.57 (9.51) 9905 23.03 (3.34)
21341 117.21 (17.00) 21300 54.26 (7.87) 9906 34.89 (5.06) -
21342 79.08 (11.47) 21295 40.54 (5.88) - 9907 39.44 ¢5.72)
21343 75.84 (11.00) 21290 36.13 (5.24)
21344 62.54 (9.07) 21285 33.72 (4.89)
21345 42.68 (6.19) 21280 40.54 (5.88)
21311 151.75 ¢22.01) 21275 50.47 (7.32)
21316 129.55 ¢18.79) 21270 25.92 (3.76)
21346 67.5 (9.79) 20720 45.57 (6.61)
25030 112.66 (16.34) 20715 39.85 (5.78)
25029 121.97 (17.69) 20710 39.51 (5.73)
25022 70.19 (10.18) 20705 59.85 (8.68)
25021 41.51 ¢6.02) 20695 54.54 (7.91)
25020 . 104.39 _(15.14) 20690 43.02 (6.24)
25019 90.53 ¢13.13) 20685 ;7.58 (5.45)
25012 72.81 (10.56) 20680 47.64 €6.91)
25011 62.49 (9.47) 20160 34.61 (5.02)
25010 87.22 (12.65) 20159 34.2 (4.96)
25009 87.36 (12.67) 20158 36.68 (5.32)
25002 117.92 (47.03) 20157 42.2 (6.12)
25001 71.43 (10.36) 20110 42.47 (6.16)

20109 40.13 (5.82)

20108 39.99 (5.80)

20107 37.3 (5.41)

20106 37.58 (5.45)
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Figure B7-268.. MCO.Cask 6.4-m (21-ft). Bottom-End
Corner-Drop Stress Intensity History at the
Interior of the Cask:Wall (EL 21300).
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Figure B7-269. MCO Cask 6.4-m {21-ft) Bottom-End
Corner-Drop Stress Intensity History at the
Interior of the Cask Bottom (EL 616).
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Figure B7-270. . MCO Cask 6.4-m (21-ft) Bottom-End..
: Corner-Drop Stress Intensity History at the
Exterior of the Cask (EL 21336).
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Figure B7-271. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Stress Intensity History Drain
Port Cover Plate (EL 25030).
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Figure B7-272. MCO .Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Stress Intensity History
at Bolt No. 1:(EL 9901). ‘
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Figure B7-273. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop- Stress Intensity History
at Bolt No. 2 (EL 9902).
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Figure B7-274. MCO Cask 6.4-m (21-ft) Bottom-End
- Corner-Drop Stress Intensity History - = .
: at Bolt No. 3 (EL 9903).

Stress Intensity (ksi)
8

A

‘ — EL 9903

-4

0 0.01 0.02 0.03 0.04 008 006 007 008

Time (second)

Figure B7-275. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Stress Intensity History
at Bolt No. 4 (EL 9904).
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Figure B7-276. .MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Stress Intensity History
: - at Bolt No. 5 (EL 9905). -
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Figure B7-277. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Stress Intensity History
at Bolt No. 6 (EL 9906).
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Figure B7-278. MCO Cask 6.4-m (21-ft) Bottom-End .
Corner-Drop Stress Intensity History
at Bolt No. 7 (EL 9907).
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Deformation Results. The accumulated strain at the critical locations of
the cask and 1id and at the 1id bolts are shown in Table B7-39. The
accumulated strains reported herein are in the range of the largest principal
Togarithmic strain and the smallest principal logarithmic strain. This is the
counterpart of the stress intensity in the ASME stress intensity definition.

The strain plots at the most critical Tocations are shown in
Figures B7-279 through B7-282. The largest overall accumulated strain of the
entire cask is 15.1% at the exterior bottom boundary of the drain port
(Figure B7-281). The Targest accumulated strain on the drain port cover plate -
is about 1.3% (Figure B7-282). However, the largest accumulated strain of the
containment boundary of the cask/1id is only 0.29%, occurring near the drain
port region (Figure B7-279).

The strain plots of the Tid bolts are shown in Figures B7-283 through

B7-287. The accumulated strains of the 1id bolts are minor with a maximum of
approximately 0.04% during this bottom-end oblique drop with water.
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Table B7-39. Accumulated Strains at Critical Locations from
the 6.4-m (21-ft) Bottom-End Obiique Drop with Water.

Cask_body/Lid Lid bolt
Exterior Containment boundary
Element Strain Element Strain Element Strain
{infin) (in/in) (in/in)
21336 0.151 614 0.00180 9901 0.00037
21337 0.00257 615 0.00145 9902 0.00035
21338 0.00106 616 0.00125 9903 0.00026
21339 0.00137 21310 0.00100 9904 0.00018
21340 0.00029 21305 0.00121 9905 0.00023
2131..1 0.01023 21300 0.00151 9906 0.00035
21342 0.00077 21295 0.00266 9907 0.00039
21343 0.00051 ‘ 21290 0.00289
21344 0.00045 21285 0.00075
21345 0.00029 v 21280 0.00079
21311 0.04543 21275 0.00057
21316 0.01006 21270 0.06062
21346 0.00145 20720 0.00061
25030 0.01298 20715 0.00055
25029 0.00911 20710 0.00055
25022 0.00176 20705 0.00061
25021 0.00198 20695 0.00073
25020 0.00767 20690 0.00057
25019 0.00601 20685 ] 0.00050
25012 0.00224 20680 0.00064
25011 0.00205 20160 0.00059
25010 0.00297 20159 0.0001.2‘
'25009 0.00317 20158 0.00046
25002 0.00272 20157 0.00061
25001 0.00274 -20110 0.00057
20109 0.00052
20108 0.00051
20167 0.00046
20106 0.00064 -
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Figure B7-279. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at the Interior
of the Cask Wall (EL 21290).
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Figure B7-280. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at the Interior
of the Cask Bottom (EL 614).
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Figure B7-281. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at the Exterior
of the Cask (EL 21336).
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Figure B7-282. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at the Drain
Port Cover Plate (EL 25030).
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Figure B7-283.. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at Bolt No. 1 (EL 9901).
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Figure B7-284. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at Bolt No. 2 (EL 9902).
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Figure B7-285. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at Bolt No. 3 (EL 9903).
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Figure B7-286. MCO Cask 6.4-m (21-ft) Bottom-End
_Corner—Drop Strain History at Bolt No. 4 (EL 9904).
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Figure B7-287. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at Bolt No. 5 (EL 9905).
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Figure B7-288. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at Bolt No. 6 (EL 9906).
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Figure B7-289. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Strain History at Bolt No. 7 (EL 9907).
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Other Results. The maximum resultant force at the drain port cover
plate is 93,855 N (21,100 1b {see Figure B7-290]). The estimated average
force is 47,150 N (10,600 1b).

Figure B7-291 shows the concrete displacement of about 24.6 cm (9.7 in.)
at the-cask impact point. :
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Figure B7-290. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Force at the Drain Port Cover Plate.
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Figure B7-291. MCO Cask 6.4-m (21-ft) Bottom-End
Corner-Drop Concrete Deformation Depth.
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7.3.4.4 Maximum Thermal and Pressure Stresses. The thermal and pressure
stresses of the MCO Cask during a fire accident are computed using the
ABAQUS/Standard (HKS 1995) FEA program. Analytical methods and results are
provided in Part B, Section 7.7 (Appendices). As a worst case, the results
show that the combined stresses on the inside of the cask 1id wall during the
conservative 30-minute fire reaches a maximum of 199.25 MPa (28.9 ksi).
Conservatively assuming this is a primary membrane stress intensity, the
stress is well below the Service Level D allowable of 330.9 MPa (48 ksi) at a
worst-case temperature of 350 °C (662 °F) on the inside cask 1id wall. In the
fire case, differential heating between the cask body and top 1id, as well as
differential thermal expansion and increased pressure, produce increased
stress on the closure bolts. The analysis shows the maximum bolt tensile
stress is216.5 MPa (31.4 ksi) and the shear is 27.7 MPa (4.01 ksi). For the
fire condition, these stresses are below the ASME bolt allowables. The
allowable for average tension is 584.0 MPa (84.7 ksi), and average shear is
350 MPa (50.8 ksi).

7.3.4.5 Structural Evaluation and Conclusions. From the above evaluations,
it is shown that the drop orientations, which cause the most severe loading to
the exterior of the cask body, are the side drop, the bottom-end corner drop,
and the water-filled bottom-end corner drop. In these cases, the exterior
Tocations on the cask body and closure 1id are subject to high Jocalized
stresses above the yield strength of the material. However, these stresses
are localized around the exterior impact surfaces, causing only surface damage
to the cask, and do not affect the containment performance of the cask.

‘In all drop orientations the containment (interior surface) boundary
stress intensities are well below ASME allowables for primary membrane.
Combining the drop stresses with NCT thermal and pressure stress intensities
at the worst-case interior locations (top-end oblique drop, EL 5478) results
in a stress intensity of 43.4 ksi. This stress intensity is a combination of
primary and secondary stress intensities and is below the Service Level D
allowable of 412.3 MPa (59.8 ksi) at temperature. The highest drop stress
intensity on the closure 1id bolts is 518.97 MPa (75.27 ksi) at EL 9904 during
the bottom-end flat drop. Superimposing the stress intensity from the drop
onto the NCT thermal and pressure stress intensity results in a combined
stress intensity of 606.53 MPa (87.97 ksi). This stress intensity is below
the average tensile stress aliowable of 987.33 MPa (143.2 ksi [at
temperature]) for Service Level D 1imits. The maximum accumulated strain on
the 1id bolts is approximately 0.6%. Consequently, under worst-case
conditions the cask will maintain containment of the contents.

The most vulnerable area for the cask is the drain port region.
Although the stress intensities are well below Service Level D allowables, the
strains in this area were evaluated to determine if the drain port cover plate
maintains containment after a worst-case accident drop.  The worst-case
accident drop of the cask with respect to the drain port is the bottom-end
oblique drop. At the exterior surface at the edge of the drain port region,
the maximum accumulated strain is approximately 15.5%. The largest .
accumulated strain on the exterior surface of the drain port cover is 1.8%.
The maximum accumulated strain of the containment boundary is 0.44%, Tocated
in the interior of the drain port. However, the maximum accumulated strain
near the drain port seal and bolt is approximately 0.02% on the exterior
surface and 0.001% on the interior containment boundary surface. Averaging
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the maximum accumulated worst-case strains results in a strain of 0.011. This
strain is assumed to be tensile applied to the drain port cover boits and
results in an elongation of the bolt of 0.02 cm (0.008 in.). Using worst-case
tolerance conditions the port cover O-ring is compressed approximately 0.12 cm
(0.047 in.). Based on the amount of compression of the 0-ring versus the
elongation of the bolt and the elastomeric O-rings being considered :
self-energizing, Part B, Section 4.7 demonstrates that the drain port cover
will maintain containment after a drop accident. Consequently, based on the
worst-case conditions, the drain port cover will experience minor damage, but
the containment performance of the cask will not be affected.

The accident condition thermal and pressure evaluation, presented above,
shows that during an accident condition fire, the cask and cldsure bolt
stresses remain below Service Level D limits. Consequently, it is concluded
that the cask and closure bolts will maintain the contents. Closure seal
integrity and requirements are evaluated in the Part B, Section 3.0.

7.4 MCO STRUCTURAL INTEGRITY

The MCO provides.a Tevel of containment for the contents, but no credit
is taken for this boundary. However, the MCO center tube also provides
criticality control of the contents during accident conditions. Consequently,
the structural integrity of the MCO center criticality control tube is
evaluated during accident conditions. Only preliminary analysis of the MCO is
performed since the MCO final design is not complete. Part B, Section 6.0,
indicates that criticality of control of the contents is dependent upon the
stability of the spent fuel basket center tube when Toaded with MARK IA fuel.
Subsequently, the MCO is evaluated only for the highest vertical acceleration
toads, which is from a bottom-end flat drop to ensure MCO behavior does not
affect the spent fuel baskets.

Evaluation (Part B, Section 7.0) of the current MCO design shows that
the MCO will not buckle under a vertical acceleration. Euler buckling loads
computed by the use of ABAQUS/Standard (HKS 1995) are in excess of 4,000g.
Based on cask impact data, the average axial load in the MCO shell under a 27¢g
impact is negligible. Consequently, the MCO will not buckle during a bottom-
end flat drop (Part B, Section 7.3.4.3.1) of the cask.

7.5 CRITICALITY CONTROL -

Final design.of the spent fuel baskets is in progress.  Evaluation of
the spent fuel baskets js based on preliminary drawings. Consequently, the
finding in this evaluation is preliminary.

As stated in Part B, Section 6.0, the criticality control of this
package is provided by the center tube of the spent fuel baskets for MARK IA
fuel. Part B, Section 6.0, indicates that to maintain criticality control of
the fuel, the center tube cannot deform more than 5 cm (2 in.). Analysis of
the behavior of the center tube during accident drop conditions is presented
in Part B, Section 7.7 (Appendices). The evaluation is performed for six MARK
1A baskets under a vertical inertial load, and the crushing analysis is
performed for one MARK 1A basket under a horizontal inertial load. The
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acceleration loadings are taken from the MCO Cask impact analyses. The
ABAQUS/Standard (HKS 1995) FEA program is used to model the MARK 1A baskets.

7.5.1 Center Tube Buckling Under a Vertical Inertial Load

The vertic¢al inertial loading on the center tube is analyzed by both
quasi-static and dynamic methods. For both methods, the center tube is
assumed to have the total mass of a toaded basket. Also, the center is
assumed to be pinned at the bottom and restrained horizontally at the top. As
a deflection reference, a rigid surface, running the Tength of the center
tube, approximately 1.27 cm (0.5 in.) from the center tube is used. Contact
is enforced between the surface and nodes to model the interaction of the
baskets and the MCOC.

In the quasi-static analysis the vertical acceleration of the MCO was
assumed from the bottom-end flat drop as 27g, with a dynamic amplification
factor of 1.65, resulting in a quasi-static inertial load of 44.56g. Also,
for conservatism, an initial imperfection of tube straightness is assumed as
0.64 cm (0.25 in.) off center. Quasi-static analysis shows that the center
deflection does not exceed the 1.27-cm (0.5-in.) clearance between the center
tube and the rigid reference surface. With this model it has been determined
that a quasi-static Toad of 8lg is required to induce a deflection of 5 cm
(2 in.) on the center tube. As a additional check of tube buckling, the
basket stack design was determined to meet ASME Code Case N-284-1 (ASME 1995e)
requirements. In this code case the minimum multiple of 1.2 times the initial
prebuckling stress state is recommended for a buckling stress state. The
minimum multiple for the basket stack is determined to be 3 times the stress
state induced by the quasi-static inertial load of 44.56g.

As a further check the quasi-static analysis model was modified and used
in a dynamic analysis. In this analysis the center tube does not have an
initial imperfection, and the nodes have an initial downward speed
corresponding to a 9-m (30-ft) drop. The bottom node is accelerated upward at
constant 27g untit it is brought to rest. The axial compressive forces reach
a maximum value of 2.04 x 10° N (457,890 1b), which corresponds to the 2.03 x
10° N (456,000-1b) maximum axial compressive force obtained in the quasi-
static evaluation, therefore verifying the quasi-static use of a dynamic Toad
factor. Consequently, by these two methods it can be demonstrated that
buckling of the center tube will not exceed 5 cm (2 in.) after a worst-case
vertical-loading accident condition drop.

7.5.2 Horizontal Lpad Analysis

Horizontal loading of the MCO spent fuel baskets is evaluated using the
ABAQUS/Standard FEA code. The element mesh of the basket is constructed of
four-noded shell elements. The basket material is idealized as and elastic-
plastic material with strain hardening typical of 304 or 304L stainless steel.
The MCO shell is modeled as rigid elements fixed in space. There is enforced
contact between the basket shell and the MCO shell. The preliminary drawings
indicate that the ends of the basket stack are constrained during a horizontal
drop. Consequently, the nodes at each end of the center tube are tied
together with multi-point constraints, which 1imit the rotation of the center
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tube. Input files of the ABAQUS/Standard are provided in Part B, Section 7.7
(Appendices).

Since the fuel distribution in the baskets varies, the Toad is applied
by increasing the acceleration load on an empty basket to the total inertial
Toad on the baskets. In the case of the MCO Cask horizontal drop, the quasi-
static acceleration load factor is 68g. As a worst case, the Toading is
increased by the dynamic load factor (1.65) determined in the above vertical
Joading case. This produces an inertial load of 876,279 N (197,000 1b) on the
baskets. The conservative loading parameters result in deformations larger
than actual. In an actual basket, the load will react as a bearing load
against the MCO shell wall and will be more uniformly distributed.

Results of the FEA show that the basket web buckles and the center tube
deflects 1.12 cm (0.44 in) in the direction of the inertial load. The maximum
stress intensity at the outer surface of the center tube is approximately
415.1 MPa (60.2 ksi).. This stress intensity is very localized and is a result
of the multi-point constraints. A more representative stress intensity is )
near 172.4 MPa (25 ksi), which is approximately the average stress through the
midsurface of the center tube.

The deformation results, based on conservative analyses and the
preliminary basket design, show the center tube under horizontal inertial
Toading does not exceed the 5-cm (2-in.) deformation as required in Part B,
Section 6.0. However, after a side drop the spent fuel baskets themselves
will sustain significant damage, which does not affect criticality control or
retention of the MCO contents.

7.5.3 Fuel Structural Behavior

Since fuel fragmentation and rubblization could result in an
unacceptable criticality condition, the worst-case irradiated N Reactor fuel
(MARK 1A) structural behavior is evaluated during accident condition drops.
The details of the evaluation are presented in Part B, Section 7.7
(Appendices). ~Previous analyses (Schwinkendorf 1996) show that if.the "good
condition® fuel remains intact after a postulated accident, then an acceptable
criticality condition is probable. Fuel that is not in "good condition" is
already accounted for by this criticality analysis. "Good condition" fuel is
defined as fuel elements that after irradiation and storage have the same
geometric characteristics as new fuel and post-irradiation properties as
documented in the literature. It is anticipated that 60% for the K East Basin
inventory can be considered "good condition" fuel.

The evaluations presented in Part B, Section 7.7, are based on the
Tinear peak acceleration determined for the MCO Cask bottom-end flat drop and
side drop. The analysis shows that in the bottom-end flat drop condition the
worst-case loading occurs on the outer fuel elements. For the Zircaloy-2
components the maximum predicted stress is 58.05 MPa (8,420 psi), which is
Tower than the unirradiated yield strength of 317.2 MPa (46 ksi). The maximum
equivalent stress in the U-601 (uranium) fuel is 37.2 MPa (5,400 psi), which
is well below the unirradiated ultimate stress of 344.7 MPa (50 ksi).
Consequently, it can be demonstrated that the fuel in “good condition” does
not fragment or rubblize after a bottom-end flat-drop accident.
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The side drop condition shows the maximum equivalent stress in both the
Zr-2 and U-601 is 157.9 MPa (22.9 ksi). The maximum equivalent stress is less
than their respective strengths.

Under accident drop conditions, the analyses of the spent fuel predict
that “good condition" fuel cladding and end cap systems remain intact and that
the ‘uranium will also remain intact. In addition, examinations of the fuel
elements with moderate end damage in the 327 Hot Cells show that the majority
of the fuel is-"uncracked." This provides additional assurance that fuel with
a "good condition" element will remain intact and at a minimum will be
contained.
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APPENDICES

7.7.1 MCO Cask 1 ft and 30 ft Finite Element Drop Analysis

SN

Checklist for Checking of Analysis/Caleulations

Document Checked - Number: NA Revision: 0

Title: MCO-Cask 1 ft and 30 ft Finite Element Drop Analyses

Yes No N/A
l'/ [l [1 Problem completely defined.

P’I/ {1 [1 Appropriate analytical method used.

[ l]'/ | {1 Necessary assumptions are approriate, explicitly stated, and state.d.

[\]/ [ {1 Computer codes and data files ;iocumented. )

[\}/ [l ] Data used in dlcutati plicitly stated in d

i1 {1 [L}/ Sources of" tandard formulae/data are refe d and the correctness of the
reference verified.

[l 1 Data checked for consistency with original source information as applicable.

[\4]/ [1 [3 Mathematical derivations checked including di jonal i of results,

(1 [ Models appropriate and used within range of validity or use outside range of established
validity justified. N

[3 M/ Hand calculations checked for errors.

(3 ] Code run streams correct and i with analysis d

Code output consistent with input and with results reported in analysis documentation.

{1 [1 Acceptability limits on analytical results applicable and supported. Limits checked
against sources.

& 0 0 Safety Margins consistent with good engineering p

[ [l 11 Conclusi i with analytical results and applicable limits.

["]/ [1 [1 Results and conclusions address all points required in the problem statement.

1 have checked the plete and accumte to the best of my knowledge.

R, Marlow

8 9—%%7 N 1/ 3/9 7

_Engineer/Checker Date

Note: Any hand caleulations, notes or summaries generated as part of this check should be signed, dated, and

) attached to this checklist. Material should be labeled and recorded so that it js intelligible to a techmcally

qualified third party.
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7.7.2 MCO Cask Lifting Fixture Weld Evaluation

ENGINEERING SAFETY EVALUATION

Subject: MCO-Cask Lifting Fixture Weld Evsluation Page: 1 of S

Originator: _S. S. Shira
Checker:

L

I

oL

) Date: 1/23/97
Date: 1/24/97

S.R. Cro

Objective:

The objective this evaluation is to determine the safety performance of the MCO Cask trunnion and lifing
bracket welds. ANSI N14.6 requires RAM cask lifting ‘Fixtures have a safety factor of 3 based on yield strength
or 5 based on ultimate strength.

References:

ANSY, 1993, American Nati ] Standard for Radioacth Materials-Special Lifting Devices for Shipping
Containers Weighing 10,000 Pounds (4500 kg) or More, ANSIN14.6, ‘American National Standard Institute,
New York, New York, 1993.

ASME, 1992, Boiler and Pressure Vessel Code, Section VIII, Division I, “Properties”, American Society of
Mechanical Engineers, New York, New York, 1995

ASME, 1995, Boiler and Pressure Vessel Code, Section 1, Part D, “Properties”, American Society of
Mechanical Engineers, New York, New York, 1995.

Results and Conclusions:

Resulls and Lone oo .

Results of this evaluation shows all MCO cask trannion and Jifting bracket critical welds have a safety factor -
over 3 based on yield strength of the material. This demonstrates that the trunnion and lifting bracket welds
meet the requirements of ANSI N14.6.
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. ENGINEERING SAFETY EVALUATION
Subject; MCOQ-Cask Lifting Fixture Weld Evaluation Page: 2 of 5
Originator: _S. S. Shiraga Date: 1/23/97
Checker: __S. R. Crow = Date: 1/24/97

IV Evaluation:

Lifting Trunnion and Bracket Weld Evaluation:

- by
?‘ N
n ) tp
¥y | ]
-l I—tp
—d,
BN
/ / 7/
Weight of Cask:. W eask = 600001bf .Number of trunnions: ny:= 2
W
Load on each trunnion: F = ——S25K F =3000006¢
n
t

Assumed distance from lift load to vertical plate:  d = (4.0+ —z)jn
Moment on trunnion to vertical plate weld: My =Fpdy M ¢ = 13750 *Ibf
Evaluate welds using line method, and treat all loading as parallel loading for conservatism.

Assumed yield strength of 304 sst at room temperature (ASME 1695): Sy :=30ksi

Trunnion weld to vertical plate is sirigle bevel with fillet weld. Assume for conservatism a singe fillet,
based on ASME Section VI, joint configurations (ASME 1992, UW-18).

Fillet weld joint efficiency based on leg size (ASME 1992, UW-1 &) jofi=055
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ENGINEERING SAFETY EVALUATION
Subject; MCQ-C&sk Lifting Fixture Weld Evaluation Page: 3 of 5
Originator: % Date: 1/23/97
Checker: __S.R. Crow Date: 1/24/97

Trunnion to vertical plate-weld leg sizes Wi = L3in

- Allowable load on welds trunnion to plate we]d:l falltr =i efs y Vi falitr™ 27970()0'-]%f

Trunnion We]d Evaluation:
Diameter of trunnion:  dyqyp 570 . Length of weld: Yotr = %d grun

- 2

Line weld modulus: s yqr*

T
T,
4 C un

. M
Bending load on weld: fup® el f“,b 51449‘%f

Swir

RS ibf
Shear load on weld: frsh =7 foush = 16370‘-1—‘-

M

Total load on weld: fop= !fub’ +ien? £y = 53991 ‘:’:

: £
Safety factors sx-*w:=?“”—‘r SF, =55

i tt
Exceeds ANSI N14.6 Safety Factor requirements of 3, therefore OK.
Bracket Weld Evaluation:
by :=-l Lin

t5i=2in ny=115in dy=tyehy

Centroid of weld treated 2s a line:

t h
. p 1
by(h ,+xp)+ (b 1= tp)~h 2t P-(h]+—2-)+ 2h ,~(7)
N, = N, =89in

y by+(by-ty)r2(hy)+3tp Y

Moment of inertia unit leg of weld:

t3 2
1, =2 -E vt o n —P -N
¥ 2 [( 1 y
n h]2
+2'—+h1'Ny—— +t
12 2

why[([d)-Nyr (pr-tp)(ha- NgPo  Ig=s86sin’

2
pNy
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ENGINEERING SAFETY EVALUATION

Page: 4 of 5

Date: 1/23/97

Subject:_ MCO-Cask Lifting Fimﬁ &e]d Evaluation
Originator: _S. S. Shiraga -
L4

Checker: __S.R. Crow

Date: 1/24/97

Length of weld: lyp =3ty +2hy+bys (bl—tp) 1yp =49°in
Section Modulus of weld:
Topr . =212.80n°
opt S wht .-E—F— S wht =212.8in
2%y
Bottorn: o = 11140
ottom: S whb .—-ﬁ— Swhb = A
Yy .
. : . 3 . - R
MoTnent Ioad applied to bracket: M prae =F l'[ (E + 4)-m+ do- Ny] Myrac 3041331bfin
Force per length of weld:
M F
Top tensile): ftop 2t fanep 20422
: Swht  lwb o
M F
‘Bottom (compression): fwhot :=— b 71 fwbot =21 19‘-1—_11!.
swhb  fwb .
Bracket weld leg size:  w¢ :=0.5in ASME Section VIII Joint cfficiency:  jor=0.55
. 1bf
Allowable load on bracket welds: falibe =i ef S y'Wt £ a1jbe = 3250—
. mn
fanbr
Safety factor:  SF yp = —— SF yp, =4.04
fwtop .

Exceeds the ANSI NI4.6 requirements for safety factor of 3, therefore OK.
Vertical weld to gusset plate evaluation:
Conservatively assume no strength contribution from the bottom 1/2 inch welds in

shear. Assume the gusset plate weld is to carry the shear load and bottom weld
restrains bending loads. :

Gusset weld size: W g 0.25in Length of weld: Iy :=20in
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ENGINEERING SAFETY EVALUATION

Subject;MCO-Cask Lifting Fixture ge}d Evaluation . Page: 5 of 5
Originator: _S. S. Shiraca i Date: 1/23/97

Checker: __S.R. Crow o0 | Date:_1/24/97
sh . R e Jof
ear Joad per unit length on weld: fgs 1S fgs =750—
. 21y, in
y . 1bf
Allowable load on bracket welds:  f allgs “iefSy Wy f allgs = 4125 —
ph ’ in
fallgs
Safety factor:  SF gg = 3 SF g5 =55
gs

Exceeds the ANSI N14.6 requirements for safety factor of 3, therefore OK.
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7.7.3 MCO Cask Pressurization Analysis

MCO Cask Pressurization Analysis

Randall S. Marlow
11/18/96

1.0 Introduction

. This document describes the stress analysis of the MCO cask loaded by an internal
pressure of 150 Ibffin% : .

2.0 Analytical Methods and Results

The stress distribution in the cask is computed using the ABAQUS/Standard (HKS 1995)
finite-element program. The cask mesh is shown in Figure 2.0-1. A close-up of the mesh of the
1id and nearby cask wall is shown in Figure 2.0-2. The ABAQUS input file for the analysis is in
Attachment A. The cask is modeled with 4-noded axisymmetric elements. The cask material
constitutive model is elastic-plastic with properties typical of 304 stainless-steel. The bolts
which attach the i to the main body of the cask are modeled as a truss element which has the
same cross-sectional area as all twelve bolts combined. The bolting material constitutive model
is elastic with properties typical for steel. The shear force at the bolt is carried by a spring
element betwéen the horizontal degrees of freedom at the top bolt node and the bottém bolt node.
The bolt elements attach the lid mesh to the main mesh of the cask. The lid mesh is not
otherwise connected the rest of the cask mesh. Contact conditions are specified at the juncture
between the two to model the flange.

In step 1 of the analysis, the temperature in the free length of the bolt elements is reduced
in order to establish the preload. The axial prestress in the bolts is 12,700 Ibf/in®. The stress
distribution of the component of stress normal to the flange is shown in Figure 2.0-3. The stress
is dominated by localized effects associated with the bolt elements and by a tensile stress on the
inside vertical surface of the lid.- The stress level is negligible.

In step 2 of the analysis, the pressure is applied to the inside surface of the cask. A
displaced shape of the lid is shown in Figure 2.0-4. The displacements are magnified by a factor
of 500 to show the shape. Figures 2.0-5 through 2.0-8 are contour plots of the stress components
in the vicinity of the flange. The remainder of the cask is essentially unstressed by the pressure.
Figure 2.0-9 is a contour plot of the stress intensity (which is called TRESC in the ABAQUS
code). The peak stress intensity is 1500 Ibffin?. The local stress field associated with the bolts
may be ignored.

The peak stress intensity in the lid should be comparable to the stress in the center of a
circular plate simply-supported at the edge and loaded by a uniform pressure. This stress is
given by: :

0= 3 (3 v)q@/(8K7) = 3(3.3)(150)(12.757(E(3.5)) = 2463 Ibffin’ ,
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where 0, is the stress, v is Poisson’s ratio, q is the pressure, a is the radius of the plate, and his
the thickness of the plate (Timoshenko 1987). Because the central portion of the 1id is not
simply-supported, the maximum stress intensity computed numerically is somewhat lower as
expected.

3.0 References

Timoshenko, S. and S. Woinowsky-K:rieger, 1987, Theory of Plates and Shells, McGraw-Hill,
New York, New York. :

HKS, 1995, ABAQUS/Standard User’s Manual, Vol. I and IT, Hibbit, Karlsson, & Sorensen,
Pawtucket, Rhode Island. .
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46,15.750,4.0000,0.00000E+00
50,12.750,4.0900,0,00000E+00
51,13.500,4.0675,0,00000E900
52,14.250,4.0450,0,00000E+00
53 lsooolmsoooooosooo

,1.0900,0.00000E+00

.0900,0:
67 15 120 1.3175,0.00000E+00
68,15.330,2.5450,0.00000E+00
69,15.540,3.2725,0.00000E+00
70,12.750,,0500,0.00000E+00
71,13.299,1.0500,0.00000E+00
72,13.330,1.0500,0.00000E-+00
73,14,370,),0900,0.00000E+00

7s|27501uooooooooim
77,13.447,33231,0.000005+00
78,4,145,3.3062,0.00000E+00
79,14.343,3,2884,0.00000E+00
30,13.395,2.5787,0.00000E+00
31,14.040,2.5675,0.00000E+00
82,14.688,2.5563,0,00000E+00
£3,13.342,1.8344,0.000005+00
4,13.935,1.8287,0.00000E+00
85114.527,1.8231,0.00000E+00
$6,18.220,4.0000,

725,0.00000E400
100,16.053,2.5450,0.00000E:+00
101,16.725,2.5450,0.00000E+400
102,17.493,2.5430,0.00000E400
103,15.895,1.3175,0,00000E+00
104,16.670,1.8175,0,.00000E+00
105,17.445,1.8175,0.00000E400
|os 14.910,0,00000E+00,¢ oooooos«x:

m 15.220,0,00000E+00,0. oooooE'oo
109,15.733,0.00000E+00,0,00000E+00
110,16.565,0.00000E+00,0.00000E+00
111,17.392,0.00000E+00,0,00000E+0¢
112,18.220,0.54500,0.00000E+00
113,17.392,0.54500,0.00000E+00
114,16.565,0.54500,0,00000E+00
115,15.737,0.54500,0.00000E+00
116,19.910,0.00000E+09,0.0000E+00
112,19.065,0.00000E+00,0,00000E+0%
118,19.970,1,0900,0.00000E 00
n9 |9065 1.0900,0.00000E400
.910,0,34500,0.00000E400
m 19 1065,0:54500,0.00000E+00
122,19.910,4.0000,0.00000E+00
123,19.910,1.3175,0.00000E+00
124,19.910,2,5480,0,00000E+00
125,19.510,3.2725,0.00000E+00
1126,15.065,4.0000,0,00000E+00
127,19.065,1.8175¢
128,19.065,2.5450
129,19.065,3.2725,
130,14,535,1,0650,0.00000E+00
131,14.885,-0.250005-01,0.00000E-+00
132,14.885,0,52000,0,00000E400
133,12.595,0,00000E:+00,0.00000E +00
134,13,163,-0.62500E-02,0.00000E 00
135,13.740,:0.
136,14313,;
137,12.595,!
13812595,
139,13,168,1.0650,0.00000E:
140,13.740,
14114313,
142,14.312,0.52312,0.00000E+00
143,13.740,0,52625,0.00000E+00
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Attachment A, ABAQUS/Standard Input File

144,13.168,0.52937.0.00000E+00
145,12.595,6.1300,0.00000E+00

146,12595,.0.76625,0.00000E+00
147,12.595,-1.5325,0,00000E+00
m |2 m 2.2988,0.000008+00

|sn 11595.-3 £312,0.00000E+00
15E,12.595,4.8975,0.00000E+00
152,12.695.45.3632,0.00000E+00
153,19.910,46,1550,0.00000E+00
154,13.509,16,1331,0.00000E+00
155,14.424,16,1363,0. oooeosooo
156,18.338,-6.1394,

159,13.081,-6.1487,0,00000E+00
160,18.996.6.1519,0.00000E400
161,19.910,10.25000E-01,0.00000E+00
#2161,20.01,0.25000E-01,0.00000E+00
12,19.910,+5.3857,0.00000E 400
163,19.910,4.6225,0,00000E400
$5¢

16819510, 791"5 0.00000E+00.

169,12.220,-0.25000E-01,0,00000E+00.
170,18,783,-0.25000E-01,0,0000E+00
171,19.347,0.25000E-0

* 172118,$52..0.25000E-01,0.00000E+00

B7-233

173,16 219,-0.25000E-01,0.00000E+00
174,16.286,0.25000E-01,0.00000E400
.553,40.2000E-01,0.0000E+00
§76,13.431,:0. mu 0000005000

18,653,

97 13 21.-0 £6313
198,17.301,-0.67718,0,00000E+00
199,16.583,
200,17.078,11.
201,15.506,.

208, u'o%.

220, 17 154 +4.4859,0.00000E~00
.8454,0.00000E+00
. 7137,0.00000E+00
9833,0.00000E+00

E200

223,15.487,-0.35774,0.00000E+00



229,14.789,42.6939,0.0000E+00
230,14,763,-4.4964,0.00K0E+00
231,16.356,-5.3269,0.00000E+00
232,16.423,-4.5585,0.00000E+00

309,19.905,153.00,0.00000E+00
310,144 412.453 100,0.00000E+00

2.4 153.00,
“*921,0.00000E+00,+159,13,0.00000E+00
922,0.00000E+00,54.53,0.00000E+00
927,0.00000E+00,+156,06,0.00000E~00

915, |o49¢,.|ssos Y
936,10.496,-
957,8.3967,

553,19.805,1154.53,0.00000E+00
954,19.905,+156.06,0.00000E+00
955,19.905,0157.60,0.0000CE+00
956,14.412,0154,53,0,00000E+00
557,16.250,-154,53,0.00000E+00
958,18,077,+154.53,0,00000E+00
959,14.422,-156.02,0.00000E400
960,16.250,¢156,06,0.00000E400
961,18.077,-156.06,0.00000E+00
962,14.422,4157.60,0.0000E+00
963,16.250,0157.60,0,0000E+00
964,18.077,0157.60,0.00000E+00

1044,12595,:39.173.0.00000E+00
1045,12,595,54.42,0.00000E400

§045,12.595, .49 791 0.00000E+00
1042,12.595, 0.00000E =60
1048,12.595,- .40 40: 0.00000E40
1049,12.595,:35.717,0.00000E+00

HNF-SD-TP-SARP-017

B7-234

Rev. 0

1050,12. 595,-31 025,0.00000E400

1051,

1052,12. 595 21643,0.00000E400
1053,12.595,-16.951,0.00000E+00
1054,19.910,+16.976,0,00000E+00
1055,19.910,

.909,
1055,19:009,140.422,0.00000E+00
1060,19.509,45.119,0,00000E+00
$061,19.909,49.809,0.00000E+00

1064,15:908,163,160,0.00000E+00
1065,19.903,168.571,0.00000E400
1066,19,908,+73.,261,0.00000E+0¢
1067,19.908,:77.952,0.00000E+00

9,907,924
1071, 19 907,196.714,0.00000E+00
1072,19 907‘401 40,0.00000E+00
.0-00000E+00

1091,14.423,7110.78,0.00000E
1092,14.423,+106.09,0.00000:
1093,14.423,+107.40,0.00000E+00
1094,14.423,:96.707,0.00000E+00

1099,14.423,173.251,0.00000E400
1100,14,423,-68,560,0.0000E+00
1101,14.423,163.869,0.00000E+00
1302,14.423,+59.178,0.0000E+00
103,14.423,+54.486,0.00000E+00
1104,14.423,149,795,0.0000E+00
1105,14.423,+45.104,0.00000E+00
1106,14,42(.-40.413&000005‘00
1107, 144 722,0.00000E+00
1108,14.424, | 031,0.00000E400
1109,14.424,426.340,0.00000E+00
mv 144 424 +21,649,0.00000E+00
57,0.00000E+00
|| 12,36 250 48.31,0.00000E 400
1113,16.250,:143,62,0.00000E+00
1114,16.250,138.93,0.00000E+00

16,3625,

1117,16.250,124.85,0.00000E+00

1118,16.251,-120.16,0.00000E400

1115/16.251,1115.47,0.00000E400

1120,16.251,-110.78,0.00000E¢00

1121,16.251,+106.09,0.00000E 400
01,40,

1123,1625) 96 709,0.00000E+00

1125,16.251, -11
1126,16281,8:
1427,16.251,-77:
112816.251.73 254,0.00000E+00
1129,16.252,+68.564,0.00KCE+00

1130,16.252,+63,573,0.00000E+00
1131,16.252,139.182,0.00000E+00
1132,16.252,+54,491,0.0000E 00

T 1133,16.252,49. sooooomsm

m9 ls 252. 21,654,0.00000E X,



mo 16 252.-16 963 0.00000E+00

mz.ll 0
1143,18. on_.m 93,0.00000E+00
1144,18.078,-134,24,0,00000E+00
ms.um 129.55,0.00000E+00
1146,18.073,4124,86,0.00000E+00
1147,13.0%
1148,32.07
1149,18.0%
1150,18.07

. ).00000E +00
1160,18.020,159.186,0.00000E+00
1361,18.080,-54.495,0.00000E+00
1162,18.080,49.804,0,00000E+00
1163,18.030,45.114,0,00000E+00
1164,12.080,-40.423,0.00000E+00
1165,18.081,:35.732,0,00000E+00
1166,18.081,+31.042,0.00000E400
1167,18.081,:26.38), ooooooEooo
1162,18.021,:21.660,0,0000]
1169,13.081,: smoooooosm
nwoooooosooouooonooooos‘oo
:00000E+00

1124,4.7812,7.5000,0.00000E+00

1175,63750,] um 0.00000E+00

11767968 DO000QE+00
1956

1190,11.156,11.000,0.00000E+00
1191,0.000005400,10.125,0.00000E
1192,0.00000E400,9.2500,0.00000E+00

503£,9.2500,0.00000E+00
1196 1.5932,10.125,0.00000E+00
1197,3,1875,8.3750,0.00000E+00

1192,3.1375,9:2500,0.00000E400
1$75,10,125,0.00000E+00
7312,8.3750,0.00000E+00
7812,9.2500,0,00000E+00
7812,10.125,0.00000E+00
3750 8.3750,01 oooooEm

.2500,
ms 6,)750 10, lzsoooooosooo
0.00000E+00
1201 96“ 9.2500,0.00000E+00
1208,2,9683,10.125,0.00000E+00
5625,8.3750,0.00000E+00
1210,9.5625,9.2500,0.00000E+00
1211,9.5625,10.125,0.00000E+00
1212,11.156,8.3750,0.00000E+00
1213,11.156,9.2500,0.00000E400
1214,11.156,10.125,0.C00E+00
1215,15.750,2.5000,0.00000E+00
1216,13.500,7.5000,0.00000E+00
1217 14, 2501 soooooooooEm

1219 35! 75011 oooooooooEAoo
1220,15.750.10.125,0.00000E+00
1221,15.750,9.3500,0.00000E+00
1222,15.750,8.3750,0.00000E+00

1226,13.500,8.3730,0.00000E+00
1227,13.509,9.2500,0.00000E+00
1228,13.500,10.125,0.00000E400
1229,14.250,3.3750,0.00000E+00
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1230,14.250,9.2500,0,00000E400
1231,14,250,10.125,0.0000E+00
1232,15.000,8.3750,0.00000E+00
1233,15.000,9.2500,0.00000E+00
1234,15.000,10,125,0,00000E+00
1235,12.750,6.6473,0,00000E+00
1236,12.750,5.7950,0.00000E+00
1237,12.750.4.9425,0.0000E+00
1238,15.750,6.6250,0.00000E+00
1239,15.750,5,7500,0.00000E+00
1240,15,750,4,3750,0.00000E+00
1241,13.500,6.6419,0.00000E+00
1242,14.250,6.6363,0.00000E400
1243,15.000,6.6306,0. ooooosm

1:6: 14.032,+9.8503,0.00000E+00
.580,-8.2960,0.00000E400

126813625, 2750,0.00000E+00
nsetseimcopy
197.169‘9l,l6

00,0000

*node

50169,18.22,:0.025
50086,13.22,4,00001
**clementtypersaxlelser=bolt
50001,50197,50169
50003,50091,50086
*clementtypemi2d2,elsermmbolt
$0002,50169,50086

“mpe
**pin,50197,197
Pin30169,169
'pin, 50091,5F
+oRinS00A6.86
Mt xl\dhmxon.eha'bohmlxmll-ﬂ«h

*s0l asmn,ena-mbommw-xml
140274
+shellsection,dlser=mbotmatesial=stoct
0,122

nnsverse shear s6ffness

01

“clementtypeespringd,elsemmshrs
99999,169,36

‘xpnng.dlmhn

VEeos

*element typemspringa,clsetequisp
7$104.137,76

*spring.elsctmequisp

1.

lementaypemcaxd,elsetmcask
100,130,141,042,132 .
102,141,140,143,142
103,40,139,144,143
10439,137,138,144
105,132,142,136,131
106,142,143,135,136
107,143,144,134,135
108,144,138,133,134
109,134,133,146,176
110.176,146,142,177
111,201,228,202211
2T LTS
113,225,152,145,154
114,112,172,228,201



115,148,149,129,178
116,149,150,130,179
117,188,190,228,193
118,150,151,181,180
119,151,152,225,151
120,194226,190,191
lzl_zzs,m,lss.m

09,225

6,183,132
m lxz.m 224,230
125,230,224.221,222
126231,183,156,157
127,231,157,158,184
128,158,159,185,184
129,185,159,160,186
130,153,162,186,160
131,162,163,187,136
132,163,164,188,187
133,164,165,190,138
134,209,230,222,208
135,184,220,232,231
136,187,188,193,189
137,165,166,191,190
138,166,162,192,191
139,224,183,231.232
140,168,226,192,167
141,161,171,226,168
142,224,232,223,221
143,220,233,223.232
144,189,217,233,220
145,191,192,195,154
146,226,196,195,192
147,195,196,197,210
148,196,170,169,197
149,226,171,120,196
150,169,125,198,197
151,198,175,174,199
152,199,174,173,201

155.202,131,136,203
156,136,135,222,203
157,227,135,134,176.
* 158,199,201,211,204
159,203,227,126,205
160,205,176,177,206
161,206,177,178,207
162,178,179,208,207
163,179,130,209,208
164,181,225,209,180
165,200,204,213,212
166,204,211.215,213
162,193,229,194.214
168,194,195,210,214
169.210,200,212.214
170,198,200,210,197
171,202,203,205,211
172,216213,215219
173.212,213,216.218
174,189,19),214,217

1772124212218
178,219,207,208,222
179,187,189,188,186
180,216,219,222,221
181,233,217,218.223
182,189,220,184,)85.
183,216,221,223,238
792,234,916,934,931

794,917,913,940,937
795,918,919,943,%40
796,919,920,946,943
792,920,915.922,46
798,931,934,935,932
799,934,937,938,935
$00,937,940,541,938
$01,040,943,944,941
§02,543,946,947,944
$03,946,922,923,947
804,932,935,936,933
805,935,938,939,936
306,938,541,942,939
807,941,944,945,542
508,044,947,948,945
309,547,923,924,948
$10,933,536,930,925
11,936,939,929,930
$12,939,942,928,929
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$13,542,045.927,928
$14,945,545.926.921
215,948,924,921,926
$16,234,931,956,310
217,931.932,989,956
818,932.933,962.959
15,933.925,950,962
$20310,986.952.311
$21,956,959,960,957
$22,959,962,963,960
23,662,950,951,963
32631,957,958.312
325,957,960,961,95%
a6 1960,963.964,961

283224310,1083,1028
$89,310311,1112,1083
$50311,312,1141,1112
191,312,309.1032,1141

1025,1033,1084,1026
m 1083,1112,1113,1084
354,1112,1141,1142,1113
395,141, 1082,1081,1 142
$56,1026,1084,1085,1022
197,084,1113,1114,1085
398,1113,1142,1 143,114
899,1142,1081,1080,1143
900,1027,1085,1086,1028
901,1085,1114,1115,1086
902,1114,1143,1144,1115
903,1143,1080,1079,1144
504,1028,1086,1082,1029
505,1086,)115,1116,1087
06,1115, 1144,1148,1116
$07,1144,1019,1078,1 145
908,1029,1087,1088,1030
509,1087,1116,1317,1088
910!"6.11451\‘6.11!7
911,1145,10;
912,1030, lou 1“9 101
913,1088,1112,1113,1089
SIIMNTINMGNATING
915,1146,1077,1076,1147
916,1031,1089,1050,1032
917,1089,1118,1119,1090
SIBINBIUN14E119
919,1147,1076,1075,1148
20,1032,1090,1091,1033
923,1090,1119,1120,1091
922,1119,1148,1149,1120
623,1148,1075,1074,1149
924,1033,1091,1092,1034
925,109,1120,1121,1092
926,1120,1149,1150,1121
27,1149,1074,1073,1150
§23,1034,1092,1093,1035
$29,1092,1121,1122,1093
930,1121,1150,1151,1122
931,1150,1073,1072,1151
932,1035,1093,1094,1036
933,1093,1122,1123,1094
934,1122,1151,5152,1123
935,1151,1072,0071,1152.

$81123,1152,1153,1124
939,1152,1071,1070,1153

842,1124,1153,11541128
943,1153,1070,1069,1154
944,1038,1096,1097,1039
$45,1096,1125,1126,1097
946,1125,1154,0155,)126
547,1154,1069,1068,1155
948,1039,1097,1098,1040
549.1097,1126,1127.1098
950,1126,1155,}156,1127
951,1155,1063,1067,1156
952,1040,1098,1099,1041
$53,1098,1127,1128,1099
954,1127,1156,1157,)128
955,1156,1067,1066,1157
956,1041,1099,1100,1042
957,1099,1128,1129,1100
958,1128,1157,1158,1129
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959,1157,1066,1065,1158 65,46,69,9787
960,1042,1100,1101,1043 66,69,63,100.57
961,1100,1129,1130,1101 61,68,67,103,100
962,1129,1158,1159,1130 63,67,66,96,103
963,1153,1065,1064,1159 6937979888
964,1043,1101,1102,1044 7057,100,101,98
965,1101,1130,1131,1102 1,100,103,104,301
966,1130,1159,1160,1134 72,103,96,55.104
967,1189,1064,1063,1160 . TII5999
568,1044,1302,1103,045 74,98,101,102,99
969,1102,1131,1132,1103 75,101,104,105,102
970,1131,1160,1161,1132 76,104,95,94,105
971,1160,1063,1062,1161 7139999186
972.1045,1103,1104,1046 7899,102,52.91
S73,1103,1132.1133,104 5,102,108,93,92
974, 11321161,1162,1133 80,105,94,90,93
975,1161,1062,1061,1162 : 81,90,04,113,112
“$76,1046,1104,1105,1047 325495114113
577,1104,1133,1134,1105 . 3,95,96,115,114
974,1133,1162,1163,1134 . 2496,66,107,115
979,1162,1061,1060,1163 $,112,113,101,308
980,1047,1105,1106,1048 36,113,014110,111
$81,1105,1134,1138,1106 22,114.115,109,110
S82,1134,1163,1164,1135 38,115,107,106,109
953,1163,1060,109,1164 $9,116,120,120,117 -
984,1048,1106,1107,1049 120,118,119,121
985,1106,1135,1136,1107 91,117,121, 112,108
936,1135,1364.1165,1136 92,021,119,0,112
987,1164,1059,1058,1165 . 93,90,119,12,93
88,1049,1107,1108,1050 . 94,119,118,123,127
99,107,1136,1137,1108 95,93,122,124,92
990,1136,1165,11661137 96,121,123,124,128
991,1165,1038,107,1 166 97,92,128,129,91

:1103,1105,] 98,128,124,125,129
993,1108,1137,1138,0109 . ;
994,1137,1166,1167,1138 . - 100,120,128,12,136

995,1166,1052,1086,1167 . 1008,1170,1172,1194,1193
$96,101,1109,1110,1052 . 1009,1172,1173,1197,1194
997,1109,1138,1139,1 110 1010,1123,1174,1200,1157
958,1138,1167,1168,1139 1011,1174,1135,1203,1200
999,1167,1086,1085,1168 . 1012,1125,1176,1206,1203
1000,1052,1110,1111,103 1013,1176,1172,1209,1206
1001,1110,1139,1140,1131 1014,1177,1378,1212,1209
1002,1139,1163,1169,1140 1015,1178,1171,1182,1212
1003,1168,1055,1054,1169 1016,1193,1194,1195,1152
1004,1053,1111,972,965 1017,1194,1197,1198,1195
1005,1111,1140973,972 1018,1197,1200,1201,1198
1006,1140,1169,974,973 1019,1200,1203,1204,1201
1007,1169,1054,971,974 1020,1203,1206,1207,1204
1072,189,158,1259,1254 1021,1206,1209,1210,1207
073,158,187, lzw 1259 1022,1209,1212,1213,1210
3 60 1023,1212,1182,1181,1203
1075136155, lzss 1261 1024,1192,1195,1196,1191
1076,1254,1255,1256,1253 1025,1195,1198,1199,1196
1077,1289,1260,1257,1286 . 1026,119$,1201,1202,1199
1078,1260,1261,1258,1257 - 1027,1201,1204,1208,3202
1079,1261,1255,1252,1258 1028,1204,1207,1208,1205
1080,1264,160,139,1234 1029,1207,1210,1211,1208
1081,1262,1264,1254,1253 . 1030,1210,1213,1214,1211
1082,1265,1262,1253,1256 1031,1213,1181,1120,1214
1083,1266,1265,1256,1257 1032,1191,1396,1124,1123
1084,1267,1266,1257,1248 - 1033,1196,1199,1185,1124
1085,126,1267,1258,1252 1034,1199,1202,1186,1135
1086,1268,1263,1282,1255 1035,1202,1208,1187,1186
1087,154,1268,1285,155 1036,1205,1208,1182,1137
1088,1251,183,160,1264 1037,1208,1211,1189,1188
1089,971,1251,1264,1262 1038,1211,1214,
1090,974,571,1262,1265 1039,1214,1180,1179,1190
1091,973,974,1265,1266 1040,1171,1216,1226,1182
1092,972,973,1266,1267 1041,1216,1217,1229,1226
1093,965,972,1267,1263 1042,1217,1213,1292,1229
1094,1250,965,1263,1268 1043,1218,1215,1222,1232
1095,145,1250,1268,154 1044,1182,1226,1227,1181
elementtypescaxdelser=id 1045,1226,1229,1230,1227
49,50,74,77,51 1046,1229,1232,1233,1230
50,74,75,80,77 1047,1232,1222,1221,1233
$1,5,26,83,30 1048,1181,1227,1228,1130
52.76 70,71, s: 1049,1227,1230,1231,1228
1050,1230,1233,1234,1231
54 71 3031, 73 1081,1233,1221,1220,1234
55,30,83,34.81 . 1052,)180,1228,1223,1179
36,83,71.92,34 1053,1228,1231,1224,1223

57,52.78,79,53 1054,1231,1234,1225,1224

. SIS 1055,1234,1220,1219,1225
$9,81,84,85,52 1056,1171,] 12)5 ml 1218
£0,84,72.7335 1052,1235,] 4,124
61,53,79,69,48 1088, lst.un 1217 1244
62,79,82,68,69 1059,1237,50,51,1247
63,82,85,67,68 1060,)216,1241,1242,1217,
64,35,73,66.67 1061,1241,1244,1245,1262
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1062,1244,1247,§248,1245
1063,1247,51,52,1248
1064,1217,1242,1243,1218
1065,1242,1243,1246,1243
1066,1245,1248,1249,1246
1067,1248,52,53,1249
1063,1218,1243,1238,1218
3069,1243,1246,1239,1238
1070,1246,1249,1240,1239
1071,1249,53,46,1240
*aset sermouter

46
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*matesialagmemsteel
ensity

T35E-04

*clastic,dependencies=]

29.£406,00,20.11

27.18406,0.0,93.3

23.0E406,00,425.0
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*clusie ype-asisovopic
29.E+06,100 1000100 1000100 100.0,100.0
100.0, ,100.0,100.0

exparsion ypemanio,zetonz]. n
1 7455:-05 00,000

28.5E+406,0.265,21.11

 276E406,0.265.933

24.JE+06,0.265,425.0

25000,0.000000,21.11
10261 Nzuw,zl 1

0,933
102610,0,427469,93_3
16000,

2eron21.11

*expansion,’

15982E-0821.11

1T8SSE05 425
“sotidsectionlser=lidmatecialossteet
*solidsection dsermcaskmateriabessteet

2,2
30169,6,6

peltsl .

pebts2
*surface delinition,numebsurl
108,51

01,52
et ode s amemcsgence
0,73

106,111

16117

*surfacé definition,awme=dsurl
1

2984
*sirface definition,amemsurf
24

734

9933

10033

*conuact oode setaame=faurf

30086

*surface interaconnamesrough
intctactionmroughsmall sliding

*contact paitimteracton=rough



**brurtdsurf
initial condition typeetemperature
210

*+50197.21.31

$0169,21.11

*+50091,25.11

2111

il condition.type=field,varisblem]

*end suep
*3tep,plgeom,inew9999
sutc

al10

Saode print freqv0
*eadsiep
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ChecKlist for Checking of Analysis/Calculations

Document Checked - Number: N/A Revision: 0

Title: MCO Cask Pressurization Analysis

Yes ‘Ne NA

W 3 [ Problem completely defined.

W 1 [1 Appropriate analytical method used.

[V]/ | O . [1 Necessary assumptions are api)roriate, explicitly stated, and stated,

[V( [1 [ W] Computer codes and data files documented.

%8 [] {1 Data used in calculations explicitly stated in document.

[V{ {1 {1 Sources of non-standard formulae/data are referenced and the correctness of the
reference verified.

[l/{ {1 {3 Data checked for consistency with original source information as applicable.

[v]/ {1 1] Mathematical derivations checked including di jonal i of results.

[V]/ | ] [l Models appropriate and used within rang.c of validity or use outside range of established
validity justified.

{1 £} [V]/ Hand calculations checked for errors.

[:/]/ i [1 . Coderunstreams comect and consistent with analysis documentation,

[V]/ [i [l " Code output consistent with fnput and with results reported in analysis documentation.

[v]/ [] {1 Acceptability limits on analytical results applicable and supported. Limits checked
against sources.

[\Z/ 1] [1 Safety Margins consi with good engineering p

W [1 {1 Conclusi istent with analytical results and applicable limits.

[\2/ {1 {1 Results and conclusions address all points required in the problem statement.

I have checked the analysisfcalculation and it is compl and accurate to the best of my knowledge.

S. N, Huang 4&/‘{/""““{ i 23/q7

Engineer/Checker J : Date : .

Note: Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and

attached to this checklist. Material should be labeled and recorded so that it is intelligible to a technically
qualified third party”
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7.7.4 MCO Cask Thermal Stress Analysis

MCO Cask Thermal Stress Analysis

Randall S, Marlow
1/22/97

1.0 Introduction

This document describes the stress analysis of the MCO cask loaded by an internal
pressure of 150 1bf/in? and the temperature field at the end of the hypothetical fire accident.

2.0 Analytical Methods and Results’

The stress distribution in the cask is computed using the ABAQUS/Standard (HKS 1995)
finite-element program. The cask mesh is shown in Figure 2.0-1. A close-up of the mesh of the
lid and nearby cask wall is shown in Figure 2.0-2. The ABAQUS input file for the analysis is in
Attachment A. The cask is modeled with 4-noded axisymmetric elements. The cask material
constitutive model is elastic-plastic with temperature-dependent properties typical of 304
stainless-steel. The bolts which attach the lid to the main body of the cask are modeled as a truss
element which has the same cross-sectional area as all twelve bolts combined. The bolting
material constitutive model is elastic with temperature-dependent properties typical for the
stainless steel bolting material (SA479 XM19 hot-rolled). The shear force at the bolt is carried
by a spring element between the horizontal degrees of freedom at the top bolt node and the

" bottom bolt node. The bolt elements attach the lid mesh to the main mesh of the cask. The lid
mesh is not otherwise connected the rest of the cask mesh. Contact conditions are specified at
the juncture between the two to model the flange.

In step 1 of the analysis, the temperature in the free length of the bolt elements is reduced
in order to establish the preload, The axial prestress in the bolts is 12,700 lbf/in®. The stress
distribution of the component of stress normal to the flange is shown in Figure 2.0-3. The stress
is dominated by localized effects associated with the bolt elements and by a tensile stress on the
inside vertical surface of the lid. The stress level is negligible.

In step 2 of the analysis, a pressure of 150 1bf/in® is applied to the inside surface of the
cask. Instep 3 of the analysis, the temperature distribution is applied to the cask. The
temperature distribution in the bolt is scaled to compensate for the preload. A field varjable is
used to adjust the bolt material properties to the applied temperature. The axial stress in the bolt
is 31,440 1bf/in®. The shear stress in the bolt is 4010 Ibf/in’.

3.0 References

HKS, 1995, ABAQUS/Standard User’s Manual, Vol. I and II, Hibbit, Karlsson, & Sorensen,
Pawtucket, Rhode Island. '

B7-242



Rev. 0

HNF-SD-TP-SARP-017

- )»woi Jw)od 1-Q'z dg?@xnw

]

SNOVEY

B7-243



Rev. 0

HNF-SD-TP-SARP-017

e A 39

Pvo P17 =07 wodiy

771

]

SNOVEY

B7-244



Rev. 0O

HNF-SD-TP-SARP-017

N/

w

ossany 2%uoy4 'S-Q2 nodiy

N

SNOVEW

B7-245



*node,nsermall

46,18.750,4.0000,0.00000E+00
50,12.750,4.0900,0.00000E+00
51,13.500,4,0675,0.0000E400
52,14.250,4.0450,0.00000E+00
$3,15.000,4.0225,0,00000E+00
66,14.910,1,0900,0.00000E+00
67,15.120,1.2175,0,00000E+00
65,15.330,2.5450,0. 00000E+00
69,15.540,3,2725,0 00000E 00
70,12.750,1,0900,0.00000E+00
71,13.250,1,0900,0.00000E+00
72,13.530,1.0900,0.00000E:+00
73,14.370,1.9900,0.00000E+00
74,12.750,3.3400.0,00000E+00
75,12.750,2,5900,0,00000E+00
76,12.750,1.8400,0,00000E400
77,13.447,3.3231,0,00000E 00
78,14,145,3.3062,0,00000E400
9,14.843,3.2894.0.00000E+00
20,13,395,2.5787,0.00000E+00
81,14,040,2.5675,0.00000E+00
82,14.625,2.5563,0.00000E+00
$3,13.342,1,8344,0.0000E+00
£4,13.935,1.8287,0.00000E+00
5,14.527,1.8231,0.00000E+00
$6,18.220,4.0000,0.00000E+00
$7,16.367,4.0000,0.00000E+00
$1,16.985,4.0000,0.00000E+00
$9,17.602,4.0000,0.00000E+00
90,13.220,1.0900,0.00000E+00
91,18.220,3.2725,0,00000E 400
92,18.220,2.5450,0.00000E+00
93,18.220,

99,17.550,3.
100,16.053, 2 stsoooooocboo
101,16.775,2,
102,17.458,2.3450,0.00000E+00
103,15.895,1.£175,0.00000E+00
104,16.670,1.8175,0.00000E+00
105,17.445,1.3175,0.00000E400
106,14.910,0.00000E-+00,0.00000E +00
107,14.910,0.54500,0.00000E+00
103,18.220,0.00000E+00,0.000005+00
109,15.738,0.000005+00,0.00000E+00
1

10,16.565,0.000005+00,0.00000E+00
112,17.392,0,00000E+00,0.00000E+00
112,18.220,0.54500,0.00000E400
113.17.7”.0.54500 DOX0E00

136,15.910,0,00000E+00,0.00000E+00
137,19.065,0.00000E%00,0,00000E+00
18, l§9l0109000000005

122,19.910,4.0000,0.00000E:+00
123,19.910,1.8175,0.00000E+00
124,19.910,2,5450,0.00000E+00
125,19.910,3,2725,0 00000400
126,19,065,4,0000,0.000005400
127,19.065,1.8175,0.00000E+00

122,19,063,2.5450,0.00000E+00
129,19.065,3,2725,0.00000E400
130,14.885,1.0650,0.00000E+00
131,14.8585,-0.25000E-01,0.00000E+00
132,)4.885,0.52000,0,00000E+00
133,12.595,0.00000E+00,0,000GE+00
134,13.163,-0.62500E-02,0.00000E+00
135,13,740,-0.12500E-01,0,00000E+00
136,14.313,0.18750E-01,0,00000E400
132,12.595,1,0650,0.00000E+00
138,12.595,0,53250,0.00000E+00
139,13.168,1.0650,0.00000E400
140,13.740,

143,14313,1¢

142,14.312,0.
143,13.740,0.52625,0.00000E400

HNF-SD-TP-SARP-017 Rev. 0

Attachment A, ABAQUS/Standard Input File

144,13.168,0,52937,0.00000E400

145,12.595,6,1300,0.00000E+00
146,12.595,10,76625,0.00000E+00
147,12.595, 5,0.00000E+00

06500,
$50,12.595,3,13120. oooooEooo
151,12.595,4,5975,0.00000E+00
152,12.595,15.3637,0.00000E+00
15,19.910,6.1550,0.00000E+00
154,13.509,16.1311,0.00000E+00
155,14.424,:6.1363,0.00000E+00

5:338,:6.1394,0,00000E+00
157 16 753 6.1425,0.00000E%00

.1456,0.00000E400
159 lx MI 614570000005 +00
.1519,0,00000E+00
16y, |99w»usooos»ol ,0.00000E400
162,19.910,15.3887,0,00000E+00

.3237,0.
167,19.910,-1,5575,0.00000E400
168,19.910,20,79125,0.00000E+00
169,18,220,-0.25000E-01,0.00000E+00
170,18.783,:0.25000E-01,0.00000E+00
171,19.347,:0.25000E-0},0.00000E 400
122,15.552,:0.25000E-01,0.00000E+00
173,16.219,:0.25000£-01,0.00000E 400
174,16.586,:0.25000E-01,0.00000E+00
175,17.553,.0.25000E-01,0.00000E+00
176,13.431,:0.81228,0.00000E400

7407,0.00000F

554,
196,158,653, 66«) a oooool-'.m
197,18.22,-0.6631
198,17.303,-0.67713,0.00000E+00
199,16.533,-0.61460,0.00000E+03
200,7.074,+1.4060,0.00000E400
201,15.906,40.53198,0,000006400
202,15.004,-0.51625,0,00000E400
203,14.351,-0.52081,0,00000E+00'

205,14.27

2061412511 8842,0.00000E+00
207,4.168,12,7545,0.00000E400
208,14.056,:3.5328,0.0000E400
208,13.953,4.3504,0.00000E400
210,17.351,-1.4438, o ooooolMo
211,15.289,-1.
212,16.§97,:2.306), ooooooE«:o

217,17.347.534299,0.00000E+00

220,17.154,4.4859,0.00000E+00
221,5.753,:3.3454,0.00000E+00
1923,:3.7137,0.00000E400
223,16.531,13.9833,0.00000E+00
224,15.611;4.5511,0,.00000E400.
225,13.626,+5.2363,0.00000E+00
226,19.293,0,72616,0.000005+00
222,13,811,-0.46121,
228,15.482,0.357%,
229,18.759,-2. wnooooooboo
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230,14.763,4.4564,0,00000E400
231,16.356,-5,3269,0.00000E+00
232,16 421 -4.5985,0.00000E+00

309,19 905.-153 100,0.00000E+00
310,14.422,4153,00,0.00000E+00
331,16.250,-153.00,0.00000E+00
312,18.077,+153,00,0.000002+00
9lsoooow5m 153, oooooooosooo

53.¢
919,4.1983,1153,00,0.0000E+00
$920,2.0992,-153.00,0.00000E+00
21,0.00000E+00,+159,13,0.00000E400
922,0.00000E+00.+154.53,0,00000E+00
923,0. oooooEm_qss 106,0.0000E+00
24,0, 60,0.00000E+00
95, lz sss 159, u ooooooswo

157.4
9«: 4.1983,114.$3,0.00000E 00
944,4.1983,1156,06,0.00000E+00
1953,+157.60,0.00000E+00
'936,2.0992,+154.53,0.00000E+00
947,2.0992,:156,07,0.00000E+00
948,2.0992,-157.60,0,00000E+00
£49,19.905,+159,13,0.00000E+400
950,14,422,4159.13,0.00000E+00
951,16.250,:159,13,0.00000E+00
952,18.077,4159.13,0.00000E+00
933,19.505,

6074
960,16.250,1156,06,0.00000E+00
961,18.077,+156,06,0.00000E+00
962,14.422,1157.60,0.000005+00

.250,4157.60,0.00000E+00,
~137.60,0.00000E+00
95,-12.260,0,00000E+00

.0.00000E+00

1040,12.595;. -71 939 .0.00000E+00

1041,12.595,.73.247,0.00000E500

1042,12.595,.68.536,0,00000E+00

1043,12.595,-63.863.0,00000E+00
,55:

.595,-54.482,0.
1046,12.595,49.191,0.00000E+00
1047,12.595,45.099,0.00000E400
1048,12.595,-40,405,0.

8

1050,12.595,131,635.0.00000E+00

HNF-SD-TP-SARP-017 Rev. 0

1051,12.595,:26,334,0.00000E+00

1077,15.905,
1076,19.906,0129.55,0, 000005'00
1079,19.906,-134.24,0.00000E+00
1080,19.905,+138.93,0,00000E+00
1081,19.905,-143.62,0.00000E400
1082,19.905,-148,31,0.00000E400
1083,14.423,148,31,0.00000E+00
1084,14.423,4143,62,0.00000E+00
1085,14,423, .m 9: oooooozwo

1086,14.43: 00CE00
3087,14. 421 -I29 54 oooooosooo
108,14, l .83,0.00000E+00
1089, 0.16,0,00000E+00

1090,14.423,.] us«‘loooooos'oc
1091,24.423,4110.78,0.00000E+00
1092,14.423,106,09,0,00000E+00
1093,14.423,4101.40,0.000005+00
9s7o7oooooos~oo

Helmisodud
1097,14.423,:82,633,0.00000E+00
1098,14.423,:77.942,0.00000E+400

. |999 14.423,:73.251,0.00000E900

.423,-68.560,0.00000E+00
no) 14423, .4: sn 0.00000E+00
02,14,

1115,16251,4115.47,
1120,16.251, nn'ltoooooosm
$125,16.251,+106.09,0.00000E+400
1122,16.251,1101.40,0.00000E+00
.709,0.00000E+00
1124,16.251,492.01%,0.00000E+00
1125,16.251,:37,327,0.000005+00
1126,16.251,:82.636,0.00000E+00
1127,1625), 17.94 .0.00000E:
154,0,00000E400
112936 2*2.-« $640.00000E-00
1130,16.252,63.573,0.00000E+00

4.49),0.
113316.252.49. 800,0,00000E+00
1834,16.252,45.109,0.00000E 400
135,16 2*2 40.413,0.00000E+00

1,036
1138,16.252,26.345.0,000005400
1139,16.252,:21,654,0.00000E+00
1140,16.252,-16.963,0.00000E+00
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1141,15,078,14831,0.00000E400

1144,18,078,4134.24,0.00000E400

56,18. .949,
1157,18¢ olo 13283
1158,18.080,-68,567,0.000001
1159,12.080,63.877,0.00000E+00
1160,18.080,+59.136,0.00000E+00
1361,18.030,-54.495,
1162,18.080,-49.804,0,00000]
1163,18.080,-45.114,0,00000E+00
1164,18.,080; 00000E+00
1165,15.081,-35.232,0.00000E400
1166,18,081,:31,042,0.00000E+00
1167,13.081,-26,351,0.00000E+00
1168,15,081,+21.660,0.00000E+00
1169,15.031,-16.969,0.00000E+00

1170,0.00000E+00,7.5000,0.00000E-+00

1171,12.750,7.5000,0,00000E+00
1172,1.5938,7.5000,0,00000E+00
1173,3.1875,7.5000,0,000005400

HNF-SD-TP-SARP-017 Rev. 0

1231,14.250,10,125,0.00000E+00
1232,15.000,.3750,0.00000E+00
1231,15.000,9.2500,0.00000E+00
1234,15.000,10.125,0.00000E+00
1235,12,750,6.6475,0.00000E+00
1236,12.750,5.7950,0.0000CE+00
1237,12.750,4.9425,0,00000E+00
1238,15.750,6.6250,0,00000E+00
1239,15.750,5.7500.0.00000E+00
1240,15.750,4.3750,0.00000E+00
1241,13.500,6.6419,0.00000E+00
1242,14.250,6.6363,0.00000E+00
1243,15,000,6.6306,0.00000E+00
1244,13,500,5.7837,0.00000E+00
1245,14.250,5,7725,0.00000E+00
1246,15.000,5.7613,0.00000E+00
1247,13.5004.9286,0.00000E+00
1248,14.250,4.5087,0.00000E+00
1249,15.000.4. :9!9 .0.00000E+00

1174,4.7512,7.5000,0. 000005400
1175,6.3750,7.5000,0.00000E+00
1176,7.9688,7.5000,0.00000E+00
1177,9.5623,7.5000,0,00000E+00
1178,11.156,7.5000,0.00000E 00 126913.625,-3.2780,0.00000E+00
1475,12.750,11.000,0,00000E+00 *setasercop,
1180,12.750,10,125,0.00000E+00 197,169,936
000001 *node
50169,18.22,0.025
5000, 1 50086,18.22,4.0000}
11841.8938,11.000,0.00000E+00 *ctement typemi2d2,elsermmbolt
1185,3.1875,11.000,0.00000E400 50002,50169,50036
31364 7812,11.000,0,00000E+00 mpe
1187,63750,11. oooooooooE»oo $inS0169,169
11£8,7.9688,11.000,0.000001 “solidsecion elsermboly materialmstee)
1189,9.5625,11.0004 ooooosooo 140278
1190,11.156,11,000,0.00000E+00 eclementiypesspringd.clsereshry
1191,0.00000E+00,10,125,0.00000E+00 9999,169,36
1192,0.00000E+00,5.2500,0.000005+00 + . 'xpm\g.dm-mn
1193,0,00000E+00,83750,0.000005400
1194,1.5938,8.3750,0,00000E+00 Vs
1195,1.5938.9.2500,0.00000E =0 “elementypessptinga,clsctmequisp
15104,132,76
“spring.clsermequisp
L
~elementtypemced,clsetmcask
101,130,141,142,192
102,141,140,143, 162
103,140,139,144,143
104139,137,138,144
105,132,142,136,131
106142,143,138,136
107,143,144,134,135
108,144,138,133,134
109,134,133,146,176
mos ss:s £ 110,176,146,147,17
1211,9.5628, 101 usoooooosooo 111200.228.202.211
ILILIS68ITS0 000001 T2,)77,147,148,178
it 113.225,082,145,154
N417,172,228,201
115,148,149,179,178
116,149,150,180,179
117,115,190,229,193
118,150,151.181,180
119,151,152.225, 188
1220,15.750,10.125,0.0000CE 00 120,164,229,190,191
1221,15.750,9.2800,0.00000E400 121,225,)84,155,182
1222,15,750,8.3750,0.00000E%00 122,)52.230209.225
1223,13.500,1.000,0,00000E~00 123,155,16,183,152
1224,14.:250,11.000,0,00000E-00 124,152,183,224.230
1225,15.000,11,000,0.00000E+00 126.230224221,222
1226,13.500,3.3750,0.00000E%00 126231,133,156,157
1227,13.500,9.2500,0.00000E+00 127.230,157,158,184
1228,13.500,10.125,0,000001 128,158,159,185,184
1229,14.250,8 3750.0.0000E+00 129,185,1$9,160,186
1230,14.250.9.2500,0.00000E+00 130,153,162,186,160
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131,163,163,137,186 829,958,961,954,953
132,163,164,188,137 $30,.961,964,955,954
133,164,165,190,18% N 331,964.952,549,955
134,209,230,222 208 $68,234,310,1083,1028
135,184,220,232,23) 389,310311,1112,1053
136,187,138,193,189 550311,312,1148,1112
137,065,166,191,190 891,312,309,1082,1141
133,166,162,192,191 . $92,1025,1053,1084,1026.
139,224,1£3,231,232 $93,1083,1112,1713,0084
140,168,226,192,167 . 294,1112,1141,1142.1113
141,161,171,226,168 895,1141,1082,1081,1142
142,224.232,223,221 $96,1026,1084,1085,1027
143,220,233,223,232 l97 1084,1113,1534,1085
144,199,212,233,220 13,1142,1343,1114
145,191,192,195,154 . . x99 1142,1081,1080,1 143
146,226,196,195,192 900,1027,1085,1086,1028
147,195,196,197,220 901,1085,1114,1115,1086
148,156,170,169,197 902,1114,1143,1144,1115.
149,226,171,170,196 903,1143,1030,1079, 1144
150,169,175,158,197 504,1028,1086,1017,1029
151,198,075,174,199 905,1086,1115,1116,1087
152,199,124,173,201 - 906,1115,1144,1145,1116
153,198,199,204,200 907,1144,1079,1078,1148
154,228,172,131,202 908,1029,1087,)088,1030
155,202,131,136,203 909,1057,1116,1137,1088
156,136,135,227,203 510,1116,1145,1146,1117
157,227,035,134176 911,1145,1078,1072,1146
158,199,201,211,204 912,1030,1088,1089,1031
159,203,227,176.208 913,1088,1117,1118,1089
160,208,176,177,206 914,1117,1146,1147,1118
161,206,177,178,207 915,1146,107%,1076,1147
162,178,129,208,207 916,1031,1089,1090,1032
163,179,180,209,208 917,3089,1118,1119,1090
164,181,225,209,180 918,1118,1147,11¢8,1119
165,200,204,213,212 919,1147,1026,1075,1148
166,204,211,215,213 . $920,1002,1099,1091,1033
167,193,229,194,214 921,1090,1119,1120,1091
168,154,195,210214 922,1119,1148,1149,1120
169,210,200,212,214 923,1143,1075,1074,1 149
170,198,200,210,197 924,1033,1091,1052,1034
121,202,203,205.211 925,1091,1120,1121,1092
172216213,215219 926,1120,1149,1150, 1121
123,212213216,218 927,1149,1074,1073,1150
174,189,193,214,217 928,1034,1092,1093,1035
175,211,205,206215 929,1092,1121,1122,1093
176,206.202,219.215 930,1121,1130,1351,1122
172,217214,212.218 931,1150,1013,1072,1151
178,219,207,208,222 32,1035,1093,1094,1036.
179,187,189,135,136 933,1093,1122,0123,1094
180.216.219,222,221 $34,1122,1151,1152,1123
181,233,217,218,223 935,1181,1072,1071,1152
182,129,220,134,185 36,1036,1094,1095,1037
183,216,22),223 218 937,1094,1123,1124,1095
792,234,916,934,931 938,1123,1152,1153,1124
793,916,917,937,934 939,1152,1071,1070,1183
794917,913,940,937 940,1037,1095,1096,1038
795,918,915,943,940 $41,1095,1124,1125,1096
796,919,920,546,943 942,1924,4153,] u54 1125
797,920,915,922,946 943,153,100
793,931,934,935,932 504,1038,1096, 1097 1039
799,934,931,938,935 945,1096,1125,1126,1097
$00,937,940,941,938 946,1125,1154,1155,1126
101,940,943,944,941 . 947,1154,1069,1068,1155.
202,943,946,047,944 943,7039,1057,1098,1040
303,946,922,923,947 949,109%,1126,1127,1098
04,932,935,936,933 950,1126,1155,1156,0127
05,935,933,939,936 . 951,1135,1068,1067,1156
306,938,941,942,939 - 952,1040,1098,1099,1041
807,941,944,945,942 953,1098,1127,112,1099
B08,944,947,548,945 954,1122,1156,1157,1128
809,947,923,924,948 955,1156,106%,066,1157
810,933,936,930,925 956,1041,1099,)100,1042
311,936,939,929,930 952,1099,1128,1129,1100
312,939,942,928,929 958,1128,1157,1158,1129
313,042,945,927.928 - 959,1157,1066,1065,1158
814,545,943,926,927 560,1062,1100,1101,1043
35,948,924,921,926 961,1100,1129,1130,1101
316,234,931,956,310 962,1129,1158,1159,1130
317,931,932,959,956 . 963,1158,1065,1064,1159
212,932,933,962,959 : . 964,1043,1101,1102,10¢4
819,933,925,950,962 965,1101,1130,1133,1302
$20,310,956,957311 . 966,1130,1159,0169,1131
§21,956,959,960,957 967,1159,1064,1063,1160
322,959,962,963,960 - 968,1044,1102,1103,1045
823,962,950,951,963 969,1102,1131,1132,1103
324311,95,956.312 970,131,1160,5161,1132
25,957,960,961,958 $71,1160,1063,062,1161
26,960,963,964,961 972,1045,1103,1104,1046
327,963,951,952,964 973,1103,1132,1133, 1104
$28,312,958,953,309 574,1132,1161,1162,1133
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975,1161,1062.1061,1162 . $1,90,94,113,112

976,1046,1104,1105,1047 £2,0495,114,113
977,1104,1133,1134,1105 3,95,96,115,114
973,1133,1162.1163,0134 496,66100115
979,1162,1061,1060,1163 $5,212,113311,108
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996,1051,1109,1110,1052 . 1009,1172,1173,1197,1154
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1001,1110,1139,1340,1111 1014,1127,1178,1212,1209
1002,1139,1168,1169,1140 1015,1178,117),1152,1212
1003,1168,1055,1034,1169 1016,1192,1194,1198, 1152
1004,1053,1111,972.965 1017,1194,1197,1158,1495
1005,1111,1140,973,972 1018,1397,1200,1201,1198
1006,1140,1169,974,973 1019,1200,1203,1204,120)
1007,1169,1054.971,974 1020,1203,1206,1207,1208
1072,159,158,1259,1254 1021,1206,1209,1210,1267
1073,158,137,1260,1259 1022,1209,1212,1213,1210
1074,157,156,1261,1260 1023,12121182,1181,0213
1075,156,155,1285,1261 1024,1192,1195,1196,1193
1076,1254,1259,1256,1253 1025,1195,1198,1199,1196 «
1077,1255,1260,1257,1256 1026,1198,1201,1202,1199
1078,1260,1261,1258,1257 1027,1201,)204,1205,1202
1079,1261,1285,1252,1258 1028,1204,1207,1208,1208
1080,1264,160,139,1254 1029,1207,1210,1211,1208
1081,1262,1264,1254,1253 : 1030,1210,1213,1214,1213
1082,1265,1262,1253,1256 1031,1213,1181,1180,1214
1083,1266,1265,1256,1257 T J0R0191,1196,1184,1183
1084,1267,1266,1257,1258 1033,1196,1199,1185,1184
1085,1263,1267,1258,12: 1034,1199,1202,1186,1185
1086,1268,1263,1252.1255 1035,1202,1205,118,1136
1087,184,1268,1255,155 1036,1205,1208,1188,1187
1088,1251,15,160,1264 1037,1208,1211,1189,1138
*1089,971,1251,1264,1262 1038,4210,1214,1190,1189
1050.974.971,1262,126 1039,1214,1180,1179,1190
1091,973,974,1265,1266 . . 1040,1171,1216,1226,1152
1052,972,973,5266,1267 1041,1216,1217,1229,1226
1093,965,972,1267,1263 . 1042,1217,1218,1232,1229
1094,1250,965,1263,1268 1043,1218,1215,1222,1232
1095,148,1250,1268,154 1044,1182,1226,1227,1181
*clement type=caxd,clser=lid 1043,1226,1229,1230,1227
49,50,74,77,51 . 1046,1229,1232,1233,1230
50,74,75,80,77 1047,1232,1222,1221,3233
51,75,76,83,80 1043,1181,1222,1228,1180
52,76,10,11.83 1049,1227,1230,1231,1228
53,51,77,78,52 1050,1230,1233,1234,1231
54,77,30,31 7: 1051,1233,1221,1220,1234
B 1052,0180,1228,1223,1179
368,772, u ‘ 1083,1228,1231,1224,1223
57,52,73,79,53 . 1054,1231,1234,1225,1224
$2,7831.3279 1055,1234,1220,1219,1225
59.41,34,85.32 : 1056,1171,1235,1241,1216
60.84,72,23.85 1057,1235,1236,1244,1241
61,53,79,69,46 1058,1236,1237,1247,1244
62,79,82,68,69 1055,1237,50,51,1247
63,82,85,67,68 1060,1216,1241,1242,1217
64,85,73,66,67 . - 1061,1241,1244,1245,1242
65,46,69.97,87 1062,1244,1247, mx 1245
66,69,68,10097 . 1063,1247,51,
67,68,67,103,100 1064,1217,1242, ms 1218
68,67,66,96,103 1065,1242,1265,12¢6,1243
69,87,97,98,38 : 1066,1245,1248,1249,1246
70,92,100,101,98 1067,1248,52.53,1249
71,100,103,104.101 1068,1218,1243,1338,1215
2,103,96,95,104 1069,1243,1246,1239,1238
73,88,98,99.89 1070,1246,1249,1240,1239
74,98,101,102.59 1071,1249,53,46.1240
25,101,104,105,102 Sasernsermoutes
76,104,95,94,105 4
77,89,99,91,86 ]
78,99,102.92.9% 7
9,102,108,93.92 18
20,105,94,90.93 Y
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*endstep 2111358194

*stepnlgeom,inc9999 212.243.0123
*sutic 213,212.4596
oL10 . 214,276,047
*fieldvasiablesl 215179.344
501694250 2162066977
50086,425.0 217,259.0178
tempenture 213234156
$0169,22.355 X 219,176.6785
$0086,22.355 - 2202521532
197,250 2212023228
169,250 2221723016
91,400 223,229,948
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108.290.0684 2263282326
1092017893 227,133.2503
3102312038 228,102.8618
1112606183 229,309.2304
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133,50 2332473871
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Checklist for Cheéldng of Analysis/Calculations

Document Checked - Number: NA . Revision: [

Title: MCO Cask Thermal Stress Analysis

Yes No NA

V.( T [ Problem completely defined.
[\/f 11 [1 Appropriate analytical method used.
[V]/ [1 11 Necessary ptions are approriate, explicitly stated, and stated.
[ﬂ/ [1 {1 Computer codes and data files documented.
[Vf [1 [l Data used in calculations explicitly stated in document.
[i/]' [1 (1 Sources of tandard lae/data are refe d and the correctness of the
reference verified.
[VI/ [1 {1 Data checked for consistency with criginal source information s applicable.
['/]/ [1 {1 Mathematical derivations checked including di jonal i of results.
[V]/ {1 [1 Models appropriate and used within range of validity or use outside range of established
validity justified. :
£] [} [v]/ Hand calculations checked for errors.
M/ L] ] Code run streams correct and consistent with analysis documentation.
M/ [l [3 Code output consistent with input and with results reported in analysis documentation.
[V{ {1 [1 Acceptability limits on analytical results applicable and supported. Limits checked
. against sources.
78 [l [} Safety Margins consistent with good engineering practices.
v [l [1 Conclusi {stent with analytical results and applicable fimits.
[V{ il [} Results and conclusions address all points required in the problem statement.
1 have checked the is/calculation and it is comp} d-accurate to the best of my knowledge.
S.N. Huang /&,) /WM 1/23/q7
Engineer/Checker g Date .
Note: Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and
attached to this checklist. Material should be labeled and recorded so that it is intelligible to a technically
qualified third party.
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7.7.5 MCO Structural Integrity Analysis

MCO Analyses

Randall S. Marlow
11/12/96

1.0 Introduction
This document describes analyses of the MCO scrap baskets for loads caused by
hypothetical drop accidents. The analyses include an analysis of the stack of six MARK TA
‘baskets under a vertical inertial load, a crushing analysis of one MARK IA scrap basket under a
horizo_ntal inertial load, and a buckling analysis of the MCO itself under a vertical acceleration.

2.0 Analyses
2.1 Buckling Under a Vertical Inertial Load

Figure 2.1-1 shows the ABAQUS/Standard (HKS 1995) finite-element model which was
used to determine the deformation of the stack of baskets under a vertical inertial load. The
ABAQUS/Standard input file for the static analysis of the basket stack under 2 vertical inertial
load is in Attachment A. The center tube is modeled with two-noded B21 beam elements. The
basket plates and the fuel are modeled as mass elements lumped on nodes along the length of the
center tube. The mass elements appear as squares in Figure 2.1-1. Each mass weighs 2,055 1bf
in the standard gravitational field. The center tube material is an elastic-plastic material with
hardening that is typical of 304 or 304L stainless steel. The center tube is pinned at the bottom
node and restrained in the horizontal degree-of-freedom at the top node. A rigid surface runs the
length of the center tube at a distance of 0.5 in. from the bottom and top nodes. Contact is
enforced between the rigid surface and the nodes which have lumped masses. The contact is
designed to model the interaction of the stack of baskets and the lateral surface of the MCO as
the baskets deflect horizontally. '

The nodes along the center tube are defined in such a way that its undeformed shape is
the first buckled shape of a perfectly straight center tube under a vertical inertial load. The
maximum imperfection is approximately 0.25 in. off-center. Thus, as a vertical inertial load is
applied, the center tube deflects horizontally until contact develops along the rigid surface.

The vertical inertial load applied in this analysis is 44.56g. MCO Cask analyses show
that the vertical acceleration of a loaded cask dropped on a concrete slab averages 27g. The
dynamic analysis of a basket stack under a uniform acceleration of 27g shows that the
compressive force in the bottom of the center tube reaches 457,890 Ibf. This analysis is
described in Section 2.1.1. Because the mass above the bottom of the center tube is comprised of
the mass of five baskets, the dynamic amplification is 457,890/(5%2055*27) = 1.65. An inertial
load of 1.65 x 27g = 44.56g is applied to the entire stack of baskets. The inertial load is applied
slowly over a 10 second interval to obtain the quasi-static solution.

Figure 2.1-2 shows the deflected shape of the center tubé. Obviously, the maximum
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. horizontal deflection does not exceed the initial gap size between the center tube and the rigid
surface. Figure 2.1-3'is a contour plot of the axial compressive force in the center tube under the
full inertial load. The maximum force indicated by the contour plot is 456,000 Ibf. (The
maximum is slightly less than the expected value of 457,890 Ibf due to averaging effects.) The
maximum occurs at the bottom. Figure 2.1-4 is a contour plot of the shear in the center tube. The

‘ maximum shear of 5,880.1bf also occuirs at the bottom.: Figure 2.1:5 is-a-contour plot of the
bending moment in the center tube. The maximum moment is 117,000 in-1bf and it occurs near
the middle of the stack.

" Figure 2.1-6 is a plot of the maximum deflection along the center tube as the inertjal load

" is increased beyond the 44.56g level. The column experiences large uncontrolled deflections at
approximately 50g. At a quasi-static 81g (or dynamic 49g), the center tube deflects 2 in. The
basket stack design is adequate per ASME Code Case N-284-1 (ASME 1995). In this code case,
2 minimum multiple of 1.2 times the initial prebuckling stress state is recommended for a
buckling stress-state. The minimum multiple for the basket stack is calculated to be 3 times the
stress-state induced by the quasi-static inertial load of 44.56g. The buckling load was calculated
using the ABAQUS/Standard input file which appears in Attachment B.

2.1.1 Dynamic Analysis of Basket Stack

The finite-element model described in Section 2.1 was modified and used in a dynamic
analysis in order to determine a dynamic amplification for the static analysis. In the dynamic
analysis, the basket stack does not have an jnitial imperfection, the nodes have initial downward
speed of 527.45 in/s, and the bottom node is accelerated upward at a constant 27g until it is
brought to rest. The initial speed corresponds to a drop height of 30 ft. Figure 2.1.1-1 isa time
history plot of the compressive force in the bottom of the center tube. The force reaches a
maximum value of 457,890 bf at approximately 7 msec. The ABAQUS/Standard input file for
the dynamic analysis appears in Attachment C.

2.2 Horizontal Analysis of Serap Basket

Figure 2.2-1 shows the finite-element model of the scrap basket and the MCO shell. The
mesh of the basket is constructed of four-noded shell elements. The basket material is an
elastic-plastic material with hardening that is typical of 304 or 304L stainless steel. The MCO
shell is constructed of rigid elements fixed in space. Contact is enforced between the basket shell
and the MCO shell. Two nodes, one at either end of the center tube, are tied together with a
multi-point constraint which limits the rotation of the tube as the inertial load is applied. The use
of this constraint is based on the assumption that the ends of an actual basket stack are
constrained during a horizontal drop. Prototype drawings indicate that this is the
case (Robinson 1996). Attachment D contains the ABAQUS/Standard input file for the
horizontal analysis. '

Because the fuel distribution in the scrap basket is not know, the 16ad is applied by

increasing the g-level on an empty basket to such an extent that the total inertial load on the
basket is 1.65 x 2055 1bf x 58g = 197,000 1bf. The load application is extrémely conservative
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and overestimates the deformation. In an actual scrap basket, most of the load will be'reacted as
a bearing pressure against the MCO wall whereas most of the load in the finite-element model is
“hanging” from the basket sheil and the center tube.

Figure 2.2-2 shows the deformed shape of the scrap basket. The deformation has been

" - magnified by a factor of 3. The buckling of the basket webs is evident. Figure 2.2-3 is a contour

“ plot of the deflection in the center tube in the direction of the inertial load. "The maximum
deflection is 0.4 in. Figures 2.2-4, 2.2-5, and 2.2-6 are contour plots of the stress intensity in
the center pipe at the inner surface, the middle surface, and the outer surface, respectively. The
maximum stress intensity is 60,200 Ibf/in® and it occurs on the outer surface. However, this
extreme stress is a local effect of the multi-point constraint described above and may not be
representative of the actual stress near the ends of the center tube. The stress intensity in the

. center of the tube is in the neighborhood of 20,000 1bf/in®.

Figures 2.2-7 through 2.2-12 show the stress intensities through the basket shell and base
plate. The maximum stress intensity in these components is 50,200 1bf/in* and it occursina
wrinkle which develops in the base plate.

2.3 Buckling of the MCO Under a Vertical Acceleration

The MCO cannot buckle elastically. The Euler buckling load, as computed with the
ABAQUS/Standard model listed in Attachment E, is in excess of 4,000g. The average axial
stress in the MCO shell under a 27g vertical acceleration is negligible, even with a dynamic
ampllification of 2. ’

3.0 References

HKS, 1995, ABAQUS/SIz_mdard User’s Manual, Vol. I and II, Hibbit, Karlsson, & Sdrensen,
Pawtucket, Rhode Island.

Robinson, L. J., 1996, MCO Prototype Mechanical Closure Assembly, Drawing SK-2-300461,
U. S. Department of Energy, Richland Field Office, Richland, Washington.

ASME, 1995, Code Cases, Nuclear Components, American Society of Mechanical Engineers,
New York, New York.
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Attachment A. ABAQUS/Standard Input File for Vertical Analysis

*heading
center tube buckling - vertical gee load of 27 x 1.65
*node
'1,0,0.00E+00
2,0.017138,2.25
3,0.034198,4.5
4,0.051142,6.75
5,0.067862,9
6,0.0843,11.25
7,0.100401,13.5
8,0.116109,15.75
9,0.131339,18
10,0.146036,20.25
11,0.160142,22.5
12,0.173546,24.75
13,0.186303,27
14,0.19833,29.25
15,0.209626,31.5
16,0.220164,33.75
17,0.229914,36
18,0.238822,38.25
19,0.246915,40.5
20,0.254165,42.75
21,0.260543,45
22,0.266023,47.25
23,0.270631,49.5
24,0.274397,51.75
25,0.277319,54
26,0.27937,56.25
27,0.280607,58.5
28,0.281,60.75
29,0.280607,63
30,0.279426,65.25
31,0.277459,67.5
32,0.27479,69.75
33,0.27139,72
34,0.267287,74.25
'35,0.262538,76.5
36,0.257143,78.75
37,0.25113,81
38,0.244554,83.25
39,0.237417,85.5
40,0.229746,87.75
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41,0.221597,90
42,0.213054,92.25°
43,0.204062,94.5
44,0.194677,96.75
45,0.184926,99 )
46,0.174838,101.25
47,0.164413,103.5

- 48,0.153707,105.75
49,0.142748,108
50,0.131564,110.25
51,0.120184,112.5
52,0.108635,114.75
53,0.096973,117
54,0.085143,119.25
55,0.073201,121.5
56,0.061174,123.75
57,0.049035,126
58,0.036839,128.25
59,0.024587,130.5
60,0.012302,132.75
61,0,135
1001,0.5,-1.0
1002,0.5,140.0
*element,type=12d2,elset=rigid
1001,1001,1002
*rigid body,elset=rigid,ref node=1000
¥element,type=b21
1,1,2
*elgen,elset=ctube
1,60,1,1
*element,type=mass
100,1
*elgen,elset=mass
100,6,10,1
*material,name=ssteel
*density
7.35E-04
*elastic
28.5E+06,0.265
*plastic
24721,0.000000
28787,0.000996
30091,0.001991
31026,0.002988
132083,0.003981
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32830,0.004974
33467,0.005966
34157,0.006957
34827,0.007947
35296,0.008931
35767,0.009924
39914,0.019748

. 43094,0.029469

46077,0.039101
48794,0.048630
51544,0.058065
53833,0.067417
56340,0.076683
58632,0.085851
60858,0.094937
79869,0.181481
94067,0.261041
105195,0.334699
114663,0.403242
117518,0.427469
*beamsection,elset=ctube,material=ssteel,section=pipe
3.3125,0.864

9"
*masé,elset=mass

5.3

*boundary

1,12

61,1,1

1000,1,6

*surface definition,name=asurf
rigid,spos -
*contact node set,name=bsurf,generate
11,51,10 )
*surface interaction,name=rough
*surface behavior,no separation
*contact pair,interaction=rough
bsurf,asurf

*restart,write,freq=5
*amp,name=gees
0.0,0.0,10.0,44.56
*step,inc=999,nlgeom

*dynamic, haftol=1.E+06
.1,10.0,1.E-12,
*dload,amp=gees
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mass,grav,386.4,0.0,-1.0,0.0
*elprint,freq=0
*podeprint,freq=0
*controls,analysis=discontinuous
*monitor,dof=1,node=5"

*end step
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Attachment B. ABAQUS/Standard Input File for ASME Buckling Analysis .

*heading .
asme buckling analysis
*node,nset=all
1,0,0.00E+00
2,0.0.2.25
3,0.04.5
4,0.0,6.75
5,009
6,0.0,11.25
70,135
8,0,,15.75
9,0,18
10,0.,20.25
11,0.,22.5 "
12,0.,24.75
13,027
14,0.,29.25
15,0.,31.5
16,0.,33.75
17,0.,36
18,0.,38.25
19,0.,40.5
20,0.,42.75
21,0.,45
22,0.,47.25
23,0.49.5
24,0.,51.75
25,0.,54
26,0.,56.25
27,0.,58.5
28,0.,60.75
29,063
30,0.,65.25
31,0.67.5
32,0.,69.75
33,072
34,0.,74.25
35,0.,76.5
36,0.,78.75
37,0.,81
38,0.,83.25
39,0.,85.5
40,0.,87.75
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41,0..90
42,0.,92.25
43,0.,94.5
44,0.,96.75
45,0.,99
46,0.,101.25
47,0.,103.5

- 48,0.,105.75
49,0.,108
50,0.,110.25
51,0,112.5
52,0.,114.75
53,0.,117
54,0.,119.25
55,0.,121.5
56,0.,123.75
57,0.,126
58,0.,128.25
59,0.,130.5 -
60,0.,132.75
61,0,135.0
*element,type=b21
1,12 )
*elgen,elset=ctube
1,60,1,1
*element,type=mass
100,1

" *elgen,elset=mass
100,6,10,1
*material,name=ssteel
*density
7.35E-04
*elastic
28.5E+06,0.265
*plastic
24721,0.000000
28787,0.000996
30091,0.001991
31026,0.002988
32083,0.003981
32830,0.004974
33467,0.005966
34157,0.006957
34827,0.007947
35296,0.008931
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35767,0.009924 o
" 39914,0.019748 . .
43094,0.029469

46077,0.039101

48794,0.048630

51544,0.058065

53833,0.067417

56340,0.076683

58632,0.085851

60858,0.094937

79869,0.181481

94067,0.261041

105195,0.334699

114663,0.403242

117518,0.427469 )
*beamsection,elset=ctube,material=ssteel,section=pipe
3.3125,0.864

9

*mass,elset=mass

53

*boundary

1,1,2 .

61,1,1

*restart,write,freq=1 .

*step,inc=9999,nlgeom

*static

0.1,1.0
_*dload

mass,grav,17218.,0.0,-1.0,0.0

*elprint,freq=0

*node print,freq=0

*end step

*step

*buckle

3,
*dload
mass,grav,17218.,0.0,-1.0,0.0
*elprint,freq=0
*nodeprint,freq=0
*end step
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Attachment C. ABAQUS/Standard Input File for Determination of Dynamic Amplification

*heading )
vertical acceleration of baskets - dynamic amplification
*node,nset=all
1,0,0.00E+00
2,0.0,2.25
3,0.0,4.5
4,0.0,6.75
5,0.0,9
6,0.0,11.25
7,0,,13.5
8,0.,15.75
9,0.,,18
10,0.,20.25
11,0,225
12,0.,24.75
13,0.,27
14,0.,29.25
15,0.,31.5
16,0.,33.75
17,0.,36
18,0.,38.25
19,0.,40.5
20,0.,42.75
21,0.,45
22,0.,47.25
23,0.,49.5
24,0.,51.75
25,0.,54
26,0.,56.25
27.0.,58.5
28,0.,60.75
29,0.,63
30,0.,65.25
31,0.,67.5
32,0.,69.75
33,0.,72
34,0.,74.25
35,0.,76.5
36,0.,78.75
37,0.,81
38,0.,83.25
39,0.,85.5
40,0.,87.75
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41,0.,90
42,0.,92.25
43,0.,94.5
44,0.,96.75
45,0.,99
46,0.,101.25
47,0.,103.5
48,0.,105.75
49,0.,108
50,0.,110.25
51,0.,112.5
52,0.,114.75
53,0,117
54,0.,119.25
55,0.,121.5
56,0.,123.75
57,0.,126
58,0.,128.25
59,0.,130.5
60,0.,132.75
61,0,135.0
*element,type=b21
1,12
*elgen,elset=ctube
1,60,1,1
*element,type=mass
100,1
*elgen,elset=mass
100,6,10,1 '
*material,name=ssteel
*density
7.35E-04
*elastic
28.5E+06,0.265
*plastic
24721,0.000000
28787,0.000996
30091,0.001991

" 31026,0.002988
32083,0.003981
32830,0.004974
33467,0.005966
34157,0.006957
34827,0.007947
35296,0.008931
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35767,0.009924
39914,0.019748
43094,0.029469
46077,0.039101
48794,0.048630
51544,0.058065
53833,0.067417
56340,0.076683
58632,0.085851
60858,0.094937
79869,0.181481
94067,0.261041
105195,0.334699
114663,0.403242
117518,0.427469 -
*beamsection,elset=ctube,materia.l=ssteel,secti0n=pipe
3.3125,0.864

9

*mass,elset=mass

53

*boundary

L1L1

61,1,1

*initial conditions,type=velocity
all,2,-527.45 :
*restart,write,freq=1
*step,inc=999,nlgeomn
*dynamic,haftol=1.E+06
0.0001,0.05056,,0.0005
*boundary,type=acceleration
1,2,2,10432.8
*elprint,freq=0
*¥nodeprint,freq=0

- *monitor,dof=1,node=5
*end step
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Attachment D. ABAQUS/Standard Tnput File for Horizontal Basket Analysis
(Note: An ellipsis denotes the omission of lengthy node or element definitions.)

*heading

horizontal basket analysis
*node,nset=bnodes
1,0.00000E+00,-6.2500,19.250

1058,-8.6180,7.2314,16.844
*node,nset=cnodes
174,9.7428,5.6250,0.00000E+00

848,1.9535,11.079,16.844
*node .
5000,0,0,0

5153,1.1207,12.351,20.875
*element,type=r3d4,elset=rigid
5001,5001,5003,5033,5026

5128,5153,5097,5090,5104
*rigid body,elset=rigid,ref node=5000
*element,type=mass,elset=mass
7500,5000

*mass,elset=mass

1.0
*element,type=rotaryi,elset=votor
7501,5000 ’ .

*rotary inertia,elset=rotor
1.0,1.0,1.0 .
*element,type=sdr,elset=sheet
1,1,3,25,40

1072,1058,107,98,558
*element,type=sdr,elset=ctube |
353,188,447,461,460

1024,1023,95,88,470 .
*element,type=sdr,elset=base
209,4,297,307,13

352,446,422,218,221

*materjal,name=ssteel
*density
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7.35E-04

*elastic
28.5E+06,0.265 -
*plastic .
24721,0.000000
28787,0.000996
30091,0.001991
31026,0.002988
32083,0.003981
32830,0.004974
33467,0.005966
34157,0.006957
34827,0.007947
35296,0.008931
35767,0.009924
39914,0.019748
43094,0.029469
46077,0.039101
48794,0.048630
51544,0.058065
53833,0.067417
56340,0.076683
58632,0.085851
60858,0.094937
79869,0.181481
94067,0.261041
105195,0.334699
114663,0.403242
117518,0.427469
*shellsection,elset=base,material=ssteel
0.25 .
*shellsection,elset=ctube,material=ssteel
0.864 ’
*shellsection,elset=sheet,material=ssteel
0.109 ’ ’
*restart,write,freq=3
*nset,nset=edge,generate
611,621,5

758,764

424,424

*boundary
edge,xsymm

edge,1,3

5000,1,6

424,16
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*amplitude,name=spike
0.0,0.0,1.0,957.0

*mpc

tie,349,492

*surface definition,name=asurf
rigid,sneg

*contact node set,name=bsurf
cnodes, '

“*surface interaction,name=rough
*surface behavior,no separation
*contact pair,interaction=rough
bsurf,asurf
*step,inc=9999,nlgeom
*static .
0.01,1.0
*dload,amp=spike
ctube,grav,386.4,1.0,0.0,0.0
sheet,grav,386.4,1.0,0.0,0.0
base,grav,386.4,1.0,0.0,0.0
*elprint,freq=0
*nodeprint,freq=0
*end step
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Attachment E. ABAQUS/Standard Input File for MCO Buckling -

*heading

buckle mco

*node
1,-3.70E-08,2.63E-05,-11.75 ..

1921,-1.16E-02,-8.47517,6.188868
*element,type=sdr,elset=base
1601,1646,1661,1673,1645

1900,1921,1866,867,868
*elget,elset=basel,generate
1601,1675
*elset,elset=base2,generate
1676,1900
*element,type=sdr,elset=tube
1,1,3,101,62

1600,1640,100,52,1289
*nset,nset=top,generate
12,12
52,61
462,462
502,510
872,872
912,920
1281,1289
*material,name=ssteel
*density
7.35E-04
*elastic
. 28.5E+06,0.265
*plastic
24721,0.000000
28787,0.000996
" 30091,0.001991
31026,0.002988
32083,0.003981
©32830,0.004974
33467,0.005966
34157,0.006957
34827,0.007947
35296,0.008931
35767,0.009924
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39914,0.019748

43094,0.029469

46077,0.039101

48794,0.048630

51544,0.058065

53833,0.067417

56340,0.076683

58632,0.085851

60858,0.094937

79869,0.181481

94067,0.261041

105195,0.334699

114663,0.403242

117518,0.427469

*shellsection,elset=base,material=ssteel

12.0

*shellsection,elset=tube,material=ssteel

0.5

*boundary

top,1,6.

*restart,write

*step

*buckle

2,

*dload :

tube,grav,386.4,1.0,0.0,0.0

base,grav,386.4,1.0,0.0,0.0
_ *elprint,freq=0

*node print,freq=0

*end step
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Checklist for Chécking of Anialysis/Calculations. ~

Document Checked - Number: NA Revision: [

Title: MCO Structural Integrity Analysis

Yes. No. WA

8 [ {1 - Problem completely defined.

o [1 11  Appropriate analytical method used.

('/}/ [1 . Necessary assumptions are approriate, explicitly stated, and stated.

[(/]/ {1 {1 Computer codes and data files documented. v

o §] [ Data used in calculations explicitly stated in d

Cd [l 0] Sources of non-standard formulae/data are reft d and the comrectness of the
reference verified.

OS] [} Data checked for consistency with original source information as applicable.

[d/ {1 [1 Mathematical derivations checked including di ional i of results.

[v]/. X [ 11 Models éppropn'a(e and used within range of validity or use outs.ide range of established
validity justified. .

[1 8] '[v]/ Hand calculations checked for errors,

[:/]/ [1 {1 Code run streams correct and consistent with analysis documentation.

V4 [l [ Code output consistent with input and with results reported in analysis documentation.

%4 [l { '] Acéeptability Timits on analytical results applicable and supported. Limits checked
against sources. . '

[‘/r {1 [1 Safety M_argins.oonsistent with good engineering practices.

[V( [1 [3 Conclusi istent with analytical results and applicable limits.

[V]/ il [ Results and conclusions address all points required in the problem statement.

I have checked the ysis/calculation and it is plete and accurate to the best of my knowledge.

S.N. Huang Af/f) ) ()z3/97

Engineer/Checker ’ ¢ " Date ’

Note: Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and

attached to this checklist. Material should be labeled and recorded so that it s intelligible to a technically
qualified third party. . .
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DE&S Hanford, Inc.

A Duke Engmeenng & Sertices Compan)

R O. Box 350

Richland, WA 99352

November 19, 1996 , I DESH-9655768

Mr. S. S. Shiraga .

Rust Federal Services of Hanford, Inc
Post Office Box 700

Richland, Washington 99352-0700

Dear Mr. Shiraga:

STRUCTURAL EVALUATION OF N REACTOR MK IA FUEL UNDER MULTI-CANISTER
OVERPACK CASK DROP. ACCIDENT

References:

(1
(2
(3)
(4)
(5)

(6)

(7

®

Memo, K. N. Schwinkendorf to K. E. Smith, "Criticality
Analysis of MCO Container," dated January 26, 1996.

A. L. Pitner, KE Basin Underwater Visual Fuel Survey,
WHC-SD-SNF-TI-012, dated March 3, 1895.

ANSYS User's Manual, Rev. 5.1, Swanson Analysis
Systems, Inc., Houston, PA, dated September 1994.

ALGOR Linear Stress and Vibration Analysis Processor
Reference Manual, ALGOR, Inc. Pittsburgh PA, dated
July 1992. :

S. L. Hecht, ALGOR Computer Code QA,
WHC-SD-GN- CSWD 321, dated August 1,.1991.

Memo, K. R. erney to A. J. Baumgartner, et al.
"Distribution of Revised Materials Properties
Recommendation to the N Reactor Alternative Mission
Task Group," dated February 10, 1989.

V. Fidleris and C. E. Coleman, Mechanical Properties of
Zircaloy-2: An Evaluation for Hanford N Reactor
Pressure Tubes, AECL, CRNL-2780, dated April 1985.

Fuels Engineering Technical Handbook, UNI-M- 61 dated
April 1979

There is a concern that when shipping irradiated N Reactor MK IA Fuel
in a Multi-Canister Overpack (MCO) that the possibility of an
unacceptable criticality condition could occur should a significant
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S. S. Shiraga ‘ B ’ DESH-9655768
‘Page 2 . : -
November 19, 1996

“amount of MK IA fuel elements "rubblize" during the accident scenario,
"where a MCO/cask is dropped. Analyses, summarized in-the Reference 1,
shows that if the "good conditjon" fuel, which is representative of

- approximately 60% (Reference 2) of the K East Basin inventory, remains .
“jntact under a postulated drop accident, then anm -acceptable conditions
with respect to criticality is 1ikely. The Reference 1 evaluations also

. concludes that rubblization of the other N Reactor fuel type, MK IV, is
not of concern. The purpose of the evaluation, given herein, is to
investigate, via analysis, the post drop accident condition of good
condition* MK IA fuel.

ANALYSIS

Two analyses were performed to assess the fuel mechanical behavior under
the postulated 30 ft. drop accident. These analyses correspond to each
of the two cask drop modes analyzed, i.e., flat on the bottom end
(vertical) and on the side. Recent cask drop dynamic inelastic analysis
(S. Huang, to be published), predicted average impact inertial loads on
the cask of 27 and 58 g's for the end and side drop, respectively. A
dynamic model of the SNF Storage Baskets (R. S. Marlow, to be
published), using results from the cask drop analysis, predicted maximum
inertial loads on the baskets to be no greater than that of the cask.

It is assumed that the contained fuel decelerations are those which are
“a experienced by the MCO basket. . .

End Drop

“'An elastic three-dimensional (3D) finite element analysis (FEA) of a
N Reactor fuel assembly was made to determine the structural response to
a postulated worst case drop accident. An FEA analysis was necessary in
order to realistically model the fuel support (boundary) conditions
within the MCO's. The fuel assembly was modeled as a MK IA=M model
(longest) as specified in drawing H-1-39775. Though there is no
criticality concern with the MK IV fuel, the designs of theses two fuel
assembly models are geometrically similar (except for length) so that
one model is sufficient to address the mechanics of either fuel type.
Adjustment to the results can be easily made, to account for the
geometric differences. It was assumed that the fuel is vertically
supported on a single centered 0.25 in. thick horizontal bars, as shown
in sketch SK-1-80211. This bar provides vertical displacement support

*Good condition fuel is defined herein as fuel elements which after
irradiation and storage have the same geometric characteristics as
new fuel and has postirradiation properties as documented in the
Titerature.
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at only a central strip of the fuel assembly. It is assumed that the
support system, and the MCO basket in general remain intact during the
postulated drop accident. o T ' )

As the inner and outer fuel elements of the: assembly are essentially
decouple for vertical inertial loadings, two models (runs mklin and
mklout), i.e., one of each element type were developed. Using two
models also enhances computer efficiency {run times and memory
requirements). - These 3D models (Figures 1 throéugh 3) are a 1/4 minimum .
section of symmetry for the loading/support conditions. The models
represent the Jower (0.7 in.) end of a element, where stresses were a
priori expected to be maximum. To include the mass of a total fuel
element, the top ring of elements uses pseudo densities (x 202 nominal).
The ALGOR (References 4 and 5) linear stress analysis code employing all"
3D Solid Elasticity (Brick and Wedge) Elements (type 5) with six or
eight nodes each and default integration was used. Elastic Material
properties (Modulus of Elasticity, Poisson's Ratio and Weight density)
\gh%re taken from References 6 and 8 for the various materials (see
elow).

The bottom three layers (top in Figures 1 through 3) of element
(0.19 in. in total height) represents the end cap region. Here the
radially inner and outer 0.025 thick element represent the Zircaloy-2
(Zr-2) cladding. The adjacent elements in the region model the
Beryllium-Zr-2 braze zone, and the remaining seven elements in the ring
are for the Zr-2 end cap. For the other layers of the model, i.e., a
;‘typical fuel region, the braze and end cap representation are replaced
“with the uranium (U) alloy 601 fuel modeling which is metallurgically
bounded to the cladding.

Structural boundary conditions were used to simulate both the support
and symmetry conditions. For the support conditions, vertical
displacement constrains (U,=0) were applied at nodes on the bottom
surface which interface (rest on) the MCO support bars. The loading
analyzed is that of a one g inertial body force acting vertically
downward (-Z direction). Stresses/deformations for the desired load
condition can be obtained from the normalized values calculated in the
Tinear elastic FEA, by multiplying by the appropriate g load value (27).

Figure 1 shows the equivalent or Von Mises stress, o,, profile on the
outer Zr-2 surface of the inner fuel element (Tooking at the bottom).
This is where the maximum equivalent stress of 219 psi/g on the inner
element occurs. Figure 2 shows the equivalent stress profile on the
inner fuel element with the end cap visually removed. Here the maximum
stress on the U-601 fuel is 55 psi/g. For the outer fuel element the
maximum equivalent stress component on the Zircaloy-2 outer surface is
312 psi/g, as shown in Figure 3. The maximum equivalent stress on the
Uranjum fuel in the outer element was calculated at 200 psi/g. Stress
values for the 27 g vertical load are given in the next paragraph.
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_ These results show that the outer fuel element is most susceptible

. element to failure as the stresses are highest. For the Zircaloy-2

components the maximum predicted equivalent stress of 8,420 psi is lower
-than the Zr-2 minimum room temperature unirradiated yield strength (S,)
of 46,000 psi (References 6 through 8). ' Furthermore, the effect of -
drradiation should increase S, by at Teast 10% (Reference 7). Hence, as
o, < S,, the Zr-2 components are predicted to maintain their structural
integrity. . For the braze zone, the maximum equivalent and principal i
stress components of less than 7,760 psi are calculated. Conservatively
assuming that the ultimate tensile strength is that of the unirradiated
material, or 50,000 psi (Reference 8) (no available data for S, or ’
irradiated condition; material should fluence harden), the joints are
acceptable. The maximum equivalent stress in U-601 fuel of 5,400 psi is
well below the unirradiated ultimate tensile strength of 63,000 psi
(References 6 and 8) (pure U significantly fluence hardens), and is
hence, acceptable.

Side Drop

The first part of this analysis, provided in -Attachment 1, is the
determination of the inertial loading distribution, when the cask is in
a horizontal orientation. This analysis shows that the maximum force on
a fuel element is 8.26 times the element weight times the inertial load
in g's. For subsequent FEA it is conservatively assumed that this
loading acts as two equal and opposite "pinching" force, which gives
rise to the maximum combined shear plus bending "ovalizing" response.

“‘This force was than applied to a finite element model (FEM) of the outer
fuel elément. The inner element would not react the load, unless there
was significant "crushing” (plastic) deformations of the outer element,

. and hence was not modeled. For this analysis, the ANSYS, Rev. 5.2
(Reference 3) commercial general purpose finite element code was used.
The FEM is a two-dimensional (2-D) 1/4 symmetric model, as shown in
Figure 4. ANSYS PLANE 42 2-D structural solid (plane strain) elements
of 1 in. (unit) depth were used. The quadrilateral elements on the inner
and outer radii, represent the 0.025 in. thick Zr-2 cladding. The
remainder of the quadrilateral elements are for the uranium fuel.
Elastic material properties used were the same as in the vertical drop
model. Boundary conditions were used for symmetry and the support
conditions. A force of 570 1b, due to the.58'g inertial load, is
applied to the uppermost center node (conservative--maximum shear and
bending). This force was derived from the geometric inertial Toad

~ distribution factor of 8.26 multiplied by the weight of 1 in. section of

a fuel assembly multiplied by the inertial load in g's divided by two

for symmetry in the load condition.
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Figure 4, shows the resulting displaced (x28) equivalent stress profile

. plot. ¥hen considering potential error due. to mesh size, the maximum

equivalent stress is 22,900 psi in both cladding and fuel material,
which is less than their respective strengths.

Conclusions

The above evaluation predicts that: (1) the cladding and end cap
system, which encapsulates the U-601 fuel will remain intact; and

(2) the uranium fuel itself will remain intact. Furthermore,
examinations (327 hot cell) of fuel elements with moederate end damage
from K West Basin, shows that the majority of the fuel, in a slightly
damaged fuel assembly, is uncracked. Therefore, there is redundant
assurance that fuel within a "good" element wiil remain intact or
contained. In conclusion, the evaluation given herein, shows that good
condition spent N Reactor fuel assemblies will not become fragmented or
rubblized under loading caused by the worst case postulated shipping
drop accident.

Computer Runs
Input and output files for both the ALGOR and ANSYS runs are stored in a

compressed UNIX TAR file, mco_fuel drop.tar.Z. which can be found on the
Hanford Common File System (bTuegate.rl.gov) in directory /v92627/fem.

Very truly yours,

A

S..L. Hecht ' :
Spent Nuclear Fuel Evaluation

Jmn

Attachment
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8.0 THERMAL EVALUATION

8.1 INTRODUCTION

This section presents the design criteria, material properties, and
thermal evaluations, which demonstrate that the MCO Cask meets all applicable
thermal criteria for the transportation of the MCO between the K Basins and
the CVDF and from the CVDF to the CSB. The MCO Cask is designed to safely
transfer irradiated nuclear fuel elements positioned in MCOs within the
boundaries of the Hanford Site. The MCOs are fabricated of 304 stainless
steel pipe with an outside diameter of 61 cm (24 in.) and are approximately
406 cm (160 in.) long. Intact metallic uranium fuel assemblies, damaged
assemblies, and broken or rubble-size chunks of fuel elements are contained in
a variety of baskets stacked inside. See Part A, Section 1.0, for a system
description and Part A, Section 2.0, for an overview of the package design,
the significant structural design criteria, and pertinent features of the MCO
Cask.

Demonstration of the safety of the MCO Cask for the transportation of the
MCOs and the SNF payload between the K Basins and the CSB relies primarily on
restricting the transportation time, secondarily on the establishment of a
minimum acceptable Tevel of drying during the CVD process, and finally on the
provision of equipment and procedures for recovery should events arise that
prevent completion of the transport process within the normal shipping window
established by this safety analysis. As a result of the restriction on the
transportation time, the safety basis of the MCO Cask is based on transient
thermal analyses of the transport process. While safe operation under
steady-state conditions is possible for most of the potential MCO loadings and
ambient conditions, the worst-case conditions for the transportation of
damaged fuel assemblies will requive that steady-state operations be. avoided
unless active cooling and/or venting of the MCO Cask and MCO interiors is .
provided. Because a safety basis does not exist for discerning between MCOs
with worst-case loadings that require restrictions on transportation and those
MCO loadings that do not, all MCOs will be subjected to the same
transportation restrictions.

The thermal evaluation addresses two distinct modes of transfer: wet and
dry. Wet transfer occurs during the transfer of the MCO from the K Basins to
the CVDF, while dry transfer occurs during the transfer from the CVDF to the
CSB. Under wet transfer, the MCO is filled with water to a height
approximately 10.2 cm (4 in.) below the bottom of the MCO shield plug. The
MCO Cask annulus space is filled with water to a height equal to the water
level in the MCO.. The remaining void space within the cask and MCO is filled
with hielium gas at the time of loading to an internal pressure of 20.7 kPa
gauge (122.04 kPa absolute [3 psig (17.7 psia)]). The MCO is vented to the
cask cavity during wet transfer. As such, expansion of the gases contained in
the MCO is allowed to the cask interior void space. The cask is sealed for
wet transfer.

Dry transfer of the MCO and cask occurs between the CVDF and the CSB.
The cask and MCO are drained of liquid water and the MCO interior vacuum
dried. The MCO and cask void volumes are backfilled with helium gas to yield
an initial pressure of 20.7 kPa gauge (122.04 kPa absolute [3 psig
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(17.7 psia)]). Both the MCO and cask are sealed for dry transfer, but the MCO
relief valve and rupture disk can relieve pressure from the MCO to the MCO
Cask if their activation pressures are exceeded.

Table B8-1 shows a summary of the pertinent thermal features associated
with each mode of transfer. Both the normal transfer conditions and accident
evaluations are conducted using analytic techniques. The analytical
techniques comply with the methodology presented in Irwin (1994) and
Regulatory Guide 7.8 (NRC 1989).

Table B8-1. Thermal Aspects of Wet And Dry Transfer
- of K Basin Spent Nuclear Fuel.

Desigh parameter

Wet transfer -

Dry transfer

3 g3

Water volume in Mco, m” (ft”)

0.528 (18.64)

0 (0

Gas volume in MCO, m3 (ft3)

0.027 (0.96)

0.56 (19.6)

Initial MCO gas backfitl

helium @ 17.7 psié

helium @ 17.7 psia

Allowed MCO leakage rate

none, open to cask

Water volume in cask, w (ft3)

0.107 (3.79)

10 E~4 std cc/s, air
0 <0

Gas volume in cask, n} (ft3)

0.015 (0.54)

0.122 (4.33)

Initial cask gas backfill

helium 8 17.7 psia

helium 8 17.7 psia

Allowed cask leakage rate

10E-7 std cc/s, air

10 E-7 std cc/s, air

Nominal transfer time

8 hours

14 _hours

Fire accident scenario

6 minutes @ 1475°F

6 minutes @ 1475 °F

Maximum shipping Window

24 hours

36 _hours

MCO = Multicanister Overpack.
" NOTES:

1uater volume refers to liquid, free volume. Chemically bound water absorbed in
corrosion products, cracks, crevices, etc., is not included.

“Transfer time is defined as from time of closure at the shipping site to the time of
venting at the receiving site.

Thermal loads on the MCO Cask arise from three sources: (1) the
radicactive decay of the spent nuclear fuel; (2) the chemical reactions at the
exposed uranium surfaces and of the uranium hydrides; and (3) the external
environment, including insolation. The cask is designed to transfer the
dissipated heat from the fuel assemblies to the environment passively, while
maintaining critical cask temperatures within their allowable Timits. The
evaluations for normal transfer conditions are presented in Section 8.4, while
the effects of 'a fire event on the cask, MCO, and its payload are presented in
Section 8.5. :

Site-specific ambient temperatures and solar heat loads, as specified in
Fadeff (1992), are considered in the package thermal evaluations. Normal
transfer condition thermal loads consider ambient temperatures ranging from 33
°C (~27 °F) to 46 °C (115 °F); worst-case, nominal, and minimum decay and
chemical corrosion heat dissipations; and maximum and minimum solar loading.
The accident conditions consider an ambient temperature range of -33 °C
(-27 °F) to 46 °C (115 °F) with solar heat loading included before and after
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the fire event. In accordance with 10 CFR 71, solar heat Toading can be
ignored during the fire event.

Details and assumptions used in the thermal modeling are described with
the thermal evaluations. A1l evaluations are performed analytically, and when
possible, assumptions are supported by test data.

8.2 THERMAL SOURCE SPECIFICATION

The heat flux at the inside surfaces of the MCO under normal transfer
conditions will arise from two sources: radiolytic decay and the heat of
chemical reaction due to corrosion at the exposed uranium surfaces and from
the decomposition of uranium hydrides. The following sections define each of
theses source terms and their bases.: BN

8.2.1 Radiolytic Decay Heat Source Term

The radiolytic decay heat source term is based on the estimated MCO
inventory (Willis 1995) for the various MCO loadings. Table B8-2 shows the
radiolytic decay heat for the nominal (average) and worst-case (maximum) MCO.
The minimum decay heat is expected to be on the order of one-third of the
nomirial value, or 0.489 W per SNF assembly. However, a value of 0 W is
assumed for the purposes of computing the minimum temperatures.

The same radiolytic decay heat source term is used for the accident
conditions.

Table B8-2. Radiolytic Heat Source Term.

payload Average of Max. MCO with 270 | Max. MCO with 288
390 MCOs Mark 1V SNF Mark IA SNF
Total decay heat 396 W 835 W 630 W
Decay heat per fuel 1,467 W (assuming | 3.093 W 2.188 W

assembly 270 Mark IVs)

MCO = Multicanister Overpack.
SNF = Spent Nuclear Fuel.

8.2.2 Chemical Reaction Heat Source Term

The heat of chemical reaction arises when the exposed uranium surfaces
for the damaged SNF assemblies, scrap, and corrosion products react with the
environment within the MCO. At the temperature levels seen during transfer,
this reaction consists primarily of the oxidation of uranium with moist air
(oxygenated water reactions), oxygen-free water, or dry air. A secondary
source of heat and hydrogen gas results from the decomposition of the uranium
hydrides contained in the corrosion products remaining on the fuel elements
after cleaning. The thermal model used in this analysis addresses the thermal
and pressure contributions from both of these sources. Reactions with the
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hydrates are not included in the thermal model since the temperature levels
seen during transfer will not support significant reaction with these
compounds (Ogden 1996).

The reaction of uranium in an air or water/water vapor environment are
represented by:

U+0, = UO,+ 259.3 kcal/mole of U ' (A)
and
U+ 2H,0 = U0, + 2H, + 143.7 kcal/mole of U (B)

It is estimated in Cooper (1996a) that 9% of the corrosion product consists of
uranium hydride. The hydride in the corrosion product attached to the uranium
metal is accounted for as part of the uranium reaction rates given in
equations (1) to (10) below. The reaction of uranium hydride with water is
represented by (see Equation 11):

" 2UH; + 4H,0 5 2U0, + TH, + 287.4 kcal/mole of U ©)

The rate at which the indicated uranium/water or uranium/oxygen reactions
occur are a function of the temperature of the uranium, the partial pressure
of water (if present), and the surface area involved. The relationships for
the chemical reaction rates are taken from the recommendations made in
Cooper (1996b) for the corrosion of N Reactor fuel. The relationships consist
of Arrhenius Rate Law type equations developed by Pearce (1989) and
Ritchie (1981, 1986) for the reaction rate of unirradiated uranium in various
environments and temperature ranges. The recommended equations are:

For Dry Air (<10-15 vppm H,0):
T< 597°K, Log K

= 8.9464 - 4638.2/T 1

T> 597°K, Log K = 28.381 - 7Log(T) - 4638.2/T (2)
For Moist Air:

>T< 373°K, 11-75%RH, Log K = 13.6780 - 5290.9/T (3)

T< 373°K, 100%RH, Log K = 8.333 -.3730/T v (4)

373°K < T< 463°K, <100%RH, Log K = 10.566 - 4990/T + 0.3Log(P) (5)

T> 463°K, <100%RH, Log K = 6.1931 - 2963/T + 0.3Log(P) (6)
For Oxygen-Free Water Vapor: .

T< 373°K, Log- K = 7.364 ~ 3016/T ' A7)

373°K < T< 523°K, Log K = 4.33 - 2144/T + 0.5Log(P) (8)

523°K < T< 735°K, Log K = -22.915417 + 30066.5/T - 9.119078%10%/T2 (9)
735°K < T< 923°K, Log K = -23.905197 + 42718.8/T - 1.787581*107/T2  (10)
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where K is the predicted we1ght gain from the reaction . in mg/cm /h (i.e., mg
oxygen per cm” per hour), P is the partial pressure of the water vapor in kPa,
and T is in degrees Kelvin.

The reaction rate of uranium hydride, as provided by Cooper (1996a), is
as follows:

K = (10(5.6903L - 2644.11/T) x 1000/241) x 0.09 x E*p[10(5.69034 - 2644.11/T) x at] (11)

where K is the number of gram moles of hydride that reacts per hour per kg of
corrosion products, T is in degrees Kelvin, 241 is the molecular weight of
UH;, 0.09 is the we1ght fraction of uranium hydrides in the corrosion-
products and at §s the time in hours since the MCO was loaded.

The chemical corrosion of the uranium metal occurs at the solid surface
and not within the solid volume. As such, an estimate of the exposed surface
area is needed. The amount of uranium metal with surfaces exposed to the MCO
environment will vary from shipment to shipment depending upon the amount and
extent of damaged fuel loaded in each MCO, the presence or absence of a scrap
basket, and the amount and composition of corrosion products contained in any
sh1pment An estimate of the amount and distribution of exposed surface area
is presented in Cooper and Johnson (1996). Based on chemical and visual
observations of the storage pools, the Cooper and Johnson report recommends as
a worst-case scenario an MCO that contains 66,000 cm® of exposed surface area .
in the form of fuel assemblies with split cladding. The damaged fuel
assemblies are equally divided over four intact fuel baskets.

In addition to the fuel with split cladding, the worst-case MCO contains
a single scrap basket holding portions of fuel assemblies with the equivalent
of 54,000 cm® of exposed surface _area. The total corroding geometric area in
the worst-case MCO is 120,000 cm’. The scrap is assumed to contain the
equivalent of 54 fuel assemb11es in 2.54-cm- (1-in.-) high slices. Based on
the volume of the scrap basket and the contained fuel assemblies, a ’
conservative.value 0.52 is assumed for the porosity of the scrap basket.
Lower porosity values will yield higher equivalent thermal conductivity within
the scrap basket and, thus, lower temperatures.

Since the reaction rate relationships provided above were developed for
unirradiated uranium samples, an adjustment factor is required to account for
the increased surface area and reactivity of the N Reactor fuel due to
corrosion and irradiation. A factor of 10 is recommended by Cooper (1996b) to
account for these effects. As such, the equivalent worst-case MCO surface
area to be used with the reaction rate equations is 1,200,000 em® after the
surface area adjustment factor is included.

Since the majority of the fuel stored in the K Basins storage pools is
undamaged, the average or nominal shipment will contain significantly less
corroded or damaged fuel than that predicted for the worst-case scenario. The
Cooper and Johnson report estimates that the average MCO containing K-East
fuel will be siightly less than 3,000 cn?, or 30,000 cm® with inclusion of the
area adjustment factor.

The chemical reaction equations (A), (B), and (C) stated previously,
together with the reaction rate equations (1) to (11) and the total exposed
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surface area estimates, are used to predict the surface heat flux on each fuel
assembly or scrap sect]on and the rate of hydrogen gas generat1on Pressure
calculations are based on a total void volume of 0 0425 m° (1 50 ft3 ) during
transfer from the K Basins to the CVDF and 0.555 m (19.60 %) during
transfer from the CVDF to the CSB. The pressurization caiculations include
the absorption of hydrogen gas in the water. See Section 8.9, "Appendices,”
for additional details.

Table B8-3 shows a summary of the chemical reaction source term assumed
for the worst-case and nominal MCO fuel .loadings in this analysis.

- Table 38—3. Chemical Reaction Heat Source Term.

Scrap baskets Intact fuel baskets
Pay]oad. 4 | Corrosion | Corrosion| . Corrosion | Corrosion
area products area*® products*
Worst case |1 |54,000 cn® {54.4 kg |4 |66,000 cn® |87.6 kg
Nominal . [0 |- - - |5 |3,000 cn® {87.6 kg

MCO = Multicanister Overpack.

*Corrosion area divided equally among intact fuel baskets for worst-case MCO and
lumped in center fuel basket for nominal MCO. Corrosion products divided equally among fuel
baskets. A corrosion product mass of 87.6 kg is also used for the “nominal" case for the
purpose of providing conservatism.

8.2.3 Hydrogen Gas Generation

The reaction rates for uranium with oxygen, water, and wat%; vapor
defined by equations (1) to (10) are in terms of mg of 0, per cm per hour.
Conversion to the number of mo]es of oxygen and hydrogen per hour is as
follows:

moles 02/(cm2—hour) mg 02/(cm2—hour) x 1 mole 0,/(32,000 mg0,)

u

moles H,/(cn?~hour) = 2 motes H,/(1 mole 0,)

For the reaction with uranium hydride, the rate described in equation (11) is

defined in terms of the number of gram moles of UH; that are reduced per hour

per kg of corrosion products. There are 7/2 gram mo]es of H, per gram mole of
UH,.

8.3 SUMMARY OF THERMAL PROPERTIES OF MATERIALS

The analysis of the heat transfer within the MCO Cask requires that
thermal properties be defined for the materials used in its fabrication.
Thermal properties are also required for the MCO, the fuel baskets, and the
SNF payload. Only properties for materials that constitute a significant heat
transfer path are defined. . Properties for components, such as fittings, brass
vent/test/drain port valves, etc., are not necessary and are not provided.
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The MCO Cask is fabricated primarily of SA-336 Type 304 stainless steel.
Miscellaneous components include SA-540 Grade B24 stainless steel closure
bolts, Butyl rubber O-ring seals, Type 303 stainless steel quick-disconnect
couplings, and stainless steel thread inserts. The MCO and fuel baskets are
fabricated of 304/304L stainless sieel.

The void spaces within the MCO and in the annulus between the MCO and the
MCO Cask are filled with water and helium gas during the wet transfer phase
and with helium gas during the dry transfer phase. Helium gas is used to
create an inert environment. and to enhance heat transfer. The MCO and cask
cavities are backfilled with helium gas to a pressure of 20.7 kPa gauge
(3 psig) above atmosphere, or approximately 122.04 kPa absolute (17.7 psia) at
the time of Toading. The initial level of pressurization was selected to
provide a positive pressure within in the MCO/cask cavities relative to the
atmosphere to ensure that any leak will be from the package to the
environment, while keeping the initial pressure low to allow for additional
pressurization due to hydrogen gas generation.

The average bulk gas temperature within the MCO cavity at the time of the
backfill operation is assumed to be equal to the average temperature of SNF
payload. Given that the basin pool temperature and the cool-down temperature
at the CVDF is 10 °C (50 °F), a nominal value of 15 °C (59 °F) is assumed for
the purposes of this SARP. This increase in temperature allows for process
variations, additional heat-up as a result of operational delays, etc.

A worst-case initial temperature of 25 °C (77 °F) is also examined.

Still air is assumed to surround the package during transfer. A diurnal
cycle and Hanford-specific data for ambient temperature and insolation are
used for normal transfer, hot-day conditions (see Section 8.9.1). To maximize
ambient air and solar heating of the cask during transfer, the simulations
assume that the transfer begins at 8 a.m. The presence of the transport
trailer is ignored.

The thermal properties of the principal materials used in the thermal
evaluations are shown in Tables B8-4, B8-5, and B8-6. Where possible, the
data used was taken from the Spent Nuclear Fuel Project Technical Data Book
(Short and Beary 1995). Other references are listed in the ‘Notes’ column of
the tables. .
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Table B8-4. Material Properties, Metals.

Material Temﬁerature, °c Thermat Specific Density, Notes
conductivity, W/m-K | heat, J/kg-X g/em®
Type 304 -33 11.19 . 573 8.005 1,2
Stainless steel 0 13.38 502
21 14.80 - 456
38 15.10 464
93 16.07_ 485
204 17.86 523
316 . 19.58 544
- 427 21.23 565
649 24.29 586
816 27.20 623
SA-540 Gr B24 . =40 30.78 397 7.905 2,3
Carbon steel 0 32.50 428 .
21.1 33.38 444
121.1 36.32 515
204.4 37.01 556
315.6 36.67 602
426.7 ' 35.45 657
537.8 33.55 724
871.1 25.94 640
Uranium . 27 27 -7 18.82 1
100 ' 27 122
200 29 131
300 31 142
400 33 154
NOTES:

1Shbrt, S. M., and M. M. Beary, 1995, Spent Muclear Fuel Project Technical Data Book,
WHC-SD-SNF-TI-015, Rev. 0, Westinghouse Hanford Company, Richland, Washington,

Materials Engineering, Penton Publishing Inc., Cleveland, Ohio.

ASME, 1995, ASME Boiler and Pressure Vessel Code, Section 11, Part D Properties, Table TCD,
p. 603, American Society of Mechanical Engineers, New York, New York.
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Table B8-5. Material Properties, Gases.
Material Tempe:gture, conJ:cetr}"\lfilty,U hezsfc.ilei;-x D?/Sci,::y' z;::?:;z; Notes
/m-K
Hetium -73 0.1151 5188.2 Use 0.01497 1,2,3
27 0.1499 ideal 0.01989
127 0.1795 gas law 0.02428
227 0.2114 0.02827
327 0.247 - 0.03199
- 427 0.278 0.03549
527 0.307 0.03884
627 0.335 0.04201
727 0.363 0.04504
927 0.416 0.0508
Air -73 0.0181 1002 use 0.01336 | 1,3,4,5
27 0.0261 1006 ideal 0.01853
127 0.0334 1014 gas law 0.02294
227 0.0395 1030 0.02682
327 0.0456 1051 0.0303
427 0.0513 1075 0.03349
527 0.0569 1099 - 0.03643
627 0.0625 1120 0.03918
727 0.0672 1140 0.04177
927 0.0759 174 0.0465
NOTES:

1Toulouk|an Y. 8.,
Properties Research Center Data Series, Volume 6, Purdue University, West Lafeyette, Indiana.
Touloukian, Y. S.,
Thermophysu:a
Properties Research Center Data Series, Volume 3, Purdue University, West Lafeyette,
Touloukian, Y. §
Volume 11, Purdue Umverslty, Vest Lafeyette, Indiana.
Handbook of Heat Transfer Fundamentals,
2nd Edition, McGraw-Hill Publlshers, New York New York.
Kreith, F., 1973, Principles of Heat Transfer, 3rd Edltlon, Harper & Row Publishers,
New York, New York.

Rohsenow, Hartnett, and Ganic, 1985,

Thermal Conductivity — Nonmetallic Liquids and Gases,
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Table B8-6. Material Properties, Surface Emittance.

Component Material Surface surface Solar absorptivity|[ Notes
N treatment emittance .

Cask outer surface 30488 M (1251) 0.3. 0.5 2,5
Cask inner surface 30488 M (1250) 0.3 N/A 2
Cask closure tid . 30458 M_(1251) 0.3 0.5 2,5
Cask bottom 30488 M (1251) 0.3 N/A 2
MCO canister 304188 M (1251 0.3 N/A 2
MCO closure plug A36 CS M (1251) 0.7 N/A 3
"IMCo ‘basket... 31688 M (250s) 0.3 . N/A 2
|Spent nuclear fuel assembly .o - 0.6 N/A 3

MCO = Multicanister Overpack.
S8S = Stainless steel.
NOTES:

1Surface treatment definition: M (1251/250%)--machined finish to 125 or 250x.

2Emissivity testing* on 18 samples of Type 304 staintess steel indicates an emissivity value of
0.25 to 0.28 for the 'as-received' condition. Table 148 of Gubareff** provides values of 0.44 at
420 °F and 0.36 at 914 °F for a light silvery, rough surface. An emissivity value of 0.30 provides an
accurate representation of a new, clean MCO Cask.

3Gubareff, G. G., J. E. Janssen, and R. H. Torborg, 1960, Thermal Radiation Properties Survey,
Honeywell Research Center, Minneapolis, Minnesota, p. 93, gives an emissivity range of 0.66 to 0.79
for oxidized carbon steel.

4Baker, L., Jr., E. M. Mouradian, and J. D. Bingle, “Determinations of the Total Emissivity of
Polished and Oxidized Uranium Surfaces”, Nuclear Science Engineering, Vol. 15, p 215, gives 0.58 to
0.68 for oxidized uranium. The Spent Nuclear Fuel Project Technical Data Book gives values of 0.54 of
oxidized uranium and 0.43 for Zircaloy-2. PNL 1985, Verification and Validation Assessments for the
Hydra-11 Hydrothermal Analysis Code, Volume III, Page 5.8, Section 5.1.22, verifies emissivity value
of 0.8 for zircaloy-clad commercial fuel assemblies through comparison with experimental data. 0.6
used for conservative vatue. .

Irwin, J. J., 1994, Thermal Analysis Methods for Safety Analysis for Packaging, .

WHC-SF-TP-RPT-005, Rev. 0, Westinghouse Hanford Company, Richland, Washington. Table A-51 gives a
solar absorption vatue of 0.52 for oxidized 304 stainless steel.

*Frank, R. C., and W. L. Plagemann, Emissivity Testing of Metal Specimens (coordination sheet
to S. Goetsch, Nuclear Packaging, Inc.), testing accomplished by Boeing Analytical Engineering for
Nuclear Packaging, Inc. .

**Gubareff, G. G., J. E. Janssen, and R. H. Torborg, 1960, Thermal Radiation Properties Survey,
Honeywell Research Center, Minneapolis, Minnesota. .
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8.4 THERMAL EVALUATION FOR NORMAL TRANSFER CONDITIONS
Denionstration of the safety of the MCO Cask.for‘the transfer of the MCOs

and the SNF payload under normal transfer conditions requires the application .

of administrative rules to restrict the transfer time and the establishment of
a maximum rate acceptable for the pressure rise during the high-temperature
hold point for the CVD process. While safe operation under steady-state
conditions is expected to be possible for most of the potential MCO Toadings
and ambient conditions, the worst-case conditions will require that steady-
state operations be avoided unless active cooling and/or venting of the
cask/MCO interiors is provided.

The thermal evaluation for normal transfer conditions consists of
transient simulations of the transfer process between the K-East and K-West
Basins and the CVDF.and between the CVDF and CSB. The. duration of the
transient analysis encompasses the nominal time period required to accomplish
the transfer process, plus sufficient additional time to cover normal
processing delays and to implement emergency recovery methods. These analyses
are used to establish the acceptablie time frames for the transfer process and’
the pressure rise criteria for the CVD process.

8.4.1 Conditions To Be Evaluated

Hanford Site-specific ambient temperatures considered in the normal
transfer condition thermal evaluations range from -33 °C (-27 °F) to 46 °C
(115 °F). The hot-day conditions are evaluated using a diurnal cycle
simulation of the worsi-case hot day at Hanford (see Section 8.9.1). Cold day
conditions assume a constant air temperature and no insolation. In addition
to ambient temperature, maximum and minimum values for decay heat and solar
loading are considered. Zero decay heat is considered for determining the
minimum package temperatures. -

Table B8-7 shows the load combinations considered in this analysis. The
difference between the worst-case condition and probable maximum normal
transfer condition for the hot ambient case is the assumed starting
temperature for the SNF and cask. The difference between the probable minimum
normal transfer condition and the worst-case condition is that the probable
minimum condition assumes a nominal fuel loading and heat dissipation, while
the worst-case normal transfer condition for the cold ambient condition
assumes a zero heat load. This latter load combination leads to the
analytically trivial result under steady-state conditions of a uniform -33 °C
(-27 °F) temperature.

The fuel, MCO, and cask temperatures are expected to be on the order of
10 °C (50 °F) at time of loading at the basins and following CVD. To allow
for process variations, additional heat-up as a result of operational delays,
etc., a nominal value of 15 °C (59 °F) is assumed for the purposes of this
SARP. In addition, an initial temperature of 25 °C (77 °F) is also considered
for the worst-case normal transfer condition hot ambient load combination.
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Table B8-7. Load Combinations for Normal Transfer Conditions.

] Applicable conditions
l:‘,gg"‘zéﬂégﬁgﬁﬁgs ‘ nu:g;:a‘fh:m’;‘p. Insolation Fuel loading
25°¢ | 15°C | 10°C | Max* Zero Max Nom., Ze.ro
Hot Amb.,* Worst case X X X
46°C/115°F Probable Max. X X X
Nominat X X X

Cold Amb. Probabie min. X . X X
-33°C/-27°F Worst case X X X

*piurnal cycle for ambient temperature and insolation in accordance with Fadeff, J. G.,

1992, Environmental Conditions for On-Site Hazardous Materials Packages, WHC-SD-TP-RPT-004,
Rev. 0, Westinghouse Hanford Company, Richland, Washington.

8.4.2 Acceptance Criteria

The acceptance criteria per Edwards (1997) for normal transfer conditions
is that the cask maintains containment for the payload and that the leakage
rates meet the requirements as shown in Table B8-1. The maximum accessible
outside surface temperature of the cask must be less than 85 °C (185 °F) in
38 °C (100 °F) air in the shade. The maximum temperature for the MCO must be
low enough to prevent a runaway uranium corrosion reaction from occurring.

) The only material used in the MCO Cask that is considered temperature

sensitive is the Butyl rubber used for the O-ring seals on the closure 1lid and
the vent and drain ports. The materials used to fabricate the other
components of the system have working temperature ranges that extend well
beyond the temperature levels seen for this application.

The Butyl rubber O-ring seals are fabricated of Rainier Rubber Company
compound No. RR-0405-70, which has a working temperature range of -40 °C
(-40 °F) to 177 °C (350 °F). Developmental testing, conducted as part of the
Radioisotope Thermoelectric Generator Transportation System packaging design
effort (Ferrell 1996), demonstrates that this specific Butyl rubber compound
has a peak temperature rating of at least 221 °C (430 °F) for durations of
1 hour or less, 218 °C (425 °F) for 8 hours or less, and 191 °C (375 °F) for
168 hours or Tess.

The vent port covers on the MCO shield plug assembly are sealed with a
composite gasket made of Grafoil®™’ flexible graphite and 304 stainless
steel retainer. The composite gasket material has a working temperature range
of -218 °C (-360 °F) to 871 °C (1600 °F). The 304L stainless steel quick- ‘
disconnect couplings use a C-seal manufactured by EG&G Pressure Sciences.
This seal material has a minimum temperature rating of -40 °C (-40 °F) to
427 °C (800 °F). A Helicoflex seal serves as the primary containment seal
between the shield plug and the MCO vessel. This seal material has a minimum
temperature rating of -40 °C (-40 °F) to 370 °C (698 °F).

(3>Grafoil is a trademark of Union Carbide Corporation.
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The remaining materials used in the fabrication of the MCO Cask and MCO
have significantly higher temperature capabilities. The Type 304/304L
stainless steel and the SA 540 Grade B24 carbon steel used for the closure 1id
bolts have melting points above 1,400 °C (2,550 °F) and a maximum normal
service temperature of 427 °C (800 °F). The uranium metal in the SNF
assemblies has a melting temperature of 1,090 °C (1,994 °F), while the
Zircaloy-2 cladding has a melting temperature above 1,800 °C (3,272 °F).

The maximum pressure allowed within the MCO and cask is 1,034 kPa gauge
(150 psig). )

8.4.3 Thermal Model

The various analytical thermal models used for the MCO Cask and MCO
assembly are developed using the SINDA '85/FLUINT heat transfer code
(SINDA 1995). This finite difference, lumped parameter code was developed
under the sponsorship of the National Aeronautics and Space Administration
Johnson Space Center. The SINDA code has been evaluated and validated for
simulating the thermal response of transportation packages (Glass 1988). The
SINDA '85/FLUINT code has been used for the analysis of several other
transportation packages for nuclear material, including the recently Ticensed
Radioisotope Thermoelectric Generator Transportation System for the
U.S. Department of Energy (Ferrell 1996).

The SINDA code provides the capability to simulate steady-state and
transient temperatures using temperature-dependent material properties and
heat transfer via conduction, convection, and radiation. Complex algorithms
may be 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 SINDA '85/FLUINT code utilized for this modeling
is its ability to use submodels to represent common geometry sections of the
cask, fuel baskets, etc., 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 also 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. )

The radiation heat transfer between the various surfaces is computed
assuming the standard gray body relationship (see Appendix B8-8). The surface
emissivities assumed are shown in Table B8-6. The view factors for complex
geometries within the MCO were computed using the VIEW program (Emery 1991),
while view factors for simple geometries are computed using standard
relationships or via the string method (Kreith 1973).
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Five categories of analytical thermal models are utilized to analyze the
performance of the MCO Cask and the MCO assembly for normal transfer and
accident conditions. These are the following:

1. A model of the bottom end region of the MCO Cask_and MCO assembly
2. A model of the typical axial midsection of the MCO Cask

3. A model of the closure 1id end region of the MCO Cask and MCO shield
plug .

4. A model of a typical intact fuel basket within the MCO assembly
5. A model of a scrap basket within the MCO assembly.

The dimensional data and material specifications used in the thermal
models are taken from the figures in Part A, Section 10.07 :

Figure B8-1 shows the layout of the various thermal submodels used to
evaluate the thermal performance of the MCO Cask and MCO assembly. This
Tayout, showing the MCO arrangement with the Mark IV fuel, consists of five
identical submodels (i.e., submodels BSKT1, BSKT2, BSKT3, BSKT4, and BSKT5),
together with submodels for the 1id and end regions of-the cask and MCO. As
shown in the figure, the end submodel encompasses the Tower 23.8 cm (9.38 in.)
of the cask and end plug of the MCO shell. Above the end submodel are five
submodels of the MCO fuel baskets and associated sections of the cask wall.
Each of these submodels span the 68.2-cm (26.85-in.) length of the fuel
baskets. Above the Tlast fuel basket is a thermal submodel of the MCO shield
plug, the void space below the shield plug, and a 27.2-cm (10.69-in.) section
of the cask wall. The 1id submodel encompasses the upper 40.1-cm (15.79-in.)
section of the cask wall. The thermal resolution provided within each of the
individual submodels is shown in Figures B8-2 to B8-6 by the location of the
Tumped thermal mass nodes used to represent the various components of the MCO
assembly and cask. : .

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 B8-2 ‘shows the five interior thermal nodes and two surface
nodes used to provide this axisymmetric representation of the cask wall at the
BSKT3 submodel.

In contrast, modeling of the MCO assembly (Figure B8-3) used a 3-D
approach because of the variation in heat flux and the relatively Tow thermal
mass offered. by the MCO shell and fuel baskets. The MCO shell is divided into
three axial sections over the axial length of the fuel basket and into 30°
segments in the circumferential direction. Together, Nodes 70, 72, and 74
represent a 7.62-cm- (3-in.-) high, 90°-~wide segment of the MCO. Nodes 170,
172, and 174 represent 27.94-cm- (11-in.-) high segments of the MCO opposite
the perforated skirt of the fuel basket, while Nodes 270, 272, and 274
represent the 32.64-cm~ (12.85-in.-) high section. of the MCO that “sees” the
sections of the fuel assemblies extending above the fuel basket skirt.
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Figure B8-1. Overview of Thermal Submodels.
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Figure B8-2. Thermal Submodel at Typical Midcask Section.
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Taken together, the submodels provide an axisymmetric thermal model of
the MCO cask shell and a 3-D thermal model of the cask 1id and of the MCO
assembly. Heat transfer between the cask inner surface and the MCO is assumed
to be via straight conduction (i.e., Nu = 1) through either a water or helium
gas medium as appropriate for the transportation mode under consideration.

The presence of hydrogen gas is conservatively ignored (the thermal
conductivity of hydrogen is 20-30% greater than helium) for this analysis.
Grey-body radiation interchange across the gap is also included for those
sections with a helium backfill. Heat transfer from the outer surface of the
“cask is via convection and radiation to the ambient environment.

_Figure B8-3 shows 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
(i.e. Nodes 70 to 570). This axisymmetric representation is transitioned to
the 3-D representation used for the BSKT1 submodel. The drain port fitting
and cover plate are represented by a séparate 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 this analysis. This
assumption maximizes the heat input into the cask during both the normal
transfer conditions and accident analysis.
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Figure B8-3. Thermal Submodel at Cask Bottom.
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Figure B8-4 shows 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 (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
Tayout as shown in Figure B8-2. The upper section of the MCO shield plug
thermal model interfaces with the thermal model of the cask Tid shown in
Figure B8-5. Because of the nonaxisymmetric influence of the cask 1ifting
trunnions (not show in the figures), the cask 1id is modeled in three
dimensions. Nine thermal nodes are used to simulate the heat lost or gained
from the trunnions. . -

The 3-D representation of the 1id is transitioned to the axisymmetric
model of the cask side wall at the plug submodel segment. The cask vent port .
fitting and cover are modeled with a separate thermal submodel, which is
thermally connected to the 1id thermal model. Although not shown in
Figure B8-5, the 12 cask closure bolts comprise a significant thermal path
during the fire event and, as such, are modeled separately using four thermal
nodes to represent the exposed head, the shank section (two nodes), and the
threaded portion.
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Figure B8-4. Thermal Model at Mu]tfcanister Overpack Shield Plug.
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Figure B8-5. Thermal Submodel at Cask Closure Lid.
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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 B8-6 illustrates the placement of the thermal
nodes used to model ‘the base plate of the Mark IV fuel basket and the Tower
6.6-cm (2.6-in.) section of each fuel assembly that fits within the sockets of
the fuel basket base plate. Within the 90° segment, 11 compiete 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 4 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 B8-6) is
6.6 cm (2.6 in.) high. The three other axial segments not shown are 27.94 cm
(11 in.), 23.88 cm (9.4 in.), and 7.62 cm (3 in.) high, respectively. Heat
transfer from the inner to the outer element is treated as conduction and
radiation (for dry transfer) across the 0.53-cm (0.21-in.) gap separating the
elements. Convection from the outer surface of the outer element is assumed.
While the presence of hydrogen gas is conservatively ignored (the thermal
conductivity of hydrogen is 20-30% higher than that for helium), the
beneficial effect due to pressure increase is included.

Figure B8-6. Thermal Model of Intact Fuel Basket
and Lower Fuel Element Section.
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The Mark IV scrap basket is modeled as a homogeneous, porous medium using
20 thermal nodes to provide a 2-D, axisymmetric representation of the heat
generation and temperatures within the scrap bed. An additional 14 thermal
nodes provide a 2-D, axisymmetric thermal representation of the scrap basket
side walls, base, and center tube.

In addition to computing temperatures, the thermal model computed 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 pressure rise due to hydrogen gas generation
from chemical reactions, (3) the expansion of the water, and (4) the amount of
hydrogen dissolved in the water volume for the wet transfer phase. The void -
volumes ard initial backfill pressures assumed are shown in Table B8-1. The
pressure rise due to hydrogen gas generation is computed using the chemical
reaction and gas generation rates listed in Section 8.2, while the amount of
hydrogen dissolved in the water during the wet transfer phase is determined
using Henry’s law, the volume of the water, and the partial pressure of
hydrogen gas.

8.4.4 Thermal Analysis

The evaluation of the thermal performance to demonstrate compliance with
Hanford Site transportation safety criteria (Mercado 1994) is accomplished
using the analytical model described previously. The evaluation involves a
series of analytical simulations of the wet and dry transfer transients that
encompass the expected variations in fuel loading, ambient temperature, and
initial starting temperature. Table B8-7 shows the specific load combinations
considered for normal transfer conditions. :

The nominal, probable maximum, and worst-case normal transfer condition
loadings for hot ambient conditions are evaluated using a transient simulation
of the transfer process with a diurnal cycle for ambient temperature and
insolation based on the Hanford peak summer day. To ensure that the cask is
exposed to the highest heat flux portion of the diurnal cycle during the
projected transfer time frame, an 8 a.m. start time is assumed for the
simulated transfer process. .

The minimum expected temperatures are also evaluated using a transient
simulation based on the nominal-case fuel loading with a steady-state ambient
air temperature of -33°C (~27°F) and no solar. The analytically trivial case
of no decay or chemical reaction heat, together with the minimum ambient
conditions of -33°C (~27°F) and no solar loading, is also considered to ensure
material compliance with worst-case minimum temperatures.

8.4.4.1 Thermal Analysis For Wet Transfer. The results of the thermal
evaluations of the maximum temperatures expected under normal conditions of
wet transfer are shown in Tables B8-8, B8-9, and B8-10 and in Figures B8-7 to
B8-10. Table B8-8 shows the maximum temperatures expected for key cask and
MCO components during the normal 8-hour operational time frame allotted for
wet transfer phase from the K Basins to the CVDF. The results are presented
for the worst-case and probable maximum transfer conditions as shown in

. Table B8-7. A1l of the temperatures are within the allowable Timits of the
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associated component. In addition, the surface temperature of the cask
remains below 85 °C (185 °F) as required by 10 CFR §71.43(g) for exclusive-use
packages. ’ : :

Table B8-8. Multicanister Overpack (MCO) Cask and MCO Assembly Maximum
Temperatures for Wet Normal Transfer Conditions.

Location and condition Maximum uef norT:l transfer-conditions,a °C (°F)

Worst case Probable maximum®
Spent nuclear fuel, maximum 36 (97) 27 (80)
Spent nuclear fuel, average ’ 35 (95) 26 (79
Rubble basket fuel, maximum 35 (95> 26 (78)
MCO sidewall, average 35 (95 26 (78)
MCO sidewall, maximum, . 35 (95) 27 (80)
MCO shield plug, average 29 (84) 26 (78)
McO shield plug, seals 30 ¢86) 27 (81)
Cask sidewall, average 36 (96) 28 (82)
Cask _sidewall, maximum 37 (98) 30 (86)
Seal port, lid end 47 (117 46 (115)
Seal port, bottom end 36 (96) 29 (84)
Closure lid seals, maximum 38 (100) 35 (95)

NOTES:

ATemperatures shown are for the end of the normal transfer time of 8 hours. Assumes water in
MCO and cask to a level 4 in. below the shield plug. Hanford diurnal cycle on ambient temperature and
solar insolation per Irwin ¢1994), with 46 °C (115 °F) max. ambient. Worst-case payload: maximum decay

heat and a total corrosion surface area of 120,000 cmz. Transfer start at 8 a.m.
orst-case conditions: Starting temperature for cask and contents is 25 °C (77 °F).
Cprobable maximum conditions: Starting temperature for cask and contents is 15 °C (59 °F).

Irwin, J. J., 1994, Thermal Analysis Methods for Safety Analysis Reports for Packaging,
WHC-SD-TP-RPT-005, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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Table B8-9. Multicanister Overpack (MCO) Cask and
MCO Assembly Minimum Temperatures for Normal
Wet and Dry Transfer Conditions.

Probable minimum ten\per'aturés,a
Location and condition °C ¢°F)
Wet transfer? Dry transfer®

Spent nuclear fuel, maximum 12 (53) 2B (T
Spent nuclear fuel, average 9 (49) 16 (61)
Rubble basket fuel, maximum 11 (52) 18 (65)
MCO sidewall, average 6 (43) 4 (40)
MCO sidewall, maximum ) 7 (44) 6 (42)
MCO shield plug, average 4 (3N -2 (28)
MCO shield plug, seals 3 (38) . -3 (27)
Cask sidewall, average 2 (36) -3 (26)
Cask sidewall, maximum 3 (38) -3 (27)
Seal port, tid end -9 €16) -14 (6)
Seal port, bottom end =3 (27) -8 (17)
Closure lid seals, maximum -3 (26) -8 (17)

NOTES:

aTemperatures shown are for the end of the normal transfer time of 8 hours
for wet transfer and 14 hours for dry transfer. Assumes the nominal MCO fuel
loading, a starting temperature for cask and contents of 10 °C (50 °F), and fixed -
33°C (-27°F) ambient temperature with no solar.

b\lorst-case minimum temperatures are -33 °C (-27 °F).

Table B8-10. Multiple Canister Overpack (MCO) Cask and MCO Assembly
Maximum Pressures for Normal Transfer Conditions.

MCO assembly® MCO Cask®

Thermal toad combination
Temperature, Pressure, Temperature, Pressure,
°c (°F) °C (°F)

kPa (psia) kPa (psia)
Wet transfer conditions: hot (diurnal t:yc:le)b 33 (9D 261 (35.0) 35 (95) 241 (35.0)
Wet transfer conditions: cold (-33°C/-27°F)° 5 (40) 122 (17.7) 4 (40) 122 ¢17.7)
Dry transfer conditions: hot (diurnal cycle)b 54 €129y 187 (27.1) 42 (108) 129 (18.7)
Dry transfer conditions: cold (-33°C/ -27°p)¢ 14 (57) 129 (17.8) 0 (32) 112 (16.2)

NOTES:
ATemperatures and pressures shown are for the end of_the normal transfer time of 8 hours for wet
transfer and 14 hours for dry transfer.” Assumes a 0.0425-m” gas space for wet transfer (including the
_ cask annulus) and 0.56-m” gas space for dry transport. MCO vented to cask for wet transfer and sealed
for dry transfer. Payload consists of one scrap basket and four fuel baskets with sptit cladding on

the upper 3 in. of the assemblies. Total corrosion surface area is 120,000 cmz. Starting temperature
for cask and contents is 15 °C (59 °F) with a 17.7 psia helium backfili.

. Hot transfer conditions: Hanford diurnal cycle on ambient temperature and solar insolation per
Irwin (1994), with 46 °C (115 °F) max. ambient.

Ccold transfer conditions: fixed -33 °C (-27 °F) ambient, no solar.

Irwin, J. J., 199, Thermal Analysis Methods for Safety Analysis Reports for Packaging,
WHC-SD-TP-RPT-005, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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Figure B8-7. Probable Maximum Wet Transfer Transient.
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Figure B8-8. Worst-Case Wet Transfer Transient.
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Figure B8-9.

0ff-Normal Wet Transfer Transient.
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Figure B8-10. Nominal Wet Transfer Transient.
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Figures B8-7 and B8-8 show the transient response of the MCO and cask
over a 24-hour period for the same cases shown in Table B8-8. The effect of
the sinusoidal diurnal cycle for ambient air temperature and insolation are
apparent in the figures. The cask 1id closure seal temperature begins at
20 °C (68 °F) since the Tid is assumed to be at room temperature prior to
being placed on the cask. Starting the transfer with a 25 °C (77 °F) SNF
temperature results in a 21% increase in cask pressure after 8 hours and a 62%
increase after 24 hours over that seen with a 15 °C (59 °F) SNF temperature.
However, in both cases the expected cask pressure after 24 hours remains below
the 1,034-kPa (150-psig) pressure limitation on the cask. '

While the transfer from the K Basins to the CVDF will require less than
8 hours on-average and Tess than 24 hours under most situations, a major
failure in the transportation system while en route could require times in
excess of 24 hours to remedy. To assess the thermal effects related to an
extended transfer delay, a 48-hour transport transient is evaluated using the
probable maximum-case load combination for normal transfer conditions with an
additional 54,000 cm® of corrosion area added to the center fuel basket. The
results for this extreme load combination encompasses both the effect of
transporting two scrap baskets and the sensitivity of transient results to the
differences in the thermal resistance posed by an intact fuel basket versus
that of a scrap basket as simulated using a porous media approach.

While, as shown in Figure B8-9, the 48-hour transient is successfully
completed without a thermal excursion in the SNF payload, the cask pressure is
predicted to exceed its 1,034-kPa (150-psig) pressure Timitation after
35 hours due to hydrogen gas generation within the unsealed MCO. As such, it
will be necessary to relieve the cask pressure to remain within safety limits
if the time to accomplish the transfer is more than approximately 30 hours, or
about four times the expected normal transfer time. - The principal recovery
mode available during the wet transfer phase is to open the cask vent port.
The same conclusion is reached based on an extrapolation of the transient
trends shown in Figure B8-8 for the worst-case wet transfer. Section 8.6
addresses operations during time frames that extend beyond the nominal
shipping-window conditions. ’

Figures B8-7 to B8-9 show the bounding transport combinations for the
nominal shipping-window conditions as required for SARP purposes. However,
the majority of the shipments between the K Basins and the CVDF are expected
to be within the defined nominal load combination for normal transfer
conditions and within the nominal shipping window. Figure B8-10 shows the
transient thermal response expected for this load combination. As seen from

the figure, no temperature excursjons or excessive pressures will occur within
" the cask during a time frame that is nine times that nominally required to
accomplish the transfer.

Table B8-10 shows the minimum temperatures for the probable minimum load
combination for normal transfer conditions as shown in Table B8-7. All
temperatures are within the thermal capabilities of the associated component.
In addition to this analytically derived minimum condition, the worst-case
minimum temperature of -33 °C (-27 °F), based on assuming steady-state
conditions, no solar, and no radiolytic or chemical reaction heat, is also
within the thermal capabilities of all materials used in the MCO and cask.
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The maximum internal pressures expected for the 8-hour, wet, normal
transfer conditions process and with the probable maximum Toad combination are
shown in Table B8-11. The results show that the pressures will remain well
within the pressure limitations of the cask. In addition, per Figures B8-7
to B8-10, the maximum cask pressure is expected to remain within its allowable
Timit of 1,034 kPa (150 psig) for all Toad combinations considered during the
8-hour time frame allotted for normal transport plus an additional recovery
time period of 20-24 hours for the off-normal transport event. A venting of
the cask interior to the atmosphere will be required for wet. transfer events
requiring more than 24-30 hours to complete. However, no thermal excursion is
predicted for time periods up to 48 hours under any of the load combinations
examined.  Section 8.6 provides more details on operations during time frames
beyond the-nominal shipping-window conditions.

Table B8-11. Multiple Canister Overpack (MCO) Cask and MCO Assembly
Maximum Temperatures for Dry Normal Transfer Conditions.

Location and condition Maximum dry normal transfer condit.ions,a °C (°F)
Worst case® Probable maximum®
Spent nuclear fuel, maximum 64 (148) 54 (129)
Spent nuclear fuel, average 56 (133) 47 (117}
Rubble basket fuel, maximum 60 (140) 50 (122)
MCO sidewall, average 44 (112) X 37 (99
MCO sidewall, maximum ] 46 (114) 39 (102)
MCO shield plug, average 38 (101) 33 (91)
MCO shield plug, seals 39 ¢102) 34 (93)
Cask sidewall, average 39 (103) 33 (9N
Cask sidewall, maximum 39 ¢103) 34 (93)
Seal port, lid end 43 ¢109) - 40 (104)
Seal port, bottom end 37 (9% 32 (90)
closure.lid seals, maximum 39 ¢103) 35 (95)

NOTES:

8Temperatures shown are for the end of the normal transfer time of 14 hours. Hanford
diurnal cycle on ambient temperature and solar insolation per Irwin (1994), with 46 °C (115 °F) ma;.

ambient. Worst-case payload: maximum decay heat and a total corrosion surface area of 120,000 cm®.
Transfer start at 8 a.m.

Bpeak conditions: Starting temperature for cask and contents is 25 °C (77 °F).

CNominal conditions: Starting temperature for cask and contents is 15 °C (59 °F).

Iruiﬁ, J. J., 1994, Thermal Analysis Methods for Safety Analysis Reports for Packaging,
WHC-SD-TP-RPT-005, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

8.4.4.2 Thermal Analysis For Dry Transfer. The results of the thermal
evaluations for normal conditions of dry transfer are shown in Tables B8-9 to
B8-11 and Figures B8-11 to B8-14. Table B8-11 shows the maximum temperatures.
expected for key cask and MCO components during the normal 14-hour operational
time frame allotted for the dry transfer phase from the CVDF to the CSB. The
table presents results for the worst-case and probable maximum transfer
conditions as shown in Table B8-7. Al1 of the temperatures are within the
allowable limits of the associated component. In addition, the surface

B8-28



HNF-SD-TP-SARP-017 Rev. 0

temperature of the cask remains below 85 °C (185 °F) as required by
10 CFR §71.43(g) for exclusive-use packages.

Figures B8-11 and B8-12 show the transient results over a 24-hour period
for the same cases shown in Table B8-11. The sinusoidal effect of the diurnail
cycle for the ambient air temperature and insolation are apparent in the
results for the cask wall and closure 1id seal. Over the 24-hour period
simulated by these analyses, the difference between. starting the transfer with
a 25 °C (77 °F) SNF temperature versus a 15 °C (59 °F) SNF temperature is not
as great as was seen for the wet transfer leg. This is because the drained
MCO presents a larger volume in which to absorb the increased hydrogen gas
amount that is generated at the higher SNF temperatures. As a result, the
difference in MCO pressure is only 83 kPa (12 psi) greater after 24 hoyrs for
the higher SNF temperature. ‘In either case, the expected MCO and cask
pressures after.24 hours remain well below the 1,034~kPa (150-psig) pressure
limitation.

The transfer from the CVDF to the CSB will be 14 hours or less on average
and Tess than 36 hours under most situations, which is defined as the shipping
window for the transport system. To assess the thermal effects related to an
extended transport delay, a 36-hour transport transient is evaluated using the
probable maximum-case load combination for normal transfer conditions. The
results are shown in Figure B8-13 for two assumptions on the amount of. -
.moisture available to drive the chemical reaction. Under the first
assumption, illustrated in the lower plot, there is unlimited moisture
available within the MCO following CVD; this moisture is available as steam
vapor (i.e., it is not chemically or mechanically bound); and this steam vapor
is available at a partial pressure associated with the average fuel
temperature. Under these assumptions and the worst-case MCO payload, the
transient analysis indicates that a temperature excursion will occur within
the fuel after approximately 35 hours.

The second assumption, shown in the upper plot of Figure B8-13, is that

“ the CVD process has removed sufficient moisture from the fuel, scrap, and
sludge content within the MCO such that the release rate for the remaining
moisture available to drive the reaction is only 5% of that which an unlimited
amount of moisture would support. This assumption is maintained until any
portion of the fuel payload exceeds 85 °C (185 °F), at which time the reaction
rate is returned to its full value as predicted by the chemical reaction rate
equations for the given temperature and partial pressure conditions. This
switch in reaction rates is necessary because the safety basis for the lower
reaction rate is limited by the maximum temperature conditions that will be
achieved during the CVD process. The current CVD process calls for a maximum
cask-MCO annulus bath temperature of 75 °C (167 °F). An additional 10 °C
(50 °F) 1is included to account for the temperature rise between the MCO
sidewall and the centerline temperature within the fuel baskets. Based on the
corrosion area assumed for this analysis and a 75 °C (167 °F) average fuel
temperature, the assumed 5% limitation equates to a monitored pressure rise
Timitation of 1.4 kPa (0.2 psi) per hour or less at the CVDF. Under this
criteria, those MCOs exhibiting pressure rises in excess of this rate would be
required to remain under the CVD process until this criteria is met before
being allowed to be transported.
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Figure B8-11. " Probable Maximum Dry Transfer Transient.
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Figure B8-12. Worst-Case Dry Transfer Transient.
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The transient results for the dry transfer, "assuming implementation of
the CVD drying criteria, show.that a.48-hour shipping window can be met
w1thout a thermal excursion or excessive pressure within the MCO. The sudden
rise in the peak SNF fuel temperature after :approximately 42 hours is due to
the analytical return to the unlimited moisture release assumption because the
maximum fuel temperature exceeded 85 °C (185 °F).

While Figures B8-11 to B8-13 show the bounding conditions assumed, the
‘majority of the shipments are expected to fit within the:nominal load
combination for normal transfer conditions. Figure B8-14 shows the transient
thermal-response expected for this load combination with a three-day transport
time frame. The. results demonstrate that, despite.the extended transport time

-assumed, no temperature excursions or excessive pressures will occur within
the MCO or cask. Section 8.6 addresses operations dur1ng time frames beyond
the nominal shipping-window conditions.

The drying requirement for the CVDF is based on an iterative analysis of
the dry transfer stage to establish the maximum moisture release rate within
the MCO that can be accommodated for the dry transfer of the worst-case
payload over a 48-hour shipping window without causing a temperature excursion
within the fuel. The established drying requirement is expressed as a ratio
of an obsérved pressure rise within the MCO during the CVD process to the
pressure rise that is predicted to occur for the worst-case payload at the
same temperature Tevel and with an unlimited release rate on moisture. As
such, a reduction in the observed pressure rise can be attributed to the
fo11ow1ng or a combination thereof:

o A level of dryness that would not support a dangerous pressure/
temperature rise within the MCO

« A Tesser amount of corroded surface area that will yield a similarly
safe condition of transfer regardless of the amount of moisture
remaining in the MCO.

The CVD drying criteria established by this analysis calls for a maximum
pressure rise of 1.4 kPa (0.2 psi) per hour at the 75 °C (167 °F) hold point
in the CVD process. The total allowable pressure rise over the 12-hour hold
time in the CVD process is 16.8 kPa (2.4 psi) or less. The application of
this drying criteria to the dry transfer process yields a transient dry
transfer result shown in the upper plot of Figure B8-13. The reduced reaction
rate established by this drying criteria is maintained until any portion of
the fuel exceeds 85 °C (185 °F), at which time the reaction rate is returned
to its full value as predicted by the chemical reaction rate equations for the
given temperature and partial pressure conditions, with an unlimited release
rate for the remaining water in the MCO. The reasoning behind this switch in
reaction rates is that no analytical basis currently exists under which the
monitored test results at 75 °C can be extrapolated to higher temperature
Tevels (the 10 °C delta between 75 and 85 °C represents the minimum expected
temperature rise in the fuel under the CVD temperature hold point).
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Figure B8-14. Nominal Dry Transfer Transient.
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The results shown in the upper plot of Figure B8-13 indicates a 48-hour
=shipping. window can.safely be accommodated even: for the worst-case payload
-condition. . This conclusion is supported by the fact that the.release.rate for
sany hydrates remaining after the CVD process will be relatively low. for the

temperatures and pressures seen during the dry transfer process {(Plys 1997).

While Figures B8-11 to B8-13 show the bounding conditions assumed, the
majority of the shipments are expected to fit within the nominal normal :
transfer: conditions load combination: Figure B8-14 shows the:transient
thermal response.-expected for this load combination with & three-day transfer
time frame. -The resuits demonstrate that, desp1te the extended transfer time
‘assumed, no temperature excur51ons or excess1ve pressures w111 occur w1th1n
the MCO or cask. .

Tab]e B8-9-shows the minimum>temperatures for- the probable minimum normal
“transfer conditions load combination as shown in Table B8-7. A1l temperatures
are within the thermal capabilities of the associated component. In addition,
the worst-case minimum temperature of -33 °C (-27 °F), which is reached
assuming steady-state conditions, no solar, and no radiolytic or chemical
reaction heat, is also within the thermal capab111t1es of all materials used
in the MCO and cask.

The maximum internal pressures expected for the 14-hour, dry, normal
transfer condition process are shown in Table B8-10. The results show that
the pressures will remain well within the pressure limitations of both the MCO
and the cask. In addition, per Figures B8-11 to B8-14, the maximum pressures
will remain within the a110wab1e Timit of 1,034 kPa (150 psig) during the time

- frame allotted for normal transfer plus off—norma1 event recovery.

8.5 THERMAL EVALUATION FOR ACCIDENT CONDITIONS

The thermal analysis of the accident conditions for the MCO Cask and MCO
assembly are based on the fire accident transient for site specific
conditions. The risk assessment, Part B, Section 3.0, shows that if the cask,
including seals, performs its function during a fully engulfing fire of
6-minute duration or less, then onsite transportat1on criteria
(Mercado [1994]) are sat1sf1ed As shown in Part B, Section 3.0, the
10 CFR 71 specified requirement for a sequential comb1nat1on of the drop
accident preceding the fire accident is not a credible event for this
transportation system. As such, the cask is assumed to remain upright and on
its transport trailer during a11 fire events.

For information, the 10 CFR 71 specified fully engulfing fire duration of
30 minutes is also evaluated for dry transfer. This evaluation, along with
Part B, Section 7.4, shows that the cask retains the MCO during the 30-minute
fire and that a runaway chemical reaction does not occur within the MCO.

8.5.1 Conditions To Be Evaluated
The site specific ambient.temperatures and accident response times are

considered in the thermal evaluations for the accident conditions presented in.
this analysis. The load combinations considered are the same as those
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. considered for normal transfer conditions (see Table B8-7). While ambient

. temperatures ranging from —33’°C'(-27'”F) to 46 ?C-(1155°F)'are considered,
.only. the hot--ambient condition is presented in this analysis. - The results. for

the-cold ambient conditions are encompassed by those for hot ambient .

conditions. This is due to the fact that the shipping process will result in

the same cask temperatures prior to transfer. under all ambient cases and,

. given the short duration of the transfer. process, the difference in cask
temperature prior to the start of the fire event will be small between those
seen for. the hot ambient conditions and those for the cold :ambient:conditions.

As a-result, the peak temperatures and the thermal gradients reached in the

- cask: from the fire will be similar for the two ambient conditions. -

Since the transfer occurs entirely within the Hanford Site and that
advanced notice. is given prior to each shipment, the site accident response
teams are assumed to be abie to reach the site of an accident within
15 minutes after the start of the fire event. Active cooling of the cask
surface is assumed to begin at this time or at the end of the fire event,
whichever is later. Per Edwards (1997), the active cooling consists of
quenching the outer package surfaces using water spray from a fire hose rated
at 125 gal/min. Flow at this maximum flow rate is assumed to occur for a
maximum of 45 minutes. Additional quenching water flow is assumed for an
additional period of up to 100 minutes at a maximum flow rate of 50 gal/min.
A water temperature of 29 °C (85 °F) is assumed for the water quench
operation.

8.5.2 Acceptance Criteria

The app11cab1e acceptance criteria for the accident condltlons are the
same as presented in Section 8.4.2.

8.5.3 Package Conditions and Environment

It is assumed that the package is undamaged and in the vertical )
orientation prior to, during, and after the fire transient. This assumption
is based on the risk assessment that finds a drop and fire accident are
mutually exclusive events (Part B, Section 3.0). The initial temperature
distribution in the package prior to the fire event is taken from the
transient analysis for the end of the shipping windows for wet transfer
between the K Basins and the CVDF (i.e., 24 hours) and for dry transfer
between the CVDF and CSB (i.e., 36 hours) and with the Hanford hot day diurnal
cycle. To simulate the effect of the fire transient event, the package is
exposed to a fully engulfing convective and radiative heat flux based on an
effective ambient air temperature of 802 °C (1475 °F) and with an effective
emissivity of 0.90.

The elevated heat flux is continued for 6 minutes (or alternatively
30 minutes), after which time the boundary conditions are returned to the
initial conditions as determined from the diurnal cycle for ambient air
temperature and solar heat load. In accordance with 10 CFR 71, solar loading
during the fire accident is ignored. Following the end of the fire event, the
thermal transient analysis is continued for a sufficient time to determine the
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“maximum temperatures for all components. Consistent with the requivements of
10 CFR'§71.73(c)(4), the surface absorptivity of-all external surfaces is set.
to 0.8 after the fire event is started.

8.5.4 Thermal Model

The thermal performance of the package is evaluated analytically using
-the same thermal model described in Section 8.4.3. Because the package
remains: upright throughout the event, no drop damage will occur and none is
modeled.. While the transport trailer will provide thermal shielding and
additional thermal mass, the presence of the trailer is conservatively ignored
for this evaluation. The modifications made to the normal transfer conditions
thermal model for fire evaluations consist of increasing the external surface
absorptivity to meet the 10 CFR 71 specified value of 0.8 after initiation of
the fire and the use of forced convection during the fire event to simulate
the convective environment of a pool fire. .

The pressure rise within the MCO during the dry transfer analysis is
computed assuming the CVD drying criteria has been implemented (see
Section 8.4.4.2).

/8.5,5 Thermal Analysis

The evaluation of the thermal performance to demonstrate compliance with
Edwards (1997) and the 10 CFR §71.73 conditions is accomplished using the
analytical model described above. Table B8-12 shows the peak temperatures
seen during the fire transients for dry transfer.. The table includes results
for both the 6-minute and 30-minute fire events. Figures B8-15 through B8-22
show -the temperatures and MCO interior pressure as a function of time for the
two fire durations.

As seen from the table and the figures, the maximum temperature for all
components remain within their respective thermal Timits under the 6-minute
fire event. Although the temperature of the O-ring in the lower seal port
cover reaches its maximum temperature capability of 221 °C (430 °F), all other
components have a thermal margin of at least 45 °C (80 °F).

The thermal 1limits of the 0-rings in the upper and lower seal port covers
and in the main closure 1id are exceeded under the 30-minute fire event. The
Tower seal port cover O-ring is predicted to fail in approximately 7 minutes,
the upper seal port O-ring fails in about 11 minutes, and the main closure 1id
seal fails in about 24 minutes.
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v -Table B8-12.: Multiple Canister Overpack ‘(MCO) :Cask.and ‘MCO
Assembly Maximum Temperatures for Firé Conditions.

Location and condition

Maximum accident temperatures,® °C (°F)

. 6-minute fireb 30-minute fireb
Spent.nuclear fuel, maximum ‘82 (180) 86 (187)
Spent nuclear fuel, average 68 (158) 78 (172>
Rubble basket fuel, maximum 730164 79 (174)
MCO sidewall, average 59 (138) 88 (190)
MCO sidewall, maximum 61 (142) 110 ¢230)
MCO shield plug, averaée 49 (120) 69 (156)
MCO shield plug, seals 51 (123) 75 (167>
Cask sidewall, average 85 (185) 212 (413
Cask sidewall, maximum 227 (440) 486 (907)
Seal port, lid end 177 (351 400 (752)
Seal port, bottom end 221 (430) 478 (892)
Closure lid seals, maximum 109 (228) 296 (565)

NOTES:

aTemperatures shown are the peak temperatures noted during a 40-hour period, which
includes 36 hours for an extended dry transfer time, the fire, and a postfire recovery period
. of approximately 4 hours. Assumes the worst-case MCO fuel loading, a starting temperature for

cask and contents of 15.°C (59 °F).

ater quench begins 15 minutes after start of 6-minute fire to provide allowance for
emergency team response time. Water quench begins 30 minutes after start of 30-minute fire to
provide full 10 CFR 71 heat flux into the cask.

10 CFR 71, 1996, “"Packaging and Transportation of Radioactive Material," Code of
Federal Regulations, as amended.
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Figure B8-15. '6-Minute Fire Transient for Dry Transfer.
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Figure B8-16.~ 6-Minute Fire Transient for Dry Transfer, Seal Temperatures:
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Figure B8-17. Closure Lid Temperature Contours at End of 6-Minute Fire.
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Figure B8-18. Cask Bottom Temperature Contours at End of 6-Minute Fire.
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Figure B8-19." 30-Minite Fire Transient for Dry Transfer.
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" Figure B8-20. 30-Minute Fire Transient for Dry Transfer, Seal Temperatures..
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Figure B8-21. Closure Lid Temperature Contours at End of 30-Minute Fire,
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Figure B8-22. Cask Bottom Temperature Contours at End of 30-Minute Fire.
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The MCO seals remain within their respective 1imits ‘under either fire -
~accident duration. No thermal excursions are seen within the SNF payload for
either. condition analyzed. . The effectiveness.of the.water quench operation is.
~illustrated:by comparing the temperatures in Figure: B8-15 with those in
Figure B8-13 for normal transfer conditions. -The similar levels seen at the
40-hour time point illustrates that the water quench effectively removes the
heat pu]se input to the cask as a result of the 6-minute fire. A similar
comparison between Figures B8-19 and B8-13 shows that the effect of the
30-minute fire is also removed by-the water quench i

As with the normal transfer conditions, additional recoVery time beyond
40 hours can be obtained by circulating cool or chilled water through the MCO
Cask annulus.

- The maximum internal pressures seen for the fire conditions for dry
transfer are shown for both the 6- and 30-minute fire events in Table B8-13.
The maximum pressures are well within the 1034 kPa (150 psig) limit for both
the MCO and the cask.

Table B8-13. Multiple Canister Overpack (MCO) Cask and MCO
Assembly Maximum Pressures for Fire Conditions.

MCO assembly MCO Cask
Fire accident condition®
Temperature, Pressure, Temperature, Pressure,
°C (°F) kPa (psia) °C (°F) kPa (psia)
6-minute fire: hot ambient, diurnat cycleb &7 (117> 170 (24.6) 69 (156) 140 (20.3)
30-minute fire: hot ambient condition? 57 (134) 177 (25.6) 136 (277) 168 (24.3)

NOTES.

2Temperatures and pressures_shown are the maximums seen over the 24- hour period modeled for the
fire conditions. Assumes a 0.56-m” gas space and a payload consisting of one_scrap basket and four
fuel baskets with splwt cladding. Total corrosion surface area is 120,000 cm' Starting temperature
for cask and contents is 15 °C (59 °F) with a 122-kPa (17.7-psia) helitm backfill,

Hot transfer conditions: Hanford diurnal cycle on ambient temperature and solar insolation per
Irwin (1994), with 46 °C (115 °F) max. ambient.

Irw J. J., 1994, Thermal Analysis Methods for Safety Analysis Reports for Packaging,
WHC-SD-TP- RPT 005, Rev. O Westinghouse Hanford Company, Richland, Washington.

The evaluation of the 6-minute fire iransients for wet transfer is
presented in Figures B8-23 and B8-24. The temperatures seen are below those
for dry transfer and the SNF fuel temperatures show no evidence of a
temperature excursion. While the cask/MCO pressure is rising, additional time
js available to start recovery methods or to simply vent the cask to the
atmosphere.
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Figure B8-23. 6-Minute Fire Transient for Wet Transfer.
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_Figire B8-24. 6-Minute Fire Transient for Wet Transfer, Seal Temperatures.
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8.6 BEYOND-SHIPPING-WINDOW CONDITIONS

This section presents the thermal analysis of the MCO Cask and MCO. .
assembly for. operations outside the nominal shipping-window conditions assumed -
for Sections 8.4 and 8.5. Included are the recovery-actions proposed.when
off-normal events occur to extend the transfer time between the K Basins and
the CVDF or between the CVDF and the CSB as well as the.thermal performance
. associated with those recovery actions. The site-specific ambient -

temperatures and worst-case load combination considered are the same as for
normal transfer conditions (see Table B8-7). BS

As discussed in Sections 8.4.4.1 and 8.4.4.2, transfer times in excess of
..-30. hours for wet transfer or 48 hours. for dry transfer could result in thermal
excursions within the fuel payload and/or excessive pressures due to the '
increase in chemical reaction rate with increasing temperature. .While these

time periods are sufficiently longer than the expected shipping time of '

8 hours for wet transfer and 14 hours for dry transfer to allow for mechanical
breakdown, etc., not all off-normal events may be corrected within this time
frame. For shipping times that extend beyond the nominal shipping window, it
will be necessary to employ recovery equipment and procedures to ensure that
the cask, the MCO, and the payload remain within their respective operational
limits until the off-normal event can be corrected and the transport of the
cask and MCO is completed.

For wet transport, the principal recovery mode will consist of venting
the cask to prevent a buildup of excessive pressure. The flooded condition of
the MCO and cask during this transfer phase provides sufficient thermal
conductance between the fuel and the ambient environment that thermal
excursions will not occur for time periods in excess of five days under the
worst conditions. Therefore, if the wet transfer time exceeds 24 hours (i.e.,
three times the normally expected time period), the response will be to have a
safety team remove one of the port covers in the cask 1id; attach a filtered,
pressure relief fitting, which will allow the hydrogen gas to escape, but
prevent the ingress of oxygen into cask/MCO; and commence venting of the cask
to the atmosphere. Alternately, the excessive pressure within the cask/MCO
may be relieved by connecting the cask port to an external tank that provides
additional expansion volume.

Figure B8-25 shows the thermal performance of the cask and MCO under the
described scenario for a transfer period lasting 108 hours or 4-1/2 days. As
seen from thé figure, neither the temperatures nor the internal pressure
exceeds its respective Timits. The pressure rise after the 24-hour time point
is computed based on a 946-L (250-gal) expansion tank being connected. The
assumption of a smaller or larger tank would have yielded similar temperature
results and proportional pressure results. Release of the internal pressure
to the atmosphere would have yielded pressures just slightly above atmosphere.
In either case, sufficient time will be available to accomplish a safe
recovery from all foreseen off-normal events.

Under dry transport, .the MCO and cask are sealed. Furthermore, venting
of the MCO would require field disassembly of the cask, with its associated
worker dose exposure and the potential for ingress of moist air into a
nominally dry MCO. As such, the recommended recovery mode will be to provide
active cooling to the MCO sidewall by circulating water in the cask-to-MCO
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Figure B8-25. . Beyond-ShippinngindowHConditions for.Wet Transfer.
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~.annulus. - This. can easily be accomplished. by removing.- the. port covers. over the

- -upper and’ Tower quick-disconnect fittings in the cask sidewall and 1id.

= Connection toia water -source and pump setup would-achieve a thermal boundary
condition -at the MCO sidewall similar to-that..in-the CVDF.. However, to avoid
the complications of a chiller setup and a recirculating water system, ‘this
ana]ys1s assumes. that water from a fire truck or other such tanker:is pumped
in a single pass mode through the annulus and then wasted. The water
temperature is.assumed to be 29 °C (85 °F), and the water flow rate is

76 L/min (20 gpm).

" Figure B8-26 shows the thermal performance of the cask and MCO under the
described. scenario for a transfer period lasting 108 hours or 4-1/2 days. As
seen from the figure, once the cooling water is.connected to the package at
approximate]yv36 hours, the component.temperatures are reduced, and the.rate
of increase in MCO pressure is greatly reduced. After operation for 72 hours
(i.e., 108 hours minus 36-hour start time), the MCO pressure is Jjust slightly -
over 275 kPa (40 psia), and the peak fuel temperature is below 65 °C (150 °F).
Assuming a constant flow of cooling water and extrapolating the results of
this analysis, the cask and MCO could be safely maintained for up to 10 days
in this condition, providing sufficient time to accomp11sh a safe recovery
from all foreseen off-normal events.

8.7 THERMAL EVALUATION AND CONCLUSIONS

An analytical evaluation was made of the MCO Cask in.accordance with the
requirements of Edwards (1997). The following are the significant conclusions
derived from the thermal evaluation results.

e The demonstration of safety of the MCO cask for the transfer of the
MCOs and their payload between the K Basins and the CSB is based on
the transfer being accomplished within the time limits established
herein and for the moisture removal in the CVD process to be
sufficient to Timit the pressure rise within the MCO to an
acceptable level. Administrative rules governing both these aspects
are assumed to be part of the certificate of compliance. :

e« A minimum transfer window of 30 hours is predicted to be available
for all load combinations and for wet and dry transfer without
performance of any confirmatory measurements in the CVDF. This time
frame is measured from the time the MCO/cask is sealed at the
shipping station to the time it is vented at the receiving station.
Given the exponential relationship between heat and gas generation
with temperature, if no gas generation measurements occur in the
CVDF, recovery methods need to be applied prior to the transfer
times reaching the end of the 30-hour window.

e« Extension of the dry transfer time beyond the 30-hour point without
applying artificial cooling will require that the chemical reaction
rate within the MCO be limited. Since direct measurement of either
the amount of corroding fuel or the amount of moisture remaining
within the MCO is not practical, the recommended approach is to
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~continue the CVD process until the pressure rise noted within the o
:"MCOzis: 1.4 kPa (0.2 psi) or less per hour while the cask and MCO are.- -
held at the 75 °C temperature point in the process.

AT components of the MCO transportation cask closure system -

- (containment seal, vent and drain port seals) remain within their -

- allowable temperature ranges under normal transfer conditions, and
within their allowable transient temperature ranges under accident-

conditions for the 6-minute fire event. :

The Butyl rubber O-ring used for the cask 1id closure seal-and ‘the
upper and lower seal port covers reach a maximum temperature of
- 47 °C (117 °F) under normal transfer conditions. This is well .
within the demonstrated working temperature range of 191 °C (375 °F)
for Butyl rubber to be used for time periods of 168 hours or less.
- The Butyl rubber O-rings are predicted to remain intact under the
6-minute fire accident and, thus, provide containment for the MCO
and its contents. For fire durations in excess of 7 to 1l minutes,
the O-rings on the lower and upper seal ports, respectively, are
predicted to exceed their maximum temperature limit of 221 °C
(430 °F). The main closure seal is predicted to remain intact for
24 minutes during the 30-minute fire. As such, the cask containment
will be lost under the 10 CFR 71-defined fire accident condition.
However, no runaway chemical reaction will occur within the MCO
during that fire, and the MCO will still retain the MCO contents.

The seal material used on the MCO shield plug reaches a maximum
temperature of 46 °C (114 °F) under normal transfer conditions and
75 °C (167 °F) under fire conditions. This is well within the
minimum working range of 40 °C (-40 °F) to 370 °C (800 °F) for the
various gasket material used on the shield plug. As such, the MCO
seal integrity will be maintained under both normal and accident
transfer conditions.

The maximum predicted volumetric average gas temperature within the
MCO cavity under wet transfer is 44 °C (111 °F), with a
corresponding maximum pressure of 745 kPa absolute (108 psia). The
maximum predicted volumetric average gas temperature within the MCO
cavity under dry transfer.conditions is 68 °C (154 °F), with a
corresponding maximum pressure of 186 kPa absolute (27 psia).
Corresponding conditions in the cavity between the MCO and the inner
wall of the MCO Cask during dry transfer are 42 °C (108 °F) and

129 kPa absolute (18.7 psia). The 6-minute fire causes increases in
the gas temperature and pressure within the MCO by no more than 5 °C
(9 °F) and 2 kPa (0.3 psi). These pressures include the
contribution of gas generation from the fuel assemblies and
corrosion products.
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o The maximum temperature predicted for the SNF assemblies during
normal transfer conditions is 36 °C (97 °F) and 64 °C (148 °F) for
wet and dry transfer, respectively. The maximum fuel assembly
temperature for the accident conditions is 82 °C (180 °F).

e The maximum temperature of any accessible surface of the package
does not exceed 85 °C (185 °F) as required by 10 CFR 71.43.

Based on these conclusions, the MCO Cask is shown to comply with the
thermal acceptance criteria for the transfer of the K Basin irradiated nuclear
fuel from the K Basins to the CVDF and from the CVDF to the CSB.
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8.9 APPENDICES

8.9.1 Thermal Data and Mode11ng Approach

The fo]1ow1ng sect1ons present deta11s of the therma1 data and mode11ng ‘
approach used in the various analyses presented in this report.

8.9.1.1 Normal Transfer Conditions. 10 CFR 71 and WHC-SD-TP-RPT-005

(Irwin 1994) are the basis for the environmental conditions in evaluating the
cask performance under normal and accident transfer conditions. Table B8.9-1
shows the 10 CFR 71.71 conditions for insolation. However, this data is not
specific to the Hanford Site. Therefore, the insolation data for latitude
46°N (i.e., the Hanford Site) contained in Irwin (1994) is used to evaluate
the maximum temperatures in the cask and MCO during the wet and dry transfer
phases between the K Basins and the CSB. This data is presented in

Table B8.9-2. The difference between the insolation data from these sources
is that the 10 CFR 71 data yields a total daily insolation on a horizontal
surface of 2,950 Btu/h- ft?, while the site sgec1f1c value from Irwin (1994)
yields a tota1 daily value of 2,516 Btu/h-ft°.

Table B8.9-1. Insolation Data per 10 CFR 71.

: Total insolation
Form and location of surface for a 12-hour
mer(gcﬂ/mﬁ

Fiat surfaces transported horizontally

Base None
Other surfaces 800
Flat surfaces not transported horizontally ' 200
Curved surfaces 400

10 CFR 71, 1996 YPackaging and Transportation of Radioactive Materiat,™ Code of
Federal Regulations, as amended.

The actual amount of solar energy absorbed by the package is calculated
as the product of the hourly insolation value times the solar absorption-
factor for the cask surface in question. A solar absorption factor of 0.52 is
assumed for the 304 stainless steel cask surface per Irwin (1994), Table A-51.
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Table B8.9-2. Insolation Data for Latitude 46°N (Btu/h-ft?)..

s . . R Ver;tical surface f-acing - Horizontal
“Time: . T T - T _surfaceé facing [
R NE . 3 - sE fes SW- WooboN up ¢
4 a.m. 0 0 0 0 0 0 0 0 0
6 a.m. 57 192 211 1105 17 17 17 17 64
gam | 35 | 173 268 208 42 32 32 32 . 127 .
P10 am. 1] 42 56 | 177 213 |- 126 45° |- 42 42 | 281
12 noon |- 45 45 |49 120 167 120 498 45 i
2 p.m. 42 42 42 45 | 126 213 177 56 281
4 p.m. 35 32 32 .32 . 42| . 208 268 173 127
6 p.m, 57 17 17 17 17 105 21 192 64
8 p.m. 0 0 0 0 0 0 0 0 0

Table B8.9-3. Maximum Diurnal
Ambient Temperature, July
Day at Hanford Site.

Time - Temperature (°F)
12 a.m. 82
2 a.m. 78
4 a.m. 75
6 a.m, 74
8 a.m. 85
10 a.m. 97 .
12 p.m. 103
2 p.m. 111 -
4 p.m. 115
6 p.m. 113
8 p.m. 100
10 p.m. 89
Daily average 93.5

The Site-specific ambient temperature used for hot day conditions is
based on a diurnal temperature curve for the peak summer day at Hanford. The
diurnal temperature cycle, taken from Irwin (1994), is shown in Table B8.9-3.
As seen, the cycle has a peak temperature of 46 °C (115 °F), a minimum of
23.3 °C (74 °F), and a daily average temperature of 34.2 °C (93.5 °F). In
comparison, 10 CFR 71 specifies a maximum, steady-state ambient air
temperature value of 38 °C (100 °F).

8.9.1.2 Accident Conditions of Transfer. The fire accident transient used in
. this analysis is based on 10 CFR 71 and on a risk assessment of the transfer
routes, timing, etc., to be used for the wet and dry transfers of the K Basin
SNF (see Part B, Section 3.0). The strength of the external heat flux source
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~for the fire is based qn'the 10 CFR 7i4spec1fied average flame temperature of
::802:°C (1475-°F), with an average emissivity coefficient 0f 0.9. The length
~of:the fire is assumed to be 6 minutes, based on the risk.-assessment-of the-

-+ sitesconditions. - An alternative-accident condition fire-lasting 30 minutes 155 S

also ana]yzed. Per 10 CFR 71, the absorptivity of the external cask surfaces
are conservatively assumed to be 0.80 during and after the fire.

In-contrast to the requirements of 10 CFR 71, it is assumed that water

~quuench1ng is. available to.control -temperature excursions in the cask following =

.the fire event. The water used for this-operation:is centained in fire ;
- department trucks and tankers with storage capacities of 1,500 to 4,500 gal
each. Because. these vehicles can be exposed to the ambient air, and possibly

: solar insolation, for an-extended period of time,-it is conservatively assumed -+

that the water available from this source wiil be 29 °C (85 °F). The water
flow rate from the hoses contained on the fire department trucks is between -
125 to 500 ga1/m1n per nozzle. For conservatism, a maximum water flow rate of
125 gal/min is assumed during the quenching operation.

Following the first few seconds of quenching, the quenching operation is
assumed to keep the cask surface wetted, and the convective heat transfer is
assumed to be via nucleate boiling. Figure 10-1 of Kreith (1973) is used to
estimate the convective coefficient under nucleate boiling as function of the
temperature difference between the cask surface and the saturation of water at
atmospheric pressure; i.e., 100 °C (212 °F). Once the outer cask wall
temperature faills below 135 °C (275 °F), the convective heat transfer is
assumed to revert to single-phase, forced convection with 29 °C (85 °F) water
as the medium. An effectiveness factor of 33% is used to account for the fact
that water spray impinging on any section of the surface may be intermittent
as the hose spray is cycled from one end of the cask to the other.

8.9.1.3 Natural Convection Correlations. The heat transfer from cylindrical
and plate surfaces under natural or "free" convection heat transfer is
calculated as a function of Rayleigh number using geometry-dependent
correlations.

8.9.1.3.1 Vertical Surfaces. Natural convection from vertical surfaces
was computed from equations 6-39 to 6-42 of Rohsenow et al. (1985). The
characteristic- length is the height of the surface. These equations are
applicable over the range 1 < Ra < 10% and are as follows:

NuT = € -Ra>% .

Nu, = 2! 8/0Ingl + 2.8/Nu"]

Nu, = C, V.Ra®

Nu = h-d/k = [(Nu)® (Nu)®1¥% 1 < Ra < 10"

8.9.1.3.2 Horizontal Surfaces Facing Upward. Natural convection from
horizontal surfaces facing upward was computed from equations 7-21 to 7-22 of
Kreith (1973). The characteristic length 1s the length of the surface. These
equations are applicable over the range 10% < Ra < 3x10™ and are as follows:

h.+d/k = 0.54- Ra° -3, 10% < Ra < 2x107

Nu =
ho-d/k = 0.14-Ra® S 2x107 < Ra < 3x10'°

Nu
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8.9.1.3.3 Horizontal Surfaces Facing Downward. Natural convection from .
“horizontal surfaces facing downward was: computed from.equation:7-23a of

Kreith. (1973). . The characteristic length.is the length of the..surface. This.,:'”

_equation s app11cab1e over the range 3x10% < Ra-<:3x10" and is as- fo]]ows:.b
= hed/k = 0.27-Ra%%; 3x10% < Ra < 3x10"

8.9.1.3.4 Cylindrical Surfaces. Natural convection from cylindrical

- surfaces. was ‘computed from equation 3-43:0f Chapter 1.from Guyer (198%). - The

.. characteristic length is the diameter of.the: cy]1nder This equation is .
-applicable over the range 10 % < 'Ra < 10" and is as follows:

Nu = hg+d/k = {0.60 + (o 387 Ra® 16667y /11 4 (o 559/Pr)®/1618/27y2,
100% < Ra <

8. 9 1.3.5 External Surfaces With Forced Convection. Forced convection
from the exterior of flat surfaces was computed from the equations in o
Table 6-5 of Kreith (1973). The characteristic length is the length of the
surface in the direction of the flow. These equations are as follows:

Nu
Nu

0.664- (Re2:50.pr0- 333) Re < 5x10° & Pr > 0.1
0.036-pr°-33 [Re° -80 2723,200]; Re > 5x10° & Pr > 0.5

"8.9.1.4 Radiation Heat Transfer. Radiation heat transfer was calculated
assuming standard grey-body equations. The shape factors between the fuel
assemblies, the MCO, and the cask were computed using either predefined
relationships or the string method for standard geometric configurations. For
complex, nonstandard shapes, the VIEW program (Emery 1991) was used to
calculate the radiation view factors. Once the view factor F,., was obtained
by either method, it was used to compute the Hottel script £ comb]ned
geometric shape and emissivity factor via the equation:

2= 11/ - 1) + 1/F, + AfA[(1/8, - 1)]
The heat transferred via radiation interchange is then computed from:
q =0 A Frs -(Tﬁ - T;); where ¢ = Stefan-Boltzmann constant

8.9.1.5 Modeling of Damaged Fuel. The damaged fuel assemblies are equally
divided over four intact fuel baskets, with the split cladding Timited to the
upper 7.62 cm (3 in.) of each fuel assembly. For the Mark IV fuel assembly,
the specified area is equivalent to split cladding on inner and outer elements
of.34 of the 54 fuel assemblies in each fuel basket, split cladding on the
outer element only of another 10 fuel assemblies, and 6 undamaged fuel
assemblies. For conservatism, the undamaged fuel assemblies are assumed to be
lTocated on the exterior portion of the fuel baskets.

The geometry of the SNF assemblies within the scrap basket is an unknown.
While the exact operat1ona1 procedures have not been established, the general °
intent is to place in the intact fuel basket those portions of a combined fuel
assembly (i.e., an outer and an inner element) that will fit in the basket’s
base plate socket Solo outer or inner elements will either be combined to
make up a fuel assembly prior to be1ng placed in the intact fuel basket (for
criticality reasons) or be placed in the scrap basket. Those portions of the
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fuel assemblies that are greater than 0.6 cm (0.25 in.) in size, but are less
. than approximately 20 ¢m (8 in.) in Tength, or are too broken up to stand

~upright. in the intact fuel basket, .or will.not fit.in the base plate socket
will also be placed.in the scrap basket

As such, the geometry of any scrap basket will vary from MCO to MCO. " For
the purposes-of this analysis, the.scrap basket is treated as a heterogenous,
porous media. The effective thermal conductivity within the scrap baskets is
computed as”a function of the porosity of the scrap basket, the thermal
conductivity of the scrap, and the thermal conductivity of the fluid that .
fills the' void fraction. Per Table 3.2 of Kaviany (1995), the porosity of a
porous media comprised of particles with a uniform size will range from 0.26

.10 0.476. As an alternative calculation, the porosity .of the Mark IV scrap
basket is computed based on the basket containing the equivalent of 54 intact
fuel assemblies evenly packed over the volume of the basket. G1ven that the
total volume of a Mark IV fuel assemb]y is approximately 1,470 cm and that
.the total volume in the scrap basket is approximately 165, 600 em’, the . -
porosity (P) of the scrap basket is computed as:

P = (basket void volume) + (total volume of the basket)
(165,600 cm® - 54 assemblies - 1,470 cm ) (165,600 cm}

0.52

wonon

Since the effective thermal conductivity within the corrosion product
basket decreases with increasing porosity, thé use of the 0.52 value is
conservative in relation to the values from Kaviany. Based on this porosity
and the dens1ty of uranium, the mean dens1ty of the scr ap basket with helium
gas backfill is approximately 9.043 ka/cm® (0.326 Tbm/in®). A water-filled
scrap basket has a mean density approximately 6% higher.

The effective thermal conductivity of the scrap basket is computed using
the Hadley relationship from Table 3.1 of Kaviany (1995). This relationship
provides the ratio between the effective conductivity (ke) and the
conduct1V1ty of the fluid (k;) filling the void volume within the scrap. It
is defined as:

k, _ It P +(k/k)(L-PL, . 21 - P)(ko/k)* +(1 +2 P)(ky/ kg
&, =%\ -PL- o)+ (k,/ k) P(L _"fo) ° (2 +P)(k,/k)+1-P
where '
£,=0.8+(0.1)P ,
and

logoa,=-1.084-6.778(P-0.298) , 0.298<P<0.580
" loga,=0.405-3.154(P-0.0827) , 0.0827 < P=<0.298

loga,=-4.898P, 0<P<0.0827 .
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8.9.2 Checklist for Independent Technical Review

CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW

DOCUMENT REVIEWED_ _MCO THERMAL ANALYSIS -

AUTHOR(s)

Gregory J. Banken P.E. of Q-Metrics, Inc.'

1. Method(s) of Review

(XX)
()

()
()

Input data checked for accuracy
Independent calculation performed
( ) Hand calculation

( ) Alternate computer code: . :
Comparison to experiment or previous resuits
Alternate method (define)

II. Checklist (either check or enter NA if not applied)

Task completely defined

Activity consistent with task specification .

Necessary assumptions explicitly stated and supported

Resources properly identified and referenced

Resource documentation appropriate for this application

Input data explicitly stated

Input data verified to be consistent with original source
Geometric model adequate representation of actual geometry

Material properties appropriate and reasonable

Mathematical derivations checked including dimensional consistency
Hand calculations checked for errors

Assumptions explicitly stated and justified

Computer software appropriate for task and used within range of
validity : : .

Use of resource outside range of established validity is justified

Software runstreams correct and consistent with results

Software output consistent with input

Results consistent with applicable previous experimental or
analytical findings

Results and conclusions address all points and are consistent with
task requirements and/or established 1imits-or criteria
Conclusions consistent with analytical results and established
limits

Uncertainty assessment appropriate and reasonable

Other (define)

ITI. Comments:

Presented below is a 1ist of my findings concerning the MCO thermal
analysis review. I believe the presence of these items presents
solutions which may have a possibility of lacking the degree of
conservatism intended.

Page 1
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#v:.(1) A portion. of the radfation conductors: representing radiation=

< shell (at each canister subsection) are missing. 'Also; .over: .

»sprediction exists for the lower portion (node‘70) of each-canister :.::
shell subsection. This is due to mis-numbering- w1th1n
“CASK.HE-TC".

2y

~—

The capability of forced convect1on cooling (via water quench1ng)
is taken into .account for the bottom face of the cask.

3

~

100% -of forced convection capability appears.to be displayed for
the trunnions versus 33% to account for cycllng (refer to
"LID-FORCED.VAR" & "LID-BOIL.VAR").

(4y I believe the approach used for calculating forced convection
capability (pertains to the 2nd stage of recovery mode) to be a
sound one. However, I believe the velocity used to calculate the
convection heat transfer conductance is at least an order of
magnitude higher than possible given the representation of the
configuration. Such velocities provide a cross-sectional flow area
(film thickness by characteristic flow width) of 2 sq.in. On the
other hand, I would expect the characteristic length to be slightly
Targer.

(5) Sludge reaction heat production (although relatively minor) is

incorrect due to call array.increment being mismatched. I was not

able to determine whether this provided a liberal or conservative
contribution.

Ly

A finding which provides a degree of conservatism is that the forced
convection attributed to the 2nd stage recovery mode and concerning
the third and forth 1id sections is low. This is due to mis-numbering
within "LID-FORCED.VAR"

V.  REVIEWER: %,/é//%%m: {/ZZ/77

V. Response To Review Comments:

—

Presented below are the author’s responses to the comments raised in
the MCO thermal analysis review.

(1) Agree with the comment. File 'CASK.HE-TC' contained mis-Tabeled
conductors. Although the total magnitude of the radiation conductors
is correct, the error in the file resulted in all the radiation links
between the MCO wall and the inner cask wall being attached to MCO
Nodes 70, 72, and 74, while Nodes 170, 172, 174, 270, 272, and 274
had no radiation 1ink with the inner cask wall.

Page 2
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i+ The effect of.this. error was: evaluated by correcting include file

'CASK.HE-TC' and re-running the worst case dry transfer analysis.

- Attachment #1:1ists the changes:.made to the file: This transient was

sélected since. it provides-an:extended time frame over which to
evaluate the cumulative effect on the computed temperatures- for the
MCO side wall and the SNF payload (Note: all results presented in the
SAR are based on transient analyses, not steady-state).

The revised analysis indicates that the changes raised the peak SNF
temperature by 0.4 °C after approx. 35 hours. The average SNF
temperature increased by 0.1 °C, while the average MCO wall
temperature remained about the same. The greatest change in the

" Yocal MCO wall temperature occured at Node 70 for the BSKT4 submodel

(2

~—

(3)

where the temgerature increased by about 2 °C, while Node 270 dropped
by about 0.3 °C. As a resulf, no significant effect is seen for the
data and conclusions presented in the SAR.

Agree with the comment. The thermal model was originally set up to
model the cask on its side for the fire accident. The logic
implemented to simulate this assumption was not fully adjusted for
the revised assumption that the cask will remain upright during the
fire accident. To assess the impact of forced versus natural
convection from the bottom of the cask during the post-fire time
period, the thermal model was adjusted to use only natural convection
for the bottom of the cask. Attachment #2 1ists the changes
implemented in files 'DRY-F3.INP' and 'DRY-F4.INP' to assess the
sensitivity to these changes. These files, which simulate the post
-fire transient for dry transport following a 30 minute fire, were
selected because the higher cask temperatures achieved during a 30
minute HAC event provide the largest potential sensitivity to the.
switch in convection modes. The results for this case will encompass
those for the 6 minute HAC.

Attachment #3 illustrates the differences in the post-fire transient
temperatures between the original thermal model used for the SAR and
the revised model. The figure shows the expected result of a slower
cool down for the lower end of the cask. These difference in the
transient temperatures are not considered significant for the
purposes of the SAR. This is especially true given that the run-off
of quench water will tend to pond in the socket of the trailer,
wetting the bottom of the cask, and result in better heat transfer
than that assumed for the purposes of this sensitivity study.

The results for the 6 minute HAC event will be affected to an even
Tessor degree.

The 'LID-BOIL.VAR' file simulates only natural convection from the
trunnions during the initial water quench mode (as opposed to the

film boiling convection for the body of the cask). As such, the 33%
factor for cycling of the fire hose is not applicable.
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the bulk of the water quench flow would be directed at the
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:« The "*LID-FORCED.VAR" file used for the SAR:anmalysis does assume 100%: <

of forced convectjon capability for the trunnions versus the 33%
cycling factor.used for the main body of the cask. This was

trunnion/1id area of the cask to maximize the cool down. However,
since this logic is not consistent with that used.elsewhere, a.
sensitivity run was conducted wherein a 33% factor was. app]]ed to the
trunnions as well.

Attachment #4 presents the changes made to the file 'LID-FORCED.VAR®
to incorporate the 33% cycling factor into the forced convection -
portion of the water quench. While making these changes, it was

noted that this file contained a conservative error, that being that

some of the convection conductors for the trunnion were left at
values appropriate for natural convection. The convection values
were handled correctly for the fire portion of the HAC and the
natural convection modes outside of the water quench mode.

Attachment #5 presents the combined results for comments 2 and 3. As
seen, implementation of the 33% cycling factor, plus the inclusion of
the missing forced convection conductors, shows that the analysis as
presented in the SAR is conservative in terms of the trunnion
temperature. Therefore, the conclusions presented in the SAR are
still appropriate.

Agreed. The approach used was intended to be a compromise between
the impingement cooling that would be experienced by the area that is
directly impacted by the hose flow, and the lower forced convection
values experience by areas covered by splash/run-off water. Also,

it is assumed that a fire response crew will rapidly "sweep' the hose

flow up and down on the cask. Upon further evaluation, it is agreed

that the flow velocities used are too high to Jjustify over wide areas
on the cask (even with the 33% cycling factor). Therefore, a
comparative analysis was made assuming the water flow is spread
evenly around the circumference of the cask. This lowered the flow
speeds by a factor of 10. The 33% cycling factor was retained.

Attachment #6 presents the changes made to the input deck to
implement this change. Attachment #7 illustrates the difference
between the original transient following a 30 minute HAC event and
that predicted with the changes implemented for comments #2, 3, and

As seen, although the cool down rate is lower, the component
temperatures reach nearly the same levels within two hours after the
start of the fire. The results for the 6 minute HAC event will be
impacted even less. As such, no change in the conclusions presented
in the SAR will occur as a result of implementing this change.

The sludge reaction heat production was correctly computed. The call
array increment mismatch affected only the calculation of the amount
of hydrogen gas generation attributed to the sludge. The effect of
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this coding error was assessed by correcting the call array. (by
eliminating the variable 'TSTART') and re-evaluating the extended dry
transfer transient. As explained in the response to comment #1, this

transient was selected since it provides an extended time frame over S

which to evaluate the cumulative effect on the computed amount of
hydrogen gas.

Attachment #8-presents a listing of the key performance values after
a time period of approximately 35 hours. A comparison of the data
values shows that the predicted temperatures (i.e. TFMAX, TFAVE,
TCASK, TMCO, etc.) zre nearly the same between the two runs. The
, slight temperature differences seen are primarily attributed to the
-difference in MCO gas pressures since the convective heat transfer in
the MCO is computed as a function of the MCO pressure.

As expected, the main effect of the comment 5 changes is on the
calculation of the hydrogen gas generation from the sludge, with the
revised calculation predicting about 5.5 psi higher pressure in the
MCO after 35 hours, The variable PMCO represents the total pressure
within the MCO, while PP-H represents the partial pressure of the
hydrogen gas. While this is a 9.5% increase in pressure over the
results presented in the SAR, the margin of safety is sti1l large.
Further, the effect of the comment 5 changes were evaluated for the
unlimited water assumption. The pressure increase under the CVD
drying criteria assumption is expected to be about 3 psi,

Attachment #9 presents a graphical depiction of the differences in
MCO pressure between the original and the comment 5 models.

- Response To General Comment: The conductor numbering within the file
“LID-FORCED.VAR" was mis-numbered. The effective-result is that the forced
convection conductors for 1/3 of the 1id are reduced to 1/2 of their correct
value, while the convection conductors for 1/6 of the 1id are left at the
values they were set for during the lst stage of the recovery mode. The
combined effect was assessed by correcting the "LID-FORCED.VAR" file and re-
running the 30 minute HAC transient. By comparing the transient temperatures
in attachment #10 with those presented in attachment #7, it is seen that this
change results in essentially the same transient tempevature levels with the
exception of a slightly longer cool-down period for the 1id end port cover.
Overall, the change is seen as having no effect on the basic data and
conclusions presented in the SAR.

Vi, AUTHOR: &% M DATE: /23 /97

gatiy |
7=
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" -ATTACHMENT #1: -Changes To Include File *CASK.HE—TC; For Review Comment: #1

10,11¢10,11 . -

. original Files ¢ GEN -973, 3,0, 70,2, 80,0, 0.1111* 0.48 ° $ 1/4 CONDUCTOR;. E= 0.2°°

_original File: ¢ GEN -976, 3.0, 70,2, 80,0, 0.1111¢ 0.56069 $ 1/4 CONDUCTOR; E= 0.2
Replaced With:  C ' GEN -973, 3,0, 170,2, 80,0,  0.1111* 0.48 % 1/4 CONDUCTOR; E= 0.2
Replaced With:  C GEN -976, 3,0, 270,2, 80,0,  0.1111* 0.56069 $ 1/4 CONDUCTOR; E= 0.2
13, 14¢13, 14
original File: GEN -973, 3,0, 70,2, 80,0,  0.1765% 0.48  § 1/4 CONDUCTOR; E= 0.3
original File: GEN -976, 3,0, 70,2, 80,0,  0.1765% 0.56069 $ 1/4 CONDUCTOR; E= 0.3
Replaced With: GEM -973, 3,0, 170,2, 80,0,  0.1765% 0.48 S 1/4 CONDUCTOR; E= 0.3
Replaced With: GEN -976, 3,0, 270,2, 80,0,  0.1765% 0.56069 $ 1/4 CONDUCTOR; E= 0.3
16,17¢16,17
original File: ¢ GEN -973, 3,0, 70,2, 80,0, 0.3333* 0.48  $ 1/4 CONDUCTOR; E= 0.5
original Filer ¢ GEN -976, 3,0, 70,2, 80,0,  0.3333* 0.56069 S 174 CONDUCTOR; E= 0.5
Replaced With:  © GEN -973, 3,0, 170,2, 80,0,  0.3333%* 0.48  $ 1/4 CONDUCTOR; E= 0.5
Replaced With:  C GEN -976, 3,0, 270,2, 80,0, - 0.3333* 0.56069 $ 1/4 CONDUCTOR; E= 0.5
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- ATTACHMENT #2: Changes Made To Input File 'dry-f3.inp' For Reviéw Comment #2

2c2 . . B
Original File: TITLE TN CASK, MARK IV SNF: BAC Dry Transfer, Max. Probable MCO

Replaced With: TITLE MARK 1V: 30 Min. HAC.Ory Transfer, Max. Probable MCO, Review Comment 2

5¢5

Original File: OUTPUT= dry-f3.out

Replaced With: OUTPUT= dry-f3-c2,0ut

7,8c7,8 |

originat File: USER1= dry-{3.dat

Original File: USER2= dentrf3.dat

Replaced Withs USER1= dry-f3-c2.dat

Replaced With: USER2= dentrf3-c2.dat

1010

original File: RSO = dry-f3.rsi

Reptaced With: RSO = dry-f3-c2.rsi

1721,1723d1720 .
Original Files CALL DIDIWM( XK3, A89, 0.349, END.G99 )
Original File: CALL DIDTWM( XK3, A89, 1.047, END.G199 )
Original File: CALL DID1WM( XK3, A89, 2.065, END.G299 )
Original File: CALL DIDIWM( XK3, A89, 0.815, END.G399 )
Original File: CALL DIDIWM( XK3, A89, 0.965, END.G499 )
original File: CALL DIDIWM( XK3, A89, 1.064, END.G599 )
originat File: CALL DIDIWMC XK3, A89, 1.162, END.GE99 )
Ooriginat File: CALL DIDIWM( XK3, A89, 1.177, END.G799 )

original File: € ignore seal port forced cooling due to its relative small size

Replaced With: C COKRVECTION CONDUCTORS W/ AMBIENT AIR FOR OUTER SURFACES

Replaced With: CALL FRCVHD ( END,G99, END.T99, END.T1, 0.349, 4.0,
Reptaced With: + GCONST, 0., A5, Al4, A16, 0., 14.7, 53.35)
Replaced With: CALL FRCVHD ¢ END.GI99, END.T199, END.T1, 1.047, 4.0,
Replaced With: +  GCONST, 0., A15, Al4, A16, 0., 14.7, 53.35)
Replaced With: CALL FRCVED ( END.G299, END.T299, END.TY, 2.065, 4.0,
Replaced With: P+ GCONST, 0., A1S, A4, A6, 0., 14.7, 53.35)
Replaced With: CALL FRCVHD ( END.G399, END.T399, END.T1, 0.815, 4.0,
Replaced Withs . +  GCONST, 0., A15, Al4, A16, 0., 14.7, 53.35)
Replaced With: CALL FRCVHD ( END.G499, END.T499, END.T1, 0.965, 4.0,
Replaced With: + GCONST, 0., A15, Al4, A16, 0., 14.7, 53.35)
Replaced With: CALL FRCVHD ( END.GS99, END.T599, END.TY, 1.064, 4.0,
Replaced With: -+ GCONST, 0., A15, Al4, A16; 0., 14.7, 53.35)
Replaced With: CALL FRCVHD ( END.G699, END.T699, END.T1, 1.162, 4.0,
Replaced With: + GCONST, 0., A15, A4, A16, 0., 14.7, 53.35)
Replaced With: CALL FRCVHD ( END.G799, END.T799, END.T1, 1.177, 4.0,
Replaced With: +  GCONST, 0., A15, Al4, A16, 0., 14.7, 53.35)
Replaced With:

Replaced With: CALL FRCVV ( END,G1100, END.T1100, END.T1, 0.053, 0.5,
Replaced With: + GCONSY, 0., A15, At4, A6, 0., 14.7, 53.35)
Replaced With: CALL FRCVW ( END.G1102, END.T1101, END.T1, 0.036, 0.5,
Replaced With: +  GCONST, 0., A15, A4, A16, 0., 14.7, 53.35)
Replaced With: CALL FRCWY ( END.G1104, END.T1111, END.T1, 0.072, 0.5,
Replaced With: +  GCONST, 0., A15, Al4, Al6, 0., 14.7, 53.35)
1769,1774d1785

Original File: CALL FOREXCY ( END.G99, END.T99, END.T1, 0.349, 1.0,
Original File: + GCONST, FLOW, AS3, A79, AS2, A50, 0., 0.)

Original File: CALL FOREXCY ( END.G199, END.T199, END.T1, 1.047, 1.0,
Original File: + GCONST, FLOW, AS3, A79, A52, A50, 0., O.

original File: | CALL FOREXCV ( END.G299, EWD.T299, END.T1, 2.065, 1.0,
original File: + GCONST, FLOW, AS3, A79, AS2, AS0, 0., 0.)

Original File: END.GP9 = XK3* END.GS9

original File: END.G199 = XK3* END.G199

Original File: END.G299 = XK3* END.G299

original File: CALL FOREXCV ( END.G399, END.T399, "END.T1, 0.815, 1.0,
original File: + GCONST, FLOW, AS3, A79, A52, A50, 0., 0.)

original File: CALL FOREXCV ( END.G499, END.T499, END.TY, 0.965, 1.0,
original File: + GCONST, FLOW, AS3, A79, A32, A50, 0., 0.)

original File: CALL FOREXCV ( END.G599, END.T599, END.T1, 1.064, 4.0,
original File: +  .GCONST, FLOW, AS3, A79, A52, A50, 0., 0.)

Original File: CALL FOREXCY ( END.G699, END.T699, END.T1, 1.162, 1.0,
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File:
File:
Fites
File:
File:
File:
File:
File:
File:

original
originat
originat
originat
originatl
originat
original
original
original
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced With:

1833,1838d1850
original File:
original ‘File:
Original File:
original File:
Original File:
Original Files
original File:
original File:
original File:
1851a1861,1867
Replaced With:
Replaced With:
Replaced Withs
Replaced With:
Replaced Withs
Replaced With:
Replaced With:

1853,1868c1869,

Fite:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:
File:

Original
original
Original
original
original
original
Original
Original
original
Original
Original
original
original,
original
original
original

c

[
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+
CALL FOREXCY
+

GCONST, FLOW, A53, A79, AS2, A50, 0., 0.)

{ END.G799, END.T799,

END.G399 = XK3* END.G399
END.G499 = XK3* END.G499
END.G599 K3* END.G599
END. G699 K3* END.G699
END.G799 = XK3* END.G799

Rev. 0

.11, 1.477, 1.0,

GCONST, FLOW, AS3, A79, A52, A50, 0., 0.)
ignore seal port forced cnol\ng due to its relative smatl size

C CONVECTION CONDUCTORS W/ AMBIENT AIR FOR OUTER SURFACES

CALL FRCVHD

GCONST,
CALL FRCVED
-

CALL FRCVHD
+  GCONST,
CALL FRCVRD

GCONST,
CALL FRCVHD
GCONST,
CALL FRCVHD
GCONST,
CALL FRCVHD
GCONST,
CALL FRCVHD
GCONST,

+

.
.
+
+
+
CALL FREW

GCONST,
CALL FRCWY

GCONST,

CALL FRCW
GCONST,

+

+

+

CALL FOREXCV ( END.G99,

+  GCONST,

GCONST, 0.,

( END.GP9, END.T99,
0., A1S, Al4, A6, 0.,
( END.G199, END.T199,
At5, Al4, Al6, 0.,
( END.G299, END.T299,
0., A15, Al4, A16, 0.,
( END.G399, END.T399,
0., A15, A14, A16, 0.,
( END.GA99, END.T499,
0., A1S, Al4, At6, 0.,
¢ END.G599, END.T599,
0., A15, Al4, Al6, O.,
( END.G699, END.T99,
0., At5, Al4, A6, 0.,
( END.G799, END.T799,
0., 1S, Al4, Al6, O.,

¢ END.G1100, END.T1100,

0., A1S, Al4, A16, O.,

( END.G1102, END.TH1041,

0., A1S, Al4, Al6, 0.,

( END.G1104, END.TI111,

0., A15, A14, A16, O.,

END.T99,
FLOW, A53, A79, AS2,

CALL FOREXCV ¢ END.G199, END.T199,

+  GCONST,

FLOW, AS3, R79, AS2,

CALL FOREXCV ( END.G299, END.T299,

+

END. G99
END.G199
END. G299

XK3* END.G699
XK3* END.G199
XK3* END.G299

A50
A50

END.T1, 0.349,
14.7, 53.35)
END.T1, 1.047,
14.7, 53.35)
END.TY, 2.065,

-0,
4.0,
4.0,
4.0,
4.0,

END.T1, 1.064,
14.7, 53.35)
END.T1, 1.162,
14.7, 53.35)
.11, 1.177,
14.7, 53.35)

4.0,
4.0,
4.0,

END.T1, 0.053,
14.7, 53.35)
END.T1, 0.036,
14.7, 53.35)
END.T1, 0.072,
14.7, 53.35)

0.5,
0.5,
0.5,

END.TH,
, 0., 0.)

END.T1, 1.047,
, 0., 0.)
END.T1,

0.349, 1.0,
1.0,

2,065, 1.0,

GCONST, FLOW, A53, A79, AS2, AS0, 0., 0.)

C CONVECTION CONDUCTORS W/ AMBIENT AIR FOR OUTER SURFACES

CALL FRCVHD
GCONST,
CALL FRCVHD
GCONST,
CALL FRCVHD
GCONST,

+
+

+

1878

( END.G99, END.T99,
0., A5, At4, A16, 0.,
C END.G199, END.T199,
0., Al5, Al4, A16, O.,
( END.G299, END.T299,
0., A5, Als, Al6, O.,

CALL FOREXCY ( END.G399, END.T399,

+ GCONST,

FLOW, A53, A79 A52, A50

CALL FOREXCV ( END, 6499 END T499

+ GCONST,

FLOW, A53, A79 K52, AS

CALL fOREXCV ( END. 6599 END 7599

+ GCONST,

FLOW, AS3, A79 As2, ASO

CALL FOREXCV ( END. 6699 END. 1699

+  GCONST,

FLOW, AS3, AT9, AS2, ASO, 0.,

CALL FOREXCV ( END.G799, END.T799,
FLOW, AS3, A79, AS2, 450, 0., 0.)

+  GCONST,

ignore seal port forced cooling due to its relative small size

END.G399 =
END.G499
END.G399
END.G699
END.G799

XK3*
XK3*
XK3*
XK3*
XK3*

£ND. 6399
END. G499
END.G599
END.G699
END.G799
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END.T1, 0.349,
14.7, 53.35)
END.T1, 1.047,
14.7, 53.35)
£ND.T1, 2.065,
4.7, 53.35)

4.0,
4.0,

5.0,

EHD. 11 0.815, 1.0,
0., 0.)

END.T1, 0.965,
0., 0.)

B, 11,

1.0,

1.066, 4.0,

0., 0.)
.71, 1.162,
0.9
Eno. 11,

1.0,

1.177, 1.0,



. Replaced With:
Replaced With:
Replaced With:
Reptaced With:
Replaced With:
Replaced With:
Replaced With:
Replaced Withs:
Replaced With:
Replaced With:
Replaced With:
Replaced With
Replaced With:
Replaced With:
Replaced With:
Replaced With:

T+

+

+

+

+

+

+

+

HNF-SD-TP-SARP-017

CALL FRCVHD
GCONST,
CALL FRCVHD
" GCOKRST,
CALL FRCVHD
GCONST,
CALL FRCVHD
GCONST,
CALL FRCVHD
GCONST,
CALL FRCW
- - GCONST,
CALL FRCWV
GCONST,
CALL FRCWY
 GCONST,

(
0.
<
0.
4

o

(.

4

0.
(
0.
(
0.
(
0.

END.G399, END.Y399,".
., A5, At4, A16, 0.,
END.G499, END.T499,
, A15, Atd, A16, 0.,
END.G599, END.T599,
, A15, Al4, A%6, 0.,
END.G699, END.T699,

0., A5, Al4, A16, O.,

END.G799, END.T799,
, A5, Al4, A16, 0.,
END.G1100, EXD,T1100,
, A5, Al4, A16, 0.,
END.Gi102, END,T1101,
, A15, Al4, A16, O.,
END.G1104, END.T1111,
. A5, Al4, A16, O.,
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END.T1, - 0,815, . 4.0;

14.7, 53.35)

END.TY, 0.965, 4.0,

14.7, 53.35)

END.T1, 1.064, 4.0,

14.7, 53.35)

END.T1, 1.162, 4.0,

14.7, 53.35)

END.T1, 1.177, 4.0,

14.7, 53.35) ’
END.T1, 0.053, 0.5,

14,7, 53.35) .
END.T1, 0.036, 0.5,

4.7, 53.35) =
£4D.T1, 0.072, 0.5,

4.7, 53.35)
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ATTACHNENT #4: Changes Made To File "Tid-forced.var™ For Review Comment #3"

62¢62

original File: CALL FOREXCV ¢ LID1.G1000, LID1.71000, LID1.T1, 0.644, 0.5,
Replaced With: - CALL FOREXCV ( LID1.G1000, L31D1.71000, LID1.T1, 1.048, 0.5,
b4cbh

Original File: CALL FOREXCY ( LID1.G61002, LID1.T1002, LID1.T1, 0.763, 0.5,
Replaced With: CALL FOREXCV ( LID1.61002, LiID1.71002, LID1.T1, 0.525, 0.33,
6bcks : c Co .
original Fite: - CALL FOREXCV ( LID1.61004, LID1.T1004, tID1.T1, 0.098, 0.5,
Replaced With: CALL FOREXCY ¢ LID1.61004, LID1.Ti004, 'LID1.T1, 1.582, 0.5,
68¢68

Original Fite: CALL FOREXCY ( LID4.G61100, LID4.T1100, ~LID1.T1, 0.131, 0.5,
Replaced Withs CALL FOREXCV ( LID1.G1006, LID1.71006, LID1.TY, 3.104, 1.0,
Replaced With: CALL FOREXCV ¢ LID1.G1008, LID1.T1008, LID1.TY, 1.136, 1.0,
Replaced With: + GCONST, FLOW, AS3, A79, AS2, A30, 0., 0.)

Replaced With: CALL FOREXCV ¢ LID1.G1016, LID1.T1016, ~ LID1.T1, 2.333, 1.0,
Replaced With: + GCONST, FLOW, AS3, A79, AS2, A50, 0., 0.)

Replaced Withs CALL FOREXCV ( LID1.G1018,. LiD1.71018, LID1.¥1, 1.194, 1.0,
Replaced With: + GCONST, FLOW, AS3, A?9, AS2, AS0, 0., 0.) X

Replaced With: CALL FOREXCV ( LID1.G1026, LiD1.T1026, LID1.T1, 1.000, 1.0,
Replaced With: +  GCONST, FLOW, AS3, A79, AS2, A50, 0., 0.)

Replaced With: CALL FOREXCV ( 1101.61028, LID1.71028, LID1.TY, 0.562, 1.0,
Replaced Withs + . GCONST, FLOW, AS3, A79, AS2, A50, 0., 0.)

Replaced With: CALL FOREXCV ( LID4.G1100, LID4.T1100, LID1.T1, 0,012, 0.5,
Replaced With: + GCONST, FLOW, A53, A79, AS2, AS0, 0., 0.)

Replaced Withs CALL FOREXCV ( LID4.G1101, LID4,T110%, LID1.T1, 0.067, 0.5,
Replaced With: + GCONST, FLOW, AS3, A79, AS2, AS0, 0., 0.)

Replaced With: L101.61000 = LID1,61000 *XK3

Replaced With: L1D1.61002 = L1D1.G1002 *XK3

Replaced With: LID1.61004 = LID1.61004 *XK3

Replaced With: L1D1.G1006 = LID1.61006 *XK3

Replaced With: L1D1.G1008 = LID1.G1008 *XK3

Replaced With: LID1.61016 = LID1.61016 *XK3

Replaced With: LID1.61018 = LID1.G1018 *xX3

.Reptaced With: LID1.G1026 = LID1.G1026 *XK3

Replaced With: L1D1.61028 = LID1.61028 *XK3

Replaced With: L1D4.G1100 = L1D4.G1100 *XX3

Replaced With: LID4.61101 = LID4.G1101 *XK3
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- ATTACHMENT #6: Changes. Made To Input File>For Review‘Commentl#Q“

2c2 .

original File: TITLE MARK IV: 30 Min. HAC Dry Transfer, Max. Probabie MCO, Review Comment 3
Replaced With: TITLE MARK 1V: 30 Min. KAC Dry Transfer, Max. Probable MCO, Review Comment 4
1783c1783 . .

Original File: FLOW = 20,
Replaced With: FLOW = 2.0
1850¢1850

oOriginal File: FLOW = 8.
Replaced With: FLOW = 0.8

ATTACHMENT #8: Comparison Between Original & Review Comment #5 Results
After 35 Hours of Dry Transfer Transient

TITLE = “EXTENDED DRY TRANSFER; CVD-CSB, MAX DECAY & CORROSION HEATRERACK®
VARIABLES = # TIMEM  QTOT® MOCTOTM MORTOT™ MTFMAX" OTFAVEM

STCASKY TMCOM HSEALYM ©SEALR" WSEAL3YW WSEALA®

VEPORT® WLPORT® ¥ PLUGY "BLTHD" W“BLTIL®  TEGSM

WOTEB4H W TEBOY MTLAB4" W PMCO UPCASKM M TGAS"

NTC-CG" M VOLMY ©  Ti" VRRATE" VWPRES" “ GMHE®

wOGMHD  MGMEDIM MPP-HE® M PP-R" MGOXDIM
ZONE T= "MX-Ext®, J= 1, F= POINT

€ Original Results For Extended Dry Transfer w/o CVD Drying Criteria
3.48326+01 1.1616E+03 3.2657E+0D2 8.35006+02 9.4180E+01 7,2754E+01
4.8009E+01 S5.5743E+01 4.7385E+01 4.7496E+01 4.7606E+01 4.7642E+01
4,38338+01 5.2960E+01 4.4677E+01 4.7692E+01 4.5819E+01 4.8614E+01
4.8683E+01 4.9035E+01 4.5907+01 5.8239E+01 1,9296E401 5.0039E+01
5.1876E+01 S5.5500E-01 4.1997E+01 6.2809E+04 8.2198E+401 2.8272E+01
4,9995E401 0.0000E+00 2.1037E+01 3.7202E+01 0.0000£+00 .

€ With Comment #5 Changes Implemented
3,4832E+01 1.1563E+403 3.2135€+02 8.3500E+02 9.37338+01 7.2604E+01
4.7985E+01 5.5687€+01 4.7275E+01 4.7383E+01 4.7489E+01 4.7525E+01
4,39996+01 5,2819E+01 4.4604E+01 4.77198+01 4,5992E+01 4.8582E+01
4.8651E+01 4,9006E+01 4.5898E+01 - 6.3963E+01 1.9294E+01 4.9814E+01
5.1836E+01 5,5500E-01 4.19976+01 6.1813E+04 8.0756E+01 2.8272E+01
5.7728E+01 0.0000E+00 2.1027E+01 4,2936E+01 0,0000E+00

Page.l3
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9.0 PRESSURE AND GAS GENERATION EVALUATION

©9.1 INTRODUCTION
Gas generation prior to and during transport of the MCO Cask is a
.significant factor in evaluating the safety of the packaging system. As

discussed in Part B, Section 8.0, the primary source of gas generation is the
-chemical.reactions occurring among the package contents. The gaseous product

= of interest. generated by these themical reactions is-hydrogen.- Radiolysis is- .- --.

a minor contributor, as is the release of fission gases.

‘Evaluation of.-the gas generation rates due-to chemical reactions requires.. : -

complex analyses because the reaction rates are temperature and pressure
dependent. These analyses are contained in Part B, Section 8.0.

9.2 ASSUMPTIONS

9.2.1 K Basins to CVDF

-The first shipment leg between the K Basins and the CVDF is a wet
transfer; both the MCO and the MCO Cask are filled with water to within 10 cm
(4 in.) of the bottom of the MCO shield plug. During this transfer the MCO is
vented to the MCO Cask interior. The system is backfilled with 20.7 kPa
(3 psig) of helium. The presence of helium ensures that fiammable gas
mixtures are not present during shipment.

9.2.1.1 Normal Conditions. The normal conditions evaluated for this transfer
are described in Part B, Section 8.4.1. The normal shipping window is defined
as 24 hours. The case considered involves the worst-case loading (25 °C
starting temperature).

9.2.1.2 Accident Conditions. Accident conditions evaluated for this
operation are described in Part B, Section 8.5.1. These conditjons include a
6-minute fire. Recovery procedures. are described in Part A, Section 6.4.1,
and involve venting and cooling the cask.

9.2.2- CVDF to CSB

The second shipment leg between the CVDF and the CSB occurs after CVD and
is considered a dry transfer. Both the cask and MCO are drained and
backfilled with 20.7 kPa (3 psig) of helium. The inert gas ensures that
flammable gas mixtures are not present during shipment. During this transfer
the MCO is sealed.

8.2.2.1 Normal Conditions. The normal conditions evaluated for the second
transfer leg are described in Part B, Section 8.4.1. The actual gas
generation rate is measured before transfer is initiated. This operation is
described in Part A, Section 6.2.2, based on analysis documented jn Part B,
Section 8.4.4.2. The normal shipping window is 36 hours. The case considered
assumes a 15 °C starting temperature, which is controlled by the CVD process.

B9-1
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©~9.2:2.2 Accident Conditions. Accident conditions evaluated for this- :

_coperation are described in Part' B, Section 8.5.1.7 These:conditions: include a -
6-minute .fire.. Recovery procedures. are described. in Part.A,.Section.6.4.2,.
“andinvolve:cooling the cask, removing: the cask:1id; and venting-the MCO:..

9.3 GAS GENERATION

8.3.1 Chemical Generation of Hydrogen and Other Gases .-

The chemical reactions that produce significant quantities of hydrogen

are discussed.in._Part B, Section 8.2.2 and 8.2.3.. Figures B8-7,.B8-8, -B8-10,.

B8-11, B8-12, and B8-14 show the quantities of hydrogen generated.

9.3.1.1 K Basin to CVDF.
9.3.1.1.1 Normal Conditions for Wet Transfer. For the worst-case
loading and starting temperature, the conditions that exist at the end of the
shipping window are shown below. See Figure B8-8.
@ end of 24 hours

Worst Case loading

Helium (g-moles) ) 2.165

Hydrogen (g-moles) 11.12

(hydrogen dissolved in water) 2.23 -
Pressure/temperature 469 kPa (108.0 psia)/38.1°C

9.3.1.1.2 Accident Conditions for Wet Transfer. After a 6-minute fire
at the end of the 24-hour shipping window, the following parameters have been
calculated (See Figure B8-23) to show that the effect on the packaging is
minimal: : ) :

@ end of 6-minute fire

Helium (g-moles) 2.165
Hydrogen (g-moles) .. 6.56
(hydrogen dissolved in water) 1.29
Pressure/temperature 471 kPa (68.3 psia)/33.8 °C

19.3.1.2 CVDF to CSB. _
8.3.1.2.1 Normal Conditions for Dry Transfer. The conditions that exist
at the end of the 36 hour shipping window (for a starting temperature of 15°C)
are shown below. See Figure B8-13.

@ _end of 36 hours

Helium (g-moles) 28.272
Hydrogen (g-moles) 3.93

Pressure/temperature 163 kPa (23.6 psia)/48.5°C
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9.3.1.2.2 - Accident Conditions for Dry Transfer. After a 6-minute fire

. that occurs at the end of the 36-hour shipping window, the following

. parameters have been ca]cu]ated (See F1gure B8- 15) to show that the effect on
‘the cask is minimal: } .

@ end of G—mfnute fire

Helium (g-moles) 28.272
Hydrogen (g-moles) . 3.95

Pressure/temperature 163 kPa (23 6 ps1a)/48 5° C

9.3.2 Radiolytic Generation of Hydrogen

In WHC-SD-SNF-ER-014 (Ogden 1996), the gas generation rates due to
radiolysis were shown to be at least three orders of magnitude smaller than
the gas generation rates due to the uranium/water reactions. Radiolysis is
not considered to significantly contribute to gas generation or pressur]zat1on-
during transport of the MCO.

Based on this assessment, no specific calculations are presented in this
document to quantify-the radiolytic production of hydrogen because the safety
of the packaging system is not affected. The evaluation of the chemically
generated gases is considered bounding. .

9.3.3 Fission Gases

The on1y f]ss1on gas expected to be present in the payload is 85Kr The
shielding source term (Table B2-1) is bounding for this isotope. Calculations
show that this component will contribute less than 2% to the pressure of the

packaging system, so this contribution is ignored in the pressure
calculations. .

4000 Ci/MCO / 390 Ci/g / 85 g/mole = 0.12 moles of ®Kr
At the end of 36 hours (dry transfer), the total moles of gas present is:
' 2.165 (He) + 3.93 (H,) + 0.12 (¥Kr) = 6.215
0.12/6.215 = 0.019 (fraction of ¥Kr contribution).

9.4 PACKAGE PRESSURE

As presented in Part B, Section 9.2, the calculated pressures for normal
and accident conditions do not exceed the 1034 kPa (150 psi) design pressure
of the MCO Cask. The pressures calculated for the dry transfer refer to the
MCO, which is sealed and isolates the cask from pressurization during -this
operation.
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9.4.1 K Basins to CVDF

The.normal conditions evaluated for the.wet transfer. show a potentxa]

. maximum pressure of 469 kPa (68 psia)-due to hydrogen generation and ~. . .=
temperature increases. The 6-minute fire does not have-an apprec1ab]e effect )
on the system. :

9.4.2 CVDF to CSB

Because the initial gas generation rate:will be Timited for the dry
transfer, the calculated maximum pressures are lower than those determined for
the wet. transfer leg, notwithstanding the longer sh1pment window that applies
to the CVDF to CSB leg.

9.5 REFERENCE

Ogden, D. M., 1996, MCO Pressurization Analysis of Spent Nuclear Fuel
Transportation and Storage, WHC-SD-SNF-ER-014, Rev. 0, Westinghouse
Hanford Company, Richland, Washington.
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10.0 PACKAGE‘TIEDOWN‘SYSTEM’EVALUATION :

: .This eva1uationHVeriffés theviied0wn systémbdesign?fdr.the MCOFCa§k K
(TN: 1996) as shown in Figure B10-1. For this verification of the design, key
elements of the tiedown system are evaluated.

‘Figure B10-1. Multicanister Overpack Cask Tiedown.

CASK TIE DOWN DEVICE

CASK HOLD DOWN DEVICE

TS 8" X 8" X 62°
500, GRADE & \
2'REQD.

. -CASK SUPPORT DEVICE
DRAN ACCESS OPENNG

10.1 SYSTEM DESIGN

The tiedown system is designed by TN in conjunction with Nelson
Manufacturing Company (TN 1996). As designed, the tiedown system is a fixed
system that is an integral part of the conveyance system. The conveyance
system is based on a custom double-drop semi-trailer designed specifically for
securement and transport of the MCO Cask. The cask is to be transported in
the vertical position and fits into the cask support device, which is a
39,47-cm- (15.54-in.-) deep well located beneath the deck of the trailer.
Approximately 300 cm (118 ‘in.) above the deck of the trailer, the cask is
secured by a cask tiedown device mounted onto a fixed frame constructed of
structural tube members and braced to the trailer deck with four structural
tube members. The tiedown system is constructed of rectangular structural
steel tubing (ASTM A500, Grade B [ASTM 1989]) frame, which is welded to the
transport trailer bed. The cask tiedown device is designed as a hinged
clamshell ring where each half section pivots about a fixed 3.81-cm (1.5-in.)
hinge pin and secured with three 1.5-in. hex head boits. The inside diameter

B10-1
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- of the c]amp1ng ring is constructed of-6061- T6 aluminum and equipped with a -
’rNeoprene‘ gasket which forms a tight fit with the:cask. . Attached to the’

clamping ring.-are four cask hold-down brackets, . equally. spaced around the uu;‘. .

circumference, which restrain vertical movement of the cask..

10.2 TIEDOWN LOADS

. . ~The .cask-must remain secured to the trailer for loads higher-than: S
“required by.49 CFR 173.. Consequently, the: tiedown system is designed to.meet

the higher load requirements of ‘TAEA guidelines- (IAEA 1990)- for securement

. _systems as specified in the packaging design criteria (Edwards 1997). The
: tiedown. system must -be capab]e of resisting acceleration loads of 2g .in the .-
longitudinal direction, lg in the lateral direction, 3g in the vertical

. downward direction, and 2g in the vertical upward. d1rect1on

10.3 TIEDOWN EVALUATION

As a verification of the design, the major load-bearing components of
tiedown system are evaluated. The MCO cask tiedown system is evaluated by
both classical and finite-element methods. Details of the structural analysis
of the tiedown system are presented in Part B, Section 10.5 (appendix).

The finite-elemeni method is used to determine the stresses in the
tiedown frame, clamp, and support plate. Classical linear elastic
calculations are used to determine weld, bolt, pin, and hold-down device
stresses. The classical calculations utilize results from the finite-element
calculations.

ABAQUS/Standard computer code (HKS 1995) was used to perform a finite-
element analysis of the tiedown system. The finite-element model is
constructed primarily of beam and shell elements. The pins and bolts of the
hold-down clamp are modeled with truss elements, and the MCO Cask is modeled
with a rigid element.

Lateral and longitudinal loads are applied by forcing the rigid cask
elements into the clamp until the reaction forces correspond to the specified
acceleration loads. 1In the lateral case the reaction force is 266,887 N
(60,000 1b), and in the longitudinal case the reaction force is 533,774 N
(120,000 1b). The vertical upward load case .is a point load of 133,444 N
(30,000 1b) and is appliied to each one of the arms. In the vertical downward
direction, a pressure of 1,034 kPa (150 psi) is applied uniformly to the
plate. This conservative 1oad generates a total applied Toad of 1.5 x 10° N
(338,400 1b), which exceeds the required load of 800,661 N (180,000 1b).

Steel and stainless steel components are mode1ed as linearly elastic
materials with a modulus of 199,943 MPa (29 x 10° psi) and a Poisson's ratio
of 0.3. Aluminum components are a]so modeled as linearly elastic materials
with a modulus of 68,946 MPa (10 x 10° psi) and a Poisson's ratio of 0.3. The
yield strength of 6061 76 aluminum components is assumed to be 276 MPa

4Neoprene is a trademark of E. I. du Pont de Nemours & Company.
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(40 ksi). ~The yield strength of ASTM A500, Grade B components is assumed to -

Tiobe 317-MPa (46-ksi). ASTM A-479 XM-19, hot rolled, stainless steel components
. are assumed to have a yield strength of. 724 MPa .(105 ksi).

. A summary of the results shows welds between the hold-down brackets and
the clamp have a margin of safety of 1.4 against yielding. The welds between
. the tiedown frame and the trailer have a minimum margin of safety of 0.52

v ‘:againstlyie1d: Shear stresses in the hold-down device bolts and the clamp -

~bolts and pins is negligible for these components constructed of ASTM A-479,
hot rolled XM-19. The maximum Von Mises stress in the tubular frame members
is 220 -MPa (32 ksi) and occurs in the top cross-member under longitudinal
Toading. The margin of safety against yield for these tubular frame members -
is 0.44.  The maximum Yon Mises stress in the clamp during Tongitudinal
Toading is 182 MPa (26.4 ksi) and in the Tateral loading case is 165 MPa
(23.9 ksi). The maximum Von Mises stresses in the clamp occur during vertical
upward Toading. 1In this case the maximum stress of 247 MPa (35.8 ksi) is
associated with discontinuities near the truss elements. Consequently, the
minimum margin of safety of the clamp is 0.12. The maximum Von Mises stress
in the support plate is 54 MPa (7.85 ksi), which is significantly below the
yield strength of the material. Evaluation of trailer loading is not part of
this analysis. However, in the vertically downward load case, design of the

" tiedown system as an integral part of the trailer necessitates inclusion of

some trailer components. The maximum Von Mises stress in these trailer

components was determined as 214 MPa (31.1 ksi). :

Calculational results at critical locations and critical components show
that the performance of the tiedown system meets the requirements of the
packaging design criteria (Edwards 1997). This is demonstrated by the
positive margins of safety (based on the minimum yield strength of the
material) under all Toading cases evaluated.

10.4 REFERENCES

. 49 CFR 173, 1996, ""Shippers--General Requirements for Shipments and
Packagings," Code of Federal Regulations, as amended.

- ASTM, 1989, Annual Book of ASTH Standards, Vol. 01.04, American Society of
" Testing, Philadelphia, Pennsylvania. :

Edwards, W. S., 1997, Packaging Design Criteria for the MCO Cask,
) WHC-SD-TP-PDC-030, Rev. 4, Rust Federal Services Inc. Northwest
Operations, Richland, Washington.

HKS, 1995, ABAQUS/Standard User's Manual, Volume I and II, Hibbit, Karlsson &
Sorensen, Inc., Pawtucket, Rhode Island.

IAEA, 1990, Safety Series No. 37, IAEA Safety Guides, Third Edition,
International Atomic Energy Agency, Vienna, Austria.

TN, 1996, TN-WHC Cask Transportation System Tie Down System, Drawing 3035-7,
Transnuciear, Inc., Hawthorne, New York.
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10.5 APPENDIX: TIEDOWN ANALYSIS

Checklist for Cbe-cking of Analysis/Calculations

Document Checked - Number: N/A Revision: [

Title: MCO-Cask Tiedown Evaluation

Yes Ne N/A

x3 [1 {1 Problem completely defined.

[x] [] ] Appropriate analytical method used.

{x] [] [1 Necessary assumptions are approriate, explicitly stated, and stated.

[x] {1 [1 Computer codes and data files documented.

[x] {1 {1 Data used in calculations explicitly stated in document.

[1 {1 v {x] Sources of non-standard formulae/data are referenced and the correctness of the
reference verified.

x] {1 [1 Data checked for consistency with original source infor{nation as applicable.

x1 [1] {1 Mathem;cnical derivations checked including dimensional consistency of results.

[x] 0] [1] Models appropriate and used within range of validity or use outside range of established
validity justified.

x] [1 {] Hand calculations checked for errors.

[x1 [] [ ]. Code run streams correct and consistent with analysis documentation.

{x] [3 [] Code output consistent with in.put and with results reported in analysis documentation.

[x] {1 [1 Acceptability limits on analytical results applicable and supported. Limits checked

. against sources.

[x] {1 [ ] Safety Margins consistent with good engineering practices.

[x] {3 [} Conclusions consistent with analytical results and applicable limits.

[x] {1 [1 Results and conclusions address all points required in the problem statement.

I have checked the gnalysis/calculation and it is complete and accurate to the, best of my knowledge.

S. S. Shiraga //2 s /47

Engineer/Checker Date

Note: Any hand calculations, notes or summaries generated as part of this check should be signed, dated, and
attached to this checklist, Material should be labeled and recorded so that it is intelligible to a technically
qualified third party.
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MCO Tiedown Analysis . .

Randall S. Marlow
. 1114/97

1.0 Introduction

This document describes a structural analysis of the MCO cask tiedown system,,
(Transnuclear 1996) which is attached to the trailer used to transport the MCO cask. The
tiedown system is analyzed for the inertial loading from a 60,000-1bf MCO cask. The weight of
the tiedown system itself is neglected. The various loading directions and load factors

. considered are summarized in Table 1.0-1. The load factors are applied to the weight of the cask
to obtain the force which is then applied to the tiedown system in the appropriate direction.

Table 1.0-1. Tiedown Loadings

Longitudinal 2g fore
Lateral 1g
Vertical 3g down
2gup

The longitudinal direction refers to the longitudinal axis of the trailer. The lateral
direction is the direction in the horizontal plane which is perpendicular to the longitudinal axis.
Vertical refers to the direction of the gravitational force.

2.0 Analytical Methods

The structural effects of the loadings described above are determined with a combination
of the finite-element method and standard hand calculations. The finite-element method is used
primarily to determine the stresses in the tiedown frame, the clamp, and the support plate. The
hand calculations are used to determine weld stresses, bolt and pin stresses, and stresses in the
hold-down device. The hand calculations utilize some results from the finite-element
calculations. For example, the reaction forces determined in the finite-element calculations are
used to determine the stresses in the welds which attach the tiedown frame to the trailer.

The ABAQUS/Standard (HKS 1995) finite-element model of the tiedown frame is shown
in Figure 2.0-1. The model is constructed mainty of beam and shell elements, although the pins
and bolts of the clamp are modeled with truss elements and the MCO cask is modeled with rigid
elements. The tiedown frame is modeled with two-noded beam elements. The clamp and hold-
down device are modeled with four-noded shell elements. The arms of the hold-down device are
attached to the brackets with multipoint constraints. The brackets are attached to the top of the
_ clamp with multi-point constraints. The clamp is secured to the tiedown frame by multi-point
constraints between the truss nodes and nodes on the cross-members. The tiedown frame is

B10-5
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¢constrained at the end nodes. - In the vertically up load case, nodes on the edge of the clamp are
‘Gonstrained to model the effect of contact between the cross-members and the-clamp. - .

.."‘The finite-element model of the plate which supports the cask in the vertically downward:
case-is shown in Figure 2.0-2. The finite-element mesh is constructed of four-noded shell
elements constrained at the locations where the cross-beams and the steel plate are welded to the
trailer. Nété that'this model necessarily contains details of the trailer. Excerpts from the finite- - -
~ elément input file for the longitudinal and vertically downward load cases are contained in '

Attachments A and B. The hand calculations are in Attachment C. :

In the lateral and longitudinal cases, the loads are applied by forcing the rigid cask
elements into the clamp until the desired reaction force is developed at the rigid-body node. The
reaction force is 60,000 Ibf for the lateral case and 120,000 Ibf for the longitudinal case. Inthe
vertically upward case the load, a point load of 30,000 Ibf is applied to each one of the arms. In
the vertically downward case, a pressure of 150 psi is applied uniformly to the plate. The total
load applied in this case is 338,400 Ibf, which is far above the required force of 180,000 1bf and
is therefore extremely conservative.

The steel and stainless steel components are modeled as linearly elastic with modulus of
29,000,000 1bf/in? and a Poisson’s ratio of 0.3. The aluminum components are modeled as
linearly elastic with a modulus of 10,000,000 1bf/in” and a Poisson’s ratio of 0.3. The yield stress
of 6061T6 components is taken to be 40,000 Ibf/in>. The yield stress of A500 Gr.B components
is taken to be 46,000 1bf/in?. The yield stress of the A-479 XM19 components is taken as
105,000 1bf/in?.

3.0 Results and Conclusions

Calculations show that the stress in the tiedown system is acceptable in every case. (The
deformed shapes of the tiedown frame are shown in Figures 3.0-1, 3.0-2, and 3.0-3 .) The welds
between the hold-down brackets and the clamp have a 1.4 margin against yielding. The welds
between the tiedown frame and the trailer have a margin of at least 0.52 against yielding. The
shear stresses in the hold-down device bolts and the clamp bolts and pins are not significant for
these A-479 XM19 components. The maximum Von Mises stress in the tubular components of
the tiedown frame is 32,000 1bf/in2. ' The maximum occurs in the top cross-member in the
longitudinal case. The margin against yield in this A500 Gr.B structural member is 0.44. The
maximum Von Mises stress in the clamp in the lateral case is 23,900 Ibffin®. The maximum
stress in the clamp is 26,400 Ibf/in? longitudinal case. The maximum Von Mises stress in the
clamp is 35,800 Ibf/in? in the vertically upward case. (In this case, the maximum is associated
with discontinuities near the truss elements.) The minimum margin against yield in the clamp is
therefore 0.12. The maximum Von Mises in the support plate is 7,850 1bf/in, which is far below
the yield. Although the trailer is not part of this analysis, the vertically downward load case
necessarily included parts of the trailer as described above. The maximum Von Mises stress in
these trailer components is 31,100 1bf/in’.
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Attachment A. ABAQUS/Standard Input File For Longltudmal Load Case

* Ellipsis denotes the omission of lengthy node or element definitions.

*node
- 1,21.000,-1.0000,111.57

930 28.000,6.00,106.62

*system
-21.651,-12.500,117.0,-20.78497,-12.0,117.0
*node,nset=seta
5001,2.5000,-0.81000,4.0000

5116,4.0000,0.81000,7.0000
*system
-1.0,0:0,110.19,-2.0,0.0,110. 19
*node,nset=rignod
20001;14.075,-14.075,0. 00000E+00

201 19,15.387,12.628,6.6667
*system

*node

99999,0.0,0.0,110.0
*element,type=r3d4,elset=cask
40001,20001,20003,20029,20024

40096,20119,20077,20072,20084

*rigid body,elset=cask,ref node=99999

'ncopy,old set=seta,change number=1000,reflect=mirror
0.0,0.0,117.0,1.0,0.0,117.0

0.0,0.0,118.0

*ncopy,old set=seta,change number=2000,reflect=mirror,new
set=setb

0.0,0.0,117.0,0.0,-1.0,117.0

0.0,0.0,118.0

*ncopy,old set=setb,change number=1000,reflect=mirror
0.0,0.0,117.0,-1.0,0.0,117.0

0.0,0.0,118.0

*elementtype=b31,elset=beams

705,709,711,

;28,93 0,801
*¢lement,type=sdrS5 clset=clamp
1,1,3,17,16

704,708,684,111,118
*clement,type=sdr,elset=ARM
10005,5006,5008,5014,5013

10083,5110,5116,5115,5108

*elcopy,old set=ARMelement shift=1000,shift nodes=1000,new *

set=ARMA

*¢lcopy,old set=ARM,element shlﬁ'2000,shlﬁ nodes=2000,new
set=ARMB

*elcopy,old set=ARMB,element shift=1000,shift
nodes=1000,new set=ARMC

*material,name=steel

*elastic

29.E+06,0.3

*material,name=alum

*elastic
10.E+06,0.25
*plastic
40000.0,0.0
52650.0,0.157
*shellsection,
0.31
*elset,elset=armis, generate
10005,10044
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11005,11044

12005,12044

13005,13044
‘elsct,clsel—pads,generate
10045,10059

11045,11059

12045,12059

13045,13059

*elset elset=forks,generate
10060,10083

11060,11083

12060,12083

13060,13083
*shellsection, elset=arms,matenal—sleel
0.75

kchallcact] 1

1.0
0.62
*elsetelset=legl,generate
705,714

765,774
*elsetelset=leg2,generate
715,724

775,784
*elset,elset=leg3,generate
725,734
*elsetelset=legd,generate
735,744 '
785,794
*elset,elset=leg5,generate
745,754

795,804

*elset elset= leg6,genera(e
755,764
*clset,elset=leg7,generate
815,824

865,874
*elsetelset=leg8,gencrate
805,814

845,854

*elsct,elset=legl 1,generate
885,894
*elset,eiset=leg12,generate
825,834

875,884
*elset,elset=leg]3,generate
835,844 ’
855,864
*elset,elset=leg16,generate
895,904
*elset,elset=leg17,generate
909,912 .

921,924

905,908

*clset,elset=leg] 8,generate
913,916

925,928

917,920
*beamsection,elset=leg], matcnal—steel section=box
7.0,7.0,0.5,0.5,0.5,0.5
0.4338,-0.9010,0.0
*beamsection,elset=leg2,material=steel,section=box
7.0,7.0,0.5,0.5,0.5,0.5
-0.4338,-0.9010,0.0

4 'Y
pads,mater

elset=forks,material
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3, material=steel,section=box beam,5073,272

*beamsection,elset=]

4.0,4.0,0.5,0.5,0.5,0.5 beam,5064,272
1.0,0.0,0.0 o beam,5086,266

*t section, leg4,material=steel ion=t beam,5083,266
7.0,7.0,0.5,0.5,0.5,0.5 B : . beam,7083,220
0.4338,0.9010,0.0 : beam,7086,220

*b ion,elset=leg S, material=steel,section=box beam,7064,216
7.0,7.0,0.5,0.5,0.5,0.5 beam,7073,216
-0.4338,0.9010,0.0 beam,8083,371
*beamsection,elset=leg6,material=steel,section=box beam,8086,371
4.0,4.0,0.5,0.5,0.5,0.5 beam,8064,377
1.0,0.0,0.0 - beam,8073,377

*b ion, el leg7,material=steel, ton=box beam,6086,317
7.0,7.0,0.5,0.5,0.5,0.5 beam,6083;317
1.0,0.0,0.0 beam,6073,321

t i leg8,material=steel,section=box beam,6064,321
" 17.0,7.0,0.5,0.5,0.5,0.5 : beam,5004,5002
1.0,0.0,00 . beam,5001,5002
*beamsection,elset=legl 1,material=steel,section=box beam,6004,6002
4.0,4.0,0.5,0.5,0.5,0.5 . beam,6001,6002
1.0,0.0,0.0 beam,8004,8002
*beamsection,elset=leg]2,material=steel,scction=box beam,8001,8002
7.0,7.0,0.5,0.5,0.5,0.5 ° beam,7004,7002
1.0,0.0,0.0 beam,7001,7002
*beamsection,elset=leg]3,material=steel,section=box X beam,5100,5026
7.0,7.0,0.5,0.5,0.5,0.5 beam,5115,5026
1.0,0.0,0.0 beam,6100,6026
*beamsection,elset=leg16,material=steel,section=box beam,6115,6026
4.0,4.0,0.5,0.5,0.5,0.5 beam,7100,7026
1.0,0.0,0.0 . : beam,7115,7026

b ion,elset=legl7 ial: 1,section=b beam,8100,8026
8.0,8.0,1.25,0.625,0.625,0.625 beam,8115,8026 -
0.0,0.0,-1.0 *nset,nset=asurf,generate
*beamsection,clset=leg18,material=steel,section=box 106,110
8.0,8.0,1.25,0.625,0.625,0.625 439,441

0.0,0.0,-1.0 : 484,486
*nset,nset=fix 487,489
709,720,811,822 . 490,492
844,833,740,751 481,483

*boundary 316,320

99999,2,6 . 56,56

fix,encastre . 86,89
*nset,nset=junk 424,426
123,98,209,20 592,594

*ncopy,old set=junk,shift,change number=30000 589,591

0.0,0.0,0.0 586,588

568,570

*clement,type=b31,elset=cboltl ’ 266,266
85001,333,30123 -296,299
£5002,308,30098 *contact node set,name=asurf
*element,type=b31,elset=cbolt2 asurf,
85003,419,30209 *surface definition,name=bsurf
85004,230,30020 cask,spos

*b jon, 1t1,material=steel i *surface interaction,name=rough
125 *contact pair,interaction=rough,smail sliding
1,,0.,0. asurf,bsurf

* jon, bolt2,material=stee! i *restart,write

1.06 *step,inc=9999,nlgeom
1.,0.,0. *static

*mpc : . 0.01,1.
beam,333,123 *boundary
beam,308,98 99999,1,1,-0.815
beam,30098,925 ! *clprint,freq=0
beam,30123,927 - *nodeprint,freq=0
beam,419,209 | . *end step
beam,230,20

bearn,30209,930

beam,30020,928
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ENGINEERING SAFETY EVALUATION .

- Subject;- MCO Tiedown: Analysis S

Page: 1.0f 3

- Originator: _R. §. Marlow

_Date: 1/17/97

. Date: 1/23/97

Checker: 8. S. Shiraca:

Hold Down Bracket Weld:

The hold down bracket weld is analyzed for the 2 g up load case.

Axial load:
an
l——fa.\')".‘—l
Moment: 300001bf(1.5in + 4-in) =165000]bfin
£, 1= 1650001bFin . £, =3345: 2
. X : in
(3.5in)-(8in) + (—8;“—)
1= 300000f £, = 1304
2:(&in+ 3.5in) in
o £, =3590F
n
fy
Required weld size: ——— =0.13"in
0.7-40000psi
Margin against yield: ) 031, 1=14
0.13

Weld yield is assumed at yield of 6061 T6
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ENGINEERING SAFETY EVALUATION

. Subject; MCO Tiedown . Analysis : s -l - . f_Pagé:_Z__ofj_
Originator: _R. 8. Marlow %ﬁ _} i Date: 1/17/97

Checker: ___S.S: Shiraga M : . - ~ . Date:1/23/97

Hold Down Device Hex Bolts:

The hex bolts are analyzed for the 2g upload case. Assume bolts carry total vertical load.

Shear Stress: | __300001bf__ 10638°psi

(1.4%in)-(2in)

Shear stress is acceptable. (Bolts are A-479 XM-19 (Hot Rolled), which a yield of 105 ksi.

Clamp Bolts and Pins:

The clamp bolts and pins are analyzed for the 2g longitudinal case.

Sheararea: 2 (%)-('1 995in)? + (2)- (1.41in) =9.07+in?

1200001bf
9.07in’

Shear stress: =13230psi

Shear stress is acceptable. (Bolis are A-479 XM-19 (Hot Rolled), which a yield of 105 ksi.

Weld Between Frame and Trailer:

The welds are analyzed under the maximum moments and forces from all three load cases.
Forces and moments are from the finite-element calculation.

y
M, = 103890in-1bf ‘

M yE 264800in-1bf

T :=22062in-1bf

P :=146900in-1bf

V1= 14141bf

Vy =12791bf
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ENGINEERING SAFETY EVALUATiON

Subject:, MCO Tiedown Anal
Originator: _R.S. Marlom

Page: 3 of 3

Date: 1/17/97

Checker: __S. S. Shiraga L

Date: 1/23/97

M .
fox'= __..___" fog= 15902
in
(Finy?+ 0L i’
M
£y = ——-y—— Ty = s0s3-2f
(Tin)® in)> m
(7 m) 4
3
82 .12
£, = T-4/(3.5in)" + (3.5in) £, =22 Jbf
[(mn +7in) in
-6
f, DN - f, =246
(&in)-(7-in) in
= vx f =51 -M
= 4(7-in) sx in
v Ibf
£, =Y £ =46
Y 4(Tin) R4 in
Neglect Shear and Torsion: foi= f by t f bx+ f,
ft
Required weld size: ————— =0.34'In
0.7-(46000psi)
Margin against yield: 05 1=0.52
0.33

(Weld yield is assumed as yield of ASTM A500, Grade B.)
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705 264810, 10892.34

705 -1038804

705 -2062;

705 -146880}

705 -14141 -50.5

708! 1279] 45.67857

715 264810] 10892.34

715 103890

715 2062

715 -146890

715 -1414 -50.5

715 -1279 -45.6786

735 -81844! 4236.884

735 -37015

735 -3328

735 63375

735 -478 -17.0786

7351 1073 38.32143

745 -91844] 4236.884

745 37015

745 3328

745 63375

745 -478 -17.0786

745 -1073 -38.3214

805 337221 10764.08

805 -343650

805 8577

805 138570

805 -2961 -105.75

805 -3055 -108.107

815 -33722| 10764.09

815 -343650

815 -8577

815 138570

815 2961 106.76
- 815 -3055 -108.107

825 14269] 4150.592

825 -118620

825 -3986

825 -58800

825 -1246 -44.5

825 473 -16.8893

835 -14269] 4150.592

835 -118620¢

835 3986

835 -58800 i

835} 1246 i 44.5

835! -473: ! -16.8893
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705| -1.09E+05! 6759.693
705 -1.87E+05

. 705] . -1.35E+04
705] 6.22E+04
705 2029 72.46429
705 -4850 -173.214
715|  3.77E+04} 4628.828| - .
715| -2.16E+05 )
715] -1.34E+04
7151 -2.07E+04
715 -1537; -54.8929
715 45771 -163.464
735] -7.36E+04: 6177.675 -
735 1.90E+05; -
735] 1.82E+04
735 5.97E+04
735 587.6 20.98571
735 5367 191.6786
745| 2.39E+04} 4352.871
745]  2.11E+05j -
745 1.96E+04]
745] -2.11E+04
745 -1067 -38.1071
745 4653 166.1786
805] -2.08E+05} 3898.458
805 1.37E+04
805| -1.63E+04
805 -1.38E+04
805 4919 175.6786
805 -209.9 - | -7.48643
815} -2.00E+05{ 5098.042
815]  7.27E+04
815 -1.28E+04
815 -2.59E+041 .
815 41441 148
815 730.9 26.10357
825| -1.77E+05! 4564.41
825| -6.41E+04
825 1.20E+04
825] -2.42E+04
825 3664 130.8571
825 -607.5 -21.6964
835| -1.85E+05| 3357.383
835 -4184
835 1.61E+04
835 -1.26E%04.
835 4374 156.2143
835 371.6° 13.27143
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705| -3.04E+04] 1166.238
705|  1.73E+04
705 -1954
705 1.22E404
‘705 1033 36.89286
705 700.8 ) 25.02857
715] -3.04E+04; 1166.238
715] -1.73E+04
715 1954
- 715 1.22E+04
-715 1033 36.89286
715 -700.8 -256.0286
735 -7357{ 723.5791
735 -7847
735 1980
735]  1.37E+04
735 379.5 13.55357
735 -554.5 -19.8036
745 -7357} 723.5791
745 7847
745 -1880
745] 1.37E+04
745 378.5 13.56357
745 554.5 19.80357
805 2585} 721.9667
805{ 2.21E+04
-805 -1318
805 9611
805 -226.4 -8.08571
805 800.8 32.17143
815 -2585{ 721.9667
815 2.21E+04
815 1318
815 9611
815 226.4 8.085714
815 900.8 32.17143
825 -3570| 602.6757
825 -8832
825 -1061
825]  1.16E+04
825 3126 11.16429
825 -598.5 -21.375
. 835 3570! 602.6757
835 -8832
835 1061
835 1.16E+04:
835 -312.6 -11.1643
835 -588.5° -21.375
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