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Figure 2.6.12-2 PWR Transportable Storage Canister Shell and Lids
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The maximum temperature in the canister shell central region is 399°F as determined in the
thermal analysis presented in Section 3.4.2. This increase in temperature reduces the allowable
S for ’f‘yﬁe 304L stainless steel from 16.0 ksi to 15.8 ksi. A review of the margins of safety for
all cases evaluated indicates that the minimum margin for Sections 5 or 6 is 4.3 for the side-drop
with pressure (Table 2.6.12.6-3). Using the allowable stress based on a temperature of 399°F
reduces this minimum margin of safety to 4.23. Because this change in margin of safety is small,
the increased peak temperature in the center of the canister has a negligible impact on the

presented minimum margins.

The canister is analyzed by using the ANSYS [32] finite element computer program for the 1-ft
free-drop condition in the top and bottom end, side, and top and bottom comer impact
orientations. In addition, the effects of normal operating internal pressure and thermal stresses
resulting from exposure of the cask to the hot (100°F ambient and solar insolance) and cold
(-40°F ambient) normal conditions are evaluated. The worst-case stresses from these analyses

are presented in Section 2.6.12.4,

26.12.2 Finite Element Model Description - PWR Canister

To evaluate the PWR Transportable Storage Canister for normal conditions of transport, ANSYS
is used to construct and analyze a finite element model of the canister and its contents. The
contents modeled consist of the fuel basket support disks and weldments. The fuel assemblies,
fuel tubes, aluminum heat transfer disks, tie-rods, and related hardware are not explicitly
modeled but rather are accounted for by applying pressure loads to the support disk slots as

appropriate.

The finite element model of the canister is constructed by using ANSYS solid (SOLID45)
clements. The model represents a one-half (180°) section of the canister and fuel basket. The
basket support disks are mode.ed with three-dimensional shell (SHELL63) elements. The model
uses gap-spring elements to simulate contact between adjacent components. Interaction between
the basket and canister is accomplished by using three-dimensional gap elements (CONTACS2)
along the periphery of the support disks. Contact between the canister and the cask inner shell is
also modeled by using CONTACS2 gap elements. Contact between the canister structural lid
and shield lid is modeled by using COMBIN40 combination elements in the axial degree of
freedom. Simulation of the spécé_rnng is accomplished by using a ring of COMBIN40Q spring
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gap elements connecting the shield lid and the canister in the axial direction at the lid lower
outside radius. In addition, CONTACS2 elements are used to model interaction between the
structural lid and canister shell and the shield lid and canister shell just below the respective lid
weld joints. The size of the CONTACS2 gaps are determined from the nominal dimensions of
contacting components The COMBIN40 elements used between the structural and shield lids
and for the spacer nng are assigned small gap sizes of 1(10)® in. All gap-spring elements are
assigned a stiffness of 1(10 8 1b/in. Table 2.6.12.2-1 lists the element types assigned to specific
gaps of the model. Table 2.6.12.2-2 lists the material properties used for the model.

Boundary conditions are applied to enforce symmetry at the cut boundary of the model. All
nodes on the cask shell side of the canister-to-cask gap elements are fixed in all degrees of
freedom. In addition, the axial and in-plane rotational degrees of freedom of the basket nodes are
fixed.

Figure 2.6.12.2-1 is a plot of the entire canister finite element model including the support disks.
An isolated view of the canister shield and structural lids portion of the model is presented in
Figure 2.6.12.2-2, and an enlarged view of the model in the structural lid and shield lid weld
regions is shown in Figure 2.6.12.2-3. The canister bottom plate portion of the model is shown
in Figure 2.6.12.2-4,

The loading for the normal operating condition is based on 1-ft drops in conjunction with the
internal pressure loading (to the canister). Drop orientations considered are the top and bottom
end, side, and top and bottom corner-drops. In the end-drop orientation, the fuel contents load 1s
transferred to the canister end and directly to the transport cask end through the cavity spacer.

This corresponds to a compresswe stress in the canister ends that is present in the finite element

g e

to b' ﬂush thh the top surface of the structuralwhd%xf the
the: 411ds.to ‘the”j,rm_sport Vask’dunng a top end or top corner drop cond1t1o‘nw; For the side-drop
condition, the loads from the canister contents weight are transferred through the support disks
into the canister wall, which is backed by the cask inner shell. Because the canister wall and the
inner shell have different radii, a gap exists between the two surfaces. This gap results in the
load passing only through regions in which the canister shell deflects to contact the inner shell.
This load pattern is reflected in the side-drop analysis. For the corner-drop orientation, both the

end-and side-load reactions with the cask inner shell are present.
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The nio&ciea contents weight includes 37,080 1b for all fuel assemblies (24 Class 1 PWR fuel
assemblies), the fuel tube weight (3,417 1b), the alummum heat transfer disk weight (1,946 Ib),

the disk spacer weight (1,879 Ib), and the tie rod and nut and washer weights (783 + 94 Ib). The

weight of the support disks and weldments is accounted for by their being physmally modeled.

The PWR Class 1 configura
canister length is 173.75 inches.

non ‘results in_ the largest load per support disk. _The modeled

For the side and corner-drops, the welghts of the fuel assembhew
disks (Wp msks), fuel tubes (Wipes), tie rods (Wrods): nuts/washe
are included in the model by applying a pressure load (F;,

support/weldment dlSkS This , pressure load is calculated accordmg to | he foHowmgkequatlon

qud+wmsks+w W W, +W

; nuts spacers
slot ™ N

slots XWsIOtXNdlsks S f‘

where,
Nsios = number of slot openings in each support/weldment disk,

, width slot opening in each support/weldment disk,
Naisks number of support/weldment disks, and
g .. = the associated g-loading for the drop height of interest.

total of 34 support/weldmen_;,ilsks (32 support dJSkS and 2 we]dment d]SkS), theirm ultmg base

pressure load used is:

37,080+1,946+ 3,417+ 783+94 +1,879
Foo = 49979 %34 xg=5.974xg

For the end drops;-a uniform pressure representing the. total
(52,369 1b) is applied to. the canister shield lid (for top end-

drop)_or_canister bottom piate (for
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Table 2.6.12.2-1 Gap and Element Type Definition - Canister Model

Component
Axial Gaps from Canister Bottom Plate to Cask Shell (CONTACS52)
Radial Gaps from Canister Side to Cask Shell (CONTACS2)

Axial Gaps from Structural Lid Top to Cask Shell (CONTACS2)
Axial Gaps Between Structural and Shield Lid (COMBIN40)
Radial Gaps Between Shield Lid and Canister Inner Surface (CONTAC40)
Radial Gaps Between Shield Lid and Canister Inner Radius (CONTACS2)
Axial Gaps Between Shield Lid and Canister Wall to Simulate Spacer
Ring (COMBIN40)

Radial Gaps Between Basket and Canister Inner Surface (CONTACS2)

Table 2.6.12.2-2 Material Definition - Canister Model

Component Material
Canister Shell and Structural Lid | 304L Stainless Steel; ASME SA240
Top and Bottcm Weldments 304 Stainless Steel; ASME SA240
Shield Lid 304 Stainless Steel; ASME SA240
Support disk 17-4 PH, ASME SA693 Type 630

Stainless Steel
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Table 2.6.14.2-1

Real Constant Sets Defined in Canister Model

Real Constant Set

Component

1 Canister Bottom Plate (SOLID45)
2-9 Canister Shell (SOLID45)
10-11 Shield Lid (SOLID45)
12-13 Structural Lid (SOLID45)
100 Axial Gaps from Canister Bottom Plate to Cask Shell (CONTACS2)
200 Radial Gaps from Canister Side to Cask Shell (CONTACS2)
300 Axial Gaps from Structural Lid Top to Cask Shell (CONTACS2)
400 Axial Gaps Between Structural and Shield Lid (COMBIN40)
500 Radial Gaps Between Shield Lid and Canister Inner Surface (CONTAC40)
600 Radial Gaps Between Shield Lid and Canister Inner Radius (CONTACS52)
700 Axial Gaps Between Shield Lid and Canister Wall to Simulate Spacer Ring
(COMBIN40)
800 Radial Gaps Between Basket and Canister Inner Surface (CONTACS2)
1000 Intermediate Basket Thickness Real Constant
1100 End Basket Thickness Real Constant
1200 Weak Spring Real Constant

Table 2.6.14.2-2

Material Sets Defined in Canister Model

Material
Property Set

Component Material

|

Canister Shell and Structural | 304L Stainless Steel; ASME SA240
Lid

2 Top and Bottom End Basket [ 304 Stainless Steel; ASME SA240
Disk

3 Shield Lid 304 Stainless Steel; ASME SA240

4 Support disk ASME SA-533, Type B Class 2

Carbon Steel
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2.6.14.3 Thermal Expansion and Thermal Stress Evaluation of Canister for BWR Fuel

A thermal stress evaluation 1s performed by using ANSYS to determine the differential thermal
expansion and the associated thermal stresses that result from a heat load of 16 kW. In assessing
the thermal stresses, the following three extreme conditions are considered:

Solar Insolance Applied
Condition  Ambient Temperature to Cask Surface 16 kW Fuel Load
1 100°F Yes Yes
2 -40°F No Yes
3 -40°F No No

The temperatures employed in the thermal stress analysis are obtained by applying temperatures
at 36 key locations on the canister shell and ends to the thermal equivalent model of the structural
canister model as thermal boundary conditions. These temperatures are taken from the thermal
evaluation described in Section 3.4. The temperature distribution of the PWR canister is
conservatively used in the BWR canister analyses since this produces the peak temperatures and
temperature gradients. The structural finite element mode] is described in Section 2.6.14.2 and
2.6.12.2.  The equivalent thermal model is obtained by changing the structural element
SOLID45, which has three global displacements for degrees of freedom, to a SOLID70, which
has temperature degrees of freedom at the individual nodes.

The temperature-dependent thermal conductivity for the canister material is employed in the
thermal conduction analysis. The temperatures generated in this analysis are used in the thermal
stress analysis to evaluate the properties at temperature as well as the stresses resulting from
thermal expansion. Using this method, two separate cases are evaluated: a hot case (100°F ambient
with solar heat load and maximum decay heat) and a cold case (-40°F ambient and maximum decay
heat). Condition 3 is not evaluated because the entire assembly would be at -40°F for the
conditions described.

According to the ASME Code, Section 1II, Subsection NB, the allowable stress criteria are based
on the evaluation of linearized stresses across critical cross sections through the canister wall.

For the evaluation of the thermal stresses, the criteria for the stresses are based on peak stresses.

The stress values taken from the analyses are the nodal stresses at the surface. The sections used
in this evaluation are shown in Figure 2.6.14.3-1. The thermal stresses reported in Tables
2.6.14.3-1 and 2.6.14.3-2 correspond to the maximum stresses for any circumferential section for
the locations shown in Figure 2.6.14.3-1.
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2.7 Hypothetical Accident Conditions

The Universal Transport Cask meets the standards specified in 10 CFR 71.51 when subjected to
the conditions and tests specified in 10 CFR 71.73 for hypothetical accidents. In accordance with
10 CFR 71.73, the cask is structurally evaluated for hypothetical accident scenarios of free drop,
puncture, fire, crush, and water immersion. In the free-drop analyses, the cask impact orientation
evaluated is that which inflicts the maximum damage to the cask. The most unfavorable ambient
temperature condition during operation in the range from -40°F to 100°F 1s assumed. The
following sections contain the evaluation of the cask for structural integrity under the

hypothetical accident conditions.

2.7.1 Free Drop (30 ft) - Cask Body Analysis

The Universal Transport Cask is required by 10 CFR 71.73(c)(1) to demonstrate structural
adequacy for a free drop through a distance of 30 feet (9 meters) onto a flat, unyielding,
horizontal surface. The cask payload is oriented to strike the surface to inflict the maximum
damage. In determining the orientation that produces the maximum damage, the cask is
evaluated for impact orientations in which the cask strikes the impact surface on its top end,
bottom end, side, top corner, bottom corner, top-end oblique, and bottom-end oblique.
Evaluation of each drop orientation is accomplished by using finite element analysis techniques.
A complete description of the 3-D model used to analyze the cask body is presented in Appendix
2.10.2. The results of each drop orientation listed above is presented in this section. The impact
limiters and the impact limiter attachments are evaluated in Section 2.6.7.5 for all loading

conditions and orientations.

The mass of the contents is considered when evaluating impact. The environmental temperature
for the drop is between -40°F and 100°F. For the accident condition, stresses arising from
thermal expansion are not considered for the stress reevaluation. However, for determination of
properties, the temperatures are considered. Heat generation from the contents and solar

insolance are also considered. An internal pressure of 150 ps1g is applied i in the finite element
models to produce the bounding critical stress condition in COHJLmCt]OH with the other loads
| Table
2.7_.3_.,1-4,;;;;; prqssur . of 80 psig coﬁservatrvely exceeds the maxrmum calculated,;,m;erp_a;]

previously discussed. Elght (80.0) psig is ‘used in’ ‘the cask closure analys1s As shown in

pressures Closure hid bolt preload is considered and fabrication stresses are discussed.

The following method and assumptions are adopted in all the drop analyses:

2.7-1
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1. The finite element method is utilized to do the impact analyses. The analyses are
performed using the ANSYS computer program.

2. The analyses assume linear elastic behavior of the cask.

3. The cask contents are applied to the cask as a pressure load. The pressure
simulates the actual contents by applying the pressure as a cosine distribution.

4. The finite element model of the cask includes, geometrically, only the components
of the cask body to be structurally analyzed; however, the weight of radial neutron
shield spacers (as appropriate), and impact limiters are modeled as non-
geometrical point mass elements. The payload and spacer (as appropriate) are
modeled as distributed loads to attain a total weight of 252,444 pounds. To bound
the loads produced during a 30-ft drop, an acceleration of 60 g was used for all
30-ft drop orientations presented in this section. Therefore, the weights
presented for the cask body analysis are conservative and envelop the actual
values presented in Section 2.2. Additionally, the stress results (worst case side
and oblique drop stresses) were increased by a factor of 2.7% producing an
effective cask weight of 259,260 1b (no credit taken for bounding acceleration).

5. To account for the lead slump during the drops, and for the differential thermal
expansion between the cask stainless steel shells and lead shell, gap elements are
used in the finite element model to simulate the multi-body contact between these
components.

As discussed in Appendix 2.10.2, the loads and boundary conditions considered in the finite

element analyses are: (1) Closure lid bolt preload, (2) internal pressure, (3) thermal, and (4)

impact and inertial loads resulting from the impact event.

During fabrication of the Universal Transport Cask, thermal stresses can be introduced in the
mner and outer shells as a result of pouring molten lead between them. However, any residual
stresses in the containment vessel and the outer shell induced by shrinkage of the lead shielding
after the lead pouring operation are relieved early in the life of the cask because of the low creep
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2.9

Cask-

2.9-1
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“e ‘mode shape calculation or stress stlffemng

miss matri for

matrix for the buckling evaluation.

Based on the tlme duratlon uf the nnpact and the mh‘ rent inat ‘ d to rapidly
dlsplace mf_" the lateraj dlrectmn the effect of the ‘actual lateral motion of buckhng can: ‘be
ith a dynamic load factor (DLF) [47]. The expression for the DLF for a half-sine
loading for an SDOF is given by:

computed w

: »,,I—B 25

where:
B = ratio of first extensional model frequency to the first lateral mode frequency

The maximum dynamic acceleration (g-load), which may potentially result in the buckling of the

fuel rod, is determined by applying the | DLF | to the design acceleration of 60g for the 30-foot
end drop condition (see Section 2.7.1),

The critical bucklmg load for 'the fuel rod is calculated usmg ‘the same ANSYS m
for the dynamlc mode shapepalculatlon The mammum dynarmc g

odel employed

mode shape gEOEdmefuelrc>c wxﬂnotbucldeunﬁe?a30footend drop.

2.9.1.1 Design Basis PWR Fuel Rod Mode Shapes and Buckling Evaluation

TR s

W tmghouse*lS

ICK. & 5 Mark B (Class 2)
+...Combustion Engineering 16 X 16 Sys
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Characteristios of the PWR fuel fods are shown in Table 112:4 and Table 5.2-2.

Evaluaﬁon is. performed for the fi rfrepresentat:ve PWR fuel assembhes as descnbed in Sect1on

dynarmc mode shape lot. and the buckhng mode shape plot are shown in Figures 2.9.1-2 ‘and
29.1-3, respeetwely - For the'four PWR. fuel classes evaluated ‘the maximum. ‘dynamic_
less than the first b ckhng mode g-load therefore ‘the PWR fuel rods do not buckle durmg'the
30-foot end drop condition,

29.1.2 Desisn Basis BWR Fuel Rod Mode Shapes and Buckling Evaluation

Of the BWR “assemblies to be transported in the  cask, ‘the following are. identified as

representative assemblies’

v GE 7.x 7 BWR/2-3 Version GE-2b_(Class 4)
GE 8 x 8-2 BWR/2:3 versmn 'GE-5 (Class 4)
,GE 8x 8—4 BWR/2~3 versmn GE—8 (Class 4)

2.9.1:3
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CharacterisReT T e BWR Bidl s s shomm i

FATEe -m‘fgﬁ‘s‘gﬁ b
A

epresentative

constraints for the BWR fuel fods aré shown in Tabl
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ary Conditions

Tyhical Fuel Rod Finits Element Mod

Typical lateral displacement
boundary condition ~

Vertical restraint applied at the

/ base of the fuel rod
4
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de-Shape Plot for Fuel Rod

Figure 2.9.12  Typical First Lateral Mi
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Figure 2.9.1-3 Tical First Buckiing Mode Shape for Fuel Rod
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Table 2.9:1-1

Location of Lateral Constraints — PWR Fuel Rods

Fuel Asserably Type

Location of Lateral Constraints (inch)*

Westinghouse, 15x15.Std
_ Class)
L.=151.88in.

29 | 271

533

795 | 1057

1319 | 1506

Westinghouse 17x17 Std
. (Class )
L.=151.64 in.

345 | 279

48.4

110.1 | 1306

1512

Babcock & Wilcox
15x15 Mark B (Class 2)
Log=153.68 in.

4.9

48.4

69.5 | 90.6

1117 | 1327

1537

Combustion Engineering
16x16 System 80
_ (Class3)
Leq=161.00 in.

4.1

355

512 | 66.9

82.6 | 982

1139 | 129.6

1453 | 61,0

* Measured from the bottom end of the fuiel rod,

Table 2.9.1-2

PWR Fuel Rod Analysis Summary

Fuel Assembly
Class

First
Extensional

First

Lateral

Frequency

(Hz)

Frequency
Ratio,

Dynamic
Load
Factor,
DLF

Mode
g-Load

Westinghouse
15x15

29.1

7.268

0.280

40.9

Westinghouse
17x17

327

6.490

0.316

32.9

Babcock &Wilcox

5.110

0.407

244

Engineering 16X 16

200:4

2,909

0.780

* Maximim dynamic g- load = DLF x 60g,
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Table2.9.13  Location of Lateral Constraints for BWR Fuel Rods

Fuel Assembly. Class

0.00 | 22.88 163.42

T6342

GE 8 Y82 BWR/AG | 0.00 | 2288 | 4303 | 63.18 | 8333 | 10348
0(1—-16342 m

000 | 2288 | 43.03 | 63.18 | 8333 | 10348 | 123.63 | 14378 | 163.42

Lmar163-4_2. in.

* Measured from the bottom end of fuel rod.

Table29.1-4  BWR Fuel Rod Analysis Summary

Fuel Assembly Class Buckling g-Load
GE7 x 7BWR/4:6 104.3
GE 8 x 8-2 BWR/4-6 718
GE 9 x 9-2 BWR/4-6 64.6
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292 Buckiine Bvaluation for Maine Yankee Site Specific Fuel
Ti‘ﬁg segtlon presents the buckhng evaluauan for Mame Yankee hIgh Bumup fuel'he\n

presented in. Sectlon‘"Z 9.2‘,2}f0r Mame,Yankee hlgh bumup fuel w1th_an oxxde 1ayer thlcknes "

<<<<<<<<

Iy’damaged “These analyses show. that the high burnup | fuel
and the damagedhlgh bumup fuel do not buckle in design’ bas1s acc1dent events

80 microns that is also mech

2.9.2.1 Buckiing Evaluation for Maine Yankee High Bumnup Fuel

a burnup be ]
up to 80 m;crons (0 003 mch) thlck An assumed claddmg;
is also evaluated The fuel rod claddmg thlckness IS assumed i

_ox;de layer‘thlckness,

Thlscvaluauonxsoonmderedto “be the bounding condition (as o
considers the cladding only).

un@:ﬁpressed_ state, - at *.w,l'uch pomt the txme of mp t has bee completed Thi 'actually
| 10! ‘“"’The?shape of the

2921

Setbouret sl
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\g mass system, the time variation of the deformation during the

e base of the fuel rod hc,ﬁ,r,st bu.;ckhng;mﬁde@shapefcorr.@qundmg to\,;\thesc\ condmons is
computed as shown in Figure 2.9.2-2.

2.9, 2 2 and corresponds to a frequency of 2‘) 9 Hz The smnlanty of the two shapes sh VN it
Figure 2.9.2-2 is expected since both have the same dlsplacement boundary condltxons, the same

stiffness matrix and the same governing finite element equations.

Based on the time duration of the ‘impact and the inherent mablhty of the fuel rod to rapldly

displace in the lateral direction, the effect of the - actual lateral motic ‘bucklin
computed with a dynamic 1oad factor (DLF). “The expression | for the DLF for a half-sme loadmo

for a single degree of freedom is given by:

23
where:

B_.. = ratio of the first extensional mode frequency to the first lateral mode frequency

These, values, computed in this section, are B =844 and | DLF | = 024,
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Fuel’ peilet “Modulusof Elas{iﬁty 54l)
Zircaloy cladding Modulus of Elast1c1ty (ps1)

IR

tlver

The Towest freqUency:Ior. the lextensional mode. shape, wa i"co?ﬁfﬁﬁrfé’c“f

ot IR . pARC TR g

mode " shape cotresponas to.a frequency 0f-25.9 Hz: Using the' expression. _oérﬁt;hg DLF prevxously
discussed: the DLF i¢ computed to.be 024 (B'= 84

Bhovderduciths Boror heatopdl o
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aumre e

d& Taer Thiciness Bvaluation

T 5 (;3

minimum number o
thickness evaluation, exce]

the 20 micron oxidation laye
fuel rod outer diameter.is 1 fror

Y T B T S T T R N A TR PRI AT
Using the same.fue

PRERTEE

‘rod mod requires

R o e e

2.9.2.2 Buckling - Evaliation- for :Mairie

g AR S e ey

ke Hiish Burmup. Fuel With Medhanical

SRR

Damage

[ R LTS T SIS TPt S

e R T T R P S T T T I e T o Y T e ra e el
This section presents the.buckiing, evaluation.for.nigh. burnup. fuel. having'an 80 micron cladding

B RSO RS e 1) B ISR

Sﬁdéﬁﬁgﬁaﬁbhés and with-mechanicalidamag Consisting ok one.:
G TS SR o0 O G0 Tiches:

.

P A T D R YT A 0 T R AR 4 s TR D T
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R B OSEHEE

2924



SAR — UMS® Universal Transport Cask May 2001
Docket No. 71-9270 Revision UMST-01C

natural ‘}e(jﬁé?héi;?gf?ﬁe ‘fundamental extensional mode is d
1s computed to ‘be. 0 072 resultmg in an. effectlve acceleratlon;

e SRe e

V,;end drop e aluation, t

S T SO P T R M TR T YR T TSI

For thls analys1s “the dimensions aﬁd?physxcal data used

e e L P B
uelROd.OD D 4341 (800
[Pogiad 4 Y|

Ere 3 0E6 psi
Clad density  D-237.1b/in

P2 Dot B2 A

Flel density  0.396:1b/in’

Aciad 0:030 0% (cross-sectional area)
118 1n° (cross-sectional area)

I

A bl &
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fuel assembly. ‘The pitch (cen
pitch is across the diagonal

Assuming a’17x17 array, (which envelopes the Maine Yankee 14x14 arvay).
rod deflection is:

SERrEe AT

».18'inché

(171X (0.82°0143)

WU IETR

TR R T
:4 simply:st
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The cladding bending stress i given by the equation:

&t 3842&\(«,5‘cj'm‘i |
. 40xL? |
where:
extreme outer fiber

c= 0 217 inch ‘dxstance from center of fuel ro;
L. = 60 inches (the unsupported fu 1)

A 6 18 mches (the maxunum deﬂcctlon)

The bending stress in the fuel rod is:

5 384x6.18%0 21TX104786 _374ks
~40(60)*

The maximum hoop stress due to. the fuel rod internal pressurei‘ determined to be
(131 4 Mpa per Table 3 A- 7) ,:Therefore t{ efrrfaxﬁnhm ax1a1 stress 1s 9 6 k31 (one hal‘ of the
hoop stress [64]).

T e

The ‘bearing’ stress between. two fuel rods under a 60g ] oad is:
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The total stress is:

iated Zircaloy—4.is 834 ksi (Figure 3-2 [65])..

Therefore, the rhargin o ,séfety foru nmate,strengthgé

MS = -8—3-,—:1—-1 0 53
o544

The yleld strength allowabl ] ﬁar irradiated ercaloy-4 is 783 ksz (Flgure 3-2 [65]) Therefore
ryiel ;Lnrenoth 1s

the margm of safetyﬂ 0

MS - .’_7_8_3_ ._1 O 44

The maximum bearing stress occurs between the bottom fuel rod and the fuel tube. The bearing
stress is:

s r _059 17><0000143133864360><1047:}»36‘_216k81~
bg 044

The bending stress is negligible because the, maximum deflection is equal to the spacing of the

fuel rods established by the grid.. Therefore, the top fuel rod is bounding.

Consequently, the fuel rods are demonstrated. to_be structurally adequate for the 60g side drop

loading condition.
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Figure 2.9.2-1 Two.Dimensional Beam Finite Element Model for Maine Yankee Fuel Rod

0 L fs VIR - WS D - P L 60

Typical lateral
displacement
boundary condition

Typical node number

v

» a L) L
M= L5070 BRIE0 WA PV S RO D0AR O P LTEN JIBC WS

Vertical restraint applied at
the base of the fuel rod

e

2.9.2:9
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Miod Shape and First Buckling Shape for.the Maine Yankee Fuel Rod

First Lateral Dynamic First Buckling
Mode Shape at 25.9 Hz Shape at 37.9g

B By

¥

VvV
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 Typical lateral displacement
- boundary condition =~ .-
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Figure 2.9.2-4

First Lateral Dynamic First Buckling Mode
Mode Shape at 7.8 Hz Shape at 14.4g
= B

2.92-12
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The standard spent fuel assembly for the Maine
I4x1,4¥* fuel assembly Fuel of the same‘dem

The structural evaluation for he Mame Yankee. fuel can is presented in Secti

SR Rteg Erdod bou

211111  Maine Yankee Support Disk Evaluation

2 AT
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A gmametnc'study 1sperformed to show that»the PWR support dxsk holchng a Ma1 'e Yan 'e

Transportable Storage Camstt’r and that; the loadm g posmonﬁ;oiﬁthgs gﬂgsohdated fuei assembly xs

in _th@ fou,r,‘: Mam.f;,)’.ankee ,f.@el canlcifilngcases

2.11:1-2
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Case

Basket

Position

Basket Position

Basket Position

Basket Position

Consohdated

Damaged

21113
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RN

accommodate Mame"Yankee d dmaged. flieliin any conditio
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78.77 1b) X -60g = 6,193:8 1b; use 8,300 1b for evaluation:
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B

rted past the fuel tube flange in the si de drop configuration,

fuel tube flange
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s T L S R B R Lo s L R
Normal condition (one-foot drop):

e R A ST TR b SRS ]

um bending stress'(fy) is'determin

“as follows:

o

2.4) + top assembly,

21710
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20g acceleration)

Accident condition (30-foot drop):

The maximum bending stress (fo)
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e g v

The stress intensity (Cumas

The margin of safety (MS) is:

The welds joining the tube
3352.3). Per Table NG-335
inspection is 0.5.

100% Failed Fuel Anaiysis

Normal Conditions;

e

side drop eve

RS e s BL P S
ntz Thexfuel:cartsis:considered to

ST T R e A T e

worst case loading condifion £0
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. Representation of - |2

e g FuelMass.
T et L AT
NN <
N . T4
TS SN g
kil T ><
TN ~1E DTN
2 ST
. 1
L 9 \\\ LT
- <
b Bl

The global X-axis aligns with the longitudinal axis of the fuiel can. The Z-axis of the model
aligns with the grav1tat10na14 force direction. - The grav1tat10nal bodyforce acts in the negaflve
Z-dlrecuon Symmetry 'bo dary conditions, are apphed at the planes of symmetry All nodes for

the support disk in the_ model : are fully Testrained.

For the normal operatmg condmons, the governmg ASME Code reqmres that the. stress Timits glven in
Paragraph NB-3221 be tisfied. How in accordance. ‘with Paragraph NB-3222, the provrslon of
NB-3228 is apphcable plastlc analys S tm hmques are apphed “Per. NB-3228 3 (Plasmc Analysxs)
the stress limits g1vei1 i 1 not ' ) the
spec:lﬁed 1oads do not e ¢

’Aspee1ﬁc locatmn 1f 1t is. shown that

uatios the Mame Yankee fuel can, thlS process
s ot bl'ﬁ'“"h'n“the fuel can is

2.11.1-15



SAR - UMS® Universal Transport Cask May 2001
Docket No. 71-9270 Revision UMST-01C

The" fuel' "massused in the Lmte‘ element model corresponds to a m "mum welght;“f 52 100

fuel tube and the support dlsk to allow removal of the fuel can from the package

Accident Conditions:

evaluation is performed to demonstrate that the fuel can maintains its integrity during a tip-over

accident for this condition.

The fuel can IS de51gned to hold elther Mame Yankee standard Afu“l assembhes (1300 Ib) or
consolidated fuel assembhes (2100 1b) For 100% falled fuel, the pressure load apphed to the

fuel can is:

- 8. 52><103 6

where:

2.11.1-16
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Case

Base Case'| .00 1.00 1.00
Case 1 ’ ’ 0.96
Case 2
Case 3
Case 4

0.91
nal Stress Intensity (ksi
Case Normal Conditions, 20g Accident Condifions, 60g
0° 18.22° | 26.28° | 459 ‘ 8.22¢ | 26.28° | 459
Casel | 096 092 | 096 | 095 094 | 094
Case 2 0.96 0.95 0.95
Case3 | 0.96 095 | 0.9
Case4 | 096 0.93

0.96 0.96 0.95

et dution Precboe

2
3 | 0% | 095 [ D9
3 | 097 | 097 | 096

098 | 0.97
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Table Z11.1.1-2  Pa Stresses for Support Disk for 1-Foof Side Drop — Maine Yankee
Consolidated Fuel

s _Stress | Allowable|
Sx Sy Sxy Intensity | Stress Margin of
Section | (ksi) (ksi) (ksi) (ksD) (ksi) Safety
120 9.7 9.8 1.6 24.8 45 0.82
114 9.9 9.7 7.6 24.8 45 0.82
35 13.9 :L.5 6.4 20 45 1.25
23 1.4 14.1 6.3 20 45 1.25
21 1.6 2159 6.6 19.5 45 1.31
37 158 -1.8 6.6 19.5 45 1.31
112 7.1 5.9 6.1 17.8 45 1.52
111 -5.8 7.1 6.1 17.7 45 1.54
63 1.6 9.8 5.5 15.9 45 1.83
96 9.5 1.6 5.6 15.7 45 1.86
9 -0.5 -11.2 5.6 15.5 45 1.91
49 11 -0.5 5.6 15.4 45 1.92
28 9 2.8 4.3 14.7 45 2.07
40 2.8 -8.9 4.4 14.6 45 2.07
7 3 11.6 55 14.3 45 2.15
104 -7 0.2 6.1 142 45 2.17
51 11.3 3 5.5 14.1 45 2.19
66 0.2 7.1 6 14.1 45 22
72 10.6 -9.6 3.8 14 45 2.23
98 9.7 -10.7 3.7 13.9 45 2.23
95 232 -11.6 4.1 133 45 24
42 6.3 £10.2 4.6 13.2 435 24
26 10.3 6.2 4.5 132 45 2.4
110 13.2 -0.1 0.5 13.2 45 2.41
64 11.3 3.3 4.2 13.1 45 2.43
119 0.1 13.1 0.5 13.1 45 2.43
94 12.1 0.1 0.3 12.2 45 2.7
71 0.1 12 -0.3 12 45 2.74
79 1 8.9 3.7 10.8 45 3.17
80 8.6 1 3.7 10.7 45 3.2
124 3.6 £6.5 1.3 104 45 3.34
108 4.1 5 2.2 10.1 45 3.44
22 2.5 0.8 4.9 10 45 35
36 0.8 2.6 4.9 9.9 45 3.53
74 0.2 £9 2.1 9.8 45 3.6
99 9 0.2 2:1 9.8 45 3.61
115 0.5 4.6 3.9 9.3 45 3.82
122 4.5 0.5 3.9 9.3 45 3.85
116 0.1 9.1 0 9.1 45 3.96
92 2.2 16:8 0.2 45 4.02

il
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Table2.11.1.1-3  Pn Py Stresses for Support Disk for 1-Foot Side Drop ~ Maine Yankee
Consolidated Fuel

- _Stress  Allowable
Sxy Intensity ~ Stress
(ksi) (ksi) (ksi)

,,,,,,,,,,,,,,

120
114
42
26

48
36
22
80
79
72
98
40
28
108
75
39
25
123
115

675

1

211.1-22

o
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© |8 45° 18.22°
Design Basis| 1.00 | £00 | 1.00 | .00 00

0.95
0.95
096

Casel | 098 | 093 | 097 | 09
Casc? | D98 | 094 | 097 | 097
Case3 | 098 | 095 | 098 | 097
Case4 | 098 | 095 | 0.98

RSt

0.97
097

gt

Normal Conditions, 20g, Cold
0° | 1822° | 2628° | 352
DesignBasis| 100 | 100 | 1.00 | 1.00

Cae2 | 099 | o4 | bo7 | 08
Cwwe3 | 100 | D35 | 097 | 058

Case 4 099 | 095 | 098 | 099

oAt . poA i
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Table 2.11.1.1-5

Py, Stresses fo
Féﬁéd '(,fonsohdatéﬁ Fuel

- Support Disk for 1-Foot Side Drop — Maine Yankee 100%

Section

Sx (ksh)

Sxy (ksi)

Stress Intensity (ksi)

Allowable Stress (ksi)

Margin of Safety

120

9.9

7.8

24.9

45

0.80

114

9.7

7.7

24.9

45

0.81

35

14.0

6.9

20.8

43

1.16

23

:1.5

6.8

45

1.17

21

1.9

6.7

45

1.22

37

16.6

6-7

45

122

112

7.2

6.2

43

111

:6,_0

6.2

45

1.48

0.9

6.2

45

1.63

49

12.5

6.2

45

1.64

63

3.8

43

96

5.9

45

5.8

45

51

5.8

45

72

44

45

40

4.9

43

98

4.3

45

28

4.8

45

104

6-2

45

66

6.1

45

95

4.5

a5

4.6

43

26

4.6

45

42

4.6

45

110

-0.5

45

119

-0.5

45

94

0.4

45

71

-0.4

45

79

4.0

45

80

¢4.'. 1

45

74

0.2

2.3

45

99

‘:9-§

2.3

45

22

:3.1

'_1.!4

-5.1

45

36

r1.5

3.3

45

108

4.1

3.3

2.1

45

124

3.2

7§!8

0.9

45

92

2.6

z7:2

0.4

45

115

0.8

4.8

4.0

122

4.7

0.8

3.9

45
45

116

-0.1

9.4

0.0

45

Note:  Analysis corresponds fo the i-foot side drop with 45° basket orientation and thermal case B (See Section 2.6.13.6.2).

2.11.124

|
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Table 2.11.1.1:6

P, '+ P, Stresses for Support Disk for 1-Foot Side Drop — Maine

Yankee 100% Failed Consolidated Fuel

Section

Sx (ksi)

Sy (ksi)

Sxy (ksi)

Stress Intensity (ksi)

Allowable Stress (ksi)| Margin of Safety

3

r40.2

:46.2

123

359

67.3

0.21

21

-46.0

r40.2

53.8

675

0.21

23

33.6

31.9

10.7

47.3

67.5

0.42

35

378

33.7

10.7

47.5

67.3

0.42

34

-42.8

-42.4

3.2

45.8

67.5

0.47

20

42,2

-42.8

3.3

43.8

67.3

0.48

1

-44.4

=38.2

2.9

45.3

67.3

0.48

.‘38'2

-44.2

2.8

45.3

675

0.49

36.4

33.5

9.7

447

67.5

0.51

3l

33.3

36.5

9.6

44.6

67.5

0.51

49

-34.0

’34'6

9.7

440

61.5

0.53

=34.4

341

9.1

44.0

67.3

0.33

112

-18.5

+43.0

3.8

43.6

67.3

0.55

-40.0

-41.0

2.9

43.5

67.5

0.55

-41.0

-39.8

2.9

43.4

67.5

0.56

-42.8

-18.5

3.7

43.3

61.5

0.36

-32.8

-32.8

8.8

41.6

67.3

0,62

=324

+32.9

8.7

414

67.5

0.63

-31.9

-33.0

8.9

414

67.3

0.63

327

'32‘1

8.9

41.3

67.5

0.64

-33.1

-36.6

1.9

374

67.5

0.81

-36.4

-33.2

18

37.2

67.3

0.81

120

0.1

-35.3

5.5

370

67.5

0.82

114

-35.2

0.0

5.3

36.9

67.5

0.83

42

:19.6

334

7.6

36.8

67.3

0.84

26

=333

:19.4

7.6

36.6

67.5

0.84

36

5.1

’.4', 1

34.7

67.5

0.94

80

274

7.1

34.5

67.3

0.96

79

27.0

7.1

34.4

67.5

0.96

22

:33.8

4.1

34.4

67.5

0.96

72

=194

9.6

33.8

67.5

1.00

98

-27:1

9.5

334

67.5

1.02

40

:11.4

5.5

33.4

67.5

1.02

28

:31.7

5.4

33.0

67.5

108 7.9 28.6 6.3 30.3 67.3 1.23
30 4.4 29.3 3.6 29.8 67.5 127
5 13.7 20.1 :12.3 20.8 67.5 127

8

29.0

29.3

61.3

74

-18.6

294

67.5

99

-234

29.2

615

Note: Analysis corresponds to the 1-foot side drop. ith 45° basket oricntation and thermal case B (See Section 2.6.13.6.2).
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3.6 Thermal Evaluation for Site Specific Contents

3.6.1 Maine Yankee Site Specific Contents

3,,5 for the npr,mal ;CQDdJUQHS ,of ,_transpcr.t and;,hypotheuc@l ‘,a\qc.ld@nt Qpndlnons\} ‘respec.uvely‘.

The Maine Yankee site specific fuels and GTCC waste are described in Sections 1.3.1.1.1 and
1.3.1.1.2, respectively.

The thermal evaluations of the Maine Yankee site specific fuels and the GTCC waste are

provided in Sections 3.6.1.1 and 3.6.1.2, respectively.
3.6.1.1 Spent Fuel

The Maine Yankee site specific fuels included in this evaluation are:

4; Standard
with hollow Zircaloy tube

3.6-1
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5 Standard fuel, assemb] 1es w1th m core 1nstrument thlmble assembhes stored 1n the center

gulde
6. Standard fuel assemblies that are designed with variable enrichment (radial) and axial
blankets.
7. Standard fuel assemblies that have fuel rods removed.
8. Damaged fuel assemblies.
9, Fuel assemblies with inserted start-up sources and other non-fuel items. -

e thern ; ,sue spec1ﬁc fuels are provrded below“
per assembly is] the ces1gn bas1s hedt load (O 83 kW) for all Maine Yankee site specn‘fi
fuels blisted'ihﬁthe for.egorng:

1. Consolidated Fuel

There are two (2) consolidated fuel lattices (pseudo aé‘s‘éﬁdbl’iés’)“jrh > maxim
each consohdated fuel assemb »]y is O 279 kW The. heat load of the kon

‘ 283 fuel rods is bounded by the des1gn basis PWR fuel assembly, since its heat load is. only one-
third (0.279/0.83) of the ‘design basis heat load.

The second ‘consolidat‘edﬂfuel lattice has 172 fuel rods with 76 stainless steel dummy rods at the
outer periphery of the lattice. Due to the presence of the sta;mless steel rods, th effectlve thermal
conductivities of this assernb]l) may be shghtly lower than those of the s ndard CE 14x14. fueI
assembly Whﬂe the stamle s steel rods prov1de better conductance m the ax1a1 d1rect'

standard fuel rods \.The ’radmtlon 1s a funcuon of surface ermsswrty and ‘the emlsswlty for
stainless steel (0.36) is less. than_one-half of that for ercaloy (O 75) A parametnc study 1s
performed to demonstrate th.at the thermal performance of the UMS® PWR bask t lo ding

ernal.mpd.el..

R LT PSR

used to determine the effective thermal conductivities  of the

th stainless steel rods, Considering the symmetry of the consolidaed

3.6-2
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8. Damaged Fuel Assemblies

2) are. used for the debris
| hlgher

¢ié§419gfﬁﬁ;dj‘élii‘aéiiﬁﬁzféilure;afefff

S
i
i

o
!

Y3
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Maximum Temperature (°F)
Fuel Cladding | Damaged Fuel | Support Disk | Heat Transfer Disk

Description

Configuratron wrth damaged

fuel loaded m four basket 682 633 618 614
comer locauons

Design basis PWR fuel 673 N/A 608 605
Allowable 716 N/A 650 700

As shown in the prev1ous table, the maximum temperatures for the fuel claddrng, damaged fuel

assembly, support dlsks and heat transfer dlsks for the conﬁguratlon d fuel
in four, (4) basket corner locations are w1th1n the allowable temperature range Addrtronall

maximum temperature of the. support disk remains bounded by that used in the structural
analyses of the fuel basket (Table 3.4-1, Canister Gas: Air).
9. Fuel Assemblies with Inserted Start-up Sources and Other Non-Fuel Items

Five Control Element Assembly (CEA) ﬁngertrps and 2 24-inch ICI ; segm nt may be placed into
the guide tubes ofa fuel ass< mbly In addmon four used start—up “neutron sources and ¢
unirradiated source will each be loaded into separate fuel assemblies. AWrth the CEA ﬁngemps

and the neutron sources msetted 1nto the gulde tubes of the fuel assembhes the effe” ive

conductivity in the axial direction of the fuel assembly is increased because solid material
replaces helium in the guide tubes. “frhech‘ange in the effective cmiaﬁaﬁatg;&n‘ the transverse
direction of the fuel assembly is neghglble since the non-fuel items are 1inside of the gulde tubes.
Note that the total heat load of the fuel assemb]y, 1ncludmg the small amount of extra, Meat
generated by the CEA ﬁnger‘t1p< 0.4 watts) and the four 1rrad1ated neutron source , (15 4 ;

total), remains below the desi gn basis heat load Therefore ‘the thermal performance of the, fuel
as_semybhesp wzth\CBA ﬁngertlps and neutron’ source,s, inserted is bounded byﬁ th;at_‘of the‘ standard
fuel assemblies.
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5.0 SHIELDING EVALUATION

The Universal Transport Cask meets the 10 CFR 71 [1] requirements for transportation dose rate
limits. The optimized multiwall design provides an efficient shielding arrangement for the
transportation of 24 PWR or 56 BWR spent fuel assemblies. This chapter describes the shielding
design and the analysis used to establish bounding radiological dose rates for the transport of
various PWR and BWR fuels.

The shielding design criteria for the Universal Transport Cask are in accordance with the
requirements established in 10 CFR Parts 71.47 and 71.51 for normal conditions of transport and
hypothetical accident conditions. The 10 CFR 71.47 requirements for the transport of spent fuel

nments in exclusive use include the following:

) The dose rate on the “urfac of the package must not exceed 1000 mrem/hr.

e The dose rate on a vertical plane at t eral surfaces of the rzulcar must not exceed

200 mrem/hr.

e The dose rate on a E(‘f;:mcad plane two meters from the lateral surfaces of the railcar

must not exceed 10 mrem/hr.

e The dose rate in any normally occupied positions of the railcar must not exceed 2
mrem/hr.

The 10 CFR 71.51 requirements state that the dose rate under hypothetical accident conditions
must not exceed 1,000 mrem/hr at 1 meter from the surface of the cask. A summary description

of the modeling methodology and dose rate results is provided in Section 5.1.

The shielding analysis is performed on the basis of design basis fuel descriptions for both PWR
and BWR fuel. The design basis PWR fuel is a Westinghouse 17x17 assembly with a burnup of
45,000 MWD/MTU, an initial enrichment of 3.7 wt % 25U, and a 10-year cooling time. The
design basis BWR fuel is a GE 9x9 assembly design with a burnup of 40,000 MWD/MTU, an
initial enrichment of 3.25 wt % **°U, and a 10-year cooling time. A detailed description of the

source term specification is provided in Section 5.2.

In the Universal Transport Cask design, the spent fuel assemblies are surrounded by a
multiwalled arrangement of shielding materials. However, structural design requirements lead to

cask extremity regions, such as rotation pockets, in which shield materials are reduced or

O
¥

b
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penetrated. Detailed analytical treatment of these shield transition regions is required to assess
the radiological consequences of the design. Section 5.3 describes the three-dimensional
shielding models employed in this analysis.

Dose rate results are obtained for @ normal conditions of transport and hypothetlcal a001dent

conditic tig “ﬁﬁg“?{é“ ’,ent%:conci*ﬁgﬂﬁg the cask is ﬁ yzeds: : gltanieous .

complete loss of radial neutron shielding including loss of the outer neutron shleld shell loss of
1Yand axial ‘lead ; 1ungp§ resulting from pg (

and end drops. Analytical details and dose rate results are given in Section 5.4. Under all

impact limiters; 4nd.combine

postulated conditions, the fully lcaded cask 1s shown to meet regulatory radiological limits.
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The source specifications for the design basis fuel are discussed in Section 5.2.

5.1.1.2 BWR Fuel Assembly Classes

On the basis of similarity of length, the BWR fuel assemblies to be transported in the Universal
Transport Cask are compiled into two classes (Class 4 corresponds to BWR/2-3 assemblies and
Class 5 corresponds to BWR/4-6 assemblies). Of these assemblies, the following are chosen as
candidate design basis assemblies for the cask shielding analysis on the basis of their computed

radiation source terms:

o GE 7x7 BWR/2-3 version GE-2b (Class 4)
s GE 8x8-2 BWR/2-3 version GE-5 (Class 4)
s GE 8x84 BWR/2-3 version GE-8 (Class 4)
¢ GE 7x7 BWR/4-6 version GE-2 (Class 5)
s GE 8x8-2 BWR/4-6 version GE-5 (Class 5)
¢ GE 8x8—4 BWR/4-6 version GE-10 (Class 5)
¢ GE 9%x9-2 BWR/4-6 version GE-11 (Class 5)

These assemblies constitute the candidate design basis BWR fuel assemblies for the cask
shielding analysis. One-dimensional shielding calculations performed for each assembly identify
a single assembly type that is selected as the design basis assembly for subsequent detailed three-
dimensional shielding analysis. The candidate BWR fuel assemblies are analyzed on the basis of
an initial enrichment of 3.25 wt % >*°U, a burnup of 40,000 MWD/MTU, and a cooling time of
10 years.

5.1.2 Codes Emploved

The SCALE 4.3PC [3] code system is used in the analysis of the Universal Transport
Cask. Source terms are generated by using the SAS2H [4] sequence as described in
Section 5.2. One-dimensional radial and axial SAS1 [5] analyses are performed in order to
identify design basis PWR and BWR fuel types. With these design basis source descriptions, a
detailed three-dimensional analysis is performed by using the SAS4 [2] Monte Carlo

5.1-3
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shielding analysis sequence. Modifications to SAS4 permit computation of dose rate profiles along

surface detectors. These charnges are further described in Section 5.4.1.

The 27 group neutron, 18 group gamma, coupled cross section library (27N-18COUPLE) derived
from ENDF/B-IV [6] data is used in all shielding evaluations. Source terms include fuel neutron,
fuel gamma, and gamma contributions from activated hardware. The effects of subcritical
neutron multiplication and secondary gamma production due to neutron capture are included in
the analysis. Dose rate evaluations include the effect of axial fuel burnup variation on fuel

neutron and gamma source terms as described in Section 5.2.6.

5.1.3 Results of Analysis

The calculated normal transport and hypothetical accident condition dose rates are discussed in
the following sections. The cask surface dose rates calculated at the fuel midplane include (1)
neutrons and gammas origirating from the fuel; (2) neutrons resulting from subcritical
multiplication; (3) secondary gammas resulting from neutron capture in the neutron shield; and

(4) gammas from activated materials in the grid spacers, end-fittings, and plenum springs.

The results of the 1ntactfue] shielding analysis demonstrate that computed dose rates remain
below 200 mrem/hr at all accessible locations on the surface of the cask. Computed dose rates
slightly above 200 mrem/hr occur in the narrow, inaccessible gap between the neutron shield and
the lower impact limiter in the BWR case and in an analysis of the PWR case with no spacer
employed. Computed dose rates above 200 mremvhr also occur at the cask surface between the
top impact limiter and the neutron shell in the damaged fuel evaluation. Dose rates for this
condition are below 450 mrem/hr on the cask surface and are below 100 mremvhr af the
per‘sonnel‘l‘jzinitei'. The dose rates remain below 10 mrem/hr at all locations 2 m from the edge of
the railcar (any point 2 m from the vertical planes projected from the outer edges of the
conveyance), 2 m above or below the Transport Cask, and 2 m from the axial surfaces of the

impact limiters.

In addition, the hypothetical acc1dentcond1t10nsdonot result in a dose rate that exceeds the
accident condition dose rate lirnit of 1000 mrem/hr at 1 m from the cask surface. Therefore, the
Universal Transport Cask satisfies the regulatory criteria of 10 CFR 71.47 and paragraph 469 of
IAEA Safety Series No. 6 urder normal conditions of transport; and 10 CFR 71.51(a) and
paragraph 542 of IAEA Safety Series No. 6 for hypothetical accident conditions.

5.1-4
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In the tabulated results, computed dose rates are reported along with the relative uncertainty
associated with each computed value expressed as a percentage. The relative uncertainty

corresponds to plus or minus one standard deviation in the quoted value.

5.1.3.1 Normal Conditions of Transport

The maximum radial and axial dose rates for 1ntactfuel calculated for the PWR and BWR casks

under normal condltlons of transport are shown in Table 5.1-1 and Table 5.1-3, respectlvely The

Iocatlons of th m ‘nnum dose rates in normal condltlons of transport relatlve to. the cask body

and transportor arc;:bsho‘wnum Elguro 5,1;1. The tables present the maximum computed dose rates
and corresponding relative uncertainties on radial and axial surfaces outside the cask. Dose rates
indicated at the personnel barrier correspond to the maximum values computed on a cylindrical
surface extending between the top and bottom impact limiters and surrounding the cask at a
radius of 53.5 in. In the radial case, dose rates indicated at the “2 m position” correspond to a
position 2 m from the edge of a 124 in. wide standard railcar. For axial results, this position

corresponds to a dose location 2 m from the top or bottom impact limiter surface.

For the PWR cask, the maximum normal conditions mtactfuel surface dose rate is 1672
(i1.8%) mrem/hr, occurring on the surface of the upper forging at the upper trunnion recess.

(Values in parentheses following a dose rate result indicate the relative uncertainty in the value.)
At the surface of the personnel barrier, the dose rate is much less than 200 mrem/hr with a
maximum computed dose rate of 466 (+1 6%) mrem/hr. In addition, the 10 mrem/hr criterion is
met at all locations 2 m from the railcar, 2 m above or below the cask, and 2 m from the axial
surfaces of the 1mpact limiters. Ax1al shlftmg of damaged fuel matenal mcreases the ‘calculated

dose rate on the upper. forgmg and personnel barner (at the elevatxon of the forgmg) Dose rates
remain below 450 mrem/hr at the cask surface and 100 mrem/hr at the personnel barrier.

For the BWR cask, the maximum normal conditions surface dose rate is 848(:*:20%) mrem/hr,
occurring on the surface of the lower rotation pocket. The dose rate at the outer shell surface in the
inaccessible 1.25-in. wide gap between the neutron shield shell and lower impact limiter, is
computed to be 2256(i35%5 mrem/hr. However, this dose rate is not considered significant due
to the inaccessibility of the location. Furthermore, the dose rate at the gap opening is well below
200 mrem/hr as demonstrated in Section 5.4.2.2. All other cask surface dose rates are less than 200
mrem/hr. At the personnel barrier, the maximum dose rate is much less than 200 mrem/hr, with a
maximum computed dose rate of 404(i15%) mrem/hr. The 10 mrem/hr criterion is met at all

locations 2 m from the railcar and from the axial surfaces of the impact limiters.

5.1-5



SAR — UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

5.13.2 Hypothetical Accident Conditions

Table 5.1-2 and Table 5.1-4 provide accident dose rates that could occur in the event of the loss
of the neutron shield, shield shell, and 1mpact limiters in the PWR and BWR casks, respectwely

The location of the maximum hypothetical accident dose rates relative to the tr ansport cask b

2. An accident involving the complete loss of the impact limiters or

aré shbwn in Flgure 5.
neutron shielding is not credible for the Universal Transport Cask, although some of the neutron
shielding capability may be lost as a result of a fire. Nonetheless, the shleldmo analy51s

conservatively assumes a complete loss of radial neutron shleldmg In ad Xial :
lead slumps resultmg from postulated cask side and end drop acmdents’areh modeled in the

accxdent cond1t1on ana]y31s

In the event of a cask end drop, the lead gamma shielding could slump and fill the annular gap (if
one exists) created by the cooling of the lead after fabrication. This accident could create a 3.05
in. gap at the top of the lead annulus. The major radiation concern in this event is the “shine
through™ of the activated end-fittings. If the cask is subjected to a side drop, the lead gamma
shielding could slump and create a void on the upper side of the cask. An evaluation of this side
drop accident shows that the lead may sag at the opposite side by a maximum 0.91 in. T

The dose rates presented here and in more detail in Section 5.4 show that neither the loss of the

neutron shielding nor the lead slump conditions will result in a dose rate that exceeds the
hypothetical accident dose rate limit of 1000 mrem/hr at 1 m from the surface of the cask.
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5 mrem/hr (PWR
0.2 mrem/hr (BWH
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-at fuel midplane

204 e/t (PWR)
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Table 5.1-1 PWR Maximum Total Dose Rate Summary O Intact b el

7
e

Conditions g2

Location |Dose Type

Surface Gamma
Neutron
Total
Personnel Gamma
Barrier Neutron
Total
2m Gamma
Position Neutron
Total

3;Accidcsnt

Table 5.1-2

Conditions
Location |Dose Type Radial Top Axial Bottom Axial
1 m Gamma | HAS %5 | 201 ®é%)| b81 (04%)
~ Position Neutron | #1677 203 (29%) | 108 (0.6%)
Total | HBIES P04 [238%) | 8935 [04%)
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Table 5.1-3

Location

Dose Type

Surface

Gamma
Neutron
Total

Radial

e LD,
I o1

Top Axial

ol

7,

Personnel

Barrier

Gamma
Neutron
Total

2m

Position

Gamma
Neutron
Total

Table 5.1-4

BWR Maximum Total:Dose Rate Summary for Intact Fuel

X At Nt

Condi

W Sdrtebicetad ek AR08

Location

Dose Type

Radial

Top Axial

lm

Position

Garnma
Neutron
Total
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55.1 Site Specific Contents Shielding Evaluations

B T e

S1te spemﬁc fuel assembly coﬁﬁgura ons are i her"sﬁii‘ivii?t‘o'bie’sbduhded “B?ftﬁé’ér’i‘a&sis’*bf“thé

to be acceptab e_contentsby specxﬁc evaluatlon of the conﬁguranon

5.5.1.1 Maine Yankee Site Specific Spent Fuel

et et

spent fuel 1nventory

sh1eld11 g

Fetwaaas

in determlmng minimum. cool‘ t1

55.1.1.1 Fuel Sdurce Term Description

Mame Yankee “utilized ; 14x14. arrax ‘size.. fuel -based. on. desagns prov1ded by Combustion

o] design. iS..8 selected as. thg‘;demgn# basu_f"’rfor"'ftlu \;gga_lyms

because Its! potennal., Uramum; oadmg;l,g»;_the.-. hlghestjgof;the.fthrec:vendo‘ "fuel types. based on a
0.3765-inch nominal fuel- pellet diameter,. a-137 inch active. fuel Tengith, and. a 95%.theoretical

Muaine Yankee fuel mass of.0:397.MTU; and therefore,, produces bounding_source terms. :The
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TR,

each,,aésgmbly are. shown in Table 5 5 11- 6

lattlces T he par 1ELers ] el 1
30 ooo MWD/MTU an ’1 9‘wt T% en

requ1res six years" ‘ool time ,b ore it can
5 5 1 1 10 The consohdated fuel has been cooi‘ d f

“trength"'of the hrmtmg fuel at six and 24 years cool ume

SrecerT

1 fuel rods present in. CN~10 are at th 1'

Conservatlvcly assuming t “that
30 000 MWD/MTU ahd ~9' i

ot i ch T3

n one for each . source ‘type in. Table 3. 5 1 1“:‘185

Féfféjth.ﬁS'QU!QQJYPi: t.h@.,@tlg‘_l's‘99&?&&&&

Ratio = - (Num Rods.in CN-10)(Source [ Rate at 24 Y1)/ (Num Rods in F/A)(Source Rate at 6 Yr)

shlpmcnt in the;transport,{cask as of J anuary 1 2001‘5
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plenum assembly regions;

5.5.1.1.45.1 Damaged Fuel Loading Table Analysis

Because

i
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Establishment of Limiting Values

location,

5.5.1.145.3 Damaged Fuel Cool Time Determination

The strategy used to determine the limiting cool times for a given initial enrichment and bumup

combination is;

year ! The results of the Maine KY'ankee dama ged fuel«loadmg table analysis are shown in Table

5.5.1.1.4%6 Additional Non-Fuel and Neutron Source Material

wo. . irradiated  and - one

e heducd>d RENEAAASE,
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TN TR

4 he CEA fingertips and ICI string segment may be. mserted into the ‘gnide tubes of one
fiel assembly. but the assembly must be loaded into a- Class 2 canister to accommodate 2 flow

mixer to plug the guide tubes holding the non-fuel components.

aractenzatxon < f the adetzonal now‘fuel hardware is. prov1ded in Tables 5.5.1.1-20 and

s e

The masses of 2*pu and *Pu ¢ 'ven kfor the’umrradlated Pu—Be source. are used in con;unctlon
with the delivery date of May 1972 to generate source terms.

have an | addluonal source component due to the lrradlatlon of the stamless

ST S T DT Ty T T L S

e C aractenzatlon, it 1s" apparent that the S -B

LT T T

reqmres actlvauon The“’hardware source spectra for the 1rrad1ated Pu—Be sources are based on

umrrachated Pu-Bé s"ourEE”g
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Table'5.5.1.1:3 Maine, Y ankee ICI Thimbie Exposure History and Total Source Rate by
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Maine Yankee CE14x14 Homogenized Fuel Region Isotopic Composition

Table 5.5.1.1-8

CEl4x14

NTCKEL(SS304)
OXYGEN-16

4 33133E-03
3.06324E-03

1:19_13:1?9@.1.,: ource R@giqn,s

Isotope

Upper. Plenum

e T

[atom/b-cm]

Upper End Flttmg

Iatom/b cm]

{atom/b-cm]

CHROMIUM(SS304)

1:59190E-03

IRON(S5304]
NICKEL(S5304)
ZIRCALOY

1.58594E-04

542166E-03

B2

7.05196E-04
5.22036E-03

L89910E-03
1.89199E-04
6:46791E-03
8.41284E-04

3.08 081251—3-03

1. 36497E-O3
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Isotopic Compositions of Maine Yankee CE14x14 Canister Annular

ey

Region Materials (One-Dimensional Analysis Only)

9.31065E:04

Table 5.5.1.1-10 Loading Table for Maine Yankee CE14x14 Fuel with No Non-Fuel
Material — Required Cool Time in Years Before Assembly is Acceptable

Loading Table for CE14x14 Fuel with No Non-Standard Fuel Material

Enrichment

[{




SAR — UMS® Universal Transport Cask May 2001
Docket No. 71-9270 Revision UMST-01C

TbIRSSTAT  [hree.Dimensional Shiclding Analysis Results for Various Maine Yankee
CEX Confisurations Establishing One-Dimensional Dose Rate Limits for
Toading Tabie Analysis

CEA Cool Time
Iyl




SAR — UMS® Universal Transport Cask May 2001
Docket No. 71-9270 Revision UMST-01C

Table 551

- Minimum Feguired Caol Time in Yeirs.
Burnup 30 GWDMTU Minimum Cool Time (¥ for
Enrichment MNa CEA (Class 1)L No CFa (Class 2) 5YrCEA 10 Yr CEA 15Yr CEA 20Yr CEA
1.9 6 6 7 6 6 6
: 2.1 6 6 7 6 6 6
[ 2.3 6 6 6 6 6 6
25 6 6 6 6 6 6
: 27 6 6 6 6 6 6
: 29 5 6 6 6 6 6
5 3.1 5 s 6 6 6 5
33 5 5 6 6 s 5
35 5 5 6 5 S 3
37 5 5 6 5 < <
Burnup 35 GWDMTU Minimum Cool Time {¥] for
Enrichment MNo CEA (Class 1) No CEaA (Class 2) SYr CEA 10 Yr CEA 15¥Yr CEA 20Yr CEA
: 1.9 8 8 9 8 8 8
B 2.1 7 7 9 8 8 8
B 23 7 7 8 7 7 7
2.5 7 7 8 7 7 7
27 6 7 7 7 7 7
29 6 6 7 7 6 6
31 6 6 7 6 6 6
3.3 6 6 7 6 6 6
35 6 6 6 6 6 6
37 I [{] 6 a 6 6
Burnup 40 GWD/MTI! Minimum Cool Time [v] for
; Enrichment No CEA (Class 1) No CE:A (Class 2) SYr CEA 10 Yr CEA 15 Yr CEA 20 Yr CEA
B 1.9 11 12 14 13 12 12
. 2.1 10 10 13 11 11 11
: 23 9 9 12 10 10 10
25 9 9 10 9 9 9
27 8 8 10 g 8 8
29 8 8 9 8 8 8
kB! 7 7 8 8 8 8
33 7 7 8 7 7 7
35 7 7 8 7 7 7
37 7 7 7 7 7 7
Burnup 45 GWDNMTL Minimum Cool Time [y] for
Enrichment No CEA (Class 1) No CEA (Class 2) SYr CEA 10Yr CEA 15 Yr CEA 20 Yr CEA
1.9 8 18 21 19 18 18
2.1 15 ’ 16 19 17 17 16
23 14 14 18 16 15 15
25 12 13 16 14 14 13
27 11 12 14 13 12 12
29 10 11 13 12 11 11
31 10 10 12 11 10 10
3.3 9 9 It 10 10 10
s 9 9 10 10 10 10
: 17 9 9 10 10 10 10
v Rurnup A0 GWDAITLE Minimum Cool Time [yl for
: Enrichment Na CEA (Class 1) No CEA (Class 2) SYr(CEA 10 Yr CEA 15 Yr CEA 20 Yr CEA
1.9 27 27 29 27 27 27
2.1 24 24 27 25 24 24
23 22 22 25 23 22 22
2.5 19 19 23 21 20 20
2.7 17 17 21 19 18 18
29 15 16 19 18 18 i8
3.1 15 15 18 17 17 17
33 15 15 17 17 17 17
35 14 14 15 15 15 15
37 14 14 15 15 15 15
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Table 5.5.1,1-13

CEA Cool Time
vl
10
15
20

Table 5.5.1.1-14  Establishment of Dose Rate Limit for Maine Yankee IC Thimble Analysis

Bottom
_Rate | FSD
Cs (mrem/br)| (%)
No ICI 8:50 0.7

il

o oy ey

dICI 8.50 0.7

Table 5.5.1.1°15  Loading Table for Maine Yankee CE14x14 Fuel Containing ICI Thimble

e e DR LT

Enrichment Burnup [GWD/MTU]
wt%] | 30 35 40
1.9
2.1
2.3
2.5
2.1
2.9
3.1
33
3.5
37

55,121
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K TR TR X e o] ]

Assy Burnup |Enrichment SSR Source
Number | [GWD/MTU]| [wt %]

N420 45
N842 35
N868 40
R032 45
R439 50
R444 50

Table 5.5.1.1-17 ~ Maine Yankee Consolidated Fuel Model Parameters

Actual Modeled
No: | Burnup | Enrichment | Burnup | Enrichment | Cool T
Lattice | Assy |Rods |[MWDMTU]| [wt%] |[MWD/MTU]
CN-1 |EF0039| 172 sxso 1.929
CN-10 |EF0045| 176 :
EF0046| 107

Table 5.5.1.1-18 Maine Yankee, Source Rate. ‘Analysis for CN-10.Consolidated Fuél Lattice

Cool Time | No.Rods Decay Heat
[y] Pres

Fuel Hardware

resent  [kW/cask]
6 76 139
24 283 742
Src Ratio 24/6 0.86

5.51:28
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T

Table 5.5.1.1-19 Toading Table for Maine Yankee CE 14x14 Damaged Fuel

1 fread B

LI I 1001 T I T 1 03 e ]
RNTR AR IR S oTRES RV

Table 5.5.1.1-20  /Additional Maine, Yankee Non-Fuel Hardware Characterizati
Neutron Sources

Waste Volume

Item [ft’] Total Curies | £Co Cauries
Sb-Be Source 1H1 0.020 4.15E+02 2.22E+02
Sb-Be Source 6H4 0.020 4.32E+02 2.31E+02
CEA Fingertips 0.100 1,06E+02 8.90E+01

ICI String Segment 0.007 2.82E+01 L.76E+01

Table 5.5.11:21  Additional Maine Yankee Non-Fuiel Hardware Charactetization = Netron

Sources

et

Item | 2pu Grams | Z°Pu Curies | #Pu Grams | |

Pu-Be Unirradiated Source 1.16 B 0.24 E

Pk gt

Pu-Be Irradiated Sources 1.16 5.10E-02 0:24 5.88E-05

5.51:29
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Year Cool Time from

Table 5.5.1.1-22  Pu-Be
17171997

2

IO T PO D

o7 oo

6 1.6776E410
i7 6.9545E£10

8 3.5620E+11
TOTAL | 4.9691E+12
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Table 5.5.1,1-23

‘Additional. Maine, Yankee :Non-Fuel Hardware.

Jardware Assembly

Srdotra (Class 2 Canister)— 10-Year Cool Time from 1/1/1997

Group

ICI String

CEA Fingertips

Total Gamma

_ Tgfsec]

Tt T

[g/sec]

HO S SR LR SR

| 1O 007 AT IO

i
oo

0.0000E+00

0.0000E+00

0 0000E+00

O 0000E OO
0.0000E+00

Q;Q@Qﬁt@g

0.0000E+00

0.0000E+00

0.0000E~+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

7.7679E+03
5.0096E+06

2.9198E+04

369665404

1.8830E+07

2.3840E+07

0.0000E+00

0 OOOOE+OO

0.0000E-+00

2.1109E+11
TATS0E+11

3.3302E+07
8.8318E+05

2 5431E+06

3 0668E+O7

5736008409

1.0046E+12

pepT e e

5573E+12

2.9392E+09

0. 6228E+09

1:2183E+10

1.2840E+10

4.8265E+10

6.1105E+10

9.7472E+11

3.6639E+12

4.6386E+12
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Table 5511534

Additional Maine: Yankee Non-Fuel Hardware — Source Assembly Spectra ~ 10-Year Cool Time from

e At |

Group

Sh-Be Source

Pu-Be Unirradiated Source

Pu-Be Irradiated Source

Gamma

[g/sec]

Gamma

[g/sec]

Neutron

[n/sec]

Gamma

[¢/sec]

Hw Gamma

[g/sec]

Total Gamma
[g/sec]

AR DT

RSN R o VR Ve ~ ]

0.0000E+00
%1 1900E+05

4 6980E+08
9. 4617E+09
3.9217E+10
1.9670E+11

1.7724E+0Q
B.6878E+00
4.06818E+401
1:2370E+02
3.9121E+02
4.5986E+02
B.3349E+02
1:4479E+03
6.7259E+00
8.6431E+03
3.7894E+04
2 éo’ ‘1’0"E+05‘

2 6912E+04

1 698E+07
2771826E+07
2.9816E+10

4.5780E+01
3.0620E+03
2.2600E+03
1.5280E+03
7.9540E+02

ot

[ e

ol A Secncllibiia Bk

-
2
-
i
1.

5.6750E-03
2.7817E-02
1.4991E-01
3.9608E-01
1.2526E+00

1 4722E+OO

4.6003E+06
1.0044E-04

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
1.6598E-15
2.1099E+05
1.3607E+08
5.5885E-09
5.7338E+12

2.7632E+01
1.2132E+02
9 291 1E+02

1 0610E+02

8.1311E+01
6.3049E+04
8.9027E+04
9.5465E+07

167765410
6.9545E+10
3.5629E+11

5.6750E-03

2.7817E-02

P |

1 499 U:‘r-U 1

3.9608E-01
1.2526E+00
2.1099E+05

3 5639E+11

-
by
%
[
hsd
2}
m
P
&
=
23

SEORETR OSEES LOTE DU

-

1.4932E+13

2.9864E+10

1.562E+04

9.5618E+07

2.6484E+13

2.6484E+13

5.5.1-32
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Table5.5.1.1-25  Additional, Maine Yankee Non-Fuel Hardware ~ Hardware Assembly
Dose Rafes (Class 2) = 10-Year Cool Time from 1/1/1997

Normal - Railcar + 2m Dose | Accident - 1m Dose
Gamma Dose

Gamma Dose

Group [mremvhr]

P e e e

00E

ONT TG TR 1G0T IS

Ao 100! 14T

14 1.30E-18
15 121E-34

16 0(00E+00 0.00E+00

17 0.00E+00
18 0.00E+00

Total 1.85E-02
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Table 5.5.1.1:

Dose

Neutron

[mrem/hr]

[mrem/hr]

1 16E-12 3 59E710

6.35E-12

L, 12E—O7

3 55E—08

8.35E-11
5.46E-11
7.90E-14

it i g

TR

L e

1.63E-11
4.82E-12
1.68E-12

9.28E-17
Cl 82E-22

O OOE+OO

b = BLo Bor- T o Bade Bl puisi B of 2ot B S BUGIE - SRicii o Beod

0.00E:+00
5.01E-10

1. 06B—01

:

%

i

B

g

7

&

%

r

b

g
3.45E-08

Total 5.96E-02 1.70E-05

Iy

e

5.5.1-34



SAR - UMS® Universal Transport Cask May 2001
Docket No. 71-9270 Revision UMST-01C

Addltlonal Mame %?Y ankee N

Sh-Be Source | Pu-Be Unirradiated Source

Ty

7

8 0‘00E+00
9 2.22E-01
10 141E-01
11 4.89E-07
12 6 70E-1()

£
TUTT OGERETY W &

[ Sodow B o s - o e B o Yt VI o QI G R e B Dot

Total 2.30E-09 1.81E-03

AN LNAESG
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results of these calculations show. that the dose rates, produced by the GTCC waste are bounded

by the dose rates previously calculated for the design basis spent fuel, as presented in Section
5.1, Detailed esuls or he Miaine Yankee GTCC waste ar presenied in Secton 53124

two sections mayAcont'am"up to 10 OOO pounds of waste ,fora total of 20 000 pounds Pper ¢ camster

5.5.1.2.2 GTCC Waste Source Term

i ey,

The* adlonucl de

rce Ve luing;nfonﬁaﬁ’c; ‘presented in Table 5.5.172-3is.based on |

ey - XS e ey

5.58cm ength’of each 1 vthe two GT CC camster oadmg cav1t1es

the cyl;ndncal region of

ensions . are .used ato.-deter
material densities that.are used as ing

¥
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551231 Radial Models

Homogenized waste source region
2. GTCC basket stainless steel shield

3. Basket support disks
4, Canister stainess steel shell

s ]

Gap
Transno‘ft bés‘k‘étaihless ‘stée‘l’ inhér S}iéﬂ

Transport cask lead gap
Transport cask stainless steel outer shell

Transport ‘cask NS-4-FR neutron shielding ;
Transport cask stainless steel neutron sh:eld shell 0 635cm

51001 10 TR AN i

ot}

§ e
9]

Kaliid

el

The. SASI input.is. “generated using these regions. and specifying a buckling height of 391.16, cm,

et Ser o

which is equal to the two 77-inch (195.58.cm).loading cayity heights. within the GTCC ‘basket.

RAEET. Sersobeda Pt O
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e RRER ST

551232  TopAxial Models

wwmmm»’s&rvw $5% FmTT
r =10

?SASIato, axi al“modhuis consist of a~

B ot P At N A

3
e

1
]

Basket stainless steel.top lid

2%

Canister stainléss steel shield lid
Canister stainless steel structural;hd
5. Transport Cask stainless steel lid
Impact Limiter stgg;less steel ;mner‘fSﬁéﬁ
[mpact Limiter redwood

hnpac?hnnter bélég Wboa

$RIVS LR o)

3 ke

1
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3
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o

T
12)

) 100}
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174]
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o
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not penetrate the 3"'n" S —
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ster. stamless steel botto

TAnSpOrt cask spacer (modeled as void)
mﬁﬁsta:nless“s;eelmnerbet?é?ﬁ?late
Transﬁ;rtcask NS-4-FR neutron shielding
Transport cask stainless steel outer‘bottom*plate
Impact Limiter stainless steel inner shell

Impact Limiter redwood

10.  Impact Limiter balsa wood

i, Tmpact Limiter stainless steel outer shell

e agrere

is.. generated usmg these reglons andfs spec;fym
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Tabless2d  DésignBasis GICC Source Term

T ]
Radionuclide

Table5.512-2  Design Basis GTCC Gamma Source Spectra

FoNeG Dpneatite e tie o ol

Energy Range Gamma/sec
8.00E+00 to  [L.O0E+01 0.00E+00
6.50E+00 to  8.00E+00 0.00E+00
500E+00 to  6.50E+00 0.00E+00
4.00E+00 to  5.00E+00 0.00E+00
3.00E+00 to  4.00E+00 0.00E+00
2.50E+00 to  300E+00 1.76E+08
2O0E+00  to . 50E+00 1.13E+11
1.66E+00 10 .00 1775E+09
133E+00 t0 4.78E+15
1.00E+00  fo 1.69E+16

O00E01  To 135E+13
3 92E+11 '

6.00E-01 to
4.00E01 o
300E-01 16
2.00E-01 id
1.00E-0T to
500E:02  to
1.00E:02 to
TOTALS
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broba e oty

Bopte e Bt L 5

& Stre

rength

valent Source Radius

Fiew RN (i ik s PN S P L
Equi

Igguwa:l&enthourceLength

Eruivalint Souma VoTime

Waight Volume Fraction

Volumetric Source

Table 5.5.1.2-4

GTCC Waste Dose Rate Resuits = Normal Conditions of Transport

Table 5.5.1:2:

.y

Mttty

STCC Wiste Dose Rate Results = Accident Conditions

cirer et L)

Location

L Meter from
Surface

S R

ROk |

7

T daanl SIS

B P T as

1:18 mr/hr
% Wiﬁ“’;‘j

P351 mr/ht

el
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6.2 Package Fuel Loading

The Universal Transport Cask is designed to transport one of five Transportable Storage
Canisters of different lengths. Each canister is specifically designed to accommodate one of
three classes of PWR fuel assemblies or one of two classes of BWR fuel assemblies. The
classification of the fuel assemblies is based primarily on fuel assembly length and cross section.
The classes of major fuel assemblies to be transported in the cask and their characteristics are
shown in Tables 6.2-1 (PWR) and 6.2-2 (BWR). Limiting fuel axial dimensions for each class
are provided in Table 6.2-3.

6.2-1
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Table 6.2-1 PWR Fuel Assembly Characteristics (Zirc-4 Clad)

Noof\ || Active
Fuel | Max | Fuel | Pitch |RodDia.|Clad Thick| Pellet | Length
Class |Vendor| Array | Version | MTU | Rods | (in) (in) (i) |DiaGn)| (in)

CE |14x14| Std 0.4037 | 176 | 0.5800 | 0.440 0.0280 | 0.3765 | 137.0
CE |[l4x14| FtCa. | 03772 | 176 | 0.5800 | 0.440 0.0280 | 0.3765 | 128.0
CE |15x15| Palis. | 04317 | 216 | 0.5500 | 0.418 0.0260 | 0.3580 | 132.0
CE |16x16| Lucie2 | 0.4025 | 236 | 0.5060 | 0.382 0.0230 | 0.3255 | 136.7
Ex/ANF|14x 14| W& 0.3689 | 179 | 0.5560 | 0.424 0.0300 | 0.3505 | 142.0
ExANF|14x 14| CE 0.3814 | 176 | 0.5800 | 0.440 0.0310 | 03700 | 134.0
Ex/ANF| 14 x 14| Praire Isl. | 0.3741 | 179 | 0.5560 | 0417 0.0300 | 03505 | 144.0
ExX/ANF|15x 15| WE 0.4410 | 204 | 0.5630 | 0.424 0.0300 | 03565 | 144.0
Ex/ANF|15x 15| Palis 04310 | 216 | 05500 | 0417 0.0300 | 0.3580 | 131.8
Ex/ANF|17x17| WE 04123 | 264 | 04960 | 0.360 0.0250 | 03030 | 144.0
WE |14x 14| Std/ZCA | 04144 | 179 | 0.5560 | 0422 0.0225 | 0.3674 | 145.2
WE |14x14| OFA 03612 | 179 | 0.5560 | 0.400 0.0243 | 0.3444 | 144.0
WE |14x 14| Std/ZCB | 04144 | 179 | 0.5560 | 0.422 0.0225 | 0.3674 | 1452
WE |14x 14| CEModel | 0.4115 | 176 | 0.5800 | 0.440 0.0260 | 0.3805 | 136.7
15x15| St 0.4646 | 204 | 0.5630 | 0.422 0.0242 | 0.3659 | 144.0
WE [15x15| StdZC | 04646 | 204 | 0.5630 | 0.422 0.0242 | 0.3659 | 144.0
WE |15x15| OFA 04646 | 204 | 0.5630 | 0422 0.0242 | 0.3659 | 144.0
WE |[17x17| Std 04671 | 264 | 04960 | 0.374 0.0225 | 0.3225 | 144.0
WE |17x17| OFA 04282 | 264 | 0.4960 | 0.360 0.0225 | 0.3088 | 144.0
WE |17x17| Vant§ | 04282 | 264 | 04960 | 0.360 0.0225 | 03088 | 144.0
B&W |15x 15| MarkB3 | 0.4807 | 208 | 0.5680 | 0.430 0.0265 | 0.3686 | 144.0
B&W |15x 15| Mark BZ | 04807 | 208 | 0.5680 | 0.430 0.0265 | 0.3686 | 144.0
B&W |17x 17| MarkC | 0.4658 | 264 | 0.5020 | 0.379 0.0240 | 03232 | 143.0
CE |16x 16| Sono 2&3 | 0.4417 | 236 | 0.5060 | 0.382 0.0230 | 0.3255 | 150.0
CE |16x16| ANCZ2 | 0.4417 | 236 | 0.5060 | 0.382 0.0230 | 0.3255 | 150.0
CE |16x16| SYS80 | 04417 | 236 | 0.5060 | 0.382 0.0230 | 0.3255 | 150.0

6.2-2
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Figure 6.4-2 Visage Slice - Hypothetical Shifting of BWR Fuel
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Table 6.4-1

kegs for Most Reactive PWR Fuel Assembly Determination (1.0-in. Web)
Assembly Dry Gap Wet Gap AKegr

Type Kett c Kegr c Wet - Dry
B&W 15x15 Mark B4 | 0.9613 | 0.0011 | 0.9692 | 0.0012 0.0079
B&W 17x17 Mark C 0.9621 | 0.0012 | 0.9705 | 0.0011 0.0084
CE 14x14 0.9295 | 0.0013 | 0.9381 | 0.0011 0.0085
CE 16x16 SYS 80 0.9348 | 0.0012 | 09442 | 0.0012 0.0095
West 14x14 0.9177 | 0.0013 | 0.9264 | 0.0012 0.0086
West 14x14 OFA 0.9238 | 0.0012 | 0.9326 | 0.0012 0.0088
West 15x15 0.9662 | 0.0011 | 0.9712 | 0.0012 0.0050
West 17x17 0.9596 | 0.0012 | 0.9673 | 0.0012 0.0077
West 17x17 OFA 0.9656 | 0.0013 | 0.9727 | 0.0012 0.0070
Ex/ANF 14x14 CE 0.9309 | 0.0012 | 0.9362 | 0.0011 0.0053
Ex/ANF 14x14 WE 0.9065 | 0.0012 | 09176 | 0.0011 0.0111
Ex/ANF 15x15 WE 0.9559 | 0.0012 | 0.9634 | 0.0013 0.0074
Ex/ANF 17x17 WE 0.9631 | 0.0012 | 0.9704 | 0.0012 0.0073

Table 6.4-2

Assembly Type Kest o

B&W 15x15 Mark B4 | 0.9119 | 0.0011
B&W 17x17 Mark C 09141 | 0.0011
West 15x15 0.9147 | 0.0013
West 17x17 09116 | 0.0012
West 17x17 OFA 0.9196 | 0.0012
Ex/ANF 17x17 WE 09172 | 0.0011

6.4-24
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coefﬁc nt, R; for

6 5-2 through Flgure 6_5 7
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6.5.5 MONK Validation in Accordance with NUREG/CR-6361
N‘UREMG/CR‘ 6361 - “Cnttcahty Benchmark Gu1de for Li ght—Water—Reactor f : Am

MONK8A apphcat1on w1th JEF 2 2 pomt energy hbranes muu WR transportand storage
applications.

AEA Technologles has perfon ned an extenswe benchmar]mng of MONKS Cntlcal benchmarks

trap cases, and ﬂux trap gap thlckness The data is plotted in Flgures 6. 5-9 through 6 5 16

To evaluate the relatxve nnportance of the trend ana1y51s to the upper safety hnuts correlatxon

correlanon coefﬁment and the method presented in NUREG/CR—6361 a USL is estabhshed‘based
on the variation of keg with flux, trap thickness. Note that even the flux trap. function shows a low
stat1st1ca1kcorre}at10n coefﬁ01e11t (an ]R}p equal or near luwould indicate a good ﬁt). Ihe output
generated by USLSTATS s shown in Figure 6.5-17.

The NAC. applled USL is 0.9425; and ‘bounds the calculated upper safety limits for
flux trap spacing found in. mu]u—purpose casks; Therange of the correlated ‘parameters. ¢

most Teactive design basis_fuel is ‘included in Table 6.5-4 to show that the most Teactive

configuration is within the range of applicability of the validation.

6.5-10
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Table 652  Scale 4.3 Corelation Coefficient for Linear Curve-Fit of Critical Benchmarks

Correlation Coefficient (R)

Correlatmn Studled

0. 361

Table 6.5-3

Parameter

Benchw‘@ark

fission

causmg

s mer e

TR ORI

rickness (cm)

2221038
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Table 6.5-4 MONKBA Range of Correlated Parameters for Design Basis Fuel

Enrichment (wt % *°U) 2.35 7.00 20

Rod pitch (cm)

"B loading (g/cm’) 0.000

Log energy causing fission

Cluster gap thic

Fuel diameter (cm)

Clad mameter (cm)

Table 6.5-5

ketf versus enrich ;; '; () 390

N LTSRN
kegr versus 10g energy causing fission

ke versus cluster gap ihich{eés

s AR SR TR TR Iy

-versus fuel diar
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6.6.1 Criticality Evaluation for Site Specific Contents

Th1s sectlon presents the cntlcahty evaluatlon for the fuel assembly types or conﬁgura': “ns that are

pro gtams 1ntended to 1mprove reactor operatlons from decommlssmmn g actlvmes

Site specific fuel assembly onfigurations are. ther shown to | be bounded by the analysrs of the
standard design |  basis fuel assembly conﬁ guratton of the same type (PWR or BWR) or are shown
to be acceptable contents by spec1ﬁc evaluatlon of the conﬁ guratlon

6.6.1.1 Criticality Evaluation for Maine Yankee Site Specific Spent Fuel

Loading the transport cask with the standard CE 14x14 fuel assembly is shown in Section 6.4 to
A ing | the cask thh the most reactive Westinghouse 17x17 OFA cntlcahi
de51gn bas1s spent fuel, ThlS ‘analys1s addresses vanatlons fuel assembly d1mensrons, vamable

be less reactive tha

lnventory that must be transported;
6.6.1.1.1 Maine Yankee Fuel Criticality Model

The criticality evaluations of the Maine Yankee fuel inventory require the basket cell and basket

in cask models described in Sections 6.3 and 6.4, The basket cell hicidél”ié”pﬁhc'ipény employed
in the most reactive dimension evaluation for the ‘Maine Yankee intact fuel types The basket
ceH model represents, an mﬁ'mte array of:fuel tubes separated by one—lnch flux trap anc

rods The analyses presented are performed usmg the UMS® transport cask shleld geometry1

6.6.1-1
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6.6.1.1.3 Variably Enriched Fuel 'Assemblies
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Westinghouse 17x17. OFA"
evaluation is bounding,

66115 Assemblies with Removed Fuel Rods
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fuel rods 1s small _’ewough 0 allow_ a drfferent and possrbly‘more reactlve geometry “;As the

maximum peﬂet dlameter of 0 380 1nch Usmg the max1mum pellet drameter prov1deﬂ for a
more react1ve system smce moderator 1s added (at the removed rod locauons) to an assembly

17 x 17 OFA fuel assembhes Therefore loadlng of Mame Yankee fue‘: assembh
removed fuel rods, or with hollow Zircaloy rods, is restricted to the four comner fuel tube
positions of the basket. With this loading restriction, the Westinghouse 17 x 17 OFA criticality
evaluation remains bounding.

6.6.1.1.6 Assemblies with Fuel Rods in the Guide Tubes

A few of the Mame Yankee mtact assembhes may contam up to two 1ntact fuel rods m somem;f

6.6.1-5
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fuel rods per gulde tube is 1ess reactive than the accident case for the Westinghouse 17 x 17 OFA
fuel assembhes Therefore the Westmghouse 17 x 17 OFA fuel ‘cnncahtywevaluatlon is
bounding,

containing 176 fuel
rods m vanous conﬁguraﬂons is bounded by the Westmghouse 17 17 OFA T Vvaluatlon These

6.6.1.1.7 Consolidated Fuel

reactive system than a system usmg the optxrnurn pel]et dlameter frorn Sectmn 6 6“
laroer pellet cases are mor "redc t1ve, since. mode ator

6.6.1:6
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the consohdated fuel is restncted to the four corner fuel tube,_posmons of the basket Wlth thlS
loading restriction, the Westinghouse 17 x 17 OFA fuel criticality evaluation is bounding.

6.6.1.1.8 Damaged Fuel and Fuel Debris in the Maine Yankee Fuel Can

cson\servatltvely.tcgns;d@rsskttl.tOOl%-loﬁf the fuel tto.dts‘fm;th@.,,fuelwsz,a,p,taistd,amlaggd_\

Fuel debns must be loaded m a rod or tube{\structure that is subsequently loaded i
Yankee fuel can. The mass of fuel debns placed in the rod or tube is ‘restncted to the mass
equivalent of a.iue,l. rod of an intact fuel assembly.

The Mame Yankee spent fuel mventory mcludes fuel assembhes with fuel mds inserted in. the
gu1de ‘tubes of the a ssembly. * the i mtegmty of the. claddmg of the f ":lﬁ_\rods in the guide tubes
cannot be ascertained, then those fuel rods’ are assumed to be damaged

I’)éhlaéé& Fue“l Ei}él{iéii dri

T aine fYankee fuel can 1s restncted to loadmg 1n one of the four comer
posmons of the basket

1 _rii,O 100% By vaxymg the fuel

array The results of thlS analyms,wprowded/m'Table .6.1 79 ;,S},hQWJa shght_‘giecrease in’ the_

6.6.1-7
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reacuvny‘ f th

ter wi m thlS cav y wﬂl not 31gn1ﬁcantly increase the react1v1ty of the system b,ﬂ yénd that of
the missing rod array.

. o’i%éffall
.i.v‘h‘eii

e ]

i extatwdited

Ioose fuel and wat:ér”féﬁl‘aéih the Kco‘ en \of the Mal_ 'AYankee fuel an m ac yof the f

AL AT TR e ey et

fuel assembhes is subcntical”'

assembhes W1th up to 289 r0d< and 20 of the most reactlve Maune Yankeefuel assernbhes is.also
subcritical. Therefore, “assemblies. with up to 176 d

6 amaoed rods and consohdated assembhes
with up ,«to,,289 rods are allowable contents .au:«lpngi as_they are loaded into Maine Yankee fuel
cans,

Fiiéi'ijéBﬁ‘é"‘Ei)‘aiI'ﬁE’tiéﬁ
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6.6.1.1.9 Fué"lAssembheEwuhStartup ‘Sources or Other Non-Fuel Components Inserted in
a Guide Tube

gqmgr;guﬁﬁde_,ﬁtub@‘&h‘a_t‘1sclo,sed ,a.t .J:he bg,ttom Cﬁdeéb@&S&@thlX;
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each of the four corner assemblies does not significantly change the reactivity of the system.

Fﬁéi:f’}{é'é‘éiﬁiifiéé"ii}i’t‘ﬁ "Ifigéfféd CEA Fmgertlp orICI Segmen

conservauve to ignore these com »mponents, as they dlsplace moderator ‘when the basket is ﬂooded
reducmg react1v1ty

6.6.1.1,10  Transport Cask Top End Drop Event

The exposed fuel evaluation performed for the design basis Westinghouse 17 x 17, OFA fuel in
Sectlon 6. 4 5 bounds that of the iess reactlve Maln,‘ fﬁel

6.6.1.1.11  Maine Yankee Criticality Results and Fuel Loading Restrictions

i 4y o e s e ey

o AH t14 14 fuel assemblies with fuel rods 1n the gulde tubes and a‘mammum._)_w 76
fuel rods or solid rods and fuel rods

The following Maine fiels are; not restricted as to [oading position within the baskei;

6.6.1:10
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ibds'f;

basket Comer posmons are also penpheral posmons and are marked “P” ‘\in the ﬁgure in
Sectlon 1.3.1'1.14.

may be loaded in any

When loaded in
increase the reactivity of the system.

these restncuons the evaluated components do not 51gn1ficantly

6.6.1:11
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Consolidated Fuel Geometry, 113 Empty Fuel Rod Positions, Maine
Yankee Site Specific Fuel
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Table 6.6.1.1-1  Maine Yankee Standard Fuel Characteristics

e Peuet revimma, .
ess| Diameter | Thickness
(m)
0.380
0.3695-
0.3705
0.376-
0.377

Number

Fuel | | | ofFue

Class'| Vendor| ‘Array [Version| Rods
1 | CE |14x14| Std

160%-176| 0.570-

1 |Ex/ANF| 14x14| CE

14x14| CE | 176

Al fuel rods are Zchaloy clad
: :,Gmde tube thlckness

Up to 16 fuel rod posmons may ‘have solid filler rods or burnable p« f .
"Up to 12 fuel rod positions may have solid filler rods or burnab]e poison rods

BN

Table 6.6.1.1-2  Maine Yankee Most Reactive Fuel Dimensions

Parameter Bounding Dimensional Value
Maximum Rod Enrichment' 42wt % U
Maximum Number of Fuel Rods 176

0.590

Maximum Pitch (in.)

Maximum Active Leagth (in.)

N/A - Infinite Model

Minimum Clad OD (in.)

0.4375

Maxunum Clad D (in.)

0.3895

0.024

Mmlmum Clad Thn ]cness (m )

it ie s

0.3800 - Study

Mmlm y Gui e Tute OD (in.)

1.108

Maximum Guide Tube ID (in.)

1.040

Minimum Guide Tute Thickness (in.)

0.034

1. Vanably enriched fuel assemblies may ‘have a maximum fuel rod,,ennzghment of 4,21

wt % 2°U with 4 maximum planar average enrichment ofj3 99wt

2; Assembhes with I ss than 176 fuel rods or solid dummy rods are. addressed after the

determmatmn of the: most. reacuve dimensions,

6.6.1-14



SAR - UMS® Universal Transport Cask
Docket No. 71-9270

May 2001
Revision UMST-01C

Table 6.6.1,1-3

Maine Yankee Pellet Diameter Study

Diameter (inches)

k-eff

k-eff +20

0.3800

0.95585

0.00085

0.95755

0.3779

0.95784

0.00080

0.95944

0.3758

0.95714

0.00085

0.95884

0.3737

0.95863

0.00082

0.96027

0.3716

0.95862

0.00084

0.96030

0.3695

0.95855

0.00083

0.96021

0.3674

0.95863

0.00085

0.96033

0.3653

0.95982

0.00084

0.96150

0.3632

0.95854

0.00088

0.96030

0.95966

0.00083

0.96132

0.3590

0.95990

0.00084

0.96158

0.3569

0.96082

0.00082

0.96246

0.3548

0.96053

0.00083

0.96219

0.3527

0.96104

0.00082

0.96268

0.3506

0.95964

0.00087

0.96138

0.3485

0.95993

0.00086

0.96165

0.3464

0.95916

0.00084

0.96084

0.3443

0.95847

0.00083

0.96013

0.3422

0.95876

~0.96042

0.3401

0.95865

0.00083
0.00081

0.96027

0.3380

0.95734

0.00084

0.95902

Table 6.6.1.1-4

Maine Yankee Annular Fuel Results

Case Description

ketr

Kert + 20

All pellets with a diameter of 0.3527 inches

0.90896

0.00083

0.91061

Annular pellet diameter changed to 0.3800 inches

0.91013

0.00087

0.91187

66.1-15
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Table 6.6.1.1-5  Maine Yankee Removed Fuel Rod Results with Small Pellet Diameter

Number of Removed Rods Number of Fuel Rods| K o Ketr +20

4 172 0.91171 | 0.00088 | 0,91347
172 0.91292 | 0.00086 | 0.91464
172 0.91479 | 0.00081 | 0.91640
172 | 0.91125°| 0.00087 | 0.91299
170 0.91418 | 0.00087 | 0.91592
170 0.91264 | 0.00085 | 0.91435
170 0.91314 | 0.00086 | 0.91487
170 0.90322 | 0.00086 | 0.90493
168 0.91555 | 0,00087 | 0.91729
168 0.91490 | 0.00093 | 0.91676
168 0.91457 | 0.00088 | 0.91633
168 0.91590 | 0.00087 | 0.91764
168 0.89729 | 0.00088 | 0.89905
164 0.91654 | 0.00086 | 0.91827
164 0.91469 | 0.00085 | 0.91639
164 0.91149 | 0.00083 | 0.91315
160 0.91725 | 0.00084 | 0.91893
160 0.91567 | 0,00084 | 0.91735
160 0,90986 | 0.00088 | 0.91162
160 0.90849 | 0.00083 | 0.91015
160 0.90704 | 0.00086 | 0.90876
152 0.91572 | 0.00083 | 0.91739
144 0.91037 | 0.00088 | 0.91213
128 0.89385 | 0.00085 | 0.89554
128 0.84727 | 0.00079 | 0.84886
112 0.79602 | 0.00083 | 0.79768
96 80 0.69249 | 0.00077 | 0.69402
Westinghouse 17x17 OFA 0.9192 | 0.0009 | 0.9210
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Table 6.6.1.1-6  Maine Yankee Removed Fuel Rod Results with Maximum Pellet Diameter

Number of Removed Rods| Number of Fuel Rods | keg o |ka+2o
172 0.90916 | 0.00085 | 0.91085
172 0.91164 | 0.00087 | 0.91338
172 0.90809 | 0.00085 | 0.9
170 0.91223 | 0.00085 | 0.91393
170 0.91223 | 0.00080 | 0.91384
170 0.91270 | 0.00086 | 0.91442
170 0.90245 | 0.00086 | 0.90416
170 0.89801 | 0.00086 | 0.89972
168 0.91567 | 0.00085 | 0.91736
168 0.91448 | 0.00085 | 0.91618
168 0.91355 | 0.00086 | 0.91526
168 0.91293 | 0.00085 | 0.91463
164 0.91639 | 0.00090 | 0.91818
164 0.91803 | 0.00086 | 0.91974
164 0.91235 | 0.00083 | 0.91401
160 0.91665 | 0.00091 | 0.91847
160 0.92136 | 0.00087 | 0.92310
160 0.91231 | 0.00084 | 0.91400
160 0.90883 | 0.00087 | 0.91057
152 0.92227 | 0.00087 | 0.92400
144 0.92164 | 0.00088 | 0.92340
128 0.91212 | 0.00081 | 0.91373
128 0.86308 | 0.00082 | 0.86472
64 | 112 0.81978 | 0.00080 | 0.82138
88 88 0.72087 | 0.00083 | 0.72247
24 (Four Corners) 152 0.91153 | 0.00085 | 0.91323
Westinghouse 17x17 OFA 0.9192 | 0.0009 | 0.9210
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Table 6.6.1.1-7  Maine Yankee Fuel Rods in Guide Tubes Results

Number of Guide | Number of Rods
Tubes with Rods in Each ket || O Ketr + 20
1 1 0.91102 | 0.00089 | 0.91280
0.91059 | 0.00088 | 0.91234
0.91172 | 0.00087 | 0.91346
0.91411 | 0.00086 | 0.91583
0.91169 | 0.00090 | 0.91349
0.91201 | 0.00087 | 0.91375
0.91173 | 0.00086 | 0.91344

5 2 0.91357 | 0.00086 | 0.91529
Design Basis Westinghouse 17x17 OFA 0.9192 | 0.0009 | 0.9210
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Table 6.6.1.1-8  Maine Yankee Consolidated Fuel Empty Fuel Rod Position Results

Number of Empty PositionsNumber of Fuel Rods| Kk o Kot + 26

4 285 0.79684 | 0.00082 | 0.79848

9 280 0.80455 | 0.00081 | 0.80616

9 280 0.80812 | 0.00079 | 0.80970

13 276 0.81573 | 0.00083 | 0.81739

24 265 0.84187 | 0.00080 | 0.84347

25 264 0.84017 | 0.00083 | 0.84182

25 264 0.84634 | 0.00081 | 0.84795

25 264 0.84583 | 0.00083 | 0.84750

25 264 0.85524 | 0.00083 | 0.85690

25 264 0.83396 | 0.00081 | 0.83558

25 264 0.84625 | 0.00083 | 0.84790

27 262 0.85438 | 0.00083 | 0.85604

29 260 0.85179 | 0.00081 | 0.85340

31 258 0.85930 | 0.00084 | 0.86098

33 256 0.86407 | 0.00082 | 0.86571

35 254 0.86740 | 0.00082 | 0.86904

37 252 0.87372 | 0.00084 | 0.87541

45 244 0.88630 | 0.00081 | 0.88793

45 244 0.87687 | 0.00079 | 0.87844

52 237 0.90062 | 0.00083 | 0.90228

57 232 0.87975 | 0.000870 | 0.88149

61 258 0.89055 | 0.00083 | 0.89221

73 216 0.90967 | 0.00082 | 0.91131

84 205 0.93261 | 0.00091 | 0.93443

85 204 0.94326 | 0.00086 | 0.94499

113 176 0.95626 | 0.00084 | 0.95794

117 172 0.95373 | 0.00088 | 0.95549

119 170 0.95315 | 0.00085 | 0.95485

125 164 0.95020 | 0.00086 | 0.95192

141 148 0.94348 | 0.00086 | 0.94521

145 144 0.93868 | 0.00089 | 0.94047

113 (Four Corners) 176 0.91292 | 0.00087 | 0.91466

Design Basis Westinghouse 17x17 OFA 09192 | 00009 | 0.9210
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Table 6.6.1.1-9  Fuel Can Infinite Height Model Results of Fuel - Water Mixture

AKerrto 24
0.91090
0.91138
0.91120
0.91177
0.91285
0.90908
0.91001
0.90895
0.008 0.91005
0.009 0.90986
0.010 0.90864
0.020 0.91003
0.030 0.90963
0.040 0.91063
0.050 0.90931
0.060 0.90765
0.070 0.90753
0.080 0.91088
0.090 0.91122
0.100 0.90879
0.150 0.90968
0.200 0.90952
0.250 0.90815
0.300 0.90748
0.350 0.90581
0.400 0.90963
0.450 0.90547
0.500 0.90603 -0.00550
0.550 0.90753 -0.00400
0.600 0.90674 -0.00479
0.650 0.90589 -0.00564
0.700 0.90594 -0.00559
0.750 0.90568 £0.00585
0.800 0.90532 £0.00621
0.850 0.90693 £0.00460
0.900 0.90639 £0.00514
0.950 0.90684 20.00469
1.000 0.90677 10.00476
1. See Table 6.6.1.1-6.
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Table 6.6.1.1-10  Fuel Can Finite Model Results of Fuel - Water Mixture Qutside BORAL
Coverage

Volume Fraction Akerrto 0.00 Akerrto 24
of UO; in Water Kerr UO, in Water|  (Four Corners)'
0.00 0.91045° NA -0.00108
0.05 0.90781 -0.00264 -0.00372
0.10 0.90978 -0.00067 -0.00175
0.15 0.91048 0.00003 -0.00105
0.20 0.90916 -0.00129 -0.00237
0.25 0.90834 -0.00211 -0.00319
0.30 0.90935 -0.00110 -0.00218
0.35 0.90786 -0.00259 -0.00367
0.40 0.90892 -0.00153 - 10.00261
0.45 0.91015 -0.00030 -0.00138
0.50 0.91011 -0.00034 -0.00142
0.55 091003 | -0.00042 -0.00150
0.60 0.90874 -0.00171 -0.00279

0.65 0.91165 0.00120
0.70 0.90977 -0.00068
0.75 0.90813 10.00232
0.80 0.90909 -0.00136 -0.00244
0.85 0.91028 -0.00017 -0.00125
0.90 0.91061 0.00016 -0.00092
0.95 0.91129 0.00084 -0.00024
1.00 0.91076 0.00031 - -0.00077

1. See Table 6.6.1.1-6.

2. 6 =0.00084.

6.6.121
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Fuel Can F1mte Model Results of Replacmg All Rods w1th Fuel - Water
M1xture

Table 6.6.1.1-11

Akeff to 24 (F our Corners)
Infinite Height Model’

Akeff to 24 (Four Corners)
Flmte Helght Model1

Volume Fraction
of UO; in Water |  Kex

R

0

0.90071

-0.00974

-0.01082

5

0.90194

-0.00851

-0.00959

10

0.90584

-0.00461

-0.00569

15

0.90837

-0.00208

-0.00316

20

0.91008

-0.00037

-0.00145

25

0.91086

0.00041

-0.00067

30

0.90964

-0.00081

-0.00189

35

0.90828

-0.00217

-0.00325

40

0.90805

-0.00240

-0.00348

45

0.90730

-0.00315

-0.00423

50

0.90637

-0.00408

1000516

55

0.90672

-0.00373

-0.00481

60

0.90649

-0.00396

-0.00504

65

0.90632

-0.00413

-0.00521

70

0.90435

20.00610

-0.00718

75

0.90792

-0.00253

-0.00361

80

0.90376

-0.00669

-0.00777

85

0.90528

-0.00517

-0.00625

90

0.90454

-0.00591

-0.00699

95

0.90360

-0.00685

-0.00793

100

0.90416

~0.00629

-0.00737

The ks comparison basis for this column is the finite height model wit
loaded with Maine Yankee assemblies in the most reactive missing
ited in Table 6.6.1.1:10 with 0% UO; in the
2 A act1ve fuel of the missing rod array.

Vldc“a“iions' bf 'ihe *B}'isk

water above and below
The keff companso

as Ls‘the ﬁrst case

e infinite height model with the four corner

locations of the ‘basket 1 loaded Wlth Mame Yankee assembhes in the most reactlve mlssmg
rod geometry, the first case presented in Table 6.6.1.1-6 labeled “24 (Four Corners),” ke =

0.91153.
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Table 6.6.1.1-12 Infinite Height Analysis of Maine Yankee Start-up Sources

Pu Vi

Be VI

H20 Vi

Void Vi

ke

kert2sd

0.5

0.5

0.91085

0.91259

0.00771371

0

0.91034

0.91212

0.00771371

0.09228629

091151

0.91325

0.00771371

0.19228629

0.91138

091312

0.00771371

0.29228629

091042

0.51212

0.00771371

0.39228629

0.91231

0.91403

0.00771371

0.49228629

0.90922

091088

0.00771371

0.59228629

0.91197

0.00087

0.91371

0.00771371

0.69228629

0.91203

0.00086

091373

0.00771371

0.79228629

0.90922

0.00084

0.91090

0.00771371

0.89228629

IR e k3 [av bl B av 3 o B e K ar M H o 2 e B e H R o 3

0.91140

0.00085

0.91310

0.00771371

0.99228629

0

0.91149

0.00086

0.91321

0.00771371

0.09228629

091075

0.00087

0.91249

0.00771371

0

0.19228629

0.91143

0.00091

0.91325

0.00771371

0.29228629

0.91182

0.00086

0.00771371

0.39228629

0.91072

0.00082

0.91236

0.00771371

0.49228629

0.90984

0.00085

0.91154

0.00771371

0.59228629

0.90982

0.00091

0.91164

0.00771371

0.69228629

0.91055

0.00087

0.91229

0.00771371

0.79228629

0.91054

0.00085

0.91224

0.00771371

0.89228629

0.91006

0.00088

0.91182

0.00771371

OO | QNSO ||

0.99228629

0.90957

0.00086

0.91129

*Change in reactivity from case “24 (Four Corners)” in Table 6.6.1.1-6.
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26.

27.

28,

29.

30.
31,

32.

33.

34.

“gefi“héﬁiiiii 'o'r” éiif)” “-”the vent port Instan a

pump, remove the remammgfree water. from the canister. cavrty .;Note the t1me that the
last free. water is removed from the camster cavrty
Caution: Radiation levels at the top and sides of the transfer cask may rise as water is

‘removed

20 p51 g.
Attach the vacuum‘ eciu]pme‘ t’to the vent and dram ports Dry any free standing water in

water is present in the cav1ty, the pressure will rise as  the water vaporizes.
Backfill the canister cavity with helium having a minimum purity of ¢ 99.9% t a pressure

of one atmosphere (0 p51 g)

Note: As an optlon, an mformatlonal hehum leak test may be conducted at this pomt of

the procedure using the foIlowmg steps (the record leak test is perf yrmed at Step 49):

32a. Backfill the camster “cavity with helium having a minimum ‘purity of 99, 9%t0 a
pressure of 15 p51g

32b. Usmg a heh‘ m leak ¢ detector

: x 107%

snlffer detector) w1th

(“

atmosphere (0 psig).
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41,
42.

43,

45.
46.
47.
48.
49.

50.
51.
52.

53.

54.

me the vent and dram port cav1t1es

Install the vent and drcu n port, covers
Complete the root pass weld of the drain port cover to the shield lid.
Prepare the weld and per rform a hquld penetrant exammatlon of the gootpas:sRecord the

results
Complete Weldmg of the dra.m port cover to the shleld hd_ :
Prepare the wels and pe rforrn a liquid penetrant examination of the drain- ‘port cover weld

ﬁnal pass Reco

Prepare the weld and perform a liquid penetrant examination of the root pass. Record the
reslts.

¢ shield Iid.

Prepare 1 the weld and parform a liquid penetrant exarmnatlon of the weld final “surface. |
Record the results

CompIete weldlng of the vent port cover to

Remove any supplemental sh1eld1n0 used during shield lid closure activities:
Install the helipm :
Attach the vacuum ling ,mand leak deteetef t*d“ the leak test fixture fitting!

Operate the vacuum system to establish a vacuum in the leak test fixture;

Operate the helium leak detector for 15 minutes to verify that ‘there is no indication of a
hehum leak exceedmg 2 x 10 cm3/second

Release the vacuum and d1sconnect the vacuum and leak detector lme from the ﬁx ture;
Remove the leak test f r.ture;‘-

B
ion,
N



